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SUMMARY

Salmonella typhimurium phage type 49 which had been
isolated from a broiler flock was used at low passage to infect
day old’specific pathogen free (SPF) chicks. 100% morbidity was
observed in chicks directly inoculated with a dose of 0.2 x 103
CFU to 2 x 103 CFU of this 6rganism or those that were in
contact with infected birds. Various degrees of mortality were
also observed in different groups of infected chicks. The.
colonised chicks were carriers of the organism until at least 6

months.

A double antibody indirect hetrogeﬁ%us enzyme linked
immunosorbent assay (ELISA) was adapted for chickens to study
the 1levels of different immunoglobulins to S. typhimurium in
sera, bile, oviductal secretions, egg white and egg yolk from
chickens infected with S. typhimurium or vaccinated with killed-

vaccines.

Surface protein and lipopolysaccharide antigens of S.
typhimurium pt. 49 were used to coat the surface of the wells
of polystyrene plates. Goat anti-chicken Fc specific
antibodies, rabbit anti-goat IgG conjugated with horseradish
peroxidase, hydrogen peroxide and ortho-phenylene diamine were
the reagents used in this ELISA.

Specific IgA, IgM and IgG directed against S. typhimurium
was measured in the sera and eggs of naturally infected
chickens. The levels of these antibodies varied among the
individuals. IgG ranged from 1:75 to 1:4800, IgM from 1:400 to
1:6400 and IgA from 1:200 to 1:1600 in the sera of 11 chickens
examined. Specific IgA (1:1280-1:10240) and IgM (1:40-1:640)
were present in the bile of these chickens. Specific IgA and
IgM were found in egg white and specific IgG in the egg yolk of
infected hens. A correlation was observed between the levels of
yolk IgG and that in the serum.



Chicks derived from the eggs of naturally infected hens
were protected from systemic infection and gut colonisation was
delayed for at least 7 days. This observation suggested that
humoral immunity could be largely responsible for protection
against salmonellosis.

12 SPF chickens (in 2 groups of 5 hens and 1 cockerel)
were vaccinated. One group was vaccinated parenterally and both
received oral vaccine. The vaccine for oral vaccination by feed
inclusion was formalin killed, sonicated and freeze dried.
Parenteral vaccine consisted of a fresh formalin killed
suspension of the organism enriched with surface protein
antigens and emulsified with Arlacel A and 1liquid paraffin.
Hens were injected subcutaneously 3 times at the age of 19, 23
and 36 weeks.

Specific IgA, IgM and IgG antibodies to S. typhimurium
were measured in the sera and eggs of parenterally-orally
vaccinated hens. IgG levels of up to 1:76800 were detected in
the sera and levels of up to 1:40960 were found in the egg
yolk. Anamnestic effects were observed after the 2nd and 3rd
injections. The orally vaccinated hens failed to produce
specific IgG in their sera or eggs. Specific IgA (up to 1:1280)
and IgM (up to 1:640) were found in the bile and egg white of
both groups.

Chicks derived from the eggs of parenterally-orally
vaccinated hens showed specific IgG (1:38400), IgA (1:3200) and
IgM (1:1600) in their sera. These levels declined with age. The
transfer of maternal IgA and IgM antibodies to the sera of the
chick has not been demonstrated previously.

Immunoglobulins were isolated from the egg white and egg
yolk of the parenterally-orally vaccinated hens and injected
into the yolk and allantoic cavity of embryonated eggs and also
into the egg albumin prior to incubation. Injection into the

xXxXVi



egg Yyolk provided the best results in terms of hatching (80%)
‘and conferred most protection against the organism to chicks
after hatching. Mortality was prevented and colonisation of the
. gut was delayed in the chicks derived from eggs into the yolk
of which IgG had been artificially transferred on day 10 of
incubation.
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CHAPTER 1

REVIEW OF THE LITERATURE
ON
AVIAN SATMONELIOSIS, AV],ZAN DEFENCE SYSTEMS,
SATMONEITA VACCINE AND EGG TRANSMITTED IMMUNITY.

1 - INTRODUCTION

Salmonellosis is a disease of world wide economic
importance in humans and animals (Clarke and Gyles, 1986). It
is a disease of all animals especially food animals and these
constitute a vast reservoir of the disease for humans.
Salmonellosis of animal origin is an important cause of human
food poisoning and the cost that it imposes upon society is

enormous.

Domestic poultry are the largest single reservoir of
Salmonella organisms in the human food supply and Salmonella
contamination in poultry and poultry products is more
frequently reported than in all other animal species (Botes
1965, Williams 1978).

Salmonella infection causes the loss of thousands of lives
and the hospitalisation of millions around the world every
year. The figure for economic damage and the cost of preventive
measures is immeasurable on a world wide basis. As an example,
the social cost of salmonellosis in West Germany in 1977 was
estimated to be 2512 million German marks, 52% of this was said
to be of domestic animal origin and 10% was traced to poultry
(Krug 1985). Yule et al. (1988) reported that food borne
salmonellosis of poultry origin was the most common form of the
infection in Scotland. During the period 1980-1985, 224
outbreaks of poultry-borne salmonellosis affected 2245
persons and killed 12 . They estimated that the annual cost of
salmonellosis in man in Scotland was £252776 - £751696 in
Scotland. From November 1979 to October 1982 there were 308



outbreaks of Salmonella food poisoning in England and Wales of
which 56% was associated with poultry (Watson and Kirby 1985).

Apart from the human side, salmonellosis is a problem of
major economic concern in all branches of the food animal
industry including poultry. In poultry it is one of the
important egg borne diseases and outbreaks of Salmonella
infection in hatcheries cause massive economic damage to
farmers. In breeding flocks the cost of prevention and
eradication is extremely high. Outbreaks of Salmonellosis in
valuable breeding stock ‘may terminate breeding operations
because of its chronic nature and the difficulty of
eradication. In both the poultry meat and egg production
industries, remarkable reductions in production and great 1loss
of income occur due to down grading at slaughter and the
condemnation of contaminated carcasses and infected eggs.

The annual cost of salmonellosis due to paratyphoid
infections alone in poultry is $77 millions in the USA.
(Williams 1984). In December 1988 the British government
allocated £19 million for compensation payments to egg
producers for the slaughter of infected egg laying flocks due
to public 1loss of confidence arising from infection with
Salmonella enteritidis phage type 4. The real cost of the
damage to farmers and the egg industry has yet to be published.

The Genus Salmonella is a member of the family
Enterobacteriaceae and is composed of more than 2000 serologic
types each with a specific serotype name (Clarke and Gyles
1986, Tauxe 1988). Some of these are host specific and infect
certain species e.g. S. pullorum and S. gallinarum in poultry,
S. dublin in cattle, S. abortus-equi in the horse, S. abortus-

ovis in sheep, S. cholerae-suis and S. typhisuis in pigs, S.

typhi, S. paratyphi, S. schottmuelleri, S. hirschfeldii and S.

sendai in man. Others are not adapted to specific animals and
cause disease in man and a variety of animals. This group
includes the vast majority of Salmonellae and S. typhimurium is



the most frequent cause of the disease. (Clarke and Gyles
1986). Those from the latter group that cause infection in
poultry are called the paratyphoid group (Williams 1984) and
hereafter this name will be used in the text where applicable.

Various attempts have been made to control and eradicate
salmonellosis in all domestic animal species, but 1little has
been achieved. Eradication of specific infections such as S.
pullorum and S. gallinarum has been possible in poultry but no
similar eradications have been recorded in other domestic
animal species (Snoeyenbos 1984). Control measures will be
reviewed later in this text under avian salmonellosis below.

The 1literature on salmonellosis is voluminous and
attention will be directed to avian salmonellosis with special
reference to S. typhimurium. This review will also cover the
various aspects of the immune system of the fowl and the
different immunoglobulins (Ig) and other defence mechanisms
which are under close consideration by those working on the
prevention of Salmonella infections.

2 — AVIAN SAIMONELIOSIS

In this section the epidemiology of poultry salmonellosis,
growth requirements of Salmonella and its morphology on
different biological media, pathogenicity and the  factors
affecting the virulence of Salmonella in the chicken are
discussed.

A) History, incidence and distribution

The earliest work on Salmonella gallinarum was carried out
by Kelin in 1889 (Pomeroy 1984) and the aetiological agent of
pullorum disease was discovered by Rettger in 1899 (Snoeyenbos
1984). The first non host specific Salmonella (Paratyphoid) was
isolated by Moore in 1895 from domestic poultry (Williams
1984). Since then there were reports of paratyphoid infection



from all corners of the world and Salmonellae from avian
sources have played an important role in human and other
animal infections (Williams 1984, Jephcott 1984). Individual
serotypes may be prevalent in some areas, but in general 70% of
the disease outbreaks are due to 10 to 12 serotypes (Williams
1984). Clarke and Gyles (1986) stated that out of 2000
serotypes (species) of Salmonella fewer than. 50 occur
frequently in disease outbreaks. S. typhimurium is the most
important of these serotypes. In the USA it was the organism
most frequently isolated from human outbreaks from 1976 to 1986
(Tauxe 1988). '

The annual salmonellosis report in the U.K. for 1986
(Anon. 1986) shows that S. typhimurium was the most prevalent
serotype in all classes of poultry except turkeys during the
period of 1976 to 1986, and accounted for 14% of fowl
isolates, 4% of turkey isolates, 53% of duck and goose isolates
and 42% of game bird isolates. The report also clearly showed
that this serotype was most important among the Salmonella
isolates from other animals. Fig. 1 shows the Salmonella
isolations during this period from all animals (including
birds) and birds and compares total S. tvphimurium.incidents to

total incidents of all serotypes.

Using data from the same source, the incidence of
Salmonella isolation from different classes of bird during 76-
86 is plotted in Fig. 2. The report also concludes that of all
phage types of S. typhimurium, phage type 49 was the most
prevalent during the whole period with an increasing trend and
peak in 1986. The next most common phage types after 49 were
phage types 99, 8 and 141 respectively. Fig. 3 shows the
incidence of each phage type during the whole period in
comparison to the incidence of all phage types of S.
typhimurium. The promihence of this serotype led to its choice
as the subject of this study.
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B) Aetiology

S. pullorum and S. gallinarum, the causative agents of
pullorum and typhoid diseases in poultry are host specific and
non motile with many specific characters in vivo and in vitro
which distinguish them from the more widespread .paratyphoid
group. From this point forward this review will therefore

concentrate on the paratyphoid group of Salmonella. The general
characters of the paratyphoid group are reviewed below using
the criteria of Edwards and Ewing (1962) and Williams (1984).

a) Cellular morphology

All Salmonellae belonging to the paratyphoid group are
Gram-negative, non sporing bacilli with dimensions of 0.4-0.6
by 1-3 um. Sometimes they form short filaments. They are motile
with peritrichous flagella and fimbriae.

b) Biochemical properties and growth requirements

Salmonella is a facultatively anaerobic organism growing
readily on simple media. The optimum growth temperature is 37°C
(Williams 1984). Salmonella can grow at 43°C and this
incubation temperature can be used as an advantage to inhibit
the growth of competing microflora especially Proteus bacteria
(Pietzch 1985). Incubation at 44°C inhibits the production of
flagella (Parton 1975). The stock culture can remain viable in
paraffin-corked nutrient agar for many years (Williams 1984).
According to Edwards and Ewing (1962), Williams et al. (1980)
and Williams (1984) the members of paratyphoid group have the
following biochemical characters:

Dextrose, mannitol, maltose, sorbitol and usually
dulcitol are fermented with gas production. They do not ferment
lactose, sucrose, salicin or adonitol and may or may hot
ferment inositol. They do not produce urease and indole.
Gelatine 1is rarely liquefied and Simmon’s citrate is usually



utilised. They produce hydrogen sulphide and reduce nitrate.
They decarboxylate 1lysine, arginine and ornithine. Phenyl
alanine deaminase activity and malonate utilisation is
negative. They are motile and positive in the motility test.
The methyl red test is positive. The potassium cyanide test and
acetén production (Voges Proskauer test)are both negative.

c) Isolation media and colonial morphology

Selective and differential media have been devised for
the isolation of Salmonellae from different types of samples

using the biochemical characters described above. Some of the
media that are used routinely and recommended by most research

workers are given below:

Tetrathionate broth: This is a selective enrichment medium for
the isolation of Salmonellae from faeces, sewage etc.

Salmonellae can reduce tetrathionate and grow in this medium
(Oxoid 1982). Fresh samples of faeces, organs and meat or its
products  from animals infected with Salmonella may be
inoculated into tetrathionate broth and competing bacteria may
be eliminated (Pietzch 1985). Two disadvantages of this medium

are that:

a) It is unsuitable for isolation of §S. abortus-ovis, S.

cholera-suis and S. paratyphi (MAFF 1984).

b) Members of the Proteus group can grow in it by the reduction
of tetrathionate and consequently can impair the value of this
medium for Salmonella isolation. This problem can be over come
by the addition of Novobiocin to the medium (Oxoid Manual
1982).

Brilliant Green (BG) Agar: BG agar is a highly selective medium
for Salmonella isolation and inhibits the growth of lactose and
sucrose fermenters such as coliforms etc. It is suitable for
isolation of Salmonella from food, faeces and dairy products



and it is recommended for isolation of Salmonella from avian
samples (Williams et al. 1980).

Salmonella colonies after 24 hours incubation on BG agar
are usually transparent pink to deep fuchsia, surrounded by
reddened medium. In the presence of lactose fermenting colonies
on the medium, Salmonella colonies are brownish with 1little
change in the colour of the medium (Williams et al. 1980).
' Lactose fermenters are inhibited and, if they grow at all,
produce yellow green colonies surrounded by a yellow green zone
(Oxoid Manual 1982).

Salmonella Shigella (SS) Agar: This is a differential,
selective medium for isolation of Salmonella and Shigella
species. A modified form with lower bile salt concentrations
and slightly higher pH (7.3) is preferred and permits a better
growth of these organisms. Salmonella colonies on this medium

are 1-2 mm and transparent usually with black centres after 24
hours incubation at 37°C (Oxoid Manual 1982).

Desoxycholate Citrate Agar (DCA) : This is a selective medium
used for the isolation of intestinal pathogens. The growth of
Proteus and coliform species is usually inhibited on this
medium. After 24 hours incubation at 37°C, lactose fermenting
organisms produce pink colonies usually surrounded by a
precipitated zone of desoxycholic acid. Salmonellae appear as 1
mm, slightly opaque and dome shaped colonies. If incubated up
to 48 hours the colonies grow in diameter (2-4 mm) and show a
central black spot (MAFF 1984, Oxoid Manual 1982).

MacConkey Agar: This is a selective medium used for the
isolation and differentiation of intestinal bacteria and
pathogens from coliforms (Oxoid Manual 1982). The presence of
lactose in this medium differentiates lactose fermenters  from
non lactose fermenters. Salmonellae from the paratyphoid group
grow very well on this medium, producing smooth colourless (non
lactose fermenting) round, shiny, 2 mm colonies after 18-24
hours incubation. Lactose fermenters appear red on this medium
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(MAFF 1984).

Sheep blood agar: This is a non selective medium used for the
culture of pathogenic and non pathogenic bacteria. Blood is
added to the agar base to determine the haemolytic reaction of
some of the bacteria. Salmonella growth on this medium appears
as non haemolytic, smooth, grey, 2-4 mm colonies after 24
hours’ incubation at 37°C (MAFF 1984, Oxoid Manual 1982).

Triple Sugar Iron (TSI) Agar: This medium contains lactose,
sucrose and dextrose and an indicator for the detection of
hydrogen sulphide. The phenol red in this medium becomes yellow
in acid conditions and red in alkaline conditions (Williams et
al. 1980).

Salmonella does not ferment lactose and sucrose but
ferments the dextrose (Edwards and Ewing 1962) and produces gas
and acid reactions in the butt of the TSI slope. This acid on
the slant surface changes to alkaline end products by
oxidation. Hydrogen sulphide changes the colour of the butt to
black (Williams et al. 1980).

Urea Broth: Bacteria such as Proteus and some citrobacter
species are able to produce the same reaction as Salmonella on
TSI (MAFF 1984). They can be differentiated from Salmonella by
their ability to produce urease and hydrolyse the urea of urea
broth medium. This hydrolysis changes the pH of the medium from
acid to alkaline and produce pink colour in the media.
Salmonellae do not produce urease and are negative by this test
(Edwards and Ewing 1962, MAFF 1984, Williams et al. 1980, Oxoid
Manual 1982). | |

C) Pathogenicity
Salmonella organisms of the paratyphoid group can infect
birds of all ages but mortality is greatest in young birds with

a peak at 6-10 days of life (Williams 1984). Seuna (1979)
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showed that young chicks are very sensitive to S. typhimurium
infection and that in many cases a single organism could infect
chicks. He also showed that a dose of 15 S. typhimurium
organisms per chick was able to produce 100% infection in
flocks when given to day old chicks.

Mortality in young birds in natural conditions varies from
very low up to about 20% while mortalities of 80% or more have
been recorded in severe outbreaks (Williams 1984). Barrow et
al. (1987a) reported 0 to 100 percent mortality following the
oral inoculation of 10 different strains of S. typhimurium in
Light Sussex chicks during the first three weeks of life.

Adult birds are more resistant to infection but infection
can occur especially if they are stressed before exposure
(Whiteman and Bickford, 1983). Iee et al. (1983) found that
infection with S. typhimurium results in colonisation of the
gut in adult birds and infected birds remain carriers for at
least 98 days. After initial infection of the intestinal tract,
organisms can cause systemic infection. The organism can be
isolated from the liver, spleen and bursa for at least up to 42
days after exposure. Organisms may be isolated from both small
and large intestines and the caecal tonsil after day 6 of
exposure and persist in the last site up to 98 days
postexposure (Lee et al. 1981 and 1983). Adult birds do not
show any clinical signs (Williams 1984) and remain asymptomatic
carriers for several weeks. These carriers are the most
dangerous and potential source of infection to the flock (lLee
et al. 1983, Clarke and Gyles 1986).

D) Pathogenesis

Infection occurs by a number of routes and is then
followed by multiplication of the organism in a number of
sites. Once infection has occurred, two major factors determine
the outcome of the infection. One is the pathogenicity of the
organism and its ability to challenge the immune system of the
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host. The other is the host response and its ability to combat

the organism and this is reviewed in Section 3 below.
a) Routes and sources of infection

Salmonella can enter the body via the respiratory tract,
pharynx, conjunctiva and, most commonly by the oral route
(Clarke and Gyles 1986). The oral and percloacal routes were
considered to be the commonest portals of entry in natural
infection (ILee et al. 1983) and these routes were used by Brown
et al. (1975) and Ieaney et al. (1978) to establish gut
colonisation and systemic'infection using S. typhimurium in the
chicken. lee et al. (1983) showed that injection of S.
typhimurium into the jugular vein of 8 week old chickens can

lead to systemic infection, gut colonisation and shedding of
the organism in the faeces. Contaminated faeces can infect
other chickens in the flock by contamination of water and feed
and can also contaminate egg shells in layer flocks and in turn
represent a potential source of infection in hatcheries. Egg
shells can be contaminated by passage through the cloaca of an
infected hen or later on by contact with contaminated faeces,
floors, nests etc. Salmonella is then able to penetrate the egg
and multiply within it. There is little evidence to _support
direct ovarian transmission of paratyphoid Salmonella into eggs
as a common route of infection (Williams 1984). Forsythe et al.
(1967) could not establish this pattern except for S. pullorum.
Following oral inoculation of hens with high doses of S.
typhimurium, S. senftenberg and S. thompson, there was no
Salmonella isolation from eggs, ovary and internal organs but

the organism was recovered from egg shell surfaces and faeces
indicating that direct ovarian transmission of these organisms
was unlikely (Cox et al. 1973). However, recent epidemiological
evidence suggests that S. enteritidis can be transmitted by
this route and it has been isolated from eggs and the ovaries
of birds at post mortem (Hopper and Mawer 1988, Lister 1988).

When Salmonella get into a hatchery via eggs or other
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means, they are easily distributed among the chicks by contact
or in the air. Fluff and dust often lead to high 1levels of
infection among all chicks in that hatchery (Williams 1984).

All species of birds, mammals including human, fish,
reptiles and insects are reported to be carriers of Salmonella
and can transmit the infection to the chicken. Feeds especially
those of animal origin such as fish meal, bone meal and meat
meal are also potential sources of infection (Clarke and Gyles
1986, Williams 1984) and in Britain levels of 66.7%, 42.9%,
26.9%, 37.9%, 13.6% and 4.5% infection have been reported in
bone meal, feather meal) meat and bone meal, poultry offal
meal, blood meal and white fish meal respectively during the
period of 1982 to 1986 (Anon. 1987).

b) Colonisation and invasion

Salmonella organisms are able tb colonise the whole
intestine of the chicken (lee et al. 1983). Soerjadi et al.
(1982) studied the attachment of S. typhimurium to the
intestinal epithelial surface of germ free chicks and showed
that they adhered firmly to the epithelium of the caecum and,
in the absence of other microflora, were able to colonise all

parts of the gastrointestinal tract from oesophagus to cloaca.
In the presence of the normal flora of the gut, Salmonella
colonise the crop and caeca in greatest numbers. This
phenomenon is discussed below under the topic of non specific
defence mechanisms of chickens. Attachment may be due to type 1
fimbriae (Klemm 1979, Jones et al. 1981) or non fimbrial
attractive forces (Jones et al. 1981).

After adherence to the epithelial wall the
Salmonellae enter the epithelial cells by a process similar to

endocytosis and then migrate to lamina propria  through the
extra cellular spaces in macrophages (Popiel and Turnbull
1985). Their study supports the work of Takeuchi and Sprinz
(1967) who found that bacteria enter the cells through the
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microvilli or through the junctional complexes between the
enterocytes enclosed in a membrane-bound vacuole that
migrates to the basal region of the cell. In the lamina propria
the bacteria stimulate an inflammatory response and are
engulfed by macrophages and neutrophils (Clarke and Gyles,
1986) . Salmonellae multiply inside the phagocytes (Clarke and
Gyles, 1986) and cause death of the cells and are released back
into the lumen of the gut (Popiel and Turnbull 1985).

Clarke and Gyles (1986) stated that Salmonella infection
in poultry results in shortening of the villi, degeneration of
enterocytes, depletion of goblet cells, a neutrophilic reaction
in the lamina propria and inflammation and fluid secretion in
the intestine. Inflammation and intestinal fluid secretion was
reported by Gianella et al. (1973) using rabbit ileal-loop as a
model and various strains of S. typhimurium.. They suggested
that intestinal fluid loss might be due to mucosal invasion of
Salmonella and a bacterial factor such as enterotoxin might be
responsible for fluid secretion. Using the same model and
organism, Wallis et al. (1986b) showed that fluid secretion can
occur without any gross architectural damage and supported the
idea that Salmonella-induced diarrhoea is a  secretory

diarrhoea.

In acute enteritis due to loss of fluid and electrolytes,
death may occur without systemic invasion (Clarke and Gyles
1986). If the animal survives local infection, the Salmonellae
can get into the circulation via the lymph nodes and efferent
lymph vessels and become distributed throughout the body. After
systemic involvément, the reticuloendothelial system filters
out the organism. Some organisms are able to multiply in the
body and localise in organs such as the gall bladder and ovary.
It 1is also postulated that endotoxin might be responsible for
fever, thrombosis and other systemic effects of the disease
(Clarke and Gyles 1986). In this case, if the host animal can
not overcome the disease the outcome will be septicaemia and

the development of pathological lesions in different organs of
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the body such as pericarditis, perihepatitis, necrotic foci in
the heart and liver, airsacculitis, ocular lesions, meningitis,
conjunctivitis and arthritis in birds (Williams 1984).

c) Virulence factors of Salmonella

Knowledge of factors that contribute toward the virulence
of micro organisms in vivo give us a better insight into the
mechanism of pathogenicity of this organism and is an important
starting point for the control and prevention of salmonellosis
(Parry and Porter 1981). These factors may be bacterial
structures that help the Salmonella to attach to the mucosa
and multiply and produce disease (Woolcock 1979, Lindberg 1980)
or their products. Some of the known factors are reviewed
follow:

(i) Enterotoxins
S. typhimurium is able to produce a toxin similar to

cholera enterotoxin ( Woolcock 1979, Clarke and Gyles 1986) and
immunisation against cholera toxin protects against the effect

of live S. typhimurium in intestinal loops (Woolcock 1979). The -
enterotoxin of S. typhimurium is heat-labile and can cause
fluid accumulation in rabbit intestine. The enterotoxins of
cholera and E-coli do not penetrate into epithelial cells and:
it is suggested that they bind to a receptor on surface
membranes of microvilli, stimulate the production of adenyl
cyclase and, in association with this enzyme, cause intestinal
hypersecretion (Woolcock 1979). Wallis et al. (1986a) examined
six strains of Salmonella typhimurium for toxin production in
vitro and studied the effect of the toxin in relation to fluid
secretion in rabbit ileum. They showed that invasion by
bacteria is required for fluid secretion by enterotoxin and
that there is no correlation between in vitro enterotoxin
production and the ability of whole organisms to produce fluid
secretion. Enterotoxin extracted from all six strains in vitro
failed to show any activity in cell culture and infant mouse
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assay tests.
(ii) Cytotoxin

Koo et al. (1984) studied the effect of Salmonella cell
lysates on Vero cells and isolated epithelial cells of rabbit
intestine and showed that the heat-labile cytotoxin of
Salmonella is able to inhibit protein synthesis in these cells
and consequently to alter the cell membrane. Similar results
obtained with in vivo studies on rabbit intestinal 1loops
suggest that Salmonella cytotoxin might be responsible for the
damage and sloughing of the epithelial «cells during
salmonellosis. Entry of and spread of the organism into the
intestinal tissue may be enhanced by this damage. The mechanism
of release of this cytotoxin and whether or not it plays a part
in pathogenesis during systemic infection is unknown.

(iii) Endotoxin

Endotoxin is produced by all Enterobacteriaceae. There is
a close relationship between O antigenicity and endotoxic
properties, but the structures responsible for O specificity
can be distinguished from those responsible for endotoxic
activity (Luderitz et al. 1966).

Lipopolysaccharide (IPS) is a building block of outer
membranes of all Salmonella organisms. The polysaccharide part
helps the organism to resist the host defences and the 1lipid
part (called 1lipid A) is responsible for tissue damage and
endotoxic activity (Lindberg 1980).

In general the toxic activities of 1lipid A are
pyrogenicity, bone-marrow necrosis, leucopaenia, leucocytosis,
hypotension, abortion, Schwartzman phenomenon, tumour necrosis,
lethality (Lindberg 1980) and thrombosis and vascular damage in
the intestinal mucosa (Clarke and Gyles 1986).
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The outcome of Gram-negative bacteraemia can be prevented
by antibodies directed against lipid A. These antibodies have
antitoxic effects rather than opsonic or bactericidal in serum
resistant strains. There is some opsonic ability in susceptible
strains. For antibodies to have this effect, the lipid A must
be exposed sufficiently and in smooth strains it is difficult
for the antibodies to react with it. It is important to know
that the antigenic sites on lipid A are cross reactive among
all Enterobacteriaceae and in theory there should be cross
protection by antibodies directed against lipid A. In practice
this cross protection does not occur because of the hindrance
of 1lipid A (Woolcock 1979).

Some activities of 1lipid A such as pyrogenicity, the
induction of non-specific resistance to infection and
enhancement of the immune response are beneficial to the host
(Woolcock 1979, Lindberg 1980). The mechanism of these
biological effects is not obvious (Lindberg 1980) and the role
of endotoxin in individual disease states is not well
established (Woolcock 1979).

ﬁy)hmthmmmmmﬁb

According to Woolcock (1979) and Lindberg (1980) the LPS
of Salmonella is situated on the external part of the bacterial
cell wall and is composed of the following layers:

a) Surface polysaccharide that is in the form of repeating
polymerised oligosaccharide units. This structure is the basis

of O antigenic specificity in different serogroups.

b) The core or basal oligosaccharide chain that is common to

all Salmonella organisms.

c) The lipid A portion of LPS that is attached to the bacterial
cell wall protein layer.
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These three layers are covalently 1linked together
(Lindberg 1980). The first layer or O polysaccharide chain is
not present in the rough mutants of Salmonella and other
Enterobacteriaceae (Woolcock 1979, Lindberg 1980). Rough mutant
of Salmonella with deficiencies in the LPS of their cell walls
are of substantially lower virulence (Nakano and Satio 1969,
Morris et al. 1976, Woolcock 1979, Lindberg 1980, Clarke and
Gyles 1986). Nakano and Satio (1969) demonstrated the role of
different components of S. typhimurium cell wall in virulence
and immunogenicity in mice. They studied a series of different
mutant strains of this organism by intraperitoneal injection
into mice and measured their virulence, immunogenicity and
protective effect by subsequent infection with wild type
(smooth) strains. The strains with complete O side chain were
most virulent. Lack of part(s) of this chain rendered the
organism less virulent and the bacteria with the exposed core
were not virulent at all. The multiplication of these organisms
in the bodies of mice was dependent on the completeness of the
O polysaccharide chain and, as the sugar components were lost
in different mutant strains, their ability to multiply was
reduced. Organisms with ILPS containing one heptose plus 3-
deoxyoctulosonate (KDO) and KDO alone were not able to
multiply. The mutants that were able to multiply in the host
induced protective immunity against the wild type of Salmonella
(smooth strain) in subsequent challenge. As a result they
suggested that rough mutants of S. typhimurium might be
suitable for vaccination and concluded that antibodies against
the O chain are not essential for protection.

Morris et al. (1976) showed that galactose-4-epimerase
(gal-E) mutant strains of S. typhimurium are unable to multiply
in the liver and spleen of CBA mice. Gal-E mutant strains have
a defective uridine diphosphate (UDP) galactose—4-epimerase
enzyme that makes them unable to synthesise UDP galactose from
UDP glucose. Consequently they cannot incorporate this sugar
into the LPS and appear rough rather than smooth (Germanier
1970).
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Germanier (1970) reported that loss of the O-specific side
chain or a decrease in the qualitative contents of cell wall
IPS causes a sharp decrease in virulence of S. typhimurium.
loss of O specific side chains resulted in a 10,000 fold
decrease in virulence, while further degradation of LPS caused
only slight reduction in virulence. This view was supported by
Woolcock (1979) and Lindberg (1980).

Several different factors might be responsible for this
reduction of the virulence of rough mutants e.q. more
sensitivity to fatty acids in the intestine (Lindberg 1980),
less protection against lysosomal attack, more susceptibility
to the bactericidal effects of granules, less protection
against antigen-antibody mediated reactions (Clarke and Gyles
1984).

Thus the presence of the O polysaccharide chain is very
important in resistance to host defences. The dqualitative
changes of the O polysaccharide chain in different isogenic
species also affects the virulence. For example, the O chain of
S. typhimurium has slight differences in the nature of the
dideoxyhexosyl substituent of the D-mannosyl residues when
compared with that of S. enteritidis. Replacing the O side

chain of S. typhimurium with that of S. enteritidis makes it 10
fold less virulent (Lindberg 1980).

(v) Flagella

Flagella are filamentous appendages on the surface of many
bacteria that enable them to swim actively by rotating 1like
propellers. They are composed of three parts a) a distal
filament, b) a short hook and c) the proximal complex basal
structure (Doetsch and Sjoblad 1980, Rogers 1983).

The filament is made of a single subunit of protein called
flagellin with a molecular weight of 51000-57000 daltons in

Salmonella species (Doetsch and Sjoblad 1980). The amino acid
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composition of flagellin of different species is different, but
all 1lack cysteine and tryptophan. N-methyl lysine is present
“only in Salmonella flagellin (Doetsch and Sjoblad 1980, Roger
1983). Brief exposure to acid, alkali, alcohol, formaldehyde,
freezing and thawing or ultrasonication breaks up the filaments
into fine wavy fibres (Rogers 1983).

The hook connects filaments to the basal structure and
consists of a single protein with molecular weight of 42000
daltons in E. coli or Salmonella (Rogers 1983). The protein of
the hook is antigenically distinct from flagellin (Doetsch and
Sjoblad 1980) and antibodies against this protein do not cross
react with flagellin (Rogers 1983).

- The basal structure of flagella is very complicated and
composed of one rod and four rings or discs in E. coli and
Salmonella organisms. These rings are associated with LPS, the
peptidoglycan layer and the cytoplasmic membrane of the
bacteria (Doetsch and Sjoblad 1980). The basal structure is
made up of 9-13 proteins (Rogers 1983).

Flagella can be sheared from bacteria by blending (Parton
1975, Rogers 1983) and the growth of Salmonella at 44°C
inhibits the production of flagella (Parton 1975).The role of
flagella in the development of disease is not yet obvious.
Doetsch and Sjoblad (1980) suggested that the presence of
different charge polarities in regions of filaments may play a
~part in flagellar attachment to surfaces and Weinstein et al.
(1984) showed that after the oral inoculation of mice with
flagellated and non flagellated S. typhimurium the former were
able to grow faster in the liver and spleen and that after
intravenous challenge the flagellated organisms multiplied
logarithmically until the mice died but the non flagellated
organisms increased only slightly and did not kill the mice.
They concluded that flagella protect the organism in one of
these two ways, a) by protection of the organism against
intracellular killing by murine macrophages. b) Increasing the

21



ability of the organism to multiply inside the macrophages.
Barrow and Lovell (1989) supported this contention by reporting
that motile strains of S. typhimurium and S. infantis are more
invasive than non motile strains.

(vi) Fimbriae

Fimbriae or pili are thread-like proteinaceous appendages,
'0.5-1.5 um 1long and about 7 nm in diameter, found on the
surface of many bacteria (Klemm 1979). It is known that
fimbriae are the means by which pathogenic bacteria adhere to
the epithelial cells of the host. In E. coli these fimbriae are
known as colonisation factor antigens (CFAs) I and II in human
(Evans et al. 1984, Gyles 1986), K88 antigen in pigs and K99
antigen in cow and sheep, and that many are plasmid mediated
(Klemm 1979, Faris et al. 1984, Gyles 1986). All of the pili
mentioned are D-mannose resistant (Gyles 1986) and low
concentration of mannose can not impair their adherence to
animal cell surfaces.

Apart from these types of pili there is another type that
is sensitive to D-mannose and can haemagglutinate the red blood
cells of man and guinea pigs called type 1 pili (Gyles 1986)
Sharon 1984). The type 1 pili are present on the surface of E.
coli (Gyles 1986) and S. typhimurium (Faris et al. 1984, Sharon
1984). Sharon (1984) reported that the presence of lectins on
type 1 pili play a key role in bacterial adherence to D-mannose
on animal cells and treating the «cells with sodium
metaperiodate (oxidises sugar residues on cell surface) or
concanavalin A (specifically binds to mannose or glucose
residues on cells) prevented the attachment of the bacteria.
Gyles (1986) could find no conclusive evidence for the
implication of type 1 pili as virulence factors and Barrow and
Iovell (1989) showed that type 1 pili might not be involved in
invasion by Salmonella species and stated that D(+)mannose did
not reduce the invasion of Vero cells by 11 strains of

Salmonella.
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(vii) Plasmids

Jones et al. (1982) reported the presence of a 60
megadalton plasmid in six invasive strains of S. typhimurium
and showed that elimination of these plasmids significantly
decreased their adhesive capacity and rendered them unable to
invade Hela cells. Also two strains tested on mice by oral
inoculation were either avirulent or 1less virulent in
comparison to the parental untreated strains.

Clarke and Gyles (1986) concluded on the basis of Popoff’s
work in 1984 which they cited, that, due to the isolation of
plasmid free Salmonella from outbreaks of salmonellosis, the
virulence plasmid is not essential for pathogenicity in
Salmonella. However Barrow and Lovell (1988) proved that an 85
kilobase plasmid in S. pullorum was responsible for virulence
and high mortality in Rhode Island Red chicks when given by the
oral route. There was no mortality and morbidity after oral
inoculation of plasmid cured strains while virulence of the
organism was restored after reintroduction of the plasmid.

The large plasmid of S. gallinarum is a major virulence
factor, without it the bacteria cannot survive and grow in the .
cells of the reticuloendothelial system and plasmid free
organisms are unable to invade the epithelial cells of the
alimentary tract and enter the circulation (Barrow et al.
1987b) . There was no relation between the cryptic plasmid of S.
typhimurium and colonisation of Peyer’s patches in mice and
invasion of Hela cells (Hackett et al. 1986). The latter
finding was supported by Barrow and Lovell (1989) who also

demonstrated that virulence-associated plasmids were not
required for the invasion of Vero cells by S. typhimurium, S.

gallinarum and S. pullorum.
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3 — PROTECTION AGAINST AND IMMUNITY
TO SATMONELIA IN THE CHICKEN

Despite the enormous amount of work that has been carried
out on avian salmonellosis , the exact mechanism of immunity
and the role played by different parts of avian immune system
in defence against Salmonella is not obvious. Immunological
aspects of protection against S. typhimurium and the role of
different antibodies and cell mediated immunity are not yet
established.

The subject is reviewed here with special emphasis on the
avian immune system and the factors affecting Salmonella
infection in chickens. In appropriate places references are
made to S. typhimurium.

A) The avian immune system and specific immunity

The avian immune system is composed of the bursa of
Fabricius (the differentiation site of B-cells that produce
immunoglobulins), the thymus (responsible for T cell production
and cell mediated immunity), the spleen, the caecal tonsils,
the mural lymph nodules, the lymph nodules, the pineal gland,
the Harderian glands and the Peyer’s patches. These provide
immunity to the bird in a similar manner to their equivalent in
- mammals. There are, however, some special characteristics that
distinguish the avian from the mammalian immune system.

a) The bursa of Fabricius is a lymphoepithelial organ exclusive
to birds (Firth 1977, King and Mclelland 1984).

b) Functionally and anatomically the avian immune system can be
divided into two distinct parts. From a functional point of
view it is composed of bursa dependent components responsible
for humoral immunity and a thymus dependent component that is
responsible for cellular immunity. From an anatomical point of
view, the bursa and thymus constitute the central part of the
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immune system and the other lymphoid tissues listed above are
components of the peripheral lymphoid system (Firth 1977, Glick
1986) .

c) Avian lymph nodules are different from those in mammals and.
there is no filtering role (Firth 1977) or the nodules are less
efficient in filtration than their mammalian counterparts (King
and McLlelland 1984). There is no true 1lymph node in the

domestic fowl.

d) The immunoglobulins of the fowl are not similar in their
physical and chemical properties to their equivalents in
mammals (Higgins 1975). ‘

a) Central lymphoid tissues
(i) Bursa of Fabricius

The bursa is a hollow round or oval sac in the dorsal
region of the proctodeum of the cloaca (White 1981, Glick
1986). Its shape varies in different species of birds (King and
Mclelland 1984, Glick 1986). It becomes fully developed in
immature birds (Wright 1981) and begins to involute at 2-3
months of age and involution becomes advanced at the time of
sexual maturity (King and Mclelland 1984). The first sign of
bursal development appears between days 3 and 5 of incubation
(Firth 1977, Glick 1986) . Lymphoblastic activities can be seen
around day 13 (White 1981) and 14 of incubation (Firth 1977).
It is believed these lymphoblasts migrate from elsewhere, and
are most probably stem cells of yolk sac origin (Toivanen et
al. 1981, White 1981, King and Mclelland 1984) and enter the
bursa on day 8 of incubation and multiply there by mitosis
(Toivanen et al. 1981).

The medullary parts of bursal follicles are formed by the
proliferation of lymphocytes during incubation and the cortical

parts develop after hatching (Toivanen et al. 1981). The
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follicles form distinct structures in the developed bursa
(White 1981) and there are about 8000-12000 bursal follicles in
each bursa (Glick 1986). The follicular medulla is composed of
lymphocytes, 1lymphoblasts, reticulocytes, macrophages, a few
plasma cells and secretory cells and the follicullar cortex has
lymphocytes, lymphoblasts, macrophages and plasma cells (Glick
1986). Follicle associated epithelial cells cover the bursal
follicles and by their pinocytic activity take a variety of
soluble substances from the gut lumen into the medulla of the
bursal follicles. Introduction of antigen in this way leads to
antibody production (Glick 1986, Toivanen et al.1987) that is
supposed to be important in gut local immunity (Firth 1977).

The microenvironment of the bursa is where differentiation
occurs of the immunologically competent bursal (B) lymphocytes
that are responsible for avian antibody production (Ratcliffe
et al. 1987). In this site the stem cells change to B-
lymphocytes, expression of the Specific V region gene takes
place and multiplication within the follicles and development
- of the capacity to migrate to the periphery occurs (Boyd et al.
1987). This process happens between the 8th day of incubation
and hatching time. Around the 18th day of incubation there are
no more stem cells in the periphery and mature B-cells migrate
to peripheral organs and the circulation. The B-cells are
capable of replication and in this way compensate for the
restricted stage of B-cell development in the bursa, in
contrast to the mammalian system where there is a constant
production of B-cells from bone marrow during life (Ratcliffe
et al. 1987).

Most of investigators have demonstrated the above roles
for the bursa, but some have claimed that the bursa might not
be necessary for the development of the B-cells because they
can be seen after bursectomy or suppression of the bursa in
embryos (Firth 1977). Apart from these immunological functions,
the bursa may havé hormonal functions as well. After bursectomy
the response of the chicken to ACTH and adrenalin is diminished
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and the uptake of iodine by the thyroid gland is also
influenced (Firth 1977).

(ii) Thymus

The avian thymus consists of seven lobes on each side of
the neck (White 1981, Glick 1986). The number of the lobes may
vary from three to eight pairs (King and Mclelland 1984). They
originate from the third and fourth pharyngeal pouches of the
embryo (Firth 1977, White 1981, King and Mclelland 1984) and
they are the first lymphoid structure that appears in the
embryo (Firth 1977). At hatching time it comprises 0.3% of the
body weight (Firth 1977) and reach as its maximum size between
4 and 14 weeks of age in domestic fowl and then begins to
involute (King and Mclelland 1984).

The histological structure of fowl thymus is similar to
that of mammals (White 1981, King and Mclelland 1984). The
structural units of the thymus are lobules that comprise the
thymic lobes. Each lobule consists of two parts, medulla and
cortex. Both contain reticular cells, fibres and small
lymphocytes. The latter cells are fewer in the medulla than  in
the cortex (Firth 1977, King and Mclelland 1984). There is a
blood-thymus barrier only in the cortex and its role is thought
to be the protection of the cortical thymus from exposure to
antigens. It is known that anti-thymocyte sera do not affect
the cortex while destroying the recirculatory thymic (T) cells
in the circulation (White 1981).

T-cells or thymic lymphocytes are derived from circulatory
stem cells that originated from the yolk sac which during
embryonic life migrated to the thymus, developed and
differentiated there (King and Mclelland 1984). The pro-thymic
cells may also originate from bone marrow and can be seen after
hatching (Ratcliffe et al. 1987). Large lymphocytes (11 wum)
appear in the thymus on day 11 of incubation and their size
decreases as the embryo ages until they are half the original
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size (5.5 um) on day 16 of incubation (Glick 1986). The thymus
also contains some B-cells (King and McLelland 1984).

The thymic derived cells consist of three subpopulations:
a) T-helper cells that help the immunoglobulin synthesis, b) T-
suppressor cells that modulate a variety of humoral and
cellular responses, and c) T-cytotoxic célls that help the body
defence mechanism against intracellular pathogens by their
cytotoxic effect on the cells harbouring the pathogens. T-cells
are responsible for cell-mediated immunity (Glick 1986).

b) Peripheral lymphoid tissues
(i) Spleen

The spleen of the domestic fowl is reddish brown,
 spherical organ, 2 cm in diameter and located on the right side
of the junction between proventriculus and gizzard (King and
Mclelland 1984). This organ contains both T-cells and B-cells
(Firth 1977, King and Mclelland 1984) in both red and white

pulp. The functions of spleen are:

a) Erythrocyte destruction by macrophages through phagocytosis
in the red pulp.

b) Production of lymphocytes in the white pulp.

c) Production of antibody by B-cells and T-helper cells in the
red and white pulp (Firth 1977, King and McLelland 1984).

Circulation brings the antigens to the spleen and
consequently the spleen is the main source of antibodies
against those antigens that are found in the blood stream
(White 1981, Eerola et al. 1987). Germinal centres are found in
the 1islands of white pulp and their number increases after
chronic infection (White 1981) and immunisation (Eerola et al.
1987) . The germinal centres are composed of B-cells but T-cells
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are required for their formation (Eerola et al. 1987).

Twenty four hours after the entrance of antigen or an
infectious agent into the circulation the plasma cells in the
spleen will produce antibody and this early produced antibody
may help to localise the antigen in the white pulp as antigen-
antibody complexes. The number of plasma cells reaches a
maximum after one week and the peak antibody level is produced
8~-9 days post infection. Around two weeks after infection, the
antibody forming cells of the newly formed germinal centres
produce antibody and persist for up to six weeks. It is thought
that the germinal centres may act as memory cells and induce
further antibody production after reintroduction of the antigen
or infectious agent (Firth 1977).

(ii) Lymph nodes

The lymph nodes are not present in domestic fowl and only
ducks and some other aquatic species have lymph nodes similar
to those of mammals (White 1981, King and MclLelland 1984,
Eerola et al. 1987).

(iii) Mural lymphoid nodules

These are small collections of lymphoid tissues without a
capsule or well defined boundary located alongside the
lymphatic vessels in fowl and some other avian species (White
1981, King and Mclelland 1984). Each nodule has a few germinal
centres that appear around six week after hatching (White
1981). These nodules have little or no filtering role (Firth
1977, White 1981).

(iv) Caecal tonsils
The caecal tonsils are a pair of aggregated 1lymphoid
nodules (King and Mclelland 1984) in the proximal wall of each

caecum (Glick 1986) near its junction with ileum (White 1981).
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They are located in the lamina propria and submucosa and are
composed of germinal centres that are separated by connective
tissue containing mature and immature plasma cells. The caecal
tonsils are fully developed about five weeks after hatching and
germinal centres grow more rapidly and bigger in size in
comparison to those of the spleen (White 1981). The caecal
tonsils have both B and T-cells (White 1981, Glick 1986) and
they are an important source of antibody. IgA, IgM and IgG
biosynthesis have been reported in the caecal tonsils (White
1981).

(v) Peyer’s patches

They are found in the wall of the ileum of intestine of
the domestic fowl (White 1981). Most investigators regard them
as similar to caecal tonsils (Glick 1986) but the germinal
centres are not well developed (White 1981) and they present an
abnormal response to some antigens (King and McLelland 1984).

(vi) Harderian and pineal glands

The Harderian glands are paraocular glands and contain
large numbers of plasma cells that are responsible for IgA
production which is important in local immunity (White 1981).
Glick (1986) reported the presence of monomeric IgM on the
membrane of the B-cells of this gland. He also demonstrated the
presence of B and T-cells and antibody production in the pineal
gland.

c) Humoral immunity

The components of the chicken immune system and the role
of each one in immunity has been described above. The bursa
dependent lymphocytes are considered responsible for antibody
production but it is realised that in most cases effective
immunity develops only as the result of interaction between
both B and T-cells and also some other cells and factors that
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make the complexity of immunological reactions. The rest of
this chapter is devoted to a review of the immunoglobulins as
the product of humoral immunity, their role in the defence
against Salmonella infection (both active and passive immunity)
and also the role of cell mediated immunity. Salmonella

vaccines are also reviewed.
(i) Immunoglobulin synthesis

The immunoglobulin (Ig) classes in the chicken are 1IgA,
IgM, IgG, IgE (Ivanyi 1981, Glick 1986) and IgD (Rose and
Orlans 1981, Glick 1986, Benedict and Berestecky 1987).
Immunoglobulins are glycoprotein in nature and synthesised by
the B-cells and plasma cells. Each antibody is composed of two
identical heavy (H) and two identical light (L) chains that are
held together by disulphide bonds (Glick 1986). Upon digestion
by enzymes an antibody molecule divides into two parts, the
"fragment crystalline" (Fc) portion that will crystallise after
purification and the "fragment antigen binding" (Fab) portion
that binds specifically to antigen (Bourne 1983). The Fab part
of different immunoglobulin isotypes may show similar affinity
toward an antigenic determinant. The antibodies can then be
distinguished from each other by the differences in the
constant (Fc) parts of their heavy chains (Glick 1986).

Leslie and Clem (1969) found that antibodies against the L
chain of one immunoglobulin class are cross reactive with the L
chains of another class. The antibody is produced in response
to exposure to an antigen. After the first exposure of chickens
to an antigen, a primary response will occur that consists of a
latent phase (the activation time for immunocompetent cells),
an exponential phase in which antibody increases sharply to a
certain level (peak) and declining or regression phase in which
the antibody level declines. Reexposure of the bird to the same
antigen causes a secondary response with a shorter 1latent
period, a greater exponential phase slope, higher and eaflier
peaks and longer lasting antibody titre. The antibodies of the
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primary response are mainly IgM and those of the secondary
response mainly IgG (Glick 1986). According to Parry and Porter
(1981) in Salmonella infected chickens these responses are
influenced by the age of the bird and the serotype of the
organism. They reported that S. pullorum and S. gallinarum
stimulate higher titres of IgM antibody production than the
paratyphoid group. The best response is obtained with 1live
bacteria at the age of 22-25 weeks of age, the time of
immunological maturity.

Antigens stimulate antibody production either by direct
attachment to the B-cells and their activation to plasma cells
that proliferate and produce specific immunoglobulins against
that antigen (Roitt 1988) or bind to macrophages that lead to
the activation of T-cells and then B-cells (Glick 1986). The
function and characteristics of the fowl immunoglobulins and
their distribution in the body fluids and secretions are
reviewed below.

(ii) IgA

The presence of an immunoglobulin similar to mammalian IgA
- was first reported by Lebacg-Verheyden et al. (1972a) and
Orlans and Rose (1972). It is regarded as a secretory
immunoglobulin (Leslie and Martin 1973) but is not identical to
its mammalian counterpart (Higgins 1975) and is antigenically
distinct from human IgA (Sanders and Case 1977).

IgA 1is present in fowl serum (Lebacg-Verheyden et al.
1972a and b, Orlans and Rose 1972, leslie and Martin 1973) in
a concentration of 0.33 mg/ml (Lebacg-Verheyden et al. 1974).
It is the major immunoglobulin in chicken bile and intestinal
secretions (Lebacg-Verheyden et al. 1974, Watanabe and
Kobayashi 1974) and is also present in tear fluid, saliva,
oviductal mucus, seminal plasma, urine (Watanabe et al. 1975),
tracheal washing (Chhabra and Goel 1980) and egg white (Rose et
al. 1974, Goudswaard et al. 1977a and b, Rose and Orlans 1981).
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The molecular weight of immunoglobulins in serum and secretions
is shown in Table 1.

As described above, the presence of IgA in the serum and
secretions of avian species is well established and it is the
main secretory immunoglobulin found at the mucosal surfaces
(Lim and Maheswaran 1977). The presence of secretory component
(SC) 1in chickens has been reported from bile IgA (Leslie and
Martin 1973, Porter and Parry 1976, Parry and Porter 1978, Rose
et al. 1981), egg white (Rose et al. 1974) and intestinal
secretions (Watanabe and Kobayashi 1974).

There is no cross reaction between the heavy chain of IgA
and the H chain of IgG and IgM (Leslie and Martin 1973, Sanders
and Case 1977). Porter and Parry (1976) showed that there is no
cross reaction between chicken and mammalian IgA using
haemagglutination inhibition assays. :

Although the presence of cells with membrane bound IgA has
been reported in the yolk sac at day 5 and cells containing IgA
in the bursa from day 11 of incubation, serum IgA is not
detectable until 10-12 days after hatching. In gall bladder,
secretory IgA is found at day 8-11 post hatching (Rose and
Orlans 1981).

IgA is mainly produced by plasma cells which have
originated from the bursa of Fabricius (Toivanen et al. 1987)
and are present in the lamina propria of the gut of both
mammalian and avian species (ILee et al. 1981). In the chicken
the plasma cells are found in the trachea (Riddell 1987),
caecal tonsils, Peyer’s patches (White 1981), 1lung, spleen,
thymus, bone marrow, blood (Lawrence et al. 1979) and beneath
the epithelium of the bronchi and the oviduct (Lebacg-Verheyden
et al. 1972b). The latter authors found that IgA containing
cells are predominant among the other immundglobulin containing
cells in the lamina propria of the mucosa of duodenum, jejunum,
ileum, caecal tonsils and caecum. The work of Bienenstock et
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Table 1

The molecular weight of chicken immunoglobulins in the serum

and secretions (K daltons).

! - .
| | IgA | IgM IgG | IgD |
| | I I | |
| |170 & 340 (S, 1)|184 & 920 (S, 1)|165-180 (S, 2) | |
| |170-200 (S, 2)|880-890 (S, 2)| | |
[Monomer |350 & 900 (B, 2) | | | |
| or |350 & 500 (I, 2)]| | | |
|polymer |170 (s, 3)| I l I
| |350-360 (B, 3)| | | |
I |300 (I, 4)| | | I
| |650 (T & sa, 5)] | | |
| |710(B, OM & U,5) | | | |
I |350 (I, 5| I I |
| I | I I |
| | 70 (3) | 62.6-70 (2) | 60.5-68 (2) |81 (6) |
|H chain | 60 (4) | 70 (3) | 70 (6) | |
| | 76 (6) | 79 (6) | I |
| I I I | |
|L chain | 24 (4) | 22-23.9 (2) | 22-23 (2) |25 (6) |
l | 25 (6) | 25 (6) | 25 (6) I l

The letters inside the parentheses indicate the origin of the
immunoglobulin and numbers represent the authors as described

below.
B = Bile I = Intestine
Sa = Saliva T = Tear

o OO bW N
|

OM = Oviductal Mucus

U = Urine

- Schranner and Losch (1986).
Benedict and Berestecky (1987).
Ieslie and Martin (1973).
Sanders and Case (1977).

- Watanabe et al. (1975).
Chen and Cooper (1987).
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al. (1973) supported this view and they could not find IgA
cells in the crop and Peyer’s patches, but reported the
presence of these cells in the spleen.

The IgA that is found in the exocrine secretions of the
intestine, reaches them by two ways (Jackson et al. 1978).

a) As a result of an immune response to local or systemic
infection or antigen introduction, the precursor B-lymphocytes
in the intestinal wall are stimulated through the action of T-
helper cells and become IgA precursor lymphoblasts that migrate
via the lymphatic vessels of the intestine to the circulation
and home to the lamina propria of the gut and other places that
are involved in igA production (Stokes 1984) such as
respiratory, intestinal, genital and urinary tract, oviduct and
interstitial tissues of exocrine glands e.g. the lacrimal gland
and the salivary gland. These cells produce IgA antibody that
passes through the columnar epithelial cells (Jackson et al.
1978, ILee et al. 1981) by the process of pinocytosis and
reverse pinocytosis after binding to the secretory components
that are synthesised on the surface of the cell membrane of the
epithelial cells (Parry and Porter 1981, Genco et al. 1983).

b) The other way is by active transportation through the bile.

The IgA that is synthesised by plasma cells is passiVely
transported through the mesenteric and thoracic lymph ducts to
the general circulation where it is filtered out into the bile
selectively by hepatic cells (Jackson et al. 1978). These
studies were carried out on the rat, but Rose et al. (1981)

confirmed the biliary route of transportation for IgA in the
chicken. They showed that radiolabelled monoclonal dimeric and
monomeric human IgA injected into the wing vein were secreted
in the bile. Ligation of the two hepatic bile ducts resulted in
a 3-4 fold increase in concentration of IgA in the serum. Due
to the active removal of IgA from serum by the 1liver, the
concentration of this immunoglobulin in the serum remains very
low (Jackson et al. 1978, Rose et al. 1981).
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The presence of IgA on the mucosal surface of the oviduct
(Watanabe et al. 1975), in oviductal secretions (Orlans and
Rose 1972) and in egg white (Rose et al. 1974) of the chicken
is reported but the exact mechanism of secretion is not yet
established. Dohms (1978) did not find a significant amount of
radiolabelled IgA to be transferred from turkey serum into the
egg. As there is 0.7 mg of IgA in 1 ml of chicken egg white
(Rose et al. 1974) and there are IgA containing cells in the
epithelium of the oviduct, it is probable that these
immunoglobulins are produced locally (Rose et al. 1981) and
enter the egg white while it is secreted around the yolk and
passes down through the oviduct.

Ewert et al. (1979) showed that vaccination of the chicken
with Newcastle disease virus either locally or parenterally
will produce IgA in serum and secretions. They showed also the
presence of IgA and IgM specific to this virus in the egg
white. The importance of IgA and its role as the first line of
defence on mucosal surface against viruses .is well established
but there is no conclusive evidence about its role against
bacterial pathogens in poultry. It has been shown that the

development of local defence mechanisms can be enhanced by the -

oral inoculation of young germ free chicks with live E-coli but
not with heat inactivated vaccine (Parry and Porter 1981). The
studies of Truscott (1981) indicate that there is some degree
of protection against gut colonisation after feeding chickens
with sonicated 1lyophilized cells derived from six different

serotypes of Salmonella.

The SC of secretory IgA makes it resistant to the effect
of proteolytic enzymes and enables it to bind to the apical
mucin layer consequently enhancing the biological activity of
IgA in vivo (Parry and Porter 1978). Secretory IgA is active
against coccidial infection of the chicken through sporozoite
agglutination and sporozoite neutralisation (Davis 1981).

In mammals IgA has bactericidal and ©parasiticidal
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activities in conjunction with lysozymes (Newby 1984) but due
to the differences that have been found between the secretory
immune responses of chickens and mammals (Parry and Porter
1981), it is not possible to assign these functions directly to
avian IgA. The role of secretory IgA and its mechanism of
action against enteric pathogens, especially Salmonella is not
established in the chicken.

(iii) IgM

IgM is produced by B-cells and its production is a
characteristic of the primary immune response (Tizard 1982,
Glick 1986). After exposure to an antigen the B-cells will
divide and differentiate to produce specific IgM against that
antigen. This process is controlled by the actions of T-helper
and T-suppressor cells (Tizard 1982).

Cells containing IgM in their cytoplasm and on their
surface can be seen in the bursa of Fabricius around day 10
(Toivanen et al. 1981) and the bursa starts IgM production from
day 14 of incubation (White 1981). Embryonic antibody
production does not respond to injection of antigen and IgM is
detectable in the serum of young chicks on day 4 after hatching
(Rose and Orlans 1981).

In normal chickens, IgM secreting cells are abundant in
bone marrow, spleen, lungs and intestinal lamina propria, but
there are relatively few of these cells in the peripheral
blood, thymus and intestinal epithelium of chickens (Lawrence
et al. 1979). Bienenstock et al. (1973) reported the synthesis
of IgM in the Harderian gland, bursa, spleen, caecal tonsils
and duodenum of chickens and could find it in the crop,
glandular stomach (proventriculus), Peyer’s patches, bronchi
and thymus.

IgM has been isolated from bile (Lebacg-Verheyden et al.
1974, Mockett 1986), seminal plasma (Higgins 1975), egg white
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(Rose et al. 1974) and tracheal washing (Chhabra and Goel
1980) . According to Rose et al. (1974) and Higgins (1975) IgM
is not present in the chicken egg yolk. The concentration of
IgM in the serum of the chicken is 0.5-2.55 mg/ml and it is in
the form of pentameric and monomeric molecules (Lebacqg-
Verheyden et al. 1974, Higgins 1975, Schrann and Losch 1986).
Tizard (1982) reported that IgM in the birds is either
pentameric or tetrameric and that 70% of the blood IgM is in
the ©pentameric form. More information on the physical
properties of chicken IgM is given in Table 1. The structure
and properties of chicken IgM are similar to those of its
counterparts in other species and there is cross reaction
between fowl and human IgM. The H chain of fowl IgM is similar
to that in the quail and the pheasant and its J chain is
similar to the mammalian J chain (Higgins 1975).

In the fowl, the H chain of IgM is antigenically distinct
from IgG H chain but light chains are identical (Higgins 1975).
IgM is the main agglutinating antibody and is very active in
the indirect haemagglutination test (Leslie and Benedict 1968).
It is also involved in the immunoprecipitation reaction
(Higgins 1975). It is postulated that IgM is a secretory
antibody 'in the alimentary tract of chickens (Lee et al.
1981) as it is in man and other mammals (Newby 1984), but the
presence of SC on this immunoglobulin either in the chicken gut
or in other secretions has not yet been studied.

(iv) IgG

IgG is the major immunoglobulin class of chicken serum
(Higgins 1975, Tizard 1982) with a mean concentration of 5.09
mg/ml (Chhabra and Goel 1980), 5.5 mg/ml (Lebacg-Verheyden
1974) and a range of 0.3 to 12.6 mg/ml at different ages
(Higgins 1975). It is the only immunoglobulin present in the
egg yolk of the chicken (Rose et al. 1974), pigeon (Goudswaard
et al. 1977b) and turkey (Goudswaard et al. 1977a). It is not
easy to measure the concentration of IgG in the yolk but it is
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higher than the serum concentration and the changes of level of
antibody in the blood are reflected in the yolk with a delay of
5 to 6 days (Rose and Orlans 1981). It is estimated that yolk
IgG concentration is 10-25 mg/ml and that it has all the
properties of serum IgG (Rose et al. 1974, Johnstone and
Thorpe 1982). IgG is also present in tracheal washings (Chhabra
and Goel 1980), seminal plasma, saliva and tears (Lebacq-
Verheyden et al. 1974).

Iebacg-Verheyden et al. (1972b) reported the presence of
large numbers of plasma cells containing IgG in the spleen and
few in the lamina propria of the intestine of the chicken. This
was confirmed by Bienenstock et al. (1973), who also found IgG-
producing cells in the caecal tonsils, Harderian gland and
bursa of Fabricius but not in the crop, proventriculus, Peyer’s
patches, bronchus and thymus.

IgG is produced by B-cells under the control of .T-helper
and T-suppressor cells and appears 4-15 days after introduction
to antigen in the serum (Tizard 1982). It is the main antibody
in the secondary immune response (Tizard 1982, Glick 1986).

There is antigenic similarity between fowl IgG and quail
IgG and to a lesser extent with pheasant IgG. In these three
species IgG L chains are more similar than H chains. There is
no cross reaction between fowl IgG and human IgG (Higgins 1975)
and the fowl IgG molecule is somewhat larger than that of
mammalian IgG (Tizard 1982, Benedict and Berestecky 1987). Due
to the dissimilarities in physical, chemical and antigenic
properties between chicken IgG and mammalian immunoglobulins,
Ieslie and Clem (1969) proposed the name IgY rather than IgG
for it but 1later it was recognised as the functional and
biological counterpart of mammalian IgG (Higgins 1975). Some
investigators such as Benedict and Berestecky (1987) describe
it as 75 Ig, the term IgG is mostly used in the literature to
designate this immunoglobulin in the chicken.
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Chicken IgG participates in precipitation and
agglutination reactions (Higgins 1975) and like its mammalian
counterpart, has a tendency to aggregate and to develop,
increased susceptibility to proteolytic digestion (Benedict and
Berestecky 1987) but does not bind to the protein A of
Staphylococcus aureus (Jensenius et al. 1981, Johnstone and
Thorpe 1982) and does not fix mammalian complements (Jensenius
et al. 1981).

The presence of two IgG subclasses in the yolk (Rose et
al. 1974) and three subclasses in chicken serum (Higgins 1975,
Tizard 1982) is claimed but further studies are needed to
produce conclusive evidence for this claim. The role of this
immunoglobulin in Salmonella infection is not clear and more
information is given in Sections 4 and 5 of this Chapter.

(v) IgD and IgE

The presence of these two immunoglobulins has been
reported in the chicken (Rose and Orlans 1981, Tizard 1982,
Glick 1986, Benedict and Berestecky 1987), but nobody has
studied the detailed functions and role of these
immunoglobulins in poultry.

In mammals IgD and IgM are present on the surface of some
circulating lymphocytes and by their mutual interaction in
antigen reception play a role in lymphocyte activation and
suppression (Roitt 1988). IgE 1is present in serum and
secretions at very low concentrations and produces a protective
response in the intestinal mucosa against parasitic infections
(Newby 1984, Roitt 1988). IgE is also held responsible for
hypersensitivity after contact with allergens in hay fever and
some other allergic diseases (Roitt 1988).

d) Cell mediated immunity
T-cells originating from thymus are the basic components
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of cell mediated immunity and they are responsible for the
immunological phenomena that are not dependent on antibody
synthesis (Glick 1986). Delayed hypersensitivity, graft-versus-
host (GvH) reaction, allograft (host-versus-graft response),
cytotoxicity and anti-tumour immunity are some examples of
cellular immunity (Firth 1977, Tizard 1982, Glick 1986). The
thymus is the first organ of the immune system to become
lymphocytic during histogenesis of the lymphoid tissue (Manning
1981). The first stem cells enter the thymus around day 7 after
incubation in a continuous phase for 36 hours. There is another
influx of stem cells to the thymus around hatching time. These
cells multiply and differentiate in the thymus and then migrate
to the peripheral lymphoid organs (Toivanen et al. 1981). The
early functional sign of T-cells within the thymus is
demonstrable in the late embryonic period prior to hatching by
the GVH reaction (Firth 1977).

The differentiation and responses of T-cells are
controlled by soluble factors called lymphokines or cytokines.
These factors originate from different cells such as
macrophages and T-cells and act upon specific cellular targets.
Some of these factors interact with B-cells to regulate
antibody synthesis (Schauenstein and Kromer 1987).

The T-cells are responsible for combating intracellular
pathogens able to survive and grow in phagocytes (Winter
1979). Macrophages infected with an intracellular parasite
release interleukin-1 which is also called lymphocyte activity
factor (Schauenstein and Kromer 1987). Interleukin-1 attracts
the T-helper cells to bind to the combination of antigen and
major histocompatibility complex (MHC) which is formed on the
surface of the macrophages and T-helper cells then produce
lymphokines (Roitt 1988) composed of gamma interferons and
interleukin-2 (Schauenstein and Kromer 1987). The gamma
interferons control the activation of the macrophage
(Schauenstein and Kromer 1987) by switching on the ability of
the macrophage to kill the parasite (Roitt 1988). Interleukin-
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2 acts on both B and T-cells. It stimulates the growth and
differentiation of B-cells that leads to antibody production
and regulates the growth of antigen stimulated T-cells and the
differentiation of T-cytotoxic cells (Schauenstein and Kromer
1987).

T-cytotoxic cells will bind to macrophages containing the
parasite and produce their cytotoxic effect by killing the
infected cells and in this way prevent the multiplication of
the pathogen within that cell (Roitt 1988).

The functions of the T-cells in the chicken are similar to
those in mammals (Chi and Thorbecke 1987, Schauenstein and
Kromer 1987). The T-suppressor cells can either act on B-cells
and suppress humoral immunity (Glick 1986) or interfere with
other T-cell responses. Chi and Thorbecke (1987) reported that
T-suppressor cells are involved in the suppression of
immunoglobulin synthesis, proliferative neoplastic cells, anti-
tumour immunity, T-cell tolerance and delayed hypersensitivity
reactions. The T-cytotoxic cells are responsible for immunity
against viral infections, anti-tumour immunity and rejection of
allografts (Tizard 1982, Fahey and York 1987). '

e) Non lymphoid cells

Macrophages, monocytes, heterophils (equivalents of the
mammalian neutrophil), eosinophils, thrombocytes and mast cells
are non lymphoid cells that contribute to immunity in avian
species. Macrophages are most important as they have a high
capacity for phagocytosis and pinocytosis and play a part in
both humoral and cellular immunity (Powell 1987). It has been
shown that macrophages are involved in the restriction and
destruction of viruses, the intracellular killing of bacteria
such as Salmonella and E. coli, destruction of malignant cells,
killing of extracellular parasites, resistance to fungal
infection, delayed hypersensitivity and auto-immunity (Powell
1987).
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Popiel and Turnbull (1985) demonstrated the uptake of S.
enteritidis and S. thompson by macrophages in the caecal lumen
of day old non immune chicks and Mayrhofer (1984) described the
function of macrophages in bacterial infection of the gut and

suggested that virulent Salmonella are killed after ingestion
by the 1lysosomes of macrophages in the lamina propria. The
interaction of macrophages with B and T-cells in the production
of antibody and cellular immunity has been described above.
Maskell et al. (1987) showed that in S. typhimurium infected
mice the initial suppression of growth of the bacteria relied

upon the macrophages.
B) Non specific defence mechanisms

Beside the immune responses that described above there are
some other factors that affect the outcome of Salmonella
infection. The important ones are reviewed here.

a) Normal intestinal microflora

The presence of microflora on the body surfaces including
mucous membranes such as those of the alimentary tract, wupper
respiratory tract, urogenital tract and on the skin are
reported. This microflora restricts the growth of exogenous
organisms. The importance of these microbial populations in
defence against Salmonella infection in the intestine of the
chicken is reviewed here.

Young animals and chicks acquire the microflora from their
environment after their birth. E. coli, Clostridium perfringens
and Streptococci are the first bacteria to colonise the gut

followed by Iactobacilli and later on Bacteroides (Woolcock
1979). Stavric et al. (1985) obtained 274 bacterial isolates
from the gut contents of adult chicken most belonged to the
genera Bacteroides, Lactobacillus, Streptococcus, Escherichia,

Eubacterium, Fusobacterium, Clostridium, Bifidobacterium and
Propionibacterium or were other Gram positive rods.
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The pathogens can be inhibited by the normal microbial
flora in different ways. Inhibition could be by competition for
attachment sites (Soerjadi et al. 1982, Woolcock 1979),
competition for available nutrients, the production of harmful
conditions such as unsuitable pH and oxidation reduction
potential and production of harmful substances such as toxic
metabolites (e.g. H,0,) and antibiotics (Woolcock 1979, Newby
1984).

Chickens are more susceptible to bacterial enteric
pathogens at the early stage of their life due to a lack of
intestinal microflora (Nurmi and Rantala 1973) or after oral
antibiotic treatment that destroys the microbial population
(Woolcock 1979). Treatment of day old chicks with gut contents
from adult chickens (Nurmi and Rantala 1973, Snoeyenbos et al.
1978, Snoeyenbos et al. 1979, Weinack et al. 1980, Soerjadi et
al. 198la and b), fresh faeces of the adult chicken (Snoeyenbos
1978, Silva et al. 1981b), lyophilized extract of breeder flock
litter (Rigby and Pettit 1980) followed by subsequent challenge
by Salmonella reduced the number of infected birds and the
extent of colonisation. This phenomenon is commonly called the

"Nurmi effect" or competitive exclusion.

Rantala and Nurmi (1973) found that horse faeces and
bovine rumen fluid were not capable of preventing the
colonisation of chick caeca by S. infantis. No protection was
afforded by Lactobacilli isolated from the crop and caecum of
chickens (Soerjadi et al. 1981b). Stavric et al. (1985) showed
that competitive exclusion afforded by a mixture of 50 bacteria

in pure culture is similar to that obtained with faecal or
caecal culture of unknown bacterial composition and reduction
of the number of isolates in that mixture 1led to less
protection. Barrow and Tucker (1986) inoculated day old
specific pathogen-free (SPF) chicks with a mixture of 3 strains
of E. coli and challenged them with S. typhimurium after 24
hours which led to a reduction in Salmonella colonisation. The
breed of the chicken and the diets used did not affect this
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protection. Inhibition of Salmonella colonisation by members
of the same genus has also been reported'by Barrow et al.
(1987c).

These types of experiments have also been conducted in
turkey poults (Snoeyenbos et al. 1978, Reid and Barnum 1983,
Weinack et al. 1982) with virtually the same results as
described for chicks. The gut contents of chickens and turkeys
were cross protective when used in reciprocai trials (Weinack
et al. 1982).

The common agreement among all of these investigators is
that pretreatment mustA%arried out before Salmonella exposure
for protection to be achieved and dptimum protection is
obtainable after 32 hours post-treatment (Soerjadi et al.
198l1a). There is a risk of introducing enteric pathogens if
natural gut flora is used directly in treatment.

b) Diet and feed additives

Although it is claimed that dietary constituents such as
proteins may affect the level of enteric bacteria, Hinton et
al. (1986) could not find any significant effect of proteins on
Salmonella carriage, using diets containing different levels of
protein and diets with animal or vegetable proteins from

different sources.

In general, therapeutic drugs are not capable of
eliminating Salmonella infection in infected flocks while they
may reduce mortality and the spread of disease in acute
outbreaks. Sulphonamides, antibiotics and nitrofurans have some
effect when used as therapeutic measures (Williams 1984). The
problem with growth promoters and drugs to which Salmonella are
resistant is that they increase Salmonella shedding in quantity
and duration in the chicken by destruction of normal flora of
the gut (Barrow et al. 1984, Linton and Hinton 1984, Smith et
al. 1985). Recently it is reported that formic and propionic
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acid can prevent and decrease Salmonella shédding by inclusion
in the feed (Hinton and Linton 1988). Williams (1984) reported
that Sulphadimethoxine and Ormetoprim in the feed can prevent
losses from S. typhimurium infection in poults and reduce the
colonisation and shedding of the organism in the chicken.

c) Lactoferrin and lysozyme

Iron is a trace element which is needed by both host and
bacteria. Therefore the host tries to limit its use by bacteria
by producing iron binding proteins such as lactoferrin and
transferrin that ‘bind to iron and render it unavailable to the
bacteria. These proteins are found in serum, milk, eég white,
seminal fluid, tears, nasal secretion, saliva (Woolcock 1979)
and intestinal secretions (Newby 1984). In experimental
infection with S. typhimurium, lower LD50s were required and
bacterial multiplication is enhanced after supplying the host
with exogenous iron (Woolcock 1979). This iron binding may not

affect the virulence of intracellular pathogens, but in natural
disease its effect on the extent of extracellular growth might
be a critical factor (Clarke and Gyles 1986).

Lysozymes are present in the gut and egg white of
chickens. Stokes (1984) reported the possible oral adjuvant
properties of lysozyme and pointed out that adding egg white
lysozyme to babies milk increases levels of the secretory IgA
which can be detected in their faeces. While the effect of
lysozyme on Gram negative bacteria remains in doubt, this
enzyme may play a part in the prevention of Salmonella

colonisation in the chicken.
d) Mucus

The mucus produced by Brunner’s glands and by goblet
cells covers the mucosal surface of the gastrointestinal
tract. Several functions have been attributed to the mucus such

as lubrication and protection of epithelium from digestive
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processes, prevention of the attachment of bacteria to the
epithelium, binding to toxins, providing a medium for the
functions of enterocytes, lysozyme, IgA and lactoferrin. It may
also surround foreign substances and complexes of antigen and
secretory antibodies, trapping bacteria by attaching to
receptor sites which would otherwise bind to the epithelial
cells and diluting the bacterial population by continuous flow
into the lumen (Newby 1984).

e) Others

Some other factors contribute to the host defences
against bacterial infection such as the epithelial barrier that
prevents the penetration of bacteria into the body and the 1low
pH of the proventriculus which is destructive for many bacteria
including Salmonella. Intestinal movements also play an
important role in reducing the number of bacteria and the
extent of their colonisation (Newby 1984).

4 - EGG TRANSMITTED IMMUNITY

IgG is transferred via the placenta to the offspring in
some mammals and via the colostrum in others. IgA and IgM are
transferred in the colostrum after birth and protect the
neonate from pathogens at early stage of their life while they
are immuno-incompetent. In birds the conditions are the same
except that the immunoglobulins are transferred through their

eggs.

The earliest report of egg transmitted immunity was by
Klemperer in 1893 who demonstrated the presence of immunity to
tetanus toxin in the chicks of vaccinated hens (cited by
Brierley and Hemmings 1956, Rose and Orlans 1981). Since then
thereb have been voluminous reports on this subject in general
and on antibodies against various avian pathogens. Lancaster
(1964) in his review reported the effects of passive immunity
in protection and interference with the development of active
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immunity aQainst Newcastle virus in chicks. Many investigators
have reported egg transmitted immunity to other avian pathogens
such as infectious bronchitis virus (Jungherr and Terrell 1948,
Winterfield et al. 1980, Mockett et al. 1987), infectious
bursal disease virus (Lucio and Hitchner 1980, Lukert and
Hitchner 1984), avian encephalomyelitis virus (Luginbuhl et al.
1984), S. pullorum (Beaudette 1923, Buxton 1952), S. gallinarum
(Karthigasu 1964) and E. coli (Karthigasu 1964, Heller 1975) in
the domestic fowl. Passive immunity to S. typhimurium bacterin
and endotoxin in turkey poults was reported by McCapes et al.
(1967) and Truscott and Friars (1972) respectively.

The transfer of the immunoglobulins from hens to chicks
occurs in two steps. In the first step, IgG is transferred from
plasma to maturing oocytes in the ovarian follicle (Kowalczyk
et al. 1985) and IgA and IgM are secreted from the oviduct and
are acquired by the egg albumin while it is passing through the
oviduct (Tizard 1982). In the second step the yolk IgG passes
through the yolk sac to the circulation of the growing embryo
(Kowalczyk et al 1985) and IgA and IgM are transferred to the
amniotic fluid and swallowed by the embryo before hatching
(Rose and Orlans 1981, Tizard 1982).

The concentration of yolk IgG is always constant from the
smallest oocyst to the mature yolk in the fresh egg and as the
yolk mass growth increases from the 8th day before ovulation,
the IgG transfer to the yolk also increases (Kowalczyk et al.
1985). These authors also reported that the concentration of
this immunoglobulin in the yolk is similar to but 1lower than
that in serum of the hen in contrast with the findings of Rose
et al. (1974) who reported higher concentrations of IgG in yolk
than in maternal serum. IgG is transferred selectively across
the oolemma (Rose and Orlans 1981, Kowalczyk et al. 1985) but
it is not clear whether it is receptor mediated or mediated by
some other mechanism.

Brierly and Hemmings (1956) showed that the transport of
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IgG from the yolk to the chick’s circulation is selective. It
is detectable in the serum of the embryo from day 7 (Kowalczyk
et al. 1985) or day 12 (Kramer and Cho 1970) of incubation and
it is agreed by all authors that the rate of transfer increases
sharply from day 19 to 21 of incubation. |

IgG is absent from the egg white of unincubated eggs, but
it is reported in this compartment of incubated eggs from day 4
to day 16 of incubation and also in the amniotic and allantoic
fluid and intestine of the embryo (Kramer and Cho 1970).

IgA and IgM of the white are transferred to 'the embryo
intestine wvia amniotic fluid and there is no indication of
their presence in the serum of newly hatched chicks (Rose et
al. 1974). As described above these are  secretory
immunoglobulins that are derived from oviduct secretory cells
and there is no evidence for their transfer from maternal serum
to the egg.

While it is well documented that there are specific IgG
antibodies to some viruses and bacteria in the hen’s egg, the
presence of specific IgA and IgM antibodies is yet to be
confirmed, although it may be taken that specific IgA, IgM and
IgG are transferred to the chicks, their effects in the
protection of the chick from many pathogens such as S.
typhimurium is unknown.

5 = PROTECTION BY VACCINE

In Salmonella infection the virulence of the bacterium
must be understood and knowledge of the mechanisms of
colonisation, invasion and toxicity is necessary to design
appropriate protective vaccines against it (Parry and Porter
1981). Vaccination against Salmonella infections is reviewed
below with particular emphasis on salmonellosis of chickens.
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A) Types of immunity

The literature is full of claims and counter claims about
the possible role of the cell mediated immunity or humoral
immunity in protection against salmonellosis. Mitsuhashi et al.
(1961) reported that mononuclear phagocytes obtained from the
peritoneal cavity of mice, already vaccinated with 1live S.
enteritidis intraperitoneally were able to inhibit the
intracellular multiplication of the same organism in vitro. The
sera of these mice or cells from mice vaccinated with dead
vaccine failed to do so. Collins and Mackaness (1968) showed
delayed hypersensitivity reactions in mice vaccinated with live
S. enteritidis or S. gallinarum but not with S. pullorum.

Killed vaccine of each one of these three organisms failed to
produce this type of reaction. The delayed type
hypersensitivity was transferable to normal mice by spleen cell
transfer. Collins (1968) did not find any evidence for a major -
role of humoral factors in cross protection against intravenous
injected S. enteritidis in mice already vaccinated with 6
strains of Salmonella, 2 strains of E. coli and some other
bacteria.

Using temperature sensitive mutant strains of S.
enteritidis Cooper and Fahey (1970) orally immunised rats and
did not find protective humoral immunity in the intestine.
Cameron and Fuls (1974) postulated the possible involvement of
both types of immunity in the immunogenicity of 1live and
inactivated S. typhimurium vaccine in mice. Cameron (1976)
suggested a prominent role for cellular protection against
infection in the chicken, but he did not rule out the possible
participation of serum antibodies in protection.

The idea of the importance of cell mediated immunity
against Salmonella infection in the chicken was also proposed
by Fahey and Cooper (1970b), Padmanaban et al. (1981), Lee et
al. (1981), Silva et al. (198la) and Iee et al. (1983). Most of
these workers believed that clearance of Salmonella from
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chicken tissues is mediated by cellular immunity and all agree
on the development of humoral immunity after vaccination or
natural infection, but they were doubtful about the protective
effect of antibodies.

In contrast to the work described above, some other
workers have shown the involvement of humoral immunity in the
protection against Salmonella. Morris et al. (1976) used
immunosuppresive agents and were able to study the role of
humoral and cell mediated immunity individually in mice. The
sera of mice vaccinated with a gal-E mutant strain of S.
typhimurium were transferred to mice that had suppressed B and
T-cell systems. This serum transfer resulted in protection
against the challenge organism. Mice with suppressed B-cell
systems and intact T-cell systems could not survive the
challenge. They concluded that humoral immunity is a key factor
in the protection of mice against this strain of S.

typhimurium.

Observations of Schauenstein and Kromer (1987) showed that
the IPS of E coli and Salmonella only stimulate B-cell
proliferation. According to Woolcock (1979) high concentrations
of antibody are needed for the destruction of virulent
intracellular S. typhimurium and antibody and complement are
needed to assist both phagocytosis and other antibacterial
activities against this organism. Further evidence comes from
studies of salmonellosis in poultry. McCape et al. (1967),
Truscott and Friars (1972) and Thain et al. (1984) demonstrated
protective effects of passive immunity against Salmonella
infection in poults derived from vaccinated hens, thus
demonstrating the importance of antibodies in this situation.

B) Types of vaccine
A number of different types of vaccines have been given by
different routes to assess their protective value in animals

and birds. Botes (1965) reviewed the different aspects of
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immunisation in relation to vaccine development in poultry and
calves. According to this author the dead Salmonella vaccines
are not efficient and that formalin killed vaccine for S.
gallinarum is potent when it is fresh, while storage for 6
weeks reduces the potency of this vaccine. He pointed out that
a live attenuated vaccine of S. typhimurium keeps its
protecting value until it is virulent and loss of virulence
causes a considerable loss in immunising potency.

Storage of formalin killed S. typhimurium at 50°C for one
month did not affect the immunising potency of the vaccine in
mice (Cameron and Fuls 1974). Germanier (1970) used different
rough mutants of S. typhimurium in the vaccination of mice by
the SC, IV and oral routes and showed that there was no
correlation between immunising potency and the virulence of
these organisms. Immunising potency depended on the persistence
of viable bacteria in the mouse.

Temperature sensitive mutants of S. enteritidis that are
not able to proliferate inside the body of the mouse (37°C)
when given orally are capable of inducing protective immunity
against subsequent oral infection (Fahey and Cooper 1970a).
Knivett and Stevens (1971) reported that a 1live attenuated
vaccine of S. dublin was able to reduce the number of challenge
S. typhimurium and that both oral and SC routes of vaccination
were equally effective. Protection afforded was independent of

the size of the vaccine dose.

The degree of cross protection depends on the serotypes of
Salmonélla concerned and the species of animal used for
vaccination (Cameron 1976). This author also showed that 1live
or inactivated vaccines of S. typhimurium and S. dublin are

equally effective in mice and calves and suggested that
inactivated vaccines were most advantageous. The use of a live
mutant strain of S. typhimurium in the vaccination of chickens
to provide some degree of protection has been reported by
Pritchard et al. (1978) and Suphabphant et al. (1983).
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Angerman and Eisenstein (1980) used acetone killed cells,
LIPS, ribosomes and 1live cells of S. typhimurium in the

vaccination of different groups of mice and challenged them
with the same organism at different time intervals. They found
that the ribosomal vaccine could induce longer lasting immunity
than the others, while LPS vaccine was the least effective one
of all. Alkali treatment of S. typhimurium IPS reduces its
immunological reactivity (Ciznar and Shands 1970). Proteins of
Salmonella are major immunogens and have a protective effect
in the vaccination of mice that is cross protective against
other Enterobacteriaceae (Barber and Eylan 1976).

Truscott and Sajnani (1972) used endotoxin and endotoxoid
of E. coli and S. typhimurium in the vaccination of chickens

and found that there was cross protection among the species
within a genera. Best results were obtained by IV injection of .
the vaccine when compared with the IP and SC routes. Endotoxoid
alone was unable to produce protective immunity but it had a
synergistic effect when used in conjunction with endotoxin.
Chicks less than two weeks old produced poor antibody responses
to endotoxin injection and older birds produced higher antibody
levels than younger birds with the same dose of antigen.
Sonicated freeze dried antigens of different Salmonella
serotypes were able to provide a local protection in the gut
when administered by the oral rout (Truscott 1981).

6 — CONCLUSIONS AND OUTLINE OF THE EXPERTMENTAL. APPROACH

S. typhimurium is a pathogen of zoonotic importance and
infects eggs, meat and other poultry' products which are
potential sources of human food poisoning. It is also the
 causative agent of poultry salmonellosis and produces huge
economic losses around the world in all phases of the poultry
industry. Attempts to control poultry salmonellosis by
treatment, hygiene, competitive exclusion, vaccination and
genetics have not been completely successful. The mechanism of |
immunity to Salmonella infection is not well established and
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the role of different immunoglobulins in possible protection
against infection is virtually unknown. Different vaccines have
shown some protective effects in direct challenge with
Salmonella. Chicks are immuno-incompetent at the early stage
of their life in the same way as young mammals. Their immune
system 1is not well developed and they are helpless against
Salmonella pathogens that can infect them in the hatcheries or
later on after hatching. It is clear that egg transmitted
immunity is capable of protecting young chicks against some
viral infections at this stage of life. On the bacterial side,
studies of different bacteria including Salmonella in turkeys,"
raise hopes of the possible value of passive immunity in the
protection of chicks.

As a result of the information on this world wide problem
reviewed above, it was decided to study various aspects of S.
typhimurium pt. 49 infection in the chicken. First the
capability of the organism to colonise the chicks’intestine and
its role in provoking antibody production in naturally infected
birds was determined. The possibility of the transfer of
specific immunoglobulins to different compartments of the egg
and the role of passive antibody in the protection of day old
chicks were investigated. These studies were followed by an
attempt to hyperimmunise hens to provide the maximum levels of
egg transmitted antibody. Accordingly SPF hens were vaccinated
with formalin Kkilled vaccine plus oil adjuvant supplemented
with oral sonicated freeze dried antigen. The immune response
of these birds and the transfer of antibodies to the eggs were
studied. The degree of protection against challenge with the
same organism was studied. Finally antibodies isolated from egg
white and yolk were transferred to embryonated eggs obtained
from SPF hens in order to evaluate the ability of each antibody
to protect newly hatched chicks against challenge with the

organism.
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CHAPTER 2

MATERTAIS AND METHODS

1 - BACTERIOLOGICAL STUDIES
A) Media

The following media were used throughout this study.
Sheep Blood Agar: Oxoid blood agar base No.2 with added 7%
formalised sheep blood (C.C. Laboratories).
MacConkey Agar (Oxoid CM7).
Modified Salmonella Shigella (SS) Agar (Oxoid CM533).
Hynes modification of Desoxycholate Citrate Agar (DCA) (Oxoid
cM227) .
Brilliant Green (BG) Agar (Oxoid). _
Tetrathionate Broth Base (Oxoid) with 0.2 ml of an iodine in
potassium iodide solution added to every 10 ml (Oxoid manual
1982).
Triple Sugar Iron (TSI) Agar (Oxoid).
Nutrient Broth (Oxoid No.2).
Urea Broth: Urea broth base (Oxoid) with 5% added sterile 40%
urea solution (Oxoid SR20).
Peptone Water (Oxoid L32).

All of the above media were prepared according to the
supplier’s instructions. The agar media were dispensed in
sterile disposable plates (Sterilin Ltd., Feltham, England) and
the broth media were aliquoted into universals or other

appropriate containers. Others were made up as follows:
Tryptone Soya Agar (TSA) (Oxoid): This medium was made up as
described by the Oxoid manual, but dispensed in 800 ml Roux
flasks (NunclonR). Each flask contained 135 ml of the prepared
medium (Truscott, 1981).

Sloppy Agar: 0.6% of agar bacteriological No.l (Oxoid Lll) was
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added to a 2.5% solution of nutrient broth (Oxoid). It was
dispensed in 10 ml aliquots into universals and sterilised.
Tubes intended as Craigie tubes (0.6 cm wide and 2cm long) were
sterilised separately and one was inserted into the medium of
each universal under sterile conditions. About 0.5 cm of the
tube was 1left out of the medium. The medium was inoculated
through this tube.

B) The organism and storage conditions

Salmonella typhimurium phage type (pt.) 49 was provided by
the Scottish Salmonella Reference Laboratory, Stobhill

Hospital, Glasgow. It was isolated from a colonised ' broiler
flock. The organism was supplied on a nutrient agar slope and
received within a week of isolation. It was subcultured onto
sheep blood agar and MacConkey agar to confirm the purity of
the culture. One colony from the sheep blood agar was
subcultured further onto 5 sheep blood agar plates and
incubated at 37°C overnight. The culture was tested by slide
agglutination test for O, H and B group Salmonella antigens,
using Salmonella agglutinating sera (Wellcome Diagnostics,
Dartford) as described in Identification of Salmonella below.
The remainder of the bacterial growth was harvested in 5 ml of
a freeze drying solution, prepared according to a method used
in the department and given below.

5.77g of glucose (Farmachem) and 1l.5g peptone water powder
(Oxoid) were dissolved in 100 ml deionised water and sterilised
by positive pressure filtration through a cellulose acetate
filter of APD 0.22 mm (Millipore). 15 ml of sterile horse serum
(G;bco) was added per 100 ml. The bacterial suspension was
dispensed in 0.25 ml amounts into freeze drying ampoules and
freeze dried using an Edwards freeze drier (Edwards,
Colchester). Ampoules were sealed under vacuum and stored at
4°C until required.

56



C) Purity test

It was necessary to confirm the purity of cultures at
intervals. The confirmation process was carried out Dby
inoculation onto sheep blood agar, MacConkey agar and brilliant
green agar plates. Inoculated plates were incubated at 37 for
48 hours. The resulting growth was examined and the culture was
not used if contamination was suspected.

D) Sterility test

Vaccines were tested for sterility before use. In this
case sheep blood agar, MacConkey agar, brilliant green agar and
tetrathionate broth were used. All were incubated at 37°C for
48 hours. After 24 hours and 48 hours plates were examined and
tetrathionate was subcultured onto DCA, SS and BG agar plates.
These plates also were incubated for 48 hours and examined
after 24 and 48 hours. Vaccines were discarded if there was any
growth on any one of these plates.

E) Production of flagellated organisms and confirmation of the
presence of flagella and fimbriae

Flagellated organisms were produced for vaccine and
immunological studies by the following method. The contents of
one freeze dried ampoule were dissolved in one drop of sterile
peptone water and were tested for purity. One colony from the
MacConkey agar plate was subcultured into sloppy agar (inside
the Craigie tube) (Bettelheim and Maskill, 1985) and incubated
at 37°C for 48 hours. Uninoculated sloppy agar was also used at
the same time as a control. Purity and the presence of flagella
were confirmed and the flagellated organisms were kept in a
universal of sloppy agar at 4°C until used.

For confirmation of the presence of flagella and fimbriae
the organisms from sloppy agar were used directly or after they

were subcultured into nutrient broth and incubated at 37° c,
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overnight in an orbital incubator (Gallenkamp, England) with
the speed of 140 rev/min. A drop of this culture was placed on
a slide and covered by a cover slide and examined for motility
by light microscopy (ILeitz, West Germany). Negatively stained
preparations were made from these cultures by placing a drop of
the culture on a parlodion coated copper grid, and stained with
2% phosphotungstic acid. They were examined by electron
microscopy (Zeiss 109, Oberkochen, West Germany) for the
presence of flagella (Fig. 4) and fimbriae(Fig. 5). The
electron microscopy (EM) was carried out with the help of the
staff of the Electron Microscopy Laboratory.

F) The isolation and identification of Salmonella
a) Samples

The samples examined were faeces, litter, feed, water,
eggs, cloacal swabs and internal organs of chickens such as
heart, liver, alimentary tract, spleen, yolk sac, gall bladder
and oviduct. All were examined immediately after collection.

b) Methods of sampling and culture
(i) Feed and litter

10 g of feed or litter was cultured in 100 ml of
tetrathionate broth and incubated at 37°C for 48 hours. The
tetrathionate broth was subcultured onto SS, DCA and BG agar
plates both after 24 and 48 hours of incubation. These plates
were incubated at 37°C for 24 hours and examined for the

presence of Salmonella.

Feed samples were taken from the top, middle and bottom of
feed bags aseptically immediately after the bags were opened.
Litter samples were taken from at least 5 different places in a

pen and mixed.
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FIG. 4: Electron micrograph of single flagellated cell of Ss.
tvphimurium pt. 49 from a 16 hour nutrient broth culture. 4
flagella are present (arrow).

x 24000
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FIG. 5: Electron micrograph of a single fimbriated cell of Ss.
tvphimurium pt. 49 from a 16 hour nutrient broth culture. Note
the fimbriae (arrows).

X 80000
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(ii) Water

The water used by all animals in this study was Glasgow
city tap water. Samples of 5 ml were added to 50 ml of
tetrathionate broth once at the time of each experiment and
monitored for the presence of Salmonella as described above.

(iii) Fresh faeces

10-20 fresh droppings were transferred into a sterile
plastic universals (Sterilin Ltd.), using a sterile scalpel
blade and mixed thoroughly using a sterile swab. One gram of
this mixture was added to 10 ml of tetrathionate broth and
cultured for Salmonella by the method described above.

Direct culture on sheep blood agar, MacConkey agar and BG
agar was used to test for the presence of other bacterial
pathogens. These plates were incubated at 37°C for 24 hours and
examined using colonial morphology and Gram stained smears of
suspicious colonies to identify pathogens.

(iv) Eggs

Eggs used for bacteriological monitoring were mostly
unhatched incubated eggs. All unhatched eggs were  first
transferred to the cold room (4°C) and were left for at least 4
hours. Then surface of the egg shell was disinfected using
absolute alcohol or tincture of iodine and the shell was cut
off aseptically at the blunt end using sterile scissors. If
there was no embryo, the contents were mixed and cultured in
tetrathionate broth and on sheep blood, MacConkey and BG agar
plates. When an embryo was present, the yolk sac was snipped
with sterile scissors and a large sample of yolk was taken
using a sterile loop. This was incubated in the media
described above (Williams et al. 1980). After incubation these
media were examined for Salmonellae and other bacteria as

described in the section, "Fresh faeces".
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Unincubated eggs were cultured as described for

unembryonated eggs above.
(v) Cloacal swabs

Pernasal transwabs with Amies clear medium (Medical Wire &
Equipment Co., Wiltshire, U.K.) were used for young chicks and
transwabs with charcoal containing medium (Medical Wire &
Equipment Co.) for pullets and adult chickens. Swabs were
inserted by gentle rotation into the cloaca of a chicken and
then withdrawn, placed into the tubes holding the media and
transferred to the lab. Each swab was first cultured onto sheep
blood, Maccénkey and BG agar plates and then cut into a
universal containing 10 ml of tetrathionate broth. Incubation
and subculturing was carried out as above.

(vi) Internal organs

Liver, heart, spleen, oviduct, gall bladder, the contents
of intestine, caeca, crop and yolk sac were all used for
Salmonella monitoring studies.

Immediately after euthanasia the abdominal cavity was
opened aseptically and these organs revealed. The surface of
each organ was seared with a hot spatula, an incision was made
in the seared area and samples were taken under sterile
conditions. Samples were aspirated from the heart and gall
bladder using a sterile pasteur pipette or sterile syringe and
needle.

All samples were inoculated onto sheep blood, MacConkey

and BG agar plates and into tetrathionate broth and incubated
and monitored as outlined above.
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- ¢) Identification of Salmonella species
(i) Colonial morphology

Non lactose fermenting colonies on each medium with
morphological characteristics similar to those described in
chapter 1 were considered to be Salmonella and were tested
further.

(ii) Cellular morphology

In early studies Gram staining of heat fixed smears from
suspicious colonies were examined by light microscopy for 1-3
um long, gram-negative bacilli.

(iil) Confirmation by biochemical tests

Colonies suspected of being Salmonella were further tested in
urea broth medium for urease production. After inoculation the
medium was incubated at 37°C for a period of 5-18 hours.
Organisms that produced a red or pink colour in the medium were
regarded as not belonging to Salmonella group and were
discarded. Organisms which caused no colour change in the
medium, were inoculated onto TSI agar slopes and incubated at
37°C for 24 hours. Acid reaction (vellow colour), gas and H,S
in the butt and alkaline reaction (red colour) in the slant
were assumed to indicate the presence of Salmonella species and
these isolates were examined serologically for  further
identification.

(iv) Serological tests

The slide agglutination test was carried out by
emulsifying the bacterial growth from the surface of TSI agar
slants 1in a drop of physiological saline on a slide to form a
dense milky suspension. Then a drop of Salmonella polyvalent O
antiserum (Wellcome Diagnostics, Dartford) was added, mixed and
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rocked at room temperature. Agglutination within one minute of

the addition of antisera was regarded as positive.

The procedure was repeated using anti-flagellar (H)
antiserum and specific Salmonella somatic group (A-E) antisera
(Wellcome Diagnostics, Dartford), to confirm the antigenicity
and determine the serogroup of the Salmonella respectively.

G) Salmonella counting from faeces and gut contents

Caecal contents were used for Salmonella counting in most
cases, but the contents of other parts of the gut and fresh
faeces were also used. Fresh faeces was collected as described
above. Gut contents were collected aseptically and placed in a
universal. All samples were kept at 4°C just after collection
until used.

A suspension of 10% w/v of each sample was made in sterile
phosphate buffered saline and serially diluted by ten  fold
dilution up to 10710 qilution. For each dilution one BG agar
plate was used to culture six individual 10 ul drops of that
dilution. Plates were marked and incubated at 37°C for 24
hours. Distinct colonies of Salmonella were counted at the
lower possible dilution and the original number of organisms in
one gram of sample was calculated.

H) Preparation of inocula for day old chicks
Salmonellae from sloppy agar were subcultured into 100 ml

bottles of nutrient broth and incubated at 37°C for 16 hours
in an orbital incubator (140 rev/min.). The number of organisms

in each ml of this solution was found by making serial ten fold
dilutions in sterile phosphate buffered saline and culturing
10 ul drops on BG agar plates. This procedure was repeated
several times to get an idea of the total number of colony
forming units (CFU) of the Salmonella in each ml of this type
of culture.
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A fresh culture was prepared for each experiment and
diluted to the required dilution. After the chicks were dosed,
the exact number of CFU in the fresh inoculum was found by
culturing on BG agar plates.

2 — IMMUNOIOGICAI. METHODS

The immunological tests and methods used in this study
included enzyme 1linked immunosorbent assay (ELISA), sodium
dodecyl sulphate polyacrylamide gel electrophoresis (SDS PAGE),
immunoelectrophoresis, double immunodiffusion and gel
filtration.

A) Enzyme linked immunosorbent assay

A double antibody indirect heterogeﬁ%us enzyme linked
immunosorbent assay (ELISA) was adapted for chickens to
determine the distribution and levels of IgA, IgM and IgG
antibodies to the surface protein and 1lipopolysaccharide
antigens of S. typhimurium pt. 49, in serum, bile, oviductal

secretions, egg white and egg yolk. The materials used , their
preparation and construction methods are described below.

a) Materials used and their preparation
(i) Test samples

Samples of serum, egg yolk, egg white, bile and oviductal
fluid from chickens were prepared as follows:

Serum: 1-2 ml of blood was collected either from the wing vein
or heart by the methods described in Section 4 of this Chapter.
Blood was left to clot at room temperature for 2 hours, ringed
and kept at 4°C overnight. Serum was separated and centrifuged
at 2000 g for 20 minutes at 4°c, aliquoted and kept at -20°%
for further use (Johnstone and Thorpe 1982).
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Egg white and egg yolk: Both were separated from each other
after breaking the shell and were kept in two separate
containers. Egg yolk was diluted by adding an equal volume of
PBS and then both yolk and white were homogenised separately
using a laboratory mixer and homogeniser (Sorvall, Model OMNI -
Mixer 17106, Newtown, Conn.), at low speed for 20 -30 seconds.
Each was then diluted to working dilution with diluting buffer
(p. 68) and used in the ELISA. '

Bile: Immediately after killing the chicken, the abdominal
cavity was opened, bile was aspirated from the gall bladder
and divided into two portions. One was kept in 4°C and used in
the ELISA within 24 hours, and the other was kept at -20°C to
determine the effect of freezing on the preservation of bile

immunoglobulins.

Oviductal secretions: Immediately after the euthanasia of each
hen, the oviduct was removed carefully and completely. 10 ml of
sterile PBS was injected via one end and the organ was turned
up and down several times, while holding both ends firmly. The
contents were then poured into a universal and centrifuged at
2500 g for 30 minutes at 4°C to remove large particles. The
supernatant was kept at 4°C and the ELISA was carried out
within 48 hours to determine the 1level of IgA and IgM
antibodies to surface protein and lipopolysaccharide antigens
of Salmonella. The remainder of the fluid was frozen and kept
at -20°C until required.

(ii) Antigens

Surface protein antigen: This antigen was produced according to
the method of Parton (1975). S. typhimurium pt. 49 was
subcultured from sloppy agar into 1 litre of nutrient broth in
a conical flask and incubated at 37°C for 16 hours. The flask
was shaken at 140 rev/min. The resultant growth was centrifuged

using a Beckman Model J2-21 Centrifuge (Beckman Instruments
Inc., Palo Alto, California) at 4000g for 30 minutes at 4°cC.
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The pellet was kept and washed once with sterile normal saline
and resedimented using the same conditions. The cells were
resuspended in 50 ml of cold saline, blended in a Laboratory
Mixer & Homogeniser at full speed for 2 minutes. The container
was kept in ice during the process. The sheared cells were
centrifuged at 10,000 g for 30 minutes at 4°C. The pellet was
discarded and the supernatant centrifuged at 100,000g using a
Sorvall OTD 50 Ultracentrifuge (Sorvall Products, Wilmington,
Delaware, USA) for 1 hour at 4°C. The pellet of protein antigen
was resuspended in 5 ml of normal saline and 0.5% formalin was
added and kept at 4°C for 24 hours. The concentration of total
protein was determined by Lowry’s method using a Sigma protein
assay kit (Sigma Diagnostics, Dorset, Engiand) and was then
adjusted to 0.8 mg/ml and dispensed into 50 ul fractions in
small vials which kept at =20°C until required.

Lipopolysaccharide antigen: A phenol water extract (PWE) was
prepared according to the methods of Luderitz et al. (1966) and
Donachie and Jones, (1982).

S. typhimurium pt. 49 from sloppy agar was grown in one
litre of nutrient broth for 16 hours at 37°C, with shaking at
140 rev/min. Cells were harvested by centrifugation at 4000 g

for 30 minutes and washed twice, each time with 100 ml of
sterile distilled water and resedimented. Cells were harvested
from one litre of broth culture were then suspended in 50 ml of
distilled water and warmed to 68°C in a water bath(Grant
Instruments Ltd., Barrington, Cambridge, England). 80% phenol
(BDH Chemicals Ltd.,) was added to give a final concentration
of 45% phenol. The mixture was kept at 68°C for further 10
minutes and was shaken vigorously. Then the mixture was cooled
quickly to 4°C in an ice bath and centrifuged at 9000g for 30
minutes at 4°C. The aqueous layer was removed and dialyzed
against running tap water for 24 hours in a semipermeable
dialysis bag (Medical International Ltd., London). Dialysate
was centrifuged at 100,000 g for two hours at 4°C and the
pellet was resuspended in 5 ml of sterile distilled water.
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The concentration of lipopolysaccharides was determined by
lyophilising 1 ml of this solution and determining the weight
of dried material present. The concentration of the remainder
of the solution was adjusted to 0.2 mg/ml and was dispensed in
50 ul aliquots in small glass vials and kept at -20°C until
required.

(iii) Buffers

Coating buffer: Carbonate bicarbonate buffer pH 9.6 was
prepared by dissolving 0.75g sodium carbonate, and 1.46g of
NaHCo; in 500 ml of deionised water and kept at 4°C until used.

Washing buffer: This buffer was composed of 0.106% w/v Na,HPO,
anhydrous (BDH), 0.039% w/v NaH,PO,,2H,0 (Farmachem), 0.85% w/v
sodium chloride and 0.05% v/v Poly Oxyethylene Sorbitan,
Monolaurate (Tween 20, Sigma Chemical Company Ltd.) in
deionised water at pH 7.2. It was kept at 4°C until used.

Diluting buffer: 0.25% bovine serum albumin (Sigma) and 5%
skimmed milk powder (Marvel, Premier Brands U.K. Ltd.) were
added to one litre of washing buffer which was freshly prepared

prior to use.

Substrate buffer: Phosphate-citrate buffer pH 5.0 (called
substrate buffer from this point) was made using 25.7 ml of 0.2
M dibasic sodium phoshate (BDH), 24.3ml of 0.1 M citric acid
(BDH) and 50 ml deionized water (Sigma 1987).

(iv) Solid phase (Micro-ELISA Plates)

Two types of 96 well flat bottom immulon (polystyrene)
plates were used during this study. They were called M129 A and
M129 B plates, both supplied by Dynatech Laboratories Ltd.,
Sussex, England. M129 A is designed for protein binding in
enzyme immuno assay (EIA) and radio immuno assay (RIA). It was
used for surface protein antigen binding. M129 B is for general
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antigen binding in EIA and RIA and was used for
lipopolysaccharide antigen binding in this study. Both plates
were of the rigid type.

(v) Antisera

Fc specific anti-chicken IgaA, IgM, and IgG were purchased.
from Nordic Immunological Laboratories Ltd., Maidenhead, Berks,
England. They were ofiginally'raised in the goat and supplied
in 1lyophilised form, reconstituted to 1 ml with sterile
distilled water and dispensed in 50 ul aliquots in small glass
vials and kept at -20°C until used.

(vi) Conjugate

This was anti-goat heavy and light chain IgG raised in
rabbit, conjugated with horse radish peroxidase (code
RAG/IgG(H+L) /PO) and purchased from Nordic Immunological
ILaboratories. It was reconstituted and dispensed as described
above.

(vii) Substrate and chromogen dye

The substrate used during the experiment was hydrogen
peroxide (BDH) at a concentration of 0.012% w/v 1in substrate
buffer. Ortho-phenylene diamine (OPD) (4 mg tablets, Sigma
Chemical Company Ltd., Dorset, England.) was used as a
chromogen dye. It was dissolved in substrate buffer at a
concentration of 0.04% w/v or one tablet per 10 ml of buffer .
This solution was prepared immediately before use by first
adding the tablet and then the hydrogen peroxide to the
substrate buffer.

(viii) Micro-ELISA reader

A Micro-ELISA Autoreader MR 580 (Dynatech Laboratories
Inc., Virginia, USA) was used to read the optical density of
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colour development on both types of ELISA plates. A dual wave
length mode was used to assess the absorbance value, using a
490 nm test filter and a 630 nm reference filter. The test wave
length (492 mm ) was recommended by the supplier of the OPD
tablets (Sigma) and the reference wave length was determined
according to the Micro-ELISA Autoreader instruction manual.

b) Construction and standardisation of ELISA

The idea for this ELISA was derived from the work of
Burrells et al. (1979), Burrells and Dawson (1982), Donachie
and Jones (1982), Bettelheim and Maskill (1985), Appassaki]j et
al. (1987), Barclay and Scott (1987) and Mockett et al. (1987).

The ELISA consisted of six steps and four washes with
washing buffer. The optimum working dilution of antigens,
antisera and conjugated anti-species antisera was determined by
chequerboard titration. Serum of a naturally infected hen that
was positive in the slide agglutination test was used as a
positive standard, and serum of a specific pathogen free hen
was employed as the negative standard.

First the positive and negative sera were applied at a
fixed dilution on coated plates with each antigen separately
and then antiserum was diluted across the horizontal rows and
the conjugate was diluted across the vertical columns. The
experiment was continued by adding substrate and incubating
for 3o minutes at 25°C. The reaction was stopped with 05 M
H,S0,. Colour development on the plates was read by the Micro-
ELISA reader using the dual wave length described above. The
well with the maximum readable absorbance, the lowest
concentration of conjugate and the highest concentration of
antiserum was chosen by consulting the printout. The dilution
of conjugate at this point was regarded as a relative dilution
and was used until the optimum working dilution found. Then the
chequerboard titration was repeated for each antigen and

antiserum. This time maximum readable absorbance was chosen at
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a well with the lowest concentration of antiserum and highest
concentration of antigen. At this stage the relative dilutions
of conjugate and antisera were found. Then the ELISA was
repeated under different temperature conditions and different
lengths of time for each step as recommended by Burrells and
Dawson, (1982). Finally, when the optimum conditions had been
found, the test was repeated by titrating each one of the
reagents independently to find the optimum working dilution. on
the basis of the data that was obtained for every reagent, a
curve was plotted and the maximum readable absorbance or the
concentration at the end of the plateau of the curve was
selected as the optimum working dilution. Some of the standard
curves are shown in Appendix 1. After standardising all of the
antigens, antisera and conjugates in this way the ELISA was

employed to test the samples as follows:

Step 1: Optimum concentration (working dilution) of
lipopolysaccharide was found to be 1 ug/ml and that of surface
protein antigen 4 ug/ml of coating buffer. Each of the 50 ul
frozen antigen vials described above was thawed and added to 10
ml of the coating buffer to make these dilutions separately. 50
ul of the prepared dilution was applied to each well and
incubated at 4°C overnight. During incubation in this and all
other steps, the plates were covered with cling film to prevent

loss of liquid and drying of the wells.

After steps 1-4 the plates were washed three times at each
step with washing buffer and beaten against a bundle of * wiping
tissue to shake off the small water droplets.

Step 2: Samples were applied in duplicate wells and diluted by
two fold dilutions across the columns or rows. In most cases,
an initial dilution of each sample was made in diluting buffer
and placed in the wells and further diluted. This improved
reading of the end points. The initial dilution differed for
different samples and is shown in Table 2. These dilutions were
used unless otherwise indicated.
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Table 2

Initial dilutions of the samples examined in the ELISA during
the study.

1
| Chicken groups used in the study
l | | |

Sample |Naturally | Orally |Paren.-Oral.| SPF

! !
I |
| ! iy
| | Young |
| | infected |vaccinated| vaccinated*| | chicks |
I | == I I | | |
| IgG | 1:300 | 1:300 | 1:1200 | 1:300 | 1:300 |
| serum | I I | I I
| IgA+| 1:100 | 1:100 | 1:200 | 1:100 | 1:100 |
| | I I - I |
| Yolk | 1:320 | 1:320 | 1:640 | 1:320 | --- |
I | | I I I |
| Egg white| 1:20 | 1:20 | 1:40 | 1:20 | -—- |
I | I I |- I I
| oviduct | As | As | Aas | as | - |
|secretions| prepared | prepared | prepared |prepared | —-- |
I I | I ol |- -
| Bile | 1:80 | 1:80 | 1:80 | 1:40 | ——- I
* = Parenterally-orally vaccinated.

+ = The initial dilution for IgM measurement was the same as

those of IgA.
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At this stage the plates were incubated in a hot room<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>