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INTRODUCTION. 

l.:-iTOX LCATIO.\S ca used IJy t he toxin ~ of t lte C and D type:;; of Cl . 
botulinwn h ave been r e por i Pd from cliilere ut pa r ( s of (he \\·orld 
(Amer ica . A usirali a, Tas llla nia , an tl Sou t h j ..fr ica ) , the cli:;easPs 
p r oduced us ua lly lJPi n g a H,;oc i a t etl \\ i ( h the co llS1llll p iion of carr ion o r 
rlPcomposecl ma t er ial. A lth ouglt t h e fact t h at Lh e C an< l D t,vp e,; 
tl o ca u ,;e in toxica tion,; in 1 lte tl o 111 e~i i e; a nimal,; is 11·e l l e:; (a hli~ h eel , the 
reb tionshi p of 1 he (ox ins of (he· C t y p e t o ano th er aml t h e ir n -•la tion 
sh it ' to t l1 c D ty pe iR n ot i n i he sam e pos ii ion. B enghon ( I D2:2 , J 92:3) 
1·e poded i hai toxic fill n1h-•s of t he (' t y pe org-a nism i!'ola.tc· <l hom fly 
la n ·a e WP l'e uot ne11iTfl li zed b.1· ..A Or J3 t y p e a ntitox i n Ullt[ i !J a.t C a nti
(ox in rlirl u ot neut rali :r.e .\. or H toxi JJ ;:; . SPddon ( 182:2 ) , tli;-;cu ssin g 
hi ~ p ar ab otnlinus bac ill11 ' , notetl tlwt th ere \\.<ts no eros~ p roteci io11 
b etween it anrl t h e,\ orB ly pPs . P fen niger (1!324) sl a t ed t hat 0·2 c .c . 
to ll· 5 c .c. of C :m titoxi n n eutrali ze<l h1·o fatal dose,; (for g-Hiu ca -pig) 
of C i oxin , h ut tll at t hi s am ount of tox in wa s n o(· n eu( r alizerl by 
A , 13, or S etlrlo n a 11 tdoxin R. Pul'th er , Serl rlo n to x in \Y.a s lHmi rali :~,ed 
bY h i R C :ml itox in , b ui 110t h1· A 01 ]1. 

D oy l e (Hl23) noted t hat ihe (ox in a s,;ociai ed \\·iUt JimlJer neck in 
t: lli cken s, investigat ed h5· hi lll , 11·aR no( ne utra li:~,e tl hy A or H tqw 
auhto:s:ins. Grah am a 1Hl H011ghion (1924) 11·er e able , ~Yi i h anti toxins 
jll odu('ecl wi t h type C i oxin , io ll f' nh al i:r.e S eddon (o:xin, a1ul , f ul'th er, 
an t ito:x iu m a tle wi t h ihe tox in p•·och w etl by limhcntf' ck (type C) 
g-f' l'llb n e ui ralizP<l homolog ous, h f'if' ro logo u~, antl fl y lan·.ae toxi ns . 
;\ ~ alrearl y r f'p orted (ltoh in,:on, J9:l0) , on e o f u ;-; (KM: .lL ) r;h o,1·ed 
i hat t h e Sou t h Afri can C t~· pe toxi n (equin e or ig in ), a C t y p e t oxin 
(G rah am, U .S.A.), awl i. he Seclclo n t ox in cr oss-11eu tralizecl ; h ow
PYer, D a ntitoxi n tlicl noi UP1ltralize a ny of i.hese (oxi 11 s. Further, 
i n a lJPr sonal communi cation , G ra l1am statetl t hat his C antitoxin 
ne u~ralizetl ( '7 . parabotulinm n toxin (i. e . (' ty pe tox iu of South 
Afn can equin e or ig in) . M:ey e1· an cl Gunni ,;011 (] 929) , ex am in in g 
r nliur es , r ece ivetl from t his institute, sta ted t hat t h e n t y pe toxin 
11·as n ot n eu tralized by A , B , ·or C a n titox ins . G u n niso n a nd ~Ie~·er 
(1932), working wit h a clisease i n dueks associa ted with Cl . bot1d imm 1 
ty pe C, sh o" ·pd tha i' ant.itoxi ns pr e11a r f' c1 f r om th e <luck strain an d 
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h·om ~trai n i);l(j Ca UPtLtralizc<l t he duck, 5:.2G Ca, Sr<ldoH, a nd:):) () Ch 
iox i ns , ,,·Jwrea~ Rrcl<lon ( ( 'b ) antitoxin 11 eul ralixed 011ly l ite . h onlOl o
g-ou ,.; an<l lite '>-->0 ( 'b lox in~. BPnHrlts (HJ:l:J ) ~howecl th.tt th e toxm 
pr-epared hom a n i lllpllH' culltu e of a t_qH' (':;train ,,·as 11 eulra l1 11 ed 
by t be A tLstra li:t l1 pa r:<holuli.11um antitoxin aw l hy () an!Ito:-;_u l. 
The iler and H obi 11 s0 11 ( \IJ :.2S J .•lnted t ha t the ]) l.' JW anl 1toxm (:J·O 
< ~ .c. ) di<l not 11rnlrahze l11·o let h.d dose,; of ibe Soullt Ahi~;an C, Lh c 
SecldoH, ~\ met·i<·an C, m I he .\. t.~·pe loxi ns. 

Ftom th e fmegoing IIi, de:1t t ha t u11:111imdy of OJllll lon <l oe~ not 
P:s::ist as H'g:ud ~ lhe JPlaii OJhhi] r of t he C loxinc,to O i l<' a noth PI . ' \'he 
possibihty exi,.;Ls lltal; •t ~;ans<' of lhi~ m:1_,. h<· l h:tt I he :1nl itoxi1b 11.~e d 
\\' 1'1"<' of Y<'r_\" low li.lrP. ' \ 'hi~ opi n ion is :'tiJl]lOd cd l>.v i h<' f:u·t lhai 
l.a rgr a11t-n11.11l ,.; of :111! iloxi11 (up lo 0· U c .c .. ) 11·erc reqtLin·< l lo IH'u l r:diz<' 
only a fe.~,- fatal <lo;-;e;-; of lo:-;in. Uowc>n•r , lh<' lil rral un• would 
indi rale ilia! I hr• ]) (_,.Jl<' (Soulli Afri ca 11 bo,·i n<' , a:;~(H"ial<' <l "i I h 
lamsiekle) toxin is JIIOJIO~ Jw r·inc . 

I 11 Yie11· of ! he h c-k of U11ifo r mi. l1· of n·,; ul l .~ :tl l<l us 11·ork 011 
another group .of allaelnhe,.;, t he Cl. ~velchii-r:l . oviLo.ric1ts group, 
sho11·ed th:1.t ihc loxins protluc-Prl hy indiYi rlual nl r'nlhe r,; m a_,. ;; har(' 
lh<• same loxi<" h ·aelions l \\"iLdon (HJ;)J) , Olenn~· 1'/ rd?.rt (1!):\:{). 
}fontgomPrie :lltrl no,dallll s (HJ:l..J.), Dull ing (l £):1-J. ), Ui\1 ( 1933)l , \\"Or k 
11·ns co nUllf' llCP<l on si:-; (' typr, one] ) type . anrl ol!P A and one B (:qw 
loxins. 111 til e a utl10r s' opinio 1t , ihe res·ulh obbine<l ,;h o11· thnt in 
the C aurl D g'l'mlps there is , a~ in the Cl. 1ulrlu·; group, a shar i11g 
of toxic antige11i c fract ion s. 

METHODS. 

Ori_qin of ('u7tw·cs.- Th e eultures 2GC, Serl<l on, and D \\·ere a ll 
impure, the ronlaminanb bring proteolyti c non-pai hogenic anae1·obes. 
'rhat !he onl:,· toxin-prodnri ng germs coniainecl i.herein were of i. he 
boLulinus t y pe was ;;h own h.v the fact i ha t one ce r l"a.i 11 lethal close of 
toxin (f01· mou sP) \\;I s 11o t ll f' lliralizr<l h~· 0·1 c.r-. of th P antitoxin ~ 
o·E Cl. sr;Jt /rfllf' , Cl. 'lrrlcl11·;, C7. Of'rlrmatieus, C/ . l1 istolyticu?n, 
('/. !!'/ani, ('/. url! o. l·lr·u s , and I he ·' l.amh rly;-;P n lcry har ill us " . 
or b1· a 1ni:d 1u·<· of 0·02=-l c.<" . of en<"h of 1\wm. A <lrlerm inPd 
atl c t;lpL to ]JI!ri.l".'· ihP l> :-drnin failed. OnP of 11~ ( 1~ ."\f.TI. ), :'0 111 <' 
~-ea r .-; ag·o, W<b ahlP t-o recli!<·r t-l1P numhPr of <·OJ !r·om itant lli!CJ·o
org-a ui c;m c; to l11·o, .a 1ul :~ftpr f urthN 11·ork PYI'nlually ,.;palerl ofr I hP 
<"u lltH<' as pure . JTo\1-eYPI' . 011 -;uhniliUl·i llg' t h is ,;pa led-off cul l1 11 ·<' 
hvo )'('nn; laiPI' , lh e presr'll('(' of :1t l<'asl liYO non-p:il hog-e ll i(: :tnaerolH's 
" ·as noterl. 

Th e ol her C an<l D strains, all r eceiYPrl from DL K. F. )Jpn:•r. 
Cali fo rnia, appearerl. on mirrosf'opical :lll<l cultural e::mminati011·, to 
be pur r cnltnres. 

The A anrl H strain ::; gave no indication of impuri ty. 

:2G C'.- .\ South Afri can equin e strai n isolated at i h ese lubOI·a
tor ies from a clecomposerl ral. 

S eddo n .- A ~trai n rece i ,-eel from D r. Secl don , Australia. 
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D.-A " hovi~ " st1 a in , isolated from a boYine cl earl from bm
sie kte , Armoeclsv la Ide. 

cl a.n cl B.- lteceiYed hom the Lister IJI ~titule, L on don. 

i)tr:tin 166, 1')·pe lJ : from K . . F. ,jieye r . LalJelle<l · ' Sout h 
African B oYin e " . 

Strain 178, T ,nH' ( ' : hom K . F . )! eyer. Lahellecl "Sout h 
:'dric:tn 550 ". 

Strain 101, Ty pe C: from .K . F. :Jiey<>r. La]JellPcl '· B e 11 gholl 
5'2G ". 

Strain J!J '2 , Ty p<> C: from K. 1:' . J[\'n··J·. L:dw llPd " Sedd on 
~traiJt h om J\u ~(nd i a ' ' . 

Strain .200, T) ]W C: from K . F. )J eycr L al1ellerl " B<>11 g hon 
lJ 87 " . 

Strain l(j;) ]) pro1·ed 11011- toxic , :b <li<l a hntl1 er r.;u ltme of th<• 
~ame org·anism r ece iYPcl from Dr. _\IE'.~·e r. 

L' re1wrc~tion of 1'on.ns .-J Lobe r1 .'0 il ' ~ m e:tt hrot h ( li m·~<· 'llllL'icl<· 
e:s:lrad, 1 per ct>nt . JIPpton e, 0·':1 11er CE' IIt . :XnCl ; the f!:ts k or t ub(' 
con tai ni11g bo ile<l m eat to about Olle-t hi rcl thr Yol umP) , plus .) per 
l'ent. st erile hon;p serum .'\' :l S nsed in all ca ~e:; to pro<luc<~ the (ox in. 
Th e m edium (p H 7·6) \\·as h oi le<l for hH> h ours, cooled quid:l.v, t he 
:;erum added, iuoc: tLla ted >Yith a 48-h ours' <.; ultm e of the germ, and 
i ncnlmted for se1·en d:tYs at ~17° C. The culture IY:ts ihen r·e rr dere<l 
~ter ile b y passing it t hvrough , first, a pa per pulp a nd then a B erke
feld filter ('an cll e . 

To r ender t ht> toxin stable t be toxic filtrate "'th saturaLe<l '" itl1 
:tmmonium sulphate (about 55-60 g-rams per 100 c .e .) an<l the res ul
i::l nt precipitat e 1n·esse<l, dried 1:11 vacuo and pO\nlere<l. Sn<·h pO\Hler , 
rlissohecl in saline, m aintained its otiginal (rlry) Yalue throu g·h out 
t he experiment. 

F roductioll of clntito.cin .- Uo:tb p r oYerl suitalJle fo r t h is purpose , 
Leiu g <.;h eaJJ iu pr ice an rl large e nough to g ive a :; ufflcic n(· .\· of ,.;enrm 
for the uumber of t e,.;( s carriPrl out. Form ol-toxo i<l was e mploye(] 
i n ih.e ini ti :tl imllHIIIi ~~,a tion, lwing 1n·epa r ecl b)' a<ld ing O<l per ('(··ni'. 
··omm er c: ial formalin (-1:0 JlE' I' r·eni'. formalrl e hy rl e) to tl r<> pul pe(l ( not 
•·an<llerl ) tox in a t pH 7·4. a n<l incuba t ing th is :1 t :no C. unt il 0· 1 c .c . 
cli cl no t kill a m ou se 011 ~uh<.;u taneous i noc ulation. 'rhe i im P n ecr•,sa1·v 
fo r thi s to oc<·trr Ya ri.e<l l>ehH"e n ] 311<1 i'1 \\ eeks. ] t wa .-;. foun d i ha t [t, 
11':1 .-< es-e ntia l to r e3(·h tb i:; rl egTef' of n on -i ox icit .1· 1Jefore comme nci ng 
i mmun i~~,n ti on: 011 i \YO rH·c:t;;ion s , t l1 e lhf' of a C (Sou t h Afric~lll) 
P<Jui ne tox in , t·hP iox icih of 11·hil'h. ,,·as s1r ch Hat 0·1 c .c . killed 
n mouse in three da ys (0 · 00 c .c. h eing non-lethal), kille<l two goats 
11hen a <lose of 2·0 c .c . \1":'\ S reaclwrl. \Yh en a <losP of to:s:oirl behYeen 
:.?0 <·.c. and :l(J c: .c. had l)pen t eachecl, on e r·mrlcl 11·i th impun ity rlouhle 
t lte dose weeld,~- or clLlnge o1·er to unmo<l ifi Prl toxin . T l1 e :fiual G-8 
i noc:ula tions were of toxin, each cl ose bri n g liei. \\'eP n 100 e .c . anrl 
:200 c.c . in a m oun t. U nless th e co ndition of the goat di<l not warr:<nt 
ii', the injection .-; wt>re m a d e h1·ice 11·eekl ,~· , t h t> preYiou s close being
incr eased 50 per ce nt. a nd lnt·er 75 per eent. or 100 pE'r cen t. 
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'l'he course of immunization lasted beh1·een i.'YO and th ree m ont hs. 
Trial " ·eekly titrati.om of bl eedings " ·er e made, comm encing at about 
tb e second month ; when no rise in antitoxin over t he pr evious one 
was detected, the animal was exsanguinated, the serum collect ed from 
the clot and preserTecl ,,·ith 0· :) per cent. vhenol. One antitoxin, D(r ), 
was prepar ed, w me years ago, h v one of us (E .~f.R .) in a horse h:v 
t he u se of the D ~ train toxin . 

T ·itrat'io·ns of T o.vin anrl Antito.ri tt.-~I i ce of about 15-18 gnu ns 
wer e employed as test anim als, the ro11 te of injecti on being the sub
cuta nemis. \Yhilst it is 1·ealizerl t hat t he gui nea-pig has been t h e 
test animal of ehoi ce for t h e titra hon of botulinns toxin and antitoxin, 
t h e m ouse proverl to be qui te as accuratt> an incl icai.or, a11d fu r ther 
was chea per , mo1·e ea ~il_,- houserl i n la rge numlwrs, a n<l obtainabl e in 
uniform hods· " ·pigh t. 

Dry t ox in was <iissolwd i n salin e in the plO]Jortion of 100 mgm . 
to 5.0 c .<o. a nl1 hom thi s ,;olnt ion dilution.~ ag-a in ma<l e in sa li ne . 
'rhe app1·oxi m a te mi nimal fat-a l rlose was then worked out, anrl wh il st 
no aHem pt ,,·a.-; macl e to asce1 tain t hi s ve1·;;r acc1Jr.a tel_v, suffi r.ieu t mir,e 
were injectecl :no11nrl th e probable L.D. _, 0 (TreY:lll) po in t to be reason
aNy certa in t hat a Gerta in fata l close could b<~ pr·e(l ictPrl. The eml 
p oint was su fficiently shar p, " ·ith all toxins .at ab01t!· t h e ~LL.D . level 
t o allow a 30 per cent. drop in toxin amou nt to r esult in a " l iYe" 
or " paralysed " instead of a " death " . 

For antit oxin htrahons, a (est dose of toxin was ch o;:;en after a 
fe,,- preliminary t rials. B eyond ensu r ing that this dose contained at 
least 10 su re fatal doses no attem pt " ·as made to h ave the sam e 
number of leth al closes in t he test close of eaeh toxin . This dose, 
m ixed " ·i.th Yar;y ing am onnh of anti.to:s:i.n, was left for one hour at 
r oom t emperatnre (20° -26° C' .) and i nject ecl into mice. \ Vhere pre
liminary t it rations sh owecl t ha t a serum " ·as poor or deficient i n 
antitoxin, one ce1·tain fatal cl ose of toxin ,,·as mi xerl " ·ith from 0 ·l 
c .c . t o 0· 5 e .G. of ant itoxin and in jederl . 

In all cases, ohsen ·ation was carrie<l on for seven days, re:mlh.; 
being r econled a ;; " liYed ", " par:d y;:;ed ·', or " clearl ". 

EXPERIMENTAL. 

Iu lhe fi rst ser ies of ti!r.a tiOJJS, th e nr>hn·a lizing power of t he 
an t itoxins of 2G C, Secl<lon , an d]) [indu (ling- D (r)J was tested agai nst 
t oxins m a rle from th ese strain s . A n t-xmnple of :mch a test is g iven 
in Table 1. 

T A I!L E ] . 

'l'oxin: 2oC. J[L f) : 0 ·000:3 c.c. '1.'. n. : 0·0 1 c. c. 
Antitoxin : Seduon. 
Dose (c.c. ) D. 1'. L. 

0. 0007 . . . ...... . .. . . . . + 0 0 
0 ·0008 ..... . . . . . . .. . . . .. ... .. . 3 1 0 
0·001 ..... .. .. . .. .. . . . 0 1 4 
0·0012. . . . . . . ........ . 0 0 :l 

(~I.L . D. = minimum lethal (lose . T .D. = test <lose. D = cliecl. 
L = lived. P = paral ysed , i. e . sh owed paralysis rhning t he seven clays' 
observation bu t sunived ;;even <lays . In this titration 0 · 001 c .c. of 
an titoxin is taken as a nentrali zing rl ose. ) 
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Similar titratiollS wer e can ied ou t with all the toxins aurl an ti
tox ins, at least t h ree anfl uslt ally six to eigh t mice being injected at 
those levels just around th e neutral po int. T able 2 summarises the 
t itrations of the toxins of 26 C, Sefldon, and D agai nst the antitoxins 
of t h ese strains·. The ce ntral u nenclosefl figure is the neutralizing 
dose of anti toxin. 

TABL E 2. 

===== =======--=-===-====== ~-

Toxin. • \LLi l. T .D . 

:2 ti c 0·0011~ 0 ·01 

-~---

:-; 0·000 1 0 ·01 

0 ·00000:2 0 01 

1 
Antit.oxins . 

1------,-----,-- -----
1 26 C. \ N. I D. I D (r ). 

(:J- :!1 ) 
O·OO:l-
0·00:35 

( I ) 

0 001 

(50 ) 

0· 115 

I (2oo-24oJ 
0·1-
0·12 

I 
[ 1 J [ 1 J l 1 J 1 [ 1 ] 

-~---1---1----~---
(+) ( L) (6(i ) (!'i}) 

0·005-
0·00fi 

[ l}-:2 ] 

( l f) 
0·02-
0·025 

[ 600 ] 

0 ·001:) 

[lU 

(l) 
0 ·03-
0·035 

[ 1200 ] 

ll · L 

I [ 2 ] 

I ( 1 /nOOJ-~ 
II 0 · l!~ I 

[ 2/ 5 ] 

0·08 

[+] 

(1/ HO) 

0 ·02:> 

[ l / 8 ] 

T .D. of D toxin v 2ti C and S a n t itoxins = 0 · 00001 aml 0 · 0001125 c .c·. rospecti voly . 
T . D. of 26 C toxin v D (r ) a nt itoxin = 0 ·005 c.c·. 
T . D. of 8 toxin ,. D(r) antitoxin = 0 · 001 c.c. 

A II u nendosecl ligures = c. cs. 
F ig ures in [ ] = ratio of one to xin to another. 
Fig u res in ( ) = ratio of one >Lnt itoxin to a nothe r. 
Central une nf·losf'd fi gu re = !l ('l ltral iz ing dose of ant itox in. 

' l'he Gon~.:lusions to be (lr::nl'lt from 'rable 2 are (1) i h e toxins 26 C 
a nd Seddon ar e aut igeniGally th e Halllfl and (2) t hat D toxin contains 
so me C antigen and t he () a ncl Seddon toxins some D antigen , hut 
t hat th e amouH t of heterologous antigen con tainerl in each toxin 
varies gTeatly, a,; does t h e amount of beterolog-011H antitoxin con
tain eel in each serum. 

lH table 3 t he 1·esults of titrating fresh bre\NS (precipated with 
ammonium sulph ate and dried as before) of 26 C and Seddon toxins 
agai nst antitoxi ns of 192 C, 178 C, 191 C, and 205 C are sum
mar i,.;ed. 'rhe data g ive n t he1·ein confinns the resnHs shown in Table 
2, Yi>':., tha t t he toxins, 2G C', and Secl!lon, are antigr-nically t h e same . 



ANTI GENI C CO~IPO)IENTS 01:' T H E TOXINS OF " CL. BOTULINUM ". 

TABLE 3. 

Antitoxins. 
Toxins. iVILD. T.D. 

192 I 178 I 191 

26C I 0 ·001 0 ·01 (12) (7) I (12) 
0·006 0·0035 0·006 

I [ 1 ] [ 1] 
I 

[ 1] 

(8- 10) (~-H) (8-10) 
s 0·00025 0 ·01 0·02- 0·01- 0·02-

I 

0·025 0·015 0·025 

I 
[ 4 ] [ 4 ] [ 4 ] 

Central unenclosed figure= neutralizing dose of antitoxin (c.c.). 
All unenclosed figures = c.c. · 
F igures in [ ] = ratio of one toxin to another. 
:Figures in ( ) = rn,tio of one antitoxin to another. 

I 205 

(1) 
0·0005 

[ 1] 
I (1) 

I 0 ·0025 

I 
[ 5 ] 

-

In 'l'able 4 is summarized t h e titration of the toxins of 192 C, 
178 C, 191 C, and 205 C against t he six C antitoxins. 

'l'.H lL E 4. 

I I Antitoxins. 
Toxins. :\ILD. T.D. 

I 
I 26 c. I Seddon. I 1!.)2 c. I 178 c. I 191 c. 

T.D. =I 0· 1 (3- 4) 0· 1 (1) I 0·025(27) 0 ·025(13-Hi) l 0·1 (10- 12) 
0·0025- 0·01- 0·02-

Hl2 C. I o -ooo5 O·O l 0 ·00:3 0·017 0·012 0·03 

I 
[ 1/ 3 ] I[ 1(4-1 /3 ] [ 1/ 3 ] [ 1/ 3 ] [ 1/ 4 ] 

I 
T.D. = 0 ·1 (:3!) 0 ·1 ( l ) 0·01 (25) 0 ·01 (10- 12) 0·01 (17) 

1 0·000 1 
0·01-

178 c. 0·035 0·01 0·025 0·012 0·017 
I 

[1] [1 ] [ 1] [1] 

I T.D. = 

I [1"f\· ] ---, 0·01 (4) 0 ·1 (1) 0 002 (5) 0 ·01 (10) I o-01 (t) 
0·035- 0·00-!-

191 c. 

205 c. 

I 0 ·0004 0·045 0·01 0·01 0 · 1 0·005 

[ 1- 1! ] [1] [ 2 ] [ 5/ 6 ] [ v~o 1 
I T.D. = 0· 1 (3) 0· 1 (1) 0·01 (20-25) 0·01 (10- 12) 0 ·01 (10-12) 

0 ·012 1 0·012 I 0·00015 
0 ·03- 0 ·01-

I 0-035 0 ·012 0·025 

[1 ] [ 1 ] [ 1 ] [ 1] 
: 

All unenclosed fig ures = c.c. 
Top u nenclosed fig ures opposite T.D . = test doses used. 
Figures in [ ] = ratio of one toxin to a nother. 
Fig ures in ( ) = ratio of one antitoxin to anot her. 
Central unenclosed figures = neut ralizing dose of antitoxin. 
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1[ 1 ] 

I 
I 

205 c. 

0·1 (l t-l i) 

0·004 

[ 1/ 3 ] 

0·1 (1t) 

0 ·0 15 

[1t] 

0·01 (l) 

0·0025 

[ 1/ 5- 1/ 4 ] 

0. 01 (l- 1',) 

0·012 

[1] 

----



.1. H. MASON AND E. M. ROlliKSON. 

From Tables 3 and 4 the followino· information may be gathered: 
the toxins 26 C, Seddon, 192 C, and 178 C are antigenically indis
tinguishable. As, however, 192 C and 178 C are merely purified 
cultures ·of 26 0 and Seddon respectively, one can say that, by the 
methods employed, no difference in the antigenic coustitutio~1 ~f 
their toxins can be elucidated. Further, reference to Table 2 mdl
cates that the amount of the D toxin fraction of their make-up does 
not differ much, if at all. These two toxins and the two Bengtson 
strains, 191 C, and 205 C, share two antigens, one of wh.ich may be 
termed the " main " and the other the " subsidiary " fraction. In 
the elimination of the 191 C toxin titration from Table 4, the sub
s·idiary fraction would remain unrevealed, and the other three toxins 
would be considered identical. It is obvious from the table that the 
expected ratios are not obtained with the use of 191 C toxin; three 
and possibly four figures are " out ", two of them beyond the limits 
of experimental error and of the n1.ethocl of testing . I£ the toxin 
molecule be considered as containing three fractions C" 0 2 , and D, 
then the apparent discrepancy obtained with the use of 191 C toxin 
may be explained. The particular brew employed contained an 
excess of the 0 2 fraction and, as follows, the antitoxin produced by it 
contained an excess of 0 2 antitoxin. 

As there was the possibility that 191 C toxin readily dissociated, 
·in vivo, from a toxin-antitoxin mixture, a number of tests were put 
up to check the point. On three different occasions, mixtures were 
made, and thei r effect on mice ascertained after they had stood for 
one hour at room temperahu·e and at 5° C. for 24 hours . The results 
did not differ materially from those recorded in 'l'able 4. 

In table 5 are recorde<l the results of the titration of four C 
type toxins against the· D and D(r) antitoxins. 

TAnLE 5. 

Toxins. 
Antitoxins. 

T.D. 192 c. 178 c. 191 c. 

T.D. = 0·01 0·001 0·0025 
[lJ [ 2t] B J 

D 0·05 0·02 0·12 
(1) (1) (1) 

T.D. = 0·005 0·001 0·0005 
[1] U l [ = J 

D(r) 0·1 0· 15 >0·3 
(!) (1 / 7) (= ) 

T.D. = Test dose of toxin used. (c.c.) 
Central unenclosed figure = neutralising dose of antitoxin (c.c.). 
Figures in [ J = ratio of one toxin to another. 
Figures in ( ) = ratio of one antitoxin to another. 

205 c. 

0·005 
B J 

0·1 

I (1) 

0·001 
[ l J 

0·1 
(1 / 5) 

From the data given in 'l'able 5 it is apparent that the amounl 
of C antitoxin contained in the two D sera is not the same, in each 
ins•tance D(r) being much the poorer; it will be seen that 0 · 3 c.c. 
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of D(r) antitoxin was unable to neutralize o11e ~I.L.D. of 191 C toxin. 
The possibility exists that this discrepant result may be explained 
by the amounts of the cl and c2 fractions contained in the toxins and 
sntitoxins. As Table 4 shows, J 91 C toxin contains an excess of the 
C2 fraction; the lack of the anti-C2 fraction in D(r) antitoxin woulcl 
explain its inability to neutl·alize. 

Table 2 showed that cross-neutralizatio11 existed between the 
toxins and antitoxins of 26 C, Sedrlon, and D. Using a fresh brew 
of D toxin, a series of tests were put up to ascertain the neutralizing 
power of all the C .antitoxins against it. 'l'able G summarizes the 
result;;. 

Toxin D 
(c. c .) 

'l'ATILE G. 

(~LL.D . of neTI· D toxi11 = 0 ·000002 c.c. ) 

Antitoxins (c .c. ) . 

2() c. s. 205 c. 192 c. 178 c. 

0·1 0 ·l 0 · 1 0·5 
I 

0·5 
neutralized neutralized neutralized I 

0·000007- 0·00001- 0·00001- Did not neutralize 
0·00001 0 ·0000li5 0·000015 one ::\LL.D. 

191 c. 

0·5 

-

'l'he antitoxins 26 C, Seddon, and 206 C in closes of 0 ·1 c.c . 
were able to neutralize a few ~I.L.D. of ]) toxin, but the three other 
C sera, even in closes of 0· 0 c.c. \H're incapable of neutralizing onE' 
fatal close. 'l'he antitoxic haction of 191 C serum \Yas salted out bY 
half saturation with ammonium sulphate; the precipitate wa"8 
clialysed against distillerl water for tlnee days and ihe inner fluid 
fanned down to one-([Uader of the orio·i11al volume. Although the 
anti-U (J 91) value of this ooneenhate was three times that of thE' 
m·iginal, 0 · .j c.c . was incapable of neutralizing one i~I.L.D. of D 
toxin. 'l'he possibility existed that the goats usell to produce 192, 
178, and ] 91 antitoxins did 11ot 1·eceive enough of the D fraction 
(presumecl to be present in small quantity in the C toxic filtrate,;) 
to give rise to the prorluction of D antitoxin in clemonstrahle amount . 
Further, the C fraction of the toxin so preponclPraiecl over the D 
that unless the animal hocl:v ball exhausted its power of producing 
C antitoxin, there would he little ch.ance of ]) antitoxi n being 
produced in appreciable quantity . Immunization \Yas therefor e 
undertaken in three new g0ats. and carriecl on for three mDnths, 
finishing up the pr·ocess by injecting 100-200 c.c. toxin ten t imes 
within three weeks. 'l'he 192 goat m:u=: then bled out, but th e other 
two \vere rested for a fortnight and t h en " shocked " by injections 
of 100-200 c.c. of toxin given every second clay for ten clays. By 
this method antisera were obtained containing demonstrable amount s 
of D antit0xin in the case of 191 and 178 antitoxins. Table 7 gives 
the results. 
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'I' ABLE 7. 

(1'I.L.D . of D toxin = 0·000002 c.c .) 

A ntito:c·ins . 

191 c. 

0·5 c.c. 
neutralized 

0 . 000004 c. c.-
0 . 000005 c. c. 

178 c. 

0 ·l c. c. 
neutralized 

0. 000015 c. c. 

192 c. 

0·5 c.c. 
did not neutralize 

one )LL.D . 

As a control to ihe large d{l8e of serum (0 ·5 c.c.) used, as· sh0wn 
m Table 7, experiments were carried out using O·[j c.c. of nor~nal 
goat serum and 0 · 5 c.c. of antitoxin prepared m goat s agamst 
Cl. welch1:i, Type B, Cl. clvauvoei, Cl. ovito:cimts, and CZ. 
sevptique. In no instance did this amount neutralize one sure let~al 
close of D toxin. 'I'he results given in Table 7 show· that the toxms 
of 191 0 and 178 0 contain a small amount of D toxin; t h e failure 
of 192 antitoxin may mean either that its toxin contains none of the 
D type toxin or that immunization vvas not carried far enough to 
allow of the production of demonstrable amounts of antitoxin . 

The A an d B type toxins appear ed to be mouospecific. A test 
close (about 20 ~LL .D. ) of A toxin was neutrali>~ed by 0 ·015 c.c . of 
its own antitoxin, whereas 0·2 c.c . of B , 0 (26 0, S, 191 0, 192 0, 
178 0, and 205 0), and D antitoxins failed to neutralize one fatal 
close. Fmther, from 0 ·1 c.c . to 0 · 2 c.c. of A antitoxin did not 
neutralize one lethal close o£ t he toxins of t he B , D, and the variou ::< 
0 toxins . I n the same " ·ay, B toxin was neutralized by its own 
antitoxin, one tes·t close, about 100 lethal closes, b eing rendered non
toxic by 0·01 c.c. of antitoxin; however , its toxin (one nf. L .D .) was 
unaffected by the oth er antitoxins and its antitoxin had no neutra
lizing power on the other toxins. 

DI SCUSSION. 

Th e r esults just recorded shmY that the toxins of the 0 and D 
botulinus group contain more than one toxic component. That there 
are three antigens concemed is faidy obvious-the 2 0 fractions, 0, 
and 0 2 , and the D. However, uo proof has been presented t hat these 
are the only antigens present, thi s investigation merely showing th at, 
by ordinary methods and r easonably careful technique, some of the 
fractions making up the toxic molecule may be demonstrated. It is 
realized that a great deal more wor k would have to be done in order 
to arrive at anything approaching finality on t he question. To explain 
an apparent discrepancy, the hypothesis h.as been formulated that 
the 0 toxin is composed of a 0, and a 0 2 fraction. AssuminO' this to 
be correct, there is th~ cle~nite possibility , arguing from the "'analogy 
of the CZ. u:elch.:u-ovttoxt~~~s group, that th e proportion of the 0, 
and 0 2 fractions produced m culture would vary, depending u pon t h e 
age of t h e culture. As an example it may be stated that CZ. welchii, 
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'rype B, produces, in the early stages (12-24 hours) of growth only 
the CZ. paludis type of toxin, whereas if growth is allowed to 
continue, this diminishes greatly, to be replaced in large measure 
by the Cl. ovitoxictts type of toxin. 

Further, as has been shown in the CZ. welchi'i group, the animal 
to be immunized also enters into the question; depending upon its 
" natural " immunity and no doubt also on factors unknown, the 
antitoxin produced will differ qualitatively as well as· quantitatively. 
Thus, it i s obvious, arg1i.ing from such a standpoint, that this investi
gation serves. merely as a pointer to further work. 

A second aud obvious explanation for the sharing of antigens is 
that the cultures were mixtures of more than one C and the D types. 
This is a possible but extremely improbable explanation. Against it 
are the following facts: (1) the cultures originated in Aus•tralia, 
South Africa, and America; it is unreasonable to suggest that in each 
case the C (two varieties) and the D types were picked up; (2) there 
is some regularity in the anti-C coi_ttent -of D sera and the anti-D 
content of C sera ('rables 2, 5, 6, and 7) . It will be seen that 
0 · 02 c.c. to 0 ·1 c.c. of D antitoxin neutralizes 6 to 20 fatal doses of 
C toxin, whereas from 0·1 c.c. to 0·5 c.c. of the C antitoxins wa,; 
necessary. to neutralize two to seven lethal doses of D toxin. In toxic 
filtrates made from a mixture, one would expect greater variation of 
the C and D fractions, as judg'ed by the anti-C and anti-D content of 
the sera. As, in the production of tl1e antitoxins, several (2 to 5) 
different brews of toxin were used to produce each antitoxin and as 
the anti-C content of the D sera and the anti-D content of the C sera 
was always very low, it would appear unlikely that a mixed culture 
is the explanation of the sharing of antigBns. Again with regard to 
the C toxins- if the irregularity obtained with 191 C toxin and anti
toxin is to be explained by assuming contamination, then all the C 
cultures contained this contaminant. As before stated, such an occur
rence is extremely unlikely. 

CoNcLusiONs. 

Toxic broth filtrates of one A, one B, six C, and one D types 
Cl. botulint~m., and the antitoxins pr<lduced by injecting these filtrates 
into goats have been tested, from the standpoint of working out the 
antigenic " make up " of the toxins. The results obtained indi
cate:-

(1) 
(2) 

(3) 

The A and the B types are Ul{)nospecific. 
The C types contain three components (a) C1 , (b) C2 , and 
D. The D fraction is contained in only very slight amount. 
The D type contains chiefly the D, but also a small quan
tity of the C fraction. 
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