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ABSTRACT

The study was conducted to determine the prevalence of
Yersinia spp. infection in chickens kept under different
management systems in Zaria area using cultural and serologic
means. All isolates were fully characterized. In addition,
experimental studies were conducted in chickens exposed to

Y. enterocolitica by the oral and intravenous routes.

Five (0.63%) strains of Y. enterocolitica were isolated

from 800 cloacal swabs of chickens kept under the extensive
(free-range), semi-intensive and intensive management systems.
All samples were enriched in 0.67m phosphate buffered saline,
pH 7.6 for 3 weeks and plated on desoxycholate citrate agar and
MacConkey agar. All 5 strains came from chickens kept under the
extensive management system ana were of serotype 0:12,25,

biotype 3 and ptoagetype X,.

Biochemically, all reactions of the isolates were typical

for Y. enterocolitica but for the utilization of citrate by all

and Voges-Proskauer positive results at 37° C for twoisolates.

Only a strain (ZM12) was positive for all 4 virulence
markets assayed for, namely, calcium dependency at 37° C,
autoagglutination at 37 C, invasiveness in guinea-pig eye
(sereny test) and production of heat-stable (ST) enterotoxin as
detected by the infant mouse system (IMS). The IMS was found

to be more sensitive in detecting ST enterotoxin with 4 of 5



viii

strains being positive, than the rabbit ileal |oop systemwhere

filtrates of supernatant of the 5 strains were negative.

Invitro activities of the antimcrobial agents tested
by the disc and agar dilution metnods denonstrated that neonycin,
kananyci n, gentanycin, nalidixic acid, colistin sul phate and
sul phanet hoxazol e- Tri net hopri m ( SXT) were nost effective agai nst

Y. enterocolitica strains fromchickens.

An overall antibody preval ence of 1.9%was detected agai nst
serotypes 0:3, 0:5, 27, 0:8, 0:9 and 0:12,26 screened for in 800
serum sanpl es obtai ned fromthe extensive and intensive systens
of rmanagenent. Al sere, were negative for aggl utinins agai nst
serotypes 0:5,27, 0:8 and 0:12,26 but 4(0.5% and 11(1.4% were

positive for antibodies to serotypes 0:3 and 0:9 respectively.

. . : 9
Experimental inocul ation, by the oral route, of 10 to

11

107" cells of 3 serotypes of Y. enterocolitica into day-ol d

broil er chicks did not cause any overt clinical signs. Wight
gain in infected chickens was not affected over the study peri od.
Col oni zation of the gut of infected chickens was mninal wth

Y. enterocolitica shed in faeces for only a few days.

Admnistration of 10% NaHO3 had no significant effect on col oni za-

tion of the gut of chickens by Y. enterocolitica.

O public health significance was the detection of

Y. enterocolitica in the liver, spleen, heart and bile of somne




experinental |y exposed but apparently heal thy chickens,

10

Three-week old chicks inoculated with 1.0x10 and

2.1x10 cells of Y. enterocolitica by the intravenous

route showed initial clinical signs |ike diarrhoea, depression
and | oss of appetite but recovery was conpl eted within 24hrs
i n most chi cks.

It was concluded that the rather high environnental
tenperature in Ngeria, a tropical country coupled with the
relatively high normal body tenperature of chickens nay be

responsi ble, in part, for the | ow preval ence of Y. enterocolitica

infection detected in the present study. This is because the

organismhas affinity for |ow tenperature.
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1. INTRODUCTION

The organism now called Yersinia enterocolitica was first

reported in 1939 as Bacterium enterocoliticum made up of five

human strains (Schleifstein and Coleman, 1939). ©Of the group of

microorganisms formerly describ>d as Y. entero colitica-like

(Kmapp and Thal, 1973), new species have been described namely,

Y. entercocolitica sensu stricto (Bercovier, et al., 1980a),

Y. intermedia (Brenmer et al., 19€0b), ¥. frederiksenii (Ursing

et al., 1980) and Y. kristemsenii (Bercovier et al., 1980b).

Agbonlahor (1986) recently advocated for a new group to be called

Y. intermedia-like bacteria.

Yersinia enterocolitica has heen known to cause diseases in human

beings and less frequently in animals put the source of infections

is often unknown (Lee et al., 1981). As a human pathogen, it is

most frequently associated with acute diarrhoea, terminal ileitis,
mesenteric lymphadenitis, pseudoappendicitis, septicaemia, wound
infections and other clinical syndromes (Percovier et al., 1980c;
Shayegani et al., 1981). In animals, the commonly reported climical
signs of yersiniosis are chronic snteritis (Krogstad et al., 1972;
Parstad, et al., 1976), abdominal cyst, mesenteric adenitis,
diarrhoea, infection of anal glands, mastitls, mesenteric lymphade-
nitis, abortion and endocarditis, though rare (Mollaret et al., 1979).

Of all the known species of Yersinia, Y. enterocolitica has been

reported by several workers as the wost frequently implicated in
human and animal diseases (Morris and Feeley, 1976; Bottone, 1977}
Shayegani, et al., 1981). The status of Y. intermedia as a

pathogen is, however, yet to be resolved particularly with the



reported implication in fatal cases of diarrhoea in patients and
in acute gastroenteritis (Agbonlahor et al., 1983; Butler et al.,
1984), To date, in Nigeria only two reports exist on gastroenteritis

caused by Y. enterocolitica in human beings (Anjorin et al., 1979;

Agbonlahor et al., 1983) but no cases have been documented in

animals.

The most common serotypes of Y. enterocolitica associated with

human diseases are 0:3, 0:8, 0:9 and 0:5,27 (Bottcne, 1981) and these
have been isolated from animals like pigs, cattle, sheep and horses
in several countries particularly in Europe and North America
(Mollaret et al., 1979; Bottone, 981; Shayegani et al., 1981).

For sometime, it was generally believed that Y. enterocolitica

infections in humans and animals were restricted to temperate
environments since the organism has an affinity for low temperatures
(Samadi et al., 1982) coupled with the fact that all earlier reports
cane from the temperate regions. However, reports are now available
on isolation of species of Yersinia from tropical and subtropical
regions of the world (Samadi et al., 1982; Agbonlahor et al., 1983;

Butler et al., 1984). Yersinia enterocolitica may therefore be an

important disease agent in Nigeria.

Yersinia enterocolitica has been isolated from a wide range of

animal hosts though without clinical signs. Amongst these animals
are the cat, dog, galago, chinchilla, mink, cow, plg, beaver, monkey,
deer, goose, raccoen, robin, oyster, rabblit, fox, horse, ocelot,
sheep, snail, frog, many species of small rodents and pigeons
(Mollaret et al., 1979; bercovier, et al., 1980a). In Nigeria,

Yersinia spp. have been isclated from apparently healthy cattle and pigs



(Kwaga et al., 1984; Lombin et al., 1985) while serologic evidence
of the infection has been demonstrated in 11 species of animals
(Adesiyun et al., 1986b). Worldwide, information on Yersinia
infection in chickens 1s scanty and to date, no reported isolation
from chickens in Nigeria exists. Although it is believed that
animals generally do not succumb to yersiniosis, they act as sources
of human infection through their products such as milk (Schiemann and
Toma, 1978; Hughes, 1979, 1980; Hughes and Jansen, 1981),
contamination of water in the environment (Shayegani et al., 1981)
and their improperly cooked contaminated meat (Lelstner et al.,

1975; Lee et al., 1981). In addition, isolated serotypes 0:3 and
0:5 from pig tonsils (Hanna et al., 1980) and 0:8 from tongue swabs
of pigs (Adesiyun et al., 1985; Lombin et al., 1985) are biochemically

identical with the most common human strains of Y. enterocolitica.

The pathogenicity of Y. enterocolitica has been assoclated with

several characteristics such as kiotype (Schiemann and Devenish,
1982), serotype (Une et al., 1977), autoagglutination at 37 C
(Laird and Cavamaugh, 1980), calcium dependemcy at 37°C (Gemski
et al., 1980), invasiveness in guinea-pig conjunctiva (Boyce et al.,
1979) and heat stable (ST) enterotoxin production (Pai and Mors,
1978; Robins-Brown et al., 1979) and preduction of diarrhoea in wmice
(Laird and Cavanaugh, 1980). A close association has been
demonstrated between autoagglutination, calcium dependency and
invasiveness in guinea-pigs and pathogenicity of Y. enterocolitica
strain in mice (Schiemann et al., 1981; Mosimabale and Gyles, 1982).
There is presently a dearth of information on these

characteristics for strains of Y. enterocolitica from chickens,

particularly in Nigeria where there is so much mroximity between

local chickens kept under the free-range management system and



human beings. It is only when these properties are known that the
risk chickens pose to human health, from the view point of
yersiniosis, can be defined.

The above-stated research problems have therefore led to a

study with the following specific objectives:

1. To determine, culturally and serclogicallyv, the prevalence
of Yersinia species infectlon in chicken kept under
different management systems in Zaria area.

2. To characterize isolates of Yersinia spp. from chickens as
to their biochemical properties, serotypes, biotypes,
lysotypes, antibiograms and virulence.

3. To investigate the degree of coclonization of the intestine,
frequency and length of shedding, appearance and decay of
antibody titres in chiccens experimentally exposed to

Y. enterocolitica.




2. LITERATURE REVIEW

Historical Background

Yersinia enterocolitica, an zetiologic agent of a number of

disease syndromes in man was first described and named Bacterium

enterocoliticum by Schleifstein ard Coleman in 1935. They

isolated this bacterial pathogen from man and observed that it had

some cultural, biochemical and pethogenic features common to both

Yersinia pseudotuberculosis and Actinobacillus lignieresi.

Subsequently, this organism was commonly isolated from pseudo tuber-
culoid lesions in man and some animals (mainly chinchillas) and was

assigned the name Yersinia enterocolitica.

Hassig et al., (1949) isclated strains of bacteria which they

jdentified as human Pasteurella pseudotuberculosis, partly because of

the nature of pathological changes in their patients. These strains
were further studied by Knapp and Thal (1973) who found that they
differed biochemically in many respects from Pasteurella
pseudotuberculosis and concluded that they did not belong to that
specles.

In the early 1960s, clinical bacteriologists working in the
fields of human and veterinary medicine in various countries obtained
a number of new isolates of bacteria which they described as

Pasteurella pseudotuberculosis, Fasteurella pseudotuberculosis-like

organisms and Pasteurella ‘Y' (Mcrris and Feeley, 1976). In 1963,
paniels and Goudzaard described & similar strain as Pasteurella 'X'
but Frederiksen (1964) did more work on the different strains and
found that Pasteurella 'X' and the Hassig strains were similar to the
strain isolated by Schleifstein and Coleman in 1939, and proposed

a new name for the species as Yersinia enterocolitica.




Staley (1980) reported that the original isolates were of
animal origin and that isolations from human, animal and
environmental sources have Increased markedly during the last
10 years. Toma and Lafleur (1974) and Mollaret (1972) reported

the increase in cases of Yersinia enterocolitica infections from

23 recorded in 1966 to over 4000 in 1974. Morris and Freeley (1976)
then concluded that the increase in reported isolations is probably
due to greater awareness about this organism and about its potential

role in human and animal disease.

The Organism

The organism is now considered as a member of the family
Enterobacteriaceae and this classlfication has been adopted in the
latest edition of Bergey's manual of determinative bacteriology
(Mollaret and Thal, 1974). It was formerly grouped under Pasteurella
but recognised as a distinct specles in 1964.

There are saveral species of the genus Yersinia. The two majer

ones are Yersinia enterocolitica and Y. pseudotuberculosis. Others

like Y. intermedia, Y. frederiksenii, Y. kristensenii and some

untypable species have been identified as opportunistic pathogens

(Bercovier et al., 1980a). Yersinia enterocolitica infections are
more frequent than infections with any other species (Tertti et al.,
1984). They are Gram-negative, &erobic and facultative anaercbes often
referred to as coccobacillary. They are motile at room temperature
not very motile at 37OC. They are capable of growing at refrigeration
temperature (4°CJ used to store perishable foods and as such are

regarded as psychrophiles. Their optimum temperature for growth

o o o
ranges from 30 C to 37 ¢ put grow better at room temperature (28 C).
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This temperature dependence reflects in many of the physlological
characteristics. They are oxidase-negative, -catalase-positive
fe;nentative coccobacilld. They are asporogenecus, non-capsulated
.when grown in-vitro. Thelr wotillity is via peritrichous
flagellation. They are prototrophic when incubated at ZBOC.

Several workers have reported gravth oh common laboratory media like
MacConkey agar (MCA), Deoxycholate citrate ;gar (DCA), Nutrient agar
(NA), Nutrient broth, Tetrathionate broth and a lot of other media

including a selective agar medium Cefsulodin-irgasan-novobiocin (CIN}

TR I
PR

formulated by Schiemann (1979). Agbonlahor et al., (1932) d;&gioped.

DYS medium and Bercovier et al., (1984) formulated a new isolation

medium~BABY 4 - for study of environmental samples {water, vegetables
| o

etc). They reported that the medium counterselects Enterobacteriaceae

-1 -
species from Y. enterocolitica in a ratioc of 10  te 10 5' makes

'quantitative studies of environmental sources possible and alsc allows

-3
the detegtion after 3-4 days incubation of as few as 10

Y. enterccolitica per gram oi stool. !

Colonies of Yersinia appear tiny, clear and non-lactose
fermenting on most laboratory media. However, they appear black on
Bismuth sulfite agar (Staley, 1980!, red colonies on BABY 4 medium
{Bercovier gg.éif, 1984), and dark red on DCLS agar becaute of the
. fermentation of sucrose (Shayegani et al., 1981). The colonial
morphology was described by Staley {(198C) as being smooth to granular

—

in appearance on bismuth sulfite aqar; \'
The species enterocolitica is composad of a heterclogous group
of organisms that can be blochemically separated into biotypes or
chemictypes (Staley, 1980). Each biotype is composed of one or more
serotypes (Nilehn, 1969). Wauters' biotypkng scheme divides

Y. enterocolitica into five biotypes mainly on the basis of the

Lo



reactions obtained with tests for indole, lipase and fermentation
of aesculin, salicin and xylose. Biotype 1 comprises the
environmental strains. Serotype 0:8, a North American human
pathogenic strain belongs to this biotype. Biotype 2 contains the
human pathogenic serotype 0:9. Blotype 3 consists of mainly
opportunist pathogens. Biotype 4 consists mainly of the commcn
pathogenic strain, serotype 0:3. Biotype 5 consists of the leprine
strains.

Nilehn (1969) developed thres schemes for dividing the species

of Y. enterocolitica into bilogroups because the organisms show

different patterns of biochemical reactions. Recently a modification
dividing these biogroups into a total of four named species and two
additional unnamed groups based on deoxyribonucleic acid hybridization
and biochemical reactions has been proposed (Brenner, 1979; Brenner,
et al., 1976, 1980a; Bercovier, et al., 1978, 1980b; Ursing et al.,

1980). The name Y. enterocolotica was retained for viochemically

typical strains. The atypical Y. enterowolitica-like strains were

assigned to three new species, Y. intermedia (Brenner et al., 1980b),

Y. frederiksenii (Ursing et al., 1980) and Y. kristensenii

(bercovier, et al., 1980b) and two unnamed groups X1 and X2
(Bércmrier et al., 1980a). Agborlahor (1986) proposed a new namu
Y. intermedia-like bacteria for the isolates obtained from humans.
This taxonomy proposal of these workers was on the basis of
biochemical reactions of sucrose., rhamnose, raffinose, melibiose and
x-methyl-D-glucoside. The characters are as follows - for Y.

enterocolitica sucrose-positive, does not ferment any of the other

four carbohydrates, for Y. intermedia, ferments all flve carbohydrates;



for Y. frederiksenii, ferments sucrose and rhamnose but not the other

three, and for Y. kristensenii, does not ferment sucrose or any of
the other four sugars. The X1 and X2 strains are also sucrose-
negative. The X1 strain is negative in all five sugars as is

Y. kristensenii and can be diff~rentiated from this species by a

negative Ornithine decarboxylase reaction. The X2 strain ferments
only rhamnose. The five strains of Y. intermedia-like proposed by
Agbonlahor (1986) are negative fo: melibiose and raffinose and ferments

rhamnose, «-methy%-n-glucoside and positive for Simmon's citrate.

Frequency and Protocols for Isolation
of Y. enterocolitica

A number of protocols for isolation and identification of
X. enterocolitica have been described (Schiemann and Fleming, 1981;
Shayegani et al., 1981, 1983; Agbonlahor et al., 1983; Samadi et al.,

1983), Since the infectlons caused by Yersinia enterocolitica are of

faecal origin, the laboratory specimens taken are faecal specimens.
Laboratory specimens are subjected to a cold-enrichment procedure using
any of the following: sterile saline, Rappaport's medium, buffered
phosphate saline pH 7.6; 1% peptcne broth (Staley, 1980) or 30%
glycerol buffer (Sheyagani et al., 1981). Sheyagani et al., (1981)
suggested the enrichment of faecal specimens at 4°C for three weeks and
sub-culture onto agar plates at 1 week and 3 weeks.

Hunter and Hughes (1983) reported that incubation of specimens at
4°C for six weeks and subcultured at three and six weeks while Eiss
(1975) reported that incubaticn at 4°c for two to five days
significantly increased the strain isclation. Isolation media
mentioned above are incubated at rcom temperature for 24 hours to 48

hours. Different isolation rates were reported by different workers
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using different specimens. Yersinia enterocolitica infections are

more common in children between the ages of 3 -5 years than in adults
(Morris and Feeley, 1976).

The first isolation of Y. enterocolitica in humans in Czechoslovakia

was reported in 1963 and by 1971 a total of 845 cases had been
reported (Rakovsky et al., 1573). Sheyagani et al., (1981) reported

the isolation rate of 3.2% of Y. enterocolitica and related organism

from children in day care centres in New York. Serogroup 0:8
accounted for 2.1% of the isolates obtained from this foodborne
outbreak. They also reported that from a survey carried out on human
specimens, 22 isolates of serogroup 0:8, 4 of serogroup 0:6,31 and 7
other serogroups and 10 non-groupable were obtained. Varghese et al.,
(1984) reported the isolation of three strains (0,2%) of Y, enteroco
litica from 1470 faecal specimens processed, using unmodified routine
techniques. They reported that all the strains were isolated from
children in the age group of 3 mcnths to one year suffering from
gastroenteritis and that all strazins belonged to serogroup 0:4 and
lysotype Xz, two of the strains belonged to chimiotype 1 while one as
untypable.

Anjorin et al., (1979) and Agbonlahor, et al., (1983) reported
isc;lation of Yersinia species from patients with gastroenteritis in
Nigeria, a tropical countrysAgbonlahor et al., (1983) reported an
isolation rate of 1.3% from 1082 specimens of faeces examined. Six of
the isolates were Y. enterocolit.ca serctypes 0:3, 0:5,27, and 0:9,

seven were of Y. intermedia and one of Y. frederiksenii. Samadi et al.,

(1983) reported the first isolation of Y. intermedia from stool of a

5 year-old healthy child ‘n Bangladesh, a subtropical country.
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Staley (1980) reported the isolation rate of 95% from cases of

human specimens ir Canada. He noted that Y. enterocolitica serotype

0:3 biotype 4 was the most predominant human serotype accounting for
80%, followed by serotypes 0:5,27 (4.4%); 0:8 (3.2%; 0:6,30 (2.6%),
0:4,32 (1%), other different serotypes (3.9%) and nontypable cultures
(5%). The author also reported the unusual prevalence of indole-

positive Y. enterocolitica cultures and that it corroborated with the

findings in United States between 1972 and 1977. In contrast, Toma and
Lafleur (1974) reported that serotype 0:3 accounts for about 76% of all
human isolates in Canada. Serotype 0:8 has been reported more
frequently from humans in the United States (Bisset, 1976;

Vandipette et al., 1973) and the western provinces in Canada. This
serotype occurs in about 3.4% of all human isolates in New York
(Schiemann et al., 1981). The authors also noted that with the
exception of serotype 0:9 in Eurcope, other serotypes of Y.

enterocolitica are isolated from humans with relatively low frequencies

and suggested that the infrequently encountered serotypes are not
pathogenic for humans.

Black et al., (1978) and CGroote et al., (1982) have reported the

isolation of Y. enterocolitica throughout the year but most

frequently isolated during the colder period.

Isolation of Yersinia enterocolitica from Animals

Isolation of Y. enterocolitica has been reported in wide-range

of domestic and wild animals including birds. Among meat animals,
swine is considered ss the most important source of

clinically significant types of Y. enterocolitica (Hanna et al., 1980).

They reported the isolatiun of eight positive samples of
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Y. enterocolitica from pig tonsils belonging to serogroup 0:5 and

assigned to Nilehn biotype 3. Doyile et al., (1981) reported isolations

of clinical serotypes 0:8, 0:3 among other serotypes of Y. enterocolitica

from tongues of apparently normal, freshly slaughtered pigs in
Wisconsin. Toma and Diedrick (i973) reported isolaticns of serotypes
0:3, 0:5,27 from the caecal content of swine slaughtered at

Toronto Abattoirs. Alsc, Harmon et al., (1984) reported isolation
of Yersinia species from swabs of swine carcasses and samples of
percine tongue and trim cbtained from abattolr in USA.

In Europe and Japan, Y. enterocolitica serotype 0:3, phage

type 8, the most predominant human serophage type in these areas,
was isolated from swine, the only animal species which consistently
harbours this human serophage type (Esseveld and Goudzaard, 1973;
Tsubokura, et al., 1973; Zen-Yoji et al., 1974).

Sheyagani et al. (1981) surveyed a host of animal species and
reported the recovery from 6.6% of animal faecal specimens with a

total of 75% of animal isolates being Y. enterocolitica, 5 isclates

each of Y. intermedia and ¥. kristensenii. Ahvonen et al., (1973)

reported the lsolation of serotypes 0:9 and 0,3 from pigs, degs and

cats. The workers did not report any isolation of Y. enterocolitica

from 150 chickens sampled.
Hunter and Hughes (1983) carried out a survey of the incidence of

Y. enterocolitica from pigs in the United Kingdom, using pre-

enrichment culture methods on colon/caecal contents, faeces and tonsil
tissue and were able to . isolate 112 (5.8%) strains out of 1931
specimens sampled. Twc of the strains were related to biotype 4,

human serotype 0:3 and noue to biotype 2, human serotype 0:%9. Cther

strains belong to biotype 1 and the predominant serotypes isolated



were 0:6 and 0:5 while 41 strains were untypable,

In Nigeria, Lombin, et al. (1985) reported on isolation rate of 1.6%
Yersinia spp. from apparently healthy live pigs. They isolated among others
serotypes 0:3 and 0:8 which are known human strains of Y.

enterocolitica. Serotype 0:8 had hitherto never been reported in

animal species or outside the U.S.A. Agbonlahor et al. (1986) reported
the isolation rate of 1.01% from cattle in Nigeria.
Davey and other workers (19831) reported the isolation rate of

50% for Y. enterocolitica and related species from faeces of cows in

Scotland using Cefsulodin-irgasan-novobiocin agar. Hughes (1979)
reported isclatkon of the organism from the faeces of healthy cows in
Australia. FKwaga et al. (1984) also reported isolation from faeces of
healthy cattle slaughtered in abaitoir.

The occurrence of Y. enterocolitica in dogs has been reported
(Farstad et al., 1976; Pederson, 1976; Kaneko et al., 1977,

Fukushima et al., 1984, Papageorge=s et al., 1984).

Isclation has alsoc been made from wild-living birds and Japanese

serows (Yukio Kato et al., 1985), from migratory birds (Kawaoka et al.,

1984). Y. enterocolitica has been isclated in different parts of the

world from a large number of wild and domesticated animals

(Hurvell, 1981; Mollaret et al., 1979).

Isolation from _ Foods and Environmental Sources

Yersinia enterocolitica has been isclated from numerous food stuffs

(Lee et al., 1981) and demesticated water supplies (Hurvell, 1981),
The organism was also isolated from raw milk in Canada {Schiemann
and Toma, 1978), Australic (Hughes, 1979), Denmark (Christensen, 1981),

France (Vidon and Delmas, 1981) and Nigeria (Umoh et al., 1984).
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The presence of Y. enterocolitica in milk is of particular concern

because of the potential public health hazard it presents. It is

likely that the presence of Y. entarocolitica in pasteurized milk

reported by Schiemann (1978) and Hughes (1980) resulted from
post-pasteurization contaminati~on since the organism is killed by
heating at 60 C for 1-3 min (Hanna et al., 1976).

Sheyagani et al., (1981) surveyed environmental specimens
{milkx, water, soil and food) for fresence of Yersinia species and
reported that the isolates got were mostly Nilehn bilogroups 1 and 2,
Wauters biogroup 1 and Knapp and Thal blogroups 2 and 3, also that
human isolates could not be differentiated from animal and
environmental isolates by biogrouping alone. Included in their
isolates are serogroups 0:4,33, 0:6,31, 0:7,8 and 0:8 which have been
implicated in human infections. Sheyagani et al., (1983) reported
isclation of serotypes 0:8, 0:4,33 and Y. intermedia serogroup 0:5
from food and envirommental samples (Milk suspensions, Milk dispenser
and Turkey chow mein).

Cavazzini et al., (1982; 1983) reported first isolation of

Y. enterocolitica from horticultural products. Among the serotypes

isolated are 0:6,30 from carrots, 0:4,32 from curly parsley, 0:7,8
and 0:6,30 fron celery. The authors suggestad that environmenta.

strains of ¥, enterooolitica may acquire virulence and cause infection

in man and observad that serotype 0:56,30 had been recovered from four
cases of human infection and represent the most frequently lselated
ssrotype from humans in Canada, together with 0:3, 0:5,27 and 039.

Hughes and Jensen, (1981) reported the presence of Y. enterocolitica

strains resembling biotyps 1 or 2 in raw Goat's milk in Australia.

The isclates fermented rhamnose and showed other a typical reactions.
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Schieman (1980) reported isolation rate of 7% of processed and 49%

raw retail pork products of toxigenic Y. enterocolitica in Canada.

Hanna et al., (1976) also reported isclation of Yersinia specles from
vacuun-packaged beef and lamb stored for 21-35 days at 1-3%).
Nesbakken et al., (1985) isolated 27.0% of Yersinia species from
samples of retail pork products. Doyle and Hugdahl (1983) reported

the presence of Y. enterocolitica in already processed meats.

Recovery of Y. enterocolitica from streams and lakes of

California was reported by Harvey et al., (1976). Of all the ten
strains isolated, only serotype 16 could be biochemically and
serologically confirmed. Also Fukushima et al., (1984a) reported
the recovery of Yersinia species from surface water in Japan.
Yersinia enterocolitica serotype 0:3 was most isolated and was the
first documented from surface water. However, Lombin et al., (1986)
reported that water samples from ponds, streams and wells in norﬂue.rn

Nigeria were all negative for Yersinia enterocolitica and suggested that

well water may not be important in the epidemiclogy of Yersinia

enterocolitica infections in animals and human being in northern Nigeria.

Identification of Y. enterocolitica

Biochemical tests and serotyping by the slide agglutination
test using O-antisera on suspect isolates are often used for the

jdentification of Yersinia enterccolitica and related species

(Lombin et al., 1985).

Cultural Characteristics

Yersinia enterocolitica, like cther Yersinia species produces

colonies of 0.5 -~ 1mm in diameter after 24 hours incubation on nutrient

o o
agar at temperatures ranging from 22 C to 37 ¢ (Bercovier et al., 1980a).
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The authors noted that Y. enterocclitica grows much better at 28°c

o

than at 37 ¢ when cultured on bile salts selective media used to

detect pathogens in human stools. The organisms are almost always
o o

non-motile at 37 C, motile at 30 C and almost all strains are motile

o
at 25 ¢, The growth range of Y. enterocolitica strains is from

o
4°C to 41 C and the optimal temperature for the expression of many

(o}
phenotypic characters 1s 29 ¢ (Bercovier, et al., 1979) .

Biochemical d}a_.r.;actc-.ris tics

Temperature-dependent biochemical tests include the Voges-
Proskauer test and those for P—ga.‘..actosidase, fermentation of some
sugars and ornithine decarboxylase (Bercovlier et al., 1980a).
These tests are usually positive For cultures incubated at 28°c.

(Bercovier et al., 1980a). Yersinia enterocolitica is also

characterized by rapid urease activity on urea-indole medium
(Bercovier et al., 198Ca) and a nzgative phenylalanine deaminase test.
The reactions for amygdalin, salicin, dextrin, esculin and sometimes
inositol were weak, delayed or irregular and should not be considered
as definitive for biochemical characterization of ¥. enterocclitica
(Bercovier et al., 1980a).

Several different schemes héeve been proposed for blotyping

Y. enterocolitica strains (Knapp and Thal, 1973; Nilehn, 1969;

Wauters, 1973; Bercovier ot al., 1979). But Bercovier et al.,
(1980a) proposed a slightly modified Wauter's biotyping scheme and
defined five biotypes as shown in Table 1.

According to Mollaret and Lucas (1965) biotype 5 strains have
only been isolated {rom haces in Burope. They do not reduce nitrate
to nitrites and are always trehalose-necative. Bercovier et al.,

(1979) reported that str-ins of other biotypes are
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trehalose-positive and reduce nitrates to nitrites with a type B
nitrate reductase.

Typical Y. enterocolitica are easily differentiated from other

Yersinla species and from biotypes X1 and X2 strains on basis of
biochemical reactions (Bercovier et al., 1980a) and rarely occurring

strains of Y. enterocolitica give atypical reactions in various

biochemical tests.

Sero in

A variety of thermostable O-somatic antigens permit Y. enterocolitica

to be sub-divided into sero-groups (Bercovier et al., 1980a). Winblad
(1967) established an antigenic scheme with 9 O-antigen groups and this
scheme was enlarged by Wauters in 1971 and 1972 (Bercovier et al,, 1980a).
Wauters (1973) characterized 34 O-antigen and 20 flagellar (H) antigen
groups. Toma et al., (1984) reported using 54 O-antisera for slide
agglutination and the number is increasing. Bercovier et al., (1980a)

characterized Y. enterocolitica sensu stricto strains that share at

least one H antigen, whereas other Yersinia species according to
wauters (1972, 1978) have H antigens that differ from those of

Y. enterocolitica.

Strains belonging to serogroups 0:3, 0:9 and 0:5,27 are re.ﬁponaible
for most gastrointestinal infections, but extra-intestinal infections
are caused by strains belonging to other serogroups, usually from
bilotype 1 (Bercovier et al., 1980a). However, biotype 1, serogroup
0:8 strains have been isolated from patients in United States of
America with acute messenteric infections (Gutman et al., 1973).

Toma et al., (1984) grouped serotype 0:13a, 13b as a new pathogenic

serotype of Y. enterocolitica of non-human primates and humans

belonging to biotype 1 and were salicin and esculin-negative. They

discovered that there was a common antigenic factor between 0:7,13
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and 0:18 using imwune sera raised in rabbits against the used
representiative non-human primate snd human isclates. They : were
cross-absorbed by the strains used and because thmge was no reduction
in activity after cross-absorption of either mtil;:1m by the
heterologous strain, it appeared that serotype 0:18 must contain a
component of 0:13b, which they therefore subdivided into 0:13a and
0:13b.

Phage type

Fhage typing is also used to subdivide Y. enterocoliticas

(Bercovier et al., 1960a). They gave example with seregroup 0:3 strains
that have different phage types. The strains '(0:3)- were isolated in
Europe as belonging to phage type VIII, Canada as phage type IXb and
South Africa as phage type IXa. 3hayegani et al., (1981) reported that
phage typing was not useful for their isclates and that representative
strains of human, =~ ocow, milk and water isolates, serogroupable or

nongroupable were either phage type Xz (as in American strain) or Xo.

Genetic composition of Yersinia spp.

Several investigatérs agree that Y. enterocolitica is biochemically
an extremely diverse species, and have attempted to define its
biochemical boundaries, but none of the proposed definitions were
totally acceptable (Wauters, 197C; Knapp and Thal, 1973; Mollaret and
Knapp, 1972; Nilehmn, 1969). Investigators have therefore looked into

the gemetic composition of Y. enterocolitica strains and attempted

to relate to biochemical characteristics.

Yersinia eaterocolitica

Brenner et al., (197¢) showed that strains conforming to a

genetic definition of Y. emterocolitica (minimum of 70% relatedness in
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SOQC reactions, percent divergence (%D) below 5, and 60% or more
relatedness in 75°C reactions), varied im reactions for indole,
esculin, xylose, salicin, lactose, christensen's citrate, cetrimide,
l-inositol, Jordan's tartrate, DNase, and B-galactosidase. They
also reported that strains atypical im reactions for urease
(megative), raffinose (pesitive) or ornithine decarloxylase

(negative), belonged to Y. enterocolitica. In 1980, the same workers

worked on a larger number of strains biotype 1 thoeugh 4 and discovered
that they were highly related. Among the strains were urease-
megative, raffinose-positive, lactose-positive strains,
Simmon's ° citrate positive strairs and melibiose-positive strains.
They therefore concluded that strains exhibiting these atypical
biochemical reactions belong to Y,.enterocolitica.

Cornelius et al., (19763 19783) reported the isolation from
Y. enterocolitica of metabolic plasmids that specify both raffinose
and lactose. Bercovier et al. (1980c) therefore suggested that the
gene for citrate utilization also may be plasmid mediated in

Y. enterocolitica.

Brenner et al. (1980a) in their work on characterization of

Y. enterocolitica and Y. enterocolitica-like strains by DNA relatedness,

discovered that Guaninescytosine content in the DNA of Y.

enterocolitica semsu stricto that were melibiose-positive,

rhamnose-positive and sucrose necative was 48.5 + 1.5 mol %.
Mollaret and Lucas (1965) reported that most biotype 5 strains of

Y. enterocolitica isolated from hares in Europe differ from other

biotypes in their negative reaction for trehalose and nitrate
reductase and are often negative in reactions for sucrose, ornithine

decarboxylase, sorbose, i-inositol and P-galactosidase.
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But Brenner et al. (1980a) conclusively showed that with DHA
relatedness reactions, blotype 5 strains, regardless of variability

in sucrose and other reactions are members of Y. enterocolitica.

Furthermore, intragroup relatedness withim biotype 1 through 4 and
biotype 5 strains is some-what higher than intergroup relatedness
between bliotype 1 through 4 and blctype 5 strains. Sucrose-negative
and sucrose-positive biotype 5 strains are essentially identical
genetically (Bremner et al., 1980a). Therefore, all the trehalose-
negative, metabolically inactive, biotype 5 strains constitute a

single group within Y. enterocolitica.

Yersinia kristemsenii

Bercovier et al., (1980b) described a group of sucrose-negative

Y. enterccolitica-like organisms as Yersinia kristensenii.

The reactions most useful in diffm:entinting Y. kristensenii from other

yersiniae are: sucrose, Voges-Proskauer, trehalose, rhamnose,
melibiose, raffinose, x-methyl-D-glucoside, sorbose, sorbitol,
ornithine decarboxylase and celloblose. Its negative rhamnose

reaction alone is sufficlent to distinguish Y. kristensenii from

Y. intermedia, Y. frederiksenil, Yersinia biotype X2 and Y.

pseudotuberculosis. Negative reactions in meliblose, x-methyl-D-

glucoside and raffinose also separate Y. kristensenii from Y. intermedia
and negative sucrose and Voges-Froskauer reactions help to separates

Y. kristensenii from Y. frederiksenii. Positive cellobiose and

sorbose reactions, and a negative Voges-Proskauer reaction also
distinguish Y. kristensenii from Yersinia biotype X2. Positive
ornithine decarboxylase, celloblose and sorbose reactlons separate

Y. kristensenii from Y. pseudotuberculosis. Yersinia enterocolitica,

Yersinia biotype X1 and Y. kristensenii are all rhamnose-negative
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Its negative sucrose and Voges-Prockauer reactions serve to
differentiate Y. kristensenii from blotype 1 through 4 of Y.
enterocolitica. 1Its positive reactions for trehalose, sorbitol
and negative reaction for Vog2s-Proskauer separate Y. kristensenii

from biotype 5 of Y. enterocolitica. Positive reactions for sorbose,

sorbitel and ornithine decarboxylase separate Y. kristensenil and

Yersinia biotype X1 (Bercovier, et al., 1980b). Yersinia X4 is
negative for sucrose and ornithine decarboxylase while Yersinia
blotype X2 is sucrose negative and rhamnose positive (Bercovier

et al., 1978; Brener et al., (1980b). Another group described as the
fourth group of sucrose-negative yersiniae are the sucrose-negative,

trehalose-negative strains in blotype 5 of Y. enterocolitica

(Bercovier et al., 1980b).

Bercovier et al., (1980c) also examined the genetic parameters
of the sucrose-negative, trehalose-positive strains. They
discovered that the G+C content in DNA was 48.5 + 0.5 mol % in six
strains of Y. kristensenii.

Yersinia frederiksenii

Yersinia frederiksenli is rhamnose-positive, which separates

it from Y. enterooolitica, Y. kristensenii and Yersinia biotype Xi.

Negative melibicse, raffinose and «-methyl-D-glucoside reactions
separate Y. frederiksenii from Y. intermedia. 1Its positive sucrose

reaction distinguishes Y. frederiksenii from the rhamnose-positive,

sucrose- negative Yersinia biotype X2 (Ursing et al., 1980).
Bercovier et al., (1980b) had suggested additional tests of

differential value betw?»en Y. frederiksenii and other Yersinia

species. Ursing et al., (1980) reported that 92% of the

B-xylosidase-positive V. frederiksenii strains are Simmon's citrate-

positive, and that 12% of the 201 strains they worked on, were
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Simmon's citrate-positive, but B-xylosidase negative. They also

reported four biotype of Y. frederiksenii: (1) B-xylosidae

positive and Simmon's citrate positive. (2) Negative for both
reactions. (3) Simmon's citrate positive, B-xylosidase negative.
(4) B-xylosidase positive, Sinmen's citrate-negative. Ninety-eight

of the Y. frederiksenii strains .ere slide agglutinable.

Serogroup 0:16 predominated (24%), followed by serogroups 0:1 (6%)

and serogroup 0:10 (4%). The remaining typable strains were

distributed among 16 different serogroups (Ursing et al., 1980).
Wauters, et al., (1971) showed that the H antigen of

Y. frederiksenii strain 867 differed from that of Y. enterocolitica

sensu stricto. Mathew et al., (1977) studying iscelectric
focusing patterns of Belactamase, found different patterns for strain

867 and for Y. enterocolitica sensu stricto.

Ursing et al., (1980) also examined the genetic parameters of
the rhamnose positive group and found the G4+C content of three

Y. frederiksenii strains (867, 5981 and 6175) as determined by

optical thermal denaturation to be 48mol %. They also used

hybridization reactions between labelled DNA from Y. frederiksenii

strains and individual Yersinia strains to determine relatedness
innong rhamnose positive strains. They found strain 867 was 53-73%
related to 11 other rhamnose-positive strains. Average relatedness
in 500(: reactions was 64%. Percent divergence (%D) was 9.5-13 and
relatedness in 75 C reactions averaged about 30%. They concluded
that strain 867 showed a similer level of relatedness to strains of

Y. enterocolitica, Y. intermedia and X. kristensenii.
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Yersinia intermedia

Yegsinia intermedia has been defined biochemically and
genetically as a new species composed of rhamnose-positive,
melibiose.-positive, x-methyl-D-glucoside positive, raffinose and
usually Simmon's citrate positive, (Brenner, et al., 1980b). These
positive reactions serve to distinguish Y. intermedia from Y.

enterocolitica and Y. kristensenii. Positive meliblose, raffinose

and x-methyl-D-glucoside reacticns défferentiate Y. imtermedia from
the other new rhamnose-positive species, Y. frederiksenil.

Yersinia intermedia is separated from Y. pseudotuberculosis by

its positive reactions for sucrose, indole, celloblose, i-inositel,
D-sorbitol, x-methyl-D-glucoside and ornithine decarboxylase
(Brenner et al., 15680b).

Yersinia intermedia is metabolically more active at 22—280(:
than at 35-37oc (Bottone et al., 1974), Brenner et al., (1980b)
reported the different biotypes (1-8) of Y. intermedia. Other
Yersinia species have a type B nitrate reductase by Y. intermedia
strains have either type B or type A nitrate reductase. Strains of
either type have the same level of DNA relatedness and are evenly
distributed among the different biotypes. They also reported the
G + C content in DNA to be 48.5 + 0.5mol % in eight strains

of Y., intermedia.

Wauters et al., (1971) grcuped Y. intermedia under a known

se&déroup. Serogroup 0:4 and (:17 being predominant, the other
typable strains are found in 2% different serogroups. Most strains

are still untypable becuuse Wauters' serotyping scheme (1971) was

based mainly on typical Y. enterocolitica strains. Serogroup 0:17
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was well represented among Y. intermedia strains H antigens
(Wauters et al., 1971) and structural antigens such as B-lactamase
(Mathew et al., 1977) from Y. intermedia also differ from those of
Y. enterocolitica and other Yersinia species (Bercovier et al.,

1960a; 1980b; Mathew et al., 1977).

Transmission of Yersinia infections

The frequency of isolatior of human serotypes from pigs
indicates that swine is a major reservoir for human infection with

Yersinia enterocolitica. Dogs may play a role as source of

infection to humans since human serotypes have been reported in
dogs (Kaneko et al., 1977). Wild-living birds have also been
thought to play a significant role in maintenance and dissemination

of Y. enterocolitica in nature Decause of their great mobility

(Kapperud and Olsvik, 1982; Kapperud and Rosef, 1983). The birds
on their movement contaminate pastures and surface water
(Yukio-Kato et al., 1985). Migratory waterfowls (tufted ducks and

swans) also serve as agents of transmission of Y. enterocolitica

infections (Kawaoka et al., 1984). Mollaret et al., (1979)
compiled a list of animals that hacrbour this organism and found that

most animals from which Y. enteroccolitica was isolated were healthy

carriers.
Human infection has also been attributed to drinking
contaminated stream water (Keet, 1974; Harvey et al., 1976;

Fukushima et al., 1984a).

Food-borne Implications

Contaminated foed has been linked bacteriologically and
epidemiclogically to an outbreak of yersiniosis (Black et al.,

1978). Several recent large outbreaks of Y. enterocolitica

infections in Canada, Japan and United States of America



25

1983) have led to a worldwide investigation of foods as a vehicle

of Y. enterocolitica infections. An additicnal public health

hazard is the ability of the organisms to grow at refrigeration
)
temperatures (0 to 5 C) used to store perishable foods. The close

association of Y. enterocolitica with domestic livestock has led

to a wldespread investigation of meats as a possible source of

Y. enterccolitica infection (Lee et al., 1981). Y. enterocolitica

is fairly common in raw milk, réw meats, raw oysters and water
(Lee, 1977).

Lee et al., (1981) reported the isclation of Y. enterocolitica

from ice cream and pasteurized rilk. Schiemann and Toma (1978)
recovered the organisms from pasteurized milk and eggnog in a
Canadian Hospital. In Czechoslovakia (Aldova et al., 1975), the
organism was recoverdd from millking machine, raw milk and cream,
It was also recovered from raw imilk in Australia (Mollaret et al.,

1979). 1Two large outbreaks of Y. enterocolitica infection involving

137 children and 1 adult who had gone on outings were reported in Quebec,
Canada (Lee et al,, 19B1j. Iwo samples of raw milk from the site

of the outbreak were found to be contaminated with Y. enterocolitica.

However, the serotype of the isolates from milk were not the same
as that recovered from children. An ocutbreak due to Yersinia

enterocolitica has also been linked to a food handler in a diet camp

in America as reported by Morse et al., (1984). Clinical serotype
0:8 was recovered from the individuals.
In a survey work carried out in Ontario, Schiemann and Toma

(1978) recovered 42 strains of Y. enterocolitica from 29 samples

of raw milk cut of a total of 131 samples tested. Isolation of

Y. enterocolitica from raw milk is world wide and milk has been
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indicated as a source of human infection if not properly pasteurized,
though post pasteurization contamination with the organism may

occur (Schiemann and Toma, 1978; Hughes, 1979; Vidon and Delmas,
1981) as the organism does not survive pasteurization

(Francis et ale., 1980). ZIsolation of ¥. enterccolitica from milk

and milk products has also been documented in Nigeria
(Umoh et al., 1984).

The presence of Y. enterocolitica in animals suggest that it

also may be present in meats and extensive surveys have been

conducted to recover Y. enterocolitica from meats.

Cattle and sheep are generally not considered to be carriers

of the clinical biotypes of Y. enterocolitica. However, beef

sometimes may be consumed withoat adequate heating and

there has been some concern about Y. enterocolitica contamination
in beef (lLee et al., 1981). Leistner et al., (1975) in their
extensive survey in Germany reported the isolation of 4 strains of

Y. enterocolitica and 6 related bacteria from 37 samples of beef.

Two of the beef isolates belonged to biotypes that can cause
typical human illness, but their virulence was not tested. Inoue
and Kurcse (1975) also reportec the 1solation of environmental

biotypes of Y. enterocolitica from samples of beef in Japan.

Environmental biotypes were also recovered from vacuum packaged
beef and lamb (Hanna et al., 1976) and retail ground beef in
United States of America (Lee ¢t al., 1981). Leistner et al.,
(1975) also reported recovery from chicken meat, pork and beef.
Narucka and Westendoorp (1977) reported the recovery of
serotype 0:9 from one of the pork livers and serotypes 0:3 from

75 pork tongues out of 142 samples. This showed a remarkable recovery
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of potentially pathogenic strairs of Y. enterocolitica from a

food source.
Seafoods (fish, mussels anc Oysters) and vegetables have
also been reported as possible sources of virulent strains of

Y. enterocolitica (Lee et al., 7981). Poultry has not been proven

to be a carrier of clinical biotypes of Y. enterocolitica
(Lee et al., 1981) th ough isolations have been made from chicken
meats and turkey meat samples (leistner et al., 1975; Inoue and

Kurose, 1975; Capriolli et al. 1978).

Geographical Distribution

Yersinia enterocolitica has been isolated in different countries
of the world both temperate and tropical.

In Czechoslovakia, Japan and Canada, serotype 0:3 has been
reported to be the dominant cause of human illness (Toma, 1973).
Serotype 0:9 is the common cause of illness in Finland, Belgium and
the Netherlands while serotype 0:8 is the majJor cause of human illness
in the United States of America (Staley, 1980). The organism has
also been recovered in tropical and subtropical areas like India,
Bangladesh and Nigeria (Anjorirn et al., 1979; Samadi et al., 1982;

Butler __E_E _9-_.!.__', 1984).

Clinical disease caused by Yersinia spp.
Manifestation in human
Yersinia enterocolitical is assoclated with human disease

which may be manifested as gasftroenteritis, terminal 1leitis,
mesenteric lymphadenitis, septicaemia, meningitis,s skin and eye
infections (Winblud, 1972; Bottone, 1977, Anjorin et al., 1979;
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Hubert et al., (1975} grouped the clinical manifestation of

yerainiosls into four forms:-
(a) Acute mesenteric lymphadenitis commonly caused by

¥. pseudotuberculoals.

(b) Enteritis commonly caused by Y. enterocolitica which may ba

severe with signs of toxemla and dehydration.

(c) Erythema nodosum that occurs as a separate clinical entity of
in association with mesenteric lymphadenitis.

(d) Septicemia which iz the rarest form of the disease.
Other symptoms include low-grade fever, headach:, pharyngitis,
ancrexia, vomiting, arthritis, cutaneous ulceration and
abscesses.
Mollaret et al., (1979) sumnmarized the varlous clinical

clrcumstances in which Y. enterocolitica was isolated from man into

three forms.

Group A: -~ The 'Classical' clinical forms include

|

- Enteritis:~ Familial forms or epldemics chronic forms

Abdominal forms-

Limited rough forms in healthy carrier,

- Syndrome of righ't iliac fossa -
mesenteric lymphadenitis
' Pseudo-appendicts form
Tumor form
Latent form

Terminal ileitis

- Septicemias
-~ Erythema nodosum

- Polyarthritls = . o o
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Group B: - Extra-megsenteric forms
= Isclated, deep suppurations
Splenic abscess |
Hepatic abscess
Celonic abscess
Abdominal abscess | | | '.l
Peritoneal effusion - : : o
Bile .. o

Isolated bone joint suppuration

= Super infection of minor weunds

- Cutaneous manlfestations

Resplratory fract

Geoup Ci:~ Healthy Carrlers

Manifestation in animals

Animals ace considered as reservoirs of Y. enterocolitica fo:;

human infections and the organism has been isolated from various
animal specles (dogs, cats, goat etc) in connection with acute
ileitis and appendicitis (Nilehn, 1969; Winblad, 1969;
.Langford, 1572).

Farstad et al., (1976) reported isolation of the organism fro:ﬁ
a dog with chronic enteritis. Krogstad et al., (1272} also reported
an ocutbreak of yersinlosis in a goat herd in Norway wheee the
goats suffered from profuse diarchoea. . o J h

Clinical manifestation of the disease has n6£ really been
determined in animals. Most of the reported lsclations done to

establlsh the presence of the organism are on healthy carriers.
. o | -
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Antimicrobial susceptibility of Yersinia enterocolitica

In spite of increasing reports of iscolation of

Y. enterocolitica from various clinical conditions in the world

literature, there is very little information on its antimicrobial
susceptibility pattern (Hammerberj et al., 1977; Raevuori et al.,
1978).

Toma (1973) reported that stock cultures and cultures isolated
in Ontario, using the Kirby-Bauer tefhnique, were found to be
susceptible to polymyxin, streptomycin, gentamicin, kanamycin, chlorame
phenicol, sulfadiazine (while three cultures were resistant) nitrofurantoin,
nalidixic acid and tetracycline (except two cultures) but resistant
to penicillin, oxacillin, lincomycin and novobiocin. He also
reported that the cultures were resistant or moderately resistant to
ampicillin, erythromycin, cephaloridine and carbenicillin.

Hammerberg et al., (1977) tested the antimicrobial susceptibility

against clinical isolates of Y. enterccolitica biotype 4,

serotype 0:3, using agar dilution and disk diffusion methods. They

found that the isolates were susceptible to the six aminoglycosides used:
gentamicin, kanawcin,ﬁatilmicin, siscomicin, amikacin and tobramycin,
d’aloramyphenicol was less active and similar to tetracycline and
rifampin. All isclates were resistant to ampicillin,

carbenicillin, cloxacillin and erythromycin. Susceptibility to
cephalothin ranged from moderate resistance (MIC,¥25 ug/ml) to

complete resistance (MIC 2 100 ug/ml). They concluded from their

result that aminoglycosides and co-trimoxazole are the most active

antimicrobials in-vitro against ¥. enterccolitica. The work of

Raevuori et al., (1978) using agar dilution method corroborated with
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the observations on aminoglycocides in the work or Hammerberg et al.,
(1977) except that the former MIC values were slightly less than
the latter. The data of Raevuori et al, (1978) on chloramphenicol
and tetracycline were comparable with Hammerberg et al., (1977),
their data on tetracycline and streptomycin were in accordance with
Toma (1973). Racvuori et al. (1978) worked on isolates from human,
environmental and animal sources and found they had equal susceptibility
patterns, but water isolates showed slightly greater susceptibility
than did other strains. They, however, ccncluded that biochemical
and antimicrobial tosts do not reliably identify isolates of
Y. enterocolitica according to thelr origin and these tests do not
evaluate the i mogenccity of thls species.

Kohl ct al., (1976) worked un elinicul isolatas of

Y. enterocelitica and observed a similar susceptibility pattern as

Hammerberg et al., (1977), Raevuori ct al., (‘1978],a150 Vidon and
Delmas (1981) who worked on milk isolates in France. Restaino and
H111 (1981) compured the antibiograms of atypical and typical strains

of ¥. enterocolitica and reported that typical strains displayed

greater susceptibility thar the atypical strains to antibiotics

used. They repocrted susceptibility of strains of serotype 0:8 to

ampicillin, carbenicillin, erythromycin and cephalothin.
Agbonlahor and Odugbemi (1982) determined the antimicrobial

susceptibility pattern of 15 strains of Y. enterocolitica isolates

from clinical specimens in Nigeria, using microdilution and
disc-diffusion techniques. They observed susceptibility of all
isolates to amino-glycosides to conform with the findings of

Hammerberg et al., (1977), and suscejtibility to chloramphenicol,
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tetracycline and co-trimoxazole to conform with Toma (1973) and
Raevuori et al., (1978). The isolates were resistant to
ampicillin, carbenicillin and cephalothin. They also compared the
in-vitro activity of amoxycillin with augmentin (amox cillin and

clavulanic acid) and found that augmentin had superior effect.

Kwaga et al., (1980) found that 14 strains of Y. enterocolitica from

apparently healthy cattle and pigs in Nigeria were susceptible toigentimicis
erythromycin, tetracycline, chloramphenicol, nalidixic acid and colistin,

Raevuori et gl., (1978) reported that gentamicin, tetracycline
nitrofurantoin, chloramphenicel and sulphamethoxazole -
trimethoprim are most effective antimicrobial agents against yersiniae

of animal.

Mechanisms of Pathogenicity of Y. enterocclitica

The pathogenic mechanisms of Y. enterocolitica are not fully

known (Pai and Mors, 1978). Carter (1975) reported an experimental

infection of Y. enterocolitica in mice, which closely resembled

the naturally acquired human infection. He demonstrated that

intravenous inoculation of mice with Y. enterocolitica gave rise to

a systemic, pyogenic infection ‘nvelving the spleen, liver and lungs
and that there was massive neutrophil infiltration of ';hesa organs
in the early period of the infection, which eventually led to large
abscesses and pulmonary consolidation. He also reported that mice
infected intragastrically showed neutrophil infiltration in the
Peyer's patches of the distal ileum followed by local abscesses in

the medullary regions.
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The virulence of Y. enterocolitica has been associated with

several characteristics notably, the ability to produce

heat stable (ST) enterotoxin (Pal. and Mors, 1978), invasiness

of guinea-plg conjunctiva (Gemsk:. et al., 1980; Zink et al., 1980),
autoagglutination at 370(: (Laird and Cavanaugh, 1980; Vesikari

et al., 1981), calcium dependency at 37°C (Gemski et al., 1980),
invasion of Hela cells (Zink et al., 1980; Portnoy et al., 1981),
possession of 42-megadalton plasnid (Gemski et al., 1980;

Portnoy et al., 1981), and the presence of WA-SAA antigen

(Doyle et al., 1981).

1. Heat stable (ST) enterotoxin

Yersinia enterocolitica ST enterotoxin was earlier thought to

be involved in pathegenicity like the heat stable enterotoxin of
E. coli (Pai and Mors, 1978; Robins-Brown et al., 1979). Pal and

Mors (1978) reviewed some cases of childhood Y. enterocolitica

enteritis in Canada and reported that the clinical symptoms are much
milder than would be expected frrom the pathological findings in the
mouse model. Furthermore theyfound that a significant number of
cases had profuse watery diarrhoea which was suggestive of a

similarity between gastroenteritis due to Y. enterocolitica and that

caused by enteroboxigenic strains of E. coli. Robins-Browne et al.,
(1979) suggested that the role of enterotoxin in the pathogenesis of

intestinal ¥. enterocolitica infection may be similar to that of

heat-stable in E, coli diarrhoea.
Schiemann and Devenish (1982) however found that there was no
association between virvlence and the ability to produce ST

enterotoxin measured by the infant mouse assay. Mosimabale and
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Gyles (1982) similarly found that heat-stable enterotoxin plays
no rele in pathogenicity. Alsc Pai and Mors (1980) failed to
detect ST enterotoxin in faeces of rabbits that were infected
with Y. enterocolitica and had diarrhoeal symptoms. Aulisio
et al., (1983) detected ST enterotoxin in both virulent and
avirulent strains of Yersinia and concluded that ST enterotoxin test
may characterize a strain but ST enterotoxin production does not
contribute to pathogenicity.

A number of tests to detect ST enterctoxins have been
described. Notable amongst these are the infant mouse system
(Pai and Mors (1978), rabbit ileal loop test (Pai and Mors, (1978)
and Pig gut test (Mosimabale and Gyles (1982).

{(a) Infant Mouse Test

Pal and Mors (1978) demonstrated enterotoxin production by

Yersinia enterocolitica using three~day-old suckling mice which

were fed orally with Yersinla ernterocolitica culture filtrate and

sacrificed four hours post-inoculation. The authors concluded that

majority of ¥. enterocolitica was capable of producing enterotoxin

of which the characteristics resemble those of heat-stable
enterotoxin of E. coli. The test separates enterotoxigenic from
non-enterotoxigenic strains (Pal and Mors, 1978; Mosimabhle and
Gyles, 1982). Schiemann (1981) reported that all strains of

Y. enterocolitica they used for ST production were negative when

he injected the culture filtrate directly into the stomach of 2 to L-day
old mice, Heat-gtable .enterctoxiri produced in vitro by some strains of

Y. enterocolitica and measured by the infant mouse assay is not

necessary for pathogenesis (Schiemann, 1981). Robins-Erowne et al.,

(1979) reported that the three clinical isolates of Y. enterocolitica




35

they worked with gave positive results in the infant mouse test

and concluded thet the entcrotoxin produced by Y. enterocolitica

share a number of bioclogical properties with ST of E. coli and both
substances stimulate fluic accumulation in infant mice and rabbit
ileal locps within the same time interval.

Many human and environmental isolates of Y. enterocolitica and

Y. enterccolitica-like bacteria produce heat-stable enterotoxin in

vitro at 20°¢C to 300(: (Pal et al., 1978; Kapperud, 1980) but the
highest prevalence of enterotoxin production has been reported

among human clinical isolates, though none has been shown to produce
enterotoxin at human body temperature (Kapperud, 1982).

Nesbakken {.985) demonstiated the production of enterotoxin by
Yersinia spp. isolzted from porcine tonsils and pork products, at
differcnt temperatures 4051, 22°C and 37 ¢ using infant mouse essay.
He discovered that no strain was positive at all 3 temperatures,

o
37 out of 71 strains tested produced enterotoxin at 22 C, 3 at
o o 0 o
4 Cand 22 C and 1 at 22 C and 37 ¢, Furthcrmore, the highest

prevalence of enterotoxia production at 220(: was detected in
serotype 0:11 (80%), followed by 0:3 bilotype 4 (74.2%) and 0:12
(66.7%). Adesiyun et al., (1986) reported the ST enterotoxin
production in seven out of fourteen isolates studied using infant
mouse assay.

The influence of several factors affecting detection of

Y. enterocolitica heat-stable enterotoxin by infant mouse test was
studiedby Serafin et al., (1983). They found that Pal-Mors
medium was most suitable for ST enterctoxin preparation, and that

the gutfcarcass welght ratios obtained with lysed supernatants and
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with supernatants from whole cultures of Y. enterocolitica were

similar, suggesting that most cf the SI enterotoxin produced by
this organism in broth cultures is extracellular. The amount of

ST enterotoxin produced as well as the ambient temperature at which
inoculated mice were kept were inter-related, such that for weakly
enterotoxigenic strains there were no significant differences
among gut/carcass welght ratio for the conventional and modified

o) o [&]
infant mouse tests carried out at 18 C or 25 C, but at 30 C the

values in the modified test were higher for most ST enterotoxin
preparations with Pai-llors medium.

The infant mouse test was reported to distinguish two

populaticns of Y. enterocolitica clearly separating the positive and
negative groups (Pai and Mors, 1978; Mosimabele and Gyles, 1982).

(b) Rabbit ileal lcop

Pal and Mors (1978) and Robins-Browne et al., (1979) reported

heat stable enterotoxin activity of Y. enterocclitica using rabbit

ileal loop assay. They determined the volume/length ratio of each
filtrate injected loop at 6 and 18 hrs post-injection and found no
difference in time. The strain tested was positive at both
intervals. The time taken for fluld to accumulate in infant mouse
and rabbit ileal loop models is similar with respect to

Y. enterocolitica and E. coll enterotoxins but different from that

asscciated with cholera toxin (Robins-bBrowne et al, 1979).
hdesiyun et al., (1986a) reported that the in-viwo test for ST
enterotoxin using rabbit ileal loop appeared to have low sensitivity

in detecting ST enterotoxin produced by Y. enterolitica.
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(c) Pig gut
Mosimabale and Gyles (1962), detected ST enterotoxin

production by ¥. enterolitica strain using ligated pig gut.

The authors used broth culture supernatant and culture filtrates
grown in tryptic soy broth erriched with yeast extract

(TSB~YE) and incubated in a shaker bath for 24hr. to inject the
loops . and observed that none of the strains grown in a shaker
bath was positive but the culture supernatants induced fluid
accumulation in the ligated gquts. They then concluded that ligated
pig intestine was not a good model for enterotoxigenicity studies

of live cultures of Y. enterocolitica. Adesiyun et al., (19686a)

obtained similarly unsaticsfactory results using l-week and 3-week-

old ligated pig gqut.

2. Invasiveness of conjunctiva of Guinea-pig

+
The invasiveness of Y. enterocolitica, as demonstrated by Sereny tes

(Séreny 1958) cepends on the presence of 4l-megadalton plasmid
(Zink et al, 1978) and 42.2 + l.l-mzgadalton plasmid (Germski
et al., 1980) and calcium dependency at BSOC (Schiemann and
Devenish, 1980). Schiemann et al. (1981) described the correlation
calcium dependency with autoagglutination and the ability to
produce both guinea pig confunctivitis and mouse diarrhoea.
Lchiemann and Devenish (1982) reported a positive reaction on
guinea-pig conjunctivitis which persisted after the first day and
the organism recovered at 2 days or thereafter. The animals were
observed for 7 days for signs of inflammation and swelling of the
conjunctivae, eyeball depression, fluid and mucous accumulation
and clouding of cornea. Thz authors observed the variation in
reactions in the guinca-pig eye between serotypes, with strains

of serotypes 0:8 and 0:21 producing the most severe infections.
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Boyce et al. (1979) also demonstrated positive iéreny tests
among strains of serotype 0:8. Schirmann and Devenich (1982)
reported uniform n:gative Séreny test results in all isolates
tested and suggested that there was no serotype 0:8 of human
origin among the isclates studied hence the result. The authors
then explained that it could be that the isolates had lost their
capacity to invade epithellal cells. |

3. Autcagqlutinetion at a5

The autoagglutination test i: a simple procedure for screening
for potential virulence; however, becau:e thic property is
apparently lost easily wit. subculture, negative results must be
interpreted with some caution (Schiemann et al., 1981). A positive
test as described by Laird and Cavanaugh (1980) consisted of
agglutinated cells concentrated along the lower wall and bottom,
with a nearly clear medium in the upper portion of the tube after
overnight incubation at 350C end a nearly uniform turbid suspension
without agglutination at 22°¢, noyle et al., (1981) reported the

positivity of serotypes 0:3 and 0:8 of Y. enterocolitica when

tested for autcagglutination et 3705. Nesbakken and Kapperud (1985)
also reported that 67 (45.9%) of the 146 isolates of serotype 0:3
biotyr~ 4 studied were autoagclutination positive.

Laird and Cavanaugh (192C) while . studying virulence factors
of Yers.nia species, aiscovered that strains which were virulent
when fed tc adult mice autoagglutinated when grown at 35°C in tissue
culturc media. Strains wiich failed to agglutinate were found to be
avirulent an’ thi: observation alded in the development of a simple

test for distinguishing virulent and avirulent strains of yersiniae.
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The authors therefore, found a correlation between virulence in

Y. pestis, Y. psudotuberculosis and Y. enterocolitica and the

ability to autoagglutinate in tissue culture medium at 35°C.
In addition to its vaiue in preparing isogenic derivatives needed
for studies of pathogenesis, the test is reliable for the rapid
screening of large numbers of yersiniae from clinical and food
sources (Laird and Cavanaugn, 19s0).

schiemann and Devenish (1982) reported that iscgenic pairs
for autoagglutination were selected from one strain of serotype
0:8, and that autoagglutinaticn-negaetive culture was positive for
calcium dependency at 35°C, indicating that the plasmid that codes
for calcium dependency at 357C (Gemski et al., 1930} alsc codes for
autoagglutination, and that this plasmid was prerfent in one and
absent in the other culture of this isogenic pair. The authors then
concluded that when the plasmid coding for autoajglutination and
calcium dependency is lost, the virulence is also lost and that the

identification of virulent strains of Y. enterocolitica by these two

tests is not always dependable, since the plasmid coding for these

properties can easily be loet through subculture,

Q
4. Calcium dependency at 37 ¢

- e m—

The same plasmid coded for a calcium requirement for growth

at 37oc was determined with the magnesium oxalate (Mox) agar
developed by Higuchi and Smith (1961) for identifying virulent strains
of Yersinig pestis (Schicmarn and Devenish, 1982). Carter et al.,
(1980) showed that the virulence of Y. enterocolitica in mice was
related to the ability to jroduce V and W antisens which were

immunologically identical to virulence antigens of Y. pestis and

Y. pseudotuberculosis.
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Higuchi and .miti (1961) determined the presence of avirulent
cells in a predominatly vir.lent cell population using surface
plating on a differential agar medium which inhibited the growth
of virulent cells. The medium, magnessium oxalate agar prepared
aseptically promotes the growth of avirulent cells present in the
virulent cultures.

Agbonlahor (1936) reported four strains out of five of
Yersinia species to be calcium-dependent using the interpretation
that growth on = TSA without growth on magnesium oxalate agar or
heavy growth on TSA and few colonies on magnessium oxalate agar was

o
taken as evidence of calcium dependence for growth at 37 C.

5. Invasion of Hela cells

Schiemann and Devenish (1982) tested the distribution of Hela
cell infectivity indices for each serotype among 69 strains and
found a clear seperaticn at the index value of 3.5. Consequently,
the index was chosen as the dividing value between Hela-.positive and
Hela-negative cultures. They also detected auto-agglutination-
positive strains among Hela-positive strains. They demonstrated
also that Hela cell infectivity is not altered with loss of the
plasmid coding for autoagglutination and calcium dependency.
Mosimabale and Gyles (1982) observed that there was a correlation
between the results of the Hela cell test and the magnessium oxalate
test and that the two tests are likely to relate tc invasive aspects

of virulence rather then diarrhoeal aspects of Y. enterocolitica

infections.

Serological Tests

Significant titres in serclogical studies on Y. enterocolitica

infections have been shown to demonstrate exposure experience to the
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agent which may be current (Krogstad, et al., 1972; Hurvell, 1981).
Reports exist showing failure to isolate the organism even
though significant titres of antibodies to the serotypes were
detected (Krogstad, et al., 1972). An initial problem with the

serclogical studies on Y. enterocolitica was the cross-reaction

detected between ¥. enter~colitica serogroup 0:9 and Brucella

abortus. It is therefore necessary to pay attention to

Y. enterocolitica serogroup 0:9 infection when the serological

examinations for brucellosis are performed (Sunaga et al., 1983).

Antigenic relationships among type strains of Y. enterocolitica

and those of Escherichia coli, Salmonella spp and Shigella spp .

have also been reportud (Thomas et al., 1983).

Serological tests used to detect Y. enterocolitica antibody

include slide agglutination (Agbonlahor et al., 1983), passive
hemagglutination test (Gutman et al., 1973; Chiesa et al, 1984),
enzyme-linked iimmunosorbent assay (ELISA). (ELISA) (Carlsson,

et al., 1976), serum agglutination and complement fixation tests
(Corbel, 1973; Sunaga et al., 1983). Chiesa et al.( 1984)found that
out of 221 cord blood samples assessed for antibodies to

Y. enterocolitica by whole cell agglutination test, only four

showed antl-yersinia antibodies. None of these four sera cross-~
reacted by this method, hut when tested by passive Bemagglutination,
Mifferences in titre and cross reactivity were noted. Analysis of

the distributicn of hemagqlutinin titer in umblical cord sera against

heat-extract from Y. enterocolitica 0:3, 0:5, 27, and 0:8 showed

a similarity among the three Y. enterocolitica serogroups.



42

Their findings that Y. enterocolitica antibodies were only

detected in four (1.8%) of 221 nowborn sera despite the high
percentage (33%) of agglutinating antibodies in sera ¢° pregnant

women (especially against Y. enterocolitica 0:3 (17%) and 0:8 (14%)

ranging in titre fyrom 4 to 32, irdicated that the mean level of

Y. enterocolitica . agglutinins as assessed by whole cell bacterial

agglutination, in sera of pregnant women was insufficient to appear
in detectable titre in cord blocd. These findings corroborated with

previous work done to antigens of E£. coli, Jalmonella and Shigella

(Felsen and Csofsky, 1937; Neter et al., 1955).

Heterologous HA antibodies active in cord sera ajainst
Y. enterccolitica could, in the newborn period, serve as potential
mediators of resistance to infzaction not only by many

enterobacterial speclies, but to Y. enterocclitica as well

(Chiesa et al, 1984}.  Sera from pre mant women have IgG

antibodies to ¥. enterocolitica, which by trensplacental passage

could also provide a threshold level of antibodies that act alone or
in concert witih the heterologous antibodies demonstrated by
hemagglutination (Chiesa et al, 1984).

In the study by Bitzan et al., (1983), 17 out of 24 patients
(71%) tested demonstrated significant agglutinin titres one to 13
weeks after clinical onset. The significant titres were assumed,

if the reactions were positive against Y. enterccolitica in serum

dilutions 1:40. They also observed that the maximum titres were
already developed within two or three weeks after clinical onset
in patients. They then concluded, that a reliable diagnosis rests

on the demonstration of specific antibodies in significant titres,
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preferable with four-fold rise or decrease., Also, 18 members

of the families in an inter-fumilial outbreak of Y. enterccolitica

enteritis, demonstrated a positive response by the passive
hemagglutination test. bight persons had titres of 1:512 or
greater, and all had symptomatic illness (Gutmen et al., 1973).
Morse et al, (1984) in an investigatlon of a Yersinia camp outbreak
linked to a food handler, reported the positive reciprocal titres of

256 and 128 in a sercologic testing using Y. enterocclitica

serogroup 0:8 antigeng prepared from the outbreak iscolates. They
concluded that seroleogic test may not ke dlagnostic for an acute
Yersinia infectlon but consistent with previous exgosure and the
invelvement of a food handler. o '

Keogstad (1972) determined the titre of antibodies to
serogroup 0:2 infection in Norwegian goats while Fukushima et al,

(19848 studied the antibody response in pigs experimentally

infected with Y. enterocolitica. |

In Nigeria, adesiyun et al. (1986b) reported that 36%
of 688 animals tested were seropositive for antibodies ayainst
either serogroups 0:3, 0:8 or 0:12,26 using a cut-off poing for
definition of seropositive of 1/40. The highest antibody prevalence
.was detected in polo horseu (67.5%) and the lowest in pigeons

(6.7%).
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3. MATERIALS AND MITHODS

3.1 1Isolation of Yersinia entercch.itica from chickens

(a) Source of samples

A total of eight hundrec cloacal swabs were collected

from live chickens from three different management systems
defined as follows:

Extensive (Free-range) system: owned by a family,
predominantly consisting of local breed of chickens. They
are not under any form of confinement and usually roam

about the environment to return at dusk.

Semi-intensive (Backyeaid) system: chickens were under
confinement in cages. Population of less than 3,000

chickens was classified in this group.

Intensive management system: chickens were under confinement

in deep litter or cages. FPopulation above 5,000.

{b) Callection of samples

Cloacal swab samples were obtained by inserting a sterile
swab soaked in sterile M/15 phosphate buffered saline
(PBS), pH 7.6 into the cloaca of each chicken, rotating it
to collect the faecal material and returning °~ it into
5mls of sterile PBES. The samples were taken to the
laboratory ice-cooled for cold enrichment in PBS at 4°c
for 3 weeks as described by Schiemann (1980).

(c) Plating Procedure

All enriched samples were plated on both desoxycholate
citrate agar (DCA) and MacConkey agar (MCA) after one week
and three weeks, Inoculated plates were incubated at room

bommavatura far 24-4Bhrs after which non-lactose fermenting
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colonies were carefully picked for further identification, -

3.2 Identificaticn of Y. enterocolitica isclates

All tiny non-lactose fermenting colonies were incculated into
Triple Sugar Iron (TSI) and Kliger Iron Agar (KIA) by streaking the
slant and stabbing the butt. All isclates that gave acid/acid (A/A)
with or without gasg and without lLiydrogen sulphide production on
TSI and alkaline/acid (K/A) with or without gaé and without hydrogen
sulphide production on KIA were inoculated onto urea agar slants to
demonstrate the ability of the organism to produce urease enzymes
capable of splitting the urea. Isolates that were urease-positive
were subjected to phenylalanine deaminase activity test, motility at
250(': but not very motile or mon-motile at 3700 were presumptively
identified as Yersinia spp. These isolates were further confirmed

using the following available biochemical tests - lysine decarboxylase
o _ s]
at 37 ¢, arginine dihydrolase (37 C), ornithine decarboxylase (37 C),
O o
indole activity at 25 C and 37 ¢, methyl red and Voges-Proskauer at

o o

25 C and 37 ¢, hydrogen sulphide production, citgate utilization,
fermentation of rhamnose, mannitol, lactose, dulcitel, glucose and
sucrose. All these were deterrinadusing the methed described by

Bercovier et al., (1578).

Jede Serotype, Biotype and thage type determination

torphologically and biochemically suspect Y. enterocolitica
strains were sent to Prof. I'» H. Mollaret of the Fasteur Institute,

Paris for confirmaticn, serotyning, biotyping and phage typing.
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Determination of the antiblograms of Y.

enterocolitica strains by in-vitro methods

{i) Using the Disc diffusion method _ i

The entimicrobisl discs (DIFCO and OXOID) and thelr
coneentrations used were as follows:
tetracycline (30 ug), peniciliin G (10 units); neomycin (30 ug),
gentamicin (10 ug), ampleillin (10 ug), erythromycin (15 ug},
methickllin (5 ug), kanamycin (30 ug}, streptomycin (10 ug),
chloramphenicel {30 ug), and polymlxin B (300 units)..

A modification of the disc diffusion method of Bauer et al.
(1966) was used. The organisms were plated on DCA for isolation
from where some colonies w:re inoculated in sterile tryptic soy
broth and incubated at 2505 for Ehrs. Sterile cotton swabs on
wooden applicator sticks were dipped Into the standardized
suspension of the isolates and stresked evenly over the entire
surface of Mueller~Hinton agar plates. The plates were allowed
to dry and the discs placed on the surface of the plates wilth
sterlle forceps. Five to six antimicrobial discs were placed on
each plate and the plates were lncubated at room temperature for
24 hours. The dlameter of the zones of lnhibltlon surrounding
each disc to the nearest millimeter were measured with a ruler
and the results recorded as sensiltive or resistant by referring
to the interpretative chart of zone size with the FDA

standardized Disc method (Wick gt al., 1971). |

(1i) Using the Plate Method . 'i

The plate method was used to determine the minimal
inhibitory concentrations of eleven antimicrobial agents to the

five strains of Y. enterocclitica ond ai! ..

reference straine of Escherichia coli (X12). The
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gentamicin, colistin, cloxacillin, erythromycin, streptomycin,
clindomycin, lincomycin, nalidixic acid and sulphamethoxazole -
trimethoprim,

The plate dilution metnod on Mueller Hinton agar using
two-fold serial dilutions of each antimicrobial agent as
described by cricson and Sherris (1971) was used with some

modification. The procedure ls as shown on the table below:

Antibioctic solution + Sterile = Intermediate Final concentration

water conceptration at 1:10 agar plates
ug/ml or ug or ug or Log
Volume  T.U/ml Volume I.U/ml 1.U/ml concentration
6.4 2,000 3.6 1280 128 7
2 1,280 (from 2 640 64 6
above)
1 1,280 3 320 32 5
! 1,280 v 7 160 16 4
2 160 2 80 8 3
1 160 v 3 40 4 2
1 160 " ) 20 2 1
2 20 o 2 10 g 0
1 20 ¢ 3 S 0.5 -1
1 20 7 245 0.25 -2

Two millilitres of the appropriate intermediate
concentraticns were acdded toc 18mls of the molten Mueller Hinton
agar to obtaln the final concentrations in the plates, The test

organisms were streaked on tryptic soy agar plates, then
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subcultured into tryptic soy broth incubated for 24 hrs at

room temperature. A 107 dilution of the growth of each isolate
was made in sterlle distilled witer from which inocula

consisting of 0.025m1 were dellvered with an Lpperdorf pipette
onto the antimicrobial agent containing plates. Tryptic soy

agar plates without antimicro! lal agents were inoculated with

the test organisms and used as controlse. A1l plates were
incubated overnight at room temperature after whicin they were
read and the minimum inhibitory concentration (MIC) was the least

antimicrobial concentraticn that yielded no visible growth.

3,5 Assay for virulence marker =

o
(1) Calcium dependency for growth at 37 C

A procedure similar to that cescribed by Agbonlahor (1986) was
used. To prepare magnesium oxalate agar, 2.68g of sodium oxalate
and 4.067g of magnesium chloride were added to 1 1itre of tryptic

soy agar (TSA), The £inal pH was adjusted to 7.6,

Cultures of Y. enterocolitica were streaked on deoxycholate

citrate agar and incubated for 24 hours at room temperature to obtain
discrete colonies. Five individual coleonies of each isolate were
picked into 2ml of phosphate buffered saline and then diluted 10—2.
The resulting cell suspensions gerved as inocula. Two plates
comprising magnesium oxalate agar (MOA) and tryptic soy agac (TSA)
were used for each isolate. Five drops of each of the cell
suspensions were spotted onto flve separate areas using sterile
pasteur pipettes and the plates were allowed to dry. The plates

o
were, thereafter, jnverted and incubated at 37 C for 24 hours.
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Growth on TSA without growth on MOA or heavy growth on
TSA and few colonies on MOA was taken as evidence that the
particular colony selected from the deoxycholate citrate agar

(DCA) plates was calcium dependent for growth at 37°c_

(o]
(i1) Autoagglutination test at 37 ¢

A slight modification of the procedure described by
Agbonlahor (1986) was used. Isolated colonies of

Y. enterocolitica cultures on DCA plates alter overnight

incubation at 250C were inoculated into a pair of duplicate

tubes each containing Smls of methyl red-Voges~Proskauer broth.

A set of tubes was incubated at 37°C and the other was incubated
at room temperature overnight. Uninoculated sterile MR-VF broth
served as a negative control., The crganisms was considered
autoagglutination positive when the tubes at 37°C showed
aggregated cells along the lower wall and bottom of the tube with
a nearly clear medium above and when the tube at 250(: showed

nearly uniform turbidity.

(1ii) Séreny test for invasiveness

The ability of ¥, enterocolitica strains to invade tissues

were determined using the method described by Mosimabale and
Gyles (1982). Each isolate was grown on tryptic soy broth and
incubated at rcom temperature for 24hrs after which o.Jml of each
was inoculated onto tryptic soy agar plates in duplicate to
achieve confluent growth. The plates were incubated at room
temperature for 24hrs and then harvested in sterile normal saline,

The cell suspensions were washed twice in saline through

centrifugation.
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The saline suspensions of the organisms were adjusted
through dilution to contain 4.26 x 1011 cfu/ml. Drops of each
of these suspensions were put under the upper and lower lids of
an eye of each guinea-pig. OUne eye each of two different
guinea-pigs were inoculated with each isolate. Two negative

controls - Y. enterocolitica serogroup 0:3.and normal saline

were included for comparison. The test was conducted on
different sets of guinea-pigs at two different times. The
guinea-pigs were examined dally for five days for evidence of
keratoconjunctivitis as shown by ocular discharges, matted hair

around eye 1id:s or frank cpocity of the cornea.

{iv) Heat~stable {ST) enterotoxin

A slight modification of the procedure described by
Mosimabale and Gyles (1982) was usdd. Twenty millilitre of
tryptic soy broth (TSB) were each dispensed into 250ml
Erlenmeyer flasks and sterilized at 121°C for 15 mins. The
broth was supplemented with millipore-filtered 0.6% yeast
extract. Overnight growth of test cultures and controls in
TS5B at room temperature served as inocula. Flasks containing
inoculated TSB were incubated on a gyrator shaker (250rpm) for
18 hours at 250C in a chamber with temperature regulation.
Growth was then spun down in a refrigerated centrifuge (a°c)
for 20 mins at 17,000 x j and the supernatant millipore-~
filtered (0.45 n). The supernatant was subsequently heated
for 30 mins at 65 ¢ in a water bath, codled and frozen at

o]
=20 C til1 needed.
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(a) Detection of ST enterotoxin using
the Rabbit ileal loop test

A slight modification of the protocol described by
Robins-Browne et al. (1979) was used to detect the presence of ST
enterotoxin in culture filtrates. Adult rabbit was anaesthesized
using 1ml of sodium pentobarbitone administered intracardially.
An incision was made along the linea alba wide EnOUgh to expose
most of gastro-intestinal tract. The ileum was isolated and cleaned
with sterile PBS, pH 7.6. Starting at the ileo-caecal juncticn, six
loops were made measuring 8-8cm ir length by ligation using
surgical silk., The first five loops were inoculated with 1ml of
filtrate of the test cultures (i.e. one culture per loop) using a
hypodermic syringes with fine needles (22G). One millilitre of
sterile saline was inoculated into the sixth loop to serve as negative
contpol. Thereafter, the locps were carefully returned into the
abdominal cavity and the line of incision sutured up using cat gut
material for the subcutaneous tissue and non-absorbable silk for the
skin. The rabbit was kept at room temperature for 6hrs. It was then
sacrificed and the gut éxposed. The volume of fluid which accumulated
in each loop was accurately measured and the length of: the loop
measured. Results were expressed as the ratio of volume (ml) to
length (am). A ratio of 1.0 or greater was considered as positive as
suggested by Guerrant et al, (1978).

(b) Detection of ST enterotoxin using the
infant mouse system (IMS)

The procedure of Nunes and Ricciardi (1981) was used. Heale~stable
enterotoxin was detected in culture filtrates earlier prepared by

adding a drop of 1% Evans blue dye in normal saline to approximately
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6mls of supernatant. ECach member of a group of three 2~5 day old
suckling mice which were fed with milk (to make stomach visible)

was injected with O.Iml of the coloured supernatant of each isolate,
The mice were held at room temperature (ZSOC) for 4 hrs and then
sacrificed using chloroform. The intestines of the three mice per
group were removed, pooled and weighed after the body weight hed been
determined. The ratio of the gut weight values of 0.085 or greater

were considered as positive as reconmended by Gyles (1979).

3.6 Determination of Prevalence of Y. enterocolitica
antibody in chickens

(1) Source of samples

A total of 800 serum samples were collected from
slaughtered chickens. Four hundred samples were obtained from
those kept under intensive nanagement system and the remaining

400 from Sabon Gari and Samaru markets in Zaria.

(ii) Collection of sanples

Blood samples from the slaughtered chickens were collected
into sterile test tubes, left to clot and sera collectéd were

o
stored at ~20 C until needed.

(111) Ereparation of ngqlutinating antigens

Strains of Y. enterccolitica serotypes 0:3, 0:5,27,
0:8, 0:9 kindly provided by Dr. Devenish of Untario, Canada
and 0:12,26 previously isolated from slaughtered cattle around
Zaria (Agbonlahor et al., 1986) were used. The first four serotypes
were chosen because they are known human pathogens while serotype
0:12,26 was the predominant serotype isolated from cattle and

plgs in Zaria area.
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pure discrete colonies of each of the cultures were
inoculated into 3 mls of trypiic sov broth and incubated for
24 hrs at room temperature. Threehundred microlitre culture
growth of each serotype was inoculated onto five thick blood
agar plates and incubated at room temperature for 4B hrs
{to achieve very confluent growth). The organisms were then
harvested with sterile normal physiolugicél saline into sterile test
tube and washed twice in saline. The washed suspension were then
steamed at 100°C for 2% hrs after which they were again washed
twice in buifered formol saline (8FS). These were then diluted
in BFs to give a final concentration similar to the standard of
109 cfu/ml oi E. coli. The suspensions were kept at 4°c for use.

To prepare BFS, a buffer composed of 1.44g of MaH,FO,,
6.25g of NajHFO, anhydrous dissolved in 50mls of distilled water
was made. Stock BFS solution was prepared by adding 1ml of formalin
(40% Formaldehyde) to 0.5mL of the buffer and made up to 50ml

with sterile physiological saline. The stock BFS was thereafter

diluted 1:8 with saline to give the washing BFS used above.

(iv) Tube Agglutination Test

All serum samples were first screemed at 1120 dilution made
by adding O.Mal of each serum to 1.9m1 of BFS and mixed
properly. Subseguently 0.05m1 of antigen was added. Each serum
samples was screened fo. antibodies to serotypes 0:5,27, 0:3,

0:9, 0:8 and 0:12,26 using tube agglutination test.
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Dilutions of all tentative positive serum samples were
done at 1:20 by adding 0.1ml of each serum sample to
1.9mls of BPS in different tubes. One millilitre aliquots of
BFS was pipetted to a set of different round bottom tubes used
for the experiment. The tubes were arranged in rows to give
dilutions 1:40 to 1:2560. 1ml aliquots of 1:20 serum dilution
were transfered to the {irst yow of tubes containing BFS to
give 1:40 dilution. This was mixed properly and 1ml aliquots
transfered till the last Iml was discarded after the last
dilution tube. To each tube was added 0.05ml1 of the
standardized concentration of antigen suspension. The tubes were
shaken properly and incubate 31 at 370(: for 2 hrs after which they
were left overnight at 4°C. The tubes were subsequently left on
the bench at room temperature for 2hrs after which each tube was
gently shaken and examined under flourescent light for
agglutination. The last tube that showed fine clumps was taken
as the end point titre and a titre of 1:40 and above was
considered as positive. The same procedure was repeated for
the different antigens. For every test run, positive control
tubes containing specific antisera to serotype kindly provided
by Prof. G. Wauters of Belgium and negative controls tubes made

up of the antigen and BFS were used.

Screening for Brucella abortus antibodies

All serum samples were screened for Brucella gbortus
agglutinins by the rose bengal plate agglutination test (RBPT).
The RBPT-positive sera were further subjected to the standard
tube agglutination test (5.A.T.) as described by Morgan et al.

(1971). A11 samples positive for drucella abortus
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agglutinins by S.A.T. were eleminated from the
study,.

Experimental Tnoculaticn of Brciler Chickens
with strains ol Yersinia enterccolitica

(a) Source of chickens

One hundred and fifty day-old starbro-broiler chicks bought
from a commercial hatchery in Zaria were used. The chicks
were immediately transported to the animal room of the department
of Veterinary Public Health ard Freventive Medicine and kept in
well-heated and {1luminated partially open box. Commercial
feeds and clean water were supplied ad 1ibidum. A1l chicks to be

inoculated with ¥. enterocolitica orally were SO exposed within

ohrs of arrival in the laboratory.
The study on experimental inoculation was conducted in two
phases, the first phese involved oral exposure of

strains of Y. enterocolitica to 70 chicks at day-old while another

group of 80 chicks were kept till they were 3 weeks cld when

some were similarly inoculated orally in phase II.

(b) Growth of Strains of Y. enterocolitica usec
in experimental inoculaticn of chicks

ihree strains of Y. enterocolitica serotypes 0:3, 0:8 and

0:9 umongst the five earlier used to detect antibodies to

Y. enterocolitica in chickens were used. These three serotypes

have been shown to be human pathogens. rach culture was grown
in five tryptic soy ager (73A) plates for 48hrs at room
temperature after wnich they were harvested, washed twice in
saline through centrifugation at 3,000rpm for 10mins and

diluted in PBS to give a standard concentration equivalent to
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9
10 cfu/ml of E. coli. These suspensions were subsequently
plated on DCA after serial dilutions to determine tlc actual

number of viable ¥. enterocolitica cells. A portion of these

cultures suspensions was used immediately for the phase I study
o

and the other portion kept at -20°C for the second phase of the

study.

(1) Phase I of kxperimental Inoculation of
Chicks with Y. enterocoli tica

Frimarily, this aspect of the study was designed to
investigate:
The degree of colonization of the intestine of day-old-

chicks by ¥. enterocolitica, if any; production of

diarrhoea or other side effects in exposed chicks; the
possible effect of strain variation on ability of

¥. enterocolitica to clonize the intestine of day old chicks;

the possible efiect of maternal immunity on colonization; the
effect of administration of 10% sodium bicarbonate on

colonization; elifect of Y. enterocolitica on weight gain of

chicks. Seventy day-old chicks were randomly distributed
into seven experimental groups of 10 chicks each and

inoculated as shown in Table 3.

Each group was inoculated orally with one millilitre
of cell suspension and 3 drops of 10% sodium bicarbonate
(NaHCO,) were administered orally to chicks in experimental

groups to be so treated immediately following administration

of 0,1ml, of cell suspensions,
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To determine the effect of infection on weight gain,
immediately after inoculation, all chicks were weighed and this
exercise was repeated daily up to 13 days jost-inoculation.

The weight gain by chickens over the study period was subjected
to statistical analysis (Colton, 1974).

To investigate the frequincy of exeretion of Y. enterocolitica

in faeces of infected chicks, approximately 50% of chicks in each
experimental group was randomly selected and cloacal swabs
obtained from each daily for 5 days and then on day 8; 10 and

13 post inoculation. The cloacal swabs were first streaked
directly on DCA for isolation. 1In addition, the cloacal swabs

were enriched in M/15 PBS fur 3 weeks at 4°C. For quantitative

enumeration of Y. enterocolitica following direct plating of

swabs on DCA, the plates were incubated at room temperature for

48hrs. Thereaiter, the number of ¥. enterocolitica present were

counted after testing representative colonies with specific
antisera. Scores were then awarded to average counts hased on
the following criteria:
Score 0 = No grow:th

1 = 1-% colony forming units

2 = 10-19 colony forming units

3 = 20-29 colony forming units

Py = 30-39 colony forming units

5 = 40-19 colony forming units

6 = 2 50 cclony forming units

In addition to taking cloacal swabs, all chicks were examined

for evidence of diarrhoea or loose faeces till day 13 post-inoculation.
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Enriched cloacal swabs plated out after 1 and 3 weeks as
earlier described. Results on Y. enterocolitica detection were
qualitatively reported. as presence or absence.

For the study on histopztnological evidence of colonization
of infected chicks immediately after oral inoculation, and daily
thereafter till day 5, one randomly picked chick from each
group was sacrificed. Sections of the ileum, approximately
10cm from the 1leo-caecal junction and the caecum were removed
and immediately fixed in 10% formalin in saline for histopatho-
logieal study. Each sectior in duplicate, was processed and
stained in haematoxylin and eosin and Gram stains.

The slides were subsequently examined. On day 13 post~
inoculation, two randomly selected chicks were slaughtered and
samples were collected for cultural studies (quantitative and
qualitiative) and histopathological studies as carlier described.

In addition, the nuuber of Y. enterocolitica per gram of caecal

material was determined on LCa.

The remaining two chicks per groups were reared and the
cloacal swabs samples were taken on days 35, 49 and 70
post~inoculation and enricned in FBS for 3 weeks as earlier
described alter which they were subcultured onto DCA for

detection of Y. enterocolitica. Alsc, on these days, bl8od was

collected from their wing vein and the serum obtained uced for

serological study to detect antibodies to the serotype administered
(see Appendix I for details).
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(ii) Phase II of Experimental Inoculation of 3 week-old
chicks with Y. enterocclitica

In addition to thz stated objective of phase I, this aspect
of the study was to investigate:
The possible effect of native gut microflora on colonization

by Y. enterocolitica; the appearance and decay of antibody titre

to inoculated serotypes; the duration of excretion of

Y. enterocolitica in faeces; the localization of ¥. enterocolitica

in organs of infected chicks.
A total of 50 three-weex 0ld broller chickens earlier kept

in separate rooms from those infected with Y. enterocolitica

(Phase I) werc used. The procedure for growth of organism,
administration of culture suspensichs were as described in

Fhase I. The serotypes of Y. enterocolitica, dose administered

with or without prior oral inoculation of 10% NaHCO, and number

of chickens per experimental group are shown in Table 4,

A procedure similar to that used for thase I day~old chicks
between days O and 5 were also used here, but for the fact that
3 week~0ld chickens were used here (see Appendix 2)., Cloacal
swabs were also obtained cn days 14 and 28 for quantitative and

qualitative (after enrichment) detection of Y. enterocolitica and

on day 49 post inoculation (i.e. 70 day-old chickens), when
cloccal swab was collected prior to slaughter and enrichment in

o
M/15 PBE prior to enrichment at 4 C for 3 weeks. Also on days

1, 3, 5, %4 and 49 post inoculation, the number of Y. enterocolitica
per gram of caecal contents were determined. To deternine

antibody titre in sera, chickens were bled from the wing vein



60

on days 14, 28 and 49 poct-inoculation. At the termination of the
oxperiment on day 49 post-inoculation, remaining chickens were
sacrificed and sections of th. spleen, liver, bile and heart were
taken and cut into pieces befors being enriched in M/15 PBS at
4°C for 3 weeks. Chickens left from phase I (day 70 post
inoculation, at day-old) were similarly treated.

(iii) Experimental Tnoculatinn of Chickens with
Y. enterocolitica by tae intravenous route

Growth of Organisms

Yersinia enterocolitica serotypes 0:2, 0:3 and 0:8 were

used in this study. Overniqght growth of each culture in TSB were
seeded onto three plates of TSA each and incubated at 25°C for
24hrs. Cells were harvested in saline and washed three times
through centrifugation. Cell suspensions were finally

suspended in saline and the optical censity at 540nm adjusted

to same value through dilution. The number of Y. enterocolitica

per ml of cell suspension which was used as inoculum was

enumerated on DCA.

Inoculation of chickens

Three~weell 0ld chickens previously not exposed to

Y. enterocclitica were used, Hundred microlitres {100 K1) of cell

suspension of each of the three serotypes (0:3; 0:8 &nd 0:9) was
injected intravencusly by the wing vein into each of 3 chickens
per experimental group. The number of yersiniae administered

to each chicken was enumerated on DCA and determined to be

10 10
Z2e1 x 10 cfu for 0:9, 1.8 x 10 c%u for U038 and 2.0x1012fu

for 0:3. Three chickens served as uninoculated controls.
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Prior to exposure, the cloacal temperatures of each
chicken per group was determ.ned and thereafter inj ction,
they were all regularly examincd up till 48 hrs specifically
looking for diurrhoea, dispositionyrise in cloacal temperature
and death. In addition, cloacal swabs were taken and plated
directly on DCA to detect Yersinla enterocolitica.

Gross pathological exaninatlion was performed on all chickens
that died within 48 hrs. post inoculation and thore slaughtered
on termination of study. Ir addition, sections of the ileum of
the chickens were studied for histopatholoqgical changes after

H & E and Gram's stalning.

In vitro effect of temperature on survival and
multiplication of three serotypes of Yersinia
enterocolitica

Yersinia enterocolitica serotypes 0:3, 0:8 and 0:9 were

plated out for isolation on DCA after which they were incubated
overnight at room temperature, Four plates of tryptic soy agar
per lsolate were seeded with each serotype and incubated for

24 hrs at room temperature. Cells were then harvested with saline
and washed twice using centrifugation. The cells were resuspended

in 511 of saline and the CL of 1:1000 dilution determincd.

340
The concentrations of cell suspensions were then adjusted to same
walue through diluticn before making a 1:100 dilution of each
suspension in PBS.

iwenty millilitres of PBS (pH 7.6) was inoculated with 0.2mls
of each cell suspension and serial dilutions were immediately
made and plated on DCA. For each serotype, two 10ml portions of

inoculated VB were put in universal bottles with one incubated
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ot room temperature (25 C) and the other at 41.8%c

(mean body temperature of chickens used in the study). At Oy Ly U
and 2hhrs post inoculation respectively, ~0-1m1 portions were
removed for plating. Enumeration of colonies on DCA plates was
done after incubaticn at room temperature for 48hrs, following

confirmation of representative colonies as Y. enterocolitica

using specific antisera. The possible effect of the body
temperature of chickens on survival and multiplication of strains

of Y. enterocolitica was therefore assessed when compared with

values of samples incubated at Toom temperature,
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RESULTS

1. Frequency of Isolation and Characteristics
of Y, enterocolitica isclates

A total of five isolates of Y. enterocolitica representing

an lsolation rate of 0.63% were cbtained from 800 cloacal swab
samples of chickens all of which were from chickens under
extensive management (Table 5).

Table 6 shows the biochemical reactions of the five
isclates. All the five isclates exhiibited acid/acid on TS1
slant and alkaline/acid on KIA slant. None of them produced
H,S on these slants. All the isolates were motile at 25°C and all
except one at 370(:. All five isolates were positive for methyl
red test at 25°C and 37°C. fThree of the isolates (2B3, ZB19 and

ZM7) were positive for Voges ~ Proskauer test at 25°C and two

(ZB1S and 4I7) positive at 3?0(:. They were all jositive for
citrate production and negative for lysine decarboxylase test.
Three isolates (ZB3, 2319, and ZM7) were positive for arginine
dihydrolase while &ll were positive for ornithine decarboxylase.
All the isolates utilized glucose, sucrose, mannitol, dulcitol
and rhamnose fermentatively.

All five stralins of Y. enterocolitica isclated were

classified as belonging to chemiotype (biotype) 3, serotype

0:12,25 and lysolype (phrge-type) Xz (Table 7).
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IT. Antibiogram Studies

(1) Antimicrobial susceptibility te.ting
by the disc method

The resulls of the antimicrobial susceptibility test by the
disc diffusion method are shown in Table 8+ All the five
isolates were susceptible to ncomycin, gentamicin, kananycin and
polymixin B, PFour (E0%) isolates were sus-ceptible to
streptomycin whereas three (60%) were susceptible to tetracycline
and chloramphenicocl. Cne (20%) isolate was susceptible Lo
amplcilline All the five isclates were resistant to penicillin G,

erythromycin and methicillin.

(11) Minimal inhibitory concentration (rial.C.)

The minimal inhibitory concentrations of the five isolates
and a reference E. coli strain against 11 antimicroblal agents,
using agar dilution method ace shown in Table 9. Four (80%)

of 5 strains of ¥, enterccolitica tested were susceptible to

gentamicin and nalidixic acid. Three of 5 strains of

Y. enterocolitica were susceptible to tetracycline, while only

2 of Y. enterocolitica isclctes were sensitive to colistin

sulphate, streptomycin and sulphamethoxazole -~ Trimethoprin
(SxT). Only a strain (ZB3) was susceptible to cloxacilline.
All the five “isolates were resistent to ampicillin, erythromycin,
lincomycin at M.T.C. of 128 ug/ml except for 4B3 (32 ug/ml),

ZM7 (64 ug/ml) and ZM12 (64 ug/ml) with ampicillin.

(1ii) Virulence Markers
Isolate 4412 was positive for calcium dependency test at
o (]
37 C' autoaqglutinﬂtion test at 37 C’ S‘-}reny test and infmt mouse

test. ZB3 was positive for Sereny and infant mouse tests.
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ZB19 and 2ZA8 werc positive for infant mouse test only. 2M7
was negative in the tests for wirulence markers. No isolate

was positive in the rebbit ileal loop test (Table 10).

IV. Prevalence of Yersinia enterocolitica antibodies
in chickens kept under d-fferent management systems

The overall antibody prevalence rate was 1.9% amongst 800
crickens scrcened for serotypes 033, 0s8, 0:9, 0:12,26 and
0:5,27 (Teple 11). Six {(1.5%) of 400 and 9 (2.3%) of 400
chickens kept under the extensive and intensive management systoms
respectively were sero-positive. The difference was not
statistically significant (P7r0.053 1(2).

The prevalence of antibedies to serogroups 0:3, 0:8, 0:9,
0:12,26 and 0:5,27 in chickers is shown in Table 11. All 800
chickens tested were seronegative for antibodies against serotypes
0:5,27, 0:8 and 0:12,26. [our (0.5%) chickens were sero-positive
for 0:3 antibodies while 11(1.4%) had antibodies against serotype
0:9. The difference in seropositivity rates between the
extensive and intensive management systems was not statistically

significant (¥ 0.05; .‘{2).

Table 12 contains the antibody titres amongst seropositive
for ar.cibodies to serotype 0:3, 3 had a titre of 1/40 while 1
was 1/8C. fmongst the 0.9 seropositive chickens, 4 had a titre

of 1/4G, 4 with 1/80 and three had a titre of 1/160.
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Fxperimental Inoculation ~f Yersinia

enterccolitica intoe chickcas

Inoculation into day-old chickens

(i) ualit ative and Quantitative detectlon
of Y. enterocolitica

A1l inoculated chickens were shedding the organism
between day 1 and 5 with an apparent decline in counts per
gram of faeces but were all negative at 35 days post-
inoculation (Table 13).

Detection of Y. enterocolitica after enrichment showed

that all inoculated c¢ ickens were negative for the organism
by 35 days and remained so up to 70 days. All chickens
inoculated were positive on days 8, 10 and 13. For both
quantitiative and qualitative dctection presence of 10%
NaHC03 did not appear te have any significant effect

{Table 13).

(i1) Detection of Y. enterocolitica in caecal
contents of chickens inoculated at day old

’ 3 7
Between 3.0 X 107 and 3.0 x 10 yersiniae/gm of caecal
contents werc detected 13-day post-inoculation. On the

70th day, all caecal content tested for Y. enterocolitica

were negative (Table 14).

(iii) Detection of Y. enterccolitica in organs
of chickens inoculated at day old

The livor, spleen, blle and heart of chicken inoculated

orally at day-old with Y. enterocolitica were positive

for the orgéhism. For the two serotypes used, all 4 heart

samples cultured, 2 samples each of spleen and liver, and
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All samples of control chicken cultured were negatlve

(Table 15).

(iv) Histopathological studles on the ileum
of chickens inoculated at day~old

The histopathological studies on the ileum of chickens

inoculated at day-old with Y. enterocolitica serotype 039 with

10% NaHCO4 is shown in Tabkle 16. There Qas no significant
finding with the specimens stained with H & E until day 13 when
there was hyperplasia of Peyer's patches in the mucosa. There
were no bacteria found except at days 4 and 13 with the specimens
stained by Gram's method.

(v) Antibody titres in chickens inoculated
to Y. enterocolitica orally at day-old

By 35 days post-inoculation, the highest antibody titres
were observed and remained so till day 70 for chickens inoculated
with serotypes 0:3 and 0:9 (Table 17). For chickens inoculated
with serotype 0:8, a decline in antibody titre between days

35 and 70 was evident.

(vi) Effect of inoculaticn of day-old chicks
with Y. enterocolitica on weight gain

Fig. I shows that over a 13 day period, oral inoculation

of day-old chicks with Y. enterococlitica did not have any

2
sign!ficant effect (P> 0.05; X ) on weight gain when compared
with the controls. The setotype and presence or absence of 10%
NaHC‘OB did not also have any significant effect on

weight gain.



(b)

Tnoculation of Y. enterocolit:ica into chickens

(1) Quantitative and Qualitative detection
of Y. enterccolitica in cloacal swabs

Table 18 shows the quantitative and qualitative detection

of Y. enterocolitica in faeces of chickens inoculated orally at

3 weeks old. For all chickens exposed, Y. enterocolitica was

detected gquantitatively between days 1 and 5 while they were all
negative when sampled on days 14 and 28. Following enrichment
of samples for qualitative detection, all chickens were negative

for ¥. enterocolitica when sampled on days 14, 28 and 49.

The presence of 10% NaHCO3 did not appear to have any effect on

isolation of tl.e organism from faeces.

(ii) Detection of Y. enterccolitica in caecal contents
of chickens inoculated at 3 weeks old

5 7
Between 6.0 x 10 and 7.0 x 10 yersiniae per gram of
caecal contents were detected 3 days post-inoculation in

chickens (Table 19). The number of Y. enterocolitica declined

with time till no detection was made in any of the chickens 49

days post lnoculation. The presence of NaHCO3 did not appear to

have any significant effect on number of Y. enterocolitica

detected in caecal contents.

(111) Detection of Y. enterocolitica in organs of chickens
inoculated orally at 3 weeks old

Mo isolation was made from the heart in all chickens
incmulated at 3 weeks old (Table 20). Only 1 chicken each had

Y. enlerocolitica isolated from the liver, spleen and bile.




(c)

(1)

69

(iv) Histopathological studies on the ileum of
chickens incculated at iLhree weeks-old

The histopathology on tha ileum of chickens inoculated

at three weeks-old with Y. enterocolitica serotype 0:9 with

10% NaHCO. shows no significant findings with the H & E

3
staining. Bacteria (Gram-negative cocoobacilli)were found only
on day 3 and 14 post-inoculation,

(v) Antibody titres in chickens inoculat.d orally
with ¥. enterocolitica at 3 weeks old

By 14 days post~-inoculation, the antibody titres have
peaked in chickens inoculated with serotypes 0:9 and 0:3 with
or without 10% NakiCO, (Table 21). & two-fold decline in titre

was observed in some chickens between days 14 and 49.

(vi) Effect of oral inoculation of I-weeks old
chicks with Y. enterocolitica on weight gain

Fig. 2 shows that over the 49 day study period, oral

administration of Y. enterocolitica into 3-week old chicks did

not significantly (> 0.05; x2) affect the welght gain when
compared to control chicks. Similarly, the serotype and presence

of 10% NaHCO, had no significant effect on weight gain in

3
inocul ated chicks.

Clir'cal manifestation in chickens inoculated
¥. ente-ocolitica intravenously

The clinical picture observed in chickens intravenously

(L/v) Injectud serotypes of Y. enterocolitica {s shown in

Table 22. Diarrhoea was evident in chickens injected the

3 serotypes of Y. enterocoliticas within 3 hours post-inoculation.
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3 5
Chickens inoculated 9.4 x 10 and 9.4 x 10 Y. enterocolitica

sef&group 018 did not show any clinical signs. OF 3 chickens
given 2.0 x 101n cells of Y. gnteroculitica serogroup 0:3,

1 died by 3 hrn post~inoculation while another died about
6hrs rost-inoculation. The surviving chicken in the group .
and others given sercgroup (:9 and 0:8, 2.1 x 1010 and

1.8 x 1010 cells recovered from apparent sickness by 24hrs

post-inoculation.: e . }:

(i) Pathologlcal findings in chickens inoculated
intravenously with ¥. enteroccolitica | ¥

Table 23 shows gross zrd histopathological findings in

chickens inoculated with Y. enterocolitica serogroup 0:%, 0:8
and 0:3. The spleen, Iiver,_lungs and kidney showed
pathological conditions in &ll inoculated chickens. The lleum
of all inoculcated chickens showed no significant
histopathological lesicons.

In vitro effect of temperature on survival :
and miltiplication of ¥, enferocolitica J

Regardless of the serotype used at 2§E a 10 to 100 fold
increase in Y. enterocolitica population was observed within
24 hrs (Table 24). For serogroups 0:3 and 0:9, counts, however,
declined from 5.1 x 106 to 102 and 3.6 x 106 to 102 respectively
between Chr and 24hrs at 41_89C. With YE661 (serogroup 0:8)
_counts decreased from 9.6 x 106 (Ohr) to 1.3 x 103cfu (24hrs)

o
also at 41.8 ¢,
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Table 1: Wauter's Blotyping Scheme of Yersinia
enterocolitica (Bercovier et al., 1980qQ*

Test Biotype

Lipase i - - - -
DNase - «b b + +
Indole B -
D-xylose + o+ 4 = -b
Sucrose + + + + v
D-Trehalose + o+ 4+ o+ -
H°3 reduction to I"oz + o+ o+ o+ -

+ = 90% or more positive between 4 and 7 days;
v = reaction varies in different biotypes;
- = less than 10% positive after 72hrs.;

b = Some strains give a delayed positive reaction (after 72hr).
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Teble 2: Characteristics of culivres us=d in sxperimental infection of chickens with Tersinia enterocolitica
(Schiemann ané Devenish, 19821 )
Culture 1 auto— Calcium Gepe. In<ant ‘ Sym Itens rramcal Count/g in mice in days
agslae. reuse Sereny
WWO- Serotype WHO.WV\MW at wqon at w.u mmHm.U mw_.mun tast a 2 5 G 4L
—E- - Z. .
E661 0:8 T + - 4.73  0.121  +/+ +/1.0%1CT Sead
. 2

N N e ¥ Dezad

£574 G:3 Il - + 4,14 0,08 =/- \W..o...nu...o . MOu 71.0%1 Du Vm.n.n
=t 3 3 -
el o oxps ~hem10 7A.0x10

= - - EN ~ -+ -ﬂ -—..

\M\ QHHO \M\ 4 \K oxuo .nun »on

u,ﬁ.w from human beings
m@..ozg on MOX azer,
Cinfant mcuse sysiam,
awcwbmmlwwm conjunciiviti

€pata are glven

b .
Hela

cell infectivity index,
£.033 considered pesitive

s in animal No. 1/animal Nc. 2.

for animal nos. 1 & 2.

3.5 considered positive.
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Table 2: Characteristics of cul+.res us=d in mxwmnbugﬂmu. jnfection of chicken: 3 s el

versinia enterocolitica
(Schiemann and Devenish, 1982)* o

Culture 1 Auto- Calciun dep. Infant Symotons/Faecal Count/g in mice in days
agolu. & 5 mcuse Sereny
No Serotype Bio%yge at 37°¢c at 37 C Hela mxm.n P a s 5 9 -
E661 0:8 I + - 4.73 0.121 +/+ +/ 22010 Dead
_ o
/a0l Deac
3 - 4 3 g
£674 0:3 IT - + 4.14 0.08 -/- £ 010 4 ox10° 7 1.0x1C7 um.n.ﬂ}w
o2 5%
\L.I.UUU.-IOI “h..l\.Jh.HDU \Hﬂuxn..m \FCOKHO
7 C - B % 8 b 7 * - 7
£705 ¢:9 1T + - 4.89 0.091 +/+ “ 0310 % os16? A oxid’ 4 0x10
= +/ =z = 6
-
P.Ouu\.l..w’b \\.“UR:LU.-N \\mlOKPO \mlonﬂ.o
1,
A11 from humen beings
b
8srowth on MOX azar, Hela cell infectivity incex, 3.5 considered positive.
€insant mouse systsm, 0.083 considered positive

d3uinea-piy conjunciivitis in animal No. 1/animal Ne. 2.

€pata are given for animal nos. 1 & 2.
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Table 3: Experimental Protoccl vsed for inoculating
day—old chicks in Phase I study

Treatment Dose givena No. of chickens
{cells/chick)
0:8 alone 1.58 x 10 | 10
b 1

0:8+10% NaHCO3 1.58 x 10 16
11

03 alone 1.35 x 10 10
11

0:3+10% NaI-IC03 1.35 x 10 10

0:9 alone 8.0 x 10 10
10

0:9+10% NaHCO3 8,0 x 10 10

Control Uninoculated 10

*m 0.1m cell suspension of Y. enterocolitica

P3 arops of 10% NaHCO,
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Table 4: Experimental Protocol uased for inoculating
3 week ~0ld chickens in Fhase Il study.
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]
|
i
|

i
f

Dosge givena

No. of chickens

Treatment
{cells/chicken) g
9
0:3 alone 4.1 x 10 [ 10
9 S
0:3+10% Naﬁcoab 4.1 x 10 , 10
9 |
{39 alone 7.1 x 10 : 10
!
g !
0:9+10% NaHCO3 7.1 x 10 ﬁ 10
Control Uninoculated é 10
a {
In G.iml cell suspension of Y, enterocolitica
b i
inl of 10% NaHC03 :
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Prevalence of Yersinia enterocolitica in chickens
kept under different manijement systems.

Table 5:

i

e

No. positive Percent positlve

Type of No. of chickens
for Yersinia For Yersinia

Management sampled

Extensive i
(free-range) 400 _ 5 1.3
intensive 200 0 o)
Intensive 200 ¢ 0

] Q0«63

Potal 800
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Table 6: Biochemical reactions of five Yersinia enterocolitica
strains isolated from chickens in Zaria.

Reactions by isclates

Characteristic” ZB3  ZB19  2A8  ZM7  2M12
Triple gugar lron
AI}\ (25 C} + “+ + + +
Kliger Iron Agar
K/A (25°C) + + + i +
(8]
Urease producktion (25 C} + + K + +
Phenylalanine deaminase - - - = -
o
Motility at 25 C + + + + +
o
b + + - + +
st production (SLi4) - - - - o
o
Voges~iroskauer at 25 C # + - + -
e
37 ¢ - + - +* -
o
Methyl—red at 25 ¢ + + + + +
o
37 & + + + + +
Citrate production + + “ b +
Lysine decarboxylase ~ - - - -
Arginine dihydrolase + + - + -
Urnithine decarbonylase + + - + +
Catalase s + + * +
Indole - - e - -
. b
Acid from glucose A A A A A
Sucrose A A A A A
Mannitol A A A A
Dulcitol A A A A A
Rhamnose A A A A A

a o
Tests were conducted at 37 C unless otherwise indicated

b
Acid production tiwough lermentation
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Table 7: Serotypes, chemiotypes and lysotypes of Y.
enteroculitica isolates from chickens.

Chemio- Lyso-
Strain .ma .‘::E.-..:C_Zit 3 EXE Serotype type
Mumber
ZB3* Extensive ¥. enterocolitica 3 0:12,25 %z
ZB19* ixtensive Y. enterocolitica 3 0:12,25 Xz
Zh8 Extensive Y. enterocolitica 3 0:12,25 Xz
217 Extensive ¥. enterocolitica 3 0:12,25 pé
ZIi12¢e° Extensive Y. enterccolitica 3 0:12,25 Rz

a‘l‘y pe of management

*Both from same flock

**poth from same “lock
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Table 8: Antibiogrems of Yersinia enterocolitica isolates by the
disc method.

timicrobial
agent

Tetracycline
Penicillin G
Neomycin
Gentamycin
Ampicillin
Lrythromycin
Mothicillin
Kanamycin

Streptomycin

Chloramphenicel 30 ug

Polymixin B3

Zone diameter (mm) sensiti- No, ($5)

Concenitra- viky/Resistance* of Suscepti-

tion per isolates bility

disc -
ZB3 2519 ZhS Zi]  ZMi2

30 ug 26(s) z2(8) 30(s) 92(«) 09(R) 3(60)

10 units o(r} o) ©(R) Ofx) O(R) o(o)

30 uy 18(S) 20(s) 20(S) 18(S) 18(S) 5(100)

10 ug 19(5) 17(S) 21(S8) 21(S) 21(s5) 5(100)

10 ug 9{rR) 10(R) 12(5) O(R) O(R) 1(20)

15 ug o) 0(r)  O(R) O(R) 0O(R) 0(0)

5 ug 0(k) 0(ik) 0O(k} O(R) O(R) 0(0)

30 uy 22(5) 19(8) z24(8) 20(3) 20(5) 5(100)

10 ug 15(8) 11(11) 16(5) 16(s) 16(S) 4(80)
24(.) 22(s) 22(s) O(R) O(R) 3(60)

300 unitis 20(5) 13(5) 21(s) 14(s) 14(8) 5(100)

R =

Resistant

Sensitive

- — -
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Table 2: Minimal inhibitory concentraticne (+IC) of 11 antimicroblal agents o 5 isolates of Y. enterocolitica.

— £ el
intinicrobial agents and their KIC (ug or uniits/ml) zwq o3 Swugs: %o

Isclzte o — wr'ch isclate was
Number EN* T S Co CB o L CH L1 NA SKT resistant

Z23 322 15~ 0,258 8s 45 12BR*** 2 128R 128 23 858 4

Z319 128R 1227 >1Z8R 1282 BR 128R =3 1281 1282 45 32R 9

Zih8 128R 23 13 128R 128 128R 128R 1253 18R 129R 128R a

2M7 B4R 23 13 g5 16R 123R 16R 128R i 168 85 &

TMY2 AdR 1238 115 162 16R 12ER 161 128R 1252 165 128R g
Ee coli 128 12BR 25 18R “26R 123R 12€R 425R 1232 155 128R 2

K12

(con=rol)

Fercentage

suscepti-
Bilitr of

all isolate

to: 0.0 50,0 £3. 33.3 167 sl 33.3 C:0 0s0 B3 33.3

* Ampicillin (2N) at 10ug/ml, Tetracycline (TZ) at 30ug/ml, Sentamicin (G) at 20ug/ml, Colistin sulphate (CC) at

10 ug/ml, Cloxacillin (C2) at 5 ug/ml, Zrytiromvcin (£) at 15 ug/ml, Streptomycin (S} at 20 ug/ml, Clindamycin (CF)

at 2 ug/ml, Lincomycin (L)) at 15 ug/ml, Nalidixic acic¢ (NA]} at 30 ug/ml and .w.r,.._.muPﬂmﬂsboxmuo“_.ml.wnwamﬁxoun

&% Suscepitible

res tesistant
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Table 10: Virulrnce markers of 5 strains of Y, enterocolitica
isolated from chickens.
|
|
2+ -
Ca gependency Autoaggluti~ ST
Isolate at 37°¢C nagi.on at Séreny enterotoxin
No. . _3_7 i test detection
AMS* Rabbit
1leal loop
i .
;
ZA8 - - - J L J
i
m - - - i - -
' j
ZM12 + + * | + -

*IMS = InTant mouse sy stem |
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Table 11: Frevalence of antibodies to serogroups 0:3, 0:8,
0:9, 0:12,26 and 0:5,27 in chickens under two
management systems.

- —

No. of
Type of chickens =
lanagement tested . _No (%) koaitive for serogroups: Loiall
0:3 0:5,27 0:8 0:9 0:12,26
Fxtensive 460 3(0.8) (0.0) 0(0.0) 3(0.8) 0(0.0) 6(1.5)
(Free-range)
Intensive 400 1(0.3) 0{0.0) 0(0.0) 8(2,0) 0(0.0) 9(2.3)
Total 800 4(0.5) 0(0.0) 0(0.0) 11(1.4) 0(0,0) 15(1.9)
%A titre of 1:410 or above considered as positive.

{ ) percent
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Table 12: Antibody titre of serOpositivea chickens

Serogroup »f Y. enterocelitica

013 - 0:9

Type of No, No,
Management Positive o BO  Positive 40 B0 180

Extensive

(Free-range) 3 2 1 3 i 1 0
|

Semi= !

Intensive 1 1 0 8 a2 3 3

Total n 3 1 11 Loy 3

2511 chickens tested were serc-negative for Y. enterocolitica
gerogroups O:8, 0:5,27 and 0:12,26,

hReciprocal of titres



Table 13: Quantitative and Qualitative detection of Yersinia enterocolitica ub faeces of chicken™

exposed orally to different serotypes at day-old.

Cmantitative detection Cualitative (Enrichment) detechion

b

U3

o st e o i

Dose a'ministered Scores™ of Yersinia in faeces at days: Fresence of Yerginia in faeces at days
Treatment (cells) 0 1 2 3 4 > a5 8 15 13 35 49 70
C:BsNaCO, 1.58 x 1077 c 6 3 1 1 2 o + o+ . - - -
0:8 alone  1.56 x 10 - o 6 3 2 2 3 0 A s = - -
O.\4:mhnow 2.0 % wOMD 0 6 2 5 3 1 0 + + +
0:9 alone 8.0 x 107 o 6 2 3 4 2 © s+ s
0:3+4NaMCO, 2,35 x 107 ° 6o & 2 2 3 2 A . s .
0:3 alone  1.35 x 107 o 6 2 3 2 1 o + N +
Control Not infecied g 0 0 & 0 0 0 - - - - - -
8fach enparimental group had IU chickens
u.vdmhmmm Score: O = no growth; 1 = 1-9 colenies; 3 = 20-29 colondies; 4 = 3032 nou..onumm

5 = 40-<9 coloniegs; 6 =350.

+ = Yersinia enterocolitics detected in enriched samples

= = Yersinia enterccolizica not detected in enriched samples.

- T T L b e e S ey
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Table 14: Quantitation of Yersinila enterocolitica in caecal
contents of chickens® exposed at day old.

—

Dose
: administered Number of Yersinia per gm of
Treatment (cells) caecal contents at:
13 days post- 70 days Eost—
exposure exposure
X 11 3 -
0:8+NaHCO, 1,58 x 10 3.0 x 10 .0
11 6
0:8 alene 1¢58 % 10 2.0 x 10 . 0
7 !
0:9 +NafCO, 8.0 x 10 3,0 x 10 0
10 7
0:9 alone 8,0 x 10 1.7 % W 0
1 7 -
0:3+NaHC03 1.35 x 10 1 2.0 x 10 0
11
0:3 alone 1.35 x 10 N 0
Control Not infected ' 0 0

®tach experimental group had 10 chickens

bIn addition to plating dilutions of caecal contents in PBS,
caecal materials were plated directly on DCA

ND - Not done as caccum was too tiny
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Table 15: Detection of Yersinla enzcrocolitica in organs of

chickens? exposed orally at day-old.

—— - — - e - -————

S

erotype identi‘ication Isolation of Y. entcrocolitica

administered of chickens from:

-

Liver tpleen Bile Heart

0:9 2 + + . +
3 - - - +
0:3 1 - - - +
7 -+ + - +
Control 0] o - - -

a

— e e m s e = e — —— e

Clovacal swabs of all cilckens werz negative for
Yersinia enterocolitica

b

A1l chickens were slaughlered on day 70 post-exposure.
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Table 16: Histopathiological studies on the ileum of day-old chicks orally
administered . enterocolitica C:9 per Os with 1C% menow.
Treatment administerec —
No. of Days
Post-inoculaticn Serotype 0:9 and 1C% Na:iCClq
a
H & E stain, Gramts Stain ©
0 nsp N2F
1 RSP NBF
2 NSF NEF
3 Pronounced Peyer's Patches but N&F NEP
4 Tips of villi hacd undergone Sram-negative coccoebacilli in clumps in
coagulation necrosis. No inflammatory the lumen
cells scen
5 NSF B
13 Hyperplasia of Feyer's patches Srap-negative coccobacilli in clumps

(mononuclear cellular proliferation
in the mucocsa

in the lur:n and aleng the surface of
the epithelium

NSF = No significant finding; NBF = No bacterla found

2. .

1 control chickens not inoculated had NBF and NSF throughout the <uration of the study.
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Table 17: <itres of Yersinia enterveolitica antibodies
in ¢hickens exposed corally at day-old.

Identification Dose of Reciprocal of tltres
Serotype of chickens organism post-exposure on
administered given (cells/ days:
chicken)
o 35 4 10
0:9 2 8.0 x 100 €20 320 320 320
3 8.0 x 1070 <20 320 320 320
11
0:3 4 1.4 x 1€ < 20 1280 1280 1280
11
7 1.4 x 10 « 20 1280 1280 1280
: 11
D:8 1 1.6 x 10 £,.20 640 640 320
11
8 1.6 % 10 £ 20 640 320 320

Control C+0 Not exposed 420 420 20 &20
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Table 18: uantitative and ualitiative detection of Yersinla enterocolitica in fasces of

chickens exposed orally to differeant serotypes at 3-weeks old.

wantitative detection

malitative (Enrichment) detection

Dose wno.nmv of Yersinia in faeces ad days Presence of Yersinia in faeces at days:
r.wa.bu.rw.nmh.mn
Treatment cells 0 i 2 3 4 9 14 28 14 28 49
0:9+4NaHCO, 7.1 x 107 o 2 3 1 6 4 0 0 - - -
0:9 alone 7.1 x 10° © 5 5 1 1 1 0 0 - - _
w _
0:3+4NaBCC, 4.0 x 10 0 2 2 4 6 5 0 0 - - -
g
0:3 alone 4.0 x 10 1] 5 5 5 1 1 ¢ Q - - -
Contrcl Yot exposed c O ¢ o 0 C C 0 - - -
a

Lach itreatment group had 10 chickens

Umgwnmmm Score: O

N
il

3C-39 colonies; 5= 40=-49 colonies; 6 =%5C.

Yersinia enterocclitica detected

4
L}

Yersinia enterocolitica not detected

]
It

no growthnj; 1 = 1=5 colonies; 2 = 10-19 colonies; 3 = 2022 colonies;
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Takle 19:

Eumeration of Yerdinia enterocolitica in caeca of chickens exposed orally
at 3 weeks old.
— ... Counts per g of caecal contents post-exposure on davss
Dose administered
Treatment = (cells) Y 2 El Ja 43
2 3] 3 b
onm+ﬂmx00u T.1 % 16 £10 4.0 x% uoq 3.0x uam <10 o
9 g 5 4 3
0:9 alone 7.1 x 10 410 6.0 x 160 1.2 x 90 7.0 x 10 0
S S 7 6 3
o"w%mmnowm 4.0 x 10 <0 4.0 x 1C 4.5 x 10 P ol
9 6 7 5 3
0:3 elecne 4.0 x 10 £ 10 7.0x 10 4.0 % 10 1.0 x 10 0
”~ )U [a]
Control Not exposed ¢ 0 0 ¢ ¢

@iml of 10% NaHCC. fed

b

~lsc negative for

3

Y. enterocolitica following enrichment

-~
—
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Table 20: Detectiop of Y. enterocolitica in organs of
chickens exposed crally at 3 weeks old.

Serotype 2
administered Isolation of g._ enterocolitica from:

B e — ]

Liver Spleen Bile Heart

0:9 alone - - + _
O:9+NaHCO3 - K% - -
0:3 alone‘b * - > =
Control - - - -

9cloacal swabs of all chickens were negative for
Y. enterocolitica

bChickens administered 0:3+1C% NaHCL3 died befor:

termination of experiment and carcass decomposed
before detection

“All chickens were slaughtered on day 49 post-infection.
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Table 21: Titres of Yersinla enterocolitica antibodies
in chiclens exposed orally at 3 weeks old

Vose of
organism
Reciprocal of antibody titres post-
Treatment given exposure on days:
4 28 )
0:9 alone Te1l % 109 640 640 640
0:9+NaHCO3 7.1 % ‘109 640 320 320
g
0:3 alone 4.0 x 10 1280 1280 640
9 a
0:3+NaHC03 4.0 % 10 320 Died : -
Control £ 20 £ 20 £20

BA11 five chickens in the group died beforz
28 days post-exposure.
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Table 22:

and 0:8.
Experi-
mental Serc- ;
Sroup group Dose
A Q0:% 2.1 X HOpo

b 1C
B 0s:8 1.8 x 10

0
C 0:3 20 E .Hom
D Control(Not
exposed)

No. of
Chickens

L

Clinical manifestaticn in chickens intravencusly

exposed to ¥. enterocolitic: serodroups: 0:3, 0:9

Clinical manifestation” at

3hr 6hr 18hr 24hr 48hr
Chickens depressed Depressed, diarr- Good appetite) Good appetitey Good appetite
and off-feed, hoea present. still with diarrhoea and very actis
evidence of diarr- Mean Temp. 42°C diarrhoea. liean temp. but still witl
hcea. Mean temp. Mean temp. 42°¢c. diarrheca.
22%. 42°¢, Mean tenp.

42°¢c,
Chicks depressed Depressed, fair  Good sppetite) CGood appetite  Good appetite)
and off¥ feed. appetite. Mean still with Hmm.:.owmam. still with
tviden~- of diarr- temp. 41.7°C. diarrnoea. <l.7C. diarrhoea but
hoea. ii@an temp. Mean temp. very active.
41.8%C. 41.9°. EmmSOﬁmBUo
41.9°C.
Chicks depressed Depressed and Aprarent Good appetite  Good appetite
and off-feed. ofi-feed. récovery In  hegn temp. and active
Evidence o” zvidence of surviving =2 G Mean temp.
diarrhoeaz. Mean diarrhoea. bird. Memn 42°¢.
temp. 42°C. Mean temp. temp. 42°C.
&N;.m.nwﬂo
- A

Looking normal Normzl Mean Mean teiipe g empe 4338 temp-
Mean temp. temp. 41.8°C 4..8¢C s
41.7%

%6 deaths were recorded for chicks given Y. enterocclitics serocgroups 0:8, 0:9 and the conirols throughout the

cbhservation period.

duommm of 9.4 x 10

3

the higher dose were however off-feed and depressed for approximately 6 hrs.

Howéver, 2 of 3 chicks given serogroup 0:3 died by 3 hrs and bhrs poct-erigosure.

and 9.4 x Hom cfu earlier given to a set of 5 chicks each also did not cause death. Chicks

administered
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Table 23: Experimental exposure of chickens with Yersinia enterocolitica by intravenous route:
pathological findings.

Tiperi- Pathologi ca1l® findings
mental Sercg- No. of
Sroup group Dose(rells) chickens b
o Gross Histopathological
A 0:9 2.1 x powc 3 Liver pale and streaked. Spleen enlarged and NSF

congested.Haemcrrhagic and pale kidney. Iungs

congested.

Slight haemorrhage in leg and thigh muscles.

10

B 0:8 1.8 x 10 3 Liver pale and slightly enlarged with necrosis. NSF

mﬁuovsdm._v"mnpmhmmmmbmnosnmmwmn.:mb“_.mnnwa.
and haemorrhagic kidney. Unabsorbed yclk sac
congested and coloured dirty green, slignht
haemorrhage on thigh aixd leg muscles.

c 0:3 2.0 x Hono 3 Enlarged liver and spleeneHeart pale, covered NSE

with gelatineous material. Lungs congested.
Coronary fat sbsent. Kidney enlarged and
haemorrhagic. Bursa of fabricus enlarged
with petechial haemorrhage. Evidence of
enteritis.

D Control (Not exposed) 3 No Gross pathological lesicns NSF

wﬂﬁn.nﬂuu that did not die from infection were sacrificed after 48hrs for gross and histopathological studies.

vﬁ-gﬁlgpoa»nﬂ. study was done only on the ileum. NSF - No significant findings. They were also all negative for
Gram-negative coccobacilli.
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Taeble 24: In vitro effect of temperature on survival and multiplication of ﬁ..ﬂoo serotypes of

Yersinia enterocolitica in phosphate buffered saline (pH 7.6).

Isclate . - after:

Counts of Y. enterocclitica per millillitre of PBS

(o]
No. Serotype  Temp.( C} Ohr., 4hr. shr. 24nr.,
& 7 7 7
YEET74 0:3 25.0 5.1x 10 2.5 x 10 3.0 x 10 9.8 x 10
& 2
21.8° 5.1 % 10 2.8 x 0% 3.3 x 10° 210
6 7 7 8
YES61 028 25.0 2.6 x 10 2.4 x 10 7.0 x 10 1.2 x 10
T " B - & " 6 3
47.8 F.6 X 1U 6.3 ¥ 1T 2.5 % 10 1.3 x 10
6 7 - 7 7
YE705 029 25.0 3.6 x 10 1.5 x 10 .0 x 10 240 x 10
| 2 2
41.8 3.6 % Sm 2.0 x 10° 4.5 x 10 410

mvﬁmaggvmuwgmo&mnhocvom&nmngmcmmnwbgmm.ulﬁgmg.
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5. D1SCUSSIUN

The frequency (0.,6¥:} of isolation of Y, cnterocolitica
in chickens in Zaria and environs as detected in this study is quite
low. It is, however, in agreement with an isclation rate of 0,6%%

reported for Y, enterocolitica in cattle, piges and raw milk

in the same enviromment (Agbonlazhor et al., 19¥6). Hitherto,
there is no information in the literature on the prevalence
of Y. enterocoliticag infection in live chickens either in
tropical amd temperate countries, Generally, higher
isolation rates have been reported for ¥, enterocolitica in
other animal species in temperate countries ranging from 20
to 80,56 in swine and cattle {(Schiemann and Fleming, 1981;

Shayegani et al., 1981; Fukushima et al,, 1984b; Nesbakken,

1985). | ;

The low isolation rate of the organism in chickens in a
tropical environment like Nigeria is not surprising since
temperature has been documented to have some eftect on survival

of Y. enterocolitica (Neabukken, 1985). In fact, it was not

until recently that Y. enterccolitica infections were documented

in gubtropical and tropical regions in human beings and animals,
The isolation rates of Y, enterocolitica have been reported

to be low (Samadi et al., 1982; Agbonlahon et al., 1983 19ub).

In addition to the relatively high temperature in a tropical region
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5. DISCUSSIUN

The frequency (0,63} of isolation of Y, enterocolitica

in chickens in Zaria and environs as detected in this study is guite
low, It is, however, in agreement with an isolation rate of 0,6%

reported for ¥, enterocolitica in catile, pigs and raw milk

in the same environment (Agbonlahor et al., 19806}. Hitherto,
there is no information in the literature on the prevalence
of ¥, enterocglitica infection in live chickens either in
tropical and temperate countries. Generglly, highex

isolation rates have been reported for Y. enterocolitica in

other animal species in temperate countries ranging from 20
to 80,5% in pwine and cattle (Schiemann gnd Fleming, 19081;
Shayegani et al., 1981; Fukushima et al,, 1984b; Nesbakken,

1945).

The low isolation rate of the organism in chickens in a
tropical environment like Njgeria is not surprising since
temperature has been documented to have some eft'ect on survival

of Y, enterocolitica (Nesbakken, 1985). 1In fact, it was not

until recently that Y, enterocolitica infections were documented

in subtropical aml tropical regions in human beings and animals,

The isolation rates ot ¥, enterocolitica have been reported

to be low {Samadi et al., 1982; Agbonlahon et al., 1983; 19ub),

In addition to the relatively high temperature in a tropical region
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like Nigeria, the high body temperature ot chickens L10h°F)
is an important factor Lo be considered in explaining the rather

low prevalence of infeetion,

In this study, it is noted that the role of management

system on prevalence of infection by Y, enterocolitica

in chickens is very important, ''here wag no isolation of

Y. enterocolitica in chickens kept in the intensive or semi-

intensive management whereas f'ive isolates of Y, enterocglitica
were made from chickens kept under the {ree-range system ot
management, Free-ranging chickens are in constant contact

with ether livestock and human beings in the environment and
theretore more lihely to be exposed to Yersinia spp, Studies
in the same enviromment (Agbonlaior et ai., 1986} have

documented Y, enterocolitica infection in pigs amt cattle.

Chickens on tree-range systen 01 management are repeatedly expored

to human, cattie and pig faeces, thus tne risk o1 contracting the

crganism is high,.

The firding that all five strains of Y. enterocolitica
isolated from chickens are ol serctype 0:12,25 is
of significance as this serotype had hitherte, never been Isoclated

from any animgl epeciee in Nigeriaz, In earlier studies in cattle
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end pigs in this enviromment the wosi commonly encountered
serotype was 03112,26 (Agbonlehor et al,, 1986) which is close
gerologically to those isclated from the present study,

The significance of the phage type for all five isolates
determined to be z@ cannol be readily ascertained becrnuse

all previous isolates of ¥, enterocolitica reported in Nigeria

were not phage-typed, The same phage type has, however, been
isolated from human patients with gastroenteritis in India.
{Varghese gt al., 19tY4) and from diarrhoeal faeces of humans
and cat, and intestingl contents of a pig, mixed with
iysotype z;;(Pramanik et al., 1980}, PFurther studies need to

be done on isolates of ¥, enterocoliticg in Nigeria to be able

to define the predominont phage types.

The finding that all five strains of Y, enterocolitica
isolated from chickena asre of gerotype 0312,25 is of
significance as this sercotype had hitherio, never been isolated
from any animal species in HWigeria, In egrlier studies in
cattle amd 1'ge in this environment the most ccomonly encountered
serotype was 0:112,26 {(Agbonlahor et al., 1986) which is close
gerologically to those isolated from the preseni study. The
significance of the phage type for all five isolates determined
to be Zg cannot be readily ascertained because all previous

isolates of Y, epter -« litica reporied in Nigeria were not

prage-typed, The same phage type has, however, been isolated

»
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from bumen patients with gastroenteritis in India (Varghese

et a 198L) ard from diarrhoeal faeces of humans and cat,

— i ¥

and intestinal contents of a pig, mixed with lysotype zz
(Framanik et al., 1980). Furiher studies need to be done

on isolates of Y, enterocelitica in Nigeria to be able to

define the predominant phage types,

In thie study one strain, ZM12, serotype 0:12,25, phage

type Xz was fourd to be positive for autoagglutination at 37°C,

calcium dependency at 37°C, Serenytest and ST enterotoxin

production., This finding agrees with earlier reporis that clese
relationship exist between these virulence markers gince

their properties were reported to be encoded on the same plasmid
(Gemski _E_‘L _@__l._. + 1960).
The infant mcuse system {(IMS} was fournd to be more senmitive

in detecting ST enterctoxin that the rabbit ileal loop test,

This is because four of the five strains of Y. enterocelilica

were positive for 3T enterotoxin by the IMS while all were negative
by the rabbit ileal locp test, Adesiyun et al., (1986a) have

parlier reported a similar finding on strains of Y. enterocoliljca

izolated from cattle znd pigs in Nigeria. Although the IMS for

the detection of 5T enterotoxin has been shown to be a good

model with excellent reproducibility {Gienella, 19763 Mosimabale and
Gyles, 1982), the exact role of ST enterotoxin in Yersinia
pathogenicity is not yel known but there are indications that
it-may play no significant role (Schiemann, 1981), The detection
of ST enterotoxin from four isolates in this study bylthe M3

but none by the rabbit i[leal loop test may indicate the involvement
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of type 1 ST (Moon et al., 1970; Burge:ss et al., 1978). Aulisio
et al. (1983) have reporied the detection of ST enterotoxin

production by a strain may be used in characterization but does

not contribute towards pathogenicity,

The in vitro activities of different anti-microbial agents
by the disc method on the five strains of Yersinia show that they
were all susceptible to neomycin, gentamycin, kanamyecin and
polymixin B as earlier fourd in some other studies (Toma, 1973;
Hammerberg et al,, 1977; Raevuori et al., 1978; Agbonlahor and
Odugbemi, 1982), Similarly, the finding that four of five strains
were susceptibtle to streptomycin, three (60fi) to tetracycline and
chloramphenicol agrees with the work of others (Toma, 1973; Gutman

et al,, 198L4). One strain of Y, enterocolitica was, however,

susceptible to ampicillin, a finding at variance with the work
of Toma (1973) and Kobl el 21, (1976) who reported that all the

Yersinia enterocolilica strains tested were resistant to the

antibiotic, It was not surprising that all 5 strains tested were
resistant to penicillin G, «rythromycin and methicillin as found
by Toma (1973) since these are routinely used on Gram-positive

microorganisms,

The sensitivity patterns detected for the five strains by the
disc method correlate well with those bv the guantitative agar
dilution method where similar antimicrobial agents were used, The
on'y exception det~cted was strain ZB19 which was resistant to
gentamycin (MIC>»128 uy) vy the agar dilution method tv' not by the disc

procedure, The reason for this discrepancy is not obvious,
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Again, the MIC for gentamycin, nalidixic acid, colistin sulphate,
gtreptomycin and suphamethoxazole - Trimethoprim (SXT) are in consonance
wilh published work (Hammerberg et al., 1977; Haevuori et al.,1978;
Agbonlahor and Udugbemi, 1982; Kwaga et al., 198b),

Overall, the most effective antimicrobtial agents against Y.

enterocolitica isclates from chickens are neomycin, kanamycin,

gentamicin, nalidixic acid, colistin sulphate ard SXT, The limitation
of the few (5) isolates studied cannot, however, be ignored.
Hammerberg et al. (1977) heve ghown that SXT or aminoglycosides

may have clinical usefulness in the therapy of Y, enterccolitica

infections,

The overall prevalence of Y, enterocolitica antibodies
againat serotypes 0:3, 0:8, 0:9, 0:5,27 and 0:12,26 of 1.%
found in chickens kept urder the extensive and intensive management

systems was low, 'This is an indication that Y, enterccolitica

infection in chickens arourd Zaria is luw,
However, a limited seroleogical survey arourd Zaria was

reported to detect Y, enterocolitica antibodies against serotypes 0:3,

D:8 and 0:12,26 in 2(4,T.) of 23 free-ranging chickens in Zaria

area, in 8(25,00) of 32 free-ranging chickens in nomadie tula:d
settlements and in 3(7.54) of LU chickens kept under semi-intensive
management systems (Adesiyun et al,, 198bb). ''he discrepancy in
regults obtained from that study and the present one may be explained,
in part, by the rather lew chickens studied by Adesiyun et al, {1986b),

It is, of interest to observe that although no Y, enterocolitica

strain was isolated from all chickens tested under the intensive

grience
S\ ZOHIA NG oLy

w . Y
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may hot be current,

The finding that antibodies were detected against only two
(013 and 0:9) of the five serotypes screened agrees in part with the
work of Adesiyun gt al. (1986b) where antibodies were detected only
agalinst serotype 0:3 amongst two others (0:;8 and 0:12,26) screened |
although 6:9 was not included, |

The prevalence of antibody to serotype 0:12,25, the only type
isolated from chickens is not presently known because these were
not determined in the present study,

Inoculation of chickens with 107 to 10" cells of Y. enterocolitica

strains known to be virulent for mice, by the oral route at day-old
or 3 weeks old did not cause any overt clinical signs, Similar
findings have been reporied in chickens in another study
(Soerjadi-liem et al., 196L).

O0f economic relevance is the demongtration that, in addition
to not causing overt e¢linieal signs, infection of broiler chickens

with ¥, enterocolitica either at day-old or 3 weeks old had not

significant effect on weight gain,
In the present study, regardless of serotype and dose of

Y. enterocolitica administered orally, 10% sodium bicarbonate did

not have any effect on colonization of the gut, Adesiyun et al. {190ue)
had reported a pimilar finding in experimentally infected sheep.
Fukushima et al, {1984b) have however demonstrated that 100 NaHCO3

aids colonization of the pig's gut by Y. enterocolitica, Factors

that must be considered in explaining this discrepancy are, the pH of
ﬁhe gut, the species of animal host, the amount of 10% NaHCO4
administered relative to the weight of the animal anﬁ possible
varistion in susceptilility to colonigzation of the gui by serotypes

of Y. enterocolitica used,
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Colonizatlion of the gut of ciickens at the two age groups
or inoculation (day old and 3 weeks old! ap,cars to he minimel since
the organism was only detect:d for a few days in cloacal swabs
post-invculation ond negative thereafter throughout tice investigation.
The Farct that Y. entorocclitica was lsolated from sites 1like the
spleen, liver, bilc and heart in addition to detection of antibodies

against specific serctypes of ¥, enterceolitica administered suggest

that some of tae organism penetrated the gub mucosa tc get systemic.
idstopathiological astndiss on the ileur at intervals alter infection

however failed to demvnstrate colonlzation or penatration of the

rucosa As Y. enteruculitica was only seen in the lumen.  The sbrupt
cessation of Y. entorocclitica Ffuund in incculated cnickens in this stidy is
similar to what had been demonstrated inipigé (Fukushima gt gl., 1354b)

snd sheep (Adesiyun et al,, 1986C). Soerjadi-Liem et al., (198L) reported

colonization of ihe gastrointestinal tract of newly hatched monoxenlc

{conventionally rearnd) chick: following sdministration of

Y. enterveslitics.  The authors falled to detect celonization in yuk

of holoxenic chickes glven notive microflora prior to exyosure to

i
»

enterocolitica. In the present study, advwinistration of
X,IEEEEEQEhliELQﬁ to chickens eitner at .ay old or 3 weeks old ¢id not
significantly aifect duration of ghedding, cilonization or
multiplicaticn in thoe gut lumen and antibedy titres in infected
chiclkens.

The peieible effuct of relatively l..gh body temperature of

ciickens on survival and multiplication of L. enterccclitica was

16 . :
again obvious by the failure of 107 cnlle adrinistered intraveneusly
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to cauie acute dect” as eerlier demonstrated in cheep (Adesiyun

et al., 1986¢). Altiough clinicel signs were cbserved in most
chickung, all incculat~d cliickens recovered within 24hrs but for the
death of twe of three chickens administered serotype 0:3. Data from
in vitro study on effect of temperature con survival and multiplication
of X. enterccclitica in chosphate buffered saline (¢uS) support the
concept of aldverse e’ ect or body tumperature since within 24hrs,

the counts of all serotypes incuobatd at 41.8°c (mean body temperature
3

of ciicks studied) dropp ¢ significantly to less than 10° to 10

cells per ml from 106 while multiplication was cbegerved in cells

kept at 250c,
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6. CONCLUSION

Yersinis enterccolitica in.ection In chickens s  or the first

time documented in Migeris. Cul: gl and serologic studies have

demonstrated thot che provalonce of X. enterocclltice infections

in chickens in Zaric aud environs is low. HManogeroent systen bhad an
eifect on ‘reqguency o isclation o1 ¥. enterccclitice from chickens
with all isolabiung made crom chickens kept under the extencive
(free-range) mancgensnt and none {rom elthe. Ui seri-intensive

or intensive monogement sy. tens altiough sersloegic evidence cf
infection by tie opjanism existed.

Yersinia enter colitica servtype C:12,25 bictype 3, phage

type Xz appears w. e thic preduminunt type infecting chickens in this
environment. 3ased on jossession ol virulence warkers, onlyv cne ol

the five strains of Y. ent rocolitica ~~oluted had the poutential of

beinj pothojenic vaving been positive for autvegjlutination at 37°C,
(&}

calciun dependency ot 37 ¢, invasiveness (Séceny Lest) and producti.on

ol 8T enterotoxin.

The isclates were susceptible to a number ¢f communly used
antimiceoblal aycnts. Jentamicin, neomycin, kanamycin, nalidixic
aclc, colistin suljhate and suljhametiuxezole — Trimethoprim (S:02)
are therciore possible uruys of chulce for trcalment cf
yersiniosis,

xperimental stuoics on Y. enterocolitice infection in cluickens
demunstrated aonyst other things that, colonizetion o, Lhe

gastrointestinal tract gppears minimal with shedding stopping
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abruptly and o. snorl durctivon. Adninistration of 105 NaiCC,

-
did not aid colomizatioe o7 the gut ci chickens by a'l tie strains
of Y. entervevlilica usew. O econorical signiiicance was the

demonstraticn thut Y. entirocclitica infection in broiler diickens

had no adverse cv.iect on weicht gain. FPinally, no obviones difference
was detected in responszce of chickens to administration of

Y. enteroccllitica at day old or 3 weeks <14, an indicaticn thuk

maternal immunily may play no significant role« in Y. enterocolitica

infection in chickens.
The high enviconmental temperature experienced in Nigeria
coupled with hi~h body temperature of chickens may have been

responsible, Ig part for the low prevalence of Y. enterocolitica

in.cction in ehickens. Chickens may therefore nct be an impcrtant

source of Y. enterccolitica infection for humans and other animals

in this environment,
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Appendix 3: Mean weights of chicks after exposure to Y. enterocolitica at day-old

Mean weights (g) on Days . o
Treatment/ 0 1 2 3 4 5 & 7 8 9 10 11 12 13
days
C.B4+NaHCO,  42.7  48.3 5240 6Ce2 €849 T2.4 93,0 S7.0 10%.5 119.5 141.2 153.7 172.7 °°.0
C.8 alone 39,9  46.6 50.1 55.7 63.0 67.0 75.9 82.5 92.0 ©7.5 112.5 1A2.4 146.6 166.0
0.9+NaHCO,  4C.7  44.6  46.2 513 57,6 §7.5 79.1 86.7 99.5 107.7 119.3 134.2 154.8 175.5
0:9 alone 35,5  A5.3  A4AB.7 52.7 62.5 7%.4 Ba.6 S0.0 110.8 118.8 12%.5 147.9 155.4 183.4
o.w+zm..ﬁ0w 9.5 47.1 49.8 SS.4 6&7.3 77,8 80,3 87,8 10C.0 10B.2 121.5 131.2  24Z.3 75,3
0:2 alone 38,4 44.9 48,3 85,1 §%,4 75.5 85.2 93.2 103.0 175.0 123.3 144.8  153.8 162.5
Contral 37.8 43.6 5C.3  54.4 57.8 7.3  82.3 89.4 112.4 114.2 136.C 140.2 174.2 18C.0

- — oy s S s o wm e W+ o

e el R | — S————



127

Appendix 5: Mean weights of chickens after exposure to Y. enterccolitica at 3 weeks old

Mzan weights (g) wn days

Treatment 0 1 2 3 4 5 14 28 29
Oom+2mmn0w 287.6 307.0 345.8 373.8 391.7 412.6 705,.0 15i5.1 40¢e1
0.9 alone 275.2 31C.5 320,3 34..9 398.,2 405 ,8 687.5 1363.5 4773
o-w+zmmn0m 291.3 31244 325,.2 375.0 382.4 410.3 658.8 - -
0.3 2lone 328.9 352.1 35%,.1 407.7 437.6 45C.6 732.8 1591 4545

Control 287.6 305.1 332.5 347.5 4iC.4 414.3 7%.0 1818.2 5000

Lh
[
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Appendix 6: Percent weight gain in chickens exposed to Y. enterocolitica at 3 weeks old

Percent weight gains on days

Treatment 0 1 2 3 4 5 4 23 439
O..m...zm.mnow 10C.00 106.7 i20.2 131.7 13s8.2 143.5 245.5 mmm.-.m 14£22.5
Ca2 alone i00.0C 112.5 i15.0 12:.8 143.4 147.3 252.7 493.7 1728.1
O-w.r?.m.mﬁcw 1C6.00 107.2 il1.6 128.7 133.3 140.9 235.5 - -
Ce3 alone 100.0C  107.12 103,9 124,0 133,0 i37.0 222.8 483.7 1381,9

Zontrcl 10G.00 105.1 i15.1 12¢.3 42,7 144.1 249.0 £32.2 173745




