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'l'HE investigation of the disease, lamb dysentery, follo·wed well
established lines-fielcl observation, isolation of the causative germ, 
reproduction of the disease in normal lambs b,- the administration 
of this germ, and, finally, the prevention of th~ naturally-occurring 
infection. by the u se of an antiserum or a prophylactic prepared with 
this microbe. With a tox in-producing germ, as Cl. 1celchii, 'l'ype B, 
one could aim to produre an antitoxic immunit,y, an antibacterial 
immunity or both . In actual field work, no purposeful attempt was 
ever made to produce an antiba cterial immtmity in sheep . Doubtless, 
antibacterial bodies were fonned, due to the presence, in the materi al 
injectNl (toxin-anti toxin mixtures, form ol-toxoids and ana cultures) 
of autolysed bac:teria or of the baderia, themt>elves . 'Whether or not 
their presenee played a useful r ole in the preyention of the di sease is 
not luw"·n. As 'l':vpe B iR a toxi n-producer , every endeavour wa,; 
made to cleYise methods fOl' t he obtaining of high antitoxic immunity. 

In this eommunication, the following aspeds of the production 
of immunity will be discussed. 

1. 'l'he effert on immunity production of : ---
(a) On e and two injections of formol -toxoid (primary and 

secondary stimulus) and the interval behYeen the injection 
u£ ihe an tigen and the test. 

(b) 'l'he amount of formol-toxoid injected. 
(c) The Yalue (tobl-antitoxin-binding-Yalue) of the toxoid 

injected. 

2 . The imnnmizinp: pO\i'er of Rmall amounts of free toxin. 

:l. 'l'he production of immunity to 'rype B toxin, with 'r ype A 
toxoid. 

4. Methods of increasing immunity . 

5. 'l'he produ ction of immunity with Type B bacilli, freed from 
toxin. 

* 'fh e nomendature su ggest ed by W ilsdon (1931) for t he " ·elt-h g roup of 
a naerobes will be m;ed t h roughout t his article. 
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JJalling an d his colleagues (1928) haYe shmnl that the immuni"'a 
tion of ewes with formol-toxoids m· anacultures (formolisecl whole 
cultures) of Cl. tcelchii, Type B has reduced the incidence of 
lamb dysentery in the lambs issue of sueh e\Yes. For a number of 
years, ::macultur e only has been used for this purpose, chiefly because 
o£ the relatiYe ease of production. In brief, its production is as 
follows: -'l'he meat particles are remoYed from an 18 hours' meat 
broth culture of the germ, enough formalin ( 40 per cent. formalde-
hyde) to make a 0 · 4-0 · 5 per cent. concen tration . added, the pH 
adjusted to 7·4 and the material incubated at 37° C. until more than 
U · 25 c. c. (on intraYenous injection) is required to kill a mouse. From 
3-10 days at 37° C. are usually 1·equired . The value of the toxoid 
(the word " toxoid " will be used thruughout to denote either 
fonnol-toxoicl or anaculture) is no\Y determined. Varying amounts 
of toxoid are mixed ''"ith 1 unit of a (laboratory) standard an ti 
toxin, and after standing- at room temperature for 1 hour , one-half 
of a test dose .of toxin (i.e . one-half of that amount of toxin which 
is just neutralizecl by one unit of antitoxin) is ad decl to each mixture. 
After a further half to one hour at room tempe1·ature, the mixtures 
are injected intra.Yenously into mice. If, for example, the mou se 
receiving the mixture c.ontaining 1 / 20 c.c. of toxoid, 1 unit of anti
toxin and ~ test close of toxin dies, and that receiving the mixture 
containing 1 / 30 c.c. of toxoid lives, 1.0 c .c. of toxoid is said to he 
equi.-alent to 15 units of antitoxin, or brief!,\· is of 15 units value. 

In testing the immunity produced in animals by toxoicls, bYo 
methor16 ha.-e been employed:-

(1) The C1tnwlative Minimal Lethal Dose (C1..mulati've il!.L .V. ) 
Test (:Yias·on, Ross, ilnd Dalling, 1931).-This method has giYen satis
factory results OYer a period of 7-8 years when applied to guinea
pigs immunized \Yith Type B antigens. Briefly, it is based on the 
fnct that Type B toxin, administered intraYrn ousl.\- (i . .-.) kills "·ith 
great rapidity, so that , in the course of 6 hours, 32 or more minimal 
lethal doses 01.L.D.) may be given in 5 injections (e.g. )f.L.D. 1, 
1, 4, 8, 16) . 'rhe result i recorded as "guinea-pig withstood 4-8, 
etc ., M.L.J) .", ''"hich means that it sun-iYed the injection of 4 
:M.L.D., but not that of a further 4 ~LL.D . 

(2) The Titmtion of the Seru,m of the I mmunized Animal oT of 
the Pooled . 'era of a Grotllf of Animnls.-The latter procedure has 
proved most satisfaetory in the writer's hands. In tht results to be 
presented , it ''"ill be obsened that, by the cumulative J\f.L.D. test, 
the individual varintion of immunit:-- r esponse is greatly accentuated, 
some guinea-pigs rly ing ilfter the injection of 1 )LL.D . al1C1 .others 
of the snme group " ·ithstanding R or 16 J\LL.D. By t esting the 
pooled sera (i . .-. in mice), these imliYidual Yariations are masked and 
a Yaluation figure ran he giYen to the group. Further, the serum 
can be titratecl to r1 boui 15-20 per cent. accuracy; such a difference 
"·ould be difficult t.o sho\\· up by th e cumulatiYe M:.L.D. met.h orl. 

Experience OYer a number of vears has shown that a toxoid of 
20 or more units u sually profluces a satisfactory degree of immunity 
m guinea-pigs. 
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EXPE R IMENTAL. 

'l'nE EFJ'ECT OF A S INGLE I xJFCTION OF ToxoiD . 

The time elapsing between the inj ection of antigen ann tho 
appearance of circulating antitoxin depends, to a large exten t, on 
the value of the antigen. After the injection of 2 ·0 c.c. of toxoid, 
value 80 units, into guinea-pigs, antitoxin is demonstrable in 10 days, 
but whether present before that time has not been ascertained . A 
low value toxoid of 5-10 units will not stimulate the production of 
demonstrable antitoxin in 2 up to 4 weeks after injection. However, 
that it rloes act as a primary st imulus i s shown when a second injec
tion is given 2-4 weeks later ; antitoxin is then easily cl emonstr a ble 
7-12 dayR after such a secondary stimulus. 

In table 1 are recorded the results of testing, by the cumulative 
~LL.D. method, the immunity prorlucecl in guinea-pigs by one sub
cutaneous injection of a goorl Yalue toxoid (Yaluecl 40 units) . 

The experiment sl1 01Ys th at the maximum immunity is present 
[,eh,·een t he 14th and 21st <lay after the injection of t he an tigen, is 
decreasing at the 28th day and is not rlemonstrable at the 90th day . 

TABLE 1. 

Th e F;.ffer! of n S in.l)le In jectio n of To.?·m:rl. 

Cum. M.L.D . test after 
--G.P. 

I I I I 
14 days. 21 days. 28 days. 60 days. 90 days. 

-
I I 

l. ..... < 1 < 1 < 1 

I 
< 1 < 1 

2 ...... 1- 2 < 1 < 1 < 1 <1 
3 ..... . 3 1- 2 < 1 < 1 < 1 
4 .-.. . .. 6- 10 1- 2 < 1 < 1 < 1 
5 ...... 6- 10 

I 

2- 4 1- 2 1- 2 

I 
< 1 

6 ...... 
I 

> 10 4- 8 1- 2 4- 8 < 1 

(The guinea-pigs received 2 ·0 c .c. of the same toxoid s.c., and 6 were removed and 
tested at the above stated periods.) 

The l!Jjject of T wo I nject ions of T o.wd (th e 2nd in jection =" the 
t:>e <.;ondary stimulus " ).- Again, th e Yalue of the toxoid injected 
det ermines, to a lar ge ext en t, the innnunity response of t he animals. 
E xperiments, planned to sho'" up differences in response of guinea
pigs, which receiYed the secondary stimulus 14, 21, and 28 days 
1espectiYely after the primary stimulus, did not give a decisive 
answer, i.e. no significant differences were got . Th e writer hesitateR 
t o stress this point becau se of the importance th at is placed upon a 
r el atively long interval in immunization with diphtheria and tetam u1 
toxoids. Further , in the immunization of sh eep, in the field, with 
'l'ype B toxoid, a long inten al , 4-5 months, is allowed , with excelleJJt 
results, as judgerl by the immunity of the lambs to lamb dysentery 
and by the presence of antitoxin in the ewes' sera an d colostra. 
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'The Effect of the D ose of AnUgen .-As a routine measure , :!·0 
c.c . Type B toxoicl is g iven s .c. to guinea -pi g·s a n<l :) ·0 !'.C. to sh eep. 
l n on e experimen t, Uf> ing 2 · 0 a nd 0 · 1 c .<·. r espectiYel y of toxoi<l , 
value 15 units, as prim ary stimuli a nd testing, 1 weeks la ter , the 
p ooled !'era of 8 g uinea-pigs from each group for its a ntitoxic· pO\Yer , 
t h e folloTI·ing r esults were got : -

2 ·0 c.c. gun:ea-p1gs: 0 ·1 c .c . of serum neutral ized 1 ~I.L.D . 
of toxin. 

0· 1 c .c . guinea-p igs : 0· ~ c .c . of ser um clid not neutra lize 1 
M.L.D. of toxin . 

'l'h e 1·e,;ults of a n experiment , pLtHn ecl to t est t h e effect· of t·h e 
size of the ~eco rulary ,; timulu s, are noted in table 2 . The toxoid '"as 
of 25 units value, the pri lll nry c;hmu l tt s \\·as 2·0 r· .c . s .c., a nd t iH~ 
internd hehYeen it an<l tl1e r;econ clan· stim nlu s \\·as 14 clavs. The 
immunity test (('umulatiYe ::\I".L.l). ) was canied out 10 rb.vs after th e 
secon<l injection. 

T .-\HLE 2. 

Tl1 r Ejferf. of l ·iii . .IJin.r; thr S£.ze (lJosP ) of the Seco11dary Stim vl11s. 

T est hy r'um . . lf .LJJ. Jlcthod. 

Secondary Stimulus c .c. 

011 e (';I tt ~a.\·, h olll the :lh0 \'1' re~nu ~, th a t a :2() ti rn c>s r e<lur.tion 
lll sizc- of th e set·ou 1LirT s li mul u ~ re~u lb in a !l enea~ed inr mun itY 
respo 1 1.~c- . ( )ne \\·ou lcl h ~,;iLll e to ~n \' t lw t- :1 ,-l tiJn c-,; re<lnrhon JJ<1~ ~t 
d c>:fi ni f'e eff<•d; f!J p ind i('afion i.~ fl.ta f of ]p .~"ene !\ TespO.IlS8 , !Jut fl1e 
ex.pe r im e ut "·ould han• to ])p repeate(l on a large tlllllJher of a ni m aL• 
a nd th e resnlts exam ined s t-atio;ti('alh· befo re a final <ln S\I·c-r· ro ulfl 
be giYen. · 

'l'!t e E.f/er·t of th e T'a lue of t he Anli_l]en. - Ill tabl <~ 1 is n•ronl c> <l 
t he im muuih· produ cc-(1 by 2 injedion" of toxoi!l" of tliffe1·ent Ynlu e. 
A ,;;im ilar i:1ble !·ould h P pre~Pttte d sh o\\·ino· t hat 1 inje<·t ion of toxoid 
(5), 1·a \ne RO unit·s, so imm lln ized' G gu in ;a-pigs t·l1 at i h e_v '"itl1 stoo(l 
1-4, 4-S, 4-N, S, 8-lG, nndlfi-2-± ::\I. L.D . of toxin resperti,· el~· . " ·herens 
toxoi<l (2), value 10 un i ts " ·a ,;; in capa hl e of immllll izin g· any ODP of 
r; g n i t1ea-p 1g-s to Tesist 1 ::\I.LD. of the same toxin. 
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TABLE 3. 

T he Effect of thP Tlnlu e of the To.1:o£d I n ject ed . 

Toxoid. 

( l) (2) 
I 

(3) (4) (5) 

----·--

I Value (units). Value (units). Value (units). Value (units). Value (units), 
15 lO 5 2! 80 

Gum. Jlf.L.D. test. 
G.P. G.P. G.P. G.P. G.P. 
l. . . .. < l l. .... < 1 l. .... < 1 l. ... . < 1 1 .. . .. 16-32 
2 ..... 4-8 2 .... . 1-2 2 . .... < 1 2 . .. .. < 1 1 .. ... > 32 
3 ..... 4-8 3 ..... 2-4 3 .. ". <1 3 .. ... <1 3 .. ... > 32 
4 ..... 16 4 ..... 2-4 4 ..... <1 4 ..... <1 4 ..... > 32 
5 ..... > 32 5. " .. 4-8 5 . .. .. 4-8 5 .... . 1-2 5 .. ". > 32 

6 .. " . 4-8 6 ... . . 1-2 6 .. ". > 32 
7 .. ... 8- 16 7 .. . .. > 32 
8 . .... 8- 16 

[The fig lll'es opposite G.P. (guinea pig) 1, 2, etc., are the number of l\1.L.D. tolerated 
by the animal.] 

Table 3 shows clearly that the autigenic power of a toxoid is in 
direct relation to its antitoxin binding value. However, one cannot 
assume. from the aboYe results, that a toxoid of 20 units will he a 
better antigen t han one of 15 units, alth-ough one could be a lmost 
certain that it TI·ould be better than one of 5 units and poorer th an 
one of 80 units . Glenny (1901) di scusses the effect , on immunity 
production, of non-specific material in diphtheria toxoid and sugg-ests 
that toxoids contain 99 per cent. non-specific and only 1·0 per cent. 
specific substance. It will readily be appreciated that one lot of 
toxoicl may c-onta iu more non-specifie material than another and 
that much of this material may, itself , be antigenic. .Again , ther e 
is the possibility that the antigen , itself, ma~· vary qmdita tiYely from 
hatch to batch. 

'l'h e effect o£ th e solubility of the antigen and the route of 
in jed ion "·ill he cl iscu,;secl under " Methods of Increasing 
Immunity ". 

( ' nrespon si'L·e A nimals.-It " ·ill haYe been noticed , in t he r esults 
recordecl, that the immunity response to th e injection o£ th e same 
toxoid Yaries enormously in individual guin ea-pigs . When thi ;;; 
happening was first encountered, it " ·as f eared t h a t r;ome gu inen
pigs had not been inj ected and that -other r; h ad r ecei,·ed more than 
the desired number o£ inoculation s. HoweYer, when the ph enom en on 
occuned with eYery lot of toxoi d t ested, it \Yas realized that t h e 
('ause of the apparent cliscrepancy was t.he animal itself. 'L'o nseerta in 
if the immunity response of th e individual '"as of th e same order 
when two antigens were injected nt t he same time, the follmYing 
experiment was earried througl1. Two group:; of guin ea-pigs r eceived 
two injections -of 'l'ype B toxoid (2·0 c.c .) at 21 days' inten-al an d 
were tested by the cumulative ~I.L.D. meth oll 14 days after th e 
;,econclary stimulus. At the time -of t he fir, t in oculation , 1 ·0 c.c. of 
diphtheria toxoid was injecte<1 into one group and 5 · 0 c .o. into 
nnoth er. Three 11·ee ks after this inoculation , each guinea-pig " ·as 
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bled and its serum titrated for the presence of dipht heria antitoxin. 
(The writer is indebted to h is former oolleague, Mr . A. 'I'. Glenny, 
for carrying out these tests .) 'l'able 4 recorcl s the r esults. 

TABLE 4. 
Comparison of the Imm unity R esponse of Guinea-P igs I njected at 

nne time with TyzJe B and Diphtheria T oxoids . 
--

GROUP 1. GROUP 2. 

2 injections of 2 c.c. Type B toxoid, · 2 injections of 2 c.c. Ty pe B toxoid, 
1 injection of 1 c.c. dip. toxoid. 1 injection of 5 c.c. dip. toxoid. 

G.P. I Dip . AT. 
I 

Type B. 
I 

G.P. 
I 

Dip. AT. 
I 

Ty pe B. 

-
l. ... . . . . 1/ 1000 1- 4 l. . .. . . . . 1/ 1000 12- 32 
2 ........ 1/ 10 > 32 2 .. . ..... 1/ 25 1-4 
3. - .... .. 1/ 1000 4-12 3 .. . . .... 1/ 25 12-32 

4 . .... . .. 1/ 1000 4-8 
5 ..... . .. 1/ 1000 1-4 
6 .. . . .. .. 1/ 250 > 32 

(Dip. AT = dipht heria antitoxin ; the figures under Dip . AT. = units; the figures 
under Type B = t he result of t he cumulative ~LL.D. test.) 

Whilst th er e may be some degree of correlation, t he results do 
not indicate that i t is Yery close. 

METHODS OF INCREASING IMMUNITY. 

(1) 'l'HE 1-:FFECT OF MAI\ING ATOX I C 'l'oxom S:r.JGIITLY Toxrc. 

(a.) 'l'o 2·0 c.c. amounts of a rather low n lue Type B toxoid (lli 
units) , 10 mouse l\LL.D. of Type A, Type B and Cl . se7Jtiqu.e toxins, 
respectively, were added . Guinea -pigs receiYed 2 · 0 c .c. s .c. b1·ice 
(14 days' interva l), and were tested (cumulati Ye :J[.L.D. ) 12 days 
after t he secondary stim ulus. The results are giYell in table 6 . 

TABLE 5. 

T he Effect of mal.·ing T o.roid S li_r;htly T oxic. 

I Toxoid plus Type B 

G.T'. Toxoid 

I 

toxin 
only . 

Type A Type B 

I 
Cl. sept. alone 

toxin. toxin. tox in . 10 :\LL.D. 

l. . . " " < 1 4- 8 < 1 < 1 < L 
2 . . . . ... < 1 16- 24 24-40 < 1 < l 
3 ... .... < 1 16- 24 :24-40 8- 16 < l 
4 . .. - . . . 4-8 24-40 50-60 24- 40 < l 
5 .. .. ... 4-8 24-40 50-60 1-2 
6 . .. .. .. 16- 24 > 60 

(Cl. sept. = Cl. septique ; t he Type B t oxin alone was diluted in broth and 2 ·0 c.c. 
injected .) 
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Local 1·eactions 'tn abore g1unea-p1gs (necrosis or evidence of 
necrosis) :-

14 days after 
first £noculation. 

Toxoid alone . .. ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0/ 6 
Toxoid plus Type A toxin .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5/ 5 
Toxoid plus Type B toxin............... . . . ..... . ....... 5/ 6 
Toxoid plus OZ. septique toxin.. . .. ............. . ......... 4/ 4 
Type B toxin (10 mouse M.L.D.) .............. . ... . .. .... 5/ 5 

(5/ 5 = 5 of 5 animals injected had local reactions.) 

( /1) An experiment carried out with the same toxoid as in (a ) 
above. The number and the spacing of the injections and the test 
was the same. The difference was that smaller amounts of toxin were 
added. The results are given in table 6. 

G.P. 

l. .. 
2 . .. 
3 .. . 
4 .. . 
5 .. 0 

6 .. . 
7 ... 
8 ... 
9 . . . 

TABLE G. 

The Effect of making To,l'oid S lightly Toxic. 

Toxoid plus 

T Jxo id 
only. Type A Type A Type B Type B OZ. sept. 

toxin toxin toxin toxin toxin 
7 M.L.D. 3 M.L.D. 5 M.L.D. 2 M.L.D. 10 M.L.D. 

-

< 1 4-8 < 1 < 1 < 1 < 1 
< 1 8-16 < 1 8-16 1-4 < 1 
< 1 8-16 < 1 16 4-8 1-4 
< 1 8-16 1-4 16-32 4- 8 4- 8 
< 1 8-16 4-8 >32 16-32 4- 8 
1-4 > 32 8-16 > 32 16-32 4-8 

8-16 > 32 8-16 > 32 > 32 8-16 
8- 16 > 32 > 32 > 32 
> 32 > 32 > 32 

Local R eactions 111 al1o1:e Guinea-p1.gs. 

Toxoid alone ... .... . .... ... ... .. .. .... .... . . . .. . 
Toxoid plus 7 M.L.D. Type A toxin ........... . . . 
Toxoid plus 3 M.L .D. Type A toxin ....... ...... . 
Toxoid plus 5 ~LL.D. Type B toxin . ..... . . . . .. . . 
Toxoid plus 2 M.L.D. Type B toxin ..... .. . . ... . . 
Toxoid plus 10 M.L.D. OZ. septique toxin ........ . . 

14 days after 
first inoculation. 

0/ 9 
7/ 9 + 2/ 9 ? Compare. 
1/ 9 + 2/ 9 ? 
1/ 7 + 1/ 7 ? 

0/ 8 
6/ 7 + 1/ 7? 

(7 / 9, etc. = 7 of 9 guinea-pigs injected showed definite reactions; 2/ 9?, etc. = 2 of 9 
guinea-pigs injected showed very mild reactions ; guinea-pigs not accounted for showed 
no reactions.) 

(c) The effect of the addition of toxin to very low value toxoid 
was investigated. The toxoid u sed was of 2! unit value. The proce
dure was exactly as for (a). Table 7 records the results. 
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TABLE 7. 

The Effect of making a Low Value Toxoid Slightly Toxic. 

G.P. 

1. ..... .. ... . . .. . 
2 ... ' ....... . ... . 
3 ............... . 
4 ........... . ... . 
5 .......... · ..... . 
6 .... . ..... : .... . 
7 .............. .. 
8 . ......... . . . .. . 

Nil. 

< 1 
.< 1 
<1 
<1 
<1 
1-4 
1-4 

Toxoid (2!- units) plus 

·T Type B toxin 
10 M.L .D. 

<1 
< 1 
1-4 
1-4 
8-16 

Type A toxin 
10.M.L.D. 

< 1 
< 1 
<1 
<1 
<1 
<1 
i-4 
1-4 

. (d) 'l'he effect of a single injection of slightly toxic toxcoid was 
mvestigated. 'ro 2·0 c.c. amounts of a toxoid, value 25 units, no 
i:tlxin, 10 mouse i-.v. ~LL-.D. -o-f 'l'ype B. and 8 mouse i.v. M.L.D. of 
Type A toxin were added, and injected s.c. into guinea-pigs. Fourteen 
days later, the cumulative M.L.D. test was applied. The results are 
given in table 8. · 

TABLE 8 .. 

The Effect of a Single lnject£on of To.void nwde slightly Tox·ic. 

G.P. 

1. .............. . 
2 ............... . 
3 ............... . 
4 .............. . . 
5 ... · ..... . .... . .. . 
6 ............... . 
7 .............. .. 
8 ............... . .' 
9 .... .. ......... .. 

A single mjection of t~xoid (25 units) plus 

Nil. 

< 1 
<1 
<1 
<1 
<1 
<1 
1-2 

Type B toxin 
10 M.L,D. 

< 1 
<1 
<1 
<1 
1-2 
1-2 
1-2 
3- 6 
6-10 

Type A toxin 
8 M.L.D. 

< 1 
1-2 

3 
6-10 
6-10 
> 10 

. 'rhe~e four expe~iwe~lts ._ sliow clearly that amounts of free toxin 
insufficient, <Jf the·mselves, to ·_produce demonstrable immunity, are 
capable, when mixed 'vith toxoid of fair or good value, of improving 
greatly the antigenic power <Jf the toxoid. However, when .added· 
to a very poor toxoid, no significant difference is got. Further, the 
tests show that only the hinnologous · to:iin, Type B, or one having 
a · tox:ic frl:tctiori in comiP,on · with Type· B, viz. Type A, is capable 
o£ producing the effe-ct.; ·Ol:: -septiqiw toxin was not- able ro enhance 
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the Yalue ·of the antigen. 'l'hi s also shmn that the production of a 
local reaction does not, per se , increase the antigenic power of a 
toxoid. 

(2) THE EFFECT OF ADDIXG "X ON- SPECIFIC MATER TAL TO 

'l'oxoTJJ. - 1'he problem of increasing the immunity, produced by 
dirJhtheria formal-toxoid , h as occupied th e attention of many 
\Yorken;, in particular, that of Ramon and his co-\l·orkers and (:!-lenny 
and hi s colleagues . Ramon (19'?6) noted the stimulating effect on 
antitoxi n produ ct ion in the horse " ·hen finely ground tapioca " ·as 
inject ell with. the antigen. 'l'he formation of an in f:la mma tory 
readion was nn nccompaniment of th e increase(] i mm unity . Glem1 y 
et al. (192(;) and Glenny and \\'addington (1928) reporter] upon 
tht> innea,;pc] immunity resulting from th e addition of potash-nlum 
to toxoirl. )Llzzuc<:hi (1929) has recorder] tlu' iJJ<-reasecl pmtedion 
agninst a nthrnx, nfforoed to animals, when the Yncf'ine is inj ected 
along " ·ith th e inita nt g lucosirle, saponin. To rlrtail all thr puhli
cntion,; dea l ing with the non-specifi c stimulation of immunity would 
be te<lious, but among the substances u sed are the follO\Yillg : cnleium 
r·hlorirl e, t urpenti ne, toluol , oil , bnoline, killed g·erm s and eh oles
te ri n. 

There are two aspect,; of t he problem (1 ) the purely scientific, 
to discoYel· if immunitY cau be incr easecl " ·ith anY substance and 
(2) thP pradiC"al, to rl {scover those ~ uhsta nces , no( iu them sehes, 
undul.•; initaiing or toxif' 11·h ich h nYe au activ<J t ing pffect. T h e 
se(·on(l aspect may be further subclivi<led into (a) t he production of 
hy peri mmu11 e sera in horses, where the fornw tio11 of Sll' eilings <~ nd 
ahscet>~f' " cloes not cause undue a nxiety, (b) the production of 
immunity in man , aU<l particularly in chil1lren , 1vhere ahsl'ess forma
tin n aml i1Hl ura han is of ,;erious moment, .a,ll(l (c) t he production of 
immunity _ in the rlomestic animab , " ·here r eactions are allowable, 
so long as the,v are of milrl degree. It \vas wi th this last aspect that 
the \Hi tet· bnsiecl himself. A not her point , of clefiui te practica l 
importance, h a rl to be kept in mill(l. The non-spPcifif' activator bad 
to be cheap, the prepnration of the final procluct had to be s imple, 
ancl fi nally, this produc·t had to be of such con sistem:,v that it could 
be easi ly injedecl ,,·i t h a syringe. F rom the incPption of the work, 
the writer favoured a method which " ·ould rencler the <Jntigen, itself, 
relatively insoluble. The work of Glenny, Buttle nn(l Stevens (1981) 
sho"·erl t hat rliphtheria toxoi rl is rapidly elim:inn ted from the body 
anrl t hat the incr easer] immun ity result-ing frmr. the inj ed.im1 of an 
alum-preC"ipitatecl toxoirl i~ due to the HlO\Y absorption of the p roduct. 
For t hi s renso n, a number of experiments were r:arrierl out to deter
mine the immunizing· effed on guinea -pi gs of alum preuipi1 ates e£ 
Tyve B to:xoids. 

E.l'J!e'n:m ents witl1 A lum. 

(o ) Yle7d.- The most copious ~·ields ''"ere ohtainerl when enough 
alum "·.as adderl to toxoids to make n 0·5-0·0 per cent. concentrat ion; 
at 10 · 0 per cent. it was small nnd at 0 ·1 per cent. , very small . 
(XoTE.-In the follO\Ying discuss ion the expr ession " 1·0, etc., pe~ 
cent. alum was acldecl " " ·ill mean that enough alum was arlclerl t o 
mn ke a 1· 0 per cent. concentration.) 
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(b) V(d?t e and Nd,.o.r;en Go11tent .~The alum \Y as added to 50 
e.c . amounts of toxqid , pii 7 · 4, iu the state<l percentages , the pre
cipitate " ·ashed t\Yice in rlistillerl " ·ate1· , and the !leterminations made 
on the precipitate, dissolved iu 2 ·0 per cent . Itoehelle salt. (The 
'niter is indebted to h is former colleague, j!i ss )1. Barr, for t he 
nitrogen results. ) -

Toxoid B2. 

Value (units) ........... . 
Nitrogen (per cent.) . ... . 

Toxoid 309. 

0·0 1 

0·0 

2·5 
0·014 

1 ·0 

P er cent. alum .. 

2·0 2·5 

Pe.r cent. alum. 

1· 5 2·0 2·5 

Value (units)............ 10 ·0 2 ·5 2 ·5 I ? '> ·5 2 ·5 

N_it_r_og_e_n_ (I_Je_r_c_e_n_t._)_ .. _._·_· __ o_-3_8-'----0-·0_5_1_,__o_·0_5_2___._o·046~046 

3·0 

2·5 
0·036 

3·0 

2·5 
0·038 

immunity E .vperiment ~vith J'oxoid 309.~The t wice washed 
1· !) per cent . alum precipitate, r esuspended in saline hack to the 
original volume, and the toxoid, itself, were inject ed, in 2·0 c.c. 
amounts, s.c. into guinea-pigs . After 21. !lays, some animals were 
tested for immunity (cumulative :?li.L.D.) aud the remainder re
inoculated with th e antigens: These were tested after a further 
10 d-ays . Table 9 records the results. 

TAllLE 9. 

hnmunizin,q P ower o.f Alwn-To .. void. 

Toxoid. Alum precipitate. 
Immunity after injection. Immunity after injection. 

G.P. 
I 

1st 
I 

G.P. 
I 

2nd G.P. I l st 
I 

G.P. I 2nd 

I I ' I 

I 1 .... < 1 i 13 . . . . < 1 5 . . . . < 1 19 .... < 1 
2 . .. . < 1 14 .... < 1 6 .. .. < 1 20 .. .. 8- 16 
3 . ... < 1 15 . . .. < 1 7 .... 1-3 21 .... 8-16 
4 .... < 1 16 .... 1-4 8 . ... 1-3 22 .... 8-16 

17 .... 8-16 9 . ... 1- 3 23 .. . . > 32 
18 .... > 32 10 .... 1-3 24 . . .. > 32 

11 .. .. 3- 6 25 .... > 32 
12 .... 3-6 

(Reactions- none of t he toxoid guinea-pigs had reactions; all the a lum-toxoid animals 
had small sterile abscesses.) · 
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The indication is strong that, although the ~1lum pr ecipitate 
was only a qnarter of the Y:tlu e of the orig-inal, it ]ll'othlf'ecl a mu ch 
higher imnnm i t y. 

(c) Toxoi<l , Yalue 1:) units, pH/·-!; 0·001 Jler eent-., 0 ·01 per 
cent. , 0·1 per cent. , .a n<l ] ·0 per ce nt-. alum rulded; the precipitate 
(unwash ed) Jifcus ihe SUJWl' !I Htant , inj ected s.e . into g uin e.a-pig s 
(2·0 e. e .) . Test (cmuulatin' ~I.L.D. ) 1-! days after one inoClllation 
all!l eleven <lays aft-er hYo inocu lations (:..'1 d:1ys' intt>rYal ). T he 
r esults ar e giYen in Tahle 10 . 

(d) As (r) , u sing a i oxoi(l , nlue 1:! :\- units, an(l testi ng t he 
effect of addin.r;] ·0 ]W l' cent. alum to it. (Th e preeipii ate plus t he 
supernatant i njected .) Table 11 records the res ults . 

-· 

G.P. 

1 ........ 
.) - . . .. .. . . 
3 .. .... .. 
4 ..... . .. 
5 .. . ..... 
6 . ....... 
7 ........ 

'l'AHLE 10. 

lmmuni:in.r; f>ozcer nf T oxoid P17t s Alum. 

Alum, per cent. 

0 ·0 
I 

1 ·0 
I 

0 ·1 I 
0·01 

Im munity afte r inject ion. 

(l) 
I 

(:2) 
I 

(1) 
I 

(:l) I ( 1) 
I 

(:2 ) 
I 

(1) 
I 

(2) 

' 

I < I < 1 J- :3 < 2i\ < 1 < i5 < l < 20 
I < I 1-:3 < 3 > LO < l < 10 < 1 < 20 

I 1·-2 3- 7 < :3 > 115 < 1 < 10 < I < 10 

I 3- 7 < 3 > 20 > 15 

I 
7- \J I > 6 15 

10- 17 
> 14 

' 

[The (1 ) and (2) = first and second inoculation. ] 

']_' AJJLE 11. 

lmm·uni.zing /;ower of Toxoid Pl us Alllm. 
I mmunity after one injection of 

G.P. 
l ..... . . .. . ........ . 
:2. .. ........ .. 
:3 .. . .•• . .. . . . ... .• . . 
+ ... . .. . . .. .... . .. . . 
:) . .. . . . ........ .. . 
6 ... . .. . .. . . . .. . 

Toxoid. 

< 1 
1- 2 
2-4 
2-4 
4- 8 

1' oxoid plus 
1 p.c. olurn. 

< 1 
< I 
< l 
< I 
1- :! 
4- K 

-

I 
0·001 

- - -

I (J ) I ( ~) 

< 1 < J:) 
< 2 < 215 
< :3 < 2ii 
2- 3 > 10 
> 7 > F> 

> 15 
> 20 

---

(e) A tosoill, value 12~ unit s, pH 7·4 ''""~ treat ecl a s follows: 

]. 1·0 per cent. alum aclcletl , all(] the pre!'ipitate ]Jlu., t he 
supe1·natant inj ected. 

2. 1 ·0 per cent. alum acl<led, the preci pitate " ·ashed b 1·ice in 
clistillecl " ·ater, resu spended in saline to t he orig ina l 
volume .a ntl injected. 
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3 . A 1·0 per cent. alum precipitate washed twice in clistilled 
water , dialyse<l against distille<l water for 4 days at 
5° C., suspend ed i lL distilled w.ater to the original Yol ume 
and inj ectecl . 

4. 1 · 0 per cent. finely ground t apioca a dded , and inj ect ed . 
6 . The toxoid , " ·it hout t reatment, injected. 

Guin ea-p igs received 2· 0 c.c. of the aboYe pro<luets a nd, after 
three weeks, were bled and 0· 1 c.c . of th eir sera titrated aga inst two 
mouse i.v. ~LL.D. of Type R toxin . No serum neut r ali zed this 
amount. On t esting by th e cumulatiYe ~LL .D . method , t h e following 
results wer e got ('l'able 12) : -

TABL E 12 . 
lmrnuniz in.r; P owe1· of A l~tm T oxoids and of To.ro id Pl~ts T apioca. 

Immunity after one inject ion of modification. 

G.P. 
l 'I 2 

I 
3 

I 
4 

I 
Toxoid (no 
t reatment ). 

l. . ... . < l < l < l < l < l 
2 .. .. .. <:; l l - 2 < l < 1 1- 2 
3 ...... < l l -2 < l l -2 1-2 
4 .. .. . . < l l -2 < l l - 2 1-2 
5 ...... < 1 l - 2 < l l - 2 1- 2 
6 ...... < 1 1- 2 

I 

l -2 1- 2 l -2 
7 .... .. < l 

I 
l -2 l - 2 1-2 

$ ...... 1- 2 2-4 l - 2 

' 

(f) 'l'he 1·0 a nd 10·0 per cent. alum precipit ates of a toxoid, 
value 80 units, wer e washerl twi ce in sali ne. 'l'heir value was less 
t ha n 2~ units . 'l'he immunity t est (cumulat ive )i.L .D.) in gu inea
pigs, 21 days after a single inj eetion of 2 · 0 c .e., iR r eeorcl ed in 
Table 13. 

TABLE 13. 
Imm~mizing Power of ] ·0 per cent. ancl 10 ·0 per cent. A.lmn 

Precipitates. 

Immunity after one injection of 

G.P. 
Toxoid. I 

1 · 0 p .c. 

I 
10 ·0 p .c. alum 

Alum precipitate. precipitate. 

1. ........... l --4 < l < 1 
2 .. .......... 4-8 < 1 < 1 
3 ...... .... .. 4- 8 < l < l 
4 ........ .. .. 8 l-2 l - 2 
5 .. .. .. .. .... 16-24 1-2 l - 2 
6 ..... . . . . . .. 24-40 l - 2 l - 2 
7 .. .. .... .. .. l-2 4- 8 

These immunity experiments, planned to show t he stimulating 
effect of an alum precipitate (a precipitate 'vhich is only very slightly 
soluble in water ) are ver y disappoint ing . 'l'he r eason would appear 
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to be the inability of a l um to precipitate out more than a fraction of 
the ant igenic material. ·wi th toxoid 309 [see under (b)], 1·5 per 
cent. alum precipitatetl 50 per cent. of the active material , whereas 
with the toxoid used in (/) less than 1 f 30 '"as obtained in a 1 -0 per 
cent. precipitate. It would appear that with each hatch of toxoid, 
a preliminary experiment should he carried out, in w hie h samples 
a r e precipitated "·ith 1·0-10·0 IJer cent. alum and the value and 
nitrogen content <l etenni ned . That amount of alum which gives a 
precipitate, containing- the most units per mgm. N should be used, 

. i.e. wher e the units : mgm . N ratio is hig-h. However, even g-ranting 
that such a rwoceclure would lead to th e ohtainiug of a better antigen, 
t he results re<;ordecl rl o not indicate that the method has much to 
recommenrl it as conc-erns the increasing of ihe value of 'rype B 
toxoids. In passing-, it may be mentioned t hat the method has 
pr-oved Yaluable with toxoids of Cl. septiqtte (nTiter's unpublish ed 
observations). 

It should also be noted that the alum p1·ecipitates produced local 
reactions in many of the g-uinea-pig-s inj ected (abs<:est>es containing 
a t hick pus, usually sterile) . No indication was got th at animab 
with such reactions '"ere more immuue than those without th em. 

E :cperiments with A.r;ar, Saponin and Co lloidcd lro11. 

'rhese experiments will not be detai l ed, as no definite indication 
was got that the addition of the substance to toxoid increased its 
immunizing- value. 

(a) Aga·r.- Adcled, \vhilst liquid, to toxoicl to make 0 ·1, 0-25 
and 0- 5 per cent . concentrations. The immunizing power tested 0 11 

sh eep .and guinea-pigs; no cl efini te ach-antage over toxoid. 
(b) SaqJOil'in.-Acldecl to toxoid to make a 0·025-0· 05 per cent . 

concentration. The g-uinea-pigs inj ect ed all developed n ecrosis 
(sometimes severe). Results as for agar. These experiments again 
t;how that the production of a local reaction did not, p e1· se, increase 
the immunizing value of the toxoid. 

(c) Colloidal 1-ron.- Equal parts of toxoirl and negatively 
charged iron (8 mg-m. Fe f cc) .and positively charg-ed iron (2 -4 mg·m. 
Fefcc.) respectively tested on g-uinea-pig-s. All animals developed 
large swellings. Results as for agar. (The wri ter 's colleag-ue , 
Dr. A . I. :Malan , kiucll~- preparerl the eolloi tlal i ron.) 

Expe1·imento w ith Z·inc Ch loride a11d the l ntrapcrifm1 eal Ro11te . 

Alum-preeipitates having proved disappointing, th e writer 
looked anmnd for other protein precipitants , th e precipitates of 
which were r elativelv insoluble in " ·ater. Zinc ehloride at onee 
su ggested itself. (The wri ter is awar e of t he use of this substan ce 
for the purification of to:x-oids and toxins, but r ecalls no publish ed 
work, in whieh zinc chloride precipitates have been used for 
immunization purposes. However, that they have been used for 
su ch purposes, he can h ardly doubt. ) The pr-ocedure adopted was 
similar to that mentioned under " alum precipitation ". The ZnCl2 

was added to the toxoid , the preci}Jitate washed twice in water, a nd 
r:esu spended iri sa1ine. At. tile -s a1iie time, th e effect or injecting 
toxoid intra peri tone.ally was establish ed. 
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lJeta.il s o.f JCa·p e1·iments . 

(n) T o.rold 7.- Yalue 80 uni b; lnC/2 precipi tate, value 50 
units (the precipitate cli ssoh erl in 2 ·0 per ce llt. so rl. citrate a nrl th e 
T.C.P. estahli sh ecl; t h e YaluP is that in term~ of the orig inal Yolm11 e 
of toxo id precipitated) . 

Dose : 2 ·0 c.c.;, Hau te : s .c. and i.p. for toxoid and s .c.;. fo r 
ZnCl 2 precipita t e . Test: t he ti tration of t he pooled sera of eac.;h 
group of g uinea -pigs agaim;t. toxin (mouse i .Y.) a1Hl the cumulatiYe 
.:\l.L.D . t eo; t. 

(b) To.roid 8 .- Yalue 80 units ; ZnC/2 precivit;ate, value 50-GO 
1mits. D ose and inj ect ions as toxoicl 7. Culll. U.L.D. test n ot clon e• . 

(c) To.t:oid 9.- Yalue 20 uni t s ; l nCl 2 pre6pitate, value 20 
units (su spencl erl in ~:1 line t o half t h e origi nal YOl111ne). Dose : 
2 ·0 C" . t·. H oute : ,;.c.;. only. T est : pooled sera onl,v te~terl. 

In the t"ase of tox oid !"l , a JWeliminary Pxper iment 1ras c:arriecl 
out to cletermine , if ]Jossihle , th e 0]1tiJll11ll1 ron clit ions for prec·ipita 
tion IYi th Zn Cl 2 • The toxoicl was pree ipi tated a t pH () and at pH 
7·4 with 0·1, 0·25, O· G, 1·0, 2 · !) and G·O per cent . ZuCl, a nd the 
Y.alues of t he p r ee ipit·ates rlet"erminecl. .-l ... bont :jQ per ee nt. of t h e 
antigen wa s ohhl ined in th e O· o- 0 ·0 per cent. pre c~ ipitates , a ncl only 
traces in th e 0·1 and 0·25 per cent . precipitates . F urther , it seem ecl 
as if the 2·=-J per cent. yiel rl of t he toxoi<l, pH 7·4, \\· a ~ the least 
soluble in 2·0 per cent. sod. citrate , but the cl ifferenc;e iu the solubili
ties of the Yar1ou ~ prorluds was Yery slight . 

The t ests of the immuni ty produced were ca rri ed out 21 days 
after the injection of th e anti gens. Table 14 r ecorcl s th e results . 

TADLE 14. 
?'Vo . Mrm se LV. M.L .D .. Y eu trallzed by 0 ·1 r.c . P ooled Sermn . 

T ox£od 7 .... ... •. . . ... 
T oxoid 8 ............. . 
'Poxoid 9 ............ . . 

G.P. 

l. .. . . . . .. . 
2 ...... . .. . 
3 ......... . 
4 . . . ...... . 
5 .. . . .. . .. . 
6 ... .. .... . 
7 .... .. ... . 

S.C. 

4-5 
5 

? 1 

Toxow 7. 

I.P. 

40 
:)0 

Cwnulot ire Jf. L.D. T es t. 

S.C. 

1- 4 
4- 8 
4- 8 

8 
16-24 
16- 24 
24- 40 

I.P. 

16-40 
> 40 
> 40 

Zn. 

40 
12 

3- 4 

Zn. 

16- 24 
24-40 
24-40 

> 40 
> 40 
> 40 

(S.C. = im munization by subcutaneous route; J.P. = immunization by int raperitoneal 
route; Zn. = immunization by ZnCI, percipitate.) 
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In all three experiments, the ZnCl2 precipitates (toxoid 7, 
1·0 per cent., toxoid 8, 1·0 per cent., toxoid 9, 2·6 per cent. ) proved 
superior as antigens to the toxoids, themselvP.s. A possible and even 
probable explanation of the failure of the precipitates of toxoids 8 
and 9 to produce the same degree of im:rnunity as that of toxoid 7 
is as follows. That of toxoid 7 settled out quickly in saline, was 
with difficulty dissolved in 2 · 0 per cent. sod. citrate and produced 
mild local reactions in guinea-pigs. Those of toxoids 8 and 9 forme!l 
colloidal-like suspensions in saline, were easily dissolved in citrate 
and produced no local reactions. Thus, it would appear that the 
question is that of solubility; the precipitate of toxoid 7 was very 
slowly absorbed, high immunity resulting, whilst those of toxoids 
8 and 9 were more easily dissolved in the animal body and thus more 
easily absorbed, producing, as consequence, a lower degree of 
immunity. 

One cannot invoke slmY absorption as an explanation for the 
very high degree of immunity produced by the intraperitoneal 
injection of toxoids 7 and 8 . . As 'l'able 14 shows, the immunity was 
about 10 times greater by this route than by the subcutaneous. 
Rather would the opposite hold- that the very rapid absorption and 
" shodring " of the system was the cause. It is well known that this 
" shock " method answers well in the production of antivirucidal 
sera and in the later stages of the production of hyperim:rnune anti
toxic sera. However, the writer p1efers to present the facts without 
offering a dogmatic opinion. 

Testing of lmntunity with Act,ivated Spo?'es. 

The method of preparing the spore suspension is as follows. By 
culturing Cl. u·elchii, Type B on solid serum for a few days, a sus
pension, rich in spores, may be obtained. By heating such material 
at 65° C. for half an hour, most or all of the vegetative elements 
are killed; the suspension of spores, so produced, has proved stable, 
in the writer's hands, for at least three :months. These spores may 
or may not, depending upon the number injected, kill a guinea-pig, 
but 1 / 100 of a border-line lethal dose will, when " activated ", 
produce death. The activating agent may be calcium chloride, lactic 
acid, or glycerine, but, in the author's experience, adrenalin has 
proved eminently satisfactory. In practice, a dose of spores is added 
to 0 · 02 c.c. of 1/1000 adrenalin (as received from the manufacturers) 
and enough saline added to bring the total volume of fluid to 2 · 0 c.c. 
Such, injected i.m. or s.c. into guinea-pigs produces typical gas 
gangrene. One must exercise the greatest care in working with 
adrenalin; 0 ·1 c.c. diluted to 1· 0 c.c. with saline will, on injection, 
produce death with a post :mortem picture, simulating that of gas 
gangrene. 

Great use has not been made of this method of testing immunity, 
but, as will be seen later, guinea-pigs, immune to toxin, resist the 
injection of activated spore suspension. To dilutions of the stock 
suspension (held at 5° C.) 0·02 c.c. of adrenalin was added and the 
total volume of fluid made up to 2·0 c .c. with saline. The dilutions 
were injected intramuscularly into guinea-pigs . The animals chosen 
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for the test were those immunized with toxoid 8 ( s. c. injection) , 
toxoid 8 (i.p. in jection) and the ZnCl2 precipitate of toxoid 8 
(s .c. injection) . 'l'he test ·was carried out 28 days after the immuniz
ing close. Table 16 records the results . 

T.-I.DLE 15. 

Test of lmnwnity 1rith Spore Suspension. 

G.P. 

Toxoid i.p. I 
l. . . ... . I L I 2 ... . ... ! L 
3 .... .. . L 
4. , ..... L 
5 . . ..... L 
6 ....... L 
7 ....... L 

Control G.Ps. 

1 ..... .. .......... . 
2 ............... .. . 
3 ....... . . . . .. . . .. . 
4 . ....... . ... .... . . . 

Antigen. 

Toxoid s.c. I . ZnC12 ppt. 

L 
L 

+ 72 hr. 
+ 72 hr. 
+ 72 hr. 

L 
L 

I 

Dose spores c.c. 

0·01 
0·03 
0 ·l 
0·25 

+ 72 hr. 
L 
L 
L 
L 
L 

I 

I 
I 

Dose spores c.c . 

0·5 
0 ·5 
0·25 
0·25 
0 ·l 
0 ·l 
0 ·1 

R esult. 

+ oj n 
+ 36 hr. 
+ oj n 
+ 24 hr. 

-

(L = alive at the end of a week; + = died; hr. = hours ; oj n = O\'ernight. Acti
vating dose of adrenalin = 0 ·02 c. c.; total volume injected = 2 ·0 c.c.) 

·rhe results giYen above confirm in some measure those of the 
titration of the antitoxin, as giYen in Table 14. More guinea-1)igs 
survived the spore injeC"tion in the group;:; _whose pooled sera con
tained the most antitoxin (toxoid i.p. ancl ZnCl2 }J]Jt. ) . However, 
it will be noticed that t he test is more qualitative than quantitative; 
three guinea-pigs of the toxoid s.c . group did not witstancl 0 ·25 c.c ., 
0 · 25 c.c. and 0 ·1 (' .c . respectively of spores, whereas t\Yo others 
resisted 0 ·5 c.e. Further, t h e smvivors of all groups harl harrl , 
Rwollen legs, clue prohabl:v in g-reat measure to the adrenalin. 

F roduction of Immunity · with H eated To .. vin and To:tm'd . 

Material U sed.- The toxin from "·hich t oxoid 8 was 1narle and 
the ·f.oxoi d i tsel£. 

Treatment.- The toxin boiled hal£ an hour; the toxoid heated 
at 60° C. for hal£ an hour; the toxoid boiled hal£ an hour. . 

Val~tes .-rroxoid, 80 units; 60° C. toxoid, 40 u·n it s ; boiled toxoid, 
<2! units; boiled toxin, <2~ u nits . · 
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l n ject ,:ons.-Toxoid and G0° C. toxoid-1 injection s .c., test 
21 day~ later; boiled toxin a m1 boiled toxoirl-2 in jerJions, 21 days' 
interval , test 10 flays after th e 2ntl inj ect ion. 

Res ults: ToJ:oid .- 0 ·1 c.c . of the pooled sera nentralized 5 mouse 
1.v. M:.L.D. toxin. 

60° C. Toxo id .- 0 ·1 c .e. of the pooled sera neutralizecl 1 mouse 
i.v . M:.L.D . of toxin. By t he cumulative ~LL .D . meth od, 4 guinea
pigs clid not withstand 1 ~LL.D. anc1 :':) stood 1- (l. 

Boiled To.rin ond To:t'oirl.-The pooled sera of neither group 
neutralizec1 1 mou se i .v . ~LL .D . of toxin; no animal withstoocl 
1 ~LL.D . of toxin i.v. ; the three g·u inea-pigs of the boiled toxoid 
group tested c1id not su rvive the in jection of 0 ·1 c.c . of activated 
spore suspension (given in the same way was as noted in Table 15) . 

These results show clearly that the antigen contained in Type B 
toxin and toxoi c1 is thermo-labile; it is clestroyed on boiling and its 
value halved wh en heated at 60° C. for half an hour . 

PRoJn.:cT J o~ m · hnrcNJTY BY THE I NJECTION OF SMALL AMoUNTS 

oF ToxiN. 

(1) l mnwndy af ter One Sub-lethal i.'C. Dose of Tox·in .-Into 
seven guinea-pigs, ·which h ad received, i.v., from ~-i of one sure 
~f.L .D . of toxin, was injected, also i.v., one certain fatal dose of 
the same toxin 15 clays later . All di ed . 

(2) l nwwnity a.fte1' Se~:eral Suh -letlwl 'L r . Doses of Toxin. 

(a) A guinea-pig received ~ M: . L. D . of toxin i. v., 5 times 
within 5 h ours . Twenty-four hours lat er, it withstood 
1 su re ~LL.D. of toxin i .v . 

(b) As (a), but i ~LL.D . 6 times. \Vithstood 1 ~f.L .D . 24 
hours later . 

(c) As (a), but ! ~LL.D. 6 times. Did not withstanc11 M:.L.D. 
24 hours later. 

(d) As (b); withstood H ~LL.D . 24 hours later. 
(e) F ive guinea-pigs received ! M.L.D. toxin i .v . Tested 

with 1 M:. L .D . after L 1, 3, 6 and 24 hours-all died. 
(f) A guinea-pig received ~ :11.L.D . !) times within 2 hours 

and another }, ~LL .D. 24 hours later . After a further 
24 hours, it s~rvivecl the injection of 1 sure M: .L.D. 

(g) A guinea-pig received t M: .L .D. 4 times within 3 hours. 
It died 15 hours later . 

Th e t oxin used in the above experiments was a dry one anct the 
:M:.hD . h ad been est ablished in some dozens of guinea-pigs. Further, 
the n ecessary control s were included in each test . One may conclude 
that a guinea-pig may tolerate a fatal close of toxin as soon as 24 
hours after the i .v. administration of 4- 6 sub-lethal doses of the 
same toxin . 
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(3) I mmundy after the Intradermic Injection of Small Amounts 
. of T o:.c,£n. 

(a) T wo guinea-pigs receind 1, 2 a llll 0 :M.H .D. of toxin 
i.d .- 7 rlaYs later tested " ·ith 1 )f.L.D. of toxin i.v. , both 
died . " 

(b) Six guinea-pigs receiYed 1, 2 and 3 M.ll.D. of toxin i.cl ., 
repeated in 7 days . Tested 14 d.ays la te1· ''"ith 1 :M:.L.D. 
of toxin i.v.-4 cliecl :mel 2 survived the 1 ~I.L .D. but 
not a further 2. 

(c) As (b), but the i.Y. test 7 days after the 2nd i.d . in jection
none survived 1 M.L.D. i .v . 

(d) A;; (b), but t he i .Y. test 2 days after the 2nd i .d . injection
none su rvived 1 M.L .D. i.v . 

(e) Six gu ine.a-pigs rece ived 1, 2 and 3 M.R .D. toxin i.d., 
repeated in 14 days. Only one surviYed 1 )'I.L.D. of 
toxin i.v . 14 days later . 

(f) Guinea-pigs received 2·0 c.c . s .c. of TYlJe B toxoid (20 
units) . Five were tested 14 days later with toxin i.v. 
R esdt: G .P . (1) <1, (2) 1-3, (3) 1-3, (4j 1-3, (5) 3-7. 
The 6 .anim.als remaining received 1, 2 and 3 M.R.D . of 
toxin i. d., and were tested i..v. in a further 2 days. 
R es1tlt : G .P. (1) 1-3, (2) 1-3, (3; 1-3, 4 (7-15), (5) 7-15, 
(6) > 15. 

Although the injection of a small amount of toxin i .d. produces 
only a sligh t degree of immunity, the s.ame amount i.d. acts as a 
satisfactory secondary stimulus "·hen t he primary stimulus was a 
toxoid of f.air value. 

I~DilJNITY ExPERDIE:\'TS IX U u .rxEA-PTGs , u siKG TYPE A AND f OR 

TYPE B ANTIGEXS. 

Geneml Scheme.-Guinea-pigs received 2 · 0 c.c. of toxoid, repeated 
in 14 days, and the test (cumulative 1\I.L.D.) applied 14 days 
after the 2nd i noculation . 

E.vperiment 1.-'l'wo i.njedions of Type A toxoid. R es'ult: G.Ps. 
not immune to 1 M.L.D. of either 'l'ype A or B toxin . 

Expe1'i?nent 2.- Two inj ections of Type :U toxoirl. R e,wlt: G.Ps. 
h ighly immune to Type B bu t not to Type A toxiu. 

E xperiment 3.- F irst inoculation-Type A toxoid , second inocula
tion-Type B toxoid. R es?tlt: G.Ps. not immune to either 
toxin . 

Experiment 4.- l!' irst inoculation-Type B toxoid, second inocula
tion- Type A toxoid . R es ult: G.Ps . highly immune to Type B 
toxin hut not immune to Type A toxin . 
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E xpe1·iment 5.-First in oculation- Type B toxoid plus 1· 0 c.c . of a 
high Yalue Type n .ant itox in, second inocula tion, toxoid only . 
R esult: G.Ps. not immune t o 'l'ype R tox in. 

E.rperiment 6.- "\s experiment 5, but u sing a high Yalue Type A 
antitox in. R esdt: G.P s. immune to Type n toxin. 

E xpe1·iment 7.-

(a) Three injections of Type A toxoid- G . P s . not immune t o 
1 ~LL .D . of 'l'ype A toxin . 

(b) Six in jections of 'l'ype A t oxoid- ·-G .P s. immune t o at l east 
1 M:.L .D . of T ype A t oxin but not to 1 ~LL.D . of Type l3 
toxin . 

(c) Six inj ections of 'l'ype B toxoid- G.Ps. highly immune to 
T ype B toxin and to at least 1 ~LL.D . of Type A tox in. 

These experiments sh o·w tha t : -

(1) It is difficult t o produce immunity to Type A , even with 
the use of a Type A a ntigen. 

(2) Type A toxoid will act as a secondary stimulus to a primary 
stimulus of 'l'ype B toxoid. 

(3) Type A toxoid cannot be used as a prima1·y stimulus ('l'ype B 
toxoid being t he secondary) in the production of immunity 
t o Type B toxin. 

(4) vVhen 'l'ype ]3 toxoid (used as a prnnary stimulus) I S 

" flooded " with homologous ant itoxin, no immu nity IS 

produced to Type B toxin. 

(5) 'l'he " flooding " of a primary stimulus of Type B toxoid 
with Type A a nt itoxin cloes not influence th e degree of a nti
Type B immunity produced . 

(6) Six inj ections of 'l'ype B toxoid produce immunity to Type A 
toxin, whereas the same number of inj ections of 'l'ype A 
toxoid produce no a nti-type B immunity. 

THE P R ODUCTIOK oF hrMU KITY W ITH TYPE B B ACILLI. 

'l'his aspect of t he production of immunity has proved th e most 
interesting a nd most astonishing of all . In comparatively r ecent 
times, a co:1siderable amount of work has been carried out to t est 
the immunizing power of the bacilli of t he anaerobic g roup of germs. 
Green (1929) showed tha t ' mshed living and wash ed formolized 
suspensions of Cl. chauvmi a nd Cl. sezJtiqu e were capable, on s .c. 
inj ection into sh eep, of immunizing them against the i.m . inoculation 
of virulent culture . Robertson and F elix 1930) were able to produ ce 
an immune erum in horse!:\ by injecting washed and h eat ed Cl . 
septique bacilli. 'l'his antiserum contained no antitoxin , but 
protected mice against the injection of washed spores, activat ed with 
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calc;ium <: hloride . Crarldo<"k a11<l P arish (19:n; in an attempt t o 
reprat this work found that hi gh value C:l. septiq1te antitoxi n 
]Jrotectecl mice against 100 :JI.L.D. of a u ac:tiYaterl spore su :-;pension. 
H enderson (19;32) praYed t hat l aboratory ani mals coulcl be iwmun ized 
Jga inst the a.ctivatecl Rpores of Cl . chour{f!/ b:v in j ecti ons of the 
\\·as h eel, boilerl organism . Later, H en derson (19;3:l) ~ how eel th.at a u 
anti serum, active again:-;t the germ, co11lcl he pre p:nPtl h,v injeeting 
goa ts " ·it h hoilecl suc;pe 11 t>ions of (he mil'rolw . 

Th e write r lw::; caniecl tlw inYe:-; ti gat.ioll f11rther , and has c; hO\Yll 
(adide iu prPptu·atio n fOI" pres:;) that " ·ash ecl , boiled ,;u spe nsion" of 
Cl. c lllt ii'L' If'i immuni ze sh eep agai nst t he i .m. in .i e<: ( io1 1 of r·ullwre . 
Th~,;e ;;u spens ion::; provetl to lw esc·elle11! imm11 ni:r, in g ag<"n(,; a !l<l, in 
c:ou(rollecl experiments, we re often superior to nuaC'uliure:-; or fonnol
(oxoids . In this iuYe::; tigation, the "Ti ter abo rlem.on Rh.aterl t h e 
pre:-len<:e of a toxin in t h e filtrates of r·ult u r P;-; . S1l<:h filtrates (or 
(he cl ia ly::;ecl .ammonium :-; ulpha ie precipitate;-;) procl ucerl r ead iom; 
when injede<l i.<l. in to guin ea-pig,; or sh eep, k illerl guinea -pigs, 
mic·e a nd sh eep on i .Y . in j ection and '"ere SJ1ecificall.\· n eutral izable 
h~,- antitoxin. S hee p immunized against th e toxi11 (2 s .c·. injediolls 
of formal- t.oxoid) clevelopecl e i rc; nla.h ng anti toxin, were immun e to 
culture inj ected i.m. , ,;h o,Yed no r eaction when toxin was g-iYeJI i .cl. 
and res ist ecl t h e i .Y. aclmi nistration of .a. rlos<> of toxin lethal for 
normal sh eep . S beep hyperimmunized wit h boiled bacilli (6-8 s.c. 
injections) " ·err r esistan t to c·ultme in jected i.m., lmt hacl 110 r·in· ubt
in g- antitox in nnrl WPre not im.Jnun e in the i.rl. or i .v . ;1rlmi n i,.;tr.ntion 
of tox in. F urth er, t he i nj e<:t ion of boi le<l formol-toxoicl prorl urrd 
a sli gh t degree of immm1ity, no( so h igh as that rvo kecl by thP 
unhoilecl ma( eri<~l. hut :-;u f!icirnt to .allO\Y of thn .animal resi:-;hng 
1-2. :JI.L.D. of culture, injecte<l i .m. Su ch sh eep h ;~ d n.o circula ting
antitoxi n. One coulrl r easonably conclude thai t wo a n!i grns ·were 
involved in the productio n of immunity to Cl. chmtra' i, (1) a th ermo
stabile antigen, producing, probably, antibod~, onl.\' against the 
bacilli .all(l (2) a th ermo-labile an tigen (the toxin wa s rlest.royerl on 
h eating· to 60° C . for h alf a n hour) ca pable of stimulating th<> forma
tion of ant itoxin . 

Experiments \Yere planned to proYe that the sam e h el rl goocl for 
Cl. welchii, T~rpe B. '\Vhilst the presence of n thenno-Htahle anti
gen , direct ed on ly against th e b~1cilli , ha:-; not hPen cli s proYecl, the 
eYid ence point;; to the tox in , or a m orlifir·ation of it, heing- th e chief, 
and probably th e onl,v, a n t igen connec·! ecl '"iih t h e p1·ocludion of 
i mmun it:v t o t h is g-erm . 

E :r:pe-r ime11t 1.- Go<l tf\ r ecriYecl den se, \Yash ecl Naline su spension s 
of bac illi , i .v. Some suspensions were li Ying, others h eated at G0° C' . 
for h alf a n hour a n cl ot h ers boiled for two hourN. Th e sera " ·ere 
<l estinecl for .agglutinative purposes . Two years later, th e sera we1·e 
titrated ag-ain st toxin (mou::;e i.Y .) 1nerely to JlroYe ihat· they con 
tained uo antitoxin. 'rhe astonishing result , recorclecl in Table lG, 
was obtai ned . Iu the table, the type of genu injecterl, t he number 
of injections, the length of the cou rse of immunization, whether 
h eated or unheated germs were a dministered ancl t h e titre .of t h e 
a n titoxin in t h e serum are recorded. 
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'l'ABLE 16. 
PToduction of lmm1m'ity in Goats by i.v. Injection of Living andfm· 

Killed TJJl'e B Bacill,i. 

I Titre of serum. 

Goat. 

I 
Type. No. injts. Length of course. Mouse 

I M.L.D. Units. 

- --· 

1. .......... B. (S) 14 50 days 266 200 
(545 c.c.) 285 c.c. boiled bs. 

200 c.c. living bs. 
60 c.c. 60° C. bs. 

2 ........... C. (RS) 5 26 days 2,000 1,400 
(215 c.c.) Living bs. only injected 

3 ........... 

I 

B. (R) 7 28 days <1 
(305 c.c.) 255 boiled bs. 

i 
50 c.c. living bs. 

4 ........... 
I C. (R) 7 28 days < 1 

(170 c.c.) 155 c.c. boiled bs. 

I 
15 c.c. living bs. 

I 

[(S), (RS) and (R) = smooth, rough-smooth and rough variants; under " length of 
course" the order of the ·injections is given; under " Mouse M.L.D. " the number of mouse 
i.v. M.L.D. of toxin neutralized by 0 ·1 c.c. of serum is given; a unit of Type B antitoxin 
was fixed at the Wellcome Laboratories several years ago.] 

Although a ll the a nimals received living bacilli , only two 
produced demonstrable ai1titoxin. Goat 1 received 3 injections, 
goat 2, 5 injections, goat 0, 1 injection, and g-.oat 4, 2 injections, of 
the livng germ. The period elapsing after the last admimstration of 
the live culture was 7 days in the case of goats 3 and 4, and 21 days 
for gDat 1 (goat 2 received l-i-ving suspension only) . A careful 
examiJ!ation of the history of these animals shovved that t hey had 
been in no other experiment. whatsoever. Although the antitoxi c 
titre of their sera had not been .ascertained prior to immunization, 
it was hardly conceivable that it would be in the region of those 
recorded for goat s 1 and 2. 'l'o eliminate all sourees of error and 
doubt, a new experiment was commenced. 

Expe1·iment 2.-A dense suspension of 'l'ype B bacilli was washed 
6 times in saline. A portion of it " ·as boiled for 2 hours. To a 
quantity of this boiled suspension, 2 mouse i.v. M.L.D. per· 0·5 e.c. 
were add eel. The toxicity (mouse i. v.) of the 3 suspensiq~ s wa.~ _nm1· . 
established. 

(a) Living S1lspension.- Mice showed no symptoms after 5 hours 
when injected with 0 ·5, 0·25 and 0·1 c.c. i .v.; however, all were 
dead over-night. In view of the. rapidity with which Type B toxin 
kills, one is justified in concluding that 0 · 5 c.c. of the materia l did 
not contain 1 M.L.D., and that the death of the mice was due· to 
the growth of the germs 'in vivo. An antitoxin binding power test 
could not be satisfactorily carried out for this reason. 

(b) Boi led Suspension.-0·5 c.c. was non-toxic, .and the value, 
in ·t.erms of antitoxin, was less than 2lllnits. 
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(c) Boi led 8'uspension Plus Trace of J'ox in.-0 ·25 c.c. was tox ic 
and 0 ·1 c.c. non-toxic. 'The value was less than 2~ units . 

The points that r equired solut ion were : (1 ) will living bacilli , 
only, stimulate the formation of a ntitoxin, (2) if so, is t hi s due to 
t he presence of minute amounts of toxin in or a(lsorbecl to the germs, 
(3) if so, will the presence of small amounts of toxin in a boiled 
suspension produce the same effect, and (4) will boiled bacilli l ead 
to the production of antioxin ? The results of the experiment are 
recorded in Table 17. The injections were all made i.v. and just 
prior to the admini stration of the antigen , a sample of blood was 
withdrawn. 

Reference to the table shows that 14 clays after th e commence
ment ·of the course, goat 7 (living bacilli) had developed circulating 
antitoxin, and that the maximum titre was reached on the 19th day . 
Goat 5 (boiled bacilli) showed immunity on t he 19th day, the anti
toxin reach ing maximum titre on the 23nl day . Goat 6 (hoi led 
bacilli plus toxin) had circulating antitoxin on the 21st day (probably 
before) hut was not followed fur ther because · of t he r esult obtained 
with goat 5. 

' rABLE 17. 

Prod~tction of lmnmnity in Goats by i.v. l n ject·ion of L1.1jing and 
Killed Type B Bacilli . 

I 
No. mouse i.v. M.L.D. 

neut. by 0·1 c.c. serum. 
Date. Injection. 

I 
Goat 5. I Goat 6. 

I 

Goat 7. 
(boiled bacilli.) (boiled bacilli (living bacilli. ) + toxin.) 

27 .2 . . . .... .. .. 5, 6, 7 yes <1 < 1 < 1 
4.3 ...... . .... 5, 6, 7 yes < 1 < 1 < 1 
6.3 ........... 5, 6, 7 yes < 1 < 1 < 1 
8 .3 . ...... ... . 5, 6, 7 yes < 1 < 1 < 1 

11.3 ... ... . . .. . 5, 6, 7 yes < 1 < 1 < 1 
13 .3 . . .. .. .. ... 5, 6, 7 yes < 1 < 1 4- 10 
15 .3 ....... . ... 5, 6, yes 2 2 40-100 

7, no 
18 . 3 ...... . .. . . 5, 6, yes 20 ND 200 

7, no 
22.3 ...... • •... o, 6, yes 200 20- 40* 200 

7, no 
26 .3 .... . ... .. . 5, 6, yes 200 ND 200 

7, no 

(*Tested on the 20.3 : 5, 6, 7, yes and no = goat s 5, 6, or 7 did or did not receive 
injections. ND = not t ested .) 

Expen:ment 3.-The sera used in this experiment were prepared 
in the same way and at the same time as those noted in experiment l. 
H<Jwever, in this case, 2 rough and 2 smooth variants of 3 strains 
of Cl. welchii , Type A were used . 'l'he goats r eceived living, boiled 
and 60° C. heated suspensions. The course of immunization lasted 
between 3 and 7 weeks . One goat only, that receiving 190 c .c . o£ a 
living suspension of an R yariant in 16 days, developed ant it<Jx in . 
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Its serum, in a close of 0·05 c .c. , neut ralized 20 }LL.D. of tox in ; 
0 ·1 c.c. of t he serum of the animal which got the same amount of 
suspension in th e same t ime, but in this case using th e S • a riant of 
the sam e str ain , did not neutralize 2 M.L.D. 'l'he sera of th e other 
goats, in a close of 0 ·1 c.c., did not neutralize 2 ~I.L.D . 

E .vzJeri?nent 4 .-The immunizing power of one inj ection of 
2 ·0 c.c. of a dense suspension of wash ed, boiled 'l'ype B bacilli was 
ascertained. 

(a) The bacilli were spun out from an 18 hours' m eat broth 
culture, washed twice in saline and boiled for 2 h ours . The value 
of the suspension was less than 21 units. A formal-tox oid , pr ep ar ed 
from the filtrate of the same culture was of 80 units value. One group 
of guinea-pigs r eceived , by s .c. injection , 2· 0 c .c . of the boiled 
organisms and another 2 · 0 c.c. of t h e toxoid. After 21 cl ays, t h e 
pooled sera from each group was t ested for the presence of antitoxin. 
In addition, t he toler ance of the .animals in th e boiled bacilli gr oup 
t o toxin i . v. was ascer tained. 

R es1tlt : 

B oiled B acilli G1·oup .- O ·1 c.c. of serum neutralized 4-6 
mouse i .Y. )f.L.D. of tox in. 

Cwmtlat ive JJf .L.D. T est. - G .P . (1) <1, (2) <1, (3) <1, 
(4) 1-3, (5) 1-3, (6) 3-7, (7) > 12, (8) > 12. 

1'o:co id GrouzJ.- 0 ·1 c .c. of serum neutral ize<l 5-G mou se 
i.Y. )LL.D . of toxi n. 

(b; 'fhe procedure was exactly .as for (a) . The bacilli and the 
toxoid had t h e same culture as ori giu . The value of the bacillary 
suspensiOn was less t h an 2} units, and that of t he toxoid was 20 
un its. 

R esdt: 

B oiled B acilli GrouzJ. - 0 ·1 c.c. of serum n eut ralize<l 20-30 
mouse i.Y. M .L .D . of toxin. 

T oxoid Gro·up .- 0 ·1 c.c. of serum did not n eut r alize 1 mouse 
i .v . U .L .D . of toxin. 

E .vzJeri·n'(ent 5.-I n experim ent 2, an attem1Jt was made tu 
immunize goats \vith washed bacilli, heated for half an hour at 
60° C. On two occasions, the i .v . inj ection of 5 · 0 c. c . of. a dense 
suspension killed the goats within 18 hours . In t he region of the 
site of inoculation (jugular vein), t he muscles 11·er e oecl em a t o u s. 
Attempt;; to cultivate Cl. welchii~, Type B from th e oeclematous fluid 
fai l ecl. The most probable explana tion for t he oerlema was a leakage 
of suspension on with<lra\Ying- the neeclle from th e vein. T his would 
mean that a minute amount of the m at e1·ial was capable of producin g 
t he effect because, on each oecasion, after injecting- the a nt igen, 
5 · 0 c .c . of blood " ·as drawn into th e syr inge and th is rein jecterl before 
the needle was withclra ,Yn. The toxicity of the suspension for m ice 
(i.v. injection) and g uinea-pigs (id. inj ection) was investiga ted. 
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Mice, i.v . lnjection.- 0· 5 c.c . +at onee, 0·20 e.e . +24 hours, 
0·1 c.e. +24 hours, 0·05 c.c.+ 36 hours, 0 · 025 c.c.+;) days, 0 ·01 c.c . 
L; 2 !\LL.D. were not neutralized by 0 ·1 c.e. of 3 high value Type B 
antitoxins or by 0·1 c.c. of 3 autisera prepared by inj ecting goats 
'"ith living and / or boiled organisms. ( + = diecl , L = lived .) 

Guinea-pig, i.d . lnjection.-0 ·025 c.e . produeed a small , yello,v , 
eireumscribed necroti e area, qui te unlike the reaetion evoked by th e 
toxin of Type B; 3 M.R.D . were not ueutralized by 0·1 c.c. of the 
sera noted under " mice i.v . injeetion ". 

'l'he supernatant of th e spun suspension proved non-toxic in a 
dose -of 0·2 c.c., both i.v. and i.d . 

These five experiments are of intense pnktical and scientific 
interest. 'l'o one, like the writer , who_ has spent years in th -e prepara
tion of toxins a nd toxoids for t he immunizat ion of horses and sheep, 
the method offen; a probable solution for many ctiffi culties. The 
antitoxin pmclueed by goat 2, T able (1G) in 2G day:; is as. good as th e 
majority produeed by horses after a course of injeetions of toxoid 
and toxin, lasting 2-3 months . 'l'he antitoxi ns, produeecl by goats 
1, 5 and 7, are of low titre but it· has been the writer's experienl'e 
that the goat does not yielcl such hig h value antitoxin as the horse 
(immunir.ation with toxoicls and toxins of Cl. welclt ii, T)rpes A 
and B, Cl. se7Jtiq11e, ancl CZ. botult:n11m, Types A, B , C and D). 
In addition to the speerl of immunization, it is possible that 
the haeilli, obtainecl from culture.·, the filtrates of which were 
either of high or low value, ·would act equall y well as antig-ens. If 
S11e h were the <·ase, the pro<~uction of high value toxin and toxoid 
would be unnecessary; the organisms coulcl be grown in large quanti
ties of glucose broth, spun out in a Sharples centrifuge , resuspeucle<l 
in a small amount of sa line, boiled a nd injeded . Such a procedure 
could easily be carried through by the aYerag-e laboratory assistant . 
There are hYo clisadvantages . About 5-10 times more m edium would 
be required than by the usual method, but, on the assumption tha t 
consistent results \Yould be obtaineLl , this \\·oulcl be offset by the 
saving in time and labour accorded to a senior \Yorker, ancl the saYi ng 
of la boratory a nimals . In the immunization of t he goats, flwelling· 
and oedema of the muscles of t he jug-ular vein reg-ion were eo)mnou . 
This could doubtless be overcome b:v flushing the n eedle out '"ith 
saline, prior to its withdrawal. 

For t he immunir.ation of sheep , the " boiled bacilli " metho<l 
has definite possibilities. In the guinea-pi gs, immunized in exper i
m ent 4 , swelling and necrosis of the inj ecte<l r egion (s .c. on abdomen) 
was th e rule . Such reactions, in sh eep , would not be tolera ted by 
sh eep farmers. However , in view of the h igh degree of immunity 
produced by onP in jection , an inYe;;tigation -of methorls, capable of 
preventing the reaction, woulcl be \\·ell repaid . 

From th e purely academic si<le, t h e problem is fa;;einating. A 
suspension of killed organisms, containing no demonsha hle toxin o r 
toxoid, is ca pable, on injedion in to anima ls, of stimulating the 
formation of antitoxin . It is probable, in th e lig·h t of the recent 
work on t·he llllmmuzmg po,Yer of speci:fie soluble substances and 
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polysaccharirlet> w hen adsorbed 0 11 protein or colloirls, that the a ntigen 
in the boiled sn s pen:sions is in the nature of a hflptene , linked to , 
or aclsorbe<1 on , t h e prote in of th e bacillus. 

The experiment , conducted with a bacillary ,; uspension, heated 
<It G0° C. , ind icateo; that , in fldclition to the kn01n1 exo-toxin, 'l',vpe B 
produces an endo-toxin , serologically distinct fro~u the exo-toxin. 

It. is proposer] to continue this investigation, to discover, iuter 
alin, t he best m ethoc1 of hyper-immunizing nnimals \Yith boiled ba<·il
lary su spensions, .a way of oYe rcoming the r eactions, produ ced by 
th em a nd thr p h ysif'al and ~ero l ogical prOJiel't ies of t he rndo-toxi n . 

CONCLUSIONS. 

l. T he tot·nl antitox in bi ndin g- Yalur of 8 toxoi<l of Cl . tcelchii, 
Ty pe B (th e "lamb dysen ter y ba cillus " ) has a <lired hearin g on 
its immun izi ng f':lpnr·ity. The more antitoxi n a toxoid hinds, the 
g reater is t h e rlegr ee of i mnnmil y 1u·otlucerl by i t. 

2. Atoxic toxoid, r eude red :-;lightly toxi c h\· ihe a<lclition of the 
toxins of C l. trelr' !t ii , 'rypes A or D proved superior as an antigen to 
the toxoid , ih;elf. The <:~cldi iion of the toxin of Gl . septique <liclnot 
inc:r e<J se the i numm izing ,-.alue of toxoi<1s. 

3 . The i ntr<JYenous inject ion of 4-(i Sl.lh-lethnl doses of 'l'ype B 
toxin , ''"ithin 4-o h ou rs may ,.;o immunize a g ui n ea -pig- th<~t it res i,.;ts 
a fat<~l clo~e of to;.;in 24 honrs Li ter. 

4. Alum-pre1·ipilate<l toxoid ,; proYe<1, on the " ·h ole, inferior as 
.aniige ns t o th e toxoi ,l s, thelllc;eh e;; . 'l'h e <Jdcli i ion of agal", colloi <1 al 
iron and saponin t o toxoi rL <lid not in crease the ir immunizing vmYer . 

5. The \\ a sh ed zinc chlor i 1le pref'ipi tn tee; of toxoids p r oyecl 
superior as antigens to t h e toxoillc;, themsehes . Th e solub ility of th e 
precipi tate appear~ t o h aw a <lired lwari ng on t lw rl egn•e of immunity 
pr od u r;ecl. 

G. vVashe<l l i,· ing- or \\- a~herl boi led Rl.lSJ>l'llS ions of T y p e B haci lli 
(frpe from d emon,;tr<Jhl e t oxi n) ;-; timulate<llhe fo rmatio n of a n titoxin 
when inj ected into g-onb :H!Cl g-uin ea-pig-s . 

7. \Yash e<l SllSJ>en siuJL,.; of 'l'_qiP B bacilli, heate(l at (i0° C. lor 
h,Jif<Jn-hour , <·on tain a io;.;ic Jll ait>ri,d. not tJeuiraliz:lhl<-' b.1 an ti 
to;.; ill. 
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