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*INOCULATION OF MONKEYS WITH LEPROSY, 

FOLLOWING A DIET OI<: PUAK (COLOCASIA) 

A Preliminary Report 

D. R. COLLlER 

INTRODUCTION 
A recent report by Cochrane(l) tells of his efforts in transmit

ting human leprosy ·to splenectomized monkeys . Adler(2) .has 
reported the transmission of leprosy to Syrian hamsters, and 
Balfour-Jones(3) the transmission of rai leprosy to the hamster. It 
is quite evident that, if there were a laboratory animal available for 
the study of leprosy , its mode of infection and various methods of 
treatment, we might expect much more rapid progress in the study 
of this disease , which has been so baffiing for many hundreds of 
years . It is also self-evident that a method of infection, which 
follows actual conditions found in humans , is h ighly desirable . In 
t!1e following experiments the al)imals were fed with a diet ,  which 
is common to a great many people throughout the world , as 
suggested by O berdoerffer .  (4) 

Following Oberdoerffer's ideas on the role of adrenal insuffi
ciency in the production of predisposition to leprosy, presumably 
caused by sapotoxins in certain food plants , Oberdoerffer and I 
thought it worth while to attempt to infect animaIs with leprosy, 
after a preliminary diet of puak. (Puak is the common Thai name 
for colocasia . )  The following is a preliminary report on such an 
experiment :-

EXPERIMENTAL PROCEDURE 
Beginning September 1St , 1938, two monkeys were put on a 

diet of colocasia . Since the animaIs refused to eat it raw it was 

prepared by boiling for a few minutes . Occasionally other articles 
of food such as bananas have been given , but on the whole the 
diet has been the one article of food-colocasia . 

Since that time other monkeys have been added to our collec
tion , so that we have now 30 animaIs under treatment .  Guinea 
pigs, rabbits, and Ordinary pigs have been used as well . I might 
add that we have obtained interesting results with the pigs . We 
are all aware of the very long incubation period of human leprosy . 
If leprosy in monkeys runs a parallel course , then it is probable 
that the incubation period will also be lengthy . Only a few of our 
monkeys have been under observation long enough to enable us 

*Reprinted wi\:h the permission of the author from the Thai Science 
13ulletin, lI, 2, April I940, 
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to draw definite conclusions . It is probable that a prolonged period , 
possibly one or more years, will be necessary before final conclu
sions can be reached . Rowever, in order that others interested 
in leper research may also attempt similar experiments, this 
preliminary report is being published . 

M onkeys No .  1 rcmd No.  2 were put on a diet of colocasia 
September 1St , 1938 . The ordinary long tailed brown Rhesus 
monkey, native to North Thailand,  was used throughout .  On 
October 1St , a bit of tissue from an advanced lepromatous leper was 

inserted under the skin of the back and the opening closed with a 
skin-clip . On November 15th,  some 6 weeks after inoculation , the 
female (No . I) developed an inftammation of the skin of the face,  
the palms of the hands,  and the soles of the feet .  The face was a 
deep red colour and somewhat swollen and infiltrated . · The original 
lump at the site of inoculation on the back had more than doubled 
in size , but there was no sign of abcess formation . This "reaction " 

lasted about a month, and then subsided, though the thickening of 
the face below the eyes and across the eyebrows remained , and the 

face retained a reddish colour . A spot of depigmentation appeared 
on one sid€ of the nose , which has remained ever since . 

On March 1st ,  a skin scraping from the nodule of the back 
was found to contain acid-fast bacilli of the characteristic morpho
logy of the mycobacterium leprae . On April 17th ,  1939 , the animal 
was reinoculated in the same way as before . On May 20th , and 
May 30th, an ear clip was made and found to be negative . A nasal 
smear, made on the latter date, May 30th, was positive for acid
fast bacillae .  Periodic examinations were made, and in every case 
the nas:l l  smears were positive . Occasionally clumps of bacilli were 
found . On July 24th,  the ear clip was found to be positive , and 
has remained 50 ever since .  In Odober, a year afier the first 
inoculation , a deep red colouration appeared across the buttocks, 
down the tail and across the back to the leveI of the lumbar 
vertebrae . There was a diffuse swelling of this area . Skin scrap
ings have been negative from this region . The face has at times 
been highlv inftamed , but not at any time has it  returned to normal 
or lost its thickened reddish infiltration . The nipples have been 
red in colour and definitely hypertrophied . There has been no 
noticeable enlargement of the breast tissue. The ears have been 

enlarged and were red in colour . 
The Male Monkey No. 2 ,  inoculated at the same time as No .  I 

and reinoculated similarly, has shown no signs of infection . Ris 
nasal smears anel ear clips have been negative .  

Monkev No . 3 (temale ) was inoculated December 15th , and 
reinoculated April 17th , 1939 . On June 23rd , there was a positi'yc 
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nasal smear. On September 27th, the nasal smear was positive , ear 
clip negative .  From the nrst of September onward, the animal has 
had an intensely red induration of the face around the eyes, which 
has been persistent. This has not been noted in any of the control 
monkeys, nor in any monkeys which have Dot been treated at all . 
This has been accompanied with a swelling of the red area which 
shows in the illustration accompanying the article . 

M onkey No.  4 Male . lnoculated with a culture made from 

leprous tissue . Leprous tissue was smeared on blood agar and 
after 24 hours the diphtheroid bacilli grown on this medium were 
injected in the form of a suspension . The only change following 
this injection was that -the animal became very thin, though it 
remained as a.ctive as previously . On July 24th, a bit of leprous 
issue was rubbed inside of each nostril . There have been no 
symptoms of infection . Nasal smears since then have been 
negative. 

Monkey No.  5 F ernate .  lnoculated with a culture as described 
for monkey No .  4 on April 17th, 1 939 . Since there was no sign of 
infection, the animal was exposed by the rubbing of a nasal smear 
from monkey No .  I in its nose . This was done July 24th, and on 
August 26th, she had a positive nasal smear . There have been no 
skin changes. A nasal smear made October 15th, was negative . 

Monkey No.  6 Male .  lnjected with a culture as described 
above. There have been no further evidences of infection . Nasal 
smear negative on November 1St . · 

Monkey No.  7 Fernale .  lnoculated with leprous tissue Decem
ber 15th, and reinoculated April 17th . There were no skin changes, 
and on August 4th , she was again inoculated with leprous tissue . 
An abcess formed at the site of inoculation,  and the micro-organ
isms found seemed to be entirely acid-fast bacilli . These were 
extremely numerous . No other micro-organisms were seen . This 
abcess healed spontaneously by the 13th (9 days later) . On the 
27th of Septem�er a large mass was found on· the opposite side of 
the back from the original inoculation .  I t  was one inch long by 
three-fourths of an inch wide . It was soft and there was fluctua
tion . On aspirating the centre with a hypodermic needle, a puru
lent fluid was obtained which contained acid-fast bacilli . The edgeo 
of the mass remained indurated, and the mass has persisted to date . 
There were similar masses, though smaller in size on both wrists . 
There has been loss of hair on the back , and in the region of the 
tail . This monkey did not develop the facial changes of monkeys 
No.  I and 3 .  The nasal smear has been positive .  On November 
1st, the ulnar nerves were found to be enlarged . 

Monkey No. 11 was inoculated on August 5th, with leprous 
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tissue . Beginning September 14th, he was given a number of 
injections of  sapotoxin prepared from colocasia .  This preparation 
was tested against rabbits, and 3 cc . of our solution killed a rabbit 
in 12  hours . The monkey was given 2 cc .  of this preparation as 
an initial dose and the subsequent doses increased in amount . This 
was given in addition to the diet of colocasia, fed to the other 
experimental animaIs . By the first of October a mass was seen 
which grew slowly . On the fust of November it had reached the 
size of a pigeon ' s egg-approximately one inch by three-fourths�of 
an inch o This was situated some distance from the original inocu
lation,  and on the opposite side of the back. The material aspirated 
from the centre E.ontained acid-fast bacilli. Since then there has 
been a second mass located inferiorly to the first , and likewise it 
contained acid-fast bacill i .  The eye-brows show thickening and are 
somewhat reddish in colour . The monkey has recently been seen 
to wipe his eyebrows repeatedly , sometimes continuing for as much 
as five minutes. We are inclined to believe that this may be due 
to paresthesia of the nerves around the eye . There has been loss 
of hair over the back and tail . 

Monluys 1 3 ,  14 , 1 8, 19 ,  were all inoculated with leprous 
material on August 4th . They have not been given colocasia .  On 
December 1st ,  1 939 none of them have shown any changes sug
gesting infection . The original lumps have disappeared. The 
nasal smears have been negative .  

One baby monkey has beeri put into the cage with female No . 
3 without being inoculated ,  but fed on colocasia, to see if contact 
of a baby with a positive foster mother monkey will result in infec
tion . Observation will be continued in this case . 

D I S CUS S I ON OF RESULTS 
Our observations show that all four of the female monkeys 

inoculated six months or more ago have shown positive nasal 
smears and positive ear and skin clips . Only one male monkey 
has shown signs of infection . In that animal there have been 
abcesses, skin changes , and possibly paresthesia. That monkey 
has had injections of sapotoxins in addition to the diet of colocasia . 
The rate of progress has been much faster than with the othet 
animais, and we are adopting this same technique with other 
monkeys in an attempt to speed up the period of incubation and 
the certainty of infection . 

50 far as we have been able
· 
to determine from the l iterature 

of the previous attempts to infect animaIs with leprosy there has 
been no mention of clinicai tests such as ear clips, nasal smears, 
enlarged nerves etc . applied as a criterion of infection . We feel 
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that s u  h criteria are important sincc it is the clinicaI form of leprosy 
that is of value in such investigations .  We believe that we have 
demonstrated such clinicaI signs in the experimental work covered 
in this preIiminary report . The fact that several months elapse 
before symptoms appear is in accordance with our understanding 
of human Ieprosy . The clinicaI symptoms are very similar to those 
found in humans . The first positive symptom seems to be a posi
tive nasal smear, though abcesses may occur previous to this. We 
have used this abcess material for inoculating other monkeys . The 
work has been done only recently and we must wait for a Ionger 
time before coming to conclusions . So Lar no control monkey has 
shown any of the symptoms noted for the inoculated animaIs who 
have been fed on colocasia . 

The effect of colocasia on the infectivity of monkeys needs 
further study . It  is suggested that a Iarger group be injected with 
sapotoxin from colocasia, in an effort to determine the exact role 
played by this food, and iJl possible to speed up the course of the 
disease and increase the certainty of infection . The juice from boil
ing colocasia appears to be very toxic to rabbits, and it may be 
that this will be effective in bringing about infection , following 
inoculation . 

So far we have not attempted to treat any of our animaIs with 
anti-leprosy measures . This will be done Iater, as will pathological 
examination of internaI organs. It is intended to report further 
progress with these experiments at a later date.  

SUMMARY 
A number of monkeys have been fed on a diet of colocasia, 

and then inoculated with material from lepers . All four femaIe 
monkeys, so treated six or more months ago, have developed 
symptoms similar to those seen in leprosy in humans . There have 
been positive bacteriological findings in nodules and changes in 
pigmentation of the skin. One animal deveIoped thickening of the 
uInar nerves. One maIe monkey has deveIoped abcesses containing 
acid-fast bacilli as well as other symptoms after being injected with 
a solution of sapotoxin in addition to the diet of colocasia. 
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J I n a l ater perso nal co m m u n icatio n D r .  Collier says . .  I h ave take n 
a nasal smear f ro m  o n e  mo n k ey a n d  rll bbed it i n the n ose oi a second, 
w h ic h seco n d  has become posi tive . Also I ha\ " e  taken material from 
a nod u l  o n  oue m o n key a u d inocu lated it j n to a seco n d  w i th positive 
results . . .  

He also describes the method o f  ex tractin g sapotox in from 
colocasi a : - "  Peel the tu bers, mince fi nel y ,  m i x  w i t h  distilled water 
and leave for fou r hours.  Add equal volume of 95'% a1cohól.  Filter 
to remove prec ipitated starc h ;  evaporate filtrate ou water bath to 
remove a1cohol . Add 30% normal lead acetate . Filter-precipitate 
contain s sapotoxin . Wash precipitate with distil!ed water. Add 
hydrogeu sulphide, after ha\]in g slIspended p recip itate i n  water; frlter 
and e " 'aporate fi l t ra te to syrup . Add col d a1cohol u ntil white 
prec ipitate appears . F iJ ter . Wh ite prec ipitate is very hygroscopic 
and co n ta i n s  i norgan ic impurities ,  b u t  con tai n s a large amount of 
sapotoxin . Dissolve i n sal i n e  for i lljection . D eterm i n e m i n i m u m  lethal 
dose for g llinea pigs or rabbits by injection . "  Readers wil!  find 
previous reference to colocasia in Lep. Review, X, 2 ,  p .  I I 2 ,  J u ly 
1939 ·-Editor . ]  




