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INTRODUCTION 

Paratuberculosis is a specific infectious disease of ruminants 

caused by an aci~-fast organism, Mycobacterium pa.ratuberculosis, 

and was first r~cognized as a specific disease identity in 1906 (7) . 

It has also been s~spected 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 important economic problem in cattle but is of lesser importance 

in other species. 

Experimental work on ~· pa.ratuberculosis has been greatly hampered 

because at tempts 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 resembling the natural disease were obtained. 

For economic reasons, more efficient utilization of isolation 

facilities, larger nwnbers 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~· paratubercu-

losis has not been thoroughly investigated in laboratory animals. In 

evaluation of a disease process, it is necessary to know the extent t o 

which the etiol ogic agent is disseminated in the body and how it becomes 

l ocalized in particular organs after exposure. This study was undertaken -
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t o gain more infonnation about the pathogenesis of pa.ratuberculosis 

in a laboratory animal that has an alimentary system with features similar 

t o 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 t he 

simplest among the polygastric animals, microorganisms are present t hat 

are similar to the microor ganisms of the rumen (62). Further, it has 

been shown that the addition of urea to the ration is nutritive for t he 

hamster ( 65) . Anatomically and physiologically, the hamster resembles 

the ruminant closer than any other available laboratory animal and lends 

further justification f or 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!'.!· paratuberculosis, 

evaluations of assay animals by histopathologic means may be faster. 

Therefore, an extensive histopathol ogic evaluation of the pathogenesis 

of pa.ratuberculosis in the golden hamster was undertaken. 
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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 suitable 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 t o 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 hamst~rs escaped and l female was killed by a male, 

t hus l eaving 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 . Kl.igler sent a group t o 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, .!".!· pa.ratuberculosis. J"cihne 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 period, and 

was a separate entity from .tuberculosis. 

Paratuberculosis in the United States was first described in 

19o8 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 'I'wort 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 Ka.rlinski, 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. 
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Morphological and Physiological Characteristics 

of _!:!. pa.ratuberculosis 

Mycobacterium pa.ratuberculosis is a short, thick, non-sporulating, 

Gram-positive rod, one-half micron in diameter by 1 to 2 µ 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 fonn may occasionally be 

observed . In tissue sections, the organisms are usually found in 

variable size clumps within "fixed" pbagocytic 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 t o suggest that the golden 

Syrian hamster might be 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 J ohne 's disease and stated that he had not succeeded in 

infecting t hem. 

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

and 4 orally with_!:!. paratuberculosis as follows: 
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1 . Five 23-day-old hamsters with an average weight of 42 g. 

received intraperitoneaJ.ly 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 7 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 ma.de . Two 

of the 12-day-old hamsters survived and were examined at 

12 and 25 weeks. The 3-month-old ha.mster was examined at 

26 weeks PI. 

3 . Four 7-day-old hamsters with an average weight of 10 . 2 g . 

were inoculated via sto~ch tube with a 0.25 cc . suspension 

of the intestinal mucosa of a hamster from gr oup 1 killed 

at 22 weeks PI. Postmortem examinations were made on 1 

hamster each at 5 and 1 7 weeks PI. No report was made 

of 2 hamsters. 

Results of t he 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. pa.ratuberculosis after intraperitoneal (groups 1 and 2) and oral 
(group 3) inoculation as reported by Francis (34) 

Time Smear of tissue 
a:fter {number of bacilli~ Culture of tissue 

Group inoculation Mesenteric 
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 

1 22 0 None None Several + + 0 

31 0 None None None 0 

32 Many None None Few 0 0 0 

12 0 None None None + + 0 

2 25 0 Few 0 Several 0 0 0 

26 None None None None 0 0 0 

5 None None None None 0 
3 

17 None Few None None 0 0 0 

O = Not reported 
+ = Growth 
- =No growth 
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the hamsters than that given to the mice . The bacilli remained viable 

af'ter animal passage. The cellular reactions in infected mice and 

hamsters wer e similar to those in naturally occurring disease. 

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

of M. paratuberculosis grown in Glover ' s modification of Dubos and 

Davis liquid meditun: 

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 4o weeks PI. 

2 . 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 4o weeks PI . 

3 . Fourteen adult hamsters, divided into 4 groups, were 

inoculated once intraperitoneally with variable quantities of 

a culture recently isolated: (1) from a goat, (2) af'ter 

first passage through a h~ter, (3) af'ter second passage 

through a hamster, or (4) af'ter second passage through a 

rabbit. 

4. - Twelve 2- or 3- day-old hamsters, divided into 3 equal gr oups, 

were inoculated intraperitoneally once with 0 .1 t o 0 .2 ml. 

of culture: (l) recently isolated from a goat, (2) af'ter 

second passage through a hamster, and (3) several subsequent 

subcultures af'ter passage through a rabbit. 
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Hirch reported that the liver from the hamsters which received the 

oral inoculations (groups 1 and 2) was most consistently positive as 

or ganisms 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 isolated after 

40 weeks PI • Only 1 hamster, killed after 40 weeks PI, yielded a 

positive culture from the kidney. Typical clumps of acid-fast bacilli 

were found in smears of the intestinal mucosa only after 4o 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 40 weeks PI . 

The results of culturing and intestinal films from groups 3 and 4 

are summarized in Tabl e 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 t he inoculum and the number of colonies 

obtained . In group 4, -a small number of typical acid-fast bacilli 

were seen in films made from mucosal 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 or ganisms 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 multiply in the hamster. 
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Table 2. Distribution of ~· paratuberculosis after intraperitoneal 
inoculations of hamsters by Hirch {47) 

Results 
Time Culture Intestinal 
after {number of col onies) films 

Group Dose inoculation Number 
number (mg. ) {weeks) Liver Intestine positiveLtotal 

3 12.5 o,o,o,0,100 18,97,29,49,0 0/5 
From 0 .3 25 Many Many 4/6 
goat 40 Many Many 4/6 

3 11 .5 99,0,0 0,27 l /5 
Second 
passage 0.8 40 3,1,3 91,35,77,57 l/6 
hamster 

3 12 o,43,12,7,84 0,0,7,13,10 3/5 
Second 
passage 0.5 18 50,14,21 Many o/8 
rabbit 

3 3 1,0,0 o,o,o o/6 
From 0.3 13 84,87,106 32,34 1/6 
goat 27 Many 9,100 6/ 7 

35 Many Many 1/6 

3 12 5,0,0 Not done o/ 6 
First 19.5 Many Many 1/6 
passage 0.2 35 o,o,o 4, 3,0 1/6 
hamster 

4 o .o8 6 o,o 3,0,1 2/6 
From 15 10,0,0 o,o,o 1/ 6 
goat 26 1,12,0 75,114,100 2/5 

35 19,2,35,20 5,0,25,26 ?./6 
4 7 0,0,2 0,0 ,2 1/ 6 

Second - 16 o,o,o o,o,o o/ 6 
passage 0.04 26 50,12,0 Many 2/ 6 
hamster 35 2,0,0 Many 2/ 6 

4 6 o,4,o o,o,o 1/ 6 
From o.o8 15 o,o,o o,o 3/ 6 
rabbit 24 .5 o,o,o 10,0,0 1/ 6 

35 o,o,o l,o,o,o,o o/ 6 
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Although typical acid-fast or ganisms 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 rnesenteric lymph nodes, no obvious changes were 

seen at the postmortem examination. No clinical disease was produced 

in animals maintained for 40 weeks after inoculation. Hirch concluded 

that there was fairly definite evidence of the multiplication of t he 

bacteria somewhere in the organs of the hamster with a slow subsequent 

establishment in t he 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 only changes detected. Bile duct 

proliferation was particularly marked . The splenic lesions were a 

diffuse hyperplasia of the epi thelioid 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 

symplasrnata 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 
!'.!· paratuberculosis as reported by Harding (45) 

Organs 

Liver 

Spleen 

Lungs 

Kidneys 

Intestines 

Mesenteric 
lymph nodes 

Peritoneum 
covering organs 

NR = Not reported 

Number of organs 
with lesions 

6o 

6 

10 

3 

9 

2 

24 

Total number of 
organs examined 

80 

62 

74 

75 

65 

2 

NR 
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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 f ollicles, whereas all the 

others had extended through the muscularis mucosa and involved t he 

overl ying villi. No mucosal lesions were observed except immediately 

over an infected lymphoid follicle. The lesions in the mesenteric 

lymph nodes were in the cortex and tended to form symplasma. 

Harding concluded that the or ganisms were fairly numerous during 

t he period following infection, subsequently decreasing in numbers 

and surviving for an interval in the lymphoid t issue of the small 

intestine, but again becoming numerous a~er a latent period of 

many months. Of the species studied, mouse, rabbit, and hamster, 

Harding considered the hamster to have an or gan susceptibility most 

like that of t he 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, 

108, and 107 viable units- of M. pa.ratuberculosis from a sixth sub-

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 a~er 

inoculation. Viable counts were made of t he liver, spleen, and of 

the intestinal walls of' each animal. The minimwn detectable infections 

were log10 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 histologica.lly . 
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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 108 viable units, and in 5 of 6 

ha.miters given 109 viable units. After 2 months, intestinal infections 

were present in 1 of 6 , 6 of 6 , and 5 of 5 hamster s 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 log10 units greater than those at the 1-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 109 viable uni ts . However, the viability 

counts at 2 months were not consider ed significantly greater when 

compared with those obtained at 1 month. 

At 1 month f ollowing inoculation, lesions were present in the 

mesenteric lymph nodes of 1 hamster in each of 2 groups given 108 and 

109 viable uni ts . After 2 months, lesions were reported in 5 of 6 

given 108 viable uni ts and in 5 of 5 given 109 viable uni ts . 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 a ge with 6 x 107 viable units of!'.! · pa.ratuberculosis of the 

bovine type that required the ~. phlei growth factor and grown on 

William Smith soli d medium. Viable unit counts wer e carried out on 

0 .1 ml . of a 1:200 dilution of weight - volwne 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, 

4, 8, 9, and 11 months after dosing . The cultural examination results 

are summarized in Table 4. They obtain no clutures of ~· paratuber-

culosis from organs of inoculated hamsters after 6 hours and before 

1 month PI . Histologic examinations were reported on sections from 

the livers and small intestines of the hamsters killed from 24 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 l 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 epithelioid 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 105 viable units of~ - 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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Table 4 . Distr ibution of M. paratuberculos i s a.:fter oral dosing as 
reported by Gi lmour et al . {37) 

Ti me Mes enteric 
afte r Hamste r l ymph Intest ine 
dos i n6 number S;eleen Kidne;r Lun6 Liver node Small Large 

1 1 c c 3 .8 4 .1 
hour 2 2 .4 c 3 .4 c 3.8 

3 c c 4 . 2 

6 4 2 .7 c 3 .3 c 
hours 5 c 4 .3 

6 c 3.9 

24 7,8 , 9 ---
hours 

1 10,11, 
week 12,13 

1 14,15 , 
month 16,18 

1 7 3 .8 3 .9 3 .8 c 3 .5 

4 
19,30 

22 4. 5 c 4 .1 c 5 .9 
months 20 2 .4 c 4. 4 

21 c 4. 5 4 .8 
25 3 .1 

8 23 5 .0 2. 9 3 .6* 5 . 9 4 . 9 
months 33 5 .3 3 .8 6 .8+ 4.8 3 . 7 

9 
months 34 5 . 7 3 .4 4 . 3* 6 .8+ 4 .3 5 .0 

11 28 0 0 0 0 0 3 . 5 4 .1 
mont hs 24 2 .9 6 .8 4 .6 4 .8 

26 2 . 7 6 .8 3 . 9 3.5 
27 5 .5 3 . 5 5 .4 3 . 5 3 .8 
29 5 .3 2.4 3 .5* 6 .4* 3 .8* 4 .8 
35 5.4 2 .4 3.0 5 .4* 6 . 7 4 .1 5 .1 

Counts expressed as los10 viable units per or gan 
C = Contaminated 
0 = Not examined 
* = Or gan cont ained lesions 
+ = Gr eater than 

= Less than minimum detectable levels = los10 2 .4 viable units 
fo r the lymph nodes, spleens, livers, kidneys, and lungs, and 
loglO 3.5 for the i ntestines 
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Table 5. Dist ribut ion of~· pa.ratuberculosis a:ft e r 4 weekly doses 
as reported by Gilmour et al . (37) 

Mesenteric 
Time af'ter Hamster lymph Intestine 
last dose number Liver S;eleen node Small Lare;e 

l week 1 - 6 

1 month 7 2.4 4.9 
8 - 12 

4 months 14, 16 
15 c 5.9 3.5 
17 3.4 
18 3,5 
19 2.4 3.5 c 3.5 

6 months 22 0 

8 months 23 - 25 
26 5.4 -+6.8 6.1 3.8 
27 2.4 2.4 5.9 5.9 4.9 

Counts expressed as log10 viable units per organ 
C = Contaminated 
+ = Greater than 
0 = Not examined 

= Less than minimum detectable levels = log10 2.4 viable units 
for the lymph nodes, livers, spleens, and log10 3.5 for the 
intestines 



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 irmnediately prior to necropsy. No lesions were found in 

4 hamsters t hat 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 frequent . They also attempted 

vaccination evaluation by utilization of the hamster as a test aniraa.l . 

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 hamster s 

were challenged once weekly for 10 weeks with 106 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 t o that in sheep as invasion 

of the mesenteric lymph nodes was not prevented . 
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Table 6. Viable unit counts in vaccinated and unvaccinated hamsters 
6 weeks a~er last challenged as reported by Brotherston 
and Gilmour (19) 

Mesenteric 
Hamster lymph Intestine 
number Liver Spleen node Large Small 

1 
2 3.2 4.2 

Vaccinated 3 5.4 3.9 
4 6.o 
5 
6 
7 5.5 

8 
9 2.4 5.7 6.1 

Controls 10 3.3 6.4 
11 2.7 4.3 6.6 
12 5.5 
13 2.7 4.7 4.3 
14 2.9 4.o 6.8 

Counts expressed as log10 viable units. 
= Less than minimum detectable levels = log10 2.4 in mesenteric 

lymph node, liver, and spleen, and log10 3.4 in intestines 
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Paratuberculosis in other Laboratory Animals 

Rabbits 

Markus (64) i n 1904, Bang (7) in 1906, Meyer (68) in 1913, and 

Datta (51) in 1938 reported that they were unable t o 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 

inoculat ed with!'.! · pa.ratuberculosis . Intra- and extracellular organisms 

were 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 (7.1) 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 

!i· paratuberculosis or~· tuberculosis . 

Guinea ~ 

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 Vallee et al . (107) in 1941 were not successful 

i n establishing infections in guinea pigs that had been inoculated with 

either ~· paratuberculosis or suspensions of infected tissue containing 

M. paratuberculosis . 

J'ohne and Frothingham (50) in 1885 inoculat ed 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~· paratuberculosis. 

He recovered the or ganisms 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 ~ · paratuberculosis 

and different strains of non-pathogenic mycobacteria. In 1939, Mohler 

(71) 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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~· paratuberculosis 2 months prior to mating. Lesions have been noted 

in experimentally inoculated guinea pigs by Taylor (93 , 99) in 1940 and 

1951, Sahai (88, 89) in l940 and 1941 , Vallee 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~· 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. Similar results were also 

obtained in mice by Boquet (12) in 1925 who considered t hem to be less 

sensitive than rats, Fr ancis (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 rats that had 

been inoculated with either cultures of ~ · paratuberculosis or suspensions 

of infected tissue containing~ · paratuberculosis. In 1914, Twort (102) 

reported that a few bacilli were found in the i leum 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~· paratuberculosis. Chandler (22) in 1961 reported low 

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

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 intraperi toneal inoculation with 2 to as 

little as 0 .0001 mg. of~· 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 (46) 

in 1931 were not successful in establishing infection in chickens or 

pigeons that had been inoculated with~· paratuberculosis. Mohler (71) 

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 l~O, Sahai (88) described 

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

necrotic lesions in the breast muscle were observed in 1943 by Meyn and 

Weiske (69) in hens a:f'ter intramuscular inoculation of ~· paratuber-

culosis suspended in a mixture of Kieselguhr, trypan blue, potassium 

i odide, 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~· paratuberculosis . Both types caused proliferative lesions 

of the chorioallantoic membrane and fatty degeneration of the liver. 

The atypical strain multiplied on the chor ioallantoic membrane but 

not within the embryo. The typical strains did not multiply anywhere 

on the chorioallantoic membrane or in the embryo . 

Cats 

In 1944, John.son and Pratt (52) reported feeding pure cultures and 

infected bovine intestinal tissue containing ~· 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 1s disease but the microscopic study 

was less convincing as only a few epithelioid cells containing acid-

fast bacilli were found . Johne 1 s disease was not observed in the other 

cats. 

Monkeys 

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 t o 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 t o culture the organisms. Masses of acid-fast 

bacilli were demonstrated 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 

pen:nit them to adapt to t heir 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 ma.le, 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 af'ter 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. The cages1 were arranged on 

glides in a stand 57 in . l ong, 24-1/4 in. wide, and 66 in . tall: The 

stand was mounted on 5 in . heavy duty hard rubber swivel casters and 

had a capacity of 60 cages (Figure 1). 

1George H. Wahmann Manufacturing Company, Baltimore 2, Maryland. 
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The temperature and relative humidity were kept constantly at 70° F . 

and 45% respectively. Strict sanitation was maintained throughout the 

experiment to prevent t he spread of organisms between cages. 

The hamsters were given water and Purina Laboratory Chow1 cubes 

free choice throughout the experiment. The appr oximate analysis of 

Purina Laboratory Chow is as follows : 

Protein, % 
Argine, <f, 
Glycine, % 
Lysine, % 
Methionine, 'fo 
Tryptophan, % 
Cystine, % 
Histidine, % 
Leucine , 'fo 
Isoleucine, % 
Phenylalanine, % 
Threonine, % 
Valine, 'fo 

Fat , 'fo 

Fiber, 'fo 

Ash, 'fo 

Nitrogen-Free Extract, 'fo 

Calcium, 'fo 

Phosphorus, % 
Potassium, 'fo 

Magnesium, % 
Sodium, % 

23 . 40 

1.15 
. 77 

1.27 
.36 
.22 
. 25 
.44 

1.40 
1.03 

.82 

. 78 
1.02 

3 . 78 
4.86 

7 . 72 

50 .58 

1.42 

.96 

.72 

.23 

.46 

1Ralston Purina Company, St . Louis, Missouri . 



Chlorine, 'fo 

Iron, ppm. 

Zinc, ppm. 

.Manganese, ppm. 

Copper, ppm. 

Iodine, ppm. 

Carotene, ppm. 

Vitamin A, I.U./g . 

Vitamin D, I .U . /g . 

Alpha- tocopherol, I.U./lb . 

Thiamin, ppm. 

Riboflavin, ppm. 

Niacin, ppm . 

Pantothenic Acid, ppm. 

Choline, ppm. 

Felic Acid, ppm. 

Pyridoxine, ppm. 

Biotin, ppm. 

Vitamin B- 12, mcg ./lb. 

28 

.52 

275.00 

6o.64 

49 .45 

18 .20 

1.18 

5.28 

12.00 

5.31 

38 .35 

16 .55 

8.30 

98.34 

21.59 

1665.00 

6.46 

5.00 

.06 

15 .89 

Source of I noculum 

The ~ · paratuberculosis inoculum used in this study was obtained by 

tryptic digestion of the intestinal mucosa from an experimentally 

in:t'ected steer that developed clinical paratuber culosis. The steer had 

been infected intravenously with organisms that had never been cultur ed 
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in vitro. The or ganisms used to inoculate the steer had been obtained 

by the t:ryptic 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 liters of mucosa were obtained . Two liters of this were 

digested by mixing aliquots of mucosa with equal volumes of a 2.5<f, 

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 t he final sediment was stained by the Ziehl-Neelsen 

method and apparently contained only~· pa.ratuberculosis . 

The total sediment was placed between stacked f ilter 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 t o oven-dried weight was used to calculate the amount of 

blotted material t o be resuspended for the inoculum. The inoculum was 

suspended in li sodiwn hydroxide for 30 min . and neutralized with 0.25 N 

hydrochloric acid. The neutralized mixture was centrifuged and 

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

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

was heat-killed by placing i n an autoclave with flowing steam (100° C. ) 

f or 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 

4 gr oups and inoculated as follows with the suspension of M. paratuber-

culosis: 

1. One mg. of living or ganisms was administ ered intra-

gastrically via celiotomy incision to 15 hamsters (Table 7) . 

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 organisms 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.1 A midline 

incision wa& made into the peritoneal cavity. The stomach was lifted 

from beneath the edge of the liver with a spay hook and then t he 

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

1Brookline Surgical Specialties, Br ookline 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 Procedur e of Hamsters for St udy by Light Microscopy 

One hamster from each group was killed by overdosing With ether and 

thorough necropsies were perfonned at 2, 4, 8, 14, 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 t ime 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 t i ssue specimens were 

selected for histologic examination using the tenninology of Michel 

(70) , Brosseau (18), and Trautmann and Fiebiger (100). 

Lymphatic system 

Both prefemoral (subiliac) lymph nodes 

Bot h axillary lymph nodes 

Both mandibular (submental) lymph nodes 

Both parotid lymph nodes 

Anterior mediastinal lymph nodes· 

Anterior mesenteric lymph node 



Figure 1. A 6o-mouse cage unit with wire mesh fronts and bottoms 
used for keeping hamsters during this experiment. 

Figure 2 . Surgical approach used when inoculating hamsters 
int r agastrically with~ · paratuberculosis. 
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Table 7. Hamsters inoculated intragastrically with 1 mg . of 
living !".!· pa.ratuberculosis 

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

88 4-23-63 4-25-63 2 

89 11 4-27-63 4 

90 II 4-30-63 8 

91 II 5-7-63 14 

92 II 5-22-63 28 

93 II 6-16-63 56 

94 11 6-18-63 56 

95 II 7-22-63 98 
96 II 9-23-63 154 

98 II 10-4-63 154 

99 II 11-20-63 210 
100 II 1-22-64 266 
101 II 3-23-63 329 
102 II 3-23-63 329 
103 II 3-23-63 329 
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Table 8. Hamsters inoculated intragastrically with 1 mg. of 
heat killed ~· pa.ratuberculosis 

Hamster Date Date Duration following 
number a inoculated examined inoculation {da~s} 

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

121 II 4-28-63 4 

122 II 5-1-63 8 

123 II 5-8-63 14 

124 II 5-22-63 28 

125 II 6-18-63 56 

126 II 7-29-63 98 
127 11 9-24-63 154 

130 II 11-21-63 210 

131 II 1-22-64 266 

132 II 3-24-64 329 

133 II 3-24-64 329 

134 II 3-24-64 329 

135 II 3-24-64 329 

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



Table 9. Hamsters inoculated intraperi toneally with 1 mg . of 
living ~. pa.ratuberculosis 

Hamster Date Date Duration f ollowing 
number a inoculated examined inoculation {dals) 

104 4-23-63 4-25-63 2 

105 II 4-27-63 4 

106 II 4-30-63 8 

107 II 5-7-63 14 

l o8 II 5-22-63 28 

109 11 6-18-63 56 

llO II 7-29-63 93 
ill II 9-23-63 154 

112 II ·11-20-63 210 

113 II 1-10-64 266 

114 II 3-23-64 329 

~ree hamst ers died of ileitis early in the experiment and were 
not i ncluded in the results . One hamster was killed accidentally 
and not included in results. 
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Table 10. Hamsters inoculated intraperi toneally with 1 mg. of 
heat killed ~· pa.ratuberculosis 

Hamster Date Date Duration following 
number a inoculated examined inoculation {days) 

136 4-24-63 4-26-63 2 

137 II 4-28-63 4 

138 II 5-1-63 8 

139 II 5-8-63 14 

14o II 5-20-63 28 

141 II 6-20-63 56 

142 II 7-30-63 98 
143 II 9-24-63 154 

144 II 11-21-63 210 

145 II 1-24-64 266 

146 II 3-24-64 329 

147 II 3-24-64 329 

148 II 3-24-64 329 

a . Two hamsters died of ileitis early in the experiment and were not 
included in the results. 



Ileocecal or mesenteric lymph nodes other than t he anterior 
mesenteric lymph node 

Both deep inguinal (hypoga.stric sacral) lymph nodes 

Both medial iliac lymph nodes 

Spleen 

Thymus 

Base of the t ongue (tonsil) including the hyoid bone 

Alimentary system 

Both buccal pouches 

Both mandibular salivary glands 

Bot h parotid salivary glands 

Forestomach 

Stomach 

Three segments of the duodenum 

Peyer's patches including its respective segment of t he 
jejunum or ileum 

Cecum 

Segments of t he spiral colon 

Segments of t he terminal colon 

Three transver se samples of the liver, one of which contained 
the gall bladder 

Pancreas 

Omen tum 

Cardiovascular system 

Bone marrow of the sternebrae and lumbar vertebrae 
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Nervous system 

The brain was divided on a midsaggi tal 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 or gans 

Both eyes 

Both exorbital lacrimaJ. glands 

Both infraorbital lacrimal glands 

Processing of Tissue f or Study 

by Light Microscopy 

All tissue specimens, except t he kidneys and heart which were 

divided on the median plane, were submerged as whole or gans in 10~ 

formalin for a minimum of 24 hr. at 70° F. Following fixation, 

specimens containing bone were demineralized by placing in 3oi 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 Agent1 and infiltrated with Paraplast2 

in the routine manner in an Autotechnicon. The t issues wer e embedded 

in Paraplast and 2 sections, 8 µ thick, were cut from each block and 

mounted on glass slides for staining . One tissue section from each 

bl ock, stained by a modified wann Ziebl-Neelsen method, was t horoughly 

examined for t he distribution of!:! · paratuberculosis. When any sig-

nificant tissue alterations were f ound, the other tissue section was 

stained with hematoxylin and eosin or a comparable stain for t he study 

of the cellular response to M. paratuberculosis . 

Inoculation of Hamsters for Electr on Microscopic Studies 

Two groups of hamsters were used for tissue studies by electron 

microscopy and were inoculated as f ollows: 

1. Three 40 to 60 g . female golden Syrian hamsters were 

inoculated intraperitoneally with 30 mg . of!:!· pa.ratuberculosis. 

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

peritoneally with 30 mg . of !:!· -paratuberculosis . The same 

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

t otal dose of 60 mg . 

1The 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° C. for 27 

months for the first group and 39 t o 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 nediastinal or anterior 

mesenteric lymph nodes were surgically removed via a laporatomy 

procedure, a~er 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 ~· pa.ratuberculosis were thawed and fixed 

in cold 1% osmium tetroxide with Palade 's Veronal-acetate bu:ffer . The 

cells were then rinsed in the buffer and pelleted in a centrifuge tube 

of warm agar according t o the method of Cheville .1 The bacterial cells, 

1 Cheville, N. F., Ames, I owa. Data on the embedment of tissue 
culture cells for study by electron microscopy. Personal communication. 
1966 . 
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Table 11. Hamsters inoculated intraperi toneally with l i ving 
~· pa.ratuberculosis and used for tissue examination 
by electron mic r oscopy 

Date inoculated 
First Second 

Group inoculation inoculati on 
number with 30 mg . with 30 mg . 

1 7-28-65 ND 

1 7-28-65 NA 

1 7-28-65 ND 

2 7-21-66 9-29-66 

ND = Not done 
NA = Not applicable 

Date 
examined 

9-10-65 

10-28-65 

1-20-65 

2-1-67 

Duration following 
inoculation 

First Second 
inoculation i noculation 

42 days 

90 days 

168 days 

175 days 

NA 

NA 

NA 

98 days 
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embedded in agar, were cut into 1 mm. 3 blocks, and t reated as tissues 

that had been post- fixed in osmium tetroxide. 

Immediately upon surgical removal, the lymph nodes were cut 

approximately into l mm.3 blocks while immersed in cold 4% glutaraldehyde 

in a 0 . 2 M sodium cacodylate buffer . This was followed, with the 

exception of t hose 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 

a~er the first or 98 days following the second inoculation were 

utilized for acid phosphatase studies. After the fixation i n 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). Thin sections .were cut in the 

LKB 4802A ultramicrotome1 with a diamond knife2 and picked up on uncoated 

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

1LKB Instruments, Inc., 12221 Parklawn Drive, Rockville, Maryland . 
2 E. 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 (lo8). Sections were examined with a Philips EM- 200 

electron microscope1 at 60 kv . 

1
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 (0 ). 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 

t hat 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 t he 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 section~ that were examined. In addition, Schaumann's 

bodies and/or foreign body giant cells were often present. 

Old regressing lesions were characterized by indistinct foci 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. One- plus (+) lesion. Acid-fast bacilli within isolated 
reticuloendothelial cells in t he anterior mesenteric 
lymph node at 9l3 days a~er intragastric inoculation with 
living~· paratuberculosis. Ziehl- Neelsen method . 
x1250 . 

Figure 4. Two- plus (++) lesion. Acid-fast bacilli within reticulo-
endothelial cells in a small indistinct focus of reticulo-
endothelial tissue hyperplasia in t he anterior mesenteric 
lymph node at 9l3 days following intragastric inoculation 
with living!'.! · paratuberculosis . Compare with Figure 3. 
Ziehl- Neelsen method . x1250 . 
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Figure 5. 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~· paratuberculosis . 
Compare with Figures 3 and 4 . x500 . 

Figure 6. Three-plus lesion in an axillary lymph node at 154 days 
following intragastric inoculation with living 
~· paratuberculosis. Note the small concentric laminated 
bodies (Schauma.nn's bodies) in the area of reticuloendo-
thelial tissue hyperplasia and the distinct boundary 
between the normal lymphoid tissue and t he 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 

nonnal and there was no discharge from the eyes or any of the body 

orifices until 28 days PI . At approximately 28 days, a diarrhea, 

preswnedly 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 t he 

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 Macroscopically; 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 viscer~ lymph nodes (anterior mediastinal, anterior mesenteric, 

ileocecal, deep inguinal, and medial iliac) were moderately t o markedly 

enlarged (1 to 2 times larger than normal). This degree of enlargement 

~as consistently about the same at 98 and 154 days as t hat 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, or ganisms 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 !:!· pa.ratuberculosis 

Organ 
Ant . mediastinal lymph nodes 
Ant. mesenteric lymph node 
Mesenteric lymph nodes, other 
Deep inguinal lymph nodes 
Medial iliac lymph nodes 
Prefemoral lymph nodes 
Axillary lymph nodes 
Mandibular lymph nodes 
Parotid lymph nodes 
Spleen 
Thymus 
Base of tongue 
Buccal pouches 
Mandibular salivary glands 
Parotid salivary glands 
Fore stomach 
Stomach 

2 

Duodenum (lymph nodules) + 
Peyer' s patches 
Cecum (lymph nodules) 
Spiral colon (lymph nodules) 
Terminal colon (lymph nodules) -
Liver 
Pancreas 
Omentum 
Heart 
Sternal bone marrow 
Vertebral bone marrow (lumbar) -
Brain 
Spinal cord (lumbar) 
Lung 
Kidneys 
Urinary bladder 
Uterus 
Eye 
Infraorbital lacrima.l gland 
Exorbi tal lacrima.l gland 

4 8 

= No organisms or tissue reaction 

Time (dayM 

+ ++ +++ +++ +++ +++ 
+ +++ +++ +++ +++ +++ 
+ + ++ ++ +++ +++ +++ +++ 

+++ +++ +++ +++ 
++ +++ +++ +++ +++ 
+ +++ +++ +++ +++ 

++ ++ +++ +++ +++ +++ 
+ ++ +++ +++ +++ +++ 

++ +++ +++ +++ +++ 
+ ++ +++ +++ +++ +++ 

++ +++ +++ +++ ++ 

++ 
+ + ++ +++ +++ +++ +++ 

+ ++ +++ +++ 
++ ++ ++ 

++ ++ +++ ++ ++ +++ 

++ 
++ 

+ ++ 

+ = Organisms within individually located macrophages 
++ = Tissue reactions occupying less than 3~ of the normal tissue 

+++ = Tissue reactions occupying more than 3% of the norma.l tissue 



Figure 7. Ileocecal lymph node at 14 days following intragastric 
inoculation with living~· paratuberculosis. Note the 
absence of germinal centers and the presence of prominent 
reticular cells (arrow). Ziehl-Neelsen method. x60. 

Figure 8 . Ileocecal lymph node at 28 days following intragastric 
inoculation with living~· paratuberculosis . Note the lack 
of demonstrable reticuloendothelial tissue hyperplasia and 
the similarity of the tissue when compared with Figure 7. 
Ziehl- Neelsen method. x60. 
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Figure 9. Ileocecal lymph node at 56 days following intragastric 
inoculation with living~· 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 . 

Figure 10. Anterior mesenteric lymph node at 98 days after intragastric 
inoculation with living ~· pa.ratuberculosis . Note the 
increase in the number and the distinctiveness of the foci 
of reticuloendothelial tissue hyperplasia. Ziehl-Neelsen 
method . x60 . 





Figure 11. Ileocecal lymph node at 98 days f'ollowing intragastric 
inoculation with living!'.!· pa.ratuberculosis. Two-plus 
lesions are present. Ziehl-Neelsen method. x6o. 

Figure 12. .Anterior mesenteric lymph node at 154 days f'ollowing 
intragastric inoculation with living!'.!· paratuberculosis. 
Two portions of' the pancreas and t he anterior mesenteric 
artery are included in this section . Note the Schawna.nn's 
bodies in the areas of' reticuloendothelial tissue 
hyperplasia . Ziehl-Neelsen method . x6o. 





Figure 13. Extensive reticuloendothelial tissue hyperplasia in the 
mandibular lymph node at 154 days after intragastric 
inoculation with living ~· paratuberculosis. Harris' 
hema.toxylin and eosin stain. x6o. 

Figure 14. 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, t he remarkable 
absence of lymphocytes in the area of hyperplasia, and the 
distinct border between the hyperplastic tissue and the 
normal lymphoid tissue. Harris' hematoxylin and eosin 
stain . x6oo . 





Figure 15. Section illustrating the extensive reticuloendothelial 
tissue hyperplasia in a prefemoral lymph node at 154 
days following intragastric inoculation with living 
~· paratuberculosis. Ziehl-Neelsen method. x60 . 

Figure 16. Multifocal reticuloendothelial tissue hyperplasia in an 
axillary lymph node at 154 days following intragastric 
inoculation with living~· paratuberculosis . See Figure 6 
for a higher magnification of 1 of the foci of hyperplasia 
from this same lymph node . Ziehl-Neelsen method . x60 . 





Figure 1 7. Reticuloendothelial tissue hyperplasia in the medial iliac 
lymph node at 154 days following intragastric inoculation 
with living ~· paratuberculosis . Note the lack of lympho-
cytes in the area of reticuloendothelial tissue hyperplasia 
and the post-capillary venule (arrow) in the adjacent 
norma.1 lymphoid tissue. Harris' hematoxylin and eosin 
stain. x6oo . 

Figure 18. Higher magnification of the post-capillary venule in 
Figure 17. Note the distinct border between the normal 
lymphoid tissue and the reticuloendothelial tissue 
hyperpl asia . x1050 . 





Figure 19. Extensive reticuloendothelial tissue hyperpl asia of the 
anterior mesenteric lymph node at 2l0 days following 
intragastric inoculation with living~ · paratuberculosis. 
Ziehl-Neelsen method. x6o. 

Figure 20 . Multifocal reticuloendothelial ti"ssue hyperplasia in the 
ileocecal lymph node at 2l0 days following intragastric 
inoculation with living M. reratuberculosis. Ziehl-
Neelsen method. x60. -





Figure 21 . Anterior mesenteric lymph node at 266 days after intra-
gastric inoculation with living~· paratuberculosis. 
Note the large foci of reticuloendothelial tissue hyper-
plasia containing large Schawnann 1 s bodies. Ziehl-
Neelsen method. x6o . 

Figure 22 . Reticuloendothelial tissue hyperplasia of the ileocecal 
lymph node at 266 days following intragastric inoculation 
with living M. parat uberculosis . Ziehl-Neelsen method . 
x6o . -





Figure 23. Extensive reticuloendothelial tissue hyperplasia occupying 
approximately 50% of the normal lymphoid tissue i n t he 
anterior ~senteric lymph node at 329 days af'ter intragastric 
inocu,lation with living~ · paratuberculosis . Note that 
the Schaumann's bodies are not always conf'ined to the 
areas of hyperplasia. Ziehl-Neelsen method. x60 . 

Figure 24 . .Mandibular lymph node at 154 days after intragastric 
inoculation with living~· paratuberculosis. 
Post-capillary venules (arrows). Ziehl-Neelsen 
method. x6oo. 





Figure 25. Large Schauma.nn 1 s body in an ileocecal lymph node at 
329 days after intragastric inoculation with living 
!'.!· ;p_aratuberculosis. Ziehl-Neelsen method • .xl,250 . 

Figure 26. Schaumann 1 s body stained for calcium. Note that the 
Schauroann 1s body is partially surrounded by a multi-
nucleated foreign body giant cell of the Langhan 
type . Von Kossa method. x6oo. 
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small, round, pale eosinophilic staining bodies (Figure 6) in the 

ileocecal lymph node at 9t'3 days following inoculation. Observations 

at later intervals following inoculat ion revealed larger, more 

basophilic, and concentrically laminated bodies that were sometimes 

l ocated within l arge 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 1 7, 18, and 24). They were more 

pr ominent in regional lymph nodes than in visceral lymph nodes. 

Acid-fast bacilli and reticuloendothelial tissue hyperplasia were 

observed in thymus from 9t'3 days through 329 days. Lesions were never 

as extensive as those observed in the lymph nodes and were usually 

confined t o 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 9t'3 days and persisted through 329 

days. Lesions were always located in white pulp and consisted of 

small multifocal areas of reticuloendothelial tissue hyperplasia at 

~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 pr esent at 210, 266, and 329 days. 

At 266 and 329 days, variable amounts of hemosiderin were contained 

within reticuloendothel ial cells in areas of hyperplasia . Schawnann's 
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Figure 27. Foci of reticuloendothelial tissue hyperplasia in the 
thynnis at 154 days a~er intragastric inoculation with 
living M. -paratuberculosis. Ziehl-Neelsen method. 
x60. -

Figure 28 . Small distinct foci of reticuloendothelial tissue 
hyperplasia i n the medulla of the thymus at 154 days ~ 

a~er intraeastric inoculation with living M. 
paratuberculosis . Harris' hematoxylin and e osin stain . 
x150 . 
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Figure 29 . Foci of reticuloendothelial tissue hyperplasia in the 
white pulp of the spleen at 154 days after intragastric 
inoculation with living~ · paratuberculosis . Ziehl-
Neelsen method . xJ.50 . 

Figure 30. Focus of reticuloendothelial tissue hyperplasia in a 
periportal focus of lymphocytic infiltration in the 
liver at 154 days following intragastric inoculation 
with living ~ · paratuberculosis . Note the presence 
of the Schauma.nn'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 f ound 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, 14, 

17, 18, and 32). The reticuloendothelial tissue hyperplasia was 

usually very extensive f or the number of acid-fast bacilli present and 

occupied up t o 25i of the white pulp of the spleen at 154 days or 25 

t o 30i 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 f ollowing inoculation . At 266 and 

329 days, the cytoplasm of the hyperplastic reticuloendothelial cells 

stained more deeply eosinophilic and the borders of t he 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 wer e 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 14 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 lwnen 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. Af'ter 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 t he celiotomy were noted. 

Microscopically, no acid-fast bacilli or lesions were observed in 

the buccal pouches, mandibular and parotid salivary glands, forestomach 

and stoma.ch. Two acid-fast bacilli were present within a macrophage in 

the lamina propria of a villus in t he 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 indistinct foci of hyper-

plasia in all of the Peyer' s patches examined at 98 days . Several 

acid-fast bacilli were in the cytoplasm of hyperplastic cells l ocated 

in medium to large multifocal areas of reticuloendothelial tissue 

hyperplasia and occupied up to 25 t o 30% of the lymphoid tissue in the 

sections of the Peyer's patches examined at 154 (Figures 31 and 32), 



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 illustrates t he number and distribution of aggregates of 

lymph nodules or Peyer's patches in t he 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 .!:!· 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 t he 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 .!:!· 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-

t helial 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 ~· paratuberculosis 

Duration 
following Organ examined 

inoculation a b Peyer's 
Cecumb 

Spiralb Termin~ 
(days) Duodenum patchesc colon colon 

2 o/o 5/6 0/1 o/6 0/4 

4 o/6 8/9 4/1 o/6 o/4 

8 o/6 9/9 2/1 o/ 4 0/ 3 
14 0/5 8/8 2/1 o/4 1/3 
28 o/4 6/9 0/1 1/6 0/2 

56 o/4 6/8 o/o o/6 0/3 

56 0/5 3/6 0/1 o/6 0/2 

93 o/6 5/9 3/1 o/6 1/5 
154 o/o 7/8 1/1 2/6 1/3 
154 o/4 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 0/4 

329 0/5 8/12 4/1 o/6 0/3 
329 0/5 9/9 4/2 1/6 o/ 4 

329 0/5 10/10 5/1 3/8 0/3 

aOne hamster was examined at each time interval.. 

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

cNumber of Peyer's patches histologically demonstrated/number of 
Peyer's patches that could be observed gr ossly 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 wit h 
living~· paratuberculosis. Ziehl-Neelsen method . 
x6o . 

Figure 32 . Higher magnification of a focus of reticuloendothelial 
tissue hyperplasia in the Peyer' s patch in Figure 31 . 
x6oo . 





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 t o 2 small or medium size f oci of reticuloendothelial hyperplasia 

were present at 154 (Figure 30), 2l0, 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 2l0, 366, and 329 days. There 

was 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 t he 

pancreas or t he 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 t he 

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 t he lumbar vertebrae and sternebrae of 1 of t he 3 

i' 
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hamsters, examined at 329 days, contained several acid-fast bacilli 

in t he 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 . 

Microscopically, 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 l54 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. No excess fluid or adhesions were observed in the 

pleural 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 f oci of reticuloendothelial tissue hyperplasia with moderate 

amounts of hemosiderin and an occasional Schaumann's body . No acid- fast 

bacilli were found in any of t hese hyperpl astic f oci . Alternating areas 

of alveolar atelectasis and emphysema were present in the lungs of all 



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 ~· 

paratuberculosis . 

Special sense or gans No macroscopic lesions were observed in 

eyes, inf'raorbital or exorbital lacrimal glands from hamsters of 

this group. 

Histologically, no acid-fast bacilli or lesions of pa.ratuberculosis 

were present. Several corpora amylacea were present in the ducts of the 

infraorbital lacrimal glands of 1 of the 3 hamsters examined at 329 days. 

Heat-Killed Organisms Administered Intragastrically 

Clinical findings 

The celiotomy incision had healed without evidence of any infection . 

Tne hair coat was normal and there was no discharge from the eyes or 

any of the body orifices, except for hamster examined at 8 days . T'nis 

hamster had diarrhea and the eyelids were matted toget her with a con-

junctival discharge . The skin was dry and nonelastic. No clinical signs 

of paratuberculosis were observed in any hamsters included i n this 

group. 

Necropsy findings 

Lymphatic system Macroscopically, the lymph nodes from all the 

hamsters that were examined at 2, 4, 14, 98, 154, 210, 266, and 329 days 

PI were normal . The le:f't pa.rotid, le:f't ma.ndi bular, and le:f't axillary 

lymph nodes were hyperemic, and the anterior mediastinal, ileocecal, 



and medial iliac lymph nodes were enlarged about 3 times nonnal. size in 

the hamster examined at 8 days. Other lymph nodes in thl.s hamster were 

nonnal. A:f'ter 28 and 56 days PI, the regional lymph nodes were nonnal. 

but the visceral lymph nodes were slightly enlarged. 

The thymus was normal in all animals in this group . 

No gross alterations were observed in the spleen or in the tissues 

adjacent to or in the root of the tongue . 

Microscopically (Table 14), no acid-fast bacilli or reticulo-

endothelial tissue hyperplasia were observed in the lymphoid tissue 

of the hamsters that had been inoculated intragastrically with heat-

killed !:!· paratuberculosis (Figures 33, 34, 35, 36, 37, and 38) . 

Post-capillary venules were present in the majority of the lymph 

nodes from all hamsters included in thl.s group . These venules were 

more prominent in the regional than in the visceral lymph nodes and 

were most accentuated from 14 to 154 days . 

Several megalokaryocytes were prominent in the lymph nodes of the 

hamster examined at 2 days and persisted in moderate numbers up to ~ 

days . There was a gradual decrease in the number of these cells afier 

98 days. These megalokaryocytes were more prominent in the visceral 

lymph nodes , especially the ileocecal lymph nodes. 

There were accumulations of erythrocytes in the sinusoids of 

the left parotid, left mandibular, and left axillary lymph nodes from 

the hamster examined at 8 days following inoculation . 

Although no suppurative foci were observed, there was an increased 

accumulation of neutrophl.ls in the sinusoids of the anterior mesenteric, 



Table 14. Distribution of organisms and lesions in hamsters inoculated 
intragastrically with l mg. of heat killed !i· paratuberculosis 

Organ 

Ant • mediastinal lymph nodes 
Ant .. mesenteric lymph node 
Mesenteric lymph nodes,other 
Deep inguinal lymph nodes 
Medial iliac lymph nodes 
Pref emoral lymph nodes 
Axillary lymph nodes 
Mandibular lymph nodes 
Parotid lymph nodes 
Spleen 
Thymus 
Base of tongue 
Buccal pouches 
Mandibular salivary glands 
Parotid salivary glands 
Fore stomach 
Stomach 
Duodenum (lymph nodules) 
Peyer' s patches 
Cecum (lymph nodules) 

2 4 8 

Spiral colon (lymph nodules) 
Tenninal colon (lymph nodules) -
Liver 
Pancreas 
Omen tum 
Heart 
Sternal bone marrow 
Vertebral bone marrow (lumbar) -
Brain 
Spinal cord (lumbar) 
Lung 
Kidneys 
UrinarJ bladder 
Uterus 
Eye 
Infraorbital lacrimal gland 
Exorbital lacrimal gland 

Time (dayM 

No organisms or tissue reaction present 



Figure 33. Anterior mesenteric lymph node at 98 days following 
intragastric inoculation with heat-killed M. 
para.tuberculosis. Compare with Figure 10.-
Ziehl-Neelsen method. x150. 

Figure 34 . Ileocecal lymph node at 98 days following intragastric 
inoculation with heat-killed~· pa.ratuberculosis. Note 
the absence of germinal centers and the presence of 
prominent reticular cells (arrow). Compare with Fi©J.re ll . 
Ziehl-Neelsen method. x150 . 
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Figure 35 . Ileocecal lymph node at 154 days following intragastric 
inoculation with heat-killed~· paratuberculosis . 
Compare with Figure 12. Ziehl-Neelsen method. x60. 

Figure 36. Ileocecal lymph node at 210 days following intragastric 
inoculation with heat-ki.lled ~- paratuberculosis. 
Compare with Figures 19 and 20 . Ziehl-Neelsen method. 
x60 . 





Figure 37. Anterior mesenteric lymph node at 266 days following 
int~gastric inoculation with heat-killed~· pa.ratuberculosis. 
Note the absence of reticuloendothelial tissue hyper-
plasia when compared with Figures 21 and 22. Ziehl-
Neelsen method. x.150. 

Figure 38. Anterior mesenteric lymph node at 329 days following 
intragastric inoculation with heat-killed ~· pa.ratuber-
culosis . Compare with Figure 23 . Ziehl-Neelsen method . 
x.150 . 
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iliocecal , and medial iliac lymph nodes from the hamster examined at 

8 days and in the anterior mediastinal and iliocecal lymph nodes from 

the hamster examined 14 days following inoculation. 

No acid-fast bacilli or lesions of pa.ratuberculosis were present 

in the thymus from any of the hamsters included in this group . 

The spleen and the tissues adjacent to or in the root of the 

t ongue were histologi.cally nonnal for all hamsters included in this 

group . 

Alimentary system No macroscopic tissue alterations were 

observed in the buccal :pouches, mandibular, and pa.rotid salivary glands, 

forestomach, and stomach. 

The small intestine was grossly normal except in a few cases where 

there was enlargement of the ileum. The ileum was enlarged 3 t o 4 

times its nonnal size at 8 days, about 2 times at 14 days, and only 

sli ghtly at 28 days . This enlargement extended to the distal jejunum 

in the hamster examined at 8 days • The affected ileums were rigid and 

enlarged due to thickening of its walls and an increase in the diameter 

of the lumen. There were several whitish subserosal foci, about 1 Illl'n. 

in diameter, and varying degrees of adhesions of the ileal serosa to 

adj acent parietal and visceral :peritoneum. The ileum was white and small 

in diameter in the hamsters examined at 56 and 266 days. 

Grossly, the cecum, spiral and terminal col on, liver, :pancreas, 

and omentum were nonnal in all hamsters of this group . 

Histol ogicall y (Table 14), no acid-fast bacilli or lesions of 

paratuberculosis were observed i n the buccal :pouches , mandibular and 
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parotid salivary glands, forestomach, stomach, duodenum, Peyer's 

patches, cecum, spiral and terminal colon, liver, pancreas, and 

omentum. 

Table 15 illustrates the number and distribution of aggregates of 

lymph nodules as Peyer's patches in the submucosa of the jejunum and 

ileum and the solitary lymph nodules of the duodenum, cecum, and 

spiral and terminal colon for each of the hamsters included in this 

group . 

Multifocal areas of chronic suppurative inf'lamation were present 

in the submucosa and subserosa of the ileum of the hamsters examined 

at 8, 14, and 28 days . Fissures, filled with purulent exudate, 

extended from the intestinal crypts through the muscularis to the 

subserosa . False diverticuli of the lamina epithelialis were often 

extended through the tunica muscularis by the fissures to the subserosa . 

Occasional small foci of periportal accumulation of lymphocytes 

were present in the liver at 14 days . At 28 days, there were several 

small foci of lymphocytes scattered throughout the liver and not 

necessarily confined t o the periportal region . The liver from hamster 

examined at 56 days had a marked bile duct proliferation and periportal 

lymphocytic infiltration. 

No lesions were observed in the pancreas or omentum from any of 

the hamsters in this group. 

Cardiovascular and hemopoietic system No gross or microscopic 

lesions were present in the heart or bone marrow of the lumbar vertebrae 



Table 15. The frequency of encountering lymphoid tissue in the 
intestinal tract of hamsters inoculated intraga.strically 
with heat-killed ~· paratuberculosis 

Duration 
following Organ examined 

inoculation a 
Duodenumb 

Peyer's Spiral Tenninal 
{d.a;y:s) pa.tchesc Cecumb colonb colonb 

2 o/o 5/8 1/1 1/8 1/3 

4 0/5 8/8 2/1 2/6 0/3 

8 0/5 8/8 1/1 2/5 0/3 

14 0/5 5/8 1/1 1/6 o/o 

28 o/4 6/8 1/1 1/6 1/3 

56 o/6 5/9 1/1 o/6 1/5 

93 0/5 6/9 1/1 2/8 1/4 

154 0/5 10/10 1/1 1/6 o/4 

2.10 0/5 8/9 4/1 1/6 1/5 

266 o/6 9/10 3/2 2/8 1/3 

329 0/5 7/10 5/2 1/8 1/4 

329 0/5 10/10 2/1 1/6 2/4 

329 0/5 9/9 1/1 1/8 o/4 

329 0/5 6/9 0/1 1/6 o/4 

aOne hamster was examined at each time interval. 

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

cNumber of Peyer's patches histologically demonstrated/number of 
Peyer ' s patches that could be observed grossly and were embedded for 
sectioning . 

I: 
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and sternebrae of any of the hamsters inoculated intragastrically with 

heat- killed M. pa.ratuberculosis. 

Nervous system No gross or microscopic lesions were observed 

in the spinal cord, cerebrum, cerebellum, or meninges of the hamsters 

inoculated intragastrically with heat-killed~ · pa.ratuberculosis. 

Respiratory system The lungs were grossly nonnal, moist on 

the surface, and varied from pale pink to pale red . They were all 

histologically normal with t he exception at 2 days when a moderate 

hyperplasia of the respiratory epithelium was observed and at 56 

days when a moderate edema and a mild emphysema were present. 

Urogenital system The right kidney of the hamster examined at 

8 days was normal in color but about 25'1> of its normal size . Histologic-

ally, the hypoplasia involved the cortex more than the medulla and there 

were fewer glomeruli than normal (probably not caused by ~ · pa.ratuber-

culosi s) . All of the other kidneys examined from hamsters inoculated 

intragastrically with heat-killed or ganisms were normal . 

The urinary bladder of all hamsters in this group was normal . 

Each bladder contained from 1 to 3 cc. of yellowish viscous fluid. 

No lesions or acid-fast bacilli were observed in t he uterus from 

any of the hamsters in this group. 

Skeletal system No lesions or acid-fast bacilli were observed 

in t he osseous tissue of the lumbar vertebrae, hyoid bones, or sternebrae 

from any of the hamsters inoculated intragastrically with heat-killed 

M. pa.ratuberculosis. 
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Special sense or gans The eyes were all normal except in the 

hamster examined at 8 days . In t his case, the eyelids were matted 

with conjunctival discharge and the cornea of 1 eye was cloudy. 

Histologically, several neutrophils and lymphocytes were present in 

the tunics of this eye and in places this chronic inf'lammation extended 

into the muscles of the orbit. 

The inf'raorbi tal lacrimal glands were grossly normal. Histo-

logically, several corpora amylacea were present in the ducts of the 

infraorbi tal glands of 2 of the hamsters examined at 329 days . No 

other lesions or acid- fast bacilli were observed in any of these 

glands from hamsters of this group . 

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

lacrimal glands from hamst ers inoculated intragastrically with heat-

killed M. parat uberculosis . 

Living Organisms Administered Intraperitoneally 

Clinical findings 

The hamsters examined at 2, 4, 98, 154, and 329 days were nonnal . 

Each had a healthy appearing skin and hair coat . No discharge was 

present from the eyes or any of the body orifices . The hamsters 

examined at 98 , 154, and 329 days weighed less than normal hamsters 

would at t his age . Eversion of the rectum was present i n the hamster 

examined at 8 days . The hamster examined at 14 days was lethar gic and 

had a diarrhea . No diarrhea was present in the hamsters examined at 

28 , 56, and 266 days, but they were small for their age and had a history 

of a previous diarrhea at 7, 21, and 14 days respectively prior to 
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postmortem examination . The hamster examined at 210 days had died 

without any apparent cause. Although no clinical signs of para.tuber-

culosis were observed, this group of hamsters did have the highest 

mortality of any of the 4 groups in this study. 

Nec:r:opsy findings 

Lymphatic system Grossly, all of the lymph nodes were normal 

in the hamsters examined at 2, 4, 14, 28, and 56 days PI. The medial 

iliac lymph nodes were enlarged about 3 times their normal size at 8 

days, while all the other lymph nodes were within normal limits . The 

pref em.oral lymph nodes were slightly enlarged at 98 days and all of the 

visceral lymph nodes were about 2 times larger than normal . The 

anterior mediastinal, anterior mesenteric, and ileocecal lymph nodes 

were slightly enlarged while the deep inguinal and medial iliac lymph 

nodes were moderately enlarged at 154 days. At 210 days, t he parotid, 

mandibular, anterior mesenteric , ileocecal, deep inguinal, and medial 

iliac lymph nodes were slightly enlarged, but the mediastinal lymph 

nodes were enlarged about 2 times. All of the regional lymph nodes 

were twice their normal size at 266 days while the mediastinal lymph 

nodes were enlar ged slightly and the anterior mesenteric, deep inguinal, 

and medial iliac lymph nodes were enlarged about 3 times . However, the 

ileocecal lymph nodes were 4 to 5 times normal size . The parotid lymph 

nodes were about 2 times normal size at 329 days; all the other lymph 

nodes were within normal limits . 

The thymus was grossly normal in all of t he hamsters included in 

this group. 
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No gross tissue alterations were noted in the spleen or the tissues 

adjacent to or in the root of the tongue from the hamster s inoculated 

intraperitoneally with living~· paratuberculosis . 

Histologically (Table 16), acid- fast bacilli were observed within 

reticuloendothelial cells in all 3 of the anterior mediastinal lymph 

nodes and 2 acid- fast bacilli were found within the cytoplasm of a 

reticuloendothelial cell in a medullary sinus of 1 of the 2 mandibular 

lymph nodes from the hamster examined 2 days PI . Acid- fast bacilli 

were also found within macrophages in the loose areolar connective 

tissue on the surface of the capsule of the ileocecal and anterior 

mesenteric lymph nodes . A few acid- fast bacilli were found within the 

reticuloendothelial cells i n the subcapsular sinus of the ileocecal 

lymph node f r om the hamst er examined at 4 days . Several small and 

medium size clumps of acid- fast bacilli were present in hypertrophied 

reticuloendothelial cells i n the sinusoids of the ileocecal lymph 

nodes and in 2 of 4 of the anterior mediastinal lymph nodes from the 

hamster that was examined 8 days PI. 

In the anterior mediastinal lymph nodes examined at 14 days PI, 

many acid-fast bacilli were observed occurring singly and in clumps i n 

the cytoplasm of reticuloendothelial cells . Many small and medium size 

foci of reticuloendothelial tissue hyperplasia occupied between 35 to 

70'/o of the lymphoid tissue (Figure 39). There was an increased 

accumulation of neutrophils in the sinusoids of these lymph nodes . 

Acid-fast bacilli were more numerous per unit area in the reticule-

endothelial tissue hyperplasia of these lymph nodes when compar ed with 

I 
I 
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Table 16. Distribution of organisms and lesions in hamsters inoculated 
intraperitoneally with 1 mg. of living !:!· paratuberculosis 

Organ 2 
Ant. mediastinal lymph nodes + 
Ant. mesenteric lymph node 

4 

Mesenteric lymph nodes, other + 
Deep inguinal lymph nodes 
Medial iliac lymph nodes 
Prefemoral lymph nodes 
Axillary lymph nodes 
Mandibular lymph nodes + 
Parotid lymph nodes 
Spleen 
Thymus 
Base of tongue 
Buccal pouches 
Mandibular salivary gland 
Parotid salivary gland 
Fore stomach 
Stomach 
Duodenum {lymph nodules) 
Peyer• s patches 
Cecum {lymph nodules) 
Spiral colon (lymph nodules) 
Terminal colon (lymph nodules) -
Ll~r + 
Pancreas 
Omentum ++ + 
Heart 
Sternal bone marrow 
Vertebral bone marrow (lumbar) -
Brain 
Spinal cord (lumbar) 
Lung 
Kidneys 
Urinary bladder 
Uterus 
Eye 
Inf raorbital lacrimal gland 
Exorbi tal lacrimal gland 

8 
Time (days~ 

14 28 56 154 210 266 329 
+ +++ 

+ 
+ ++ 

+ 
+ 

+ 

+ 

+ ++ 

++ +++ 

+++ +++ +++ +++ ++ +++ 
+++ +++ +++ +++ +++ +++ 
+++ +++ +++ +++ +++ +++ 
+++ +++ +++ +++ +++ +++ 
+++ +++ +++ +++ +++ +++ 
+++ +++ +++ +++ +++ +++ 

++ +++ +++ +++ +++ +++ 
+++ +++ +++ +++ +++ +++ 
+++ +++ +++ +++ +++ +++ 
+++ +++ +++ +++ +++ +++ 

++ +++ +++ ++ ++ +++ 

+++ +++ +++ +++ ++ ++ 
++ ++ ++ ++ 

++ 
++ 

++ +++ +++ +++ ++ ++ 

+++ +++ +++ +++ 

+++ +++ 
++ +++ 

+++ 
++ ++ +++ 

= No or ganisms or tissue reaction 
+ = Or ganisms within individually l ocated macrophages 

++ = Tissue reactions occupying less than 3i of the normal ti ssue 
+++ = Tissue reactions occupying more than 3~ of the nonnal tissue 
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lesions in the hamsters exposed intragastrically with living organisms. 

Smaller lesions, containing acid-fast bacilli, were also found in 

the ileocecal lymph nodes . Few small clwnps of acid-fast bacilli were 

present within the cytoplasm of isolated reticuloendothelial cells 

located on the walls of the sinusoids in the medullary portion of the 

anterior mesenteric, deep inguinal and medial iliac lymph nodes, and 

in the red pulp of the spleen. 

No lesions or acid-fast bacilli were present in the lymphoid tissue 

of the hamster examined 28 days following inoculation. All of the 

lymph nodes from the hamsters examined at 56, 98 (Figures 40, 41, and 

42), 154 (Figures 45 and 46), 210 (Figure 47), 266 (Figures 48 and 49), 

and 329 days (Figure 51) PI contained acid-fast bacilli that occurred 

singly or in small clumps within reticuloendothelial cells. 

The reticuloendothelial tissue hyperplasia of the axillary lymph 

node from the hamster examined at 56 days and of the anterior mediastinal 

lymph nodes from the hamster examined at 266 days occupied less than 3% 

of the lymphoid tissue examined. The reticuloendothelial tissue hyper-

plasia of all of the other lymph nodes examined at 56 and 266 days 

consisted of areas that occupied more than 3% of the lymphoid tissue 

in the sections. Reticuloendothelial tissue hyperplasia was extensive 

in the visceral lymph nodes and occupied as much as 50% of the lymphoid 

tissue in the sections of the anterior mediastinal lymph nodes at 56, 

98 (Figures 43 and 44), and 329 days and of the anterior mesenteric, and 

ileocecal lymph nodes at 329 days (Figure 51) . The reticuloendothelial 

tissue hyperplasia of the regional lymph nodes occupied 20 to 30% of the 

J ~ 

I 



Figure 39. Anterior mediastinal lymph node at 14 days after intra-
peri toneal inoculation with living M. paratuberculosis . 
Compare with Figure 7. Ziehl-Neelsen method. x6o . 

Figure 4o . Distinct foci of reticuloendothelial tissue hyperplasia 
in the parotid lymph node at 98 days following intra-
peri t oneal inoculation with living~ · pa.ratuberculosis . 
Ziehl- Neelsen met hod . x6o. 
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Figure 4l. Multifocal reticuloendothelial tissue hyperplasia in the 
anterior mesenteric lymph node 98 days following intra-
peri toneal inoculation with living !i· pa.ratuberculosis. 
An adjacent portion of the pancreas is included in this 
section. Compare with Figures 10 and 33. Ziehl-Neelsen 
method . x6o . 

Figure 42. Higher magnification of the large foci of reticulo-
endothelial tissue hyperplasia indicated by arrow in 
Figure 41 . Note the presence of many small Schaumann's 
bodies confined to the area of hyperplasia. Ziehl-
Neelsen method. x375. 
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Figure 43 . Extensive reticuloendothelial tissue hyperplasia in the 
anterior mediastinal lymph node 98 days following intra-
peri toneal inoculation with living t!· pa.ratuberculosis. 
Ziehl- Neelsen method. x.150. 

Figure 44 . Higher magnification of' an area f rom the same lymph node 
in Figure 43 . Note the many small Schaumann's bodies whose 
size is about the same as that of' a lymphocyte nucleus . _ 
Ziehl-Neelsen method. x600 . 
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Figure 45. Anterior nesenteric lymph node at 154 days after intra-
peri t oneal inoculation with living ~ · paratuberculosis. 
Note the extensive reticuloendothelial hyperplasia and 
compare with Figures 12 and 35. Ziehl- Neelsen method. 
x6o. 

Figure 46. Extensive hyperplasia of the mandibular lymph node 154 
days following intraperi toneal inoculation with living 
_!:!. paratuberculosis. Compare the lesions with those in-
Figures 13, 15, and 16. Ziehl-Neelsen method. x6o. 





Figure 47 . Deep inguinal lymph node 210 days after i ntraperitoneal 
inoculation with living M. paratuberculosis . Ziehl-
Neelsen method. x6o. -

Figure 48 . Distinct f oci of r eticuloendothelial tissue hyperplasia 
containing large Scbaumann ' s bodies in an anterior 
mesenteric lymph node at 266 days af'ter intraperitoneal 
inoculation with living _!:!. para.tuberculosis . Compare 
with Figures 21and37. Ziehl-Neelsen method . x60. 





Figure 49. Prefemoral lymph node 266 days after intraperi toneal 
inoculation with living t!· pa.ratuberculosis . Harris' 
hematoxylin and eosin stain. x6o. 

Figure 50. Higher magnification of the foci of reticuloendothelia 
tissue hyperplasia indicated by arrow in Figure 49. 
Note the absence of lymphocytes in the area of hyperplasia, 
the small Schawnann' s bodies, and the distinct border be-
tween the normal lymphoid tissue and the area of 
hyperplasia. Compare with Figures 14, 17, and 32 . 
Harris' hematoxylin and eosin stain. x600 . 





Figure 51. Extensive reticuloendothelial tissue hyperplasia in the 
ileocecal lymph node 329 days a:f'ter intraperitoneal inocu-
lation with living ,!:! • paratuberculosis . Note the large 
Schaumann ' s bodies and compare with Figure 23. 
Ziehl- Neelsen method . x6o . 

Figure 52. Thymus 154 days f ollowing intraperi toneal inoculation 
with living~ · paratuberculosis . Compare with Figures 
27 and 28 . The small dark objects scattered throughout 
the thymus are mast cells . Ziehl-Neelsen method . x6o . 
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lymphoid tissue in the sections of the mandibular and prefemoral 

l ymph nodes examined at 154 days (Figure 46), of the prefemoral and 

axillary lymph nodes examined at 266 days (Figures 49 and 50), and of 

the prefemoral, axillary, parotid, and mandibular lymph nodes f r om the 

hamster examined at 329 days . The degree of hyperplasia reached its 

peak around 9S days and persisted at this level for the remainder of 

the experiment for both the visceral and regional lymph nodes . The 

reticuloendothelial tissue hyperplasia was extensive for the number of 

acid- fast bacilli present and the acid-fast bacilli were smaller and 

more sparsely distributed in the areas of hyperplasia at 266 and 329 

days. 

The character of the reticuloendothelial tissue hyperplasia is 

essentially the same as described in the hamsters inoculated intra-

gastrically with living organisms . A more distinct border existed 

between the hyperplastic tissue and the normal lymphoid tissue in 

several of the lymph nodes from hamsters at 266 (Figures 49 and 50 ) 

and 329 days (Figure 51) that were inoculated intraperitoneally with 

living or ganisms than in hamsters at 266 and 329 days that were 

inoculated intragastrically with living organisms . 

Schaumann's bodies were first observed at 9S days in both the 

visceral and regional lymph nodes (Figures 42 and 44) . They increased 

in size and persisted throughout the remainder of the experiment . They 

were usually, but not always, conf'ined to the area of reticuloendot helial 

t i ssue hyperpl asia and, consequently, more were present in the visceral 

t han in t he regional lymph nodes . In the hamster examined at 329 days, 

suppur ative f oci surrounded a few of the Schaumann's bodies in t he 
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mesenteric and deep inguinal lymph nodes and a few of the Schauma.nn's 

bodies were within foreign body giant cells of the Langhan type. 

Post-capillary venules were found in most of the lymph nodes from 

hamsters included in this group . These venules wer e more accentuated 

in the r egional than in the visceral lymph nodes and were most 
. 

accentuated in those lymph nodes examined 9t3 to 154 days following 

inoculation . 

Foreign body giant cells were first observed in areas of reticule-

endothelial tissue hyperplasia in visceral lymph nodes at 154 days and 

in regional lymph nodes at 266 days. They were prevalent in visceral 

lymph nodes and only occasionally encountered in regional lymph nodes. 

No lesions of pa.ratuberculosis or acid-fast bacilli were present 

in the t hymus during the first 28 days. However, 2 minute suppurative 

foci were found in 1 lobule of the thymus at 28 days. Acid-fast 

bacilli were present within the cytoplasm of reticuloendothelial cells 

located in small foci of hyperplasia in the thymus from all of the 

hamsters examined at 56 through 329 days. The reticuloendothelial 

tissue hyperplasia was never as extensive as in the lymph nodes 

(Figure 52) . About 5% of the thymic tissue was hyperplastic at 9t3 
days and less was involved at other periods of examinations . Schawnann's 

bodies were found in the thymus only at 266 days and no foreign body 

giant cells were found during any of the intervals of examination . 

Acid- fast bacilli were first observed in the spleen at 14 days . 

Both acid-fast bacilli and reticuloendothelial tissue hyperplasia 

were present at 56, 9t3 (Figures 53 and 54), 154, 210 (Figure 55), 266, 



Figure 53. Spleen at 913 days after intraperitoneal inoculation with 
~ · pa.ratubercul.osis . Note the areas of reticuloendothelial 
tissue hyperplasia within the lymph nodules. Compare 
with Figure 29 . Ziehl- Neelsen method. x150. 

Figure 54 . Higher magnification of an area of reticul.oendothelial 
tissue hyperplasia in the spleen in Figure 53. Note the 
small Schaumann's bodies and the phagocytized hemosiderin . 
Ziehl-Neelsen method . x6oo. 





Figure 55. Portion of the omentum (0) adjacent to the hilus of the 
spleen (s) at 210 days following intraperitoneal 
inoculation with living~ · ;paratuberculosis. Arrows 
point to the border of the spleen . Note the extensive 
granulomatous masses, which consisted mostly of 
macrophages, in the omentwn. Also note the foci of 
reticuloendothelial tissue hyperplasia in the lymph 
nodules of the spleen. Ziehl-Neelsen method. x60. 

Figure 56 . Bone marrow in a sternebra at 9(3 days after intraperitone8.l 
inoculation with living~· pa.ratuberculosis. The small 
focus of reticuloendothelial tissue hyperplasia (arrows) 
contained acid-fast bacilli. Ziehl-Neelsen method . x375 . 
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and 329 days. The foci of r eticuloendothelial tissue hyperplasia 

were confined to lymph nodules of the spleen and were found in almost 

every lymph nodule contained in t he sections . The percentage of 

lymphoid tissue of the lymph nodules occupied by hyperplasia was 

usually less than that observed in most lymph nodes. 

Considerable quantities of hemosiderin were confined to t he foci 

of hyperplasia in contra.st to very little that could be demonstrated 

in adjacent tissue of the spleen f r om the hamsters examined at 99, 
154, 210, 266, and 329 days. Schaumann's bodies were associated with 

the hyperplastic foci at 99, 154, 210 , and 266 days . No foreign body 

giant cells were observed in the spleen from any of the hamsters 

inoculated intraperitoneally with living ~ · pa.ratuberculosis . 

No acid-fast bacilli, lesions, or lymphoid tissue were f ound in 

any of the histologic sections made of the tissues adjacent t o or in 

the root of the t ongue from hamsters included in this group . 

Alimentary system No gross lesions were observed in the buccal 

pouches , mandibular and parotid salivary glands, forestomach, stomach, 

duodenum, jejunum, spiral and terminal colon, and pancreas of the 

hamsters inoculated intraperitoneally with living~· para.tuberculosis . 

The Peyer's patches of the jej unum and ileum (when normal) were 

essentially as described in the hamsters that received living ~· 

J28.ratuberculosis intragastrically. 

The terminal ileum was observed t o be rigid, enlarged some 3 

times, and intussuscepted into the cecum of the hamster examined at 

8 days. The ileum was enlarged approximately 2 times normal at 14 days 
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and 4 times at 28 days. The ileum of the hamster examined at 56 days 

was small and whitish , and a constriction of the lumen was present . 

Several whitish subserosal foci about 1 mm. in diameter were observed 

in the ileum, some being within Peyer's patches, in each instance of 

ileal enlar gement. The diameter of the lumen was increased and the 

ileal wall was thickened in enlargements of the ileum, but the lumen 

was stenotic while the wall remained thickened in the ileum that was 

smaller than normal . Adhesions between the ileal serosa and adjacent 

parietal and visceral peritoneum were present in the more severe cases . 

The ileum was grossly normal at 2, 4, 9!3 , 154, 210, 266, and 329 days 

following intraperi t oneal inoculati on with living ~- paratuberculosis . 

The cecum was grossly norrnal in all of the hamsters with the 

possible exception of an over-all thickening of t he wall of the cecum 

from the hamster examined at 266 days. 

Grossly, t he liver was norrnal, in all of t he hamsters examined 

from this group . However, fibrinous adhesions were present between 

the visceral peritoneum on the diaphragmatic surface of the liver and 

the parietal peri toneurn of the diaphragm during t he early part of the 

experiment • 

The omenturn from the hamsters examined at 2, 4, 8, and 14 days PI 

contained sma.11 nodules 1 t o 3 nun . in size . The nodules were largest 

at 2 days, gradually diminished in size, and were not observed af'ter 

14 days . 

Hist ologi.cally (Table 16), acid-fast bacilli _or lesions of 

paratuberculosis were not observed in the buccal pouches, mandibular 
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and parotid salivary glands, forestomach, stoma.ch, and duodenum. 

The frequency of Peyer's patches in hist ologic prepar ations i s 

summarized in Table 17. No histologic lesions were noted until 14 

days following inoculation. At this time , t here was a generalized 

increase in neutrophils and a couple of indistinct foci of r eticulo-

endothelial tissue hyperplasia were present . However, no acid-fast 

bacilli were found . No acid-fast bacilli or lesions were present in 

the Peyer's patches from the hamster examined at 28 days . 

The first acid- fast bacilli were fot.Uld within reticuloendothelial 

cells located in small and medium size foci of reticuloendothelial 

tissue hyperplasia that occupied 3 t o 5% of the lymphoid tissue in 

the Peyer's patches at 56 days . Acid-fast bacilli and t ypical lesions 

of paratuberculosis were present at 98, 154, 210 , and 329 days PI . 

Hyperplasia never exceeded 5% of the lymphoid tissue in any Peyer 's 

patch and was present in all but 2 of the 40 Peyer 's patches examined 

at 56, 98, 154, 210, 266, and 329 days. One of the Peyer's patches 

without hyperpl asia was found at 154 days and the other at 266 days. 

The amount of hyperplasia was fairly constant in all of the Peyer ' s 

patches that were examined from 56 t hrough 329 days . However, there 

was a decline in the number of acid-fast bacilli present at 266 days 

and only a very occasional bacillus could be f ound at 329 days . Acid-

fast bacilli could only be fot.Uld associated with reticuloendothelial 

tissue hyperplasia. The distinctiveness of the foci of reticulo-

endothelial tissue hyperplasia was reduced at 266 and 329 days due to 

infiltration of l ymphocytes and plasma cells . Small and medium size 
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Table 17. The frequency of encountering lymphoid tissue in the 
intestinal tract of hamsters inoculated intraperitoneally 
with living ~ · pa.ratuberculosis 

Duration 
following Organ examined 

inoculation a Peyer's Spiral Terminal 
{dars} Duodenumb patchesc Cecumb colonb colonb 

2 0/5 9/9 2/1 0/ 5 1/2 

4 o/6 6/8 4/1 o/4 1/3 

8 1/ 6 7/7 4/1 o/6 0/2 

14 0/ 5 10/10 3/1 1/6 0/ 3 

28 0/ 5 6/ 7 2/1 1/8 0/ 2 

56 o/6 6/8 2/1 o/ 6 1/ 3 

93 0/ 5 6/6 1/1 1/8 o/ 4 

154 o/ 4 7/10 0/1 o/6 1/4 

210 o/ 4 8/10 3/1 1/ 6 o/4 

266 o/8 6/8 7/2 2/10 0/ 3 

329 0/ 5 7/9 1/1 o/6 0/ 3 

aOne hamster was examined at each time interval . 

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

cNumber of Peyer's patches histologi.cally demonstrated/ number of 
Peyer's patches that were observed grossly and embedded for sectioning. 
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Schaumann's bodies were present at 154, 210, 266, and 329 days, but 

foreign body giant cells of the Langhan type were present only at 

210 days. 

The frequency of lymphoid nodules in sections of the cecum is 

swnmarized in Table 17 . Small clumps of acid- fast bacilli were found 

within isolated reticuloendothelial cells in 1 of the 4 lymph nodules 

found in the hamster at 8 days and in very small foci of reticulo-

endothelial tissue hyperplasia in 1 of 2 lymph nodules found in the 

hamster examined at 56 days . Although a small amount of reticulo-

endothelial tissue hyperplasia was present in the lymph nodule at 9!3 

days, the only acid-fast bacilli present were within macrophages in 

t he submucosa outside of the lymph nodule. No acid- fast bacilli, 

lesions or lymph nodules were demonstrated at 154 days . Schaumann's 

bodies and a small amount of reticuloendothelial t issue hyperplasia 

were present at 210 days, but no acid-fast bacilli were found. 

Acid-fast bacilli were present in the cytoplasm of reticulo-

endothelial cells of bot h lymph nodules of the submucosa and mucosa 

of the cecum from the hamster examined at 266 days . There was diffuse 

i nfi ltration of lymphocytes and reticuloendothelial cells throughout 

t he mucosa. Few Schawna.nn's bodies were present and no foreign body 

giant cells were found. No lesions or acid-fast bacilli were present 

i n t he cecum of the hamster examined at 329 days. 

Frequency of lymph nodules in sections of the spiral and tenninal 

col ons is summarized in Table 17. The only acid- fast bacilli demon-

strated in the s piral colon from any of t he hamsters were 4 bacilli 
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within the cytoplasm of reticuloendothelial cells in 1 of the 2 lymph 

nodules examined 266 days following inoculation. Vecy little reticulo-

endothelial tissue hyperplasia was present. Only 1 acid-fast bacillus 

was found within the cytoplasm of a reticuloendothelial cell that was 

present in 1 of .few indistinct foci of reticuloendothelial t issue 

hyperplasia of the lymph nodule from the terminal colon in the hamster 

examined at 154 days . 

One small clump of acid-fast bacilli was demonst rated in a 

Kupffer cell of the liver at 2 and 8 days following inoculat ion. 

There was a moderate periportal lymphocytic infiltration around most 

of the hepatic triads and a slight proliferation of bi le duct s in 

t he liver from the hamster examined at 14 days . Several acid- fast 

bacilli were observed in the reticuloendothelial cells in the areas of 

lymphocytic infiltration and occasionally in the Kupffer cells lining 

the sinusoids . Many acid-fast bacilli were also found in macrophages 

located in fibrinous masses between the lobes and diaphragmatic surface 

of the liver. The degree of periportal lymphocytic infiltration at 56 

days was about the same as at 14 days, but small indistinct foci of 

reticuloendothelial.. tissue hyperplasia were present in the areas of 

lymphocytic infiltration . The cytoplasm of the reticuloendothelial 

cells in those foci contained several acid-fast bacilli . Al.so, many 

acid-fast bacilli were observed within macrophages located in a 

granulomatous mass on the diaphragmatic surface of the liver. Several 

Schauma.nn ' s bodies were also present. 

At ~ days, almost evecy hepatic triad was surrounded by, or had 
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adjacent to it, a focus of lymphocytes that was o~en almost obliterated 

or displaced by reticuloendothelial tissue hyperplasia . Acid-fast 

bacilli were very sparse and only 1 bacillus could be demonstrated for 

about every 10 foci of reticuloendothelial tissue hyperplasia . No 

Schaumann's bodies or giant cells were present. 

At 154 and 210 days PI, about 25% of the hepatic triads were 

associated with lymphocytic infiltration, and each focus of lymphocytes 

contained a focus of reticuloendothelial tissue hyperplasia . A few 

acid- fast bacilli were demonstrated in the reticuloendothelial cells 

at 154 days, but none could be found at 210 days . Schaumann's bodies 

and foreign body giant cells were present at 154 days, but only 

Schaumann's bodies were present at 210 days. 

At 266 and 329 days , several small lymphocytic foci were present 

and a few of these foci contained a small focus of reticuloendothelial 

tissue hyperplasia . Only an occasional acid-fast bacillus was demon-

strated in these reticuloendothelial cells. No Schaumann's bodies 

or foreign body giant cells were present . 

All of the Schawnann's bodies observed in the liver from hamsters 

in this group were confined to the areas of reticuloendothelial tissue 

hyperplasia . Considerable quantities of phagocytized hemosiderin were 

pr esent in the foci of reticuloendothelial tissue hyperplasia at 329 

days . 

Many acid- fast bacilli were observed inter- and intracellularly in 

portions of the omentwn adjacent t o the stomach and spleen from the ham-

ster examined at 2 days . The cellular response consisted of a diffuse 
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infiltration of neutrophils and macrophages . Many intercellular and 

few intracellular acid-fast bacilli, in the absence of a:ny demonstrable 

cellular response, were still present in omentum adjacent to the stomach 

at 4 days. The 8-day examination revealed that most of t he acid-fast 

bacilli were in small clumps within numerous macrophages that were 

fonning small foci of reticuloendothelial tissue hyperplasia . By 14 

days, the cellular reaction of the omentum was extensive and formed 

l arge foci of large pa.le eosinophilic staining cells that were indis-

tinguishable f r om the reticuloendothelial tissue hyperplasia of the 

lymph nodes. However, these cells contained many more acid-fast 

bacilli than a:ny of those f ound in the lymph nodes, and the f oci of 

hyperplasia contained more lymphocytes . 

Reticuloendothelial hyperpl asia of the omentum from hamsters 

examined at 56 and 9f3 days was more extensive t han at 14 days and 

occupied 75 to 80%. A decrease in the number of acid- fast bacilli 

per unit area was noted at 9f3 days . The hyperplasia was still extensive 

at 154 and 210 days (Figure 55), but acid-fast bacilli were very sparse . 

No lesions or acid-fast bacilli were f ound in the omentum from 

hamsters examined at 28 , 266 , and 329 days f ollowing intraperi toneal 

inoculation with l iving !'.!· paratuberculosis . 

Few small Schaumann 's bodies were present at 14 and 56 days PI . 

Several small and medium size Schaumann's bodies were present at 9f3 

and 154 days and t he first f oreign body giant cell of t he Langhan t ype 

was f ound in the omentum at 154 days . Many small, medium, and lar ge 

size Schaumann' s bodies along with many f oreign body giant cells were 

present at 210 days. 

· 1 
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Cardiovascular and hemopoietic system No gross lesions were 

observed in the heart or bone marrow of the lumbar vertebrae and 

sternebrae. 

No microscopic lesions or acid-fast bacilli were f ound in the 

heart from the hamsters included in this group. 

No microscopic lesions or acid-fast bacilli were found in t he 

bone marrow of the hamsters examined at 2, 4, 8, 14, 28, and 154 days 

PI . Several small acid- fast bacilli were located within t he cytoplasm 

of reticuloendothelial. cells that were confined t o small f oci of 

hyperplasia in the bone marrow of both the sternebrae and lumbar 

vertebrae examined at 56 , 98 (Figure 56), and 210 days PI. No bone 

marrow was included in sections of sternebrae of hamsters examined at 

266 and 329 days, but lesions and a few acid- fast bacilli were present 

in t he bone marrow of the lumbar vertebrae. Vecy small foci of 

reticuloendothelial tissue hyperplasia containing 2 or 3 acid-fast 

bacilli were present in the bone marrow of the hyoid bones in t he 

root of the tongue examined 98, 266, and 329 days . 

Hyperplasia of bone marrow was the least extensive of any tissue 

examined that contained acid-fast bacilli and reticuloendothelial 

tissue hyperplasia. Hyperplasia occasionally occupied as much as 3i 
of the bone marrow but never exceeded 5%. No Schawnann's bodies or 

for eign body giant cells were present in the bone marrow included in 

sections from hamsters of this group . 
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Nervous system No acid-fast bacilli or lesions or paratuber-

culosis were present in the spinal cord, cerebrum, cerebellum or meninges 

of the hamsters inoculated intraperitoneally with living~· paratuber-

culosis. 

Respiratory system 

were grossly normal . 

The lungs from all hamsters in this group 

Microscopically, no acid- fast bacilli were found in any of the 

lungs from hamsters included in this group. The only lesions were 

slight edema and a marked increase in neutrophils in the capillaries 

of the lungs f r om the hamster examined at 14 days and marked edema 

and hyperplasia of bronchial epithelium in the lungs from the hamster 

examined at 210 days . 

Urogenital system No gross or microscopi c lesions were present 

in kidneys from any hamsters included in this group. No acid-fast 

bacilli were found. 

The urinary bladder of all hamsters in this group was grossly 

normal and contained 1 to 3 cc . of yel lowish viscous fluid. Histologic-

ally, the only lesions were present on the serosal surface of the 

urinary bladder. Few acid-fast bacilli, located within macrophages, 

were in a small granuloma.tous mass on the serosa of the bladder from 

the hamster at 2 days . Two suppurative foci, 1 of which contained 

several acid-fast bacilli within macrophages, were present in the 

peritoneum of the bladder from the hamster at 56 days . Granulomatous 

f oci containing only Schauma.nn's bodies were present on the serosa 

of the urinary bladder from the hamster at 98 and 210 days . 
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The uterus was grossly norma.l in hamsters in this group . The only 

acid-fast bacilli that were found were in macrophages located in the 

suspensory ligaments of the uterus from the hamster at 14 days. 

Schaumann's bodies were present in the suspensory l igaments at 210 

days . 

Skeletal system No lesions or acid-fast bacilli were observed 

in the osseous tissue of the lumbar vertebrae, hyoid bones, or sterne-

brae of any of t he hamsters inoculated intraperit oneally with living 

M. pa.ratuberculosis . 

Special sense organs The eyes from hamsters in this group 

were grossly and histologically normal. No acid-fast bacilli were 

found . 

The infraorbital lacrimal glands were grossly normal. Histologic-

ally, a few to several corpora amylacia were present in the ducts of 

t hose glands f r om all but 2 hamsters . No corpora amylacia were present 

in the infraorbital lacrimal glands from hamsters examined at 4 and 

266 days. 

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

lacrimal glands from the hamsters inoculated intraperi t oneally with 

living~ · paratuberculosis. 

Heat-Killed Organisms Administered Intraperitoneally 

Clinical findings 

The hamsters examined at 2, 4, 56, 98, 154, 210, 266, and 329 days 

PI were clinically normal. 
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The hamsters examined at 8 and 14 days PI had a watery diarrhea 

at 3 and 10 days respectively prior to postmortem examination . In 

the hamster examined at 8 days, the diarrhea terminated with an eversion 

of the rectum just prior to postmortem examination . The hamster 

examined at 28 days had no diarrhea but did show signs of illness 

such as lethargy, rough hair coat, shivering, and became comatose for 

a period of about 6 hours prior to postmortem examination. The 

diarrhea was not attributed to~· paratuberculosis. No clinical signs 

of paratuberculosis were observed in the hamsters included in this group . 

Necropsy findings 

Lymphatic system All lymph nodes from hamsters examined at 

2, 4, 8, 56, 154, 266, and 329 days PI were grossly normal . The 

anterior mediastinal lymph nodes were slightly enlarged in the hamster 

examined at 14 days and the ileocecal lymph node from the hamster at 

28 days was enlarged 2 to 3 times nonnal size . In the hamster examined 

at ~ days, the anterior mediastinal lymph nodes were enlarged 3 times 

normal size and t he anterior mesenter ic and ileocecal lymph nodes were 

1 to 2 t imes larger than normal. 

The thymus from all hamsters were nonnal . 

No gross lesions were found in the spleen or the tissues adjacent 

t o or in the root of the tongue from the hamsters inoculated intra-

perit onea.lly with heat- killed M. paratuberculosis . 

Histologically (Table 18), several small acid- fast bacilli were 

present in small clumps of 2 or 3 in t he cytoplasm of isolated reticule-

endothelial cells that were evenly distributed throughout each of the 
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Table 18. Distribution of or ganisms and lesions in hamster s i noculated 
intraperitoneally with 1 mg . of heat killed M. paratuberculosis 

Or gan 2 4 8 
Time (dayM 

Ant. mediastinal lymph nodes + 
Ant . mesenteric lymph node 
Mesenteric lymph nodes, other -
Medial iliac lymph nodes 
Deep inguinal lymph nodes 
Prefemoral lymph nodes 
Axillary lymph nodes 
Mandibular lymph nodes 
Parotid lymph nodes 
Spleen + 
Thymus 
Base of t ongue 
Buccal pouches 
Mandibular salivary glands 
Parotid salivary glands 
Fore stomach 
St omach 
Duodenum (lymph nodules) 
Peyer ' s patches 
Cecum (lymph nodules ) 
Spiral colon (lymph nodules ) 
Terminal colon (lymph nodules) -
Liver 
Pancreas 
Omentwn + 
Heart 
Sternal bone marrow 
Vertebral bone marrow (lumbar) -
Br ain 
Spinal cord (lumbar) 
Lung 
Kidneys 
Urinary bladder 
Uterus 
Eye 
Infraorbital lacrimaJ.. gland 
Exorbi tal lacrimal gland 

+ 
+ 
++ 

+ 

++ 

++ + 
+ + 
+ + 
+ 
+ 

+ 

+ +++ +++ +++ ++ 0 
+ +++ +++ ++ 
+ ++ ++ ++ ++ 

+ 0 

+ + 

+ + ++ ++ ++ ++ 0 

++ +++ +++ +++ +++ +++ +++ +++ 

+ 

= No organisms or tissue reaction 
+ = Or ganisms within individually located macrophages 

++ = Tissue reactions occupying l ess than 3~ of the normal tissue 
+++ = Tissue reactions occupying more than 3~ of t he normal tissue 

o = Old healing lesion without organisms 

0 
0 

0 

++ 
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3 anterior mediastinal lymph nodes from hamster examined at 2 days 

following inoculation. Appr oximately the same number of acid-fast 

bacilli with a similar distribution was present in the anterior medias-

tinal and anterior mesenteric lymph nodes from the hamster at 4 days 

following inoculation. The ileocecal lymph nodes from this hamster 

contained several small clumps of acid-fast bacilli within reticulo-

endothelial cells that were located in indistinct foci of hyperplasia . 

The anterior m.ediastinal lymph nodes from the hamster examined at 

8 days contained many acid-fast bacilli occurring singly and in small 

clumps of 2 or 3 within the cytoplasm of reticuloendothelial celJ.s in 

small but distinct foci of hyperplasia. However, the anterior 

mesenteric, ileocecal, medial iliac, deep inguinal and mandibular lymph 

nodes contained only a few acid-fast bacilli within the cytoplasm of 

isolated reticuloendot helial celJ.s that were evenly distributed 

throughout each of the lymph nodes . 

No reticuloendothelial tissue hyperplasia was present in the lymph 

nodes from the hamster examined at 14 days, but a few acid- fast bacilJ.i 

were present in isolated reticuloendothel ial cells of the anterior 

mediastinal, anterior m.esenteric, ileocecal, and prefemoral lymph nodes . 

About the same number and distribution of acid-fast bacilli were present 

in the anterior mediastinal, anterior mesenteric, and ileocecal lymph 

nodes from the hamster examined at 28 days as were found in the hamster 

examined at 14 days . 

The anterior mediastinal, anterior m.esenteric and ileocecal lymph 

nodes examined at 56 , 98 , and 154 days had about the same number and 
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distribution of lesions and acid-fast bacilli. The number of acid- fast 

bacilli per unit area was about the same as in t he hamsters from this 

group that were examined earlier and there were more bacilli in the 

anterior mediastinal than in either the anteri or mesenteric or ile ocecal 

lymph nodes. Also, more acid-fast bacilli wer e present in lymph nodes 

examined at 56 days than at 154 days . The degree of hyperplasia 

involved anywhere from 10 to 50% of the lymphoid tissue in the anterior 

mediastinal lymph nodes and from 10 to 4o% in the anterior mesenteric 

lymph nodes . Few small Schaumann ' s bodies and occasional foreign body 

giant cells were present and usually associated with the a reas of 

hyperplasia . A considerable quantity of hemosider in was present within 

the reticuloendothelial cells in the anterior mesenteric lymph node at 

154 days . Few indistinct foci of reticuloendothelial tissue hyperplasia, 

containing several lymphocytes, were also present in the mandibular 

lymph nodes at 154 days following inoculation . 

Only the anterior mediastinal lymph nodes from the hamster at 210 

days and the ileocecal lymph nodes at 266 days contained acid- fast 

bacilli or reticuloendothelial tissue hyperplasia. Acid-fast bacilli 

were very sparse . Few small Schaumann's bodies and occasional foreign 

body giant cells were present. Some of the Schaumann's bodies appeared 

to be disintegrated. No acid- fast bacilli or reticuloendothelial tissue 

hyperpl asia were present in the anterior mediastinal lymph node at 266 

days, but a foreign body giant cell was found. Some hemosiderin was 

present in the reticuloendothelial cells of the lymph nodes from both 

hamsters . 
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No acid-fast bacilli, Schaumann's bodies, or foreign body giant 

cells were present in any of the lymph nodes from the 3 hamsters 

examined at 329 days following inoculation . However, indistinct 

foci of reticuloendothelial tissue hyperplasia, infiltrated with a 

few lymphocytes, were present in the anterior me·senteric and mesenteric 

lymph nodes (Figures 57 and 58) . 

Post-capillary venules were present in the lymph nodes from hamsters 

included in this group . They were most accentuated in t he lymph nodes 

of hamster examined at 154 days and were more prominent in the regional 

than in the visceral lymph nodes . 

No acid- fast bacilli or lesions of paratuberculosis were present in 

the thymus from any of the hamsters inoculated intraper itoneally with 

heat-killed~ · paratuberculosis . 

Small clumps of 2 or 3 acid-fast bacilli were present in the 

cytoplasm of isolated reticuloendothelial cells lining the sinusoids of 

the red pulp of the spleen from the hamster examined at 2 days . A few 

acid- fast bacilli were present within isolated reticuloendothelial cells 

in the cells in the lymph nodules of the spleen from hamsters at 8 and 

28 days . No lesions of pa.ratuberculosis or acid-fast bacilli were present 

in the spleen from any other hamsters included in this group . Con-

siderable quantities of hemosiderin were present in reticuloendothelial 

cells of the spleen in hamsters examined at 154, 266, and 329 days. 

No acid-fast bacilli, lesions, or lymphoid tissue were found in any 

of the histologic sections of tissues adjacent to or included in the 

root of the tongue of hamsters from this group . 



Figure 57. Indistinct foci (arrows) of reticuloendothelial tissue 
hyperplasia in the anterior mesenteric lymph node at 
329 days af'ter intraperitoneal inoculation with heat-
killed !'.!· paratuberculosis . Compare with Figures 
23, 38, and 51. Ziehl- Neelsen method . x150 . 

-

Figure 58 . Higher magnification of a regressing lesion (A) in 
Figure 57. Note the absence of Schaumann's bodies 
and foreign body giant cells . Phagocytized hemosiderin 
pigments were present but no acid-fast bacilli were 
found . Ziehl- Neelsen method. x600 . 
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Alimentary system No gross lesions were observed in the buccal 

pouches, mandibular and parotid salivary glands, forestomach, stomach, 

duodenum, jejunum, cecum, spiral and tenninal colons, and pancreas of 

the hamsters inoculated intraperitoneally with heat-killed ~· pa.ratuber-

culosis . The Peyer's patches were essentially the same as described 

above for the hamsters inoculated intragastrically with living ~ · 

paratuberculosis. 

The ileum was rigid and enlarged about 3 times normal size in 

t he hamsters examined at 14 and 28 days f ollowing i noculation. There 

were adhesions between the serosa of adjacent organs and the parietal 

:peritoneum. Several small whitish foci about 1 to 3 mm . in diameter 

were present in the subserosa . The wall was 3 to 4 times thicker than 

normal while the lumen was dilated about 2 times normal size. The 

ileum examined at 56 days was whitish, smaller, the wall was thicker 

than nonnal, and the lumen was constricted . The ileum was normal in 

all other hamsters of this group . 

There was an antemortem intussusception involving the complete 

terminal colon of the hamster examined at 8 days. 

The liver was grossly normal in all except 1 hamster included in 

this group . An hepatic cyst was present in the liver of 1 of the 3 

hamsters examined at 329 days. 

Mesenteries and omentums were cloudy and a fibrinous peritonitis 

was present in the hamster examined at 2 days following inoculation. 

Histologically (Table 18), no acid-fast bacilli or lesions of 

pa.ratuberculosis were observed in the buccal pouches, mandibular and 
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parotid salivary glands, forestomach, stomach, Peyer's patches, cecum, 

spiral and tenninal colons, or pancreas of any of the hamsters inocu-

lated intraperitoneally with heat-killed~ · pa.ratuberculosis . 

The frequency of Peyer 's patches, both grossly and histologically, 

is sunnnarized in Table 19 for each hamster of this group . Table 19 

also swmnarizes the frequency that lymphoid tissue was demonstrated 

in the submucosa of the duodenum, cecum, and spiral and tenninal colons. 

Occasional periportal foci of lymphocytes were present in the liver 

from hamsters examined at 4, 8, and 28 days . An occasional acid-fast 

bacillus was demonstrated in isolated reticuloendothelial cells in 

these foci. Small foci of reticuloendothelial tissue hyperplasia 

that contained an occasional acid-fast bacillus were present in the 

area of lymphocytic infiltration in the liver from hamsters examined 

at 56 and 98 days. The amount of reticuloendothelial tissue hyperplasia, 

that contained Schaumann 1 s bodies and foreign body giant cells, was about 

the same at 154 and 210 days as at 56 and 98 days and no acid-fast 

bacilli could be found . The amount of periportal lymphocytic infil-

tration remained relatively constant and never involved over 10~ of 

the hepatic triads of the livers examined at 4, 8, 28, 56, 98 , 154, and 

210 days. Schawnann's bodies were present at 98 days and therea~er . 

Occasional periportal foci of lymphocytes were present at 266 and 329 

days . Slight reticuloendothelial tissue hyperplasia, an occasional 

Schaumann 1 s body, and foreign body giant cell were present . However, no 

acid-fast bacilli were found . No granulomatous lesions, as o~en found 

with living organisms inoculated intraperitoneally, were found on the 

diaphragmatic surface of any livers. 



Tabl e 19. The frequency of encountering lymphoid tissue in the 
intestinal tract of hamsters inoculated intraperi t oneally 
with heat killed ~· pa.ratuberculosis 

Duration 
following Organ examined 

inoculation a 
Duodenumb 

Peyer's Spi~ Terminal 
(Clays) pa.tchesc Cecumb colon colonb 

2 o/6 8/ 9 0/1 0/5 0/3 

4 o/6 8/8 0/1 1/ 4 0/ 5 

8 o/ 4 8/9 1/1 1/ 3 2/3 

14 o/6 6/ 7 2/1 1/3 0/5 

28 0/ 3 5/6 1/1 o/6 1/5 

56 0/5 7/8 2/1 2/ 4 0/ 3 

98 o/6 8/8 2/1 2/8 o/ 4 

154 o/ 4 7/11 1/1 1/6 1/ 4 

210 0/5 8/9 1/1 o/6 1/ 4 

266 0/5 5/6 3/2 2/8 0/3 

329 0/5 8/8 1/ 2 o/8 2/6 

329 0/5 10/10 1/ 2 1/8 1/ 4 

329 o/4 9/9 1/ 2 2/6 o/ 4 

a . One hamster was examined at each time interval • 

bNumber of lymph follicles demonstrated/ number of cross- sections 
examined f rom specif i ed segment of intestinal tract . 

cNumber of Peyer's patches hist ol ogically demonstrated/ number of 
Peyer's patches that could be observed grossly and were embedded for 
sectioning . 
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Many small clumps of acid-fast bacilli were present, both inter-

and intra-cellularly in the cytoplasm of macrophages, in the omentum of 

the hamster examined at 2 days and a diff'use infiltration of neutrophils 

was present. Four and 8 days following inoculation, distinct f oci of 

macrophages , many containing small clumps of acid-fast bacilli, were 

found in the ornentum adjacent t o the stomach. The omentum of the 

hamsters examined at 14, 28, 56, 98, and 154 days contained many acid-

fast bacilli within reticuloendothelial cells that f ormed con.fluent 

f oci of hyperplasia which sometimes occupied as much as 80 to 90~ of 

t he omental tissue included in t he sections. 

The reticuloendothelial tissue hyperplasia was still as extensive 

at 210 and 266 days but very few acid-fast bacilli were present . The 

omentum of the hamsters examined at 329 days did not contain any acid-

fast bacilli but did have several large foci of r et iculoendothelial 

tissue hyperplasia. The hyperplastic f oci had indistinct borders and 

contained f oreign body giant cells that encl osed several lar ge Schaumann's 

bodies. 

Several small clumps of acid-fast bacilli were found within isolated 

macrophages in the mesentery of the duodenum, jejunum, cecum, and colon 

of the hamsters examined at 2, 4, 8, 14, 28, 56, 98, and 154 days . 

Cardiovascular and hematopoietic system No gross lesions were 

f ound in the heart or the bone marrow of the lumbar vertebrae or 

sternebrae of any hamsters inoculated intraperitoneally with heat-killed 

~ · parat uberculosis. 
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No microscopic lesions or acid-fast bacilli were found in the heart 

from any of the hamsters included in this group. A clump of 3 acid-fast 

bacilli were demonstrated within a reticuloendothelial cell in the bone 

marrow of a hyoid bone and 1 clump of 6 acid-fast bacilli were found 

within a reticuloendothelial cell in the bone marrow of a lumbar 

vertebrae from the hamster examined at 28 days . No acid-fast bacilli 

or lesions were foWld in the bone marrow of any other hamster s included 

in this group . 

Nervous system No lesions were found in the lumbar spinal cord, 

cerebrum, cerebellum, and meninges . 

Respiratory system 

grossly nonnal . 

Lungs from all hamsters in this group were 

Microscopically , no acid-fast bacilli were found in lungs from 

hamsters included in this group . The only lesions noted were a moderate 

edema in 1 lung from the hamster examined at 14 days and a marked 

increase in the number of neutrophils in the capillaries of the lung from 

the hamster examined at 28 days. A large quantity of hemosiderin was 

present within macrophages in the lungs of 1 of the hamsters at 329 days . 

Urogenital system No lesions or acid-fast bacilli were present 

in the kidneys of any hamsters . 

The urinary bladder of all hamsters in this group were grossly 

normal and contained from 1 t o 3 cc. of yellowish thick fluid. 

Histologically, all acid-fast bacilli and lesions were present in the 

peritoneum. Several acid-fast bacilli were present within isolated 

macrophages in granulomatous lesions of the peritoneum at 14 days. 
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No acid- fast bacilli were found but reticuloendothelial tissue hyper-

plasia, Schawnarm ' s bodies, and foreign body giant cells were present 

in the peritoneum at 98 days . No acid-fast bacilli or reticuloendo-

thelial tissue hyperplasia were present but a few Schaumann's bodies 

were found in the peritoneum at 154 days. 

The uterus was normal in hamsters in this group. 

Skeletal system No lesions or acid- fast bacilli were observed 

i n the osseous tissue of the lumbar vertebrae, sternebrae, or hyoid 

bones of any of the hamsters inoculated intraperit oneally with heat-

killed ~· pa.ratuberculosis . 

Special sense organs The eyes from hamsters in this group were 

nonnal . No acid- fast bacilli were observed . 

Infr aorbital lacrimal glands of hamsters in t his group were grossly 

normal . Histologically, no acid- fast bacilli or lesions of paratuber-

culosis were present. Several corpora amylacia were present in the 

ducts of t he infraorbital lacrimal glands from all but 3 hamsters . No 

cor pora amylacia were found in the infraorbital lacrimal glands f r om 

the hamst ers examined at 2 , 154 days, and 1 of 3 hamsters at 329 days . 

No lesions or acid-fast bacilli were found i n the exorbital 

lacrimal glands from hamsters inoculated i ntraper itoneally with heat-

killed M. par atuberculosis . 

I { 



Electron Microscopy of Hamsters Inoculated Intraperitoneally 

with Living~ · paratuberculosis 

The ultrastructure of longitudinal and cross sections of M. 

paratuberculosis is illustrated in Figures 59 and 60 . 

. 
Hamster examined 42 days postinoculation 

Light microscopy of a mid-saggital section from the anterior 

mediastinal lymph node revealed that 10% of the normal lymphoid tissue 

was displaced by reticuloendothelial cells and several of these cells 

contained acid- fast bacilli . This involvement was predominantly 

around the periphery of the lymph node . 

With electron microscopy, no bacilli were demonstrated in the 

tissue samples . Although no bacilli were demonstrated, many macrophages 

were present and usually contained only very few, if any, lysosomes 

(Figure 61) . Plasma cells were pr ominent, many exhibited a distention 

of the cisternae of the rough endoplasmic reticulum (Figures 62 and 63) . 

Eosinophils were prevalent in both t he light and electron microscopic 

examinations (Figure 62) . The lymphocytes had lar ge nuclei with a 

scanty but rather electron dense cytoplasms that contained mostly free 

ribosomes and a few small mitochondria (Figure 62) . The macrophages 

were easily differentiated from the lymphocytes on the basis of having 

a large and irr egular shaped nucleus , a prominent gol gi complex, 

lysosomes, and many more mitochondria . 



Figure 59 . An electron micrograph of a thin section of M. 
pa.ratuberculosis that had been digested from-the 
intestinal mucosa of a steer with clinical signs 
of paratuberculosis and used to inoculate the hamsters 
in this study. The round polyphosphate bodies (P) 
are rich in metaphos phate and are considered to be 
the fuel cell of the organism. Note the unexplainable 
arrangement of very electron dense particles (D) and 
vacuoles (V) . Osmium tetroxide fixation, Epon 8l2 
embedment, and lead citrate staining . xl06,6oo . 
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Figure 60 . A cross secti on of a bacillus of M. paratuber culosis 
that illustrates the cell wall (w) and the double 
layered plasma membrane (M) i n which the out er layer 
usually remains attached to the cell wall while the 
inner layer ret racts with the cell cytoplasm. The 
nucleoid mat erial (N) occupies a large part of the 
bacillus in this region and represents the DNA. 
Osmium tetroxide fixation, Epon 812 embedment, and 
lead citrate staining . x244,4oo. 
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Figure 61 . Cortex of' the anterior mediastinal lymph node examined 
at 42 days. Note the nonphagocytic reticuloendothelial 
cells (RE) with large, oval or elongated nuclei and 
low electron dense cytoplasm. The more electron dense 
cytoplasm (c) that contained many small vesicles and 
mitochondria (M) is probably that of a phagocytic 
reticuloendothelial cell (macrophage) whose nucleus 
is in a dif'f'erent plane than that of' this section . 
Note the longitudinal and cross sections of' cytoplasmic 
processes (P) of' the nonphagocytic reticuloendothelial 
cells that are protruding into the cytoplasm of the 
macrophage and illustrating the intricate "inter-
digi tation" of the plasma membranes of' dif'ferent cells . 
Osmium tetroxide f'ixation, Epon 812 embedment, and 
lead citrate staining. x5,200. 





Figure 62. Electron micrograph of' the anterior mediastinal lymph 
node examined at 42 days t hat illustrates 3 plasma 
cells (P) adjacent to each other and an eosinophil (E). 
Note the markedly distended cisternae of' the rough 
endoplasmic reticulum of' the plasma cells. Lympho-
cytes (L) are in the tissue surrounding t he plasma 
cells . Osmium tetroxide fixation , Epon 812 embedment, 
and lead citr ate staining . x9,ooo . 





Figure 63 . A tangential section through the cytoplasm of a plasma 
cell extending between lymphocytes (L) in the anterior 
med.iastinal lymph node examined at 42 days • The 
arrangement and location of the ribosomes (R) indicates 
the large, low electron dense area to be the cisternae 
of the rough endoplasmic reticulum. Note t he position 
of the mitochondria (M) between the rough endoplasmic 
reticulum. The clear spaces in the mitochondria are 
artifacts due to fixation. Osmium tetroxide fixation, 
Epon 812 embedment, and lead citrate staining . x25, 000 . 
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Hamster examined 90 ~ ;postinoculation 

Examination by light microscopy of a mid-saggital section from 

the anterior mesenteric lymph node revealed that about 30% of the 

tissue had alterations . Reticuloendothelial cells containing acid-

fast bacilli were more frequently demonstrated than at 42 days. 

With electron microscopy, many phagocytic reticuloendothelial 

cells that contained bacilli were demonstrated (Figure 64) . There 

was also an increase in the number of lysosomes in the phagocytic 

reticuloendothelial cells and frequently bacilli were present within 

these lysosomes, thus they become phagosomes (Figures 65 and 66) . 

Many more plasma cells were present at 90 days than at 42 days. The 

cisternal space of the rough endoplasmic reticulum of the plasma cells 

was in various stages of distention but none were as markedly distended 

at 90 days as at 42 days (Figure 67) . No difference could be observed 

between the lymphocytes at 42 and 90 days. 

Necrotic intracellular foci were found in several of the reticulo-

endothelial cells examined at 90 days and often a bacillus was present 

in these foci (Figures 68 and 69) . A few reticuloendothelial cells 

were sometimes found that contained intracellular laminated structures 

that were about t he same size or slightly larger than the necrotic 

intracellular foci (Figures 70 and 7J..) . Occasionally, these contained 

what resembled a bacillus-like structure (Figure 69). An increase in 

pinocytosis was noted in the endothelium of 1 of the small capillaries 

that was located in the nonnal. lymphoid tissue (Figure 77) . 



Figure 64 . An area of phagocytic reticuloendothelial cells 
containing several acid-fast bacilli in the 
anterior mesenteric lymph node examined at 90 days . 
Most of the bacilli (B) show cytoplasmic condensa -
tion indicating degradation . Note the 1 bacillus 
within a lysosome (L) . Glutaraldehyde fixation, 
osmium tetroxide post-fixation, Epon 812 embedment, 
and lead citrate staining . x9,ooo. 





Figure 65. Large phagocytic reticuloendothelial cell (macrophage) 
in the anterior mesenteric lymph node examined at 
90 days. It contains large lysosomes (L) that enclose 
bacilli (B). Note the irregular eccentric nucleus (N), 
many small vesicles (V), and the golgi complex (G). 
Glutaraldehyde fixation, osmium tetroxide post-fixation, 
Epon 812 embedment, and lead citrate fixation. xl9,800 . 
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Figure 66. Large lysos~mes in a phagocytic reticuloendothelial 
cell cytopl~m (c) from the anterior mesenteric lymph node 
examined at 90 days. Note the bacilli (B) in the lysosome . 
Portions of the cytoplasm of 3 adjacent plasma cells (P) 
are present. Glutaraldehyde fixation, osmium tetroxide 
post-fixation, Epon 812 embed.ment, and lead citrate 
staining . x25, 000 . 
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Figure 67. An electron micrograph from the anterior mesenteric 
lymph node examined at 90 days that illustrates 
parts of 1 l;y1hphocyte (L) and 3 plasma cells 
(Pl, P2, and P3) . Note the difference in the _ 
distention of the cisternal spaces in the 3 different 
plasma cells. Glutaraldehyde fixation, osmium 
tetroxide post-fixation, Epon 812 embedment, and 
lead citrate staining. x25,000 . 





Figure 68 . Necrotic intracellular focus in t he cytoplasm of a 
reticuloendot helial cell in the anterior mesenteric 
lymph node exkfmined 90 days postinoculation. Note 
the cross section of a bacillus (B) in the edge of 
the necrotic focus and the presence of many lysosomes 
(L). One of the lysosomes also contains a bacillus. 
Glutaraldeh;Yde fixation, osmium tetroxide post- fixation, 
Epon 812 embedment, and lead citrate staining . 
x14,750. 





Figure 69 . Necrotic intracellular focus in the cytoplasm of a 
phagocytic reticuloendothelial cell in the anterior 
mesenteric l~h node examined at 90 days. Note 
the cross section of a bacillus (B) in t he necrotic 
focus and the well developed golgi complex (G) at 
the opposite end of the cell . Glutaraldehyde fixation, 
Osmium tetroxide post-fixation, Epon 812 embedment, 
and lead citrate staining. xll,800 . 





Figure 70 . Large necrotic intracellular focus in the cytoplasm of' a 
reticuloendothelial cell in t he anterior mesenteric 
lymph node exa!dned at 90 days. Note the 2 concentric 
lamellae (L) of' crystal-like needles around what appears 
to be a disintegrating bacillus (B) . Also note the -
amorphous material between the outer lamella and a 
limiting membrane (M). Glutaraldehyde fixation, Osmium 
tetroxide post-fixation , Epon 812 embedment, and lead 
citrate staining. x25,000 . 
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Figure 7J. . An early stage of what appears to be an intra.cytoplasmic 
Schawnann's body in the cytoplasm of a reticuloendothelial 
cell of the "hnterior mesenteric lymph node that was 
examined at 90 days. Note the eccentric nucleus (N) and 
many small vesicles (V) in the cell cytoplasm. The 
plasma membrane (arrows) surrounds the cytoplasm of the 
reticuloendothelial cell which contains a large lysosome 
(LY) and several large mitochondria (M) . Lymphocytes (L) 
and a plasma cell (P) are surrounding the reticuloendothelial 
cell . Glutaraldehyde fixation, osmium tetroxide post-
fixation, Epon 812 embedment, and lead citrate staining. 
xll,800. 
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Hamster examined 168 days ;postinoculation 

Light microscopy of a mid-saggital section from t he ile ocecal 

lymph node revealed less than 10% tissue alterations and no acid-

fast bacilli. Therefore, due to the improbability of obtaining a 

section of the l esion, electron microscopy was not attempted. 

Hamster examined 175 days postinoculation 

Light microscopy of a mid-saggital section f~om the anterior 

mesenteric lymph node from a hamster that was inoculated at 175 and 

98 days prior to examination revealed extensive reticuloendothelial 

tissue hyperplasia that occupied between 30 to 40% of the normal 

lymphoid tissue . Many intracellular acid-fast bacilli and several 

small Schaumann's bodies were present. 

Electron microscopy demonstrated a more definite organization in 

the intracytoplasmic laminated bodies (Schaumann's bodies) when 

compared with those examined at 90 days (Figures 72 and 73) . 

A distinct bor der was observed between the foci of reticuloendo-

t helial tissue hyperplasia and the normal lymphoid tissue . A partial 

barrier was formed by a single cell layer of fibroblasts (Fi gure 74) . 

Although a few lymphocytes were present on the hyperplastic side of 

this partial barrier, it f ormed the outer limits for the cytoplasm 

of the hyperplastic reticuloendothelial cells. Several of the 

reticuloendothelial cells were multinucleated and contained several 

bacilli in their cytoplasm (Figures 72, 74, and 75) . In 1 instance , 

the nucleus of a reticuloendot helial cell was observed t o contain a 

double membrane enclosed vacuole whose internal components were cell 



Figure 72. A Schaumann's body in the cytoplasm of a reticuloendo-
thelial cell located in a focus of reticuloendothelial 
tissue hyperplasia in the anterior mesenteric lymph node 
examined at 175 days . This electron micrograph also 
contains a multinucleated reticuloendothelial cell (MN) 
and 2 lymphocytes (L). Note the small bacilli (B) in 
the cytoplasm of the reticuloendothelial cells . Also 
note the size of the Schaumann's body in relation to 
the size of the nuclei of the reticuloendothelial cells 
and compare it with the Schaumann's bodies in Figures 
6, 14, 25, 26, 42, 44, and 50. Glutaraldehyde fixation, 
osmium tetroxide post-fixation, Epon 812 embedment, 
and lead citrate staining . x5,200. 
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Figure 73 . Higher magnification of the intracytoplasmic 
Schaumann ' s body in Figure T.L. Note that a limiting 
membrane surrounds the body and that a space exists 
between this limiting membrane and the outermost 
lamella of needle-like crystals. x25,000 . 
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Figure 74 . This electron micrograph reveals the boundary between 
a focus of reticuloendothelial tissue hyperplasia 
and the normal lymphoid tissue of the anterior 
mesenteric lymph node examined at 175 days . The 
cytoplasm (arrows) of a fibroblast (F) extends along 
the junction of the hyperplastic tissue and the 
normal lymphoid tissue . Note the large round nuclei 
of the reticuloendothelial cells (R) and their extensive 
cytoplasm that contains several bacilli . Compare the 
distinctiveness of the border of the hyperplastic tissue 
with that observed in Figures 6, 13, 14, 16, 18, 32, 
42, and 50. Glutaraldehyde fixation, osmium tetroxide 
post-fixation, Epon 812 embedment, and lead citrate 
staining . x2, 780 . 





Figure 75 . Electron micrograph at the edge of a focus of reticulo-
endothelial tissue hyperplasia from the anterior 
mesenteric lymph node examined at 175 days. Note 
the 3 multinucleated reticuloendothelial cells that 
contain several bacilli in their cytoplasm. The large 
round hole (H) was the location of a Schawna.nn's body 
that was lost in the process of ultrasectioning. Compare 
with Figure 26 . Glutaraldehyde fixation, osmium tetroxide 
post-fixation, Epon 812 embedment, and lead citrate 
staining . x2, 780 . 
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Figure 76. Electron micrograph of the nucleus of a reticuloendothelial 
cell that contains a double membrane enclosed vacuole 
which in turn contains cell organelles normally present 
only in the cytoplasm. Glutaraldehyde fixation, osmium 
tetroxide post-fixation, Epon 812 ernbedment, and lead 
citrate staining. x9,750 . 
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or ganelles normally limited to the cytoplasm (Figure 76). 

The post-capillary venules that were observed by light microscopy 

and illustrat ed in Figures 17, 18, and 24 were examined by electron 

microscopy (Figure 78). The increase in thickness was due t o lympho-

cytes that were located between the single layer of endothelial cells 

and the basement membrane of the capillary. 

A very marked increase in the acid phosphatase activit y was 

observed in areas of reticuloendothelial tissue hyperplasia stained 

by Gomori 's method and observed by light microscopy (Figur es 79 and 80) . 

The increase in acid- phosphatase activity was observed to be within 

lysosomes in t he reticuloendotbelial cells of the foci of hyperplasia . 

The tissue was treated by Gomori's met hod for acid-phosphatase and 

examined by electron microscopy (Figure 81) . 

11 
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Figure 77. Electron micrograph demonstrating a stage of active 
pinocytosis in a normal capillary of the anterior 
mesenteric lymJh node examined at 90 days postinoculation. 
Note that the pinocytotic vesicles (V) in the cytoplasm 
(C) of the endothelial cell are present on both the 
lumen (L) side as well as on the basement membrane (B) 
side of the cell whose nucleus is in a different plane 
than that of this section . The nuclear portion of 
another endothelial cell (E) is included in this 
section . Glutaraldehyde fixation, osmium tetroxide 
post-fixation, Epon 812 embedment, and lead citrate staining. 
x25,000. 
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Figure 78. Electron micrograph of a capillary that contained 
several lymphocytes (L) located between the 
basement membralile (B) and the endothelial cells (E) 
that lined the lwnen of the capillary. Pericytes (P) 
surround the capillary. Compare with Figures 17, 18, 
24, and 77 . Glutaraldehyde fixation, osmium tetroxide 
post-fixation, Epon 812 embedment, and lead citrate 
staining . x5,200 . 
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Figure 79. Frozen section from the anterior mesenteric lymph node 
of the hamster that was examined at 175 days. Note 
the focus of reticuloendothelial tissue hyperplasia. 
Glutaraldehyde fixation. Harris ' hematoxylin and 
eosin stain. x600. 

Figure 80 . Serial section of the same area shown in Figure 79 
that was treated by Gomori's method for acid phosphatase. 
Note that the yellowish brown stain is confined to the 
area of reticuloendothelial tissue hyperplasia and 
indicates acid phosphatase activity. Glutaraldehyde 
fixation. x6oo. 
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Figure 81 . Electron micrograph of the cytoplasm of a phagocytic 
reticuloendothelial cell from the anterior mesenteric 
lymph node that was treated by Gomori's method. Acid 
phosphatase~activity is indicated by the presence of 
dark electron dense areas (arrows) in the lysosomes 
(phagosomes) . Note the intact polyphosphate bodies 
that still exist in a bacillus in 1 of the lysosomes. 
Glutaraldehyde fixation, incubation in Gomori's 
medium, osmium tetroxide post-fixation, Epon 812 
embedment and lead citrate staining. x34,000 . 
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DISCUSSION 

Source of Inoculu.m 

Segal and Bloch (93) have shown that .!:!· tuberculosis is more 

virulent for mice when grown in vivo than when grown in vitro. They 

also demonstrated a different metabolic and biochemical activity 

between in vivo and in vitro grown .!:!· tuberculosis and that a greater 

degree o:f immunity was induced by_!:!. tuberculosis grown in vitro (92). 

Mycobacterium pa.ratuberculosis will change :from smooth colonies t o 

rough colonies when grown, over a period of time, in vitro. further, 

.!:!· paratuberculosis requires mycobactin :for initial isolation, but 

a~er continuous culturing in vitro, it will eventually develop the 

capability t o grow without mycobactin. Therefore, i:f the metabolic 

activity o:f ~· paratuberculosis is changed by culturing on artificial 

medium, its pathogenicity :for laboratory animals may also be altered. 

Since previous researchers (33, 34, 47, 51) have had difficulty in 

establishing~· paratuberculosis in laboratory animals, it was deemed 

desirable to use the least altered organisms obtainable. Therefore 

in vivo grown ~· paratuberculosis, used in inoculating the hamsters 

in this study, was obtained from the intestinal mucosa of a clinical 

case o:f bovine paratuberculosis. 

Size of Dose 

Chandler (21, 23, 24, 25) inoculated 4-week-old mice intra-

peritoneally with 0.0001, 0.01, 0.2, 2, 8, 10, and 24 mg. of M. 
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paratuberculosis and concluded that doses of 0.2 mg . and below were 

not effective in producing intestinal lesions. He observed that 

intraperitoneal inoculations of 0.02 and 2 mg. in rats produced no 

progressive lesions (22). Further, Francis (34) stated that results 

from hamsters inoculated intraperi toneally with 5 mg. were less 

consistent than in mice. Hirch (47) also gave oral doses of o.6 

to 1.5 mg. of moist organisms to hamsters and obtained little success. 

In view of the results of previous workers, it was concluded that a 

minimum of 1 mg . (based on dry weight) dose of !'.!· paratuberculosis 

would be used in the various routes of inoculation of hamsters 

included in this study. 

The number of organisms per mg. was determined in the following 

manner. The size of the individual organism bas been described as 

being a cylinder, 1 to 2 µ. long and 0. 5 µ. in diameter ( 66) • If 1. 5 µ. 

is accepted as the average length, then the volume or the displacement 

capacity of !'.!· paratuberculosis would be 0.3 µ.3 per bacillus (1/4 X 3.14 

X 0.52 X 1.5 = 0.3 µ.3). There are 109 µ.3 in a cc. Therefore, the 

number of µ. 3 per cc. divided by the number of µ. 3 per bacillus would 

give the total number of!:!· pa.ratuberculosis per cc. (109 + 0.3 = 

3.3 X io9). It may be assumed that its specific gravity is similar to 

that of M. tuberculosis or 1.045.1 If the specific gravity is 1.045, 

then there would be lo45 mg. of!'.!· paratuberculosis per cc . Thus, there 

would be 3.3 X 109 + 1.045 X 103 = 3.16 X 106 organisms in l mg. of wet 

1La.rsen, A. B. , Ames, Iowa. Data on M. paratuberculosis • Private 
communication. 1963. 
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~ · paratuberculosis. Wet packed bacilli (centrifuged at 3,000 r.p.m. 

f or 30 min.) consist of about 85i moisture .1 Then, 0.15 mg. of dry 

~ - paratuberculosis would contain 3.16 X 106 bacilli or 1 mg. would 

contain 2.1 X 101 bacilli. According to this calculation, each 

hamster in this study was inoculated with approximately 21 million 

organisms. This was a large dose for the hamsters that were inoculated 

intraperitoneally because it was noted that the heat-killed organisms 

also produce extensive lesions. This dose was more realistic for the 

intraga.stric inoculations as, a:f'ter mixing with the ingesta, many 

of the bacilli probably never made contact with the intestinal wall 

or crossed the "absorptive zone. 11 

Brothers ton et al • ( 20) reported that 2 mg. wet sample of ~. 

paratuberculosis contained about 108 to 109 bacilli . If this were 

corrected for 85i moisture, then there would be 3.3 X 108 to 3.3 X 109 

bacilli per mg . dry weight . This would be 16 to 158 times more organisms 

per mg. than t hat calculated above. Lominski et al. ( 6o) have re-

ported that a bacillus of !'.!· paratuberculosis weighs 2 X lo-10 mg. 

or that there are 5 X 109 organisms per mg. This was about 238 times 

more bacilli per mg. than calculated f or the inoculum used in this 

study . If the specific gravity and moisture content were correct in 

the above calculations, then it would seem inconceivable to think 16 

times more organisms could be packed into a cc. than had been obtained 

by centrifugation at 3,000 r .p .m., let alone 158 or 238 times more 

1 Larsen, A. B., Ames, Iowa. Data on M. paratuberculosis. Private 
communication. 1 963. 
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bacilli. I:f calculated on the basis that the bacillus was only 0.5 µ. 

long (an unrealistic :figure), there still would only be 6.4 X io7 

bacilli per mg. dry weight or only about 3 times more than that cal-

culated :for the dose used in this study. Although the inoculum was 

digested :from tissue, it was estimated to be about 98~ pure bacilli o:f 

~· para.tuberculosis. 

Route o:f Inoculation 

Payne and Rankin (80) have reported that the tonsil is a comnon 

portal of entry for !'.!· para.tuberculosis in calves inoculated by the 

oral route. Also, Dunkin ( 51) isolated ~· para.tuberculosis from only 

the submaxillary and supra.pharyngeal lymph nodes of 2 cows, again 

indicating that the tonsil may be the portal of entry. Therefore, 

to avoid entry via the tonsil, the intragastric route was chosen 

instead of oral dosing for two groups of hamsters in this study. Other 

f actors for using the intra.gastric route were to avoid possible inhala-

tion of the organisms, to decrease the chance of regurgitation, to 

maintain a more persistent dosage, and to avoid mechanical damage to 

the esophagus that was encountered in preliminary work on passing a 

st oma.ch tube. 

One of the purposes of this study was to find a laboratory 

animal with an incubation period f or ~· para.tuberculosis that was 

shorter than that in ruminants. Therefore, intraperitoneal. inoculations 

with living ~· para.tuberculosis were made in one group of hamsters and 

the rate of spread of organisms and the developnent of lesions were 
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compared with the hamsters that received the living organisms intra-

gastrical.ly. Also, since dead acid-fast bacilli are known t o produce 

lesions when inoculated intraperitonea.lly (42, 43, 54, 104), heat-

killed !:!· paratuberculosis was inoculated intraperi t oneally for assess-

ment of tissue reactions t o non-metabolic foreign material o"f the 

organisms . Thus, an evaluation was ma.de of the distribution and 

comparison of the lesions produced by living and heat-killed !:!· 

paratuberculosis . 

Comparison of the Four Groups of Hamsters 

Inoculated with !:!· pa.ratuberculosis 

Previous histopathology has been done on a very limited number of 

tissues of hamsters inoculated with!:!· pa.ratuberculosis by Francis (34), 
Harding (45), Gilmour and Brotherston (36), and Gilmour et al. (37). 

Living organisms administered intragastrically 

In the hamsters in this study that received livi.ng !:!· pa.ratuber-

culosis intragastrically (Table 12), only 2 acid-fast bacilli were 

observed in a macrophage in the lamina propria of the duodenum at 2 days 

PI. No other acid-fast bacilli were observed until 14 and 28 days PI . 

An increase in distribution of acid-fast bacilli and 2-plus lesions 

(Figures 4, 9, 10, and ll) were noted at 56 days PI. Arter ~ days 

PI, the acid-fast bacilli and lesions were widely distributed in the 

lymphoid tissue. By 154 days PI, the distribution of bacilli and lesions 

had reached its peak. Also, by 154 days, there were distinct foci of 

reticuloendothelial tissue hyperplasia in all of the lymph nodes examined 
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(Figures 12, 13, 15, 16, and 17). The most notable difference a:f'ter 

154 days PI was the increase in area occupied by the lesions of 

reticuloendothelial tissue hyperplasia (Figures 19, 20, and 23) and the 

development o:f Schaumann's bodies and :foreign body giant cells (Figures 

21, 23, 25, and 26). 

The failure to demonstrate acid-fast bacilli at 4 and 8 days PI was 

attributed more to the "dilution effect" as the organisms were taken 

into the various tissues of the host than to destruction of the 

organisms by the host as suggested by Gilmour et al. (37). The acid-

fast bacilli appeared in the mesenteric lymph nodes, Peyer's patches 

and liver about the same time and their persistence in these organs 

suggested that they became established silmlltaneously in these 

locations of the host. 

By 56 days PI, the appearance of the acid-fast bacilli in the 

regional lymph nodes indicates that they have been carried by the 

lymphatic system into the bloodstream. From here, they were disseminated 

t o all parts of the body and again collected by the regional lymph nodes. 

Greater emphasis of this point was indicated by the reticuloendothelial 

tissue hyperplasia in the tissue examined at 98 and 154 days PI. 

These results were similar to those of Gilmour and Brotherston (36 ) 

as they demonstrated no lesions in the livers or mesenteric lymph nodes 

of hamsters examined 2 mo. PI after oral inoculation with 107 bacilli 

(about 1/2 as many bacilli as in the dose used in this study), but they 

demonstrated lesions in the mesenteric lymph nodes of 1 of 6 hamsters 

from each group examined at 1 mo. PI and in all 6 hamsters in each group 

i 
I 
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examined 2 mo. PI af'ter oral inoculation with 108 or 109 bacilli 

(5 to 50 times more bacilli than in the dose used in this study). 

However, they did not demonstrate a.n::r liver lesions in any of the 

hamsters they examined. Lesions, containing acid-fast bacilli, were 

present in the livers in this study. 

Gilmour et al. (37), using 6 X 10 7 organisms of cultu.ral origin 

in oral inoculation of hamsters (about 3 ti.mes larger dose than used 

in this study), produced no lesions in the liver until 8 mo. PI or 

in the small intestine until 11 mo . PI. Lesions were obtained much 

earlier in this study in both the liver and in the Peyer's patches 

of the small intestine. The fact that intestinal. lesions were con-

fined to lymphoid tissue of the intestine in this study and that the 

only lesion that Gilmour et al. (37) demonstrated was in a Peyer's 

patch, which they admitted difficulty in including in sections, may 

explain the absence of intestinal lesions in their examinations of 

the intestine at earlier time intervals PI. Only one-third the number 

of organisms were inoculated in this study and lesions appeared earlier 

(98 and 154 days) in both the liver and the Peyer's patches. This 

would indicate that the organisms used were more virulent than those 

used by Gilmour et al. (37) . The increased virulence may be attributed 

to the fact that the organisms had never been cultured in vitro. 

_With the exception of the duodenum, the intestinal lymph nodules 

were fairly numerous in the intestinal tract (Table 13) . The Peyer's 

patches, which could be observed grossly, were easily demonstrated 

histologically and acid-fast bacilli and/or lesions were found in over 
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90i of those examined at or a.:fter 56 days. 

Heat-killed or ganisms administered intragastrically 

No acid-fast bacilli or lesions (Figures 33, 34, 35, 36, 37, and 

38) were found in the tissues from any hamsters that were intra-

gastrically inoqulated with heat-killed ~· paratuberculosis (Table 14). 

Intestinal lymph nodules were observed as frequent in this group 

(Table 15) as in any of the other 3 groups examined (Tables 13, 17, and 

19). The absence of acid-fast bacilli in the tissues from this group 

may be explained on the basis t hat either the dead bacilli were not 

capable of crossing the intestinal barrier or if they did cross the 

intestinal barrier, and since no multiplication t ook place, their 

number was not great enough to be detected by histopathologic examina-

tions • This group not only served as a control group for the other 

3 groups included in the study but also as a control for the hamsters 

that were inoculated intragastrically with living or ganisms . This 

comparison emphasized that the organisms did multiply and a progressive 

infection was established in hamsters receiving living ~· paratuber-

culosis intragastrically. This would be in agreement with the viable 

unit count examination of M. paratuberculosis in hamsters done by 

Gilmour and Brotherston (36) and by Gilmour et al. (37) . 

Li Ying organisms administered intraperi toneally 

Several comparative differences were ma.de between t he groups 

receiving living ~· paratuberculosis intraperitoneally or intra-

gastrically (Tables 16 and 12). More acid-fast bacilli were present 
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in the tissues of hamsters that were inoculated intraperitoneally and 

examined at 2, 4, 8, 14, 56, and ~ days PI (Figures 39, 4o, 41, and 43) 

than in the hamsters that received living organisms intragastrically. 

Widespread distribution of 3- plus lesions were present by 56 days 

compared with 154 days in the hamsters receiving living organisms 

i ntragastrically. Little difference was noted i n the d.istri bution 

of lesions in the 2 groups after 56 days • However, the reticulo-

endothelial tissue hyperplasia became more extensive in the lymphoid 

tissue with duration of time following intraperitoneal inoculation 

with living~· para.tuberculosis (Figures 45, 46, 47, 48, 49, 50, and 

51). 

The absence of either bacilli or lesions in the tissues of t he 

hamster inoculated intraperi tonea.J.ly and examined at 28 days may be 

explained on the basis that either the hamster was never inoculated 

or that the organisms were inoculated into the urinary bladder. 

The later appearance of lesions produced by the living organisms 

inoculated intragastrically, when compared with living organisms 

inoculated intraperitoneally, may be due to the necessary ti.me f or 

multiplication of ~· pa.ratuberculosis in the host tissues in quantities 

suf'ficient to produce lesions. 

Heat-killed organisms administered intraperitoneally 

The hamsters inoculated intraperitoneally with heat-killed 

M. pa.ratuberculosis served as a control for the hamsters that received 

intraperitoneally living~ · paratuberculosis (Table 18). It is interest-

ing to note that the presence and distribution of t he acid-fast bacilli 
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at 2, 4, 8, 14, and 28 days PI were similar to that observed in the 

group receiving living organisms intraperitoneally. Although 3-plus 

lesions did develop at about the same time as the lesions in hamsters 

receiving living organisms intraperitoneally, their distribution was 

never as extensive. Also, af'ter 266 days PI, the lesions were 

regressing. It was interesting to note that bacilli and lesions 

persisted longer in the omentum than in other tis sues • Schaumann' s 

bodies and foreign body giant cells were present. 

A comparison of the results from the 4 groups of hamsters studied 

are summarized in Table 20. It may be noted here that heat-killed 

~· paratuberculosis, if taken into the tissues of the host, was 

capable of producing lesions that were indistinguishable from the 

lesions produced by living~· paratuberculosis. Three-plus lesions, 

that may occupy 4o to 50% of some o:f the involved lymph nodes, were 

produced by heat-killed organisms . However, their distribution in the 

lymphoid tissue was never as extensive as the lesions produced by 

living organisms. These lesions eventually regressed. 

Scbaumann's bodies, first observed at 98 days in either of the 3 

groups with lesions, and foreign body giant cells were prevalent and 

more correlated with the degree o:f hyperplasia than with the route of 

inoculation. None were found in hamsters that were inoculated intra-

gastrically with heat-killed !1· paratuberculosis. 
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Table 20. Incidence of lesions in hamsters inoculated with 1 mg. of 
M. paratuberculosis 

Route of inoculation 
Duration following Intra~astricalll Intraperitoneall~ 

inoculation Living Heat killed Living Heat killed 
(days) organisms organisms organisms organisms 

2 + + 

4 + + 

8 + + 

14 + ++ + 

28 + + 

56 ++ +++ +++ 

93 ++ +++ +++ 

154 +++ +++ ++ 

210 +++ +++ ++ 

266 +++ +++ 0 

329 +++ +++ 0 

- = 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 3i of the nonnal tissue 

o = Old healing lesions without organisms 
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Character of the Lesions 

The lesion producing factor of ~· pa.ratuberculosis does not 

reside entirely in the active metabolic state of the organisms • 

There exists in the lipids of the bovine tubercle bacillus a certain 

fatty acid (phthioic acid) which, afier injected intraperitoneally 

in animals in a pure form, will cause lesions resembling those 

produced by the activity of the living organisms (6, 87). Although 

this fatty acid has not been isolated from the pa.ratuberculosis bacillus, 

there is no doubt but that it does exist in this bacillus and is 

probably responsible for the lesions described in this study in the 

hamsters receiving heat-killed organisms intraperitoneally.1 

Lesions of paratuberculosis in the peritoneum of guinea pigs 

as described by Hagan and Mansfield (43) consisted principally of 

masses of monocytes and epithelioid cells generally surrounded by a 

few lymphocytes. Harding {45) described the lesions of pa.ratuber-

culosis in the Peyer's patches of the hamster as being round discrete 

foci of epithelioid cells with abundant pale, eosinophilic cytoplasm. 

Runnells et al. (86) describes the lesions in the bovine mesenteric 

lymph nodes as having no necrosis and consisting of macrophages that 

are often filled with acid-fast bacteria. Twort and Craig (104) 

considered !'.!· pa.ratuberculosis t o be one of the least toxic of the 

acid-fast bacteria and attributes this factor t o the capability of 

~rkal, R. S., Arres, Iowa. 
culosis. Private communication. 

Data on fractionation of M. paratuber-
1967. -
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the organism to survive and multiply in cells without killing t he host 

cell. 

Histologically, the inf'lamma.tory resJX>nse to !:!· paratuberculosis 

in this study was strictly granuloma.tous • Initially, when many 

organisms were present, as in the omentum of the hamsters inoculated 

intraperitoneally, there was an infiltration of neutrophils and lympho-

cytes that persisted for about 4 days. By 8 days, most o'f the 

neutrophils had disappeared and lymphocytes and macrophages predominated . 

Very little neutrophilic response was observed i n the lymph nodes 

of any of the hamsters in the 4 groups. The first lesions were 

individual. reticuloendotheli al cells containing acid-fast bacilli 

{Figure 3) which eventually developed into distinct foci of reticulo-

endothelial tissue hyperplasia {Figures 6, 14, 16, 17, 32, 42, and 50 ). 

The lesions were essentially similar in all of the lymphoid t i s sue . 

Except in the omentum and peritoneum, the lesions were distri buted 

throughout the body and confined primarily t o the lymphoid tissue . 

There was a very distinct border between the reticuloendot hel ial 

tissue hyperplasia and the adjacent nonnal lymphoid tissue (Figures 6, 

14, 17, and 32). Electron microscopic examination revealed t hat a 

single layer of fibroblasts were often present between the nonnal 

lymphoid tissue and the hyperplastic reticuloendothelial cell s (Figure 

74). These cells probably represent a barrier around the lesions and 

were considered resJX>nsible for the distinct border. 

Figures 82 and 83 show the differences in the organisms i n 

macrophages from the bovine and f rom t he hamster. The macrophage in 



Figure 82. Acid-fast bacilli in a distended macrophage of the bovine 
intestinal mucosa used as a source of t!· paratuber-
cuJ.osis for inoculation of hamsters. Ziehl-Neelsen 
mefhod. xl,250. 

Figure 83. Acid-fast bacilli in a macrophage of the anterior 
mesenteric lymph node of hamster . Note number and 
size of bacilli and compare with those in Figure 82. 
Ziehl-Neelsen method. xJ.,250. 

l 
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Figure 82 was :from the bovine intestinal mucosa that was used as a 

source of_!:!. paratuberculosis for inoculating hamsters in this study. 

The acid-fast bacilli in the bovine were much larger than those 

observed in the hamster. Further, there were never as many acid-fast 

bacilli per macrophage in the hamster as in the macrophage from the 

bovine. 

Multinucleated giant cells 

Simpson (94) in 1966 described the fine structure of Langhans' 

giant cells in the mesenteric lymph node of a case of bovine para-

tu berculosi s. He supported the theory that giant cells arise from 

fusion of mononuclear cell macrophages and described irregularly 

shaped nuclei, many cytoplasmic vesicles, and desmosome-like structures 

along the plasma membrane • 

Multinucleated foreign body giant cells were often present in 

the more advanced lesions in this study (Figures 72, 74, 75, and 76) 

and usually contained bacilli and/or Schauma.nn's bodies (Figures 26 and 

75). The absence of the desmosome-like structures and large cytoplasmic 

vesicles, the presence of uniformly rounded nuclei, many mitochondria, 

and electron dense cytoplasm indicated that these giant cells may be 

of a different origin than those described by Simpson (94). No evidence 

was present to indicate that these cells were :formed by :t'usion of 

mononuclear macrophages. 

Plasma cells 

Plasma cells have been described a.s secretory cells that produce 

I 
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and secrete gamma globulins with specific affinities for particular 

antigens ( 44) • Their cyto:plasm shows a great specialization for the 

production of protein secretion, and are copiously supplied with 

rough-surfaced endoplasmic reticulum (Figures 62, 63, and 67). The 

rough endoplasmic reticulum in the figures shows various stages of 

dilatation that indicates various stages of protein production (9). 

The cisternae contain a fine :floccular substance and according to 

.Movat and Fernando (72), they may also contain small dense bodies 

(Russell's bodies) and crystals. The ribosomes manufacture the 

protein and it is passed across the membrane into the cisternal space 

"7here it is transferred t o the golgi complex and "packaged for export" 

from the cell. If this holds true, it can be theorized that the plasma 

cells in Figures 62, 63, and 67 are in various stages of protein 

production, possible antibodies against~· paratuberculosis. 

The plasma cells and eosinophils were most numerous around 42 

days PI in the hamsters inoculated intraperi toneally for electron 

micrographic studies (Figure 62) . The cisternae were usually most 

distended at 42 days (Figures 62 and 63). This cellular reaction to 

~· paratuberculosis would probably be the "secondary response" of 

in:flammation as described by Speirs (96). 

Nuclear vacuoles 

The doubl e membrane enclosed vacuole in 1 of the nuclei of a 

mul tinucleated reticular cell (Figure 76) bas been descrl bed in bovine 

leukemia (53), Burkitt's lymphoma (1), and malignant lymphoma in 

children (29). other than this study, these vacuoles have only been 
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described in the above leukemias. This vacuole contains cytoplasmic 

components and must be regarded as of cytoplasmic origin. It is thought 

to be a cross section of an invagination of the cytoplasm into the nu-

cleus. Most likely, it is a characteristic of very hyperplastic cells 

and not associated with any one particular disease or condition. 

Thymus 

The absence of lymph nodules and genninal centers in the thymus 

bas been attributed to the theory that antigens were not gaining 

access to the thymic lymphoid tissue. Af'ter transfusions of tritiated 

labeled lymphocytes into the thoracic duct of adult rats, Gowans and 

Knight (40) were unable to demonstrate any such cells in the thymus 

although the labeled cells were present in the lymph nodes, lymph 

nodules of the spleen, and Peyer's patches. Weiss (llO) has demon-

strated that many of the tbymic vessels have small luminal diameters of 

about l µ. and thought that such vessels may carry plasma preferentially. 

Weiss also demonstrated that their endothelium is without aperatures, 

their basement membrane broad, and their walls further increased by 

adventitial cells and extracellular tissue. However, Weiss did 

demonstrate that thorium dioxide could cross into the basement membrane 

and associated extravascular tissue. 

Reticuloendothelial tissue hyperplasia was very limited in the 

thymus in this study. It rarely exceeded 31' of the tbymic tissue in 

the sections studied. The vascular barrier in the thymus may explain 

why only a few acid-fast bacilli and foci of hyperplasia were found in 
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those hamsters inoculated with living ~· pa.ratuberculosis (Figures 27 

and 28). The f act that acid-fast bacilli did gain access to the lymphoid 

tissue and that reactive centers of hyperplasia did occur would indicate 

that large particles can cross this barrier. This would be contrary t o 

~tcal:f's belief (67) that macrophages and other cell complexes, which 

are necessary for antigen handling and for the framework of reactive 

centers , are absent. Since the thymus has no afferent lymphatic like 

the lymph nodes, it must depend on the blood supply for any antigens 

that it may receive. Conclusion is made here that the blood barrier 

system is probably the most important factor for the lack o:f lesions 

i n the thymus in this study. 

Pathogenesis of M. pa.ratuberculosis in the Hamster 

The method by which !'.!· paratuberculosis crosses the epithelial 

barr ier of t he intestinaJ. mucosa and enters the lymphatic system bas 

not been determined. Since _!:!. pa.ratuberculosis contains a lot of 

lipid i n its cell wall, it may be theorized that the bacillus may 

follow a simila r route as that of lipid d.:roplets. It is known that 

particles as large as l µ can cross the epithelial cell of t he 

intestine. Since ~· pa.ratuberculosis does cross the intestinal 

barrier in some manner and that it is not much larger than this, it 

would be somewhat realistic t o think it may follow the same :route as 

lipid absorption. 

Palay and Karlin (79) delineated the pathway o:f fat absorption. 

They found that fat droplets were taken into pinocytotic vesicles 
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in the intennicrovillous spaces of the striated border of the 

epithelial cells . These vesicles join or empty into the endoplasmic 

reticulum, in the lumen of which the droplets pass toward the lateral 

surface of the epithelial cell at a position below the tenninal bars. 

Here, by reversal of ~inocytosis, they are released into the inter-

cellular spaces of the epithelium. The droplets were found to 

traverse the basement membrane of the epithelium into the interstitial 

spices of the lamina propria, penetrate the basement membrane of the 

central lacteal, and finally slip between the overlapping endothelial 

cells to enter the lymphatic. 

Once an acid-fast bacillus passed around the tenninal bars of the 

epithelial cells, it would not be difficult to visualize its crossing 

the basement membrane into the interstitial spaces of the lamina 

propria. The first bacilli observed in this study were within a macro-

phage in the lamina propria. Once in the afferent lymphatics, the 

intracellular or extracellular bacilli would be carried to the mesenteric 

lymph node where they would be exposed to the phagocytic cells in the 

subcapsular sinus. Some of the first bacilli observed in this study 

were within the reticuloendothelial cells adjacent t o the subcapsular 

sinus. Reticuloendothelial tissue hyperplasia could be observed to 

develop around the large phagocytic reticular cells (Figure 9) which 

were so prevalen~ in the normal lymph nodes of the hamsters (Figures 7, 

8, 35, and 36) . With multi plication of the intracellular bacilli and 

the resulting death of the cell, the free bacilli, along with those in 

phagocytes, were carried by the efferent lymphatics t o the thoracic duct. 
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From here, they were emptied into the bloodstream and disseminated t o 

all parts of the body. The bacilli were again picked up by the 

lymphatics and phagocytized by the reticuloendothelial cells of the 

regional lymph nodes. 

Structure of M. pa.ratuberculosis 

No distinct enveloping capsule was detected in thin sections of 

M. pa.ratuberculosis by electron microscopy (Figures 59 and 60). 

Chapman et al. (26) have described a microcapsule within an enclosing 

membrane that appeared t o delineate the bacterial cell and its possible 

capsular material from the host cytoplasm. However, Chapman interpreted 

that these membranes were probably formed by tissue cells rather than 

the bacteria. It has been hypothesized that the high lipid content of 

the capsule and non-polar wetting properties of the cell wall are 

related to the high resistance of mycobacteri.a t o acids, alkalies, and 

other chemical substances and to their slow rate of metabolism and 

growth (75). Reaction of mycobacteri.a with specific im:nune sera will 

reduce their resistance and result in increase cohesiveness and 

agglutination and greater ease of being phagocytized (73, 74) . 

When a slight shrinkage occurs in fixation, a space occurs between 

the protoplast and the cell wall as shown in Figure 6o. This artif'act 

elucidates what has been described as a plasma membrane consisting of 

2 dense layers, each about 30 A in width (49). 

The polyphosphate bodies observed in ~- pa.ratuberculosis in Figure 

59 have been shown to increase in size and number under conditions 
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favoring accumulation o:f metaphosphate in mycobacterial cells. The 

stored polyphosphate has been shown in p32 tracer studies to be 

utilized in nucleic acid synthesis (77). The polyphosphate bodies of 

mycobacteria are also considered to be homologous with the meta-

phosphate granules o:f Corynebacterium diphtheriae (90). Mudd et al. 

(76) have induced vacuoles in the high energy-yielding electron dense 

areas of mycobacteria by intense electron bombardment. This may 

explain the presence of vacuoles in a few of the bacilli in Figure 59. 

No description was found in the literature that could be related to 

the very small dense particles also observed in some of the bacilli 

in Figure 59. 

The very faint "lam.ellar structures" that can be observed in 

certain areas of the bacilli in Figures 59 and 6o were considered to 

be folded extensions of the cytoplasmic membrane into the cytoplasm. 

Extensive enzymic activity has been demonstrated on these "lamellar 

structures, 11 thus indicating it plays an important role in the 

metabolism of the bacteria (55). The extension and concentration of 

the cytoplasmic membrane into a lamellar-like structure would serve 

in intensifying the metabolic activity of the bacillus. The lesion 

producing capability of living organisms may be enhanced with an 

increase in metabolic activity. 

Electron Microscopy of _!:!. paratuberculosis in the Tissue 

Electron micrography has been made on ~· lepraemurium in tissue 

of mice by Allen et al. (4) who described pert-bacillary spaces and 
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peri-bacillary bodies. Ima.eda and Convit (49) made an extensive 

ultrastructural study of.!'.!· leprae in human biopsies. They described 

plasma membranes, polyphosphate bodies, nuclear apparatus, and an 

intracytoplasmic membrane system. Simpson (94) described ~· 

paratuberculosis in a membrane enclosed area of low electron density 

in macrophages from the mesenteric lymph node of a cow . 

The development of pbagosomes from lysosomes and endocytic 

invaginations containing particulate matter has been described by 

De Duve (28). Cohn and Wiener (27) demonstrated that lysosomal 

hydrolase was released into the phagocytic vacuoles (phagosomes) and 

presumably aids in the digestion of engulfed particles. 

In contrast to the results of Allen et al. (4), Imaeda and Convit 

(49), and Simpson (94), no peri-bacillary bodies or peri-bacillary 

spaces were present around the phagocytized bacilli observed in this 

electron microscopic study of !'.!· paratuberculosis (Figures 64, 65, 

66, and 81) • Instead t he bacilli were o:t'ten contained within electron 

dense masses, the phagosomes (Figures 65 , 66, and 81). De Duve stated 

that the enzymes of the phagosome digest its contents and t he products 

di:ffuse into the cytoplasm. Only remnants that prove t o be refractory 

t o attacks by the enzyme are le:t't behind to form a residual body. The 

accumulation of residual bodies plays a part in the aging of such 

phagocytic cells. 

Polyphosphate bodies could be demonstrated in t he bacilli present 

in large lysosomes stained for acid phosphatase (Figure 81). Since t he 

acid phosphatase study in this experiment was made at 98 days a:rter the 
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last injection of ~· pa.ratuberculosis, this would indicate that either 

the host cell was fairly tolerant to the bacillus or that the hamster 

produced no antibody to~· pa.ratuberculosis. The presence of activated 

plasma cells indicates that the hamster did produce antibodies. Further, 

little alteration was noted in the cell since the mitochondria, that 

are sensitive to intracellular environmental changes, appeared normal. 

Therefore, the bacillus in Figure 8l must not be very toxic to the 

host tissue. 

Post-Capillary Venules 

It has been sho;m that the main flow of lymphocytes :from blood 

t o lymph lies within the lymph nodes and that small lymphocytes enter 

by crossing the walls of a speciali zed set of blood vessels, the post-

capillary venules. In rats, Gowans and Knight ( 40) traced tri tiated 

adenosine labeled lymphocytes from the thoracic duct, via the blood-

stream, to the lymph nodes where they observed the lymphocytes as they 

passed through the endothelium of the post- capillary venules into the 

cortex. In an electron microscopic study, Marchesi and Gowans (63) 

demonstrated many small lymphocytes between t he endothelium and the 

periendot helial sheath of the post- capillary venules in lymph nodes of 

rats. They noted, in serial section, that the lymphocytes traversed 

the cytoplasm of t he endothelial cells instead of passing through the 

intercellular junctions. 

Small thick-walled vessels, called post-capillary venules , were 

described in all 4 groups of hamsters in this study (Figures 17, 18 , 

ii' 
11 

I 
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and 24) • Al though the post-capillary venules were present in large 

numbers per amount of tissue examined, their frequency was considered 

to be within normal limits since they were present in the lymph nodes 

of hamsters that received both living and killed~· paratuberculosis, 

they were present in most lymph nodes of any particular hamster and 

they were more prevalent in the growing hamster than in the mature 

adult. An electron microscopic study revealed that most of the cells 

in the wall were lymphocytes and that the vessels were post-capillary 

venules (Figure 78) as described by Gowans and Knight ( 40) and by 

Marchesi and Gowans (63). The lymphocytes were located between the 

endothelial cells and the pericytes forming the periendothelial 

sheath. Lymphocytes were also noted within the cytoplasm of endot hel i al 

cells . This is in contrast to polymorphonuclear leukocytes and monocytes 

which migrate from the blood by passing between the endothelial cells 

of inflamed venules of lymph nodes and other tissues (40) . 

Schaumann's Bodies 

Schaumann's bodies may occur in a vari ety of granulomatous lesions , 

especially in the golden hamster. 

Schawnann (91) described bodies, to which is affixed his name, in 

lymphogranulomatos i s benigna and noted that other elements (elastic 

fibers, connective fibers , hair , tubercle bacilli, and fungus elements 

of streptothrix) bad been f ound in the interior or in relation to the 

bodies by other workers. Frenkel (35) described the bodies in hamsters 

inoculated with photochromogenic mycobacteria and Binford (10) found 
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many such bodies around acid-fast bacteria in golden hamsters that bad 

been inoculated with tissue that contained~· leprae. Okudaira et al. 

(78) found Schaumann's bodies in hamsters that had been inoculated 

with Histoplasma. ~·, B.lastomyces ~·, !:!· tuberculosis, or Escherichia 
I 

coli. Rasmussen and Caulfield (85) reported that Schaumann's bodies, 

around photochromogenic mycobacteria in golden hamsters, vere composed 

of an apatite (hydroxyapatite) and iron. 

Fite (32) reported that the Schaumann 1s body began as an intra-

cellular protein condensate in the cytoplasm and consisted of a central 

core surrounded by a clear halo. A second condensate formed around the 

central core and calcification occurred as a secondary phenomenon, 

although calcification was not essential to the development of the 

initial body. Fite (32) noted that secondary condensates formed a 

third or fourth layer and, with extrusion from the parent cell, the 

body provoked a foreign tissue reaction. Fite (32) concluded that 

the presence of both bacteria and Schaumann's bodies in a single cell 

were not essential and that an initial antigen-antibody reaction was 

the inciting cause. 

Many Schaumann's bodies were present in this study (Figures 12, 

14, 21, 23, 25, 26, 30, 42, 43, 44, 45, 46, 48, 50, 51, 71., 72, and 73). 

The bodies were first observed at 98 days in the ileocecal lymph node 

of hamsters inoculated intragastrically with living organisms, at 98 
days in both visceral. and regional lymph nodes from hamsters inoculated 

intraperi toneally with living organisms, and at 98 days in the liver 

of hamsters inoculated intraperi t oneally vi th heat-killed organisms • 
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They were also found at and af'ter 90 days in the anterior mesenteric 

lymph nodes of the hamsters used in electron microscopy (Figures 71., 

72, and 73). 

The precise sequence of intracellular changes involved in 

Schaumann's body formation is obscure. Fite (32) considered that 
. 

an organism was not essential for the central core of the Schaumann' s 

body. In this study, early stages of what was presumably Schauma.nn's 

body formation (Figures 68, 69, and 70) were associated with a bacillus. 

Rasmussen and Caulfield (85) assumed that the lamella capsules origi-

nated by bacterial products diffusing into the surrounding cytoplasm 

where calcium and phosphates were precipitated into an apatite crystal. 

The presence of mineralization was demonstrated in this study by the 

von Kossa stain (Figure 26) . However, if the inciting factor for 

Schaumann's bcxly formation came from the bacteria, it would be difficult 

to explain the formation of the second or third lamella once the first 

was fonned or a.:f'ter the bacillus had disintegrated. Also, if the 

"inciting factor" comes from the bacteria, it must be a degradation 

product as Schaumann's bodies were present in this study a.:f'ter inocula-

tion with heat-killed!:!· paratuberculosis. 

Okudaira et al. (78) suggested the lamellar capsule fonned around 

the organism as the result of cellular or cytoplasmic reaction of 

phagocytes to the intracellular and degenerated organism or to calcified 

material. This was a very non-specific suggestion. It was demonstrated 

in this study (Figure 70) and by Rasmussen and Caulfield (85) that the 

bacteria were degraded. Mineralization was considered as secondary and 
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not essential by Fite and Rasmussen and Caul:field. No evidence was 

found in this study that mineralization triggered the initial intra-

cellular reaction, although mineralization was noted later (Figures 26, 

71, 72, and 73). 

No report was noted which mentioned any possible role that the 

lysosome may be involved in Schaumann's body formation. It was observed 

that the body did fonn around a bacillus. Since many bacilli were 

observed to be phagocytized and partially degraded, it was concluded 

that these bacterial products had a very minor, if any, role in 

Schaumann's body formation. 

Since only a few Schaumann's bodies were found in comparison to the 

number of bacilli observed, it was concluded that all bacilli did not 

participate in Schauman.n's body fonnation. Therefore, some factor other 

than the bacillus must be involved. 

A large focus of intracellular necrosis is shown in Figures 68 and 

69. In the necrotic area, a bacillus was found. The granular material 

in the membrane-enclosed area stains very dense with lead citrate as 

do the lysosomes in the same cell. This would indicate that a protein 

substance is concentrated in the area of necrosis, possibly that of 

hyd.rolytic enzymes. Since it is known that hydrolytic enzymes are 

present in the lysosome and that rupture of this organelle will lead to 

cytoplasmic damage or even death of the cell, it was theorized that the 

site of Schaumann's body formation was initially a damaged lysosome. 

The Algerian gerbil (Meri.ones ~·) is a rodent closely related to 

the hamster. Its reaction to photochromogenic and other mycobacteria 

I 
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was reported to be essentially similar in pattern to that of the hamster, 

with the production of numerous Schaumann's bodies (85). 

Since many bacilli could be demonstrated in lysosomes, it was 

obvious that not a.ll bacilli-laden lysosomes formed Scbaumann's bodies. 

Since it is known that the bodies can be regularly produced by the same 

organisms in hamsters and rarely in rats and mice (78), it was concluded 

that the lysosome of the phagocytic reticuloendothelial cell of the 

hamster may genetically be more sensitive or easily damaged by a lipid 

containing factor of several. granulomatous disease-producing agents. 

Therefore, it was concluded that the Schauma.nn's body was the 

result of a lysosomal accident when the phagocytic vacuole and the 

lysosome merged to form the phagosome. The lamellae probably 

represent periods of repeated rupture of an already weakened membrane 

of the lysosome (phagosome) • Figures 68, 69, 70, 71, 72, and 73 

represent stages of Schaumann's body fonna.tion. 

Ileitis 

The enlargements or constrictions of the ileum that were encountered 

at 14, 28, and 156 days :following intragastric inoculation with living 

bacilli, at 8, 14, 28, and 56 days following intragastric inoculation 

with heat-killed bacilli, at 8, 14, 28, and 56 days following intra-

peritoneal inoculation with living bacilli, and at 14, 28, and 56 days 

following intra.peritoneal inoculation with heat-killed bacilli were 

gross lesions of hamster ileitis described by Boothe and Cheville (ll). 

Histologic lesions con:firmed this diagnosis. The condition was not 
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considered t o be in any way associated with ~· pa.ratuberculosis 

since it occurred in all 4 groups in about equal numbers at similar 

ti.me intervals. Further, hamster ileitis has also been observed in 

uninocul.ated hamsterd. 
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SUMMARY AND CONCLUSIONS 

1. Sixty hamsters were inoculated with l mg. of M. paratuberculosis 

as follows: 

Fii'teen hamsters were inoculated intragastrically with 

. living ~· paratuberculosis • 

.Fii'teen hamsters were inoculated intragastrical..ly with 

heat-killed!:!· paratuberculosis. 

Fifteen hamsters were inoculated intraperitoneally with 

living~· paratuberculosis. 

Fii'teen hamsters were inoculated intraperi toneaJ.ly with 

heat-killed!:!· paratuberculosis. 

Postmortem examination was done on l hamster from each group at 2, 4, 

8, 14, 28, 56, 98, 154, 210, and 329 days following inoculation. 

2. No clinical signs of paratuberculosis were produced in the 

hamster. 

3. Regardless of the route of inoculation, the regional as well as 

the visceral lymph nodes became equally involved. 

4. There was a very extensive reticuloendothelial tissue hyperplasia 

for the number of acid-fast bacilli present in the lymphoid tissue. 

5. The foci of reticuloendothelial tissue hyperplasia in the 

lymphoid tissue of the hamster were very distinct. With electron 

microscopy, a partial barrier of fibroblasts were present. 

6. In the intestinal tract, the acid-fast bacilli and lesions of 

hamster paratuberculosis were con.fined to the Peyer's patches and lymph 

nodules . 
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7. The bacilli of heat-killed~· paratuberculosis were not 

demonstrated to have crossed the epithelial barrier of the intestinal 

tract. 

8. The macrophage of the hamster may contain several acid-fast 

bacilli but they never become distended with organisms. 

9. The bacilli of .~· paratuberculosis in the macrophage of the 

hamster were smaller than has been described for other species of 

animals . 

10. Lesions of paratuberculosis were extensive at 56 days following 

intraperitoneal or 154 days following intragastric inoculation with 

living~· para.tuberculosis. 

ll. Comparison o:f the distribution of acid-fast bacilli and of 

lesions in hamsters receiving living and heat-killed ~· paratuber-

culosis indicated that a definite multiplication of ~ · pa.ratuberculosis 

occurred and progressive lesions were produced in the lymphoid tissues. 

12. Identical lesions were produced with heat- killed or living 

M. paratuberculosis when inoculated intraperitoneally. 

13. Lymphoid tissue was rare in the duodenum but was prevalent in 

the remainder of the intestinal tract. 

14. No linguinal. or palatine tonsils were found in the hamster. 

15. Schaumann' s bodies were produced in the hamster with M. 

paratuberculosis •. 

16. This study indicated that the hamster is not a suitable diag-

nostic animal since more organisms are needed f or the establishment of 

I 
I 
! 
! , I 
I 
I 
I 

·1 
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a progressive infection than that found in the usual specimen subnitted 

f or diagnosis. However, in care1'u.lly controlled. experiments, the 

hamster might be useful as an assay an1 maJ in testing drugs or vaccines 

for paratuberculosis . 
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