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(Conclusion) 

F1LTRADILITY 

Markianos (73,74, 76, 77) was the first to report investigations 
on the filtrability of the rat leprosy bacillus, following reports made 
by many workers of the transmission of tuberculosis by filtrates of 
bacillary emulsions. 

An emulsion of rat leproma was filtered through Chamberland L2 filters, 
under a pressure of 25 to 30 centimeters of mercury. In rats the filtrate 
caused inflammation in the local lymphatic glands and, later, lesions in the 
viscera. The filtrable virus first developed into acid-fast granules, later into 
grDnular bacilli, and finally into true bacillary forms . The last were found 
in twenty days in young rats and in two or three months in adults. The 
granular forms, commonly seen in rat leprosy, were regarded as a stage be
tween the filtrable virus and the true bacilli. Marchoux was quoted as 
supporting this opinion. 

Lowe in an attempt to confirm these findings, injected 53 rats 
with material passed through Chamberland L2 and L3 filters; four of 
them showed a few acid-fast bacilli at postmortem, and one showed 
a generalized rat leprosy infection. He considered that the positive 
findings could probably be explained by experimental errors or faulty 
candles, and concluded that his experiments gave strong evidence 
against the existence of a filtrable form of the organism. 

Walker and Sweeney (129) showed by direct microscopic exami
nation of centrifugal precipitates of filtrates that a few acid-fast bacilli 
occasionally pass through the pores of bacterial filters that hold back 
B. prodigio8u8, which is commonly used as a control of the efficacy 
of the filters; and they also found that filters are equally permeable 
to the leprosy bacilli. Later (130,131) they reported that after filtra
tion of human and rat leprosy material through Seitz, Berkefeld M, 
BerkfeJd W, Chamberland L2 and L3 filters, they had obtained growths 
from the filtrate. 

Many of the cultures remained sterile indefinitely, but some acquired a 
slight finely granular sediment at the bottom of the flask composed of small 
coccoid organisms, single, in pairs or in short cbains. In every case the 
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primary culture contained only acid-sensitive organisms, but on transplantation 
to Musgrave-Clegg medium they sooner or later became acid-fast. In ap
propriate media they exhibited the extreme pleomorphism and facultative acid
fastness characteristic of the organism cultivable from unfiltered murine and 
human leprosy. 

Walker and Sweeney did not regard these results as proving the 
existence of a true filter-passing form of the bacillus, though they 
believed that these supported their claims of successful cultivation 
of the bacIlli of human and rat leprosy. 

CULTIVATION 

R EPORTS OF CULTURE WORK 

Though many workers have attempted to cultivate the bacillus 
of rat leprosy, only a few have claimed success. A good review of 
the earlier attempts was published in 1914 by Wolbach and Honeij 
(140). 

On two occasions Dean grew from rat leprosy material a nonacid-fast 
diptheroid which could not be made acid-fast even by animal inoculation 
and was not markedly pathogenic to rats. Chapin (20) obtained a growth 
of acid-fast bacilli on a special trypsin egg medium. Marchoux and Sorel 
reported marked multiplication of bacilli with filamentous and branching 
forms in pieces of leprous tissue embedded in culture media. .They failed 
to produce any subcultures except that some growth occurred on the spleen 
of a rat sterilized by heating to 110° C. and partially digested by trypsin. 
This growth appeared within a few days and then ceased suddenly, and 
at the end of six weeks the bacilli were granular and dead. Wellman 
and Hand (135) stated that acid-fast organisms grew from leprous tissues of 
either human or rat origin on Wellman's placental agar "so readily that 
microscopic growth can be discerned in five to seven days," but gave no 
details. 

Hollmann (42) obtained a culture by Clegg's method, inoculating the 
heart's blood of a diseased rat onto the Musgrave-Clegg medium on which 
amebae and cholera vibrios were growing. For six days the bacilli increased 
in size and sometimes showed branching forms; later they appeared small 
and coccoid. After the ninth generation the vibrios and amebae were killed by 
heat and on subculture a pure bacterial growth was obtained, visible in twellty
one days. The culture injected into rats produced local lesions with acid
fast bacilli, which were also found in the lungs and spleen, though after 
116 days there were no gross lesions. Later Currie and Hollmann reported 
failure by the same and other methods; they did not secura a single cult ure 
of an organism which they considered to be that of rat leprosy. In one 
attempt they grew an acid-fast streptothrix from an ulcerated lesion, but 
they considered it a contamination, as is very likely in such a lesion. 

Bayon (10), using fish-juice agar, obtained in fourteen days from spleen 
material a white moist creamy growth of a pleomorphic acid-fast rod in
distinguishable from a culture obtained from a leper. On injection into rats 
this culture produced visceral lesions described as ident ical with those of 
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experimental rat leprosy. These findings have not been confirmed by other 
workers. 

Walker and Sweeney (127) obtained cultures of a pleomorphic organism 
"like those of human leprosy" from 24 of 37 rats in which acid-fast bacilli 
were found but no gross lesions; they used the Musgrave and Clegg medium, 
incubating at 22° to 25° C. Similar organisms were cultivated from soil. 
They hold that the two organisms are identical, that human and rat leprosy 
are the same disease, and that both are due to a soil actinomyces. No 
report was made of animal inoculations with the culture. These findings 
have not been verified. 

Cilento and North reported that in one of many attempts, one primary 
culture was obtained on Dorset's egg medium. The isolated bacilli were said to 
have produced typical lesions in young rats. Lowe has failed to produce 
rat leprosy with this culture. 

Marchoux, Markianos and Chorine (70) applied to this problem the methods 
by which Shiga and Wherry claimed to have obtained cultures of the human 
leprosy bacillus. An emulsion of rat leproma was centrifuged at a high speed 
and two drops of the supernatant fluid, free from pieces of tissue and large 
masses of bacilli, were spread on the medium. In twenty-four hours the bacilli 
tended to gather together and later were grouped in masses, particularly at 
the bottom of the tube. These masses looked like colonies of bacilli. In sub
cultures large numbers of these bacilli were transferred to the fresh medium and 
this was repeated in diminishing degree for several transfers. The bacilli ceased 
to be pathogenic to rats after about two months, but they remained morpho
logically unchanged for a much longer period. The authors concluded that the 
appearance of successful culture and subculture was an artefact. 

Uchida (120) isolated from rats five strains of acid-fast organisms which 
Ota and Asami (95) considered to be true cultures of the rat leprosy organism. 
Ote. and Asami, and Asami (5.6) reported that cultures made from 17 rats 
by the modified Loewenstein-Sumiyoshi method used by Ota and Sato in 
cultivating M. leprae hominis gave 12 strains of acid-fast bacilli, growth 
appearing after periods varying from 5 to 110 days. The cultures were of 
two main varieties, grayish and orange. Subcultures grew on various media. 
The cultures were injected into rats and from 23 to 41 percent of them be
came infected. The most marked lesions were in the lymph glands; some
times there were lesions in the skin, seldom in the spleen. The difference 
between the lesions produced and those seen in animals infected in nature 
was one of degree and not of kind. The infection thus produced could be 
transmitted to rats in series. Guinea pigs and rabbits were also infected. 

Gerbinis (38) and Lowe have reported failure to obtain cultures by the 
method of Ota and Asami. Wayson applied the methods of Soule and 
McKinley and of McKinley and Verder without success. 

Zinsser and Carey (141) observed multiplication of the bacillus in two 
of a number of tissue cultures obtained by explantation of fragments of 
young rats' spleen in rat plasma. Friedheim cultured rats' spleen in a 
mixture of rat plasma and rat embryo extract and infected these cultures 
with bacilli from rats but got no multiplication. 

Salle (104) and Salle' and Moser (105, 106) cultivated chick tissue in 
guinea pig plasms and chick embryo extract and inoculated these cultures. 
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In four out . of thirteen multiplication was observed. The acid-fast bacilli 
gradually disappeared and nonacid-fast diptheroids predominated. On subcul
ture Bome of the bacilli first became acid-fast and again nonacid-fast later, 
this cycle being repeated in each subculture. After five generations in tissue 
cultures, bacilli were transferred to chick embryo medium, in which the 
cycle was again repeated. Salle concluded that the acid-fast rod and the 
nonacid-fast diptheroid are both forms of a pleomorphic organism which is 
the cause of both rat and human leprosy. No attempt to produce rat leprosy 
by injection of the isolated organism was reported. 

Lowe reviewed the reports of successful cultivation of this organ
ism by ordi nary bacteriological methods (62) and by tissue culture 
methods (65). He pointed out that the only way of proving that 
any o~ganism isolated from rat leprosy tissue is really M. leprae m.uris 
is to subculture it for a number of generations to exclude mechanical 
transference and then to produce experimental rat leprosy transmis
sible indefinitely in series; practically none of the claimants of 
successful culture had attempted this. He had failed completely 
with the methods of Clegg, Bayon, Walker and Sweeney, Uchida, 
Ota and Asami, Cilento and North, Loewenstein, Soule and McKinley 
and McKinley and Verder. He (unpublished) has cultivated rat 
tissue in vitro and inoculated them, but has failed to detect any defi
nite increase in the number of bacilli within two weeks, which is the 
longest time the tissues have been kept alive. Injection experiments 
with the organism isolated by Cilento and North, and with three of 
Uchida's five cultures did not produce rat leprosy. He pointed out 
that nonpathogenic a'Cid-fast organisms are sometimes found in rats, 
and that such organisms may be cultivated; also that with the enor
mous numbers of bacilli present in rat leprosy material used for 
seeding culture media, and with t-}~eir extraordinary powers of per
sistence (up to a year or more), an appearance of multiplication in 
the primary culture and of successful subculture for a few generations 
can be produced when in reality only mechanical transference of 
bacilli from the tissues has occurred. 

DISCUSSION OJ!' CULTURE WORK 

The chief characteristics of the leprosy organisms in the lesions 
are (a) a constant morphology, with only minor variations in size, 
shape and appearance, (b) acid-fastness, and (c) slow mUltiplication. 
It is reasonable to expect that in cultures the bacilli will show the 
same characteristics. Nevertheless, many of the claims of successful 
cultivation have been based on the occasional isolation of organisms 
that did not show these characteristics. Such claims must be 
accepted with caution. 

PleQmorphisrn,-In order to explain the great variety of the organ-
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isms which have b een isolated from leprosy material (chiefly of human 
leprosy, but also of rat leprosy) various workers have' postulated 
that the organisms are pleomorphic. For examples, ~.ayon wrote 
of coccoid forms, rod forms of varying sizes and shapes, diphtheroid 
and branching forms, and acid-sensit ive, and acid-fast forms of the 
leprosy bacillus. Such pleomorphism is perhaps not impossible, 
but it is not in keeping with our knowledge of other acid-fas t organ
isms. In the tissues we find that the leprosy organism is always 
an acid-fast rod, varying somewhat in morphology but only within 
certain limits. Also, these minor variations are often more apparent 
than real. By various modifications of the Ziehl-Neelsen staining 
technique one may produce marked differences of appearance of 
leprosy bacilli, one method giving granular forms and another 
uniformly stained rods. Interesting granular appearances are 
brought out by staining by Much's method, by a combination of 
it and the Ziehl-Neelsen method, and by dark-ground illumination. 

Variability oj acid-fastness,- All at tempts that I have made to 
detect a nonacid-fast form of the organism in the tissues have been 
fruitless. It is possible that in culture it might be nonacid-fast, 
but strong supporting evidence must be ob tained before this idea 
can be considered as anything more than a hypothesis, and rather 
an improbable one; such evidence has not yet been produced. There 
is no absolute criterion of acid-fastness. Some workers have called 
an isolated organif:jm "acid-fast" when onJ percent acid does not 
decolorize it in a few seconds, but judged on this basis a great many 
organisms are acid-fast. The powers of really acid-fast organisms 
to resist decoloriza tion by acids and alcohol vary very much according 
to the nature of the material examined. As Lowe (64) has pointed 
out, leprosy bacilli are much more easily decolorized in paraffin
embedded tissue sections than in smears taken direct from tissues. 
Also certain bacilli which are nonacid-fast or partly acid-fast in 
cultures on ordinary media may acquire or increase that character 
on media containing glycerin egg albumen, and particularly when 
injected into animals. These facts have been used to support the 
claims of some workers who have cultivated acid-sensitive bacilli 
from leprous lesions. 

Fallacies in cultivation work,-The chief difficulties encountered 
in interpreting results of attempts at culture are: (a) Persistence 
and transference of bacilli may produce appearances suggesting multi
plication. The persistence of the enormous numbers of bacilli usually 
introduced, and the ease 'with which mechanical transference of these 
bacilli can be interpreted as successful subcultivation, have already 
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been referred to. This difficulty should be overcome by subculturing 
an organism for several generations before using it for injection exper
iments. (b) Contamination of the inoculum or the culture medium 
may occur. Saprophytic acid-fast bacilli are found widely in nature, 
and even in stored distilled water. They have frequently been demon
strated in the skin and its secretions, mucous membranes, glands and 
blood of healthy persons and animals. This matter is fully discussed 
by Wilson (139) in his critical study of tuberculous bacillemia, partic
ularly with reference to Loewenstein's work; he concluded tha t 
many of the reported positive results of blood cultures were due to 
failure to pay adequate attention to the numerous fallacies attending 
the demonstration of the tubercle bacillus. This point is equally 
applicable to the problem of cultivating M. leprae. The media u!:ed 
are usually very favorable to the growth of acid-fast organisms of 
all kinds. They also usually contain glycerin and egg albumen, 
which favor the development of acid-fastness in organisms which 
normally are acid-sensitive. The original leprous tissue may be 
contaminated, or contamination may occur during the preparation 
of the medium or the inoculum. The media when seeded are usually 
incubated for a long period, which favors the development of 
contamination. . 

(c) Saprophytic organisms on injection into animals may 
produce lesions resembling leprosy. The local lesions which may 
be produced in the rat by the injection of large numbers of almost 
any acid-fast organism, living or dead, have frequently been inter
preted as proving the pathogenicity of the particular organism used. 
This matter is discussed more fully later, under "the susceptibility 
of rats and mice to acid-fast bacilli." 

Proof oj a genuine culture.-The genuineness of a culture of the 
rat leprosy bacillus should be easy to prove or disprove, since it should 
be possible to infect rats with it and to maintain the infection in series 
for an indefinite period. Apparently the only workers who claim 
to have done this are Ota and Asami, and their results are far from 
conclusive. In from 23 to 41 percent of rats inoculated with their 
organism they produced lesions with acid-fast bacilli, almost entirely 
confined to the glands. This is very different from the massive 
generalized infection produced in 100 percent of rats with material 
from a leprous rat. 

Before any method of cultivating M. leprae can be given recog
nition it should give a constantly high proportion of positive results 
in the hands of the original worker and of other workers using the 
same technique. As yet no method of cultivation has given a high 
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percentage of positive results even at the hands of the original 
worker, . and practically no claim of successful culture has been 
verified by any other worker. The whole situation regarding the 
cul tiva tion of leprosy organisms is confused, but most workers 
appear to be of the opinion that it is extremely doubtful if any
one has succeeded in cultivating the organism of either human or 
rat leprosy. 

IMMUNITY 

All rats appear to be susceptible to rat leprosy, experimental 
transmission from rat to rat usually being successful in all cases. A 
few workers have tried to demonstrate the presence of immune bodies 
in rats infected with rat leprosy, and attempts have been made to 
make rats immune to the infection. 

Dean reported that the diphtheroid bacilli of doubtful nature cultivated by 
him from rat leprosy material was agglutinated by serum from leprous rats but not 
by that from healthy ones. Wherry f ound that injection of killed rat leprosy 
bacilli caused marked retardation of the development of the disease after subse
quent inoculation. Markianos (79) gave rats preliminary injections with defatted 
bacilli, with similar results. On the other hand Lowe (unpublished) saw no evid
ence of the production of immunity in rats injected with heat-killed bacilli. 
Muir and Henderson injected rats with B.C.G. culture and subsequently 
inoculated them; there was no evidence that immunity had been produced. With 
a view to lowering general resistance, rather than in connection with specific 
immunity, the same workers kept experimentally infected rats on diets defi
cient in vitamins A or B and consisting of decomposed protein, to see whether 
the rapidity of development of the disease would be increased, but that result was 
not obtained. 

TREATMENT 

Vaccines.-Wherry treated experimentally infected rats by in
jecting suspensions of killed bacilli, with no apparent effect upon 
the course of the disease. Markianos (78) used defatted bacilli and 
Val tis and Markianos (123) used B.C.G. vaccine, in both cases 
reporting the healing of ulcers and retardation in the generalization 
of the disease. Tisseuil (115,116) injected emulsions of bacilli 
prepared by extracting rat lepromas with acetone and with methyl 
alcohol; the second preparation appeared to accelerate the develop
ment of the disease, while the first retarded it to some extent. Gillier 
and Tisseuil (3~) found that tubercle bacilli extracted similarly caused 
retardation of the disease. 

Chaulmoogra prepar~tion8.-Koch (50), noting that several 
workers had obtained apparent cures of rat leprosy following the 
breaking down of nodules under treatment with chaulmoogra prepa-
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rations, tried hydnocarpus esters subcutaneously. Nodules broke 
down but cessation of treatment was followed by generalization of 
the disease. Tisseuil reported that chaulmoogra ethyl esters had 
proved beneficial, and that creosoted hydnocarpus esters and a chaul
moograte of gold guaiacol retarded the disease somewhat. 

Other preparations.-Markianos (80) experimented with subcu
taneous injection of a series of nine preparations : (1) "fleolate" 
of sodium; (2) tribromometaxylenol; (3) methoxyphenylhydnocar
pate; (4) 541 of Fourneau and Baranger-phenyl ethyl ester of hyd
nocarpus oil; (5 and 6) 580 and 581 of Fourneau and Sivadjan
sodium salts of an acid of turtle oil; (7, 8 and 9) 579 A, B, and C of 
Fourneau and Sivadjan-esters of turtle oil. The first six prepa
rations were well tolerated but produced no effect upon the disease. 
The last three preparations caused considerable local reaction, and 
two of them, 579 A and B, appeared to exert a beneficial influence 
on the course of the disease, delaying its development. 

Tisseuil used injections of potassium iodide, lipiodol, and am
monium molybdate. In animals treated with potassium iodide the 
lesions appeared more slowly but developed more quickly than in 
control animals. Lipiodol appeared to be beneficial, but the effect 
of ammonium molybdate was slight . Berny (12) found that leprous 
rats were susceptible to potassium iodide, the minimum lethal dose 
in them being much lower than in healthy rats. Gillier and Tisseuil 
injected sulphate of cobalt and ammonium, oxalate of titaniu,m and 
potassium, chloride of cadmium, castor oil with guaiacol and alcohol, 
ammonium molybdate with eosin, and turtle oil. The most promising 
results were obtained with the chlorides of nickel and cadmium. 
Koch used "solganol B"; as with chaulmoogra esters the nodules 
broke down, but on cessation of treatment the disease progressed. 

X;-ralls.-Prudhomme (99) found that local irradiation of the 
lesions did not cure the disease but retarded its progress, that the 
infected cells were more easily killed than normal cells, and that 
bacilli liberated by cell destruction remained viable for ten days. 

RELATION OF THE INFECTION TO HUMAN LEPROSY 

Stefansky, Dean, Rabinowitsch and most later workers have 
been in agreement that M. Zeprqe muris is closely allied to but not 
identical with M. Zeprae hom,inis. Marchoux and Sorel considered 
that the relationship of the two organisms is similar to that of M. 
tuberculosis hom.inis and M. tuberculosis avis. 

Bayon considered the organisms of human and rat leprosy very 
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closely related, if not identical, while Walker and Sweeney, and Salle 
and Moser held the view that they are identical. These opinions 
were based on the claims of these authors to have succeeded in culti
vating both organisms and transmitting the infection to animals. 

Attempts have been made to study the relation of the two organ
isms by immunological methods. Mezinescu found that complement 
was deviated in the presence of Stefansky's bacillus and serum of 
human lepers, though Wherry (138) reported that the serum of human 
lepers does not agglutinate the bac.illus. Muir (87) compared in 
lepers and healthy controls the reactions to Jeprolin made from human 
and rat lepromata. In healthy controls and in neural leprosy both 
substances caused positive reactions, but in cutaneous leprosy only 
the Stefansky leprolin gave positive results, which is evidence against 
the identity of the two organisms. Ohtawari and Ichihara (93) 
reported similar findings. 

North (91), Cilento and North, and Cook (24) have considered 
the epidemiology of rat and human leprosy in Australia from the 
point of view of the identity of the causative organisms. Cilento 
and North found no convincing evidence of any connection between 
a human leprosy case and rat leprosy. Cook concluded that the 
available evidence did not support the hypothesis that the disease 
might be transmitted from rats to men by the flea Xenopsylla: cheopis. 
Soule (109) found no rat leprosy in the rats in the Culion Leper 
Colony. 

Walker and Sweeney considered that, in nature, both diseases 
are contracted by infection of wounds by soil containing the organism, 
leprosy being really a soil infection. However, Rabinowitsch, whose 
knowledge of acid-fast organisms was unique, had pointed out that 
the known acid-fast bacilli of dung and the soil are easily cultivated 
and are not pathogenic to rats, whereas M. leprae muris is grown 
either with great difficulty or not at all and is pathogenic. There 
is no very strong reason to believe that rat leprosy is a soil infection. 

Lampe and de Moor believe that originally there may have 
been a single common saprophytic acid-fast organism, various strains 
of which have only secondarily adapted themselves to the various 
members of the animal kingdom, having become pathogenic to man, 
rats and other animals. They suggest that human leprosy is only 
one of a group of similar diseases in animals, and that a comparative 
study of the whole group and of their causative organisms and their 
adaptability to parasitic behaviour might-lead to a greatly increased 
knowledge of human leprosy. 
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LEPROSY-LIKE DISEASES I N ANIMALS 

SUSCEPTIBILITY OF OTHER ANIMALS TO RAT LEPROSY 

Rat leprosy, discovered in Ra..ttus norvegicus, is readily transmis
sible to the albino rat, which is of the same species, and to mice. 
Numerous workers have attempted, without success, to transmit 
it to such animals as rabbits, guinea-pigs, hamsters, etc. Local 
lesions with acid-fast bacilli are produced, and bacilli may be found 
at the site of inoculation for many months, but there is no generalized 
infection. 

Laigret (53) reported that by inoculating guinea-pigs and rabbits 
with rat leprosy material and later injecting them with acetone 
extracts of B.C.G. cultures, he obtained the development of leprous 
lesions. Ota and Asami claim to have produced lesions in the same 
animals by inoculating their cultures of M. leprae muris. 

An interesting question arises regarding" the susceptibility of 
man to rat leprosy. Marchoux (68) described a patient suffering 
from leprosy of a rather unusual form. 

The visible lesions were brown, circinate, merging spots on the limbs 
and face. There was no alteration of cutaneous sensibility on the spots or 
elsewhere. From time to time there appeared pemphigoid blistel'll with small, 
round, slow healing ulcers at the edges of the blisters. The macules were 
the scars of such lesions. From the lesions and also the nasal mucosa there 
were obtained masses of fine, short "cocciform" and acid-fast bacilli which Mar
choux named Mycobacterium pulviforme. At autopsy masses of these bacilli 
were found in the skin, glands, liver and, above all, the spleen. Spleen pulp 
was inoculated into rabbits, guinea-pigs and rats. Five out of six of the 
rats developed an infectious process which !Oprend like rat leprosy; the other 
animals developed no disease. Infection was kept going in white rats in series; 
it showed all the characteristics of true rat leprosy, macroscopically and micros
copically. 

Marchoux concluded that this case was probably one of rat 
leprosy affecting a human, the only case of its kind on record. Inci
dentally, he considered the production of the disease in the animals 
as demonstrating that the "granular" forms of bacilli are living and 
not dead. Laigret (52) investigated the susceptibility of man to 
rat leprosy by inoculating a leprosy patient, but the results were 
inconclusive. 

SUSCEPTIBILITY OF RATS AND MICE TO OTHER 

ACID-FAST ORGANISMS 

Most workers have found M. leprae m}triB to be the only acid
fast organism capable of producing a generalized infection in the rat, 
though several workers have claimed successful transmission of human 
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leprosy to that animal. It would profit little to attempt to deal 
fully with the literature of experimental inoculations of animals by 
various acid-fast organisms of doubtful pathogenicity, but a few 
illustrative examples may be cited. 

Bayon reported that injection into rats of (a) human leprosy organisms from 
patients, (b) his cultures obtained from hum~n leprosy, (c) rat leprosy organ
isms from a spontaneously affected rat, and (d) his cultures from rat leprosy 
all produced the same lesions, which were identical with those of natural rat 
leprosy. 

Fraser (35) pointed out that baoilli from human leprosy, the supposed cultures 
of that organism grown by Bayon and by Kedrowsky, and also B. phlei, 
could produce in animals local inflammatory lesions, but that the bacilli in them 
gradually disappeared and they then subsided. Exactly the same lesions could 
be produced by killed bacilli, which showed that these organisms were not really 
pathogenic to the animal. 

Lowe verified these findings in the rat. Injection of large 
numbers of human leprosy bacilli, of tubercle bacilli of the supposed 
rat leprosy cultures of Uchid!l. and that of Cilento and North, all 
produced marked local and slight general lesions but no progressive 
disease. The same results can be produced with almost any acid
fast organism killed by heat in the autoclave. Thus the local lesions 
appear to be produced mechanically and not by any true process 
of infection. The bacilli can be found in the tissues for over a year, 
which may lead to the false conclusion that the animal has really 
been infected. Similar findings had been reported by de Souza
Araujo (28). 

In recent years numerous attempts have been made to transfer 
human leprosy to rats and mice. 

Franchini and Cendali (34) reported the production of locallesioW! in the peri
toneum of white rats by injecting emulsions of Hansen's bacillus. On the other 
hand Cilento and North reported failure to transmit human leprosy to rats. 

Cantacuzene and Langhin (18) inoculated intraperitoneally with leprosy 
material rats that had received two days previously an intraperitoneal injection 
of a mixture of 5 peroent each of sodium diphosphate and calcium chloride, 
as in the method of van Diense for securing the rapid development of the 
"ultr'l-virus" of tuberculosis into the acid-fast bacillus. They reported the 
production of a ·chronic leprous infection fatal in five or six months, with 
general glandular and splenic enlargement. These authors (19) also inoculated 
rats that had received the same preliminary treatment with a filtrate (Chamber
land La) of leprosy material. The rats, killed at intervals varying from two 
weeks to two months, showed a thickened and adherent omentum containing 
acid-fast bacilli and granules. Nodenot and Berny (89) were unable to confirm 
these findings. 

Ota and Asami injected rats with Hansen's bacilli which had been seeded 
and had multiplied on the media' of Lowenstein and Petragnini for one month and 



474 I nterna.tional Journal of Leprosy 1937 

fed them on a diet deficient in vitamin B. In two of seven animals nodules 
full of acid-fast bacilli appeared on the cheek and nose. 

Tisseuil and Berny (117) reported that injections of human leprosy material 
into the liver of rats gave negative results, and Tisseuil and Gillier (119) 
found that similar inoculations into the testes produced some local inflammation, 
with acid-fast bacilli which could be found there up to two years, but that 
no generalization took place. 

Lepine, Markianos and Bilfinger (59) injected leprosy material with finely 
powdered glass into the peritoneum of white rats and produced extensive lesions 
containing acid-fast bacilli, the appearances suggesting multiplication. On passage 
the virulence decreased greatly, and increasing numbers of the bacilli became acid
sensitive. 

Row, Dalal and Gollerkerji (103), injected white mice intraperitoneally and 
obtained minute nodules in the omentum or mesentery that persisted for over a 
year, were rich in acid-fast bacilli, and showed typical lepromatous cell-changes. 
Heat-killed bacilli did not produce such nodules, although bacilli were recovered 
for some time afterward. They regarded their lesions as evidence of multiplica
tion and pathogenicity of the bacilli in mice; with guinea-pigs and rats their exper
iments were negative. 

Nakamura and Kobashi (88) found that human leprosy could be conveyed 
to rats by inoculation after the nasal mucous membrane had been damaged by 
acid, and also by intra testicular inoculation after removal of the thyroid gland. 

Watanabe (132) inoculated rats with leprous emulsions and inserte~ fragments 
of nodules subcutaneously. Local lesions and acid-fast bacilli were found for over 
one year. Intraperitoneal injections produced nodules in the mesentery which 
persisted for several months. Intravenous injections produced no lesions. He 
considered that the injected bacilli increased up to a point and then died 
out. Injections of potassium iodide given after the inoculations caused a 
reaction in the infected tissues (133) but did not increase the animals' suscept
iQility and the infection died out. 

LEPROSY-LIKE DISEASES IN OTHER ANIMALS 

A good survey of this subject was made by Klingmiiller (49), 
from whose book some of the following section is quoted. Leprosy
like diseases have been reported in fish, fowls, ducks, pigs, cattle, 
horses, sheep and buffaloes. Many years ago various workers 
reported leprosy-like lesions in animals and birds in leprosaria
Brosse (16) in parrots, dogs, cats, and pigs; Simond (108) in an ass; 
van Es and Martin (124) in pigs. Such findings have not been 
reported in recent years, probably as the result of increased knowledge 
of bacteriology and pathology. 

Domestic Fowls-Several reports have been made, chiefly in 
China, of leprosy-like lesions in domestic fowls. The Chinese are 
said to attribute this condition to their eating material infected by 
lepers. B,arbezieux (9) recorded two fowls that showed nodules 
and loss of toes. Vardon (122) failed to verify this, and Fayrer (32) 
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in India found that such changes were due to the legs having heen 
tied tightly with string. Guild failed to confirm the reported occur
rence of a leprosy-like disease in ducks in Africa. 

Birds.-Sibley (107) reported the occurrence in siskins of a 
disease caused by an acid-fast organism which produced leprosy-like 
lesions in the spleen, the tissue showing masses of bacilli with little 
tissue reaction. Noller (90) confirmed this, finding lesions in the 
spleen, liver, skin and lungs and to a slight extent in the cerebellum 
and the intestines. 

Cattle, horses, sheep.-Several workers, including J!ang (8), 
Meyer (83), Pallaske (96), Lienaux (60), Stockmann (lll), and Lange 
and Berge (55) have reported the occurrence in these animals of an 
infectious disease caused by an acid-fast organism found in masses 
in the walls of the small intestine and in the mesenteric glands. The 
animal suffers from chronic diarrhoea and wasting, and dies in 
about a year. The bacillus is reported to have been cultured by 
Twort's method (on a killed culture of tubercle bacilli). Some of 
the writers consider this disease to be allied to tuberculosis, but others 
consider it to be more closely allied to leprosy. 

BUffaZoes.-Kok and Roesli (51) reported a skin disease in 
buffaloes, of which they had seen five cases, manifested by nodules 
in which acid-fast bacilli were found. They thought that it was 
skin tuberculosis, but suggested that it might be a form of leprosy. 
Lobel (61) made a thorough investigation of this disease, which he 
considers to be a form of leprosy, and recorded 21 cases. The disease 
is very chronic and produces nodules varying from 5 to ' 60 milli
meters in diameter, sometimes discrete and sometimes massed, usually 
hard but sometimes soft and fluctuating and occasionally ulcerating. 
The affected areas are depigmented and depilated. Nasal lesions 
were seen in two cases. The lesions show masses of acid-fast bacilli. 
Attempts to cultivate them and to transmit the infection experimen
tally failed. 

Opossum-Boye (14) described leprosy-like lesions of the op
ossum (Philander cancrifJOT) with acid-fast bacilli in the inguinal 
glands. Jordan (46) examined a large number of opossums but failed 
to find any with such an infection, and also failed to infect these 
animals with human leprosy. 
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DESCRIPTION OF PLATES 

PLATE 43 

1937 

FIG. 1. Naturally acquired rat leprosy. Alopecia. (Photograph from 
Dr. P. H. J. Lampe.) 

FIG. 2. Rat leprosy, showing involvement of cervical, axillary and in
guinal lymph nodes, and of internal organs. (Photograph from Dr. P. H. 
J. Lampe.) 

FIG. 3. Rat leprosy produced by intraperitoneal inoculation. Marked 
lesions of liver and spleen and great thickening of omentum. 
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FIG. 4. Rat leprosy . Enormously enlarged omentum and in.volvement 
of liver a nd spleen after intraperitoneal inoculation. 

FIG. 5. Rat leprosy. Marked involvement and enlargement of liver. 

FIG. 6. Rat leprosy. Breaking down and ulceration of inguina l lymph 
nodes after subcutaneous inoculation in the thigh. 
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