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INTRODUCTION

Paratuberculosis is a specific infectious disease of ruminants

caused by an acid-fast organism, Mycobacterium paratuberculosis,

and was first recognized as a specific disease identity in 1906 (7).
It has also been suspected of causing naturally occurring disease in
horses (95), swine (30,31), and monkeys (82). Often, it is a wasting
illness with a prolonged course, during which intractable diarrhea
results in dehydration, emaciation, and eventually death. The disease
is an importaht economic problem in cattle but is of lesser importance
in other species. |

Experimental work on M. paratuberculosis has been greatly hampered

because attempts to infect laboratory animals have not been consistently
successful. The results of previous investigations of its pathogenicity
for laboratory animals may be arranged roughly into 3 groups: a large
number of apparent failures was noted; a group in which lesions quite
unlike those found in cattle was produced; and few experiments in which
an intestinal infection ;esembling the natural disease were obtained.
For economic reasons, more efficient utilization of isolation
facilities, larger numbers of animals per experiment, and shorter-
termed experiments, it was concluded that a laboratory animal was needed
for the study of paratuberculosis. The pathogenicity of M. paratubercu-
losis has not been thoroughly investigated in laboratory animals. In
evaluation of a disease process, it is necessary to know the extent to
which the etiologic agent is disseminated in the body and how it becomes

localized in particular organs after exposure. This study was undertaken -
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to gain more information about the pathogenesis of paratuberculosis

in a laboratory animal that has an alimentary system with features similar
to those of the ruminant.

The golden hamster, (Mesocricetus auratus, formerly Cricetus auratus

Waterhouse, 1839), is a rodent belonging to the group of white-footed
mice and possesses a forestomach. In its forestomach, which is the
simplest among the polygastric animals, microorganisms are present that
are similar to the microorgenisms of the rumen (62). Further, it has
been shown that the addition of urea to the ration is nutritive for the
hamster (65). Anatomically and physiologically, the hamster resembles
the ruminant closer than any other available laboratory animal and lends
further justification for its use in this study.

Previous workers (36,37) have noted evidence of multiplication of

M. paratuberculosis in the hamster. Their studies were based on

cultural examinations with very limited histopathology. Since it

requires about 3 months to grow cultures of M. paratuberculosis,

evaluations of assay animals by histopathologic means may be faster.
Therefore, an extensive histopathologic evaluation of the pathogenesis

of paratuberculosis in the golden hamster was undertaken.



REVIEW OF LITERATURE

History of Domestication of the Golden Hamster

In 1930, the Department of Parasitology of the Hebrew University
of Jerusalem was engaged in the investigations on Mediterranean kala
azar. The only éﬁitable experimental animal then known was the Chinese
hamster which had the disadvantages of being imported from the Far
East, not breeding in captivity, and being very susceptible to
Pasteurella.

In 1930, the late Professor Aharoni of the Department of Zoology
of the Hebrew University went on a zoological expedition to Syria and

brought back Cricetulus phoeus for kala azar studies. In addition to

these animals (which were also unsatisfactory because they did not

breed in captivity), Professor Aharoni brought back a litter of 8 golden
hamsters collected near Aleppo which he reared and presented to the
Department of Parasitology.

Four of the hamsters escaped and 1 female was killed by a male,
thus leaving only 1 male and 2 females. From these, several litters
were reared, establishing the ease of breeding this species in
captivity.

The hamster was first used on kala azar research in November 1930,
and it was later found valuable for work on tuberculosis and brucellosis.
From Jerusalem the hamsters were sent to France, England, India, and
Egypt. From India, I. J. Kligler sent a group to America. To the best

of recorded knowledge, all the golden hamsters now being used as
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laboratory animals in Europe and America originated from the littermates

first raised in captivity at the Hebrew University of Jerusalem in

1930 (2).
Historical Work on Paratuberculosis

Paratuberculosis (Johne's disease) is a naturally occurring
chronic infectious enteric disease of ruminants caused by an acid-

fast organism, M. paratuberculosis. JChne and Frothingham (50) in

1895 were the first to demonstrate the causative organisms in the
thickened mucosa of the intestine of cattle suffering from chronic
diarrhea. They believed it to be an unusual type of avian tubercle
bacillus. Koch was also in complete agreement with them.

In 1906, Bang (7) showed that the organism could be transmitted
to cattle, would produce disease after a long incubation periocd, and
was a separate entity from tuberculosis.

Paratuberculosis in the United States was first described in
1908 by Pearson (81) in Pennsylvania and again later the same year by
Beebe (8) of Minnesota.

The causative organism was never cultured on artificial media
until 1912 when Twort and Ingram (106) reported their success with media

containing dried and powdered growth factors of certain acid-fast

bacilli--timothy grass bacillus, smegma bacillus of Moeller, nasenschleim

bacillus of Karlinski, and a human type of tubercle bacillus. Media
containing fractions of tubercle bacilli isolated from cats, avian type,

and bovine strains produced no growth of paratuberculosis bacillus.



Morphological and Physiological Characteristics

of M. paratuberculosis

Mycobacterium paratuberculosis is a short, thick, non-sporulating,

Gram-positive rod, one-half micron in diameter by 1 to 2 p in length
and comparable in size to the avian tubercle bacillus (66). When
stained with an appropriate dye, such as carbol fuchsin, they are

not decolorized by the action of acids diluted in alcohol. Most of
the bacilli are stained evenly but a beaded form may occasionally be
observed. In tissue sections, the organisms are usually found in
variable size clumps within "fixed" phagocytic cells. However,
numerous bacteria may be dispersed singly within the macrophages. The

bacillus is aerobic, grows best at 39° C., and is difficult to culti-

vate on artificial media.

Previous Experimental Paratuberculosis in the Golden Hamster

Daubney (51) in 1938, was the first to suggest that the golden
Syrian hamster might bé used as an experimental animal in Johne's
disease research since it had been found of value in the study of
leprosy by Adler. In the same year, Dunkin (51) used hamsters in the
study of Johne's disease and stated that he had not succeeded in
infecting them.

Francis (33,34%) in 1943, inoculated 10 hamsters intraperitoneally

and 4 orally with M. paratuberculosis as follows:




1. Five 23-day-old hamsters with an average weight of ko g.

received intraperitoneally an initial 2.5 mg. dose and
another 2.5 mg. dose 7 days later. Postmortem examinations
were performed at 9, 10, 22, 31, and 32 weeks post-
inoculation (PI).

2. Four 12-day-old hamsters with an average weight of 11 g.
and one 3-month-old 95 g. hamster received an initial
0.1 cc. and 0.2 cc. intraperitoneal dose respectively of
a thick emulsion made from the spleen of a hamster from
group 1 killed at 9 weeks. The same dosage was repeated
in T days using the spleen of a hamster from group 1 killed
at 10 weeks. Two of the 12-day-old hamsters died soon after
inoculation and no postmortem examination was made. Two
of the 12-day-o0ld hamsters survived and were examined at
12 and 25 weeks. The 3-month-old hamster was examined at
26 weeks PI.

3. Four T7-day-old hamsters with an average weight of 10.2 g.
were inoculated vie stomach tube with a 0.25 cc. suspension
of the intestinal mucosa of a hamster from group 1 killed
at 22 weeks PI. Postmortem examinations were madé on 1
hamster each at 5 and 17 weeks PI. No report was made
of 2 hamsters. |

Results of the hamsters inoculated by Francis are summarized in

Table 1. Francis concluded that the results in hamsters were less

consistent than in mice, although the dosage was 3 times lower in



Table 1. Distribution of M. paratuberculosis after intraperitoneal (groups 1 and 2) and oral

(group 3) inoculation as reported by Francis (34)

Time
after

Smear of tissue
(number of bacilli)

Group inoculation Mesenteric

Culture of tissue

number (weeks ) lymph node Liver Spleen Intestine Liver Spleen Intestine
9 0 Few Several 0 0 0 0
10 0 ‘None Few 0 0 0 0
b ! 22 0 None None Several + + 0
31 0 None None None - - 0
32 Many None None Few 0 0 0 ad
12 0 None None None + % 0
2 25 0] Few 0 Several 0 0 0
26 None None None None 0 0 0
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the hamsters than that given to the mice. The bacilli remained viable

after animal passage. The cellular reactions in infected mice and

hamsters were similar to those in naturally occurring disease.

Hirch (47) in 1956, inoculated the following groups with cultures

of M. paratuberculosis grown in Glover‘simodification of Dubos and

Davis liquid medium:

1.

Eleven adult hamsters were given 9 daily oral doses of

0.5 ml. each of the undiluted culture amounting to 1.5 mg.
of moist organisms. Postmortem examinations were made at
intervals from 4 to 40O weeks PI.

Four adult hamsters were given 6 daily oral doses of 0.5 ml.
each of the undiluted culture amounting to 0.6 mg. of

moist organisms. Postmortem examinations were made at 6, 10,
20, and 40 weeks PI.

Fourteen adult hamsters, divided into 4 groups, were
inoculated once intraperitoneally with variable quantities of
a culture recently isolated: (1) from a goat, (2) after
first passage through a hamster, (3) after second passage
through a hamster, or (4) after second passage through a

rabbit.

. - Twelve 2- or 3-day-old hamsters, divided into 3 equal groups,

were inoculated intraperitoneally once with 0.1 to 0.2 ml.
of culture: (1) recently isolated from a goat, (2) after
second passage through a hamster, and (3) several subsequent

subcultures af'ter passage through a rabbit.



Hirch reported that the liver from the hamsters which received the

oral inoculations (groups 1 and 2) was most consistently positive as
organisms were isolated from 10 of the 14 examined. Positive cultures
were also obtained from 7 of 13 lungs examined. Viable organisms
gradually disappeared from the lungs and none were isclated after

40 weeks PI. Oniy 1 hamster, killed after 40 weeks PI, yielded a
positive culture from the kidney. Typical clumps of acid-fast bacilli
vere found in smears of the intestinal mucosa only after 40 weeks PI.

In the hamsters that received 0.6 mg. of organisms, the cultures of
the organs were all negative at 6, 10, and 20 weeks PI, but a small
number of colonies grew from the liver, kidney, and intestine of the
hamster examined at 4O weeks PI.

The results of culturing and intestinal films from groups 3 and L
are summarized in Table 2. In group 3, there was an increase in the
number of colonies with longer duration after inoculation. A difference
was noted between the source of the inoculum and the number of colonies
obtained. In group 4, a small number of typical acid-fast bacilli
were seen in films made from.mucosai scrapings of the small intestine
of nearly all of the animals. No real increase was observed in colony
counts of cultures of livers and intestines until 26 to 35 weeks after
inoculation. The organisms from the second hamster passage and from
the goat appeared to become established in the hamster. The organisms,
from the rabbit, that had been subsequently subcultured many times, did

not muiltiply in the hamster.
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Table 2. Distribution of M. paratuberculosis after intraperitoneal
inoculations of hamsters by Hirch (47)
Results
Time Culture Intestinal
after (number of colonies) films
Group Dose  inoculation Number
number (mg.) (weeks) Liver Intestine positive/total
3 12.5 0,0,0,0,100 18,97,29,49,0 0/5
From 0.3 25 Many Many L/6
goat Lo Many Many L/6
3 115 99,0,0 0,27 1/5
Second
passage 0.8 4o 3,1,3 91,35,77,57 1/6
hamster
3 12 0,43,12,7,84+ 0,0,7,13,10 3/5
Second
passage 0.5 18 50,14,21 Many 0/8
rabbit
3 3 1,0,0 0,0,0 0/6
From 0.3 13 81+,87,106 32,34 1/6
goat 27 Many 9,100 6/7
35 Many Many 1/6
3 12 5,0,0 Not done 0/6
First 19.5 Many Many 1/6
passage 0.2 35 0,0,0 4,3,0 1/6
hamster
L 0.08 6 0,0 3,0,1 2/6
From 15 10,0,0 0,0,0 1/6
goat 26 1,12,0 75,114,100 2/5
35 19,2,35,20  5,0,25,26 2/6
h 7 0,0,2 0,0,2 1/6
Second : 16 0,0,0 0,0,0 0/6
passage 0.04 26 50,12,0 Many 2/6
hamster 35 2,0,0 Many 2/6
4 6 0,4,0 0,0,0 1/6
From 0.08 15 0,0,0 0,0 3/6
rabbit 2k.5 0,0,0 10,0,0 1/6
35 0,0,0 1,0,0,0,0 0/6
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Although typical acid-fast organisms were demonstrated in the small
intestine and liver, sometimes in large numbers, the animals appeared
quite healthy, and apart from a slight thickening of the small intestine
and enlargement of the mesenteric lymph nodes, no obvious changes were
seen at the postmortem examination. No clinical disease was produced
in animals maintaiﬁed for 40 weeks after inoculation. Hirch concluded
that there was fairly definite evidence of the multiplication of the
bacteria somewhere in the organs of the hamster with a slow subsequent
establishment in the small intestine. There was apparently a variation
in the "infectivity" of different strains.

Harding (45) in 1959, reported histopathologic studies on the
hamsters used in the experiments by Hirch (47). The frequency of
lesions in organs is tabulated in Table 3, but the distribution of
acid-fast bacilli without the presence of lesions was not recorded.

Harding found that lesions in the liver parenchyma were smaller
and less numerous than those in the interlobular connective tissue
and portal tracts. However, the lesions of the portal triads were
much more extensive and often the onlj changes detected. Bile duct
proliferation was particularly marked. The splenic lesions were a
diffuse hyperplasia of the epithelioid cells involving only the red
pulp in 2 cases, whereas in the other 4 cases, the lesions consisted
of clearly defined foci of epithelioid cells with tendency to form
symplasmata and giant cells in both lymphoid follicles and red pulp.
Five of the 9 hamsters inoculated orally showed lung lesions, thus

raising the question of inhalation. These lung lesions demonstrated
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Table 3. Frequency of lesions in hamsters produced by

M. paratuberculosis as reported by Harding (45)

Number of organs

Total number of

Organs with lesions organs examined
Liver 60 80
Spleen 6 62
Lungs 10 Th
Kidneys 3 75
Intestines 9 65
Mesenteric
lymph nodes 2 2
Peritoneum
covering organs 24 NR

NR = Not reported
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definite regression after 3 months. One of the 3 cases in the kidney
involved only the visceral peritoneum. Three cases of the intestinal
lesions were confined to the lymphoid follicles, whereas all the
others had extended through the muscularis mucosa and involved the
overlying villi. No mucosal lesions were observed except immediately
over an infected lyﬁphoid follicle. The lesions in the mesenteric
lymph nodes were in the cortex and tended to form symplasma.

Harding concluded that the organisms were fairly numerous during
the period following infection, subsequently decreasing in numbers
and surviving for an interval in the lymphoid tissue of the small
intestine, but again becoming numerous after a latent period of
many months. Of the species studied, mouse, rabbit, and hamster,
Harding considered the hamster to have an organ susceptibility most
like that of the ruminant.

Gilmour and Brotherston (36) in 1961, orally inoculated 3 groups
of hamsters of about 20 g. in weight with 1 dose respectfully of 109,

lO8 and 107 viable units of M. paratuberculosis from a sixth sub-
b -_—

culture from a clinical case of Johne's disease in a sheep. Five or

6 hamsters from each group were killed at 1 and 2 months after
inoculation. Viable counts were made of the liver, spleen, and of

the intestinal walls of each animal. The minimum detectable infections
vere loglo 2.39 viable units in the livers and spleens and 3.49 viable
units in the intestines. The mesenteric lymph nodes and livers were

examined histologically.
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At 1 month, intestinal infections were reported in 1 of 6 hamsters
given 107 viable units, in 3 of 6 given 10° viable units, and in 5 of 6
hamsters given 109 viable units. After 2 months, intestinal infections

were present in 1 of 6, 6 of 6, and 5 of 5 hamsters at the 107, 108,

and 109 dose levels respectively. When detectable infections were
present in the small intestine, the mean group counts at 2 months were
at least 1 loglo units greater than those at the l-month examination
which, according to Gilmour and Brotherston, indicated that progressive
infection had been established. Infections were not progressive in
the large intestines.

Organisms were recovered from all hamsters examined at 3 months
that had received 108 and lO9 viable units. However, the viability
counts at 2 months were not considered significantly greater when
compared with those obtained at 1 month.

At 1 month following inoculation, lesions were present in the
mesenteric lymph nodes of 1 hamster in each of 2 groups given 108 and
107 viable units. After 2 months, lesions were reported in 5 of 6
given 108 viable units and in 5 of 5 given 109 viable units. No
microscopic lesions were detected in the liver of any hamster.

In 1963, Gilmour et al. (37) reported the results obtained from
33 hamsters weighing about 50 g. each that were inoculated orally at 8

weeks of age with 6 x 107 viable units of M. paratuberculosis of the

bovine type that required the M. phlei growth factor and grown on
William Smith solid medium. Viable unit counts were carried out on

0.1 ml. of a 1:200 dilution of weight-volume suspensions of spleens,
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kidneys, lungs, livers, mesenteric lymph nodes, and both small and
large intestines of animals killed 1, 6, and 24 hours, 1 week, and 1,
L, 8,‘9, and 11 months after dosing. The cultural examination results
are summarized in Table 4. They obtain no clutures of M. paratuber-
culosis from organs of inoculated hamsters after 6 hours and before
1 month PI. Histoiogic examinations were reported on sections from
the livers and small intestines of the hamsters killed from 2% hours
and later. The lesions in the livers were located close to the portal
tracts and consisted of a central mass of epithelioid cells and
peripheral zone of lymphocytes. Lesions were found only in 1 section
of the intestinal tract that included a Peyer's patch. The lesions
were discrete, round foci of epithelioid cells with abundant pale,
eosinophilic cytoplasm. Smaller groups of epitheliold cells were
present in the mucosa overlying the lymphoid tissue which was somewhat
thickened. Numerous lesions were present in a small piece of attached
lymph node. However, it was noted that no acid-fast bacilli were
observed in any of the lesions in sections stained by the Ziehl-Neelsen
technique.

Gilmour et al. (37) reported another experiment where 24 hamsters
weighing about 65 g. were dosed orally once weekly for 4 weeks and

received a total dose of 4 x 10° viable units of M. paratuberculosis.

Cultural counts were made of the livers, spleens, mesenteric lymph
nodes, and small and large intestines at 1 week and 1, 4, 6, and 8 months.
The cultural examination results are summarized in Table 5. Histologic

examinations were made of all the livers and small intestines. No
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Distribution of M. paratuberculosis after oral dosing as

reported by Gilmour et al. (37)

Time Mesenteric
after Hamster lymph Intestine
dosing number Spleen Kidney Lung Liver node Small Large
1 1 -—— - C -—- - 3.8 k.1
hour 2 2.4 -— C 3.4 cC - 3.8
3 -—— -—— C -——- C ——- 4.2
6 L 2.7 - o 3.3 c - -—-
hours 5 - - C — -—— - 4.3
6 po ——= e — -——— -——- 3.9
24 7,8,9 -—- - SRR e ——— —— R
hours
1 10,11,
week 12,13 - - i o s o
1 14,15,
month 16,18 S ann - . s PR
E By § 3.8 -—- 3.9 3.8 C 3.5 -
19,30 -— -— ——— —-- - - -—
b 22 k.5 --- cC ka C 5.9 ---
months 20 2.4 - o — ——— - L. 4
21 -——- ——— ¢ - 4.5 e 4.8
25 -— -— ——— =—- . % | - -—
8 23 5.0 2.9 S N 5.9 4.9 —_—
months 33 5.3 -—— --- 3.8 6.8+ 4.8 3.T
9
months 34 5.7 ——- 3.4 4.3 6.8+ 4.3 5.0
11 28 0 0 0 0 0 3.5 L.
months 24 2.9 - ——— —-- 6.8 4.6 4.8
26 2.7 -——— c—— == 6.8 3.9 3.5
27 5.5 -—- === 3.5 5.4 3i3 3.8
29 5.3 2.4 - 3.5% 6.4% 3.6% 4.8
35 5.4 2.4 3.0 5.4% 6.7 L1 5.1

Counts expressed as loglo viable units per organ

| O | A | A ||

Contaminated
Not examined
Organ contained lesions
Greater than

Less than minimum detectable levels = log;g 2.4 viable units
for the lymph nodes, spleens, livers, kidneys, and lungs, and

logjp 3.5 for the intestines




Table 5.

Distribution of M. paratuberculosis after 4 weekly doses

as reported by Gilmour et al. (37)

Mesenteric
Time after Hamster lymph Intestine
last dose number Liver Spleen node Small Large
1 week 1-6 o RN o — —
1 month ( 2.4 4.9
8 - 12 s . s _—
4 months 14, 16
15 C i 5.9 s 3.5
17 --- 3. ---
18 -—— —-—— —— -—- 3.5
19 2.4 3.5 C 3.5 S
6 months 22 - RS 0 P —
8 months 23 - 25 -—- - _—— - -—
26 -—- 504 +6.8 6.1 3.8
27 2.k 2.4 5.9 5.9 4.9

Counts expressed as log, g viable units per organ

cC
+

0

o nn

Contaminated
Greater than
Not examined

Less than minimum detectable levels = loglo

2.4 viable units

for the lymph nodes, livers, spleens, and loglo 3.5 for the

intestines
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specific lesions were detected in any of the histologic sections.

Avian tuberculin sensitivity tests were made on all hamsters in
the above 2 experiments. There was no correlation between the develop-
ment of tuberculin reaction and the viable unit counts. However, there
was some indication of an association between sensitivity and finding of
specific lesions. Lesions were found in 4 of 5 hamsters that reacted
to the test immediately prior to necropsy. No lesions were found in
4 hamsters that did not react.

In contradistinction to findings in sheep and cattle, Brotherston
and Gilmour (19) reported that in hamsters, infections of the livers
and spleens were present and were fregquent. They also attempted
vaccination evaluation by utilization of the hamster as a test animal.
They vaccinated 7 recently weaned hamsters with 0.05 ml. of Weybridge
adjuvant vaccine containing approximately 0.17 mg. of heat-killed or-
ganisms. One month later, the vaccinated and 7 unvaccinated hamsters

6

were challenged once weekly for 10 weeks with 10~ viable units for a

total of 107 viable units of M. paratuberculosis. The results are

summarized in Table 6.

Brotherston and Gilmour considered the reduction in the level of
infection in the small intestines of the vaccinated hamsters as
significant. Also, the results were similar to that in sheep as invasion

of the mesenteric lymph nodes was not prevented.



Table 6. Viable unit counts in vaccinated and unvaccinated hamsters

6 weeks after last challenged as reported by Brotherston
and Gilmour (19)

Mesenteric
Hamster lymph Intestine
number Liver Spleen node
1, -——— = = e
2 - 3 L.2 -——
Vaccinated 3 -—— S 5.4 3.9
i - -—- 6.0 -
5 e e e e
Fi = - — e
7 - --- 5.5 -
8 i e S ——
9 --- 2.k G%T 6.1
Controls 10 - - 3.3 6.4
g -—— 2.7 4.3 6.6
12 N -—- 5.5 -—--
13 --- 2.7 L.7 4.3
14 --- 2.9 4.0 6.8

Counts expressed as logyo

viable units.
--- = Less than minimum detectable levels = logy

2.4 in mesenteric

lymph node, liver, and spleen, and log)q 3.4 in intestines




el bade ol o e

e L B T

20

Paratuberculosis in Other Laboratory Animals

Rabbits

Markus (64) in 190k, Bang (7) in 1906, Meyer (68) in 1913, and
Datta (51) in 1938 reported that they were unable to establish infections
in rabbits. Twort and Ingram (105) in 1913 inoculated a group of rabbits
and obtained 1 case resembling paratuberculosis in cattle. This was
1 of a few reported cases in laboratory animals that resembled the
disease of cattle. Twort (101, 102, 103) in 1912, 1913, and 1914 found
lesions consisting chiefly of lymphoid cells in the intestine, liver,
spleen, and thoracic and mesenteric lymph nodes in 5 of 23 rabbits

inoculated with M. paratuberculosis. Intra- and extracellular organisms

vere found in all affected organs and were cultured from the intestine
and the mesenteric lymph nodes. Similar results have been obtained by
Andersen (5) in 1921, Boquet (13) in 1929, Mohler (71) in 1939, Sahai
(88) in 1943, Francis (33, 34) in 1943, Alikaeva (3) in 1940, Rankin (84)
in 1958, Hirch (47) in 1956, and Harding (45) in 1959. Taylor (99) in
1951 failed to demonstrate lesions but was able to culture organisms

from 2 of 5 rabbits that had been inoculated with M. paratuberculosis.

Twort and Craig (104) in 1913 demonstrated identical lesions in .
rabbits that had been inoculated intraperitoneally with either dead

M. paratuberculosis or M. tuberculosis.

Guinea pigs
Markus (64) in 1904, Twort and Ingram (105) in 1913, Meyer (68) in

1913, Twort (102, 104) in 1914, Andersen (5) in 1922, Datta (51) in 1938,
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Popp (83) in 1940, and Vallée et al. (107) in 1941 were not successful
in establishing infections in guinea pigs that had been inoculated with

either M. paratuberculosis or suspensions of infected tissue containing

M. paratuberculosis.

Jéhne and Frothingham (50) in 1885 inoculated guinea pigs with
intestinal scrapings-from an affected cow. Although these guinea pigs
did not die, they did demonstrate atypical lesions of tuberculosis and
thus led both Johne and Frothingham, along with Koch, to believe the
condition to be produced by an unusual type of avian tubercle bacillus.
Bang (7) in 1906 also demonstrated acid-fast organisms in lesions in
guinea pigs inoculated with suspensions of tissue containing the acid-
fast bacilli described by Johne and Frothingham.

Boquet (13, 14, 15, 16, 17) in 1929 and 1930 inoculated guinea pigs
orally, intratracheally, subcutaneously, intraperitoneally, and

intravenously with variable quantities of culture of M. paratuberculosis.

He recovered the organisms by culture from the blood, bile, spleen,
liver, lung, and various lymph nodes. Hagan and Mansfield (43) in 1930,
and Hagan and Levine (42) in 1932 observed epithelioid-cell proliferation
in the lymphatic tissue and giant cell formation when they inoculated

guinea pigs with living or killed cultures of M. paratuberculosis

and different strains of non-pathogenic mycobacteria. In 1939, Mohler
(7T1) observed what probably was the first recorded instance of a fetal

transmission of M. paratuberculosis. This report was based on micro-

scopic observation of liver smears from the offspring of a female guinea

pig that had been inoculated intraperitoneally with a culture of
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M. paratuberculosis 2 months prior to mating. Lesions have been noted

in experimentally inoculated guinea pigs by Taylor (98, 99) in 1940 and
1951, Sahai (88, 89) in 1940 and 1941, Vallde et al. (107) in 1941,
Francis (33, 34) in 1943, Konst and Watson (56) in 1943, Glover (38, 39)

in 1941, Levi (58) in 1941, and Verlinde and Bekker (109) in 1945.

Mice

Twort and Ingram (105) in 1913 and Andersen (5) in 1921 have

reported failures in attempting to infect mice with M. paratuberculosis.

Twort (102, 103, 104) in 1913 and 1914 demonstrated lesions and
acid-fast organisms in intestinal lesions consisting of lymphoid cells,

liver, spleen, and lymph nodes. Mycobacterium paratuberculosis was

cultured from the intestine and lymph nodes. 7Similar results were also
obtained in mice by Boquet (12) in 1925 who considered them to be less
sensitive than rats, Francis (33, 34%) in 1943, Popp (83) in 1940,
Lominski et al. (60) in 1956, Harding (45) in 1959, Brotherston and

Gilmour (36) in 1961, and Chandler (21, 23, 24, 25) in 1961.

Rats

Twort and Ingram (105) in 1913, Meyer (68) in 1913, and Andersen (5)
in 1921 were not successful in establishing infections in ratsvthat had

been inoculated with either cultures of M. paratuberculosis or suspensions

of infected tissue containing M. paratuberculosis. In 191k, Twort (102)

reported that a few bacilli were found in the ileum in 2 and in the
duodenum of 1 of 12 rats that had been inoculated intraperitoneally

with cultures of M. paratuberculosis. Boquet (12) reported nodules on
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the peritoneum and omentum that contained many acid-fast bacilli,
hypertrophy of the lymph nodes, and organisms in the liver, spleen, and
lymph nodes of rats that had been inoculated intraperitoneally with

cultures of M. paratuberculosis. Chandler (22) in 1961 reported low

grade infections in rats but stated that mice were of greater promise

PRt aty e St A

as experimental animals.

Voles
Levi (59) in 1950 reported producing granulomatous foci consisting
of epithelioid cells and lymphocytes, in the intestine, mesenteric
lymph nodes, liver, spleen, and less frequently, in the lungs of voles
6 weeks to 15 months following intraperitoneal inoculation with 2 to as

little as 0.0001 mg. of M. paratuberculosis. In voles, Levi described

Johne's disease as a chronic disease characterized by an absence of

clinical symptoms.

Fowls

Markus (64) in 1904, Bang (7) in 1906, Twort and Ingram (105) in
1913, Meyer (68) in 1913, Andersen (5) in 1921, and Heelsbergen (L46)
in 1931 were not successful in establishing infection in chickens or

pigeons that had been inoculated with M. paratuberculosis. Mohler (T1)

in 1939 also was unable to establish infection in chickens but did
produce lesions containing acid-fast bacilli in pigeons that had been
inoculated intraperitoneally with oil emulsions of both cultures and
affected tissues from guinea pigs. In 1940, Sahai (88) described

pinpoint nodules in the mesentery and liver of fowls that received
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intraperitoneally 4 mg. of culture of M. paratuberculosis. Localized

necrotic lesions in the breast muscle were observed in 1943 by Meyn and
Weiske (69) in hens after intramuscular inoculation of M. paratuber-
culosis suspended in a mixture of Kieselguhr, trypan blue, potassium

iodide, and saline.

Chick embryos

Stavitsky and Beck (97) in 1946 inoculated chick embryos with
several typical strains and 1 atypical strain (grew without the phlei

factor) of M. paratuberculosis. Both types caused proliferative lesions

of the choricallantoic membrane and fatty degeneration of the liver.
The atypical strain multiplied on the choriocallantoic membrane but
not within the embryo. The typical strains did not multiply anywhere

on the choricallantoic membrane or in the embryo.

Cats
In 1944, Johnson and Pratt (52) reported feeding pure cultures and

infected bovine intestinal tissue containing M. paratuberculosis to

14 cats. Six cats developed sensitivity to johnin. Two of these
developed diarrhea and were examined 4 weeks after inoculation. Gross
lesions were suggestive of Johne's disease but the microscopic sfudy
was less convincing as only a few epithelioid cells containing acid-
fast bacilli were found. Johne's disease was not observed in the other

cats.

bbnkexs

Five natural cases of paratuberculosis have been reported in the
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rhesus monkey by Pitcock and Gisler (82) in 1961. All 5 instances were
in animals 3 to 10 years of age. Four monkeys demonstrated a short
interval of diarrhea prior to death. Multiple tuberculin tests were
negative. All 5 were histologically verified as paratuberculosis

but no attempt was made to culture the organisms. Masses of acid-fast
bacilli were demonst‘rated within macrophages in the lamina propria of

the jejunum, ileum, cecum, and colon.
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METHODS OF PROCEDURE
Source and Care of Animals

Sixty healthy female Syrian golden hamsters with an average
weight of 50 g. were acquired from a commercial source. The hamsters
were randomly divided into 4 groups of 15 each. They were maintained
in an animal room for a period of 10 days prior to inoculation to
rermit them to adapt to their new environment and recover from any
possible stress of shipping. After inoculation, each hamster was
placed in a separate cage to prevent cannibalism.

Four hamsters, 3 females and 1 male, were obtained later for
electron microscopic studies.

The cage dimensions were 7 in. wide x 10 in. deep x 7 in. high.
The front and bottom of the cages were wire cloth, 3-mesh 16 gauge
and galvanized after weaving. The wire cloth was lock-seamed into
24 -gauge galvanized sheet metal back and sides. The sides of the cage
were double folded for added stiffness. The cages were so constructed
as to offer no obstruction which would prevent excreta dropping into
the pans resting on the shelf beneath. VThe cagesl were arranged on
glides in a stand 57 in. long, 24-1/4 in. wide, and 66 in. tall. The
stand was mgunted on 5 in. heavy duty hard rubber swivel casters and

had a capacity of 60 cages (Figure 1).

1
George H. Wahmann Manufacturing Company, Baltimore 2, Maryland.



The temperature and relative humidity were kept constantly at 70° F.

and 45% respectively.
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Strict sanitation was maintained throughout the

experiment to prevent the spread of organisms between cages.

The hamsters were given water and Purina Laboratory Chow:L cubes

free choice throughout the experiment. The approximate analysis of

Purina Laboratory Chow is as follows:

Protein, % 23.40
Argine, % 1.15
Glycine, % T
Lysine, % 1.7
Methionine, % .36
Tryptophan, % .22
Cystine, % .25
Histidine, % Al
Leucine, % 1.k0
Isoleucine, % 1.03
Phenylalanine, % .82
Threonine, % .78
Valine, % 1.02

Fat, % 3.78

Fiber, % .86

Ash, % 7.72

Nitrogen-Free Extract, % 50.58

Calcium, % 1.hk2

Phosphorus, % .96

Potassium, % T2

Magnesium, % .23

Sodium, % 46

lRalston Purina

Company, St. Louis, Missouri.

e




Chlorine, %
Iron, ppm.
Zinc, ppm.
Manganese, ppm.
Copper, ppn.

Iodine, ppm.

Carotene, ppm.
Vitamin A, I.U./g.

Vitamin D, I.U./g.

Alpha-tocopherol, I.U./1b.

Thiamin, ppm.
Riboflavin, ppm.
Niacin, ppm.
Pantothenic Acid, ppm.
Choline, ppm.

Folie Acid, ppm.
Pyridoxine, ppm.
Biotin, ppm.

Vitamin B-12, meg./lb.

Source of Inoculum

28

.52
275.00
60 .64
4o 45
18.20

1.18

5.28
12.00
530
38.35
16.55
8.30
98.34
21.59
1665.00
6.46
5.00

.06
15.89

The M. paratuberculosis inoculum used in this study was obtained by

infected steer that developed clinical paratuberculosis.

tryptic digestion of the intestinal mucosa from an experimentally

The steer had

been infected intravenously with organisms that had never been cultured
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in vitro. The organisms used to inoculate the steer had been obtained
by the tryptic digestion of the intestinal mucosa from a naturally
infected cow as described below.

The steer was electrocuted. The intestine was removed and the
mucosa was washed with water before being removed by scraping.
Approximately 4 litérs of mucosa were obtained. Two liters of this were
digested by mixing aliquots of mucosa with equal volumes of a 2.5%
aqueous trypsin solution and chopping the host cells (57). The
temperature of the digesting mixture was raised to 38° C. and it was
stirred constantly. The pH was maintained between 7.5 to 8.0 during
digestion by adding sodium hydroxide. Digestion required up to 30 min.
After digestion, the suspension was filtered through cheesecloth and
centrifuged for 30 min. at 3,000 r.p.m. in a centrifuge maintained at
10° C¢. The sediment was resuspended in water and again centrifuged.

A sample of the final sediment was stained by the Ziehl-Neelsen

method and apparently contained only M. paratuberculosis.

The total sediment was placed between stacked filter paper and
blotted under a 1 kg. weight for 2 hr. A sample of the blotted material
was weighed and dried in an oven for 3 hr. at 100° C. and again weighed.
This was repeated until constant weight was obtained. The ratio of
blotted to oven-dried weight was used to calculate the amount of
blotted material to be resuspended for the inoculum. The inoculum was
suspended in 1% sodium hydroxide for 30 min. and neutralized with 0.25 N
hydrochloric acid. The neutralized mixture was centrifuged and

resulting sediment was resuspended in physiological saline until a
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concentration was reached in which 1 ml. contained 1 mg. of dried

M. paratuberculosis. The aliquot was divided into 2 parts, and 1 part

was heat-killed by placing in an autoclave with flowing steam (100° C.)
for 2 hr. This material was refrigerated overnight and the hamsters

were inoculated the following day.
Inoculation of Hamsters for Study by Light Microscopy

The 60 female Syrian golden hamsters were randomly divided into
L groups and inoculated as follows with the suspension of M. paratuber-
culosis:

1. One mg. of living organisms was administered intra-

gastrically via celiotomy incision to 15 hamsters (Table T).

2. One mg. of heat-killed organisms was administered intra-

gastrically via celiotomy incision to 15 hamsters (Table 8).
3. One mg. of living organisms was administered intra-
peritoneally by injection to 15 hamsters (Table 9).
4. One mg. of heat-killed orgenisms was administered
intraperitoneally by injection to 15 hamsters (Table 10).

The hamsters inoculated by the intragastric route were anesthetized
with ether and secured to an Animal Surgical Apparatus.l A midline
incision was made into the peritoneal cavity. The stomach was lifted
from beneath the edge of the liver with a spay héok and then the

suspension of organisms was injected by a 25-gauge needle through

1 ; ; . .
Brookline Surgical Specialties, Brookline 46, Massachusetts.
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the thick muscular wall of the greater curvature of the stomach as
illustrated in Figure 2.

The intraperitoneal injection was made through the flank and
particular attention was taken to avoid injection into either the

urinary bladder or the intestinal tract
Necropsy Procedure of Hamsters for Study by Light Microscopy

One hamster from each group was killed by overdosing with ether and
thorough necropsies were performed at 2, 4, 8, 1k, 28, 56, 98, 154,

210, 266, and 329 days following inoculation. Any hamster from the
above respective groups exhibiting illness was selected for examination
at the next time interval. Otherwise, a hamster was selected at

random from each group.

All antemortem signs and gross postmortem lesions were described
for each hamster. The following organs or tissue specimens were
selected for histologic examination using the terminolegy of Michel
(70), Brosseau (18), and Trautmann and Fiebiger (100).

Lymphatic system

Both prefemoral (subiliac) lymph nodes
Both axillary lymph nodes

Both mandibular (submental) lymph nodes
Both parotid lymph nodes

Anterior mediastinal lymph nodes

Anterior mesenteric lymph node




Figure 1. A 60-mouse cage unit with wire mesh fronts and bottoms
used for keeping hamsters during this experiment.

Figure 2. Surgical approach used when inoculating hamsters
intragastrically with M. paratuberculosis.







13 1 e R A SRR T e

)7 ok A it | A -

Table 7.

3k

Hamsters inoculated intragastrically with 1 mg. of

living M. paratuberculosis

Hamster Date Date Duration following

number inoculated examined inoculation (days)
88 4-23-63 4-25-63 2
89 " L-27-63 L
0 . 4-30-63 8
o1 . 5-T7-63 14
02 8 5-22-63 28
93 4 6-16-63 56
ol 4 6-18-63 56
95 " 7-22-63 98
96 : 9-23-63 154
S : 10-4-63 154
99 e 11-20-63 210
100 " 1-22-64 266
101 i 3-23-63 329
102 " 3-23-63 329
103 " 3-23-63 329




Table 8. Hamsters inoculated intragastrically with 1 mg. of
heat killed M. paratuberculosis

Hamster Date Date Duration following
number™ inoculated examined inoculation (days)

120 4-24-63 4-26-63 2

121 " 4-28-63 b

122 " 5-1-63 8

123 " 5-8-63 14

124 ) 5-22-63 28

125 = 6-18-63 56

126 3 7-29-63 98

127 B 9-24-63 15k

130 o 11-21-63 210

131 g 1-22-64 266

132 u 3-24-64 329

133 " 3-24-64 329

134 n 3-2l4-6k 329

135 i 3-2L4-64 329

aOne hamster died of ileitis early in the experiment and was not

included in the results.
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Table 9. Hamsters inoculated intraperitoneally with 1 mg. of
living M. paratuberculosis

gﬁﬁiﬁig ingzziated exggzzed fgiiﬁizziggl%§:;2§
104 4-23-63 4-25-63 2
105 » 4-27-63 L
106 " 4-30-63 8
107 o 5-7-63 1k
108 " 5-22-63 28
109 " 6-18-63 56
110 " 7-29-63 B
11 ! 9-23-63 154
112 & 11-20-63 210
113 " 1-10-64 266
114 " 3-23-64 329

*Three hamsters died of ileitis early in the experiment and were
One hamster was killed accidentally

not included in the results.
and not included in results.



Table 10. Hamsters inoculated intraperitoneally with 1 mg. of
heat killed M. paratuberculosis

iﬁZig ingiﬁated ex]:.zanzfled ﬁgﬁ;:igg]%zgﬁ
136 4-24-63 4-26-63 2
137 " 4-28-63 L
138 R 5-1-63 8
139 . 5-8-63 1k
140 ¥ 5-20-63 28
1k " 6-20-63 56
12 " 7-30-63 8
143 ¥ 9-24-63 154
bl " 11-21-63 210
145 i 1-24-64 266
146 B 3-24-64 329
147 " 3-24-64 329
148 - 3-24-64 329

a'Two hamsters died of ileitis early in the experiment and were not

included in the results.
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Ileocecal or mesenteric lymph nodes other than the anterior
mesenteric lymph node

Both deep inguinal (hypogastric sacral) lymph nodes
Both medial iliac lymph nodes

Spleen

Thymus

Base of the tongue (tonsil) including the hyoid bone

Alimentary system

Both buccal pouches

Both mandibular salivary glands
Both.parotid salivary glands
Forestomach

Stomach

Three segments of the duodenum

Peyer's patches including its respective segment of the
jejunum or ileum

Cecum
Segments of the spiral colon
Segments of the terminal colon

Three transverse samples of the liver, one of which contained
the gall bladder

Pancreas

dmentum

Cardiovascular system

Bone marrow of the sternebrae and lumbar vertebrae
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Nervous system

The brain was divided on a midsaggital plane and a
saggital sample was taken from each half including the
cerebral cortex, cerebellar cortex, thalamus, and medulla
oblongata

Lumbar spinal cord

Respiratory system

Both lungs including the trachea and the arch of the aorta

Urogenital system

Both kidneys
Urinary bladder
Uterus with the attached ovaries

Skeletal system

Lumbar vertebra
Hyoid bone
Sternum

Special sense organs

Both eyes
Both exorbital lacrimal glands

Both infraorbital lacrimal glands

Processing of Tissue for Study

by Light Microscopy

All tissue specimens, except the kidneys and heart which were
divided on the median plane, were submerged as whole organs in 10%
formalin for a minimum of 24 hr. at 70° F. Following fixation,

specimens containing bone were demineralized by placing in 30% formic
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acid for 3 to 6 days, then washed overnight in running tap water. All
fixed tissues were dehydrated in graduated concentrations of ethyl
alcohol, cleared in Clearing Agent' and infiltrated with Paraplast®
in the routine manner in an Autotechnicon. The tissues were embedded
in Paraplast and 2 sections, 8 p thick, were cut from each block and
mounted on glass slides for staining. One tissue section from each
block, stained by a modified warm Ziehl-Neelsen method, was thoroughly

examined for the distribution of M. paratuberculosis. When any sig-

nificant tissue alterations were found, the other tissue section was
stained with hematoxylin and eosin or a comparable stain for the study

of the cellular response to M. paratuberculosis.

Inoculation of Hamsters for Electron Microscopic Studies

Two groups of hamsters were used for tissue studies by electron
microscopy and were inoculated as follows:
1. Three 40 to 60 g. female golden Syrian hamsters were

inoculated intraperitoneally with 30 mg. of M. paratuberculosis.

2. One 40 to 60 g. male golden Syrian hamster was inoculated intra-

peritoneally with 30 mg. of M. paratuberculosis. The same

dosage was repeated via the same route 9 weeks later for a

total dose of 60 mg.

1
The Technicon Company, Chauncey, New York.

2Aloe Scientific, St. Louis, Missouri.
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The organisms of M. paratuberculosis were obtained at the same time

and from the same source as that used to inoculate hamsters for light
microscopic studies. The only difference was that the organisms used
in the electron microscopic studies had been kept at -60° Cc. for 27

months for the first group and 39 to 41 months for the second group.

Necropsy Procedures of Hamsters for Tissue Studies

by Electron Microscopy

The hamster was anesthetized with ether and then secured to an
Animal Surgical Apparatus. The anterior mediastinal or anterior
mesenteric lymph nodes were surgically removed via a laporatomy
procedure, after which the hamster was euthanatized by overdosing with
ether.

One hamster each was examined at intervals following inoculation

as illustrated in Table 11.

Fixation and Embedment of Tissues for Study

by Electron Microscopy

About 30 mg. of the frozen M. paratuberculosis were thawed and fixed

in cold 1% osmium tetroxide with Palade's Veronal-acetate buffer. The
cells were then rinsed in the buffer and pelleted in a centrifuge tube

of warm agar according to the method of Cheville.l The bacterial cells,

lCheville, N. F., Ames, Iowa. Data on the embedment of tissue

culture cells for study by electron microscopy. Personal communication.
1966.
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Table 11.

Hamsters inoculated intraperitoneally with living

M. paratuberculosis and used for tissue examination

by electrcn microscopy

Date inoculated

Duration following

First Second inoculation
Group incculation inoculation Date First Second
number with 30 mg. with 30 mg. examined inoculation inoculation
1 7-28-65 ND 9-10-65 k2 days NA
1 7-28-65 NA 10-28-65 90 days NA
1 7-28-65 ND 1-20-65 168 days NA
2 7-21-66 9-29-66 2-1-67 175 days 98 days
ND = Not done
NA = Not applicable
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embedded in agar, were cut into 1 mm. 3 blocks, and treated as tissues
that had been post-fixed in osmium tetroxide.

Immediately upon surgical removal, the lymph nodes were cut
approximately into 1 mm.3 blocks while immersed in cold 4% glutaraldehyde
in & 0.2 M sodium cacodylate buffer. This was followed, with the
exception of those.tissues used for acid phosphatase studies, by post-
fixation for 1 hr. in cold 1% osmium tetroxide buffered in 0.2 M sodium
cacodylate.

Tissues from the hamster of group 2 that were examined at 175 days
after the first or 98 days following the second inoculation were
utilized for acid phosphatase studies. After the fixation in glutaralde-
hyde, the 1 mm.3 blocks were sliced as thin as possible with a razor
blade and incubated 30 min. in Gomori's medium (41). The tissues were
given a 2% acetic acid wash and a buffer wash (0.2 M sucrose in 0.1 M
sodium cacodylate) followed by post-fixation for 1 hr. in cold 1%
osmium tetroxide buffered in 0.2 M sodium cacodylate.

Following dehydration, all tissue blocks were embedded in Epon 812
according to the method of Luft (61).7 Thin sections were cut in the
LKB 48024 ultrea.m:i.c:ro‘t:ome::L with a diamond knife® and picked up on uncoated

200-mesh copper grids.3 The sections were stained with a modified

1 '
LKXB Instruments, Inc., 12221 Parklawn Drive, Rockville, Maryland.

2E. I. duPont de Nemours and Company, Instrument Products Division,
Wilmington, Delaware.

3Polysciences, Inc., Rydal, Pennsylvania.
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Reynolds' lead citrate stain according to the method of Venable and

Coggeshall (108). Sections were examined with a Philips EM-200

1.

electron microscope™ at 60 kv.

Lo oo
Philips Electronic Instruments, 750 South Fulton Avenue , Mount
Vernon, New York.
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FINDINGS
Classification of Lesions

For simplicity, lesions were classified as 1-plus (+), 2-plus (++),
3-plus (+++), and regressing (°). See Tables 12, 14, 16, 18, and 20.

One-plus lesions (Figure 3) were characterized by the presence of
isolated reticuloendothelial cells containing acid-fast bacilli.

Two-plus lesions (Figure 4) were characterized by the presence of
acid-fast bacilli within the cytoplasm of reticuloendothelial cells
that were adjacent to each other and formed small foci of reticulo-
endothelial tissue hyperplasia that occupied less than 3% of the
lymphoid tissue contained in the sections that were examined.

Three-plus lesions (Figures 5 and 6) were characterized by the
presence of acid-fast bacilli within the cytoplasm of reticulo-
endothelial cells that were aggregated into foci of reticuloendothelial
tissue hyperplasia that occupied more than 3% of the lymphoid tissue
contained in the sections that were examined. In addition, Schaumann's
bodies and/or foreign body giant cells were often present.

0ld regressing lesions were characterized by indistinet foei of
reticuloendothelial cells that demonstrated no acid-fast bacilli.
Usually there was an infiltration of lymphocytes and plasma cells into
the area of hyperplasia. Degenerating Schaumann's bodies or foreign
body giant cells were often present. Most of the reticuloendothelial

cells in these lesions contained large amounts of hemosiderin.




Figurs 3.

Figure 4.

One-plus (+) lesion. Acid-fast bacilli within isolated
reticuloendothelial cells in the anterior mesenteric
lymph node at 98 days after intragastric inoculation with
living M. paratuberculosis. Ziehl-Neelsen method.

%1250,

Two-plus (++) lesion. Acid-fast bacilli within reticulo-
endothelial cells in a small indistinct focus of reticulo-
endothelial tissue hyperplasia in the anterior mesenteric
1lymph node at 98 days following intragastric inoculation
with living M. paratuberculosis. Compare with Figure 3.
Ziehl-Neelsen method. x1250.
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Figure 5.

Figure 6.

Three-plus (+++) lesion. Intracytoplasmic acid-fast
bacilli and multinucleated foreign body giant cells in

a focus of reticuloendothelial tissue hyperplasia in the
anterior mesenteric lymph node at 98 days following
intragastric inoculation with living M. paratuberculosis.
Compare with Figures 3 and 4. x500.

Three-plus lesion in an axillary lymph node at 154 days
following intragastric inoculation with living

M. paratuberculosis. Note the small concentric laminated
bodies (Schaumann's bodies) in the area of reticuloendo-
thelial tissue hyperplasia and the distinet boundary
between the normal lymphoid tissue and the area of
hyperplasia. Harris' hematoxylin and eosin stain. x500.
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Figures 57 and 58 illustrate regressing lesions in the anterior mesen-
teric lymph node from a hamster examined 329 days following inoculation

with heat-killed M. paratuberculosis.

Living Organisms Administered Intragastrically

Clinical findings

The site of the celiotomy incision had healed. The hair coat was
normal and there was no discharge from the eyes or any of the body
orifices until 28 days PI. At approximately 28 days, a diarrhea,
presumedly due to ileitis, that persisted 5 to 10 days, was observed
in several hamsters. Three of these animals had a reoccurrence of the
diarrhea at a later date (56, 56, and 98 days). No further diarrhea
was observed in the group throughout the remaining portion of the
experiment. No clinical signs of paratuberculosis were observed in
any of the hamsters included in this group. The diarrhea that was

observed was attributed to ileitis.

Necropsy findings

Lymphatic system Macroscoplcally, no enlargement of the lymph

nodes was observed until 56 days. At 56 days, the regional lymph nodes
(Prefemoral, axillary, mandibular, and parotid) were slightly enlarged

and the visceral lymph nodes (anterior mediastinal, anterior mesenteric,
ileocecal, deep inguinal, and medial iliac) were moderately to markedly
enlarged (1 to 2 times larger than normal). This degree of enlargement

¥Was consistently about the same at 98 and 154 days as that observed at
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56 days. At 210, 266, and 329 days following inoculation, both the
regional and mesenteric lymph nodes were 2 to 4 times larger than
normal.

The thymus was normal in size and shape throughout the entire
experiment. Involution was first noted at 154 days or when the hamster
was about 6 months old.

No gross alterations were observed in the spleen or in the tissues
adjacent to or in the root of the tongue.

Microscopically (Table 12), acid-fast bacilli were first observed
in the anterior mesenteric and ileocecal lymph nodes (Figure 7) at
14 days and in the iliocecal lymph nodes (Figure 8) at 28 days following
inoculation. At 56 days, organisms were present in the anterior
mediastinal and mandibular lymph nodes, and acid-fast bacilli as well as
reticuloendothelial tissue hyperplasia were present in the ileocecal
and axillary lymph nodes (Figure 9). At 98 days, acid-fast bacilli
were observed in all lymph nodes except the deep inguinal lymph nodes.
Reticuloendothelial tissue hyperplasia was present in all lymph nodes
examined except the deep inguinal and prefemoral lymph nodes (Figures
10 and 11). Acid-fast bacilli and extensive reticuloendothelial
hyperplasia were observed in all of the regional and visceral lymph
nodes examined at 154 (Figures 12, 13, 14, 15, 16, 17, and 18), 210

(Figures 19 and 20), 266 (Figures 21 and 22), and 329 days (Figure 33)

following inoculation. The reticuloendothelial tissue hyperplasia
involved as much as 30% of some of the sections examined (Figures 12, 13,

16, 19, 20, 21, 22, and 23). Schaumann's bodies were first observed as
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Table 12. Distribution of organisms and lesions in hamsters inoculated
intragastrically with 1 mg. of living M. paratuberculosis
Time (days)

Organ 2 L 8 1L 28 56 08 154 210 266 329
Ant. mediastinal lymph nodes - - = = = 4 4t b HE b bt
Ant. mesenteric lymph node - = =+ = = A A b bt
Mesenteric lymph nodes, other - - - + + 4+ 4+ +b+ +Hb HHH
Deep inguinal lymph nodes - - - - - - - 4t A A
Medial iliac lymph nodes - = = ===t A A
Prefemoral lymph nodes - - - - - - + At b b
Axillary lymph nodes - - - - - e e e =
Mandibular lymph nodes - - - - - + ++ +++ +++ At
Parotid lymph nodes - - - - - H+ 4 b b
Spleen - - - - - i o S
Thymus - - - - - - R e i o = S S
Base of tongue - - - - - - - - - - -
Buccal pouches O . T T T R
Mandibular salivary glands - - - - - - - - - - -
Parotid salivary glands - - - - - - - - =
Fore stomach - - - g - - - - - - -
Stomach - - = - - . ” - - w =
Duodenum (1ymph nodules) T . .
Peyer's patches B S o e o ol = o S
Cecum (lymph nodules) - . e e e e 4 4 =
Spiral colon (lymph nodules) - = = = = = =  ++ 4+ =  ++
Terminal colon (lymph nodules) - - - - = = = = = - =
Liver R T e I T e
Pancreas - - - - - - - = = = =
Omentum - - - - - & - - - - -
Heart - - - - - 5 = - e =
Sternal bone marrow - - - - - - = ++ - a =
Vertebral bone marrow (lumbar) - - - = - = = = 4+ - = =
Brain - - - - - - - - = - i,
Spinal cord (lumbar) “_w W i e m m w w
Lung - - - - - - - - =+t
Kidneys - = = = & - - o= = = o=
Urinary bladder - - - - - - - - - - -
Uterus ] - - - - - = = - - - -
Eye - = - - - - = - _ - -
Infraorbital lacrimal gland - - = e e e e e e e -
Exorbital lacrimal gland = = e = 2 = e e = = =

- = No organisms or tissue reaction
= Organisms within individually located macrophages
++ = Tissue reactions occupying less than 3% of the normal tissue
+++ = Tissue reactions occupying more than 3% of the normal tissue




Figure 7.

Figure 8.

Ileocecal lymph node at 14 days following intragastric
inoculation with living M. paratuberculosis. Note the
absence of germinal centers and the presence of prominent
reticular cells (arrow). Ziehl-Neelsen method. x60.

Ileocecal. 1ymph node at 28 days following intragastric
inoculation with living M. paratuberculosis. Note the lack
of demonstrable reticuloendothelial tissue hyperplasia and
the similarity of the tissue when compared with Figure T.
Ziehl-Neelsen method. x60.
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Figure 9.

Figure 10.

Ileocecal lymph node at 56 days following intragastric
inoculation with living M. paratuberculosis. Two-plus
lesions.of reticuloendothelial tissue hyperplasia (arrows).
Note that the small areas of hyperplasia appear around the
prominent reticular cells. Ziehl-Neelsen method. x60.

Anterior mesenteric lymph node at 98 days after intragastric
inoculation with living M. paratuberculosis. Note the
increase in the number and the distinctiveness of the foci
of reticuloendothelial tissue hyperplasia. Ziehl-Neelsen
method. x60.
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Figure 11. Ileocecal lymph node at 98 days following intragastric :
inoculation with living M. paratuberculosis. Two-plus ;
lesions are present. Ziehl-Neelsen method. x60.

Figure 12. Anterior mesenteric lymph node at 154 days following
intragastric inoculation with living M. paratuberculosis.
Two portions of the pancreas and the anterior mesenteric
artery are included in this section. Note the Schaumann's
bodies in the areas of reticuloendothelial tissue
hyperplasia. Ziehl-Neelsen method. x60.
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Figure 13.

Figure 1k.

Extensive reticuloendothelial tissue hyperplasia in the
mandibular lymph node at 154 days after intragastric
inoculation with living M. paratuberculosis. Harris'
hematoxylin and eosin stain. x60.

Higher magnification of 1 of the foci of reticuloendothelial
tissue hyperplasia of Figure 13. Note the density of the
reticuloendothelial cell cytoplasm, the small Schaumann's
bodies surrounded by an artifactitious halo, the remarkable
absence of lymphocytes in the area of hyperplasia, and the
distinet border between the hyperplastic tissue and the

normael lymphoid tissue. Harris' hematoxylin and eosin
stain. x600.
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Figure 15.

Figure 16.

Section illustrating the extensive reticuloendothelial
tissue hyperplasia in a prefemoral lymph node at 154
days following intragastric inoculation with living

M. paratuberculosis. Ziehl-Neelsen method. x60.

Multifocal reticuloendothelial tissue hyperplasia in an
axillary lymph node at 154 days following intragastric
inoculation with 1living M. paratuberculosis. See Figure 6
for a higher magnification of 1 of the foeci of hyperplasia
from this same lymph node. Ziehl-Neelsen method. x60.
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Figure 17.

Figure 18.

Reticuloendothelial tissue hyperplasia in the medial iliac
lymph node at 154 days following intragastric inoculation
with living M. paratuberculosis. Note the lack of lympho-

cytes in the area of reticuloendothelial tissue hyperplasia
and the post-capillary venule (arrow) in the adjacent
normal lymphoid tissue. Harris' hematoxylin and eosin
stain. x600.

Higher magnification of the post-capillary venule in
Figure 17. Note the distinct border between the normal
lymphoid tissue and the reticulocendothelial tissue

hyperplasia. x1050.







Figure 19.

Figure 20.

Extensive reticuloendothelial tissue hyperplasia of the
anterior mesenteric lymph node at 210 days following
intragastric inoculation with living M. paratuberculosis.
Ziehl-Neelsen method. x60.

Multifocal reticuloendothelial tissue hyperplasia in the
ileocecal lymph neode at 210 days following intragastric
inoculetion with living M. paratuberculosis. Ziehl-
Neelsen method. x60.

ENRE LR T




R T

SR it Ll oS S S ST



Figure 21.

Figure 22,

Anterior mesenteric lymph node at 266 days after intra-
gastric inoculation with living M. paratuberculosis.
Note the large foci of reticuloendothelial tissue hyper-
plasia containing large Schaumann's bodies. Ziehl-
Neelsen method. x60.

Reticuloendothelial tissue hyperplasia of the ileocecal
lymph node at 266 days following intragastric inoculation

with living M. paratuberculosis. Ziehl-Neelsen method.
x60.

w - T g - i 8




T T e g g— 5y
\. of fapi s ) ¥ e

- NG IR0 G W
.n-.r.n m-“ \\1 : -

b
e




Figure 23.

Figure 2.

Extensive reticuloendothelial tissue hyperplasia occupying
approximately 50% of the normal lymphoid tissue in the
anterior mesenteric lymph node at 329 days after intragastric
inoculation with living M. paratuberculosis. Note that

the Schaumann's bodies are not always confined to the

areas of hyperplasia. Ziehl-Neelsen method. x60.

Mandibular lymph node at 154 days after intragastric
inoculation with living M. paratuberculosis.
Post-capillary venules (arrows). Ziehl-Neelsen
method. x600.







Figure 25. Large Schaumann's body in an ileocecal lymph node at
329 days after intragastric inoculation with living
M. paratuberculosis. Ziehl-Neelsen method. x1,250.
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Figure 26. Schaumenn's body stained for calcium. Note that the
Schaumann's body is partially surrounded by a multi-
nucleated foreign body giant cell of the Langhan
type. Von Kossa method. x600.
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small, round, pale eosinophilic staining bodies (Figure 6) in the
ileocecal lymph node at 98 days following inoculation. Observations
at later intervals following inoculation revealed larger, more
basophilic, and concentrically laminated bodies that were sometimes
located within large multinucleated giant cells of the Langhan type
(Figures 21, 23,-25, and 26).

Post-capillary venules were noted in lymph nodes from several
hamsters of this group. They were most prevalent in the hamster
examined at 154 days PI (Figures 17, 18, and 24). They were more
prominent in regional lymph nodes than in visceral lymph nodes.

Acid-fast bacilli and reticuloendothelial tissue hyperplasia were
observed in thymus from 98 days through 329 days. Lesions were never
as extensive as those observed in the lymph nodes and were usually
confined to the medulla of the thymus (Figures 27 and 28).

A moderate increase in neutrophils was noted in the white pulp of
the spleen at 28 days. Reticuloendothelial tissue hyperplasia was
observed in the spleen beginning at 98 days and persisted through 329
days. Lesions were always located in white pulp and consisted of
small multifocal areas of reticuloendothelial tissue hyperplasia at
98 days. Many large round circumscribed foci of reticuloendothelial
tissue hyperplasia were present at 154 days (Figure 29). This advanced
state of tissue alteration was also present at 210, 266, and 329 days.
At 266 and 329 days, variable amounts of hemosiderin were contained

within reticuloendothelial cells in areas of hyperplasia. Schaumann's




Figure 27. TFoel of reticuloendothelial tissue hyperplasia in the
thymus at 154 days after intragastric inoculation with
living M. paratuberculosis. Ziehl-Neelsen method.
x60.

Figure 28. Small distinct foci of reticuloendothelial tissue
hyperplasia in the medulla of the thymus at 154 days -
after intragastric inoculation with living M.
paratuberculosis. Harris' hematoxylin and eosin stain.
3150,







Figure 29.

Figure 30.

Foei of reticuloendothelial tissue hyperplasia in the
white pulp of the spleen at 154 days after intragastric

inoculation with living M. paratuberculosis. Ziehl-
Neelsen method. x150.

Focus of reticuloendothelial tissue hyperplasia in a
periportal focus of lymphocytic infiltration in the
liver at 154 days following intragastric inoculation
with living M. paratuberculosis. Note the presence
of the Schaumann's bodies. Ziehl-Neelsen method.
*x150,
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bodies were usually, but not entirely, confined to the areas of
reticuloendothelial tissue hyperplasia at and following 154 days.

No acid-fast bacilli, lesions, or lymphoid tissue were found in
tissues adjacent to or in the root of the tongue from hamsters
included in this group.

Areas of hyperplasia in lymphoid tissue consisted almost entirely
of reticuloendothelial cells (Figures 6, 14, 17, and 32) that contained
from few to several small acid-fast bacilli in their cytoplasm
(Figures 4 and 5). The border of these foci abruptly joined the normal
lymphoid tissue and there was a very limited zone that contained both
hyperplastic reticuloendothelial cells and lymphocytes (Figures 6, 1k,
17, 18, and 32). The reticuloendothelial tissue hyperplasia was
usually very extensive for the number of acid-fast bacilli present and
occupied up to 25% of the white pulp of the spleen at 154 days or 25
to 30% of the lymph nodes at 154, 210, 266, and 329 days. The ratio of
reticuloendothelial tissue hyperplasia to the number of acid-fast
bacilli increased with the duration following inoculation. At 266 and
329 days, the cytoplasm of the hyperplastic reticuloendothelial cells
stained more deeply eosinophilic and the borders of the foci were less
circumscribed, the peripheral zone containing a few more lymphocytes
and plasma cells than the same type of lesion at 154 and 210 days.

Alimentary system No macroscopic tissue alterations were

observed in the buccal pouches, mandibular and parotid salivary glands,

forestomach, stomach and duodenum.
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The Peyer's patches were observed as whitish, round, raised
subserosal areas located anywhere between the duodenum and the ileo-
cecal junction. The largest of the Peyer's patches was located near
the anterior end of the jejunum. There was a gradual decrease in
size with the smaller, also the more numerous, being in the ileum.
The number, location, and size of the Peyer's patches were fairly
constant in all hamsters examined.

The jejunum was grossly normal throughout the experiment.
However, the terminal ileum was observed to be rigid and twice its
normal diameter at 1L days and 3 to 4 times at 28 days. Several
whitish subserosal foci, about 1 mm. in diameter, were observed.
Adhesions between the ileal serosa and the adjacent parietal and
visceral peritoneum were present. The diameter of the lumen was
2 times larger than normal and the ileal wall was markedly thickened.
At 56 days, there was 1 case with enlargement of the ileum (about 3
times that of normal size) and another case where the ileum was
smaller in diameter and whitish in color. After 98 and 154 days, the
diameter of the ileum was smaller than normal, whitish, and the ileal
wall was firmer and thicker than normal. The lumen was virtually
non-patent. The ileum was grossly normal at 210, 266, and 329 days
following inoculation.

Grossly, the cecum, spiral and terminal colon were normal through-
out the 329 days of the experiment.

The liver was normal in all hamsters of this group except 1 of the

3 examined at 47 weeks. In this case, the liver contained several
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raised areas about 1 cm. in diameter. Incision of the areas revealed
cysts filled with a reddish fluid.

The pancreases were normal. A few adhesions of the omentum to the
incision site of the celiotomy were noted.

Microscopically, no acid-fast bacilli or lesions were observed in
the buccal pouches, mandibular and parotid salivary glands, forestomach
and stomach. Two acid-fast bacilli were present within a macrophage in
the lamina propria of a villus in the duodenum at 2 days. No other
acid-fast bacilli were observed in the duodenum of hamsters from this
group. However, 3 small foci of reticuloendothelial tissue hyperplasia
were observed in lymph nodules of the duodenal submucosa near the
pylorus in the hamster examined at 210 days.

A mild indistinct reticuloendothelial tissue hyperplasia, in the
absence of acid-fast bacilli, was first observed in 6 of 8 Peyer's
patches from the jejunum and ileum examined at 14 days. Occasional
acid-fast bacilli were first observed within phagocytes in the submucosa
of the jejunum at 56 days and were not associated with either Peyer's
patches or reticuloendothelial hyperplasia.

A few acid-fast bacilli were observed within the cytoplasm of
reticuloendothelial cells located in small indistinet foci of hyﬁer-
plasia in all of the Peyer's patches examined at 98 days. Several
acid-fast bacilli were in the cytoplasm of hyperplastic cells located
in medium to large multifocal areas of reticuloendothelial tissue
hyperplasia and occupied up to 25 to 30% of the lymphoid tissue in the

sections of the Peyer's patches examined at 154 (Figures 31 and 32),
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210, 266, and 329 days. The distinctiveness of the foci of reticulo-
endothelial tissue hyperplasia was reduced due to infiltration with
lymphocytes and plasma cells at 329 days. Schaumann's bodies, first
observed at 210 days, were larger at 266 days and remained about the
same size at 329 days.

Table 13 illus%rates the number and distribution of aggregates of
1ymph nodules or Peyer's patches in the submucosa of the jejunum and
ileum and solitary lymph nodules of the duodenum, cecum, and spiral
and terminal colon for each hamster inoculated intragastrically with

living M. paratuberculosis.

Acid-fast bacilli were observed in lymph nodules of the cecum at
98 days and both acid-fast bacilli and reticuloendothelial tissue
hyperplasia were present in the lymph nodules at 154, 266, and 329 days.

Acid-fast bacilli and foci of reticuloendothelial tissue hyper-
plasia were observed in the lymph nodules of the spiral colon at 154,
210, and 329 days PI. No lesions or acid-fast bacilli were observed in
the tissues adjacent to the lymph nodules located in the spiral colon.

No lesions or acid-fast bacilli were observed in any of the lymph
nodules or adjacent tissues of the terminal colon from hamsters

inoculated intragastrically with living M. paratuberculosis.

No lesions or acid-fast bacilli were found in the liver at 2 and 4
days. After 8 days, several small periportal foci of lymphocytes were
observed. At 14 and 28 days, there were small foci of reticuloendo-
thelial tissue hyperplasia within the periportal foci of lymphocytes.

Very few acid-fast bacilli were observed within the cytoplasm of
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Table 13. The frequency of encountering lymphoid tissue in the
intestinal tract of hamsters inoculated intragastrically
with living M. paratuberculosis

Duration
following Organ examined
e Duotewn®  jeenes®  oomP ngies? " amiond
2 0/0 5/6 0/1 0/6 o/L
L 0/6 8/9 L/1 0/6 o/k4
8 0/6 9/9 2/1 o/k4 0/3
1k 0/5 8/8 2/1 o/k4 1/3
28 o/4 6/9 0/1 1/6 0/2
56 o/4 6/8 0/0 0/6 0/3
56 0/5 3/6 0/1 0/6 o/2
%8 0/6 5/9 3/1 0/6 1/5
154 0/0 7/8 1/1 2/6 1/3
154 o/h 3/6 0/1 1/6 0/2
210 3/5 9/9 1/1 1/6 1/3
266 0/5 7/8 6/2 1/6 o/4
329 0/5 8/12 4/1 0/6 0/3
329 0/5 9/9 /2 1/6 - o/k
329 0/5 10/10 5/1 3/8 0/3

B'One hamster was examined at each time interval.

b
Number of lymph follicles demonstrated/number of cross-sections
examined from specified segment of intestinal tract.

®Number of Peyer's patches histologically demonstrated/number of
Peyer's patches that could be observed grossly and were embedded for
Sectioning.



Figure 31. Peyer's patch containing foci of reticuloendothelial
tissue hyperplasia in the jejunum of a hamster
at 154 days following intragastric inoculation with
living M. paratuberculosis. Ziehl-Neelsen method.

x60.

Figure 32. Higher magnification of a focus of reticuloendothelial
tissue hyperplasia in the Peyer's patch in Figure 31.
x600.
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reticuloendothelial cells at 14 days. The few lymphocytes in the
periportal tissues at 56 and 98 days were considered normal. Several
areas of periportal lymphocytic infiltration that contained from

1 to 2 small or medium size foci of reticuloendothelial hyperplasia
vere present at 154 (Figure 30), 210, 266, and 329 days. Few intra-
cytoplasmic located acid-fast bacilli and few multinucleated foreign
body giant cells were present in several of the hyperplastic foci.
Schaumann's bodies were also present at 210, 366, and 329 days. There
vas marked bile duct proliferation, portal fibrosis, mild generalized
centro-lobular fibrosis, and sinusoidal dilatation in the liver that
contained hepatic cysts from the hamster examined at 329 days.

No microscopic lesions or acid-fast bacilli were observed in the

pancreas or the omentum from any of the hamsters examined in this group.

Cardiovascular and hematopoietic system No gross lesions were

observed in the heart. Bone marrow of lumbar vertebrae and sternebrae
was grossly normal.

Microscopically, no lesions or acid-fast bacilli were found in
the heart. No lesions or acid-fast bacilli were present in the bone
marrow of the lumbar vertebrae and sternebrae except at 154 and 329
days. Several acid-fast bacilli were present in 1 of the 2 hamsters
examined at 154 days. The acid-fast bacilli occurred singly in the
cytoplasm of reticuloendothelial cells in areas of mild hyperplasia
of the bone marrow of both the lumbar vertebrae and the sternebrae.
There was a mild increase in the neutrophils in the bone marrow. The

bone marrow of the lumbar vertebrae and sternebrae of 1 of the 3

DS S
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hamsters, examined at 329 days, contained several acid-fast bacilli

in the cytoplasm of reticuloendothelial cells in areas of mild

hyperplasia.

Nervous system The brain and lumbar spinal cord were grossly
normal in all of the hamsters of this group. '
ﬂicroscopically, no acid-fast bacilli or lesions were observed
in the cerebrum, cerebellum, lumbar spinal cord, or the meninges from
any of the hamsters in this group. However, at 154 days, corpora
amylacea were present in the white matter of the occipital lobe of the
cerebrum and in the granular layer of the cerebellum.

Respiratory system Grossly, lungs of most hamsters were

very moist and mottled colored varying from pale pink to areas of
purplish red. DNo excess fluid or adhesions were observed in the
Dleural cavity.

Microscopically, a moderate increase was noted in the neutrophils
in the capillaries and venules of the lungs examined at 28 days.
Lungs of 1 hamster examined at 154 days contained considerable edema
and blood in alveoli and a marked hyperplasia of epithelial lining
of the bronchioles. One acid-fast bacillus was observed in cytoplasm
of a reticuloendothelial cell in the septal wall of the lung from 1
hamster examined at 154 days. One hamster examined at 329 days contained
small foci of reticuloendothelial tissue hyperplasia with moderate
amounts of hemosiderin and an occasional Schaumann's body. No acid-fast
bacilli were found in any of these hyperplastic foci. Alternating areas

of alveolar atelectasis and emphysema were present in the lungs of all
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3 hamsters examined at 329 days.

Urogenital system With the exception of 1 of the 3 examined

at 329 days, the kidneys were grossly normal in all hamsters examined
in this group. The kidneys of the hamster with hepatic cysts were a
pale yellow and slightly enlarged.

The urinary bladder from hamsters in this group was grossly
normal and contained 1 to 3 cc. of yellowish viscous fluid.

Macroscopically, the uterus was grossly normal in all hamsters
inoculated intragastrically with living organisms.

Microscopic examination revealed no acid-fast bacilli or lesions
of paratuberculosis in any of the kidneys. With the exception of the
hamster with hepatic cysts, the kidneys were histologically normal.
The kidneys from this hamster, examined at 329 days, contained many
hyaline casts in the collecting tubules and several plasma cells in
the interstitial tissue of the renal pelvis.

No lesions or acid-fast bacilli were observed in the urinary
bladder from any of the hamsters in this group.

No acid-fast bacilli, lymphoid tissue, or tissue alterations
resembling paratuberculosis were observed in the uterus, ovary or
oviduct of any of the hamsters examined in this group. The hamster
examined at 329 days and found to have hepatic cysts also contained

many neutrophils in the uterine horns. Moderate cystic degeneration

of the uterine glands was present in the uterus of another of the hamsters |#
|

examined at 329 days.
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Skeletal system No gross or microscopic lesions were present

in the osseous tissue of the lumbar vertebrae, hyoid bone, or sternebrae
of any of the hamsters inoculated intragastrically with living M.

paratuberculosis.

Special sense organs No macroscopic lesions were observed in

eyes, ihfraorbital or exorbital lacrimal glands from hamsters of
this group.

Histologically, no acid-fast bacilli or lesions of paratuberculosis
were present. Several corpora amylacea were present in the ducts of the

i