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are normal. Peritoneal cavity contains 500 c.c. clear fluid. Thoracic trachea 
contains foam, its mucosa being normal. Left lung shows hpyeraemia and 
o()dema, froth in bronchi. Right lung shows slight hypostasis. Pericardial 
sac cont,ains fluid and a, g(),la,tinous clot,. E;pioardium shows extravasations. Left 
ventricle contains blood-clots and shows numerous extravasations. Right 
v()ntricle contains blood-clots and shows ()xtravasations; myocardium normal. 
Liver capsule covered with fibrous filaments, 011 section hypostasis. Gall­
bladd()r contains 50 C.c. thick gr()()n bil(). Spleen measures 42 by 13 by 3 cm., 
pulp firm. L()ft kidney hyperaemic, right kidney normal. Rumen, reticulum, 
and omasum are normal. Abomasum shows a few extravasations, and the 
duodenum intense hyperaemia and bile-staining. Jejunum and ileum are bile­
stained and show slight hyperaemia. Caecum normal. Colon contents blood­
stained, mucosa hremorrhagic. Rectum contains dry dung. The mucosa of the 
bladder shows hyperaemia, extravasations, its wan being thickened and 
oedematous. 

Pathologica.l Anatomical Diag'nosis: Hyperaemia and oedema of left lung. 
Extravasatiol1s of epicard and endocard. Hydroperitoneum. Enteritis, 
oedema, and extravasations of bladder. 

Etiological Diagnosis: Lamsiekte. 
Post-mortem Examination Heifer' 4747: Age 2 years. Condition good. 

Rigor mortis present. Pharyngeal glands very much enlarged and hyperaemic. 
Mediastinal and bronchial glands injected. Oervical trachea shows the vessels 
of its mucosa to be injected. Larynx shows hyperaemia and thickening of its 
mucosa. Oesophagus paralysed, portion being plugged with food. Lungs 
collapsed; the left one shows hypostasis and the right diffuse hyperaemia. 
Thoracic trachea deeply injected. Pericardial cavity contains 20 C.c. blood­
stained fluid. Epicardium shows some petechiae and injection of vessels. 

, Right endocardium shows numerous smn'!l extravasations. In the left ventricle 
the blood is well coagulated, endocardium shows extravasations. The surface 
of the liver is mottled in appearance, on section commencing decomposition. 
Gall-bladder distended with bile. Spleen measures 49 by 15 by 3 cm., enlarged, 
on section jelly-like fluid present. The surface of the kidneys mottled in 
appearance, showing on section patchy hyperaemia and injection of vessels of 
cortex. Rumen, reticulum, and omasum nothing unusual. Abomasum shows 
acut() hyp()raemia, mucosa thickened. Duodenum has its mucosa thickened and 
contains catarrhal exudate. Jejunum and ileum show acute hyperaemia and 
contain catarrhal exudate,. Oae,cum and colon show punct,iform hremorrhages 
and slaty discoloration. 

Pathological A natomica.l Diagnosis: Hyperaemia of lungs, trachea, and 
larynx. Paralysis of oesophagus. HyperaemIa of the pharyngeal glands. 
Hyperaemia of kidneys. Enlarged spleen. Oatarrhal gastro-enteritis. 

Etiological Diagnosis: Lamsiekte. 

THE LAMSIEKTE TOXIN. 

THE experiments recorded in the following pages (the protocols of 
which will be found in Appendix, page 1152) wree undertaken with the 
object (1) of stujying the properties of the lamsiekte toxin and deter­
mining its minimum lethal dose for the various species of domestic 
animals; (2) of attenuating the toxin; and (3) of finding a method of 
immunization against lamsiekte. It may be stated at once that all 
three objects were achieved to some ext,en!t. The minimuIp lethal 
dose was determined for the more important domestic animals. 
Further, it was found possible to attenuate the toxin both by heat and 
by the addition of chemicals. And, thirdly, a certain degree of 
immunitv could be conferred on cattle and goats, although unfor­
tunately the immunity was afterwards found to be inadequate and 
the methods too cumbersome. 
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In describing the work which led to these results, the following 
arrangement has been followed:-
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A.-METHOD OF CULTIVATING THE LAMSIEKTE 
ORGANISMS. 

The first cultures were made from veld debris which had proved 
to he toxic, from rotten bones in the case- of the Onderstepoort cultures, 
and from fly larvae in the case of the earlier Armoedsvlakte cultures. 
In the case of the former, the toxic m3\terial was used as inoculum into 
various fluid and semi-solid media, and exc·ellent results obtained 
with minced raw liver in deep layer (fruit jars) heated to 70° C. after 
inocul.ation in order to suppress non-sporulating gas-producing 
organIsms. 

A subculture of this highly toxic material, containing a miscel­
laneous mixture 0'£ sporulating anaerobes, was sent to Armoedsvlakt.e 
and used as conve-nient basis of the experiments del~ailed in this 
section. 

The same type of m-edium was used for preparing furth8r quanti­
ties of " crude toxin." A fresh liver was taken, cut into strips, and 
finely minced in a Latapie mincing machine. The liver pulp was 
then filled into ordinary fruit-jars to aQ,out two-thirds. In ord,er to 
get the best results, it was found necessary to add some liquid so ;that 
the medium had the eonsistency of porridge. If the medium was too 
hard and dry, or if it was too liquid, the toxin produced was less 
potent than in a medium of the correct consistency. The liquid used 
was either sterile phys~ological saline solution or liver bouillon. 

In exceptional cases brain substance or mu-scle was used as a 
medium, but these sub&fcances were found to be less favourable for the 
development of the organisms. 

After filling the minced medium into the jars, the latter wer,e 
heated in a water-bath for p,eriods varying from half an hour to twelve 
hours. The jars were generally submitted to a heat of 80° to 85° C. 
Sometimes the jars were kept at this temperature for a few hours on 
successive days. In cases where (the heating extended over several 
hours a large proportion of the liquid evaporated and the medium 
became too dry; the best results were obtained with jars heated for a 
short period only (half an hour). 

This heating process did not, of course, destroy all the organisms 
in the medium used. Even after prolonged pasteurization it was 
found that on incubation various gas-producing anaerohes grew in the 
jars, but it is of importance tto note that such" control jars" were 
always non-toxio. 

After pasteurization the jars were inoculated with the mixed 
culture containing lamsiekte organisms. It was found necessary to 
inoculate fairly heavily, and, as a general routine, Quantities of 
culture up to 100 c.c. were added to each of the jars containing- about 
1 litre of medium. 

These were then placed in an incuba,cor at 37° C., where they 
were kept for [I few days. After that they were kept at room-tempera­
ture in fly-proof cupboards. 

Gr'owth cpmmenced after about eight to ten hours, and was very 
profuse after twenty-four houts. By this time a considerable amount 
of gas had generally been formed. In jars that had not been 
pasteurized the gas producti.ton was generally much more vigorous, 
and in such cases the covers of the jars might be blown off and the 
medi um overflow. Normally, however, gas production was not 
exc'3ssive and ceased after about two or three day's incubation. 
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In the pasteurized··'jars the liver medium h~s a t reddish-grey 
colour. As soon as growth starts, this gradually changes first in:~o a 
dirty purple, and then through greenish-brown to greenish-black. At 
the same time the consistency of the tissue alters. At first it seems 
to swell, and then gradually liquefaction sets in. When growth is 
completed the contents of the jar, which after pasteurization was 
fairly firm, again has the consistency df a fairly thin porridge. 

These cultures have a most offensive smell. N either odour, 
proteolysis, nor gas formation, however, are necessarily characteristic 
of the activities of the lamsiekte organ-is.m itself, but may well be 
wholly due to the miscellaneous putre'factive flora of the mixed 
culture. 

The jars were tested at various periods, and it was found that a 
high degree of toxicity was manifested after six days. The toxin 
remained unaltered in the jars for a considerable periofj, and in two 
instances was -found to be of the same virulence almost two years 
after inoculation. 

It was found that the toxicity of the jars varied within wide 
limits. Some of the factors that influence the production of toxin 
have been ,mentioned above, others remain vnknown. Every jar was 
tested on IsmaIl' animals, and only those that. proved to be most toxic 
were used for further experiments. The toxin used for the experi­
ments detailed below was obtained fr\om a number O'f jars of different 
generations, whlch showed approXlimately the same (degree of toxicity. 
This was used al'; th e standard for fixing \the minimum lethal dosis of 
the " crude toxi Q " for the various species df animals. 

B.- -PREPARATION OF 'rHE TOXIN. 

T'he techniql \e employed for the preparation of lamsiekte toxin 
was as follows: - -The quantity of culture which was necessary for 
the particular eXl'eriment was drawn up into a wide-mouthed pipette 
and added to the requisite amount of normal saline solution to give 
the desired diluti( n. MOSlt of the cultures were just liquid enough to 
be drawn up into .t pipette. The culture had invariably to be diluted 
to enable the liquid portion (i.e. the "toxin") to pass through a 
filter. When large quantities of toxin were required, one part of 
culture was mixed with one part of saline giving a dilution of 
50 per cent. 

The mixture was then well shaken so as to break up all the 
particles of the medium. It was then filtered first through ordinary 
filter':paper. This process was generally (i.e. in cases where a high 
concentration was used) very slow, and filtration was, as a rule, 
continued over-night. The filter-paper filtrate was then pass.ed 
through a sterilized Berkefeld candle, which process again was 
generally very slow. The filtrate invariably remained sterile. 

All experiments described in this seQcion were carried out with a 
sterile Berke'feJd filtrate prepared in the manner described above. 
Whenever in the following pages reference is made to "ill tered 
toxin," a Berkefeld filtrate is invariably meant, and whatever dilution 
was actually used, figures are recalculated on the common basis of 
" jar contents~"_ 
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C.~DETER~fINING rrHE MINIMUM LETHAL DOSE. 
(a) CATTLE. 

(1) By Drenching. 
Only two cattle were used in this experiment. 
Bull 189 (see Appendix, page 1152) was drenched with 20 C.c. 

of a toxic culture diluted in 200 c.c. water. The first symp,toms of 
paralysis man'ifested themselves about fifty-one hours after drenching, 
and the animal was dead about six or eight hours later. 

The course of the disease corresponded with that seen in peracute 
cases of n::ttural lamsiekte. At the onset of the symptoms the animal 
showed a rapidly progressing paralysis of the body muscles and of 
the tongue with profuse saliva;.cion. Death followed shortly after­
wards. 

Heifer 4727 receivted 5 C.c. of the culture diluted with 100 C.c. 
water. Three days later it showed 1,he first signs of paralysis. During 
the same day it was treated with magnesium sulphate, and died as a 
result of the treatment. 

In this case, in accordance with the' smaller dose of toxin, the 
incuba~ion period was much longer and the sYlll.p~OITlS less violent 
than in the case of bun 189. The same point will'l){1T1ustrated more 
fully in the next section, where it will be seen that 'the duration of 
the incubation period, the duration of the disease, and the severity of 
the symptoms stand in direct relation to the quant~ty of toxin 
administered. 

Concl1lsion.-The amount of toxin contained in 5 C.c. of ordinary 
culture material was sufficient to set up a typical and probably ratal 
case of lamsiekte when given per os to a beast weiQ'hing 412 lb. The 
dose in this case was approximately 0.025 c.c. crude toxin per kg. 
body-weight. It is probable that the actual minimum lethal dose is 
much smaller. 

(2) By Subcutaneous I nO''Julation. 
E.x~ 'riment No. I.-As a preliminary test two cattle were 

injected with 1 c.c. and! c.c. respectively of the filtered toxin. Both 
animals died as a result of the injection. 

Bull 196 (see Appendix, page 1155), which received 1 C.c. 
developed the first symptoms abou.c thirty-six hours after injection, 
and bull 4834, which received half the amount, about forty-four hours 
after injection. T'he former animal showed very severe symptoms 
and died shortly after the onset of the disease. The latter-again 
corresponding with the smaller d.ose of toxin--contracbd the disease 
in a somewhat milder form after a longer incubation period. The 
disease lasted about eigh~een hours, the animal dying about sixty­
three hours after injection. 

Concll.lsil)n.-The amounts of toxin used in this experiment for 
subcutaneous injection, viz., 1 c.c. and 0.5 c.c. seemed to be consider­
ably above the minimum lethal dose. 

In the next experiment these quantities were therefore reduced. 
Experiment No. 2.-Two animals were injected with 0.1 and 

0.01 C.c. of filtered toxin. 
Bull 188 received the larger quantity and showed almost complete 

paralysis of all the muscles sixty-seven hours later (see Appendix, 
page 1157). Bull 4361, which received 0.01 c.c., showed no symptoms 
at all. 
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Concl'usion.-It appeared from this experiment that the minimum 
lethal dose lay between the two quantities used. In the case of bull 
188, weighing 417 lb., the dose inj ected corDesponded to 0.00052 c. c. 
per kg. body-weight, and in the case of 4361 to 0.000058 c.c. 

In the following experiment the dose was therefore calculated 
accurately according to the weight of the animals. 

Experiment No. 3.-Four animals were used. Bull 190 reeeived 
0.0004 c.c. toxin per kg.:, bull 194, 0.00015 c.c., heifer 3932, 0.0001 
c.c.; and bull 4361 the same amount. 

The results were both interesting and instructive. Bull I90, 
which received the largest quantity, showed 'che first symptoms of lam­
siekte about seventy-two hours after the injection; it was then treated 
and died. Bull 194 also showed its first symptoms after seventy-two 
hours. The disease made comparatively slow progress, the animal 
dying five and a half days after injection. Of the two animals 
which received 0.0001 c.c,., one (4361) developed 'the disease after an 
incubation period of four and a half days and died nearly ten days 
after the injection; the other (3932) showed the first symptoms only 
after five and a half days, the disease took a mild course, and recovery 
took place about a week later. 

ConclUision.-From ihis experiment it was concluded that the 
minimum lethal dose of lamsiehte tOX1:n for cattle was 0.0001 c.c. pl";r 
l.:-ilogram body-weigh,t. T'he dose did not prove fatal invariably, but 
was found to be accurate enough for future purposes. 

The following table summarizes the results of the experiments 
in Section 0 (a) :-

TABLE No. 1. 

I Result. 

Cattle Mode of Amount Dose in c.c. 
No. Administration. of Toxin per kg. Remarks. 

Body-weight. Incubation Death after 
Period. Administration. 

---
189 Drenching 20 C.c. 0·074 51. hours 58 hours Considerably 

above lethal 
dose. 

4727 Drenching 5 C.c. 0'025 3 days Killed Considerably 
above lethal 
dose. 

196 Subcutaneous 1. C.c. 0'0039 36 hours Killed Considerably 
injection above lethal 

dose. 

4834 Subcutaneous 0'5 C.c. 0'0027 44 hours 63 hours Considerably 
injection above lethal 

dose. 

188 Subcutaneous 0'1 C.c. 0'0005 67 hours Killed Above lethal 
injection dose. 

-----
4361 Subcutaneous 0·01 C.c. 0'00006 No re action Below lethal 

injection dose. 

190 Subcutaneous 0·098 C.c. 0'0004 72 hours Killed Above lethal 
injection dose. 

.--
194 Subcutaneous 0·034 C.c. 0'00015 72 hours 5! days Apparently very 

injection near minimum 
lethal dose. 

3932 Subcutaneous 0·0138 c.c. 0'0001 5! days Recovered Considered to be 
injection the minimum 

lethal dose. 

4361 Subcutaneous O' 01715 c.c. 0'0001 4! days 10 days Considered to be 
injection the minimum 

lethal dose. 
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(b) IN HORSES. 

Lamsiekte is not a natural disease of horses. Nevertheless it was 
found th~~ this species of animal was affected by the toxin in much 
the same way as cattle. A few experiments were carried out, not so 
much 'with the object of determining accurately the minimum lethal 
dose as for the sake of trying to immunize horses arrainst lamsiekte, 
and thus obtaining an immune horse serum which would be used 
again for immunization experiments in Gattle. This aspect of the 
problem will be discussed 'in Section E ('b). At the present stage it is 
merely necessary to detail the preliminary experiment. which gives 
an indication of the extent to which horses are susceptible to lam­
siekte when the toxin is administ.ered artificially. 

E.?;perimient No. I.-Horse 11996, weighing just over 400 kg., 
received 20 c.c. toxin subcutaneously, i.e. 0.05 c.c. per kg. body­
weight. 'Twelve hours later the animal appeared dull, and after 
twenty-four hours it showed definite symptoms ot disease (see 
Appendix, page 1161). Twenty-six hours after the injection the 
horse was paralysed in th3 front legs. After a further twelve hours it 
presented a typical picture of lamsiekte, and died forty-three hours 
after the inj ection. 

Iiorse 12963, weighing 354 kg., was injected subcut,aneously 
with 5 c.c. toxin, i.e. about 0.014 c.c. per kg. The first symptoms 
of paralysis (pT1otrusion of tongue and ptosis.) manifested thenl­
selves two days after the injection. The condition then Reemo3d to 
improve (see page 1162), so that the tongue could be withdrawn com­
pletely six days after injection. However, the same day the 
horse became much weaker, the temperature sank below normal, the 
tongue was again protruded. On ihe seventh day th3 animal was in 
a comatose condition and had to be destroyed. 

Hore,e 13330 received 1 C.c. toxin (about 0.003 c.c. per kg.) subcu­
taneously. Three·days later it showed the first slight symptoms, and 
on the fourth day after injection definite signs of lamsiekte (pro~ 
trus10n of tongue, ptosis) were noticed. rr'lie next day these symptoms 
had disappeared. 

Eight days after the first injection horse 13330 received a second 
injection of 1 c.c. toxin subcutaneously. Thre'e and. a half days later 
the horse was dead. 

SUMMARY OF EXPERIMENT No. 1. 
TABLiE No. 2. 

Result. 

Horse Amount of Toxin Dose in c.c. 
No. Injected per kg. Remarks. 

Subcutaneously. Body-weight. Incubation. Death after 
Injection. 

11996 20 C.c. 0'05 12 hours 43 hours Considerably above lethal 
dose. 

---
12963 5 C.c. 0'014 2 days 7 days Slight improvement on fifth 

and sixth days. 
-------. 

13330 1 c.c. 0'003 3 days Recovered } App.cently thi, WM no,,, tb, 
on fifth day minimum lethal dose. 

After first injection, re-
I c.c. 0-003 - 3 days covery ; after second, 

I death. 

ConcZ'usion.-ThiR experiment proves that horses are affected by 
lamsiekte toxin and develop the disease in a form similar to that in 
cattle. The minimum lethal dose is considerably larger for horse~ 
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than for cattle. rrhe dose given to hors,3 13330 at the first injection, 
viz., 0.003 c.c. per kg. body-weight, was probably quite near the lethal 
dose. It seems safe to assume that a dose or 0.004 or 0.005 c.c. 
per kg. would kill a horse. The minimum lethal dose for horses IS 

therefore about fifty times larger than the dose for cattle. 

(c) IN DONKEYS. 

Only one donkey (13789) was used for these experiments; 10 C.c. 
of filtered toxin Wl3re injected subcutaneously into this animal. Four 
days later it looked dull and refused its food (see Appendix, page 
1164). Seven days after the injection the donkey was paralysed and 
dieJ the Th3xt day. 

All we can conclude from this experiment is that donkeys are 
probably still less susceptible to lamsiekte than horses. T'he long 
incubation period (four days), and the compartaively long duration 
of the dis,2ase after the injection of a very large dose (10 c.c.), indicate 
a high degree of natural resistance agai~st la]llsa.ekte in donkeys. 

(d) IN GOATS. 

Three goats were used to determine the minimum lethal dose for 
t his class of animal. 

Goat 1 received 0.005 c.c. per kg. body-weight; goat 2, 0.0005 
c.c.; and goat 3, 0.0001. c.c. per kg. sl!hcutaneously. The first animal 
was compl,gtely paralysed.;;twenty-four hours after the injection and 
died twenty-nine hours after injection (see Appendix, page 1164). 
The s3cond goat showed the first signs of paresis forty-four houra after 
injection. The symptorns progressed rapidly, and about fifty-two 
hours after injection the animal was unable to stan(l about twelve 
hours later it died. In the third goat, the incubation period lasted 
five days. The first symptoms were general weakness and a stiff gait. 
In the course of the sixth day the weakness of the limbs became more 
pronounced, so that the goat could only walk a few yards after having 
been lifted (see page 1165). This condition persisted for several days. 
From the ninth to the thirteenth d ly it could only stand £'or a few 
seconds when lifted and then collapsed. On the fourteenth day a 
slight improvement was noticed, and on the n,3xt day the goat could 
again walk a few yards. On the eighteenth day it could get. up by 
itself, but th~ weakness still persisted for several days. Complet3 
recovery had taken place on the twenty-first day after injection. 

Concll.lsion.-The minimum lethal dOfll3 for goats is approximately 
the same as for cattle, namely, 0.0001 c.o. toxin per kg. body­
weight. The goat which received this quantity developed typical 
symptoms of lamsiekte and was expecbd to die; however, it recovered 
after a protracted illness. The goat which rece1ived five times this 
amount died after an acute attack of lamsiekte. 

'The same obs.grvations were made in goats as have already been 
recorded in cattle: that the length of the incubation period, the 
duration of the disease, and the severity of the symptoms stand in 
direct relation with the siz,e of the dose of toxin injected. In other 
words, it is possible to produce almost any clinical form of the disease 
at will by adjusting the dose of toxin. 
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The results of this experiment can be tabulated as £ollows :­

TABLE No. 3. 

I 
Result. 

Goat Weight Amount of Dose in c.c. 
No. in kg. Toxin per kg. 

Injected. Body-weight. Incubation Death after 
PeIiod. Injection. 

1 48 0·24 C.c. 0'005 24 hours 29 bours 

2 54 0'027 C.c. 0'0005 44 hoUls 64 hours 

3 41 0·004 c.c. 0'0001 5 days Almost complete-
ly paralysed on 
ninth day: re-
covered on 

j twenty-first day . 

(e) IN SHEEP. 

Sheep 1 was inj.ected subcutaneously with 0.0005 c.c. toxin, 
sheep 2 with 0.0002, and sheep 3 with 0.000.1 c.c. per kg. body­
weight. These small quantities were chosen on the assumption that 
the minimum lethal dose would be about th'e samB as for goats and 
cattle, an ,assumption which proved to be correct. 

Sheep 1 showed the first signs of 'illness about forty-two hours 
after the injection, it was completely paralysed fortyoo;Bight hours, 
and died about sixty hour~ after the injection (see Appendix, page 
1167). In sheep 2 the incubation period lasted three days, 
paralysis had set in afte,r about four ciay~, and death took place about 
five and a half days after injection (se~ Appendix, page 1168). 
Sheep 3} which received the sm'allest dose, had an incubation period 
of four days; on the fifth day it showed weaknesp iD the hilld­
quarters and a stiff gait; the ne,xt day it was completely paralysed 
and died about six and a ha'lf days after the injection (see Appelldix, 
page 1169). 

ConcZ'usion.-The quantity of toxin injected into she.ep 3, viz., 
0.0001 c.c. per kg. body-weight, is probably just about the mini­
mum lethal dose. This js the same as the minimum lethal dose for 
cattle and goat~. 

Table No. 4 summarizes the results of this experiment:-

rrABLE No. 4. 

I 
Result. 

Sheep Weight Amount of Dose in c.c. 
Toxin per kg. No. in kg. Injected. Body-weight. Incubation Death after 

Period. Injection. 
---

I 52 0·026 c.c. 0'0005 42 hours About 60 hours. 
---

2 48 0'0096 C.c. 0'0002 3 days 5t days. 
---

3 48 0'0048 c.c. 0'0001 4 days 6t days. 

(1) IN DOGS. 

Experiment No. I.-Dog 1 was injected subcutaneously with 
1 c.c. toxin, but showed no symptoms. Five days later it received 

]0 
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5 O.c. toxin, and again showed no reaction. Ten days later 10 c.c. 
toxin were injected without T8SUlt. After another five days it received 
20 c.c. toxin, but still no reaction. It was then injected with 40 c.c. 
toxin and remained in perfect health. The dog weighed 20 kg., so 
that the last dose alnounted to 2 c.c. toxin per kg. body-weight. 

Conclusion.-From this experiment it was clear that the dog had 
a :Ii8markable degree of resistance against the lamsiekte toxin. The 
conclusion that any dog could resist 2 c.c. toxin per kg. body­
weight would perhaps not have bBen justified, since dog' 1 received 
gradually increasing doses of toxin, and it would have been quite 
permissible to assume that each injBction increased the clog's 
immunity against each succeeding injection. A further experiment 
was therefore undertaken in which a fresh dog was used for each 
injection. 

E xperiml3nt No. 2.-Dog 17 was inj ected 8U bcn taneously with 
3 c.c. toxin per kg. body-weight, dog 18 with 4 c.c., and do,!! 19 
with 5 c.c. toxin per kg. This latter animal weighed 30 kg., 
so that the quantity of toxin which this dog received 'was 
150 c.c. Since, however, the culture had to be diluted with its own 
quantity of physiological salt solution in order to carry out filtratIon 
(see page 1102), the actual amount of liquid that had to be injected 
under this dog's skin was 300 c.c. (see- Appendix, page 1170). 

Conclusion.-The dog seems to 1B completely insuseeptible to 
lamsiekte toxin. Doses up to 50,000 times the lethal dose for cattle, 
g'oats, and sheep gave no reaction whatsoever in dogs. 

SUMMARY. 

TABLE No. 5. 

Dog Weight Amount of Toxin Dose in c.c. per kg. Result. No. in kg. Injected. Body-weight. 

1 20 1 c.c. 0'05 No reaction. 
5 C.c. 0'25 " 10 c.c. 0'5 " 20 C.c. 1 " 40 C.c. 2 

" 
17 36 108 c.c. 3 No reaction. 

18 25 100 C.c. 4 No reaction. 

19 30 150 C.c. 5 No reaction. 

(g) IN PIGS. 

Three pigs WIBre injected with increasing quantities of toxin. In 
the case of pig 345 the initial dose was 0.1 c.c. per kg. hody­
weight; this was increased to 1 c.c., then to 3 c.c., and finally to 
6 c.c. per kg. Later on the pig again received 1 c.c. toxin per kg., 
but never did it show any symptoms. Pig 353 118ceived up to 7.5 c.c. 
per kg. body-weight (see Appendix, page 1171, and pig 355 
up to 4 C.c., without showing any sign of lamsiekte. 

Concl1.lsion.-Pigs, like dogs, seem to possess an absolute natural 
immunity against lamsiekte. 
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SUMMARY. 

TARDE No. 6. 

Pig Weight Amount of Toxin Dose in c.c. per kg. Result. No. in kg. Injected. Body-weight. 

345 25 2·5 c.c. 0'1 No reaction. 
25 C.c. 1 

" 75 C.c. ~ 
" 150 C.c. 6 
" 25 C.c. 1 
" '-

353 20 4 C.c. 0'2 No reaction. 
10 c.c. 0'5 

" 40 C.c. 2 
" 20 C.c. 1 
" 50 C.c. 2'5 
" 100 C.c. 5 
" 100 c.c. 5 
" 150 C.c. 7·5 
" 

355 22 0'02 c.c. 0'001 No reaction. 
4'4 c.c. 0'2 

" 22 c.c. 1 
" 88 C.c. 4 
" 22 c.c. 1 
" 22 c.c. 1 
" 44 c.c 2 
" 

(h) IN GUINEA-PIGS. 

It will be simplest first io giv~ a summary in tabular form of the 
experiments conducted with guinea-pigs, and then to draw the con­
clusions. 

TABLE No. 7. 

Amount of Dose in c.c. Result of Injection. 
Experiment Guinea-pig Weight Toxin per kg. No. No. in grm. Injected. Body-weight. Jll After. Died After 

-----

1. 9 680 0'05 c.C. 0·07 13 hours 16 hours. 
10 580 0·02 c.c. 0·04 - 30 hours. 
11 480 0·01 c.C. 0·02 - 30 hours. 
12 480 0'005 e.c. 0·01 13 hours 25 hours. 
13 300 0·001 c.c. 0'003 - I 54 ho"". 14 300 0·0005 c.C. 0'0016 - ___ ~O hours. 

-----------. -
2 15 500 0·0005 c.c. 0·001 - 47 hours. 

16 465 0'0001 C.c. 0'0002 No reaction. 

I 
17 446 O· 00005 c.c. 0'0001 " 18 430 o· 000025 c.C. 0'00006 " 19 340 0'00001 c.~. 0'00003 

Nearly 7 days'j :3 20 620 O' 00056 c.c. 0'0009 7 days and 3 
hours. 

2] 510 O' 00038 C.c. 0·00075 No reaction. 
22 500 0·0003 C.c. 0'0006 

" 
----

Further details in regard to these animals can be found in 
Appendix, page 1171. 

Experil1wnt LV o. 1 showed that the minimum lethal dosis for 
guinea-pigs was below 0.0016 c.c. per kg. body-weight (guinra-pig 
14). 

In Experiment LV o. 2 doses were given ranging from 0.001 c.c 
per kg. down to 0.00003 c.c. per kg. Only the top dose provel] fntftl 
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(guinea-pig 15). A fifth of this dose (guinea-pig 16) and the still 
smaller doses produced no ill-effects. It was concluded therefore 
that the minimum lethal dose for guinea-pigs must be 0.001 c.c. per 
kg. or slightly less. In order to fix this dose more accurately, three 
guinea-pigs were injected (Experiment No. 3) with 0.0009, 0.00075, 
and 0.0006 c.c. per kg. respectively. The animal which received 
the highest dose (guinea-pig 20) developed the disease after about 
seven days and died, thus proving this dose to be probably the 
smallest that would kill guinea-pigs. The other two animals (guinea­
pigs 21 and 22) showed no symptoms. 

Conclusion.-The minimum lethal dose for guinea-pigs is about 
0.0009 c.c. per kg. body-weight. For cOllvenience, the dose was 
assumed to be 0.001 c.c., i.e. about ten times the dose for cattle, goats, 
and sheep. 

(i) IN RABBITS. 

At the time when these investigations were carried out very few 
rabbits weTe available for experimental purposes. For tests on small 
animals only guinea-pigs were used. rrhere was therefore no great 
necessity to determine the minimum lethal dose accurately. One 
experiment was carried out, but unfortunately gave somewhat incon­
clusive results. The details may be summariz,ed as follows:-

TABLE No. 8. 

Rabbit Weight Amount of Toxin Dose in c.c. per kg. Result. No. ingrm. Injected. Body-weight. 

10 1,600 0·008 C.c. 0'005 First Rymptoms 
Recovere(l, 

after 2 days. 

11 1,800 0'0054 c.c. 0'003 No reaction. 

12 1,560 O' 00156 c.c. 0'001 Sick after about. 2 days. RE'covered. 

13 1,660 0'0013 c.c. 0'0009 No reaction. 

14 1,4-40 0'001 c.c. 0·0007 Ko reaction. 

Conclus'£ons.-N one of the rabbits used in this experiment died. 
The one which received 0.001 c.c. per kg. body-weight (12) 
showed symptoms and recovered. It would ~eem therefore as if this 
was near the minimum. lethal dose. On the other hand, rabbit 11, 
which received three times the amount, showed no reaction, and 
rabbit 10, which received five times the dose, gave only a slight 
reaction. 

In later experiments where rabbits were again used for toxin 
tests they proved themselves to be just as f:,usceptible as guinea-pigs. 
Perhaps the unexpected results of the exp,eriment described above 
must be ascribed to the particular sample of toxin used. 

For the purpose of this article, the minimum lethal dos,e for 
rabbits can be assumed to be the same as that of guinea-pigs, namely, 
0.001 C.c. per kg. body-weight (see Appendix, page 1173). 



1111 

(j) IN RATS. 

Table No. 9 sunlmariz8s the results of the experiments carried out 
with rats. 

TABLE No. 9. 

Rat Amount of Toxin 
Result of Injection. 

No. Injected. 
III after. Died after. 

3 0·01 C.c. No re action. 

4 0'1 C.c. No re action. 

5 1 C.c. 2 hours LeRs than 1 g hours. 

6 5 C.c. - l hour. 

7 1 C.c. 15 minutes 25 m1nutes. 

8 2 C.c. 15 minutes 11 hour. 

9 2 C.c. No re action. 

Conclusion.-In view of the fact that the "toxin" is a crude 
product formed in a putrefying medium, that a dosage such as 5 c.c. 
In rat 6 represents about 2 per cent. of the body-weight, and that death 
occurred in half an hour, it would not b8 safe to conclude that death 
was due to lamsiekte toxin. It might well be attributed to a massive 
dose of " putrefaction bases." Since in no other animal dnes death 
from the lamsiekte toxin occur with th8 astonishing rapidity mani­
rested in cases 6, 7, and 8 of Table No. 9, it is best to draw conclusions 
only frnm cases 3 r 4, 5, and 9. Rat 4, which shnwed no symptoms at 
all, weighed approximately 200 grams, so. that the' dosage of 0.1 0.0. 
means 0.5 c.c. per kg. or 5,000 times the fatal dosage for cattle and 
goats. Rat 5, receiving approximately 50,000 times the dosage fatal 
fnr cattle, died overnight after an injeot,ion late in the afternoon. 
No. 9 represents a rat injected with 2 c.c. at a different dat8 with a 
different jar of toxin, the usual parallel experiment on a guinea-pig 
being carried out as control. The death of the guinea-pig with 0.001 
o.c. per kg. and the survival of the rat with nearly 10 c.o. per kg. 
shows quite conclusively that the rat, like the dog, is naturally 
immune to the toxin (see Appendix, page 1173). 

(k) IN MICE. 

The following experiment was carried out:-

T'ABLE No. 10. 
-

Mouse No. Amount of Toxin Injected. Death after Injertio n. 

------
3 0'001 C.c. 3t days. 

4 0'01 c.c. TJess than 18 hours. 

5 0'1 c.c. J,ess than 18 hours. 

6 1 C.c. t hour. 

Cowclusion.-Mice appear to be susceptible to the toxin, but­
relatively resistant when compared with "cattle, goats, and sheep. The­
smallest dose which was used, viz., 0.001 c.o., produced death only­
after three and a half days; it seems likely therefore that this was~ 
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just about the TIlInllllUm lethal dose. Assuming the weight of the 
mouse to have been 50 grams, the ulinimum lethal dose for mice would 
be 0.02 c.c. per kg. body-weight, or 200 times that for cattle. 

As in the case of rats, the extreme rapidity with which death 
follows on the injection of a massive dose of toxin (half-hour) suggests 
mortality from extraneous causes. It was not considered of sufficient 
general interest at the time to carrv out further experiments with 
mice (see Appendix, page 1174). ., 

(l) . IN OSTRICHES. 

Ostriches were used for these experiments, liOt so much with the 
object of determining accurately the minimum lethal dose as for the 
sake of studying the symptoms set up by toxic material in these 
animals. 

Experimhnt No. I.-Ostrich 2 was dosed with 1 lb. crushed rotten 
bones. About four days later the bird showed signs of weakness, 
and it died about five and a half days after the administration of the' 
bones (see Appendix, page 1174). 

Conclusion.-This experiment showed that ostriches are suscep­
tible to lamsiekte. Rotten bones had the same effect on this ostrich 
as they would have had on cattle. 

E,'Vperim,ent No. 2.-0strich 3 was dosed with 1 lb. rotten meat 
and maggots. Less than twenty hours later it showed definite signs 
of muscular weakness, and within twenty-four hours the bird was 
partly paralysed. It died about two and a half days aIter the dosing 
(see Appendix, page 1175). 

Conclus1:on.-The very short incubation period and the short 
duration of the illness showed that this ostrich received many times 
the minimum lethal dose. 

Experi?rb.ent No. 3.-Five ostriches were dosed with lamsiekte 
culture material. The reason why filtered toxin was n,ot used was 
simply that fairly large quantities were needed, the preparation of 
which would have demanded much time. On the other hand, the 
dosing of ostriches with a pulpy material such as a lamsiekte culture 
is such a simple matter that there appeared to be no reason why the 
toxin should not be administered in this crude form. 

Ostrich 1 received 20 c.c. culture per os, About six and a half 
days later it showed weakness in its legs. T'he condition improved, 
and eleven days after the dosing it had completely recovered. 

Ostrich 5 received 100 c.c. culture. The incubation period lasted 
about forty hours. In less than four days it was completely paralysed 
and died after four and a half days. 

Ostrich 6 was dosed with 200 c.c. culture. It showed the first 
symptoms of dise'ase about forty hours labr. The disease lasted quite 
a long time, death taking place about twenty and a half days after the 
dosing. . 

Ostrich 7 also received 200 c.c. culture. It was first nloticed sick 
forty-five hours later; the paralysis progressed rapidly, and the bird 
died five days after the dosing. 

Ostrich 8 received 250 c.c. culture. Forty-five hours later it was 
first noticed sick. The condition then improved so that the bird 
seemed to have recovered after slix days. However, nineeten days 
after the dosing the ostrich again showed signs of general muscular 
weakness and inco-ordination of movement. The next day it died 
(see Appendix, page 1177). 
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Conclusl:on.--The above experiment does not enable us to state 
with any degree of accuracy what the minimum lethal dose of lam­
siekte toxin (culture) for ostriches is. rfhe results are rather diver­
gent. Ostrich 5, which received 100 c.c. culture, died after four and 
a half days, whereas ostrich 6, which received double the amount, 
lived for twenty days, and ostrich 8 ,which got 250 c.c., also twenty 
days. The explanation for these discrepancies probably lies in the 
varying toxicity of some of the cultures used, which were not checked 
so systematically by controls on guinea-pigs ;1S were those used for the 
more accurate work with cattle, goats, and other animals. 

It may, however, be assumed that the minimum lethal dose for 
ostriches in the case of oral administration of the toxin lies between 
20 and 50 C.c. 

Expleriment No. 4.-0nly two ostriches were injected with ]am­
siekte toxin subcutaneously. Ostrich 1 received 16 c.c. toxin and 
ostrich 4 received 8.5 c.c. In neitheir oase did any reaction take place. 

Conclusion.-The minimum lethal dose in the case of subcu­
taneous injection of lamsiekte toxin into ostriches is more than 16 C.c. 
for aVAraged-sized birds, and the ostrich is thererore relatively 
resistant. . 

SUMMARY. 

TABJ,E No. 11. 

Result. 
Experiment Ostrich Material Mode 

Amount. of Remarks. No. No Used. Administration. Death Incubation. after. 

----
I 2 I Ro''''n bones 1 lb. Per os. 4 days 5i days Probably 

not much 
above 
minimum 
lethal 
dose. 

2 3 Rotten meat 1 lb. Per os. 19t hourG 2t days Consider-
and maggots ably above 

minimum 
lethal 
dose. ----- --

3 1 Culture 20 c.c. Per os. 6t days Recovered 
aftsr 11 1 Minimum days lethal 

5 
" 

100 c.C. 
" 

40 hours 4t days dose 
6 

" 
200 c.c. 

" 
40 hours 20t days J probably 

7 
" 

200 c.c. 
" 

45 hours 15 days 20-50 c.o. 
8 

" 
250 r.c. 

" 
45 hours 20 days 

4 1 Toxin 16 c.c. Subcutaneous No reaction rnmmum 
lethal 
dose more 

4 .. 8·5 c.c. 
" " 

than 
16 c.c. 

(m) IN TURI{EYS. 

The experiments with turkeys were inconclusive and disappoint­
ing. The very first bird which was dosed with rotten meat and 
maggots (turkey 1) developed symptoms two days later, which per­
sisted for more than a day and then disappeared. The test was 
repeated, using different materials of proved toxicity, but never again 
did any turkey show any si,g'ns of lamsiekte (see Appendix, page 1177)~ 
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The results of the tests may be summarized as follows:­

TABLE No. 12. 

I Mode of 
Result. 

E!Xperiment Turkey Material Amount. No. No. Used. Administration. 

I 
Incubation. Death after. 

1 1 Rotten meat 40 g. Per os. 2 days Recovered. 
and maggots 

No reaction. 8 " 
100 g. 

" 
2 3 Culture 5 c.c. Per os. No reaction. 

5 
" 

10 c.c. " " 7 " 
70 c.c. " " 

3 4 Toxin 5 c.c. Subcutaneous No reaction. 
6 

" 
8 c.c. " " 

Concl·u,sion.-From these experiments it is clear that turkeys are 
not very, if at all, susceptible to lamsiekte. 

(n) IN DUCKS. 

Almost the same results were obtained wjth ducks as with turkeys. 
One of the ducks which received rotten meat and maggots (duck 1) 
was almost completely paralysed seventeen hours later. On the third 
,day after the dosing the symptoms had disappeared (see Appendix, 
page 1118). Another duck (5), which received! c.c. toxin per os, also 
showed paralytic symptoms which persisted for several days. 

N one of the other ducks which received. toxic material in various 
ways ever showed any ill-effects. 

The results of the experiments are summarized in the following 
table :-

TABLE No. 13. 

Result. 
Experiment Duck. Material Amount. Mode of 

No. No. Used. Administration. 
Incubation. Death after. 

1 1 Rotten meat 40 c.c. Per os 17 hours Recovered 
and maggots after 2t days. 

2 
" 40 c.c. 

" No reaction. 
3 

" 40 c.c. 
" " 4 

" 40 c.c. 
" " 6 

" 50 c.c. 
" " 

2 13 Maggots Several lb. Given to eat No reaction. 
14 

" " " " 
3 2 Culture 30 c.c. Per os No reaction. 

16 
" 5 C.c. 

" " 18 
" 10 C.c. 

" " 19 
" 8 C.c. 

" " 
4 5 Toxin 0·5 c.c. Per os 21 hours I Recovered 

6 0'05 c.c. 
after 10 days. 

" , No reaction. 
7 

" 0'005 C.c. 
" " 8 

" 1 c.c. 
" " 

5 17 Toxin 5 c.c. Subcutaneously No reaction. 

6 9 Toxin 0'05 c.c. Intravenously No reaction. 
10 

" 0'005 C.c. 
" " 11 

" 0'1. c.c. 
" " 12 

" 1 c.c. 
" " 

Conclusion.-Ducks may undoubtedly contract lamsiekte. Two 
of the ducks used in the above experim~mts developed typical symp­
toms of this disease. On the other hand, several ,other ducks which 
received much larger quantities of toxic material showed no symptoms. 
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The minimum lethal dose for ducks cannot be given. One of the 
ducks which gave a positive reaction received only ~ c.c. toxin per os. 

(0) IN PIGEONS. 

Pigeons seem to be less susceptible to lamsiekte than the other 
species of birds used in these experiments. ~rhe following table gives 
a summary of the result (see Appendix, page 1179). 

TABLE No. 14. 

Pigeon No. Material Used. Amount. Mode of Administration. Result. 

1 Rotten meat and maggots 10 g. Dosed per os No reaction. 

5 Toxin 1 c.c. Dosed per os No reaction. 

2 Toxin 0'1 c.c. Injected subcutaneously No reaction. 

3 Toxin 0·01 c.c. Injected subcutaneously No reaction. 

4 Toxin 0'001 c.c. Injected subcutaneously No reaction. 
----

6 Toxin 0,5 c.c. Injected subcutaneously No reaction. 

7 Toxin 1 c.c. Injected subcutaneously No reaction. 

S Toxin 2 c.C. Injected subcutaneously Died after 24 hours. 

9 Toxin 1 c.c. Injected subcutaneously No reaction. 

10 Toxin 3 c.c. Injected subcutaneously No reaction. 

11 Toxin 4 c.c. Injected subcutaneously No reaction. 

12 Toxin 5 c.C. Injected subcutaneously No reaction. 

ConcZ'usion.-Only one pigeon (8) showed any re1action, and died 
twenty-four hours after the injection of the toxin; other pigeons. 
which received bigger doses showed no ill-effects. Similar contra­
dictory results were obtained with the other species of birds experi-­
mented upon. 

It is impossible to draw any definite conclusions in regard to the 
minimum lethal dose for pigeons, beyond stating that in general they 
show a high natural immunity. 

D.-ArrTENUATION OF THE TOXIN. 
With a very potent toxin like the one under investigation it 

seemed reasonable toe1xpect that it would be possible to attenuate, it,. 
and that a certain degre1e of immunity would follow on the injectiom 
of the attenuated toxin. 

The problem was attacked from two angles, and, as will be seen", 
both lines of attack proved fairly suecessful, although of limited. 
practical application. On the one hand, the effect of physical 

,influences on the toxin were tried, and, on the other, various chemicals 
were added to the toxin and the effect noted. Among the physical 
factors, heat was employed in the first instance; the records of these 
experiments are given below. 

(a) ATTENUATION BY HEAT. 

(1) By Means of One Heating. 
In most of the experiments the toxin was subjected to one heating 

only. The heated toxin was then tested on animals for which the 
toxicity of the unheated material was accurately known. In the first 
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place, guinea-pigs were used and subsequently goats. The experi­
ments conducted with these two classes of animals will be recorded 
separate,ly. 

(i) Tests on Guinea-pigs. 

To facilitate a discussion of these experiments, a summary of the 
results will be giyen first. The amount of toxin used in these and 
later experiments will be indicated in multiples of the minimum 
lethal dose, which for guinea-pigs js taken as 0.001 C.c. per kg. 
body-weight. The heating of the toxin was carried out on a 
water-bath, and the temperature of the toxin itself was measured. 
Where the toxin is stated to have been heated to a certain temperature 
for a certain length of time, the period was measured from the 
mOlnent the thermometer inside the toxin first registered the tempera­
ture and until the vessel containing the toxin was removed from the 
water-bath. All injections were made subcutaneously. 

TABLE No. 15. 

Heated Result. 
Experiment Guinea-pig Weight Amount of 

No. No. in grm. Toxin. Ineubation.1 DI,d Ai"". To. For. 

1 23 520 10 x M.L.D. 90° 10 minutes No reaction. 
24 560 10 x M.L.D. 75° 10 minutes 6!- days lOt days. 
25 580 10 X M.L.D. 60° 10 minutes - 22t hours. 
26 500 10 X M.L.D. 56° 10 minutes - 2t days. 
28 480 1 X M.L.D. Unheated (control) 6t days St days. 

2 29 750 5 X M.L.D. 70" 1'0 min."" fit days Recovered. 
31 600 5 X M.L.D. 66° 10 minutes 2 days 6t days. 
33 340 5 X M.L.D. 62° 10 minutes 2t days 5 days. 
34 500 5 X l\1.L.D. Unhcat~d (control) About 41!- hours. 

36 hours 

3 47 510 100 X M.L.D. 70° 1 hour. 3t days 5 days. 
48 550 100 X M.L.D. 70° 2 hours No reaction. 
49 450 100 X M.L.D. 70° 3 hours 

" 50 380 100 X M.L.D. Unheated (control) - I 17 hours. 
--------

4 54 550 100 X M.J~. D. 80° t hour No reaction. 
55 630 100 X M.L.D. 80° 10 minutes to 
56 460 100 X M.L.D. 78° 1 hour to 
57 430 100 X M.L.D. 78° t hour to 
58 480 100 X M.L.D. 78° t hour to 
59 540 100 X M.L.D. 75° 1 hour 

" 60 600 100 X M.L.D. 75° t hour 31 days 

I 
4!- days. 

61 540 100 X M.L.D. Unhea,ted (control) 14 hours 18 hours. 

Discrussion of Results. 

Experiment No. I.-Four guinea-pigs each received 10 minimum 
letha'l doses (i.e. 0.01 C.c. toxin per kg. body-weight), which had 
been heated to 90°, 75°, 60°, and 56° C. respectively for ten minutes. 
T'he guinea-pigs which received the toxin heated to 56° and 60° C. died 
after two and a half days and one day respectively; the guinea-pig 
which received the toxin heated to 90° C. showed no reaction; and 
the fourth one died after a lapse of ten and a half days. The control 
guinea-pig, which received one minimum lethal dose (0.001 c.c. per 
kg.) of unheated toxin, died after eight and a balf days. 

Conclusion .. -From this exp8riment it appeared that a tempera­
ture 0'£ 56° or 60° C. did not affect the toxin at all; 90° C. either 
destroyed the toxin or attenuated it to such an extent that it produced 
no svmntoms, even when injecbd in a quantity ten times the size of 
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the miniptum lethal dose. At 75° C. the toxin was undoubtedly 
attenuated, the guinea-pig showing the first symptoms only six and a 
half days after the injection and dying four' days later. . 

Th8 critical temperature at which the toxin was attenuated was 
concluded to be between 60'° and 90° C, 

The attenuation obtained by heating the toxin to 75° C., and 
keeping it at this temperature for ten minutes, was obviously inade­
quate. Two methods for rectifying this suggested themselves. The 
one was to increase the te'mperature and the other to continue the 
heating process for a longer space of time. It even seemed likely that 
the desired object would be achi8ved if the toxin were to be kept at 
a lower temperature for a considerably longer period. 

The following experiments, which \'\'ere all of a preliminary 
nature, were undertaken with the object of establishing the optimum 
relation betwe8n temperature and duration of heating. The experi­
ments were continued vvith goats and were concluded with cattle. In 
the next section it will be seen that the optimum relation finally 
decided upon was: heating the toxin to 70° C. and 1naintaining it at 
thZ:s tempe,rature for twelve hours. H,ow this procedure was anived 
at will be seen in the following experiments:-

Experiment No. 2.-This experiment was commenced before 
guinea-pig 24 in Experiment N'O. 1 died. It wat:l then thought that 
the toxin heated to 90° and 75° C. had been deshoyed, and that 
heated to 56° or 60° C. had not been attenuated at all. The, object 
of Experiment No. 2 was therefore to try and determine whether the 
toxin could be attenuated at an interm8diate temperature. 

Toxin was heated to 70°, 66°, and 62° C. for ten minutes, and 
five minimum lethal doses (0.005 c.c. per kg.) of each lot injected 
into a guinea-pig. The first guinea-pig (29) got ill and recovered. 
The other two died after six and a half and five days respectively. 
'fhe control guinea-pig, which r,8ceived five minimum lethal doses of 
the unheated toxin, died within two days. 

Conclusion.-T'here appeared t,o be some attenuation in all three 
lots of toxin. In the case of the toxin heated to 70° C. for ten minutes 
the attenuation had proceeded so far that the guinea-pig which 
received five minimum lethal doses recovered. 

In the next experiment the same temperature was adhered to, but 
the heating prolonged. 

Expen:ment No. 3.-Three guinea-pigs each receiY,8d 100 mini .. 
mum lethal doses (0.1 c.c. per kg.) of toxin heated to 70,0 C. for one 
hour, two hours, and three hours respectively. T'he first guinea-pig 
died after five days, the other two showed no ill-effects. The control, 
which received 100 minimum lethal doses unheated toxin, died after 
sevent,8en hours. 

Condusion.-In all thre8 cases the toxin was attenuated. In 
the case of the toxin heated for one hour the attenuation was not 
sufficient to prevent the appearance of the disease and d8ath. 

~rhe result of this and other experiments led to the formula 
finally adopted, namely, heating the toxin to 70° C. for twelve hours. 

Experiment No. 4.-'1'he effect of higher t8mperatures was tried 
in this experiment. Toxin was heated to 75° C. for half an hour 
and one hour; to 78° C. for quarter of an hour, half an hour, and one 
hour; and to 80° C. for ten minutes and half an hour. 100 mini­
mum lethal doses of each lot were injected into a guinea-pig., 
Only th.8 guinea-pig which received the toxin heated to 78° C. 
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for half an hour developed the disease and died after four and a 
half days. None of the others showed any symptoms. The control, 
which received 100 minimum Ilethal doses unheated toxin, died after 
eighteen hours. 

C01vclusion.-Any temperature above 75° C. seemed to be sufficient 
to attenuate the toxin tfO such an extent that it produced no symp­
toms. At 75° C. the heating had to be continued for more than half 
an hour to render the inoculation of a comparatively large quantity, 
such as 0.1 c.c. per kg., safe. 

(ii) Tests on Goats. 
'£he same procedure was followed in goats as in guinea-pigs, with 

only this difference, that larger d;oses of heated toxin were used. 
Expe-riment No. l.-T'hIi8e goats (7,8, and 9) received 1,000 mini­

mum lethal doses (i.e. 0.1 c.o. per kg.) toxin heated to 65° C. for 
one hour, two hours, and three hours respectively. Goat 7 died 
fo. r. ty-four hours, ?,'oat 8 forty-two hours, and goat 9 about fifty hours, 
6tfter injection. ~See Appendix, page 1180.) 

Conclusion.-The attenuation adopt-ed in this ,experiment was 
totally inadequate. 'r'he very large dose which was injected was 
p!artly responsible for t:be rapi.d course the disease took in these three 
goats. 

Expe-riment No. 2.-G,oai 10 received 1,000 minimum lethal doses 
heated to 70° C. for two hours; goat 11, 1,000 minimum lethal doses 
heated to 70° C. for three hours; goat 12, the same amount heated 
to 75° C. for one hour; and goat 13, the same quantity heated to 
75° C. for two hours. 

Goat 10 died after two and a half days, g'oat 11 after four days. 
Goat 12 showed the first symptoms seven days after the injection; 
a fortnight later the goat was still alive, but completely paralyse'd 
(see Appendix, page 1180). It died after an intravenous injection 
of ferrous sulphate. Goat 13 also showed the first symptoms seven 
days after the injection and died twenty-four days later. 

Conclusion.-The toxin used in this exp·eriment was not suffi­
ciently attenuated. 

On the assumpti.on that a longer period of heating would attenuate 
the toxin further, the following experiment was carried out:­

Experiment No.3.-Goats 19, 20, and 21 each received 1,000 
minimum lethal doses of toxin heated to 70° C. for twelve hours and 
showed no ill-effects at all. 

These three goats, together with others, were later on used for 
immunity experiments [see Section E (a) (1) (ii), page 1131, and 
Appendix, page 1189]. 

Conclusion.-T'he method of attenuation used in this experiment, 
namely, heating to 70° C. for twelve hours, seemed to be adequate for 
the amount of toxin used (1,000 minimum 'lethal doses, i.e. 0.1 C.c. per 
kg. body-weight). 

T'his method seemed, therefore, to lend itself to the routine 
immuniZiation of animals against lamsiekte by means of heated toxin 
[see Section E (a) (1)]. 

Exp>eriment No. 4.-This experiment was undertaken to deter­
mine whether toxin heated to 70° O. for twelve hours could with 
safety be injected into goats in quantities larger than 1,000 minimunl 
lethal doses. It was considered advisable to start with the smaller 
amount (1,000 minimum lethal doses) and then to give 5 000 or 10 000 
minimum lethal doses. ' , 
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T8n goats (54, 55, 58, 59, 60, 61, 62, 63, 64, and 67) each reeeived 
1,000 minimum lethal doses heated toxin with no ill-effects whatever. 
rrhereupon each of these goats was injected with 5,000 minimum lethal 
doses toxin heat8d to 70° C. for twelve hours. In one (60), symptOlm; 
of lamsiekte developed after an incubation period of six day~; the 
disease lasted about three weeks and the animal recovered completely. 
The other nine goats showed no reaction. 

Eight of the goats received a further inj8ction of 10,000 minimum 
lethal doses heated toxin (i./8. 1 c.c. per kg. body-weight) without 
showing any ill-effects. 

Conclusion.-Toxin heaed to 70° C. for twelve hours may be 
inject8d into goats in amounts of 0,000 minimum lethal doses a C.c. 
per kg.) or 10,000 (1 c.c. per kg.) without ill-effect. In some instances, 
however, t.hese large quantities will produce symptoms of lamsiekte. 

The fonowing table summariz8s the results of the experiments 
recorded above:-

TABLE No. 16 . 

...., 

j Heated Result. 
Goat Weight Amount. Expressed in 
No. in kg. of Toxin. M.L.D. 

i:~ To. For. Incubation. Died after. 

- --
I 7 36 3·6 C.c. 1,000 x M.L.D. 65° 1 hour 39 hours 44 hours. 

8 33 3'3 C.c. 1,000 x M.L.D. 65° 2 hours 39 hours 42 hours. 
9 32 3·2 c.c. 1,000 x M.L.D. 65° 3 hours 39 hours About 

50 hours. 
--

2 10 41 4'1 c.c. 1,000 x M.L.D. 70· 2 hours - 2t days. 
11 39 3·9 C.c. 1,000 x M.L.D. 70° 3 hours 3t days 4 days. 
12 36 3'6 C.c. 1,000 x M.L.D. 75° 1 hour 7 days Killed after 

27 days. 
13 33 3·3 c.c. 1,000 X M.L.D. 75° 2. hours 7 days 31 days. 

3 19 43 4·3 c.c. 1,000 X M.L.D. 70° 12 hours No reaction. 
20 42 4·2 C.c. 1,000 X M.L.D. 70° 12 hours 

" 21 36·5 3·65 c.r. 1,000 X M.L.D. 70° 12 hours 
" - --

4 54 28 2'8 c.c. 1,000 X M.L.D. 70° 12 hours No reaction. 
14 C.c. 5,000 X M.L.D. 70° 12 bours 

" 28 C.c. 10,000 X M.L.D. 70° 12 hours 
" 55 21 2'1 c.c. 1,000 X M.L.D. 70° 12 hours 
" 10'5 c.c. 5,000 X M.L.D. 70° 12 hours 
" 21 C.c. 10,000 X M.L.D. 70° 12 hours 
" 58 21 2·1 c.c. 1,000 X M.L.D. 70° 12 hours 
" 10'5 c.c. 5,000 X M.L.D. 70° 12 hours 
" 21 c·c. 10,000 X M.L.D. 70° 12 hours 
" 59 29 2'9 c.c. 1,000 X M.L.D. 70° 12 hours 
" 14'5 c.c. 5,000 X M.L.D. 70° 12 hours .. 

29 c.C. 10,000 X M.L.D. 70° 12 hours 
" 60 26 2'6 c.c. 1,000 X M.L.D. 70° 12 hours 
'j Recovered. 13 c.c. 5,000 x M.L.D. 70° 12 hours 6t days 

61 38 3'8 c.r. 1,000 x M.L.D. 70° 1.2 hours No reaction. 
19 c.c. 5,000 x M.L.D. 70° 12 hours .. 
38 c.c. 10,000 x M.L.D. 70° 12 hours 

" 62 24 2'4 c.c. 1,000 x M.I,.D. 70° 12 hours " 12 c.c. 5,000 x M.L.D. 70° 12 hours .. 
24 C.c. 10,000 x M.L.D. 70° 12 hours 

" 63 26 2'6 c.c. 1,000 x M.L.D. 70° 12 hours 
" 13 c.c. 5,000 x M.L.D. 70° 12 hours .. 

26 C.c. 10,000 x M L D 70° 12 hours .. 
64 23 2'3 C.c. 1,000 x M.T,.D. 70° 12 hours 

" 11'5 c.c. 5,000 x M.L.D. 70° 12 hours 
" 23 c.c. 10,000 x M.I,.D. 70° 12 hour'> .. 

67 27 2·7 c.C. 1,000 x M.L.D. 70° 12 hours 
" 13·5 c.c. 5,000 X M.L.D. 70° 12 hours 
" 

(iii) Te,st on Horse. 
Horse 13340 received 1,000 minimum 18thal doses toxin heated to 

70° C. for twelve hours and showed no reaction. It thereupon received 
5,000 minimum lethal doses, and about a month later a further 




