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the infected animals of Experiment 7. The mesenteric lymph nodes were
ocedematous and contained inflammatory cells.

Few histological changes were seen in similar sections from the
control animals. Local accumilations of mononuclear cells were seen
in all regions of the intestine, coccidial infection was noted in the

ileum of calf 424 and a crypt blocked with inflammatory cells was seen
in the ileal mucosa of calf 425. The nesenteric lymph nodes were

histologically normal.

Colonies of C. fecalis were isolated from the mucosa of all the
sites sampled in the gastrointestinal tract of the infected animals.
The gall bladder also yielded C. fecalis as did the liver in cne case
(422) . These results are given in Table 39,

Table 39.

Sites from which C. fecalis was isolated in

experimental calves killed followinc infection

with pure cultures of the organism in
Experiment 8.

Site of Animal mumber
isolation *. Infected Control
421 422 423 424 425
Abcmasum - + + - -
Jejunum + - + - -
Ileum + + + - -
Caecum + - + - -
Colon + + + - -
Mesenteric |
Lymph Nodes - - - - -
Liver - % - - -
Ling ND - ND ND ND
Gall bladder + + + - -

T——

ND = Not Done.

T Q____Ee_c_:_al_::_i._g_ isolated. = = No C. fecalis isolated.’*
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Qurved Gram-negative rods with the morphology of C. fecalis
were seen in Gram-stained smears prepared from the gastrointestinal
mucosa in all the sites sampled (Fig. 65). They were not seen in smears
prepared from similar sites in the control animals.

Antibody to C. fecalis of the inocular strain could not be
demonstrated in serum sanples taken from the inoculated animals at the
beginning of the experiment or in the serum from the control animals

at the beginning of the experiment or at slaughter.

Agglutinating antibodies to the inocular strain of C. fecalis
were present at a titre of 1:640 in sera taken from the infected animals

at slaughter 20 days after infection. The results are shown in Table 40.

No antibody to C.f. ss. jejuni could be detected.

Table 40.

Levels of agglutinating antibody to the inocular
strain of C. fecalis in the sera of the animals

in Experiment 8.

Animal | Titre present on
Number Infected | Day O Day 20
421 + O 1:640
422 + 0 1:640
423 + 0 1:640
424 - 0 0
425 - 0 0

M
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Fig. 65: Smear of the ileal mucosa of calf 423.

Note the coarse curved rods with the morphology of C.fecalis
(arrow) . —

Gram X 1500.
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DISCUSSION

The results of these two experiments indicated that C. fecalis,

like C.f. ss. jejuni and C.£f. ss. intestinalis was capable of initiating
clinical and pathological changes when fed to calves.

| The ruminating calves appeared more susceptible than the milk-
fed calves to the isolate of C. fecalis used. C. fecalis initiated
clinical changes such as the presence of blood, mucus and soft faeces in
inoculated experimental ruminating calves in Experiment 8 but only
minor clinical signs were noted in the inoculated milk-fed calves
(Experirent 7). The incubation period for this disease varied from one
to three days in these two studies. It was found that rectal temp-
eratures were not raised consistently in either infected group in this
study (Figs. 58 and 61). The changes in faecal consistency varied from
animal to animal but at some time during the course of the disease the
faeces became pasty to soft (Fig. 66) and in Experiment 8 (Table 38).
excess clear mucus and streaks of blood were frequently seen.

C. fecalis was recovered only from the faeces c;f the infected
animals. In both experiments it was recovered consistently during the
first five days following inoculation and only irregqularly thereafter
(Tables 35 and 38). Recovery of the organism was not clearly associated
with changes in faecal consistency. Other campylobacter species were
not isolated from the faeces of infected groups or from any of the
control animals in these studies.

Enlarged mesenteric lymph nodes, mild abomasitis and flaccidity,
thickening and mucosal hyperaemia of the ileum were present in all
inoculated animals at post-mortem examination. The large intestinal
micosa appeared grossly normal in all infected animals although changes

in the large intestinal contents were noted particularly in the ruminat-
ing animals in Experiment 8 in which blood and mucus was present.

The histological findings resembled those described in C.f. ss.
jejuni (Chapter 4) and C.f. ss. intestinalis (Chapter 5) infections but
were less severe.
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The isolation of C. fecalis from all sites in the gastro-

intestinal tracts of the infected animals suggests that the abomasitis
and ileitis seen histologically could have been associated with the

organism,

The presence of the organism in the gall bladder in each
infected animal and in the livers of three infected animals may suggest
that systemic spread of the organism may take place at some stage in the
pathogenesis of the disease. The presence of abomasitis and the isol-
ation of the organism from the abomasum may indicate that this campy-
lobacter can survive better in the abomasum or is more likely to cause

changes in that organ than the isolates of C.f. ss. jejuni used in
Chapter 4 and C.f. ss. intestinalis used in Chapter 5.

The involvement of C. fecalis in these changes is supported by
the presence of agglutinating antibody to the inocular strain of

C. fecalis which was only detected in the seraof infected groups of

animals after inoculation.

The involvement of other agents in the c¢linical signs and the
lesions found in these two experiments is probable but felt to be of
limited importance. In Experiment 7 the cause of the ataxia suffered
by calf 719 was not established and the part played by reovirus
infection in the enteric lesions in any animal of this group is not
clear. In Experiment 8,coccidial gametocytes were present in the
intestinal mucosa of calf 422 (infected) and 424 (control). The presence
of coccidial infection in both infected and control groups may have
affected the pathological changes in this study but did not appear to
have affected clinical changes recorded (Table 38 and Fig. 61) unless
it predisposed to infection.

The results of this study suggest that C. fecalis is a primary
pathogen of cattle and can initiate the changes described above in
runinating animals. Its failure to produce similar changes in milk-fed
calves may be due to age susceptibility or possibly to the persistence
of some degree of colostral immunity which was not detectable as serum
agglutination titres to the organisms used.
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A marked difference from C.f. ss. jejuni infection was that
the isolate of C. fecalis did not appear to be responsible for prolcnged
elevation of body temperature and was more frequently isolated from the
abcmasum and liver. The opinion of Firehammer (1965) and Smibert (1978)
that C. fecalis is non-pathogenic appears to be contradicted by the
findings described above.
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Cha@r 7.

Experimental infection with Cl. sordellii.

Introduction
| Clostridium sordellii was recovered from two animals in the

survey, an adult with haemorrhagic diarrhoea and a calf with soft faeces.

Congestion and necrosis of the small intestine was a feature of both
cases. The other bacteria present in the affected small intestines were

E. coli, Clostridium fringens Type A and C. fecalis but none of them
had been associated with this type of change in other cases. Brooks
et al. (1856) had isolated Cl. sordellii from similar cases and the

organism is closely related to Cl. difficile which is associated with
pseudomenmkranous colitis in man.

These factors suggested that Cl. sordellii might be an enteric
pathogen in cattle although Brooks et al. (1956) had failed to reproduce
enteric disease by the oral inoculation of calves in their experiments.
The organism used in these studies was an isolate of Cl. sordellii
obtained from haemorrhagic enteritis of the small intestine of a dead
O (casa B, Chapter 3). It had been cloned, passaged three times and
then freeze-dried using the method described in Chapter 2. CQultures for
inoculation were prepared after one passage from this freeze-dried source.

Experiment 9.
Objective: to determine the pathogenicity of an isolate of Cl. sordellii
for ruminating calves.

Materials and methods

_FiVE 6-nr:gnthhold“ "Ayr sh .’;.:'reﬁ calves were purchased direct from the
farm on which they were reared. They formed part of the group of calwves
used 1n Experiment 1 in Chapter 4. The two control animals, 100 and 115
were the same animals used as controls for the experimental infection

with C.f. ss. jejuni. The infected group of three animals used in this
study were numbered 1R, 2R and 3R. Details of housing and feeding are

given in Chapter 2 and Chapter 4. Faecal samples from each animal were
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examined for the presence of salmonellae, 8 -haemolytic E. coli,
campylobacters, other bacteria, nematode eggs and coccidia during the
holding period by the methods described in Chapter 2. Each calf was
inoculated orally with 20 ml of inoculum prepared as described above
(Chapter 2) and ccntaining approximately 8.4 x 108 organism per ml.
Inoculation was carried out once only.

Animals were examined daily and their appearance, appetite,
respiratory rate, the presence or absence of rumen movement, rectal
temperature and the consistency of their faeces were recorded.

Faecal samples from each animal were examined daily for Cl.
sordellii and other bacteria by the methods described in Chapter 2.
Colonies resembling those of Cl. sordellii were confirmed as such by the
methods described in Chapter 2. Negatively-stained preparations of fasces
from calves 2R and 3R were examined by electron microscopy for the
presence of virus particles cn day 5. Serum samples were obtained from
all animals at the beginning and end of experiment and stored according
. to the methods described in Chapter 2 and examined for the presence of
" antibody to Cl. sordellii. The period of cbservation lasted 11 days and
the animals were killed on the llth day post-inoculation. Post-mortem
examination was carried out as described in Chapter 2.

Results

No salmonellae, B8 -haemolytic E. coli, campylobacters or colonies
of Cl. sordellii were isolated from the faeces of these calves prior to

infection. No coccidia or nematode eggs were reported as being present.

Few changes in faecal consistency were seen in the faeces of

inoculated groups. In one animal (2R), the faeces became very soft with
excess mucus on day 5 and 6 post-infection and remained soft until day 8.

The other inoculated animals passed slightly soft faeces with mucus. The
results of the faecal changes are summarised in Table 4l. Raised rectal
temperatures were also noted in the inoculated animals. They reached
39.4°C on day 5 (IR and 2R). The changes in rectal temperature are
sumarised in Fig. 67. Uninoculated calves 100 and 115 remained normal
as described in Experiment 1, Chapter 4. No virus particles were seen
in the faeces of calves 2R and 3R.
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Table 41.

Changes in faecal consistency in Experiment 9
following the inoculation of calves with
pure cultures of Cl. sordellii and the
isolation of the organism from their faeces.

Calf Inf- ' Day of Experiment

No. ected 0 1 2 3 4 5 6 7 8 9 10 11
J IR + F F F FM M IM F M SM &M ' F

-+ + + + - - - - - - -

2R + F F F FM M VeMVeMB SM SM WM F F
- % + + + + - - - - - -

3R + F F FM F F SM 2 FM SM I'M ¥ F
- o+ + + + + - = = - - -

100 - F F O 1 I F F F 3 | F K

115 - F F F | 1) F F F F F F K

= Firm faeces VS = Very soft faeces
Presence of Mucus K = Killed

Cl. sordellil isolated
No Cl. sordellii isolated.

Presence of blocod +
Soft faeces -

n o X ™
"

{
}

- No salmonellae, B -haemolytic E. coli, or campylobacters were
isolated from the faeces of either group. Cl. sordellii was isolated
fram the faeces of the inoculated animals within 24 hours of inoculation
and could still be isclated from the faeces up to five days post-

- infection. The details of the isolations are given in Table 41.

At post-mortem examination only minor gross changes were noted
in the gastrointestinal tracts of the control animals (Experiment 1,
Chapter 4). The abomasal mucosa of all inoculated animals was grossly
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normal. The abomasum contained fluid and grit in animals 2R and 3R.

The Jejunal mucosa was hyperaemic in two (1R and 2R) and the jejunal
content in all three infected animals were fluid and mucoid. The ileal
mcosa was congested and thickened in calf 3R, although it was grossly
normal in the other two calves (1R and 2R). The ileal contents of all
three animals were fluid and mucoid. The contents of the large intestine
were - -~ | mueoid in all three infected animals but the macosa of this
organ was norral in appearance. The mesenteric lymph nodes of animals
2R and 3R were enlarged, pale and cedematous when sectioned.

*Hllstological -changes were seen in the alimentary tract of
the infected group. The abomasal mucosa was disrupted in a few places
and slightly thickened with cellular infiltrations of cosinophil and
mononuclear cells. Some glands were plugged with mucus and groups of
rod-shaped bacteria were seen at the mouth of the glands.

Neutrophil polymorphonuclear leucocytes were present in the abomasal
micosa. The jejunal villous epithelium was disrupted in calves 2R and
3R and inflammatory cells were present in the crypts. The jejunal
micosa was slightly thickened and local accurmulaticns of inf lammatory
cells and mononuclear cells were seen. Similar changes were also seen

in the ileal mucosa in which the sukbimicosal lymphoid tissue was
prominent. The large intestinal mucosa was also disrupted and inflamed
in all three inoculated animals. Lymphadenitis were seen in the
mesenteric lymph nodes. The histological findings of the control animals

were described in Experiment 1, Chapter 4.

Colonies of Cl. sordellii were isolated from the organs shown in
Table 42. Gram-stained smears prepared from the mucosa of these organs
contained Gram-ppositive rods with the characteristic spores together
with vegetative organisms. The identity of the isolates was confirmed

by the methods described in Chapter 2. C.f. ss. intestinalis were also
isolated from the small and large intestines of all infected animals.

No agglutinating antibody to Cl. sordellii could be demonstrated
by the method used in the sera of either inoculated or control group.



238.

Table 42,

Sites from which Cl. sordellii was isolated in

experimental calves 1l days following infection with
pure cultures of the organism in @iment 9.

Site of Animal number

isolation Infected Control
1R 2R 3R 100 115

Abcmasium Cont. - Cont. - -
Jejunum Cont. - Cont. - -
Tleum Cont. - - - -
Caecunm Cont. + + - -
Colon Cont. - - - -
Mesenteric

Lymph Node - - - - =

Cont. = contamination
+ = (Cl. sordellii isolated
- = No Cl. sordellii isolated.

Experiment 10
Objective: to confirm the results of Experiment 9 using ruminating
calves.

Materials and methods

Five 4-month old calves of Friesian breeds were purchased from
a market. They were divided into one group of two animals (10 and 11)
(control) and one of three animals numbered 12, 14 and 16 (infected)
and housed separately as described in Chapter 2. The animals were
monitored prior to infection, housed, fed, and observed by the methods
described in Chapter 2 and for Experiment 9. The inoculum was prepared
by the same method as in Experiment 9 and also contained approximately
8.0 x 10° organisms per ml. The period of cbservation lasted for 21
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days post-infection and animals were killed on the 22nd day post-
infection and were examined post-mortem by the methods described in

Chapter 2,

No examination for virus particles was carried ouf: in this
study.

Results
No salmonellae, PB-haemolytic E. coli, campylobacters or

Cl. sordellii were isolated from the faeces of these calves prior to
infection. No ccccidia or nematode eggs were reported as being present.

. Faecal changes began on the first day following inoculation in
all three inoculated animals and had disappeared by day 13 (Table 43J).
The chirges seen varied from soft faeces with excess clear mucus to

faeces streaked with blood. The faecal changes are summarised in

Table 43. The faeces of the two control animals remained normal in
appearance and consistency throughout the experiment. During the period
on the experiment the two control animals developed nasal «lischarge and
coughed from time to time. The rectal temperatures of the inoculated
group rose to 39.3°C and in one case reached 39.6°C on day 16 and

40°C on day 17. The changes in rectal temperature are summarised in
Fig. 68.

No salmonellae, B- haemolytic E. coli or campvlobacters were
isolated from the faeces of the animals used in this study. No coccidial

oocysts or nematode eggs were reported.

.~ Cl. sordellii was isolated frcm the faeces of all the inoculated
animals from the day following inoculation to the 6th day post-infection
Tne results of daily isolation are summarised in Table 43.

At post-mortem examination the changes found in the incculated

animals resembled those seen in the first experiment. The jejunal
micosa of all infected animals was inflamed and the jejunal contents

were fluid and mucoid. The ileal mucosa was mildly hyperaemic in
animals 14 and 16 and the walls were flaccid. The ileal contents of
those two animals were fluid, mucoid and frothy in animal 14. The
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Table 43.

Changes in faecal consistency in Experiment 10

following inoculation of calves with pure
~cultures of Cl. sordellii and the isolation
of the organism from their faeces.

Calf Inf- | Day of experiment
No. ected O 1 2 3 4 5 6 7 8 9 10
12 + SMB SM M F M P F SM F M
- + + + + + - - - - -
14 -+ F sM FM M ) 3 ) SM FM | ) 3 M
- + + + o+ + + - - - -
16 + F ™M SM SM M SM SM &M - SM ) SM
- + + + + + + - - - -
10 - F F F F . F ¥ F F F F F
11 - ¥ F ¥ F F F F P F F F
Calf Inf- ‘
No. ected 12 13 14 15 16 17 18 19 20 21 22
12 + F F F F F F F F F ND K
14 + M F F P F ) ) F F F ND K
16 + M F ) 3 F SM F F F FF ND K
10 - - M F F ¥ F F } 3 F F ND K
11 - FM | F F F 13 ¥ F F ND K
F = Firm faeces ND = Not done
S = Soft faeces + = Cl. sordellii isolated
M = Presence of macus - = No Cl. sordellii isolated
B = Presence of blood K = Killed
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contents of the large intestine were soft with excess clear mucus in
animal 14 and there was patchy hyperaemia of the mucosa. The mesenteric

lymph nodes of all the infected animals were enlarged, pale and oedemat-
ous when sectioned. The two control animals were found to be grossly
normal, with the exception of a mild congestion of the jejunal mucosa
of animal 11. Pneunonic lesions were present only in the two control

animals.

Histological changes were present in the gastrointestinal tract
of the inoculated animals. The abomasal mucosa was thickened with
patchy infiltration with polymorphonuclear leucocytes and plasma cells
and lymphocytes. Patches of cedema and capillary dilatation were also
seen. In animal 12 and 14 cell debris was present in the glands and
in animal 14 bacteria were seen in large numbers in this debris. In all
three animals the: jejunal villi were stunted with dilated lacteals
filled with proteinaceous fluid and there was local oedema of the lamina .

propria and cellular infiltration. Crypt abscesses were present.
Similar findings were made in the ileum in which oedema of the lamina

*ﬁﬁhﬂ*——#m—“

propria cellular infiltration and prominence of the lymphoid tissue’ :
were seen. There was local erosion of the surface. In the caetum the
surface epithelium was eroded in animals 12 and 16 and this erosfon was
accompanied by many rods in animal 16 (Fig. 69). There was cellular
infiltration with polymorphonuclear leucocytes and same cedema and - *ff
inflammation of the lamina propria. Similar changes were seen in the, -
colonic micosa but without erosion. The mesenteric lymph nodes of all - y

- el _-‘_F F =N

Slight different changes were seen in the controls in which
abomasal changes resembling those noted above were accampanied by the

presence of fungal hyphae. Fusion and stunting of the villi and

cellular infiltration were present in the small intestines., Coccidial

gametocytes were seen in the jejunum (animal 10) and ileum (animal 11).
The caecun and colonic mucosa appeared relatively unaffected.

Colonies of Cl. sordellii were isolated from the caecum in all
animalsandfrmtheileminoneanirralas smrarlsedm
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Fig. 69: Histological section of caecal mucosa of calf 16 twenty-one
days following infection.

Note the patchy erosion of the lumenal epithelium (E) and
the presence of cell debris in the lumen (D).

H& E X 110.
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Table 44. Gram-stained smears prepared from the mucosa of these
organs were seen to contain organisms with the morphology of Cl.
sordellij as described in Experiment 9 (Fig. 70).

No agglutinating antibody to Cl. sordellii could be demonstrated
by the method used in the sera of either the inoculated or the ccntrol

group.
Table 44.
The sites from which Cl. sordellii was isolated
in experimental calves 21 days following
infection with pure cultures of the organism
in Experiment 10.

Site of Animal nunber
Isolation Infected Control

12 14 16 10 11
Abomasum + - + ~ -
Jejunum - - - ~- -
Ileum - + - - -
Caecum + + + - -
Colon + - + - -
Mesenteric
Lymph Nodes - - - - -
Liver - - - - -
Lung - - - ~ -
Gall bladder - - - ~ -
Spleen - - - - -
+ = Cl. sordellii isolated

= = No Cl. sordellii isolated
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Fig. 70: Smear of the ileal mucosa of calf 14 twenty-one days
following infection.

Note the presence of an organism with the morphology of
Cl. sordellii (arrow).

Gram X 1600.
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%riment 1l.

Objective : to study the pathogenesis of Cl. sordellii using
runinating calves.

Materials and methods

Ten 4-month o0ld calves were used in this study and were purch-
ased direct from the farm where they were reared. There were three
Ayrshire, two Hereford, three Friesian and two cross bred calves. The

animals were monitored prior to infection, housed, fed, and observed
by the methods described in Chapter 2 and for Experiment 9.

Infection was carried ocut by inoculation with living culture
(five calves numbered A, B, C, 995 and 100S in a single group}, prepared
by the methods described in Experiment 10 and containing approximately
8.0 x 10° organisms per ml. A second group of two animals (numbers 2
and 5) were each inoculated with 200 ml of the culture filtrate described
in Chapter 2. These animals were housed with the uninoculated controls

(animals 1, 3 and 4).

Serum samples were taken from each animal at slaughter and stored
according to the methods described in Chapter 2 and examined for the
presence of antibody to Cl. sordellii by the methods described in
Chapter 2. Animals were killed at daily intervals with appropriate
controls and examined post-mortem according to the schedule set out
below. (Table 45).

Samples were treated in the way cdescribed in Chapter 2. No
examination for virus particles was carried ocut on the inoculated group

in this study.

Results

| No salmonellae, B -haemolytic E. coli, campylcbacters or colonies
.-—-..0f Cl. sordellii were isolated from the faeces of these calves prior to

infection. NoO coccidia or nematode eggs were reported present.
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The faecal changes seen in this experiment are sumarised in
Table 45, Faecal changes were noted in all four calves (C, A, 99S and
100S) alive on day 2 and inoculated with living cultures of Cl. sordellii.
Only slight changes such as the softening and the presence of mucus were
seen. The two calves (2 and 5) inoculated with Cl. sordellii toxin,
passed firm or pasty faeces with excess clear mucus containing streaks
of fresh blocd.

During the pericd of experiment one of the calves infected with
culture (calf C) appeared very dull and stopped ruminating. Coughing
was noted from time to time in both grocups of animals. The rectal
temperature of inoculated animals (calf 99S) rose to 39.4°C within 24
hours of infection and reached 39.7°C (animal 5 inoculated with toxin).
The results are given in Fig. 71. The uninoculated calves (number 1, 3
and 4) remained normal.

No coccidial oocysts or nematode eggs were found in the faeces
of any of the animals nor were Salmonella spp., B -haemolytic E. coli
or lobacter spp. isolated.

Cl. sordellii was isolated from the facces of all animals
inoculated with live culture from the day following inoculation to the
end of the experiment but not from the faeces of controls or animals
inoculated with toxin. The results of isclation are shown in Table 45.

The post-mortem findings in the inoculated animals are
described according to the day of death.

Day 1. Calf B (living inoculum)

No gross lesions were found in any part of gastrointestinal tract.
The Jjejunal contents were slightly abnormal in that there were bubbles
on the mucosa. The ileal contents were dark and soft with excess clear
micus and the contents of the large intestine were soft and mucoid.
The mesenteric lymph nodes were enlarged and pale.

Day 2. Calf C (living inoculum)

The abomasal mucosa was slightly congested. The jejunum was
flaccid, the mucosa was locally congested in several areas and the
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Table 45.

Changes in faecal consiste in Experiment 11 followinc

the inoculation of calves with pure cultures of

Cl. sordellii or its toxin and the isolation of
the organism frcam their faeces.

Day of obsexrvation

Calf |
No., infected 0 1 , 3 4
B + E F
- + R
1 - ¥ )
- +
C + r M FM
- + + K
A + F F PM M
- + - + K.
3 - F F F
99S + F FM PM D F
- + + + +
2 +(T) F M PMB M FM
100S + F F FM FD F
- + + 4 +
5 +(T) F M PM PM MB
4 - F F I F F
F = Firm faeces D = Dry faeces
B = Presence of blood P = Pasty faeces
M = Presence of mucus (T) = Toxin inoculation.
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contents were watery and mucoid. The mucosa of the terminal ileum
appeared fleshy and thickened and the contents were dark and mucoid.
The large intestinal mucosa was grossly normal although the contents
were slightly mucoid. The mesenteric lymph nodes were enlarged.

Day 3. Calf A (living inoculum)

The abomasal mucosa of calf A was similar to that of calf C.
The small intestinal mucosa and the contents also resermbled those of
calf C. The caecal mucosa was congested with mucoid contents. The

mesenteric lymph nodes were enlarged.

Day 4. Calf 99S (living inoculum) and Calf 2 (toxin)

The jejunal contents of calf 99S were pinkish in colour but the
remainder of the findings in the abomasum and small intestine resembled
those found in calf C (day 2). The large intestine and its contents
resembled those of calf A (day 3). In calf 2, the small intestinal

contents were yellowish-green and mucoid. The mucosa appeared normal.
In the large intestine mucoid material was adherent to ‘the mucosal

epithelium. The mesenteric lymph nodes were normal.

Day 5. Calf 100S (living culture) and Calf 5 (toxin)

The findings in calf 100S resembled those in calf A and those
in calf 5 resembled those in calf C. The jejunal mucosa of this animal

is shown in Fig. 72.

Control animals

_ The control animals were grossly normal (calf 1 killed on day 1),
with the exception of the ileal contents which were watery and slightly
micoid (calf 3, day 3) and normal with the exception of slight thicken-
ing of the jejunal mucosa (calf 4 day 5).

Few histological changes were recorded in the controls. In all
animals there was mild capillary dilatation in the abomasal mucosa and
the presence of cell debris on the epithelial surface.

The was mild cellular infiltration of the remainder of the
gastro-intestinal tract and stunting of the jejunal villi in calf 4
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Fig. 72: Jejunal mucosa of calf 5 five days following inoculation
with Cl. sordellil culture supernatant.

Note the mucoid appearance of the mucosa and the area of mild
congestion (C).
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(day 5). The histological changes in the animals infected with whole
culture were as follows:-

Day 1. Calf B
 The appearance of the mucosa resembled that of the controls:::]

—_— et  ——— —

In addition there were masses of bacteria and cell debris plugging the
abomasal glands, stunted villi with proninent subepithelial spaces and
dilated lacteals in the jejunum in the lamina propria of which large
nunbers of neutrophiiic polymorphonuclear leucocytes were seen. In the
ileun the goblet cells were prominent and the changes seen resembled

those in the jejunum. Cell debris was present on the surface of the
caecum and colon and the mesenteric lymph nodes were oedematous.

Day 2. GCalf C.
Changes resembled those in calf B but the abamasal micosa was
oedematous and cuboidal cells were present on the lumenal epithelium

of the ileum. Hyperaemia and crypt abscesses were seen in the lamina
propria of that organ. Crypt abscesses were also present in the caecum.

Day 3. Calf A.

The changes seen resembled those seen in calf C. There was nmore
dilatation of the abomasal capillaries and more cell debris on the
micosal surface (Fig. 73). Dilated capillaries and eosinophilic material
were seen in the crypts of the jejunum and stunted villi and an increase

in cellular infiltration were seen in the ileum where lymphoid tissue
was praminent. The caecal mucosa is shown in Fig. 74.

Day 4. Calf 99S

The abcmasum resembled that of calf B (day 1). The ileum
resembled that of calf A (day 3) and in the caecal and colonic mucosa
large numbers of neutrophil and eosinophil polymorphonuclear leucocytes
were seen.

Day 5. Calf 100S
The abcmasum resembled that of calf B (day 1) except that free

red blood cells were present in the debris. The jejunal mucosal
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Fig. 73: Histological section of the abonasum of calf A three days
post-infection with Cl. sordellii.
Note the presence of bacteria and debris in the glands
(arrows) and the dilated capillary (C).

H&E X 110.

Fig. 74: Histological section of the caecal mucosa of calf A.

Note the dilated crypts (C) the disorganised lumenal
epithelium (E) and the hypercellularity of the lumenal part

of the lamina propria (LP).
H&E X 35.
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epithelium was eroded locally and there was massive cellular
infiltration. The ileal findings resembled those in calf A (day 3) and
the caecum and colon resembled those of calf C (day 2).

Toxin-inoculated calwves

The histological changes in the toxin-inoculated calves (2 and
5) resembled thcse in the other inoculated animals to a certain extent.

Day 4. Calf 2.

inflarmlatory cells were present in the abomasal glands, and there
vas erosion of the jejunal epithelium and massive cellular infiltration.
The ileum resembled that of calf A (day 3) (Fig. 75) and the caecum and
colon resembled those of the controls with slightly more capillary
dilatation and cellular infiltration.

Day 5. Calf 5.
Abomasal changes resembling those in calf A were seen and there

was stunting of villi in the jejunum. Coccidial gametocytes were
camon in the ileal mucosa. The remaining findings resembled those in

calf A.

Colonies of Cl. sordellii were only isolated from the gastro-

intestinal tracts of the animals of the group infected with live
culture. None were isolated fram the toxin-inoculated or control
animals. The regions of the qut from which they were isolated are shown

in Table 46. They could be seen in Gram-stained smears of infected
meosa.

No agglutinating antibody to Cl. sordellil was demonstrated in
any of the sera in this study.



Fig. 75:

233

1.\{

AT

Histological section of the ileal mucosa of calf 2 four days
following infection with Cl. sordellii culture filtrate.

Note probable fusion of villi (V), the presence of crypt
abscesses (C) and the hypercellularity of the lamina propria
(LP) .

H&E x 110.
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Sites fram which Cl. sordellii was isolated

Site of
isolation

Abomasum
Jejunum

Ileum

Caecum

Colon

Mesenteric
Lynmph Nodes

Liver
Gall

Bladder
Spleen
Faeces

= Q H

__“—H‘
_— - [ . - -

i1

|

M

i

from animals killed at daily intervals
following infection with pure cultures

and of the organism and its toxin in Experiment 11.

B(1}

+
+
+
+
+

st
1 (C)

2nd

C{x)

Cl. sordellii isolated
No Cl. sordellii isolated

Infected
Control
Toxin

Day o
Jrd
A{T)

f ohservation
4th Sth

3(C) 99s(x) 2(T) 100S(1) 5(T) 4(C)
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5.-DISCUSSION
ks !'1 v

The results of Experiments 9 and 10 uﬁicated that Cl. sordellii
was capable of iniating clinical and pathological changes when pure
culturesnereusedtomoculate calvesbytheoral routewhentheresults

were campared with controls. e
The clinical signs and pathologlcal fz_nd_mgs were smllar in

both experiments. Clinical signs were first seen 1-8 days after
infection. In Experiment 9 softening of the faeces and the passage of
blood were first seen cn days 3-7 but in Experiment 10 they occurred on
day 1 within 24 hours of inoculation (Fig. 76). The reason for this
difference is not clear as both groups were inoculated with similar
numbers of organisms and both groups of animals were of similar breed,
age and size. The changes in faecal consistency varied from animal to
animal but at same time during the course of the disease the faeces
became soft to firm with excess clear mucus. The presence of fresh blood _
was seen on occasions (Tables 41 and 43). Rectal temperatures were very
slightly raised, or not raised at all in the syndrome produced (Figs. 67,

68 and 71).

Cl. sordellii was isolated cnly fraom the faeces of the infected
animals. In these two experiments it was recovered consistently during
the first five days following inoculation. (Tables 41 and 43). Recovery
of the organism was not clearly associated with changes in faecal

consistency.

Mild changes were seen in the gastrointestinal tract and its
associated lymph nodes in the infected animals. These mild changes
may have resulted from infection with Cl. sordellii but the organism
was only recovered fram the large intestine in Experiment 9, considerable
contamination occurred in this study and the selective medium was not
yet employed. In Experiment 10 when selective medium was used, the
organism was recovered from the abomasum and ileum in addition to the
- large intestine. It is therefore probable that lesions seen in the
jejunum and ileum in both experiments owed little to the active presence
of Cl. sordellii but could have represented healing lesions,
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The mild congestion of the jejunal mucosa and hyperaemic
thickening of the terminal ileal mucosa seen in the inoculated calves
may have been associated with the inoculation of Cl. sordellii. These

changes were not seen in the control animals with the exception of a
slight excess of clear mucus in the contents of the ileum of animal 115

and slight hyperaemia of the jejunal mucosa of animals 100 (Experiment 9)
and 11 (Experiment 10). In most cases the large intestinal content was
micoid and the mucosa was normal with the exception of infected animal

14 (Experiment 10) in which patchy areas of hyperaemia were secen.

In all cases the abomasal mucosa was normal in appearance

although the contents were fluid in infected calves 2R and 3R (Experiment
9) . Enlargement of the mesenteric lymph nodes was seen in all infected

animals. The main feature of the histological findings was disruption
of the mucosa of gastrointestinal tract and the presence of slight
patches of oedema. This was most prominent in the cascum and colon of
infected animals in both experiments and Cl. sordellii was isolated from

these lesions.

Other possible pathogens were present in the experiment animals.
C.f. ss. intestinalis was isolated in small numbers from the ileum and
colon of the three infected animals in Experiment 9. They may have

affected the pathological findings but their presence probably did not
affect the course of the experiment as they were never detected in the
faeces and probably represent an old infection. No other enteric

bacterial pathogens were identified, but in Experiment 10 coccidial
gametocytes were seen in the small intestinal mucosa of the two control

animals and the changes seen in the infected animals may have been
affected by the presence of coccidial infection.

The pathological findings were, of course, made after partial
or camplete clinical recovery and as such may have been less cbvious
than might have been expected at the height of the disease.

The results of the two studies did, however, contradict those

of Brocks et al. (1956) who failed to produce disease by the oral
inoculation of calves with pure cultures of Cl. sordellii. The reasons
for this difference are not clear.
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i mwhanﬁrglhs were kilir:d tf"’”

- daily intervals) confirmed the results:of Experiments 9 and 10 in which
it was shown that infection with pure cultures initiated only a milqd
clinical syndrome. The pathological changes of the developing disease
were restricted to the gastrointestinal tract. Microscopic changes |
appeared on the first day post-inoculation and consisted of an inflam-
matory response in the lamina propria of all levels of the gastro-
intestinal tract. Gross lesions did not appear until the second and
third day post-inoculation when the intestine became flaccid with dark
contents and local congestion of the mucosa of the small intestine was

observed. Crypt abscesses, ocedema and hyperaemia were the major
Lh#.'al__sielegical features.

o
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On the fourth day post-infection the small intestinal contents
of animal 995 were pinkish in colour in addition to the changes noted
previously. Histological changes of inflarmmation were most pronounced
in the caecum. Similar changes were seen cn day 5.

These chancges appeared to be due to the toxin ac animals
inoculated with toxin alone and from which no bacteria were isclated

developed clinical signs rebembllng those seen in the infected animals

' In calf 2 changes resenbling those in calves infected with cultures { ;

~were seen but they were not evident in calf 5. v

Coccidial infecticn was present in the calves and may have
affected the pathological changes recorded although it was not noted
in any of the animals inoculated with live cultures of Cl. sordellii.

The results presented above suggest that there is a marked
difference between natural and the experimental infection with
Cl. sordellii. This may be due to factors which were not identified
in the naturally-affected animals or due to the presence of samne level
of protective immunity in the experimental animals. The destruction

- of serum samples and serological records prevented any full examination

of the specific immune status of the calves used.
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CHAPTER 8.

General Discussion

Introduction

The results of individual studies have been discussed in sare
detail in Chapters 3, 4, 5, 6 and 7.

In this chapter an attempt has been made to put some results
into the context of enteric bacteriology and enteric disease in general.

A large murber of bacterial species were isolated from animals
studied in the survey. The sites from which they were isolated varied
fram apparently normal mucosa to severe ulcerative or haemorrhagic
lesions. In many cases mucosa. which was grossly normal was abnormal
when examined histologically. In addition, animals with normal faecal
consistency were found to have localised inflammatory lesions in some
part of their gastrointestinal tract.

Many of the lesions were attributable to non-bacterial causes
as a result of clinical examination, clinical patholcgy, gross or
microscopic pathology or parasitological examination. In many cases,
however, the bacteria isolated fram the lesions may have been
responsible for them or have contributed to their development. The
relationship of individual bacteria to the lesions in which they were
found and same consideration of their relation to disease in general
has been discussed in Chapter 3. The results of that chapter are
considered below in the context of the results of Chapters 4, 5, 6 ard
7 and of the literature generally. The significance of the remaining
results is also discussed.

Results of the survey and their intervretaticn
in terms of bovine enteric disease

A large number of bacterial species was isolated from the
bovine enteric mucosa. The bacteria isolated differ in many respects
from those ispolated from the lumenal flora of the bovine enteric tract.
The reasons for this may be twofold:
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Firstly, the techniques used for isolation may have been
inadequate for the recovery of strict anaerobes such as Bu vibrio

spp. or Bacteroides melaninogenicus unless present in large numbers.
The use of prereduced media rather than blood agar and the use of
totally anaerobic systems such as those described in the Anaercbe

Laboratory Manual might have resulted in the isolation of many more
organisms from the lesions. As an example, no lactobacilli were
recovered and it is probable that the atmospheric and nutritional

conditions under which the majority of Lactobacillis grow were not
present in this study.

Secondly, there may be a different bacterial flora in the mucosa
and its crypts from that present in the lumen. The evidence for this
is circumstantial in view of the technical reasons discussed briefly

above but the rarity of the isolation of Cl. butyricum, B. fragilis,

Fubacterium spp., Veillonella spp. and Peptostreptococcus spp. suggests
that, since these species could be maintained with ease under the

conditions of growth used, they may have been absent from the mucosa
although known to be present in large numbers in the lumen of the gut

of many species of animals (Moore et al., 1969; Schulze and Glnther,
1978) . - |

It is possible that the organismgisolated from the mucosa in

this study reflected the population actually present there. The
evidence for this view is that organisms seen in direct smears taken

from the same sites as the inoculum for cultures resembled those
actually isolated. This was particularly so with morphologically
distinctive organisms such as C. fecalis, F. necrophorum and Cl.
sordellii.

| The isolation of these bacteria was of limited value in
establishing their relationship to disease. In many cases organisms
were isolated fram grossly normal mucosa, although histological lesions
were present. More than one species was often present in a lesion
although certain types of lesion were associated with the presence of
bacteria such as canpylobacters, Cl. perfringens Type A, Cl. sordellii
and A. lignieresii as discussed in Chapter 3. The disadvantages of any
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single disciplinary approach to a rultifactorial disease are evident
in the interpretation of the results of the survey.

In some cases history and clinical, pathological or specialist
examinations had suggested the presence of an underlying cause to the
lesions found. In those cases, the lesions primarily associated with
the agent concerned could be discounted when considering the appear-
ance of the site from which the bacterium in question was isclated.

A prime example of this type of interpretation is that of the small
intestinal lesions in calves 45, 25 and 33 from which campylobacters
were isolated but in which their presence was discounted and the lesions

were considered largely due to rotavirus infection as this had been
demonstrated in the group. Similar interpretations were made in the
case of calves 11, 22P, 31P, 34P, 37P, 38P, 44P and 46P which were

being used in parasitological infection studies.

In many of the animals, the history of enteric disease was
insufficiently conplete and the information about viral, chamydial and
paré.sitic agents inadequate to say with certainty that one or more of
these types of agents were or had been present in the enteric tracts
of the animals concerned. For this reason conclusions ebout the
inwlvement of such agents in the lesions found at the site of isolat-
ion and the role of bacteria in them must of necessity be tentative.

A technical difficulty also increases this uncertainty as the
portions of tissue examined histologically differ from those examined
bacteriologically. In addition, infectious agents such as coccidia,
cryptosporidia or virus may have been present in the tissue a short
time prior to death but could not be demonstrated in the material at
the time of examination. The absence of a full history of antimicrobial
therapy may also have affected the interpretation of the results
obtained and may, for example, account for the failure to isolate
Salrmonella spp.

In spite of these difficulties in interpretation a numnber of
points emerged. They were:
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l. Enteric bacteria described as pathogens in the literature were not
found in this study. |

A number of species of microorganisms whichmight, fram the
literature reviewed in Chapter 1, be expected in enteric lesions were
not isolated from, or demonstrated in, the enteric tracts studied in
the survey. The most surprising of these was Salmonella spp. This
failure is unlikely to have been for technical reascns as cultures of
small intestinal contents were prepared in tetrathionate broth from
each animal and the intestinal tracts, lynph nodes and, in some cases,
gall bladders were cultured on selective medium. If salmonellae had
been present in large numbers they would have been detected. Their
absence is therefore likely to reflect the rarity .of the organism in
the populations from which animals in the survey were cbtained. These
were experimental animals kept at the Veterinary School and clinical
cases admitted for study. In most cases the animals in this series had
been ill for same time and may often have becn treated on the farm of
origin. Many were older animals and may have recovered from any

salmonella infection.

A number of other agents were not demonstrated. These included

the enterotoxigenic types B, C, D and E of Cl. perfringens. These were
rarely found in the extensive surveys of Niilo and Avery (1963) and

* Vance (1967) and the results obtained in this survey confirmed that
their North American results also apply in Britain. Yersinia entero-
colitica was not detected, neither were the less commonly found genera
of the Enterobacteriaceae, (Providencia, Aerobacter and Klebsiella).

* In view of the presence of spirochaetes in diarrhoea and colonic lesions
in other species such as the pig (Taylor, 1980) and the dog (Zymet, 1969)
and their frequent presence in the contents of the bovine alimentary
tract (Bryant, 1952), it was of interest that none were seen in smears
isolated from the muocosa of the colon or caecum in this study. It is
possible that the use of selective media or filtration techniques would
have revealed their presence but they were clearly not present in large
mmbers. They were, however, present in the colonic and caecal mucosa
of animal 95 in Experiment 4 and some of the silver-stained organisms
seen in sections might also have been spirochaetes. Candida albicans
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and other yeasts were not seen in this series, perhaps for similar

reasons,

2. A number of bacterial species were associated with particular lesions.

This point has been discussed in Chapter 3 in detail for each
bacterial species isolated. Ilesions were associated with the presence

of campylobacters, Cl. perfringens Type A, Cl. sordellii, F. necro-

phorum, A. hydrophila, Actinobacillus lignieresii and M. paratubercu-
losis. Their presence in lesions of the particular type found had been

recorded in the literature (C.f. ss. jejuni, Cl. perfringens Type A,

but the presence of campylobacters other than C.f. ss. jejuni in lesions
identical to those in which jejuniwas found was of interest. In

addition, the presence of Cl. sordellii in distinctive lesions had

been recorded in the literature (Brooks et al., 1956) but the organism
had been considered non-pathogenic in experiments. These two findings
were selected for further study and these studies and their findings
are given in Chapters 4, 5, 6 and 7. The results of tﬁese studies
suggested that all four bacterial isolates tested could initiate disease
and reproduce lesions reserbling in some way those from which the
organisms were isolated. Two inferences can be drawn from this work,
firstly that the other bacteria listed above may all be involved in
enteric disease and may be primary pathogens in the same way as
organisms such as M. paratuberculosis and secondly that many of the
other bacteria found in lesions may be pathogens even though the lesions
were not grossly or microscopically distinctive.

3. Other bacteria and their causal relationship to the lesions in
which thex vere found .

The remaining bacterial isolates could not be associated
specifically with any particular lesion. This was the case with
E. coli which was isolated from a wide variety of mucosal sites in
the majority of animals in this survey. As no serotyping or patho-
genicity testing was carried out, it was not possible to relate
E. coll to any particular type of lesion. The only exception was the
recovery of two B -haemolytic isolates in which the changes seen may

il
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have been associated with their presence. A deliberate decision was
taken at the beginning of this study not to spend time on identifying

serotypes of E. coli in view of the extensive literature on the
association of enteropathogenic E. coli with intestinal lesions (Morin
et al., 1978; Moon, 1974 and Blood et al., 1979). This decision
has, however, meant that the significance of sare of the other
bacterial isolates was more difficult to assess.

Of the remihing organisms,B. licheniformis was most commonly
found, sometimes in association with severe lesions and sometimes from
only mildly altered rucosa. Most Bacillus species are considered as
non-pathogenic with the exception of B. anthracis althcugh enteric

syndromes have been associated with food contaminated with haemolytic

strains of B. cereus in man. In this study, B. licheniformis may have
been common in the food and have been an incidental contaminant of the
micosa and any lesion. It has been found (Jayne-Williams, 1979) in the

rumenal contents of a healthy calf at levels of lOG'Sg:r ml and it ispossib)

that multiplication of B. licheniformis in the rumen may act as a source
of the organism for the colonisation of the mucosa of the lower
alimentary tract. The organism was present most commonly in the upper
alimentary tract but was recovered from all sites sampled. It does
produce an obvious, marked haemolysin, particularly when grown in
anaercbic conditions and it is possible that it may play a part in the
lesions in which it is found. Some evidence for its involvement in
pathogenic processes has been reviewed in the discussion in Chapter 3
and its involvement with enteric changes in man has also been reported

by Sugar and McCloskey (1977).

- In view of its close association with the mucosa in so many

cases, the difficulty of distinguishing any specific lesion asscciated
with it and the success of the experimental infections with campy-
lobacters and Cl. sordellii, it is a prime candidate for inoculation

into non-immune experimental calves. This might help resolve its role
in the enteric tract.

The criteria discussed above for B. licheniformis also apply
to many of the other bacteria isolated, especially to Bacteroides
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wlﬁtus, B. mlﬂg enicus and Cl. bifermentans. A further series
of cases might provide more evidence for their involvement in enteric

lesions but experimental study would probably resolve their role more
rapidly.

4. Bacteri present in large numbers in the gut lumen of normal
animals were sometimes present in the mucosa.

E. coli isthe prime example of these organisms but Strepto~
coccus bovis, B. fragilis, Veillonella spp., Eubacterium aerofaciens

and Peptostreptococcus productus were also found. They may be

incidental in the mucosa or individual strains of serotypes may, as in
E. ¢c0li, be associated with disease. |

5. Bacteria commonly present in the respiratorv tract were found in

enteric lesions.

A large group of bacteria normally associated with disease in
the respiratcry tract was found in the mucosa of the enteric tract.
In many cases these bacteria were present in enteric lesions. The
bacteria included P. multocida, C. pyogenes, Branhamella catarrhalis,

Streptococcus zooepidemicus, Aerococcus viridans and Acinetobacter
lwoffii. Once again it is not clear whether these organisms were found

in these sites because they are present in large numbers in the lumenal
contents, whether they had colonised existing lesions by bacteraemic
spread or whether they actually initiated or perpetuated enteric

" lesions. The association between respiratory and subsequent enteric
infections is however, well known in the case of organisms such as
Mycobacterium tuberculosis, My rccbacterium bovis and Chlamydia. In
these infections the organisms may infect both the respiratory and
enteric tracts. |

. The association between respiratory and enteric lesions is
T worthy of further study.

Experimental studies with Campylobacter spp.

The isolation of C.f. ss. jejuni, C.f. ss. intestinalis and
C. fecalis and unidentified campylobacters from inflammatory lesions
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of the bovine enteric tract has been discussed in Chapter 3. The
conclusion reached was that all the organisms appeared to be associated
with the same type of lesion although only C.f. ss. jejuni was
considered in the literature to be an enteric pathogen. The experi-
mental studies described in Chapters 4, 5 and 6 and discussed briefly
in those chapters, showed that all three isolates tested for their
pathogenicity could initiate clinical and pathological changes which
differed only in their severity. Some of these studies have been
published (Al-Mashat and Taylor, 1980a and b ; Al-Mashat and Taylor,

1981), (See Aprendix 2.).

Most attention in the recent literature has been paid to C.f.

ss. jejuni because of its prominent role in food poisoning and
enteritis in man. The biochemical distinctions between C.f. ss. jejuni
and other campylobacters have been extensively studied on the assumption

that only C.f. ss. jejuni is a pathogen. In view of the results
obtained in Chapters 4, 5 and 6 this cannot he the case in cattle.

Confirmation of the pathogenicity of C.f. ss. jejuni for both calves
and sheep has been produced by Firehammer and Myers (198l) who produced

a clinical syndrome in calves resembling that described in Chapter 4.
Detailed pathological findings were not given. Little further attention
has been given to C.f. ss. intestinalis and C. fecalis as causes of
enteric disease in cattle or in man, and these studies form the first

evidence for the pathogenicity of C.f. ss. intestinalis and C. fecalis
for the enteric tract of any animal other than the brief description

" of the isolation of C.f. ss. intestinalis from lesions in calves by

Allsup and Hunter (1973).

‘The identification of the isolates used in this study as

C.f. ss. jejuni and C.f. ss. intestinalis is in little doubt as they
conform to published criteria for these subspecies (Smibert, 1974 and

1978; Veron and Chatelain, 1973) but the evidence for the identifi-

cation of the C. fecalis isolates as such is less well documented.
The isolate used here has been confirmed as C. fecalis by Skirrow
(1979b) and fulfils the criteria for C. fecalis described by Smibert
(1974 and 1978) . There seems, therefore, to be little doubt that the
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organism identified as C.f. ss. jejuni, C.f. ss. intestinalis and
C. fecalis really do correspond to the species described in the
literature.

In view of this identification and the results of the
experiments cited above it is of interest to speculate about the
scarcity of the attention paid to campylobacters other than C.f. ss.
jejuni by workers in the medical field. The frequent use of an
incubation temperature of 43°C by the medical microbiologist as
suggested by Skirrow (1977) makes the isolation of C.f. ss. intestinalis
extremely unlikely. In addition the difference in colonial merphology
between C. fecalis and C.f. ss. jejuni may make the selection of
colonies of the former less likely by medical laboratory technicians.
There may also be an epidemiological factor. C.f. ss. jejuni may be
the organism most widespread in human food and in the environment. It
has now been recorded from horses (Atherton and Ricketts, 1980); cat
and dogs (Bruce et al., 1980; Fleming, 1980; Skirrow, 1981); poultry
(Cruikshank, 1981 from mastitis in cattle (Lander and Gill, 1980) and
from seagulls and other wild birds (Skirrow, 1981). Many animal species
are capable of harbouring campylobacters, of serotypes which are
identic:al to those causing disease in man (Lauwers, et al., 1981).

Many human outbreaks have been associated with contact with animals
(Svedhem and Norkrans, 1980).

It is also clear from epidemiological evidence that campy-
lobacters are present in water particularly in summer (Pearson et al.,
1977) . The disease caused by C.f. ss. jejuni in man and other species
may be more severe than that associated with the other two organisms
as in the limited studies described in Chapters 4, 5 and 6. However,
infections in man with C.f. ss. intestinalis have been reported. They
are usually identified as blood-borne infections often associated with
reningitis but this syndrome is often preceded by blood-stained
-~ diarrhoea about which there seems to be little information (Bokkenheuser,
1981).

There is little direct evidence in the medical literature to
contradict the findings described and discussed above that C.f. ss.

-
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intestinalis and C. fecalis may be enteric pathogens in the same way

as C.f. ss. jejuni. The evidence for their consideration as non-
pathogens in animals was reviewed in Chapter 1 and discussed in Chapters
3, 4, 5 and 6.

The studies described in Chapter 4 provided some information

about the pathogenesis of C.f. ss. jejuni infections in cattle. No
previous studies of this type have been recorded in cattle although some

information about the relationships between C.f. ss. jejuni and the host
has been published for species such as chickens, dogs, monkeys and man.
Same of this information comes from clinical observations, some f£rom

experimental studies with whole animals and some from in vitro studies.

| Infection appears to be oral in all cases. "I'he source of
infection is usually contaminated food or drinking water or fomites
which have been in contact with infective faeces. Following infection,
fever and some abdominal discomfort occur. These are accompanied one
to five days after infecticn by diarrhoea which in all species appears
to contain varying amounts of blood and mucus. In a few cases in man,
the organism can be recovered fram the blood during the course of the
disease (Butzler and Skirrow, 1979). In the monkey, the organism can
be recovered from the blood for one to three days after infection

(Fitzgeorge et al., 1981).

In the studies described in Chapter 4 little evidence was found

for the presence of C.f. ss. jejuni outside the qut. Blood cultures
from clinically affected animals were negative in Study 1, Part 2 ard
the organism was isolated from sites outside the gut only within the
first 48 hours after infection in Experiment 4 (Table 27). It was,

however, recovered from the gall bladder in Experiment 2 (Table 21) and
the inference is that in some cases bacteraemia occurs early in the

disease, but that it is not a major feature of the pathogenesis. The

. demonstration of serum agglutinating antibody to C.f. ss. jejuni within
72 hours of infection (Experiment 4) may account for the brief period
of the bacteraemia.
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The organism appears to colonise the whole gastrointestinal
tract and may be found in the abomasum and jejunum in large numbers
within the first 48 hours of infection but later becomes limited to the
ileum, caecum and colon. |

Jones and Little (193la and b) recorded the organism in the
Jejunum but this early colonisation of the abomasum does not appear to
have heen described previously and may account for its recovery from
abomasal lesions in cases 22P, 31P, 34p, 37P, 38P, 44P, 46P and 82773
in the survey. Its presence in the colon and caecum has parallels in
the pig with C.f. ss. coli (Vibrio coli), Ibyle, 1944, 1948), in man
(Lambert et al., 1979) and in gnotcbiotic dog (Prescott and Barker,

1980) with C.f. ss. jejuni.

Within an infected portion cf the qut the organisms are present
both in the contents and in close association with the mucosa. They
may be isolated from the thickness of the mucosa and silver-stained
organisms resembling them were seen in the silver=-stained sections
prepared in Experiment 4. These organisms appeared to be within the
crypts and at the mouth of the crypts and in some cases to lie within
the lamina propria. In the electron microscopical studies of tissue
from the animals of Experiment 4, organisms with dimensions and ultra-
structure resembling that of C.f. jejuni were seen in the sites
mentioned above with the exception of the lamina propria.

A number of experiments have suggested that C.f. ss. jejuni can
attach to cells and penetrate them. Butzler and Skirrow (1979) describe

penetration in the caecum of the chicken and in in vitro studies with
Hela cells, Newell and Pearson ( 198l) also suggested that this type of
relationship could occur. The failure to observe invasion in this
series has been discussed briefly in Chapter 4.  Additional factors may
include the possible presence of immumnity in the calves used. No

... agglutinating antibody to the strain used was detected and no evidence

was obtained by culture of faeces or of the mucosa of the controls that
C.f. ss. jejuni was present. There may, however, have been same local
immunity which prevented invasion. In addition, the rapid rise in
serum agglutinating antibody noted may have prevented invasion of the
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lamina propria in these calves.-

The effects noted in the mucosa may have been caused by a toxic
product of the organism. There is considerable discussion on this
point at the moment. Same, e.g., Gubina et al. (1981) have suggested
that an enterotoxin is produced. Others such as Butzler and Skirrow
(1979) agree, but suggest that it is not a heat labile enterotoxin.

The most likely type of toxin is an endotoxin as damonstrated by
Fumarola et al. (198l) and it may be the Lipid A described by Naess and
Hofstad (1981) in biochemical studies. The outpouring of neutrophilic

polymorphonuclear leucocytes and lymphocytes into the crypts and their
presence in the lamina propria would suggest that a mechanism of this

type could be involved.

Organisms with the morphology and ultrastructure of C.£f. ss.
jejuni were adjacent to, but not closely adherent to the microvilli of

the lunenal epithelial and crypt cells in the acute early stage of the
disease (Figs. 51 and 52). This loose association was similar to that

noted in the adhesion studies carried out in vitro and described in the
final part of Chapter 4.

Invasion of the epithelial cells was not seen and was not
considered to be the cause of the lesions seen in the calves killed

later in the pathogenesis study.

C.f. ss. jejuni is a microaerophilic organism and its require-
ment for conditions of this type may govern its location in the body
and the numbers present. The studies described above are experimental
infections with C.f. ss. jejuni alone but in many cases the organism
is present with other agents or in lesions initiated by them. Their
presence in the ileum, caecum and colon in infected animals may reflect
their microaerophilic requirements and their absence from the crypts of
inflamed mucosa in the ileum and presence in the lumen of affected
organs may reflect a local increase in oxygen tension. In the caecum
and colon where conditions are more anaercobic, the optimum site for
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growth may be the crypts of the mucosa and in particular the region at
the mouth of the crypt. Tissue debris, serum and blood produced by

C.f. ss. jejuni or other agents may enhance their ability to tolerate
anaeropic conditions and effect their distribution and numbers within
the qut.

The organism appeared to persist in the muicosa of infected
animals long after reliable recovery from faecal samples was possible
(Experiments 1 and 3) and all experimental animals were positive upon
mucosal culture even when difficulty had been experienced in isolating
the organism f£from the faeces. This suggests that the detection of
carriers by faecal sampling may be difficult as is bourne out by the
finding of infection with C.f. ss. jejuni in the controls of Experiment
2 and finding C.f. ss. intestinalis in the animals infected with Cl.
sordellii in Experiment 9.

Finally, C.f. ss. jejuni can clearly cause an enteric syndrome
which can be detected on clinical and pathological grounds. In enteric
disease of cattle, infection with this organism may contribute to the
features described above - low fever, the presence of blood and rmcus
in the faeces, thickening of the terminal ileum and ocedema of the
mesenteric lymph nodes. In many cases C.f. ss. jejuni is probably
present in the inoculum which initiates the disease but in others it
may be present locally in the mucosa of carrier animals and multiply
when conditions favour its growth. Its association with ‘'winter
dysentery' or 'winter diarrhoea' has not been demonstrated in the
experiments described here. Scme features of that disease - the short
incuabation period, presence of blood and nucus in the faeces and the
uniform texture of that faeces are present in both winter dysentery and
the experimental syndrome. In no case, however, was the diarrhoea as
profuse as that commonly seen in outbreaks of winter dysentery. This
may be due to the age of the animals affected (adults in many outbreaks

- Of winter dysentery) or to the fact that all experimental animals had

a high roughage diet and not the low roughage one commonly available to
affected stock in field outbreaks.

Same experimental studies in which calves were infected with
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C.f. intestinalis and C. fecalis have been discussed in Chapters 5 and
6. It is of interest that both organisms could induce changes resemb-
ling those caused by C.f. ss. jejuni, thus confirming the findings of

the survey that all three were present in similar lesions. 'The

syndromes produced were less marked than with C.f. ss. jejuni but they
may well contribute to enteric disease in cattle and should not be

ignored or regarded as normal inhabitants of the gastrointestinal tract
as was the case before this study was carried out.

Experimental studies with Clostridium sordellii

Cl. sordellii was isolated from distinctive lesions of the
intestinal tract of two cases in the survey and in the experiments
described in Chapter 7, an isolate of the organism was used to infect
calves. The experimental disease was mild when compared with the
pathological findings in the animals from which the organism was
isolated in the survey but shared some essential features. The
relationship of the changes seen to toxin production has been discussed
briefly in Chapter 7. Additional evidence for the importance of toxin
in the pathogenesis comes from the in vitro study of adhesion of
organisms to isolated brush borders described in the last part of
Chapter 4 Part 2. Cl. sordellii did not adhere to isclated brush
borders and in the serial killing carried out in Experiment 11 no
evidence for ulceration was seen in sites from which Cl. sordellii was

isolated.

Studies of the relationship of Cl. sordelliil and its relations
Cl. bifermentans and Cl. difficile to enteric disease is still develop-
ing and the association of the latter with pseudamembrancus colitis in
man has been described by George et al. (1978); Burdon (19%!) and Bolton
et al. (1980). These three authors have stressed the role of toxin
production by Cl. difficile in the disease in man. Faecal examination
---for the toxin is not uncomonly carried out in cases of pseudomenbrancus
- colitis for the detection of infection with Cl. difficile. The toxins
of all members of this group are antigenically related and the methods
used for toxin analysis in human faeces could be employed in further
work. In addition the role of the toxin in the syndrame produced in
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Experiments 9, 10 and 11 could be confirmed by the use of specific
antisera to it and by vaccination with a toxoid.

The lesions seen in the natural cases described in the survey
resemble to some extent those of pseudamenmbranocus colitis in man but

only in the chronic stage of infection (Experiments 9 and 10) was
Cl. sordellii restricted to the large intestine in the acute studies

described in Experiment 11, the organism was also present in the small
intestines where some' changes were seen. A report of the isolation of
Cl. difficile from the small intestine has recently been published

(Taylor et al., 1981) suggesting that this organism can also inhabit

the small intestine.

The studies described in Chapter 7 and discussed briefly here

have drawn attention to the potential enteropathogenicity of Cl. sordellii

in cattle and suggest that further studies of its frequency in the cattle
population and especially in animals with haemorrhagic enteritis would
be of value. These might take the form of cultural studies, studies of
the frequency of serum antitoxic antibody or studies of the presence

of toxin in the faeces.

Conclusion

In conclusion, this study has shown that a number of bacteria
are to be found in the mucosa of the bovine enteric tract and that many
of them are associated with gross or microscopic lesions. The bacteria
isoclated from the lesions were in many cases not considered to be
pathogens of the bovine enteric tract but the evidence provided by the
experiments described in Chapters 4, 5, 6 and 7 suggests that at least
some of them may be able to initiate changes. The studies described
here provide a starting point for a radical reassessment of bacteria
ard their relationship to the bovine enteric tract and suggest that
bacteria may be as important in enteric disease in cattle as viruses
- and protozoa are currently thought to be. The studies also provide
information of importance in the understanding of enteric disease in
other animal species, both in terms of the approach used here and in
terms of the species shown to be involved in enteric lesions.

L
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