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INTRODUCT ION

Johne's disease is a specific infectious disease of the order
Ruminantia. The clinical syndrome is one of chronic wasting and diarrhoea.
Once clinical signs of the disease manifest themselves death almost in-
variably occurs after a variable period. The disease is widespread among
cattle in this country. Sheep are also affected but little is known of
the incidence of infection in sheep. Although the syndrome is distinct
gome of the signs of the disease e.g. loss of condition, dehydration, loss
of pigmentation of the coat, diarrhoea and lowered milk yield, are common
t0 several diéeases of cattle. Confirmation of diagnosis on clinical
grourds must be obtained from the microscopical examination of faecal smears
or by serological techniques.

It is generelly accepted that only one third of cases of Johne's
disease can be diagnosed on a single faeces examination by the finding of
clumps of acid-fast bacteria in the faeces and that faecal smear examination
is of no value in detecting infected animals in the pre-clinical staée of
the disease. Because of the time taken for the isolation and identifica-
tion of M. johnei by cultural techniques, exemination of the faeces by this
method is of little value in routine field diagnosis.

As control of the disease on & herd or nation-wide basis must rest
on the early detection of infection improvements in diagnostic methods
are necessary. It had been noted that single acid-fast bacilli were a
common finding in faecal smears both alone and in association with clumps
of acid-fast bacteria. In the past, the significance of these in smears
has been discounted, mainly on the grounds that saprophytic acid-fast
bacteria were a common finding in faeces. This study was undertaken to

test the hypothesis that the finding of single acid-fast bacilli on



microscopical examination of faecal smears was of significance in the
diagnosis of M, johnei infection, and that pre-clinical infection could
be detected by this nmeans.

The complement fixation test for M. johnei antibodies in the serum
has been widely used for the confirmetion of the presence of the clinical
signs of Johne's disease and, on a lesser scale, for the control of Johne's
disease on a herd basis. Unfortunately false positive results were
common, especially when the test was applied to apparently normal animals.
However, it was seldom that a detailed post-mortem examination of these
normal cattle was carried out immediately following a positive test. It
was thought that the post-mortem techniques used in the present studies
might clarify the position regarding the accuracy of this test.

In view of the fact that no laboratory animal has been found to be
uniformly susceptible to experimental M, johnei infection, bacteriological
and immunological studies have had to be carried out on cattle and sheep
which are expensive to maintain. This study was extended to investigate
again the mouse as an experimental animal with special reference to the

behaviqur of different strains of M. johnei in that animal.



REVIEW OF THE LITERATURE

The first reports of the occurrence of a syndrome indistinguishable
from that of Johne's disease were those of Farrow (18%1) and Hale (1831).
The disease they described under the names "scantering" and "“shooting"
had been known to exist for a long time before their reports.

Johne and Frothinghem (1895) working at Dresden, investigated the
condition and described changes they found in the alimentary tract. They
were of the opinion that they were dealing with an unusual form of intestinal
tuberculosis.

Bang (1906) differentiaﬁed the disease from tuberculosis. As a
result of the administration of 300 gm. of infected material he reproduced
the disease in two calves.

McFadyean (1906, 1907) gave an account of the disease as it occurred
in England. He concluded that the majority of fatal cases of diarrhoea
in cattle were due to Johne's disease.

Attémpts to isolate the causal organism, Ilycobacterium johnei, on

laboratory media were unsuccessful prior to 1910 when Twort and Ingram
obtained growth on Dorset's egg medium containing dead human tubercle
bacilli and glycerol (Twort, 1910; Twort amd Ingram, 1912).

Johne's disease is the cause of considerable economic loss. An
estimate of £4 million per annum was the figure arrived at by Rankin (1958b).
This accounts for the loss due to clinical disease in cattle., It dis-
regards losses due to infertility‘and poor milk production and the loss

dvue to the disease in sheep.

Susceptible species

There have been many reports of the disease in cattle and sheep

(Report 1956b). Although it is experimentally susceptible, there are few



references to its ocourrence in the goat. McFadyean and Sheather (1916)
described the disease in goats and reported that concurrent parasitism
was a common finding. Buffaloes (Burggraaf, 1931) and camels (Strogov,
1957) were susceptible. Cases in exotic species kept ip zoological
collections have occurred. Appleby and Head (1954) reported a suspected
case in a llama. Johne's digease hag occurred in park-land deex
(McFadyean, 1967).

M, johmnei has been recovered from pigs (Eveleth and Gifford, 1943)
and from a horse (Williams Smith, 1954) bﬁt‘thefe was no evidence that the

presence of the organism was connected with disease in these cases.

Digtribution

Although no nation-wide surveys have been carried out Johne's disease
would appear to exis£ in all areas of Britein, but the incidence in native
Irish cattle is low (Rankin, 1958b; Pearson, 1953).

Reports of the occurrence of the disease in cattle have come from all
over the world:- U.S.S.R. (Posokhin, 1940), India (Cooper et al., 1931),
Australia (Albiston et al., 1936), Tasmania (Phillip, 1942), New Zealand
(Stephens-Gill, 1937), Uruguey (Cassamagnaghi, 1947), Argentine (Rosen-
busch, 1937), Canada (McIntosh, 1939}, U.S.A. (de Fosset, 19%6), S. Africa
(Robinson and de Kock, 19%9) and the Belgien Congo (Deom and Mortelmens,
1955) «

Johnet's disease in sheep was first described in Bosnia in 1908
(Vukovic, 1908). It is known to occur in Britain, Gemany, France, U.S.S.R.,

India, New Zealand, U.S.A. and Iceland.

Incidence
Surveys of the incidence of clinicel disease have been carried out by

Withers (1959) who found that the rate varied from 0.l4 per cent. of adult



cattle at risk in a sample of farms in Ayrshire and Lanarkshire to 0.91
per cent. in an area embracing Berkshire, Buckinghamshire, Northamplton-
shire, Oxfordshire, Warwickshire and Gloucestershire. These figures
represented only animals disposed of for obvious clinical disease bub

did not include animals culled because of lowered milk yield in the early
stages of the disesase.

In comparison, cultural examination of mesenteric lymph nodes of
apparently normal cattle slaughtered at various abattoirs revealed an
incidence of up to 17 per cent. infection (Remkin, 1954; Williams Smith,
19543 Taylor, 1949). In imported Irish cattle the incidence was 0.8
per cent. (Rankin, 1954). From these figures, it is clear that all
animals which harbour M. johnei in their tissues did not develop clinical
disease,

The incidence of infection or disease in sheep is not known, though it
would appear to bhe irregular in frequency but widespread in distribution.
Both hill and low ground flocks are affected., The incidence in infected
flocks varied from 5 - 15 per cent. (McEwen, 1939; Michael, 1946; Stamp,
1956). Heath (1955) found clumps of acid-fagt bacilli in intestinal
gerapings from 21.5 per cent. of 214 sheep examined at a Cunberland
abattoir, while M. johnei was recovered from 1 of 200 sheep slaughtered
in the Huntingdon-Cembridge area (Williams Smith, 1954).

Johne's disease was unknown in sheep in Iceland umtil 1938.
Circumstantial evidence indicated that it was introduced in 1933 by 5 of
20 rams imported from Cermany. Losses for the period 1941 to 1956 were
estimated to be of the order of 100,000 sheep (Sigurdsson, 1956). The
annual loss on infected farms was reported by him to be 8 ~ 10 per cent,.
The first reports of the disease in Icelandic cattle were made in 1945

(Gislason, 1956). He noted that the distribution of the disease in cattle



was closely related to that of heavily infected sheep stocks.

The clinical syndrome of Johme's disease

Doyle and Spears (1951) reported that in cattle the majority of
clinical cases occurred between 2% and 6 years of age although all except
very young animals could he affected. Hole (1956b) described a case in
a 13 year old cow which had been recognised as a carrier for a period of -
years.

Withers (1959) found a statistically significant higher incidence of
Johne's disease in Jersey cattle, thus confirming the often recorded
impression that the Channel Islands breeds were hypersusceptible.

Hole (1956b) reported that the appearance of clinical evidence of
Johne's disease was, in many instances, associated with changes in manage-
ment or movement from one farm to another. He noted a high incidence
following the second and third pregnancies and that the time elapsing
from calving to the onset of symptoms was variable.

Renkin (1957) noted that the character of the diarrhoea was varisble.
He described the consistency of the diarrhoeic faeces as paint-like, gross
particles of undigested food being uncommon. Submandibular oedema was a
feature of Johme's disease and might be the first obvious abnormality but
tended to disappear with the occurrence of diarrhoea (Rankin, 1958b).
Renkin (loc. cit.) stated that, in the lactating cow, the milk yield fell
progressively till lactation ceased. Examination of milk records of cows
suffering from Johne's disease showed that the yield in the lactation prior
to that in which clinical signs manifested themselves was below that antici-
pated.

A small number of cases of recovery after the exhibition of clinical



signs of the disease have been recorded (Doyle and Spears, 1951; Hagan
and Zeissig, 1933).

Few gpecific changes in the haematology or in the biochemistry of
blood, urine or milk have been repoxrted. The erythrocyte sedimentation
rate was unaltered according to Rankin (1955b). Stewart, McCal lum and
Taylor (1945) reported a depression of serum calcium and magnesium levels

in Johne's disease in cattle and sheep.

Llinical signs in sheep

The gigns of Johne's disease in sheep are essentially the same as
those in cattle. In sheep, however, there has been noted a tendency for
some cases to exhibit prolonged unthriftiness with eventual recovery
(Howarth, 1932, 19373 Brotherston, 1959).

Stamp (1956) stated that diarrhoes was not a feature of Johne's
digease in sheep. Levi (1948b) noted that the faeces of experimentally
infected goats become paste-like.

Other features noted include loosening of the wool (Stamp and Wett,
1954) and submandibular oedema (Johnstone, 1933). McEwen (1939)
recorded & higher incidence of the disease associated with the lambing

season.

Bpidemiology

Surveys conducted by Withers (1959) have shown that there was a
variation in the incidence of clinical disease from farm to farm. The
mean incidence rate in infected herds was 3 to 5 per cent. while the
anmmual loss in some herds might be as high ag 13 per cent.

Taylor (1952) showed that the absence of clinical disease in a herd

did not mean that M. johuei infection was not present. He found an



incidence of 6 per cent. M. johnei infection in cattle disposed of from
an estate where there was no Johne's disease problem.

Both Taylor (1953) and Rankin (1957) have reported that M. johnei
was present in the faeces of artificially infected calves soon after
infection and many months before clinical symptoms were apparent. This
was also the finding in cases in which clinical signs did not develop.

Calves placed in contact with non-clinically affected excretor calves
become infected and develop clinical disease in a proportion of cases
(Rankin, 1957).

M. johnei has been recovered from the milk and mammary glands of
clinicsl cases of Johne's disease (Alexejeff-Goloff, 1929; Doyle, 1954).

Congenital infection has been reported to have occurred (Lawrence,
19563 Pearson and McClelland, 1955; Doyle, 1958), although what pro-
portion of calves from clinically affected dams is infected is not known.

It has been shown that younger calves are more likely to develop
clinical disease following experimental infection than those inoculated
at a later date (Taylor, 1953). Rankin (1957) failed to produce disease
in adult cattle inoculated with 100 mgm. of M. johnei intravenously.
Hagan (1938) reported that calves born into an infected herd were more

susceptible than calves or yearlings introduced into that herd.

Bacteriology
Mycobacterium johnei (syn. M. paratuberculosis) belongs to the Order

Actinomycetales family Mycobacteriaceae genus Mycobacterium (Bergey, 1948).

Mo johnei is non-motile, Gram positive and acid- and alcohol~fast when
stained by the Ziehl-Neelsen method. It is a slender rod with parsllel
sides and rounded ends, measuring 0.5 x 1l+2p. Occasionally longer forms

~occur. These may show irregular staining. Plumper and longer forms are



found on laboratory media, especially whenlthe medium is not completely
suitable.

In primary culture, M. johnei has been found to be difficult to
isolate and has only been grown on media containing killed or extracts of
killed acid-fast bacteria (Boquet, 1925), It failed to grow in the
absence of this growth factor.

After 4 - 6 weeks incubation at 3700 on solid media colonies are
minute, raised, dull-white and circular with a thin, irregular margin.
Older colonies become more raised, radially striated or irrvegularly
folded and yellowish-white in colour (personal observations).

On glycerol-broth containing the growth factor, M. johnei grows
as a thin surface pellicle which becomes thickened and folded (Bergey, 1948).

Twort and Ingrem (1913) attempted isolation of M. johnei on medis
containing extracts of tissues of normal cattle alorne or in cowmbination
with glycerine, cholesterine, sugars and blood. Extracts of infected
intestine were also ineffective in promoting growth. Taking into account
the obvious relationship that M. johnei has wifh the tubercle bacillus,
they hypothesised that both would require the same metabolites but that
M, johnei had lost the ability to synthesise these in vitro. This led
them to incorporate heat-killed, human~type tubercle bacilli into Dorsetts
egg medium. Colonies of M. johnei were obtained after 4 weeks' incuba-
tion at 3700° Sub~cultures from this primary growth failed to grow on
unmodified Dorget's egg medium bubt grew on that medium fortified with
dead tubercle hacilli. Other acid~fast bacilli were tested for growth-
promoting activity. The authors concluded that the best results were
obtained by the addition of M. phlei. M!'Fadyean, Sheather and Edwards

(1912) found that the avian tubercle bacillus was the most active source



of growth factor.

The growth factor has been isolated and its chemical composition
determined (Francis, McTurk, Medinavietia and Snow, 1953). The incorpora-
tion of the purified product in media used for the isolation of M. johnei
would appear to have little advantage over heat-killed or crude extracts
of M. phlei.

Twort and Ingrem found that their original medium was improved by
the addition of 4 per cent. glycerol.

Dunkin (1928) modified Twort and Ingram's egg medium by the
incorporation of liver extract and 0.25 per cent. gentian violet. Minett
(1942) compared the growth of M. johnei on primary culture and on sub=-
culture on 27 media. He concluded that the most satisfactory were thse
containing whole egg and 1 per cent. heat-killed M. phlei., The addition
of potassium tellurite or penicillin did not facilitate the isolation of

Taylor (1950) found that media containing more than 50 per cent.
egg-yolk were superior to those containing whole egg. Because of its
ease of preparation, firm surface and consistency from batch to batch,
Finlayson's (1946) medium modified by the addition of heat-killed M. phlei
wags preferred. This medium supported the growth of pigmented sheep
gtrains which, hitherto, had been grown on laboratory media Craylor, 1951).

Willisms Smith (1953) modified Dubos' (1947) liguid and agar media
by the addition of an alcoholic extract of M. phlei. This medium permitted
the growth of both pigmented ovine and the classical bovine strains of
M, johnei.

Satellitism between subsurface colonies of staphylococci and M. phlei

and M, johnei on modified Dubos' oleic acid agar medium was reported by



Stuart (1954).

The isolation of M., johnei from natural material

The fact that the isolation of M. johnei is complicated by the
occurrence at the sites from which it is usual to culture M, johnei -
alimentary tract and faeces -~ of non-pathogenic bacteris and fungi,
has led many workers to devise methods of controlling these contam-
inants.

Minett (1942) reviewed the techniques commonly employed in the
isolation of the tubercle bacillus and their adaptation to the
isolation of M. johnei. He concluded that exposure of the matexrial
to 20 per cent. antiformin for 30 minutes was the method of choice.

Taylor (1950) adapted the oxalic acid method of Corper and Uyei
(1929-50) for the preliminary treatment of tissue and found it as
effective in conbtrolling contaminants, less laborious and less lethal
to M, johnei than antiformin. However, he concluded that antiformin
was the agent of choice in the treatment of faeces but that there was
no completely reliable method, especially if M. johnei was present in
small numbers.

Cameron (1956) compared the results of the use of antiformin with
the control of contamination obtained by a mixture of 10 per cent.
oxalic acid and 0.02 per cent. malachite green and found his method to
be effective in the contirol of faecal contaminants.

Taylor (1950) found that penicillin (100 units per ml. of faecal
suspension) was ineffective in controlling contamination even when used
in conjunction with other methods. Williams Smith (1953) came to the

seme conclusion but found that contamination in faecsl semples was



lowered by the addition of penicillin to his modification of Dubos!
agar and liquid media.

Media containing gentian violet were used by Levi (l948a) to
control contamination when culturing faeces. .Taylor (1950) used
congo red at a concentration of 0.0l per cent. in his modification of
Finlayson's medium. While the dye at this concentration was not in-
hivitory to micro-organisms it stained the colonies of M. johmnei so
making them more easily seen.

Heating at 64°C for 5 minutes was lethal to M. johmei (Dunkin,
1938) .

Vishnevskiiet al. (1940) reported that M. johnei survived in
bovine faeces and soil for 11 months but not longer than 7 days in
urine. Exposure to 10.20 per cent. chlorinated lime, 5 per cent.
formelin and 5 per cent. lysol for 10 minutes killed M. johnei.
Lovell, Levi and Francis (1944) recovered M. johnei from faeces after

8 months' exposure to atmospheric conditions.

Pathology

The lesions of Johne's disease are found in the wall of the
alimentary tract.

Rankin (1958b) found that the most common site of macroscopic
changes was the mucous membrane of the terminal few feet of the ileum
but that in a small percentage of cases lesions may be found in the
caecum, colon,rectum and in the mucosa of the small intestine from the
pylorus to the ileo-caecal valve, He found that there was no correlation
hetween the severity of the symptoms and the extent of the lesions in the

muco $a, . Specific changes were fourd in the mesenteric lymph nodes



but little reliance for diagnostic purposes could be put on their
appearance due to the wide variation in the size of these nodes in the
normal animal. |

Renkin considered the pathognomonic lesions of the intestinal
mucosa to be thickening and corrugation. These corrugations could not
be obliterated by gentle stretching. Haemorrhage and ulceration were
absent .

Severe microscopic lesions could be present with no macroscopic
changes (Rankin, 1958b).

There have been few descriptions of the macroscopic lesions of pre-
clinical cases. Hallman and Witter (1933) reported the finding of
patchy congestion of the mucosa, petechial haemorrhages and slightly
raised glistening areas a few millimetres across. They were of the
opinion that extension and fusion of these lesions would produce thicken-

ing and corrugation.

Histology
(2) Cattle

McFadyean (1918) described the microscopic changes occurring in
Johne's disease. The lesions in the slimentary tract were produced by
an infiltration into the mucosa of endothelioid cells and multinucleate
giant cells. Initially these cells occurred in isolated aggregations
(cf. early tubercle formation) in which case there was littls alteration
in the villous structure. More advanced cases showed a confluént
infiltration with endothelioid cells and a consequent obliteration of
the normal architecture of the mucosa. This process extended to involve

the submucosa and, in advanced cases, foci of endothelioid cells could



be found in the muscular and serous coats.

Degpite the similarity between the early lesions of Johne's disease
and early tuberculous lesions, encapsulation, necrosis, caseation and
calcification have not been described in Johne's disease of cattle.

The cellular changes in the lymph nodes dreining the intestines
were similar to those in the mucosa. The lesions were found in the
subcapsular area of the cortex of the nodes (McFadyean, 1918) .

In the typical advanced case, sections or smears stained by
Ziehl-Neelsen's method reveal the presence of acid-fast bacilli in
relation to the areas of endothelioid cell infiltration. Hallman and
Witter (1933) were of the opinion that the bacilli were always intra-
cellular and that the endothelioid cells were macrophages, contrary to
McPadyean's hypothesis that the endothelioid cells were derived from
plasma cells.

Lesions have been reported to occur in the liver (Hallman and
Witter, 193%; Matthews, 1930) and in the gall bladder, portal 1ymph
nodes and spleen (Borodenok, 1941). There were no indications that
lesions in these sites played any part in Fhe pathogenesis of the
disease.

M. johnei has been recovered from the mammary glend, uterus,
cotyledons and foetuses of cattle suffering from clinical Johne's
disease (Doyle, 1954; Lawrence, 1956) but no lesions at these sites
have been described.

There has been no report of work done to elucidate the mechanism

of production of the symptoms of Johne's disease.

(b) Sheep

There are few descriptions of the pathology of Johne's disease in



the sheep. Stockman (1911) described congestion of the mucosa of the
abomasum and thickening of the small intestine. Greatly enlarged
mesenteric nodes have been noted (Howarth, 1957). The fat depots
were depleted, the normal whitish fat being replaced by gelatinous,
opagque, myxoedematous tissue (McEwen, 1939). 4As in cattle, thicken-
ing was most marked in the ileum. lMcEwen recorded the finding in
smears of very large numbers of acid-fast bacilli in some cases.

Stamp and Watt (1954) described four types of lesions, classgified
on gross and microscopical findings, but indicated that there was some
degree of overlap between the last three groups. In Group 1, the
intestinal mucosa was a bright chrome yellow. From this type a pig-
nented strain of M, johnei could be isclated. The histological
picture was similar to that seen in cattle, differing only in the fact
that enormous numbers of acid-fast bacilli were present. Group 2 =
rigmentation was absent. Thickening of the mucosa was not marked.

The epithelioid infiltration was more focal, with leucocytic infiltra-
tion at the periphery of the foci. M, johnei might or might not be
numerous in the lesions. There was no thickening of the bowel wall in
Group 3. On handling, the mucous membrane was friable and cracked on
being bent over the finger. Group 4 - the lymphatic vessels of the
abdominal cavity were thickened arnl contained calcified nodules. The
lymph nodes were enlarged and showed nodule fommation. Histologically
Grours 3 and 4 revealed stages towards frank tubercle formation. Giant
cells were numerous. In Group 4, necrosis, caseation, calcification
and encapsulation occurred.

McFadyean amnd Sheather (1916) and Pande (1942) noted the presence
of caseation in the mesenteric nodes of naturally occurring Johne's

disease in goats. Levi (1948b} found this to be a feature of the



disease in artificislly infected goats. Otherwise there were no salient

differences from the disease as it occurred in cattle.

The experimental infection of cattle, sheep and goats with M. johned

Bang (1906) was responsible for the first successful transmission
of Johne's disease to calves, two of which were infected with 300 gms.
of infected node and mucosa given intravenously and intraperitoneally.

Following the isolation of M, Jjohmei in pure culture, Twort and
Ingram (191%) reproduced lesions in calves, sheep and goats.

From their experiments and those of McFadyean and Sheather (1916),
Paylor (1953) and Rankin (1957) there were indications that cattle of
9 = 12 months of age or older were refractory to the reproduction of
clinical disease. The same applied to experimental contact infection
(Hagan, 1938), although Renkin hes shown little difference between the
susceptibility of calves placed in contact with known M. johnei excretors
at 1, 3 and 6 months of age. TFrom the résults of monthly cultural
examination of the faeces of these calves it appeared that positive
cultural results depended on establishment of infection in the host
and was not the result of the passage of M. johnei through the
intestines following ingestion from the environment.

Rankin (1957) found the I.D. o for intravenous infection in

5
calves to be 5 mgm. wet weight of pure culture.

Mclwen and Samuel (1958) produced clinical disease in 2 and
infection in 14 of 16 sheep inoculated intravenously with 2 mgm. of a
culture of M, johnei.. Hundred-fold dilutions of the original

inoculum produced infection in 12, 12 and 5 of three groups of 16 sheep

respectively. The distribution of M. johnei in the non-clinically



affected sheep led them to conclude that the most susceptible tissue was
the intestine, and that it was probably the site of multiplication in
the host.

Watt (1954) described the post-mortem findings, histology and
bacteriology of a naturally occurring case of disease in a bullock,
due to the pigmented ovine strain. He successfully produced disease
in sheep with this strain.

Levi (1948b) found goats susceptible to oral dosage with pure
culture and intestinal scrapings. A feature of post-mortem findings
was the presence of caseation and calcification. It was established
that M. johnei was present in the faeces both in the incubative and

clinical phases of the infection.

The pathogenicity of M., johnei for laboratory animals

Many of the experiments designed to '‘reproduce the lesions of Johne's
disease in the alimentary tract of laboratory animals have failed.

Intraperitoneal injections of M. johnei usually resulted in nodules
in the peritoneum and the presence of M. johnei.in the liver and spleen
(Twort and Craig, 1913; Boguet, 1925; Hagan and Mansfield, 1930
Mohler, 19393 Sshai, 1940, 1941; Taylor, 1940, 19513 Glover, 1941;
Johnson and Cox, 1942; Verlinde and Bekker, 1945). Pathological
changes were enhanced when the inoculum of M, johnei was suspended in
an adjuvant of light mineral oil. The lesions produced did not differ
from those produced by the injection of killed M. johnei and sapro-
phytic acid-fast bacteria (Hagan and Levine, 1932).

Francis (1943), using 1% - 14 day old mice injected with pure

cultures on two occasions at 7 day intervals intraperitoneally, was



able to reproduce progressive infections involving the liver, spleen
and later the intestines. The cellular reactions in his mice were
similar to those in the naturally occurring disease in cattle. Slight
infections were obtained in hamsters. Rabbits and guinea~-pigs were
refractory.

Lomingki, Caﬁeron and Roverts (1956) reported the results of the
inoculation of 8 strains of M. johnei into W-Swiss mice aged from 7
days to 3 months. The dose used varied between 0.36 mgn. and 2.64
mgm« The time taken for infection to develop varied inversely with the
doses, being from 7 to 19 months. Suspending the inoculum in 1l.75 per
cent. mucin suspension or liguid-treated serum did not increase its
pathogenicity. Lesions in the alimentary tract similar to those
occurring in cattle were described. About 20 per cent. of the mice
treated died from no apparent cause other than extensive intestinal
lesions of endothelial cell infiltration. During the course of the
infection M. johnei was excreted in the faeces in increasing numbers.

Ford (1957) attempted viable counts on tissues of mice which had
been injected intraperitoneally before weaning age with 2 or 4 mgus.
moist weight of M, johnei. Pools of livers and spleens were
examined at intervals after infection. Irregular results were
obtained but in no case was M. johmnei recovered later than 5C weeks
after inoculation. He found that the administration of cortisone
appeared to accelerate the clearance of M. johnei from the tissues.

The age of initial infection had some influence on the success of
experimental infection in rabbits (Remkin, 19580). In 6 adult
rabbits injected intravenously with 2.5 mgm. wet weight M. johnei

there were no lesions after 2 years, while of 8 rabbits inocculated at



2 weeks of age, intestinal lesions were produced in 5 rabbits, 3 of
which were clinically affected.

Splenectomised cats fed infected mucosa developed thickening of
the intestinal wall in which epithelioid cells containing acid-fast
bacilli were found at post-mortem examination 14 days after dosing
(Johnso;%ﬁratt, 1944).

Proliferative lesions containing giant cells and evidence of
bacterial multiplication on the chorio-allantoic membranes of chick
embxryos have been reported following the inocculation of a strain of
M. johnei which grew independently of the growth factor. Slight
cellular reactions with no evidence of multiplication of the inocu-

lum followed the injection of phlei-dependent straing (Stavitsky

and Beck, 1946).

Diagnosis
The microscopical examination of the faeces

Many workers have reported that in smears of faeces stained by
the Ziehl-Neelsen method the characteristic clumps of small acid-fast
bacilli might be found in the faeces of clinical cases of the disease.
In about 30 per cent. of clinical cases could diagnosis be confimrmed
at any one examination by the finding of these clumps of acid-fast
bacteria (Hole, 19533 Doyle, 19%6; Rankin, l958b). The microscopical
examination of faeces from clinically normal animal s was stated to be
of little value (Hole, loc. cit.).

Because of the difficulty of isolating M. johnei from faeces and
because of the time taken before a result was obtained, cultural
examination of the faeces was considered to be of little value in

routine field diagnosis (Levi, 1948a).



Doyle (1956) discounted the value of smears from the rectal
micosa as a diagnostic aid since these were positive in only a small
proportion of advanced clinical cases in which the lesions had
extended to the rectal wall. The examination of faecal smears from
c¢linically suspicious sheep enabled a positive diagnosis to be made
in about 55 per cent. of cases (Williamson and Salisbury, 1952;

Chandler, 1958; Armstrong, 1956).

Allergic Tests

Allergens have been used subcutaneously, intravenously, intra-
ocularly and intradermally but because of convenience the last
mentioned has been most commonly employed. It has been found that
neither johnin nor avian tuberculin could be relied upon for the
detection of M. johnei infection or the confimmation of diagnosis
in clinical Johne's disease in cattle (McFadyean, Sheather and
Bdwards, 1916; Rinjard, 1934; Jansen, 1948).

Rankin (1957) found that cattle infected with M. johnei gave an
allergic response to the intradexmal inoculation of johnin or avian
tuberculin at some stage of the infection. Sensitivity tended to
wane and persisted at a low level as the disease progressed. He
found, too, that the anergic state was most likely to occur when
intestinal lesions were extensive and when complement fixing anti-~
bodies were demonstrable.

Doyle {(1956) stated that good allergic reactions were usual
following experimental infection but in natural infections allergic
reactions were variable and unreliable and that repeated application

of allergic tests in infected herds rarely, if ever, succeeded in

X



eradicating the disease.
Similar inconsistencies made skin sensitivity tests in sheep of

no value (McEwen ard Samuel, 1958).

Serology

Agglutination Tests

It has been shown that the direct agglutination test was of
little diagnostic significance due to the high titres obtained in

non-infected cattle (Twort and Ingram, 1913).

Haemageglutination Teats

Largen, Porter and Vardaman (1953) used a medification of the
Middlebrook-Dubos haemagglutination reaction. They obtained what
they considered positive results in 25 of 67 cattle from farms where
Johne's disease was known to exist. No post-mortem exemination of
these animals was made.

McEwen and Samuel (1958) tested sera from experimentally
infected sheep with the haemolytic modificetion of the haemagglutina-
tion test of Middlebrook. They found that the test was not of value

in detecting infected sheep.

Complement Fixation Tests (C.F.T.)

Twort and Ingram (191%) obtsined positive results in 5 of 7
naturally occurring cases and one slightly positive result in 5
pre~clinical artificially infected calves. Bang and Auderson (1913)
were of the opinion that the C.F. test was efficient in diagnosing
Johne's disease in the absence of tuberculosis.

Such encouraging results were ignored till Hole (1952a and b,

1953), having realised the opportunity arising from the imminent



eradication of tuberculosis, employed his modification of the test
on a large scale. The test was extremely valuable in confirming
clinical Johne's disease but was of less significance in pre-
clinical cages. In 1,510 cases in which acid-fast bacilli were
demonstrated, 87 per cent. were positive to the C.P. test, 8 per
cent. suspiclous and 5 per cent. negative. In 520 negative cases,
29 per cent. were positive to the test (Report, 1956a) .

Renkin (1958a) described the test as applied to experimentally
infected cattle and noted that the titre could be related to the 7
severity of lesions in the alimentary tract. ~ Pre~clinical cases
general ly failed to react to the test. Between 10 and 20 per cent.
of C.F., tests carried out on adult cattle in herds from which M. johnei
had not been isolated over a number of years gave positive results,.

Chandler (1956b), using a micro-complement fixation test, obtained
results comparable to those of Hole and concluded that the test was
a valuable confirmatory one in clinically suspicious cases.

The eradication of Johne's disease from a herd by the elimination
of reactors to the C.F. test has been reported (Hole, 1956a).

Sigurdsson et al. (1945) developed a C.F. test utilising as
antigen an extract of infected intestinal mucosa from sheep. They
noted that the test became positive at an earlier stage of infection
than did allergic reactions. Positive tests were obtained in the
terminal stage of the disease; non-specific positive results were A
rare.

Rankin (1957) found that C.F. antibodies were transferred from
dam to calf vie the colostrum. Whether or not these had a protective

effect in the calf was not shown.



Pogt-mortem Diagnosis

There wag no difficulty in confiming the presence of Johne's
disease when the typical lesions and acid-fast bacilli were found,
but their absence did not exclude the possibility of the presence
of microscopic lesions (Rankin, 1958b). The value of histological
examination of suspected tissues has been recognised (Hallman and
Witter, 1933; Rankin, 1957). Cellular changes may occur without
demonstrable acld~fast bacilli (personal observation). The use of
fluorescent microscopy for detecting small nurbers of acid-fast
bacilli in sections and a comparison of the method with cultural

results have been reported by Harding (1957) and Polyakova (1957).

Therapy

Barly attempts at the treatment of Johne's disease were aimed
at the alleviation of clinical signs. Intestinal astringents

e+gs ferrous sulphate, copper sulphate, sulphuric acid, tannoform )

and opium, produced only a temporary remission of symptoms (McFadyean,

Sheather and BEdwards, 1915). Sheather (1927) used formalin intra-
venously. Chaulmoogra o0il, used extensively in the treatment of
leprosy, was tried unsuccessfully (Downham, 1937; Gunning, 1933) .
In vitro studies have shown that M. johnei was sensitive to
streptomycin, viomycin and isonicotinic acid hydrazide although the
growth of strains tested by Williams Smith (1954) wag not inhibited
by the last named. M. jobhnei was found to be resistant to 434
diamino-diphenyl sulphone, aminosalicylic acid, promin, stilbamide,
pentamide, several thiosemicarbazones, penicillin, chloramphenicol

and terramycin (Larsen, Vardaman and Groth, 1950; Larsen and
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Vardaman, 1952; Rankin, 1953).

Isonicotinic acid hydrazide alone and in combination with strepto-
mycin failed to prevent the establishment of experimental infection
in calves (Rankin, 1955&).

The antibiotics and chemotherapeutic agents which are active

against M, johnei in vitro were not of value in the therapy of

clinicsl cases (Rankin; 1953; Larsen and Vardaman, 1953) .

Vaccination

Ag a result of the finding that durable immunity was produced
against bovine tuberculosis in cattle vaccinated with an attenuated
gstrain of equine origin suspended in adjuvant as opposed to only
transient protection afforded when the vaccine was administered in
a soluble base (Vallde, 1924) and, appreciating that the sub-
cutaneous inoculation of M, johnei did not cause progressive in-
fection, Vallée and Rinjard (1926) used a culture of unattenvated
living M. johnei suspended in liquid paraffin, olive oil and pumice.
Reporting on the field use of this vaccine in 35,000 cattle, Vallée,
Rinjard and Valléé (1934) stated that no ill-effects had been noted
and that a high degree of protection had been obtained.

Five calves and 18 goats given 30 mgms. of viable M. johnei
in liquid paraffin subcutaneously showed no evidence of infection
at post-mortem examination 2% years later (Doyle, 1945).

Using a dose of 5 mg. of M. johnei in adjuvant, a field trial
was begun in selected herds in Britain. Initially, vaccination was
confined to calves under one month of age, but subsequently some

cattle were revaccinated at intervals of 16 -~ 24 months. Results



for the period 1941-57 showed that the incidence of clinical disease
was reduced from 3 - 4 animels per herd to 0.3 animals per herd
(Spears, 1959). A further field trial in which only half the
calves are to be vaccinated has been imitiated.

The objection to the widespread use of vaccination in this
country was that the allergy produced by vaccination rendered inter-
pretation of the comparative intradermal tuberculin test difficult
(Herbert, Doyle and Paterson, 1959). Vaccinated goats with
superimposed tuberculous infection and goats which hed received
véccine only reacted to tﬁe comparative tuberculiﬁ test in such a
way that it was not always possible to differentiate the two groups
(Doyle, 1953). Similar difficulty in interpretation was feported
in vaccinated calves artificially infected with tuberculosis by
Ritchie, Robertson and Muir (1952). They foumd that, in cattie
free from infection with M. johnei, vaccination produced sen-
gitivity to both avian and mammalian tuberculins, the avian reading
usually being the greater.

Sigurdsson (1956) used heat-killed M. johnei suspended in
mineral oil to immunise Icelandic sheep. Five mg. of killed
organisms produced a prolonged serological response but did not
produce too severe a local reaction. On infected properties halfl
the lambs were vaccinated and the remainder left as controls. He
found the incidence of confirmed cases of Johne's disease in 3,273
vaccinated sheep was 1.3 per cent. while in 3,184 control sheep it
was 21.)1 per cent. In the unvaccinated sheep the highest incidence

was during their second and third years.



Hygiene and Management

Little experimental work has been done to elucidate the importance
of such factors as nutrition and management in the epidemiology of
Johne's disease. Using artificislly infected goats, Hirch and Lawrence
(1954) observed no difference in cultural results and pathology
between these kept on a celcium deficient diet and those on a diet
containing adequate calcium. It was noted, however, that calcifica-
tion of lymph node lesions was a feature in the group receiving
adequate dietary calcium,.

Jansen (1948) observed that poorly drained pastures and soils
deficient in phosphoric gcﬂi and calcium carbonate appeared to
contribute to a high incidence of clinical disease. He also observed
that in Holland infection was most common in regions with soils low
in calcium and of low pH., A similar occurrence was observed by
Smythe (1935) who noted the absence of clinical disease on the
Cornish coast, where the soil contained up to 25_per cent. calcium
carbonate and a high incidence in inland areas where soil calcium

levels were low.



PART I

INVESTIGATIONS INTC JOHNE'S DISEASE 1IN CATTLE



Introduction

The diagnosis of Johne's disease

This study was oarfied out to attempt to elucidate some of the
problems associated with the accurate diagnosis of Johne's disease with
special reference to the significance of the finding of singly disposed

acid-fast bacilli in the faeces of clinically suspicious and of apparent-

1y healthy cattle.



Section 1

The diagnosis of Johne's diseage in wasting cattle




Introduction

The diagnosis of Johmel!s disease rests on clinical findings
with confirmatory evidence obtained by microscopical examination
of the faeces or by the use of the complement fixation test. It
was decided to investigate the significance of isolated acid~fast
bacilli in the faeces by correlating their presence there with the
results of a detailed post-mortem examination of infected and non-

infected cattle.

Review of the Literature

At present it is accepted that only one third of clinical cases
of the disease can be confirmed at one examination by the finding of
the pathognomonic clumps of acid-fast bacteria in the faeces (Rankin,
1958b). Surveys of the incidence of acid-fasts in faeces samples
from clinically suspect cattle have revealed that 25 - 30 per cent.
of samples showed clumps of acid-fast bacteria morphologically
resembling M. johnei, while 1% pex cent. of samples were classified
ag suspicious because of the finding of isolated acid-fast bacilli
(Doyle and Spears, 1951; Soltys, 1951). There was no attempted
correlation with post-mortem findings in these surveys, nor was it
probable that all the samples came from cases of Johne'!s disease.

The significance of the finding of single acid-fast bacilli
resembling M. johnei has long been in dispute. Hole (1956b)
expressed doubt as to whether the presence of single M. johmnei in ~>j
the tissues in the absence of a demonstrable tissue reaction was
evidence of disease, thereby implying that the finding of single

bacilli in the faeces was of no value.



It has been stated that saprophytic acid-fast bacilli found in
the faeces are indistinguishable from M. johnei (Chandler, 1958;
Levi, 1948a).

A ﬁositive diagnosis was warranted only when clumps of acid-fast
bacilli were found in the faeces (Anon, 19563 Levi, 1948; Doyle, 1956).

Levi (1948a) correlated microscopical and cultural findings in
faeces'sanples from clinically-sugpicious cages of Johne's disease
and concluded that the finding of isolated acid-fast bacilli did not
Justify a diagnosis of Johne's disease. Taking into account the
difficulty of isolating M. johnei from faeces, it is significant
that M. johnei was isolated from 50 per cent. of samples in which
isolated acid-fast bacilli were found microscopically.

Rankin (1958a) has reviewed and augmented the present knowledge
of the complement fixation teét in the diagnosis of Johne's disease
in cattle. His summary indicated that the test was satisfactory for
confirmation of clinical disease but in non-infected cases the test
was non-specific in that 10 per cent. of positive reactions were ob-
tained in two herds which he considered likely to be free from
infection with M. johnei. The test failed to detect pre-clinically
infected animals. It was thought that examination of the complement
fixation test in .the light of the results of extensive post-mortem

examinations might explain these apparently anomalous results.

Materials and Methods

Cattle. The material examined was obtained from cattle admitted to
Glasgow University Veterinary Hospital. These were from two main

sources, cattle which had been culled from herds in Southwest



Scotland because of productive inefficiency, and confirmed clinical
cases of Johne's disease from farms where epidemiological investiga-
tions were being carried out. Ali were in poor cliniceal condition
iece in a condition in which it would be Jjustified to suspect the
presence of Johne's disease.

They were kept in the hospital for periods of between two days
and one month depending on their clinicel condition. All were housed
in stalls or loose boxes and fed a diet of concentrates, hay and
water. On admission a complete clinical examination of each case
was undertaken. TFurther clinical observations were made daily,
special attention being paid to the character of the faeces. Blood
samples.were collected for routine haematology and for the complement
fixation test for Johne's disease. Faeces samples were collected at
frequent intervals. An extensive post-ﬁortem examination was carried
out on each case and the undernoted procedure with reference to the
present investigation adopted.

The small and large intestines were removed from the abdomen.
The ileo-caecal lymph nodes were collected in sterile universal
containers. The intestines were separated from their mesenteric
attachments and their contents expelled. The intestinal wall was
opened to expose the mucous surface which was examined for
abnormalities. Samples of mucous membrane were removed for cultural
examination. Tissues from the mesenteric nodes and from the mucosa

were fixed in corrosive formol for histological examination.

The Complement Iixation Test

The test used was that described by Hole (1952a and b), using



antigen and standards supplied by him. Sera which gave 25 per cent.
haemolysis or less were regarded as positive to the test. The test
was carried out by Mr. M. P. Cunningham, M.R.C.V.S., of Glasgow
University Veterinary Hospital, who also provided any histological

results used in this thesis.

The Microgcopical Iixamination of Faeces

Samples of rectal faeces were collected in waxed cartons and
smears made on the day of collection. The faeces were prepared for
. microscopical examination by the method described by Cunningham and
Gilmour (1959). Approximately 0.5 gm. of faeces was trangferred to
a glass glide and sufficient sterile distilled water added to. reduce
the faeces to a semi-fluid state. A straight edge was produced by
aligning the faeces along the interface between the glide and another
held lengthwise at right angles to it. The smears were dried slowly.

BExcess faecal débris was removed, care being taken to leave the edge

f
}l.

for examination intact. Staining was carried out by the Ziehl-Neelsen

method:- Ziehl-Neelsen carbol fuchsin for 10 minutes with heating to
steaming twice within that period; decolourisation with acid-alcohol
(70 per cent. alcohol containing 3 per cent. hydrochloric acid) for
30 minutes; washing in tap water followed by counterstaining for
+ minute with polychromatic methylene blue; the slides were washed
in tap water and blotted dry.

It was found that decolourising with acid-alcohol for 30 minutes

was effective in reducing the amount of acid-Tast débris in the

preparation. Pure cultures of M. johmei retained their acid-fastness

for much longer, while saprophytic acid-fast bacilli were less



registant to the effect of acid-alcohol (unpublished observations).
Every field in 3 cms. of straight edge was examined urder the
1/12" oil-immersion objective. The number of clumps (3 or more acid-
fast bacilli in close proximity) of acid-fast bacilli and single,
isolated, acid-fast bacilli measuring O.5p x 1-2p with rournded ends
and parallel or slightly bulging sides and staining a bright metallic
red was noted. Acid-fast objects not fulfilling these criteria were
ignored. By examining an approximately constant number of microscope
fields per sample (CIKCA 500), it was possible to obtain a rough .
comparison between the number of acid-fast bacterie in the faeces from

time to time.

The isolation of M. johnei from tissues

Tissues for cultural examination were collected in sterile
universal bottles. Whenever possible the material was cultured on
the same dgy as the enimal was killed: otherwise it was stored at
~10°C till required.

A pooled sample of ileo;caecal lymph nodes and three or four
pieces of intestinal mucosa taken from the terminal ileum or from
areas where lesions were present was examined. The lymph nodes were
freed from fat, flamed in a bunsen flame for a few seconds and
macerated in a sterile petri dish. The mucous menbrane was washed
in water to remove gross débris and separated from the muscular
layers. About 2 gm. of the macerated material and mucosal scrapings
were transferred to a sterile Griffith tube and ground in 10 ml. of
0.85 per cent. sterile saline solution. The resulting suspension

was transferred to a sterile universal container, an equal volume of



10 per cent. oxalic acid solution added (Corper and Uyei, 1929), and
the container stood in a water bath at 3700 for 30 minutes. The
bottle was shaken frequently during incubation.

The suspension was centrifuged at 3,000 r.p.m. for 30 minutes.
The supernatant fluid was discarded. Several platinum~loopfuls of
the sediment were spread thinly over the surface of three slopes of
Lowenstein-Jensen medium modified with 1 per cemt. w/v heat-killed
M. phlei (Cameron, 1956). The cultures were incubated serobically
at 3700 for twelve weeks, examined, and incubated for a further four
weeks when they were re-examined and discarded. The slopes were
examined for small, raised, greyish-white, rough colonies of acid-
fast bacilli. When such colonies. were seen they were subcultured
onto Lowenstein-Jensen medium and 4 per cent. glycerol agar which
were incubated at BYOC for twelve weeks and examined frequently.
Colonies of acid-fast bacilli which morphologically resembled M. johnei
and which required the growth factor provided by M. phlei were regard-
ed as those of M. johnei. Williams Smith (1954) has discussed the
didentification of M. johnei on cultural grounds alone. He concluded
it was justified, as Taylor (1952) produced clinical disease in
calves following the inoculation of a random selection of strains
recovered during abattoir surveys.

Biological tests and the examination of cultural characteristics
of strains of acid-fast hacteria which did not require the growth

factor were carried out and will be reported on in full in Part III,

The isolation of M, johnei from faeces

Two gm. of freshly-collected rectal faeces were shaken up with



20 ml., of 0.85 per cent. sterile saline solution and filtered

through two layers of sterile muslin. The filtrate was centrifuged
at 3,000 repem. for 30 minutes, the supernatant discarded, the
sediment transferred to a sterile Griffith tube and ground with 10 ml.
of .85 per cent. sterile saline solution. This suspension was
allowed to stand for 20 minutes and 10 ml.lof the supernatant layer
of the suspension transfer?ed to a uniﬁersal container. . An. equal
volume of 10 per cent. oxalic acid containing 0.02 per cent. malachite
green was added (Cameron, 1956). The mixfure wag incubated in a
water bath at 3700 for 30 minutes and centrifuged thereafter at

3,000 repem. for 30 minutes. ° The sediment was sown onto the surface
of §gx sl opes of modified Loweﬁstein-Jensen medium and incubated

aerobically at 5700 for six months.

Statistical Analysis of Results

To determine if there was a significant association between
variables the significance of X2 was determined by consulting
Fisher's tables for n = 1 where "n" is the number of degree of free-
dom. If X2 was equal to or greater than 3.84l the association was

gignificant.

RBesults

The results which are presented in Tables 1 - 5 are described

under the following headings.

® Ref. Statistical Methods for Research Workers. R. A. Figher.
10th Ed. Oliver & Boyd, Edinburgh. 1948.
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2.
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4.
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Case number.

Breed. Where cross-bred animals were encounbered the case

was assigned to the predominant breed of the animal.

Age. The age of each animal was estimated by its dental
formula up to four years of age. If older than four years
the age was estimated by reference to the horn structure,
if any. In some cases the age was obtained from the
hisﬁory of the case. An animal was clagsified as aged if

over four years and if no indication of its age was available.

Diarrhoea. The number of days on which the presence of
diarrhoea was noted is given in the numerator. The nunber
of days on which observations of the faeces were made is

shown in the denominator.

Examination of faeces smears. The mumber of smears in which

acid-fast bacteria were seen is given in the numerator.

. The number of smears exemined is given in the denominator. -

Complement. fixation test results. These are listed as either

positive or negative according to the interpretation of the

test already stated.

Gross lesious. These are listed as present or absent depend-
ing on the finding or failure to find the specific changes

in the intestinal wall with the naked eye.

Taeces culture results. These were classified ag positive
if M, johnei was recovered, negative if M., johnei not
recovered, and contaminated if all the tubes inoculated were

contaminated.

The abbreviations used in Tables 1 - 5 are shown on page 48.



TABLE 1

Cages in which M. johnei was recovered from the ileo-~caecal nodes

and which had clumps of acid-fast bacilli in the faeces (25 casges)

Case | preed| . #8° | Diarrhoea | Y8SCeS | ¢,p,p| _GTOSS | Faeces
Nno. -in years exam. lesionsg | culture
U2 | 4 4 21 20 F 5

RL3 | & 2 z = + - C

A 2 2 + -
R4 aged ) 3
c21 | A.h. | aged % % + + AT,
€20 | A % % -g + + +
1 = 1 - -
€5 | 4 2z 1 1
1 3 4 :
C3 A 2z 5 : - o+
8 12 . .
c2 A aged 17 16 + +
12 11

158 A 45 15 o + + +

148 | B.T. 2% 3 '2‘ " +

142 A 4 -g- _:]Lf + + +

127 | H 2% £ : + - +

126 A 6 % -g— + o o+

121 A aged g- % 4 + +

107 A aged -2- % + + +

106 A aged % % o+ - +

1 1
96 A aged 3 = > +
8l A aged -g- -g— + o+ +
1 1
80 A aged 1 I + +
2 2
18 A aged 5 5 + +
65 S aged %_' % A +
1 o
G 13 11 1L ) *
31| @ 3L < : " +
2 12
17 A aged T5 15 + A
23 G aged ; -'.; + +




TABLE 2

Cases in which M. johneli was recovered from the ileo-caecal nodes

and which hed single acid-fast bacilli in the faeces (30 cases)

Case Breed | . Age Diarrhoea Fasces C.F.T. Gr(.)SB Fae?es
no. in years axal. lesions | culture
Wil | w aged z -i'- -
RI6 | A 3 z ']:E +
30 A aged z -i- _
@22 A aged = -% -
@11 A aged = i + +
c17 | 4 3 -i— %— + + +
12 | A 2 £ % i}
c11 Gu. aged -‘3-" -;2- -+ -
c10 | & 2 -g- £ - +
C4 S aged % -g— -
cl J aged -5- -]i- - -
155 | 4 aged 712- 2 + +
153 { A aged %- .%. + B
147 | @ aged o o + -
131 | A 3 % -g- + + -
125 | s aged z %— + - -
111 A aged. i % - - -
105 | 4 aged 'S' : + - -
100 | 4 aged £ £ + + -
94 A aged :2- % - _
89 J aged % -é- 4 4
87 | & aged z g- - .




TABLE 2 (contd.)

Case Breed | . Age Diarrhoea Faeces c.».T, Gr9ss Fasces .
N0, in years eXaMm « lesions | culture-
79 A aged % % + +
67 A aged i %— - -

66 A aged -i %_- - -
60 A aged . % -::IL-'- +
59 A aged -% -il' +
54 A aged -:]LT -i]-‘- + +
42 A aged -% % 4 "
32 A aged -% % + 4




TABLE 3

Cages in which M, johnei was recovered from the ileo~caecal nodes

and which had no acid-fast bacilli in the faeces (11 cases)

Case Breed | . Age Diarrhoocs. Faeces C.F.T. Gr?ss Faeces
110. in years exam,. lesioms| culture
G20 A aged i -if -
G1L9 A aged. -:-I- 'Z:L: -
G18 A 2 -;L-" -'1-'- -
18 A 3 %— 0 + - +
1%9 A aged % —5- + i -
130 | A 2 -§- = - -
129 A aged %{"‘ -g- o+ -
112 A aged -'é'- -‘é- + - -
91 A aged i— 1‘- -
75 A aged i -5' - -
27 A aged % 17' + +




TABLE 4 -

Cases. in which M. johnei was not recovered from the ileo-~caecal

nodes but which had single acid-fast bacilli in the faeces

(19 cases)
Case Breed | . hge Diaxrrhoea Faeces C.F.T, Gr_oss Pacces |
no. in years exam. lesions| culture
W12 W 2% 3 %— -
710 A aged i- -:iL- -
U6 A aged z %— _
U7 A aged -i* -%— -
U5 A aged. '{* %’- -
28 | A aged z % -
Ge7 | 4 aged = 2 - -
- G24 A aged j -i— + - -
122 | A 2 3 o - -
103 | & aged 2 2 - -
95 | 4 aged 3 2 -
92 A aged -5- j-:-h- - -
g6 | a4 aged z + - i
T1 A aged J_Z_ é - -
68 A aged -li % + -
64 A aged i— %‘: -
49 | 4 aged z 2o s +
48 A aged 5 % + -
1 A aged -i% i—.% + -




TABLE 5

Cages in which M. johnei was not recovered from the ileo-caecal

nodes and in which no acid-fast bacilli were found in the faeces

(122 cases)

Case | proeal . #8° Diarrhoea| *2¢°€8 | ¢ p,p, | G¥oss | laeces
no. in years examn. lesiong| culture
W13 W 2% _:1- 3‘: -

G25 A aged i i -

G26 A aged ?I.: -I-L; -

G29 A aged -i- ii- -

@31 A aged -1- -]T_' -

G32 A aged | i— -1: -

156 | B.F. 114 :i' i— -

157 | AJA. aged % i - -

cé6 A aged i i + -

c7 A 2% -‘f -i -

€13 A 24 %— | 5 -

Cl4 A aged % % - -
€15 A aged 41'- i— - -
Cl16 A aged % % -

€19 A aged % if - - -
G13% A aged -% ' i— + -
Gl2 A aged % i + -

G4 A aged -;: :i' + -

Gl5 A aged -i- f + -

G16 A aged i i- -

G23 A aged. % % -

G21 A aged -;-: -=]'- -




TABLE 5 (contd.)

Case Breed | | Age Diarrhoes Faeces C.F.T. Gr9ss Faeces
No. in years eXam . lesions| culture
GL7 A aged :f -i -
G%3 A aged :i i— -
G34 A aged -1—3 -l: -
G35 A aged % -'i -
G3%6 A aged -é' -é'-'- -
149 A aged i- -}-': -
151 A aged Z z + -
152 A aged -;- % + -
63 A aged -i-'- ‘i -
53 A aged ~'5-'- % - -
%0 A aged -é- g— - -
29 A aged -'-2'- -;— | - -
28 A aged % -Z o+ -
46 A aged % -% - -
45 A aged i— -'i- - -
44 | A aged % z - B
51 A aged -i- -i-' - -
50 A aged i'-' —i- + -
61 A aged -% -14 -
62 A aged = z _
59 | B.F. aged -i- 1: -
58 A aged —i- -i- -
57 A aged ‘::L: -'i- - -
56 A 6 | -3'-_- -i- - -




TABLE 5 (contd.)

ngi Breed inA§: ars| Dierrhoea 1 F:i:;? G kT lg g:": ifls iﬁiiﬁf’e
55 A A aged —i- :j-_' - -
53 A aged :1: -7-1' + -
52 A aged i- -Z-f - _
43 A aged '-g- -6'5 A+ -
41, A 7 :i- -i- + -
37 | B.F. aged -,-]7'- -,'7- - -
%8 A aged {% -% + -
36 A aged = z - -
34 | A aged 2 z - -
97 A aged -':-]'- -I- -
T4 A aged -'2-'- % -
73 A aged -'{- -i- : -
76 A aged % -% - -
77 A aged -5' ?;: - -
82 A aged %— ';,_»' - -
83 A aged. % -'é; + -
84 A aged -2- % - -
85 A aged % -"2-: - _
88 A aged -']:. -5- -
90 A aged % -g- - -
93 A aged % -g- - -
98 A aged. i :i -
99 A aged % -'1:- -
100 A aged 4{' -']-': -




TABLE 5 (contd.)

Case Breed Age Disrrhoes. Faeces C.T.T. | GI‘(?SS Faeces
Nno. in years exam. ' lesions | culture
102 A aged -‘2‘- -2'1 + -
104 A aged 'i'—. i': - ‘ -
108 G aged -i- -i- - - -
109 | A.A, aged i- :]: - - -
110 A aged % % + - -
113 A aged § § - - -
114 A aged i- -:f - - -
115 A aged i -i'- - - -
70 A aged -'é"- :2- - -
2 I s sl -1 -
145 A aged -'é'- -5- + -
146 A aged -'-é- —5— + -
116 A aged -'2; % - -
117 A aged ':_L' i + -
118 A aged *i"- -_'-L'- o+ -
119 A 8 -% % + - -
120 A aged -i- -:"-L: - -
123 A 2% T 3 + - -
124 A aged T 3 + - -
128 A 2% ':_I -I- - - -
133 | AuA. aged T 5 - - -
134 A aged. -'2‘- f - -
135 A aged -5— -5- - -
136 A aged :j:: -5- - -




PABLE 5 (contd.)

Case Breed | | Age Diarrhoesa Facces C.F.T. Gr(.)s s | Faeces
NOe in years exam . lesiong| culture
137 A 3 0 :2-' o+ -
138 A 3% T 5 + -
140 A aged -i' -i': - -
143 A aged i -1-- -
141 A aged -i: -i- -
144 | B.F. aged j -iv'- - -
200 | @ %L % = + -
201 A aged i‘ i -
202 A 5 i- i'- -
R6 | A aged = z -
k5 A aged -;-: i— -
R3 | A.A. aged —g- T;- -
R2 | s aged £ = _ -
| & 13 -%- 3 -
20% A aged % i— _
204 A aged % i- -
U3 A 2 -i— -1— - -
U8 A aged -'-l'- i -
U9 A aged 'i -i— -
U1l A aged % i~ -
Ul2 A aged i‘ -i- -
Ul3 | B.F. 2L z 5 - _
U92 A aged -1: -f + +
U93 A aged —z- -J'-:- -




TABIE 5 (contd.)

"

Case Breed |, Age Diarrhoea Faeces C.F,T. GrPSS Fagces

no. in years exam. lesions | culture
194 |B.TF. aged T T -
W14 W - aged 1 T -
W15 W aged > > + - -
205 A aged T T -

Abbreviations uged in Tables 1 ~ 5
4+ = present or positive

absent or negative
no result = examination or test not done

A.T. = avian tubercle bacilli recovered

C contaminated

R
i

Ayrshire

Gu. = Guernsey

(42
il

Shorthorn

B.F, = British Friesian

=}
H]

Highland
G = Galloway
AJA. = Aberdeen-Angus

J = Jersey

=
n

Wild White




In Tables 1 - 5 are presented data obtained from ante- and
post-mortem examinations of material from 207 wasting cattle. The

results are analysed in Tables 6 - 19.

The isolation of M. johnei from the tissuves of wasting cattle

Table 6. The isolation of M. johnei from wasting cattle

Total number of cattle examined 207

Number of cases from which M. johnei isolated 66 (31.8%)

i

Number of cases from which M. johnei not isolated = 141 (68.2%)

From Table 6 it will be seen that M, johnei was recovered from
the pooled samples of ileo-caecal node and terminal ileal mucosa in

66 (31.8%) of 207 cattle examined. M, tuberculosis wvar. avium was

isolated from the tissues of one case; an incidence of 0.48 per cent.

The microscopical examination of faecal smears from 66 cases from
whose tissues M. johnei was isolated

Table T. The microscopical examination of faecal smears from 66
cagses from whose tissues M. johnei was isolated

No. of cases positive on culture = 66

No. of cases in which clumps of acid-fast bacilli seen in faeces

= 25 (37.7%)

No. of cases in which only single acid-fast bacilli seen in faeces

= 30 (45.4%)

No. of cases in which no acid-~fast bacilli seen in faeces )
= 11 (16.9%)

From Teble 7 it will be seen that in 25 of the 66 culturally

posgitive cases clumps of acid-fast bacilli were found on at least one



occasion on microscopicel examination of the faeces (Table 1).

There were 30 cases from the tissues of which M. johnei was cultured.
On examination of the faeces of thesge, therewere found only isoclated
acid-fast bacilli morphologically resembling M. johmnei and at no
time clumps of acid-fast bacilli. These cases are listed in Table
2. Of the 66 cases which yielded isolates of M. johnei from their
tissues there were 1l in the faeces of which no acid-fast bacilli
could be found on repeated examination.

The microscopicel examination of faecal smears from 141l cases from
the tissues of which M. johnei wag not isolated

Table 8. The microgcopical examination of faecal smears from 141
cases from the tissues of which M, johnei was
not isolated

No. of cases negative on culture = 141
No. of cases in which no acid-fast bacilli seen in the faeces = 122
No. of cases in which acid-fast bacilli seen in the faeces = 19

The results of microscopical examination of faecal smears are
given in Table 8. M, johnei was not isolated from 141 of the 207
wasting cattle examined. Shown in Table 4 are the 19 cases from
which M, johnei was not obtained in culture but in whose faeces acid-
fast bacilli (in =1l instances, isolated ones) were found on
microscopical examination.

One hundred and twenty-two cases were negative on cultural examina-
tion and on microscopical examination of thé faeces (Table 5)e Some
of the conditions to which the clinical status of these animals might

be attributed included chronic mastitis, chronic pneumonia, mucosal



disease, traumatic gastritis and peritonitis, nephritis, fascioliasis
and lameness.
The significance of the finding of single acid-fast bacilli

resembling M. johnei on microscopiceal examination of faecesg
from clinically suspicious cattle

Table 9. The correlation between the finding of single acid-~fast
bacilli in the faeces and the recovery of M. johnei
from the tissues of clinically suspicious cattle

No. of cases from which M. johnei was isolated = 41
No. of cases from which M. johnei was not isolated = 141
No. of cases in whose faeces single acid-fast bacilli present = 49
No., of cases in whose faeces single acid-fast bacilli not present = 133

Faeces result Culture result
-+ -
+ 30 19 i
- 11 122 /
4y
% = 57.51

As is shown in Table 9, M. johnel was recovered from the pooled
ileo-caecal’lymph node and intestinal mucosa of 41 cases and was not
recovered from the remaining 141l cases. Single acid-fast bacill;
were found in at least one of successive faecal examinations in 49
animals and were not found in 133.. If clumps of three or more

acid-fast bacilli were found on any occasion the case was not used in




this investigation. Of the 41 culturally positive cases, 30 were
faeces positivi/;nd 11 negative, while in 141 culturally negative
cases 19 were faéces positivg{énd 122 faeces negafivg;-

As the value cobtained fo£ X2 wags greater than 5:841, the critical
value of X2 for one degree of freedom, it was concluded that there
was & significant relationship between the varisbles i.e. the result
of faeces examination and cultural examination. Therefore, in the
cattle examined, the finding of single acid-fast bacilli in the faeces
indicated the presence of M, johnei infection.

The microscopical examination qi,faeoes as a diagnogtic method in
wasting cattle

Table 10. The examination of the significance of the presence
of acid-fast bacilli in the faeces of clinically
suspicious cattle

No. of cases from which M. johnei isolated on culture = 66
No. of cases from which M. johnei not isolated on culture = 141
No. of cases in which faeces test positive = T4
No. of cases in which féeces test negative = 133

Faeces test Culture resulti
-t -
-+ 55 19
- 11 122 ty

é’( / F] -'r

!.’J‘f

X% = 141.4



As a result of the finding that single acid~fast bacilli in
the faeces of clinically suspicious cattle were of diagnostic
significance in the detection of M, johnei infection, examination
of the faeces was regarded as positive if acid-~fast bacilli, either
gingly or in clumps, were found in the faeces. Examinations were
made on 207 cattle. The findings are shown in Table 10. 1. johnei
was isolated in cuiture of the tissues of 66 cases, of which 55 were
faeces positive and 1l negative. Nineteen of the 141 culturally
negative cases were faeces positive.

As the value obtained for X2 was greater than 3.841, the
critical value of X2 for one degree of freedom, it was concluded that
the finding of acid-fast bacilli singly or in clumps, on microscopical ;,)

{
examination of the faeces was diagnostic of M. johnei infection in the /

-

wasting cattle examined.

The accuracy of the microscopical examination of faeces ag a
diagnostic test for Johne's disease

Table 11. Microscopical examination of faeces smears from 207
wasting cattle

Culture +ve Culture -Ve
Microscopic
exanination Faecces Faeces Faeces Pa, Fa.
. of faeces +ve +ve J. Total +$ges "3265 Total
(clumps) | (singles)
No. of
examinations 124 o4 16 154 55 217 252
106 40 ‘ - 146 23 - 23
N L] '*"V' 5 y o 3
e Ve (85%) (71.4%) (75.2%)| (66%) | . (9%)

The results of the microscopical examinstion of faeces are shown

in Table 11. Of 194 examinations on the faeces of 66 M, johnei



infected cattle, 146 were positive i.e. either clumps or isoclated acid-
fasgt bacilli were found on microscopical examination of faecal smears.
Of 252 samples from non-infected wasting cattle, 23 (9%D were positive.
It was therefore possible to diagnose M. johmei infection in
75.2% of the smears from infected wasting cattle. Single acid-fast

bacilli were found in 9% of smears from culturally negstive cattle.

.....

=

circumstances described.

The complement fixation test as a diagnostic test in cattle suapected
on clinical grounds of having Johne's disease

Table 12. The complement fixation test on sera from 130 wasting

cattle
Culture 1ve Culture -ve
C.F.1, Faeces Faeces Facces Facces | Facces
‘+ve e _ Total tve —ve Total
(clumps) | (singles) ve
24 15 5 44 5. 1. 2T 32
ve (96%) | (68.5%) | (72%) |(81.5%)| (50%) | (40.9%) | (42.1%)
. 1. T . 2 10 5 39 44
Ve (a%) | (31.5%) | (28%) |(18.5%)] (50%) | (59.1%) [ (5949%)

Table 12a. The significance of the C.F.T. ag a diagnostic test in
clinically suspicious cattle (130 cases)

No. of cases from which M. johnei recovered in culture = 54
| No. of cases from which M, johnei not recovered in culture = 76
| No. of cases in which C.F.T. 4ve = 76

{ No. of cases in which C.T.T. -ve

24




} C.F.T. result Culture regult

+ 44 52
- 10 44
X% = 20,15

The findings are given in Tables 12 and 128 Of 54 cases
from which M. johnei was recovered in culture 44 were positive to the
test and 10 were negative. Of 76 culturally negative cases 32 were
positive to the test while 44 were negative. As the value for X2
(20.15) was greater than 3.841, the critical value for one degree of
freedom it is concluded that there is a significant relationship
between the complement fixation test results and the reco&exy of
M., johnei from the tissues of the wasting cattle examined.

Forty-four (81.3%) of the 54 culturally positive cases were
positive to the complement fixation test, while of 25 cases which had
clumps of acid~fast bacilli in their faeces 24 (96%) gave a positive
.., The test is therefore an accurate one for determining the
presence of M, johnei infection in wasting cattle. On the other
hand., the test was positive in 32 (42.1%@ of 76 wasting cattle from

which M. johnei was not recovered.



The age of cattle exhibiting wasting due to M, johnei infection

Table 1%, The incidence of M, johnei infection in relation
to the age of wasting cattle
Culture Fve Culture -V
Age Faeces Faeces .
tve e Faeces Total F?eces Faeces Total
(clumps) | (singles)| ~7° ve -ve

2 -3 D 2 2 o 1.2 19 11
(20%) (6.7%) | (18%) |(13.6%)|(10.5%) | (7.4%)| (7.8%)

3 .4 2 3 1 6 - 2 2
(8%) (10%) (9%) | (9.1%) (1.6%) | (1.4%)
over 4 18 25 8 51, 7T 111 128
(aged) (72%) | (83.3%) | (73%) |(717.3%)|(89.5%) | (91%) |(90.8%)

The distribution of M. johnei infection in relation to age is shown

in Table 13,

With reference to the cattle from which M. johnei was

recovered in culture, 51 (77.3%3 were over four years of age, six were

between three and four and nine were between two and three years of age.

Of the cattle which were culturally negative, 128 (90.8%) were over

four years of age, two were between three and four and 11 were between

two and three years of age.

To see whether there was & significant relationship between age

and the presence or absence of M. johnei infection as determined by

cultural methods, the incidence of infection in cattle over and under

four years of age was compared statistically.

Table 14.

Statigbical comparison of the incidence of M. jobhnei

infection in cattle under and over 4 years of age

Culture result

M, johnei recovered

M, johnei not recovered

over 4 years old.
under 4 years old

-y

51
15

128
13

2

X< = 7.01




Since X2

= 7,01 and is greater than 3.841l, the critical

significance value when n = 1, it is concluded that there is a

significant relationship between the wvariables.

Tor the wasting

cattle examined, M, johnei infection was more likely to occur in

cattle under four years of age.

age were more likely to be free from M. johnei infection.

Wasting cattle over four years of

The incidence of diarrhoea in wasting cattle infected with M. johnei

and & comparison of the incidence with that in non-infected cattle

wasting due to other causes

Table 15. The incidence of diarrhoea in relation to M. johnei
infection in wasting cattle
Culture +ve Culture -ve
Diarrhoea} Faeces Faeces a . A
fve +ve Faeces Total li:ces Faeces Total
(clumps) | (singles) | ~V¢ e —ve
Present 21‘ 16 0 J 42H 5 15 20
(84%) | (53.3%) | (45.5%) | (6346%)] (26.3%)| (4.5%) | (14.5%)
Absent 4 14 6 24 14 107 121
(16%) | (46.7%) | (64.6%)|(36.4%)| (T5.7) | (95.5%) | (85.5%)|

The results are shown in Table 15.

Of 66 wasting cattle from which

M. johnei was isolated in culture, diarrhoea was present on at least one

occasion in 42 (63.6%) cases.

found in the faeces on microscopical examination of faecal smears,

Where clumps of acid-fast bacilli were

diarrhoea was noted at one or more cbservations in 21 (84%) of these

casegi

diarrhoea was present in about 50 per cent. of those whose

faeces showed only single acid-fast bacilli on microscopical examination

of smears,

Of 141 wasting cattle from which M, johnei was not



isolated in culture diarrhoea was present on at least one observation

of the varying number made in 20 (14.5%) cases.

Table 16. Statistical comparison of the incidence of M, johnei
infection and the incidence of diarrhoea in 207
wasting cattle
Culture result
Mo_johnei recovered | M. johnei not recovered
Present 42 20
Diarrhoea
Absent 24 121
X% = 50.82

Since the value for X2 was significant for n = 1, it is con-

cluded that, for the cattle examined, diarrhoea was more likely to

occur in the M. johnei infected cattle than in cattle from which

M. Jjohnei was not isolated in culture.

The presence of macroscopic lesions of Johne's disease in the

alimentary tract of 207 wasting cattle

Table 17. The incidence of macroscopic lesions in the
intestines of wasting cattle
Culture +ve Culture -Ve
Macroscopic o
lesions liszes Ei::es Faeces™ Total Faeces Faeces Total
(clumps) | (singles) | V€ *ve -ve
21 15 1 37 1 2 5
Present (84%) (50%) | (1) | (56.9%) (5.5%) (1.5%)} (2.2%)
4 15 9 28 18 120 1%8
A ; y .
bent () | (o) | (89%) | (43.0%)(94.59)| (98.4%)| (978%)

* The changes in the intestinal wall in one case in this series were
described as "doubtful".




The findings are tabulated in Table‘17. Macroscopic lesions of
Johne's disease were present in the alimentary tract of 37 (56.9%)
of the wasting cattle from which M, johnei was isolated in .culture.
In those cases where clumps of acid-fast bacilli, single acid-fast
bacilli and no acid-fast bacilli were found on microscopical examina-
tion of the faeces, 84%, 50% and 11% respectively had visible lesions
of the intestinal wall. Of 141 cattle from which M. johnei was not
isolated in culture of the ileo-caecal nodes and intestines,
macroscopic lesions which were thought to be typical of those of

Johne's disease were found on three occasions.

The recovery of M. johnei from foetuses

Table 18. The recovery of M. johnei in culture
from foetuses from clinical cases of
Johne's diseasge

Isolation from Dam's Dam's
faeces +ve faeces 4ve Total
foetbuses .
clumps singles
No. examined 7 2 9
No. +ve 3 1 4

The results are shown in Table 18. The foetuses were from
nine pregnant cows which were clinical cases of Johne's disease.
M. johnei was isolated from four foetuses, three of which were from
dams whose faeces contained clumps of acid-fast bacilli and one of
which was from a dam in the faeces of which there were only single
acid~fast bacilli as determined by microscopical examination of

Smears.



The isolation of M. johnei from faeces

Table 19. The isolation of M. johnei from faeces
Culture +ve Culture -Ve

Faeces

Faeces Paeces 0
culture “+ve +vre Iifges Total 'Fizzes Eéfces Total

(clumps) | (singles) e
No. of 11 6 2 19 21 21
samples
No. +ve 9 2 1 12 - -

The results are given in Table 19.

M, johnei was not cultured

from"bhe faeces of 21 cattle whose tissue failed to yield M. johnei

in culture.

isolated in culture from the faeces of 12 cattle.

Of 19 culturally positive cattle, M. johnei was

Of 11 samples in

which there were clumps of acid-fast bacilli on microscopical

examination nine were positive culturally;

single acid-fast bacilli two were positive.

of gix samples containing

M, johnei was recovered

in culture from one of two semples from culturally positive cattle

in the faeces of which no acid-fast bacilli were seen.




Discussion

The fact that M. johnei was cultured from 66 (31 per cent.) of
207 adult wasting cattle does not indicate that the infection rate is
31 per cent., since a number of the cattle examined wefe specifically
chosen because of their history of coming from.ﬂ;miggggg infected
herds. Nevertheless, there was every indication that Johne's disease
is an important cause of wasting and therefore of economic loss among
adult cattle in Southwest Scotland.

Pue to the fact that the period of observation of each case
varied, it was not possiblé t0 examine a constant number of samples
from each but, from the limited numbers of histological reports avail-
able, there are adequate grounds for believing that a fairly accurate
claggification on the results of the faeces examination was possible,
i.e. the separation of those cases in which clumps of acid-fast
bacilli were noted on at least one examination of faeces from those
in which only single acid-fast bacilli but never clumps were found
on one or more occasions.

In 25 of the 66 cattle from which M. johnei was isolated in
culture, clumps of acid-fast bacilli were found on microscopical
examination of faecal smears on at least one occasion. Histological
examination of the intestinal mucosa confirmed the presence of
Johne's disease in every instance. Microscopical examination of
Ziehl-Neelsen stained sections revealed the presence of micro-
colonies of M. johnei in these lesions (Cunningham, 1958). Severe
wasting and diarrhoea was a feabure of most of the cases in this
series. Several quickly became recumbent and were destroyed. No

case of improvement other than of a purely temporary nature was



noted and it is considered that every case in this series would have
had a fatal termination.

There were 30 cattle from the tissues of which M. johnel was
cultured and examination of faeces showed the presence only of
singly disposed acid-fast bacilli morphologically resembling M, johnei.
Histological examination of the intestines showed that isolated ‘
intracellular acid-fast bacilli were present in the 1esions énd that
micro-colonies of acid-fasgst bacilli were an exceptional finding
(Cunningham, 1958). Some cases in this series (Table 2) were as
severely affected clinically as those described in Table 1, while
others were exhibiting sufficient wasting to be included in this
investigation but no other specific signs of Johne's disease. The
fact thét some of the latter might have recovered cannot be ignored.

M. johnei was not isolated from 141l of the 207 cattle examined.
This does not prove that they were in fact free from M. johnei
infection. The sampling and cultural technigues used have. kunown
inadequacies, whereby small numbers of M. johnei may be missed.

The sites chosen for cultural examination, namely the ileo=-caecal
lymph nodes and ileal mucosa were those thought most likely to be
infected in connection with significant lesions of the disease,
although a wider coverage of the mesenteric nodes and intestinal
mucosa might have been of advantage. The recovery of M, johnei
from the liver, spleen and retropharyngeal nodes and from no
other site as reported by Williams Smith (1958), is of unknown
significance in the pathogenesis of Johne's disease.

It was decided to use as the test of the accuracy of the

diagnostic techniques the recovery of M. johnei from the tissues.

Aoy



Ynile this might mean that a number of what were regarded as positive
cases were not wasting due to M. johnei infectiom but wefe symptomless
carriers of M. johnei and wasting due to some undetermined cause, it
would result in the efficiency of the #echniques being assessed by
the most rigorous criterion i.e. the ability to detect M. johnei
infection, not Johne's diseasec.

The significance of the finding of single acid~fast bacilli in
the faeces has heen discounted by most workers, although, in examin-
ing faeces samples from clinically suspicious cattle, some authors
(Doyle and Spears, 19513 Soltys, 1951) classified those samples in
which they found single acid-fast bacilli as "suspicious". This
would imply that the finding of such bacilli might be of significance.
The results presented here indicated that the finding of single
acid-fast bacilli was indicative of the presence of Johne's disease
in the wasting adult cattle examined. At the time of sampling, all
the cattle examined were maintained under the same conditions. They
were in stalls or individual loose-boxes and were fed on hay, concen-
trates and water. It %ay well be that saprophytic acid-fast bacilli
occur sporadically in the faeces of cattle kept under circumstances
and on diets different from those described above. Rankin (1957)'
suggested that prolonged examination of faecal smears containing
single acid-fast bacilli would, in some cases, reveal clumps of
acid~fast bacilli., Prolonged examinatibn of any one smear was not
carried out in the studies described here, but examination of a
gseries of samples from the same animal did not confirm this hypo-
thesis, It is presumed that single acid-fast bacilli appear in the

faeces ag a result of a shedding of infected cells from the mucosa



into the integtinal lumen. Histological examination of the mucosa
supported this theory. When single intracellular bacilli were

.foun& in the legions and single acid-fast bacilli in faecal smears,
the finding of clumps of acid-fast bacilli in either was very un-
common. It has been considered in the past that only one third of
clinical cases of Johne's disease could be diagnosed on faeces smear
examination at any one examination. \ Of 194 examinations on the
faeces of 66 M. johnei infected cattle, 146 (75.2 per cent.) were
positive (i.e. either clumps or isolated acid-fast bacilli were found
on microscopical examination of faecal smears). Of 252 faeces
samples from 141 M. johnei-free wésting adult cattle, 23 (9 per cent.)
were positive. In all instances only single acid-fast bacilli were
found. This latter figure is a measure of the non-specificity of
the test assuming the accuracy of the post-mortem cultural examina-
tion to be high. However, it is possible that cultural examination
failed to detect infection in some cases. The results of histological
examination might have been useful in this context. The figures
presented here show the usefulness of the examination of the faeces
from the cases clinically suspicious of Johne's disease examined,
using the methods described.

Unfortunately, complement fixation test results were not avail-
able for all the cases in the series of 207 but the results cbtained
in those examined indicated that, in infected animals, the test wasg
82 per cent. accurate. Where animals with clumps in their faeces
were concerned, 96 per cent. gave a positive reaction to the test.

Of the 22 cases which had single acid-fast bacilli in the faeces
and less advanced and, in some cases, purely focal lesions 15

(68.5 per cent.) were positive to the test. The figure of 82 per



cent. accuracy in confirming the presence of Johne's disease is of
the same order as those given by Rankin (1958a) and Hole (1956b).
The decreasing percentage of positive results with decreasing extent
of severe lesions are compatible with Rankin's observation that a
high C.¥. titre was associated with extensive, advanced intestinal
lesions. Forty-two per cent. of seralfrom cattle from which

M. johnei was not isclated were positive according to the inter-
pretation of the test used in this laboratory. This may indicate
that a proportion of the M. johnei-free cattle came from infected
herds and that the positive titres were due to past experience of

M. johnei or that positive titres can result from infection with
other acid-fast bacteria. The validity of the interpretation of
the complement fixation test used in these experiments i.e.

0 - 25 per ceﬁt. haemolysis classified as positive, 25 - 100 per
cent. haemolygis classed as negative, and the abandonment of the
intermediate classifications of weak positive and doubtful, may be
open to criticism. It was thought to be Justified, however,
because of the difficulty of relating these intemediate reactions
to the recovery of M. johnei from the tissues, the severity of lesions
or previous or subsequent tests in the same animal, In this work,
the complement fixation test was performed on sera taken immediately
prior to post-mortem examination, thus méeting a criticism that in
previous attempts at evaluation of the test there had often heen
considerable lapses of time between the test and post-mortem
examination, during which time recovery from infection with M. johnei
might have occurred.

Due to the disparity between the numbers of each breed examined



and the preponderance of Ayrshire cattle in the series, no comment
can be made on breed susceptibility. All the common Breeds found
in Southwest Scotland were represented.

As the majority of cases were received without a history it was
necessary to estimate the age of each case by means of its dental
formula up to three and a half to four years of age and by its horn
structure beyond that. Many of the animalg were polled. These were
clasgified asg aged if over four years old. Comparing the ages of
cattle which were thought to be wasting due to Johne's disease with
the ages of cattle thought to be free from M. johnei infection there
was a significant tendency for young adult cattle up to four years old
to be in the M. Jjohnel infected group, while the converse was true
for cattle over four years old. Wasting in aged cattle was more like-
ly to be due to a cause other than Johne's disease. The most common
conditions found in the older cattle were chronic magtitis and chronic
pneumonia. The age distribution of Johne's disease found in the
cattle examined confirms the field observation that the appearance of
clinical symptoms of Johne's disease is often associated with the
second parturition which normally takes place at about three and a
half to four years of age.

Forty-two (6346 per cent.) of the 66 cattle from which M. johnei
was isolated in culture exhibited diarrhoea on at least one occasion
during the period of cbservation in the hospital. It was found
that little stress as a diagnostic aid could be placed on the colour
of the faeces or the presence of bubbles in the diarrhoea. Only
20 (14.2 per cent.) of 141 cattle which were negative for M, johnei

on culbure had diarrhoea during the period of observation. The most



common cause of diarrhoea in this group was mucosal disease. The se
results indicate that Johne's disease was the most important cause of
diarrhoea in the cattle examined.

VWhere tﬁere was severe thickening of the walls of both the small
and large intestines, it might have been possible to have made a
tentative diagnosis of the presence of Johne's disease without open-
ing the alimentary tract and ingpeciing the mucosa, but in most cases
it was impossible to differentiate the thickening which occurred in
Johne's disease from the thickening which was a feature of meny
unopened intestines free from Johne'!s disease. The criterion for
determining whether the lesions in the intestinal wall were those
of Johne's disease was the finding of thickening of the mucous
membrane with permanent corrugation and a roughening and fissuring
of the mucosa which can best be described as having a granular
appearance. These corrugations have been likened to the convolutions
on the brain surface (Rankin, 1958b) and cannot be obliterated on
gentle stretching. Using this criterion, what were considered to be
. typical lesions were seen in the intestines of 56 per cent. of cases
from which M, johnei was isolated. Histological lesions may be
present in the absence of macroscopic lesions (Rankin, 1958Dh)
and in some cases the microscopic lesions may be extensive (Cunning-
ham, 1958). The fact that in cattle from which M. johnei was
igolated in culture and which had clumps of acid-fast bacilli in
their faeces 84 per cent. had lesions visible to the naked eye,
while in cattle which were culturally positive but only had single
acid-fagt bacilli in the faeces only 50 per cent. had macroscopic

lesions, shows that the latter group, taken as a whole, may be in a



less advanced state of the disease. In the absence of histological
results the significance of the finding of lesions in cattle from
which M. johnei was not recovered cannot be discussed satisfactorily.
However, there is no reason to believe that lesions may not be
present in the absence of M, johnei. This was found to be the case
in sheep (Stamp and Watt, 1954). The difficulty of isolating in
culture some sheep strains of M. johnei makes proper evaluation of
that finding difficult.

Of nine foetuses from dams affected with Johne's disease,

M. Jjohnei was recovered in culture from four. It is of inferest
that M. johnei was isolated from a foetus whose dam had only'singlé
acid~-fast bacilli in its faeces and intestinal mucosa and was there-
fore probably in a less advanced stage of the disease bacteriological-
ly than those whiéh had clumps of acid-fast bacilli in their tissues.
Congenital infection is potentially an important factor in the
epidemiology of Johne's disease. The consequences in later life of
congenital infection are not known. At the present state of know-
ledge, it would seem to be unwise for the progeny of cattle in the
clinical stage of the disease to be kept in a herd.

M, johnei was isolated in culture from 12 of 19 feces samples
from infected cattle. Of 11 samples in which clumps of acid-fast
bacilli were seen microscopically, M. johnei was recovered in nine,
but in six samples which had single acid-fast bacilli on microscopical
examination, only two were culturally positive.. This indicates either
that the technigues used were not sensitive enough to recover small
numbers of acid-fast bacilli from the faeces or that many of the single

acid-fast bacilli seen in faeces samples were not viable. It is



noteworthy that no saprophytic acid~fast bacilli were isolated from

any of the faeces samples ox from the tissues of the 207 cattle

examined.

Avian tubercle bacilli were isolated on two occasions.

This finding will be reported on in full and discussed in Part III,

It is postulated that there are several ways in which an

animal reacts to M, johnei infection, depending on the infecting

dose, the virulence of the infecting strain (about which nothing is

known), the age at which it first experiences infection and its

resistance to infection. These varying reactions may be classified

into three loosely defined groups:-

i.

ii,

iii.

Infection may be followed by the production of minimsl
lesions and suhsequent recovery. This process may be
repeated many times in a resistant animal in an infected
environment.

Infection with M. johnei and a host reaction as shown
by the production of more severe lesions which persist.
This group may contain the healthy "carrier" animals
which are constant excretors. Depending on the
individuals resistance recovery may follow after a

time or the infection may progress to iii.

Massive multiplication of M. johnei with the production

of gevere lesions and progressive fatal clinical disease.

Group ii may be represented by the unthrifty animal which is on

the borderline of being classified as wasting and which is often seen

in infected herds. Cages which have recovered from a group ii type

infection may be thoge non-infected cases which have complement

fixing antibodies in their sera.



Conclusions

In the 207 wasting adult cattle examined:-
(i) Johne's disease was an important cause of the culling of these

animals from herds.

(ii) The finding of single acidnfést bacilli on microscopical examina-
tion of faeces smears was diagnostic of M. johnei infection. Using
the techniques described, Johne's disease could be diagnosed with a
fairly high degree of accuracy. False positive results occurred in

what were considered M. johnei-free cattle.

(iii) In infected cattle, the complement fixation test was of compar-
" able accuracy to the faeces smear test but in non-infected cattle a

higher percentage of non-specific results were obtained.

(iv) Johne's disease was more likely to be the cause of wasting in

cattle under four years of age thanAin cattle over four years of age.

(v) The presence of diarrhoea was more likely to be due to Johme's

disease than to any other cause.
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