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THE Bl~'l'A TOXIN OF 

CJ~OSTlUDIUM ~vEl.Cliii 'l'YPB B, \HLBOO.N, 

IN Ht:!JJ1T IOU TO 

THE PHODUCTIO.N Oli' A VACC IlfB aGaiNST 

LAW3 DY3ENTEHY • 

••• 
:r:COJfOMIC IJAPORTAilCE 01!, 'L'HE lliVESTIGi~TIOJf. 

The sheep industry in ~3ollth Africa ooollpies a very 

important place in tho coWltry's economy as can be seen from 

the following figllres extracted .from the 1953 coileus -

Revenue from "ool ••.••.••••••.••••..•••.•••• 

Value of skins produced •.•••••.•••••..•...•• 

Value of Karakul pelts produced ••••••••••••• 

Total number ot sheep •••••••••••••••••....•• 

Number of sheep ala.u.ghterad by butchers •.•.• 

£75 

£ 4ii 

l, lt 

}1.} 

4-5 

million. 

million. 

million. 

million. 

million. 

Exact figureo f<>r losaeu suffered by sheep fu.rmera 

through diseuoo nre not avuilable but a fair estimate would 

be an amount of oeveral million pounda per annum. Of this 

vast sum enterotoxaomia-like conditions caused by the 

Clostridium welch11 group of orgun1sma account for a consider-

able portion. Mason (l9}5a) mentions that E.M. Robinson had 

isolated Cl. wel~ Type B from cuses of lacb dysentery prior 

to 19}1. Sohe~1ber (peroonul communicution) reports having 

isolated the aume organism from specimens received from the 

Karoo, the lforth-J~aatarn Cape Province nnd the Orange r.,ree 

Stuta. Schulz und Sutton (1950) stute th~t lamb dysentery 

is ~nzootic in the southern part of the Orange .ifree ~t11te 

an~ purta of the Eastern Province. 

During 1948 Schulz and Ucintyre made a tentative 

diagnosis of pulpy kidney after 1uveotigating extensive 

losses among sheep in the Euotern Cape Province., 'l'hie wus 

confirmed when 3oheuber deroonntrnted 01. welch11 Type D u.nd 
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2. 

its toxin in the intestines of some of these cases. tlchulz 

~md Sutton (1950) maintain tb.ut this diseuse ia widespread 

and that it hae been encou.nte1·ed on sheep farms in d.itf'erent 

parts throughou.t the Uniou u.nd aou.th West Afr1ct.. 

In agreement with tlle exl>t!rionce of Batty, Thomson and 

Hopple (1954) in Great. Britain and Dayue (1938) in New Zealand 

Sutton (personal communication) diagnosed pulpy kidney in two

weeks old lambs in South J\tr1cta.. 

The problem of protocting very yoWlg lambs against both 

Cl. welohii Type B and Type D infections o.ud older lwnba and 

adult sheep against Cl. welchii Type TJ infectious, io 

therefore posed. 

In South Jtfricu where sheep are grazed predominantly on 

an extensive ayotem tnoy ure collected periodically at 

irregula1.r intervals of up to u month. Since the introduction 

of' jackal-proof fencing oweo are allowed to lamb in the 

pastures by preference. Seldom are ahepberdo used. Thio 

arrangement has distinct advo.ntu.gea for the control ot 

internal parasi ten w1d diu eases favoured by tho concentration 

ot sheep but certainly exolados the possibility of using anti

toxins tor the prevention of' l~b dysentery and pulpy kidney 

in very young lambs ua a pruct1cal measure. Hence resort 

must be made to the immunization ot pregnant ewes to provide 

their lambs with a colostral immunity against these diseases 

during the first few weeko of their lives • 

.a BRIEF CONSIDElUlTION O.F Tlffi TOXIC FR.ilCTIONa PRODUCED BY 
CL. iwELCliii TYPE B. 

The welchii group of Clostridia contains nix types 

distinguished one fro~ the other by the toxic tractions 

produced in artificial media. These toxic fractions hkve 

ver.y definite actions by which they cun be identified. In 

Table I which wau derived from u publication by Oukloy and 

Warraek (195}) tho pr()pertiea und distribution of' theee 

antigenic f'ractiono are giveu. 
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'· TABLE I. 

PHOPEHTIES J\ND DISTRIBUTION OF Tllh TO~~IC iRACTIOHS 
PRODUOlm BY CL. ·~·ELCHII IN CULTURE UEDI,;~ • 

~ Occurrence in !.,1ltru.t.ee 0 
..-! ot .p 

01. weloh11 Types. "' §, Activity. 
•r-1 
Cll 

B c D E F (I) J\. 
1=1 

oc Lethal, uoc:roti:dng, 
+;-+ -t-Haemolytic lcci thinu.se c + + "t + 

(3 Lcthau, nccrotising - ++t +++ - - + 

'! Lcthnl - + + - - i-

8 Haemolytic, lethul - -t ++ - - -
c Lethal, necrotizing 

(activated by trypsin) - ++ - +++ - -
~ Lethal (vt.a.lidity 

doubtful) ( +) - - - - -
e HuuJ!'lolytic (oxygen-labile, 

? l~thn.l) ++- + + + + -
~ necrotizing, lathal 

(activated by trypsin) - - - - ++ -

k 
Collagenase (necrotizing 
gelatinuse, ? lothnl) ++ - + +- -t- -

A 
Proteinase, diuintogruteo 

hide powder but not 
collagen; gelatinuoe - +t+ - +- + -

f Hyalllronidu.se +- + - +- - -
If Dosoxyribonucleuae + + + + + + 

-·- -
++- 01 .. --t- = preoent in some atraina. 
(+) = limited to vory fen struino. 

From the atundpoint of vaccine production tho main toxin 

produced by the 01. weloh11 Type B struins exwnined by 

Glenny, Burr, Llcwollyu-.Jonee, Du.lling and aoso (19}3) nas 

the beta toxin. The cW. ture fil tratcs aloo contuined oome 

epsilon toxin in udd1t ion to minor true tiona such as gwnr:ua 

and delta toxins. Ubson (19}5a) co~ents na follows -

"The • blocdponu' bti.oilltW, a germ roaponai ble tor lumb 
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4. 

dysentery (bloedpens) in Soath Atrioa appetu·u to be idontioal 

serologically with Cl. wolch11 Type B (the • lamb dyoentory 

bacillaa') ao originally isolated by Gaiger and Dulling. It 

produces two main toxins; young (18 houro) filtrates cono1at 

ch1e.fly of Glenny's bota toxin and old ( 5 duya) 1'11 tratee of 

epsilon toxin. Both yotlllg und old filtrates contuin alpha 

toxin, und thoro wus evidence that tho former contained gwmna. 

toxin." 

Tho atrllina ioolatod by mo from lwnbo infected witb. lwnb 

dysentery produce betu ae their main Wld epoilon ua their 

aabeid.iary toxic :fruction. Thia wan oontirr.~od by .Uux Sterne 

of the Wellcome Research Laboratories, Beckenhuc, Bngland. 

In the case of 01. welcb.ii r_rype D, epsilon toxin ie tho 

principal. toxin prodtwed (Uletuly et ul; 1933). The 3oath 

Afr1cun strains isolated by mo correspond in this respect. 

From the above it ia obvioWJ that for tho immllllization of 

sheep against Cl. wolchii Type B und Type D separately unu in 

some oases eimu.ltaneoaaly, the requ.irod level of antitoxin in 

these unit.1ala hus to bo produced against the different toxic 

fractions prodllced by the orguniomo concerned. The study of 

this problem was initiated by an investigation into the pro

daction ot an immunity against 01. welchii Type B and the 

results obtained fo~ the baoie of this thesis. 

Evans (1943n) produced experimental evidence that a 

Cl. 1velohii Type A antiserum with t1 high content of alpha 

antitoxin and only a truce of theta antihaemolysin was highly 

effective in protecting guineu-pigo against infection with 

Cl. weloh11 Typo A. On the other hand, a Cl. weloh11 Typo A 

untisorum with a high content of theta antihaemolyain and 

containing only a tru.oe ot• ulpb.a anti toxin was quite 

ineffective. He further proved (194}b) that a Cl. welch11 

Type A antiserum with a high content of alpha antitoxin and 
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5· 
no u.ntihyulu.ron1daae wua highly o!'fcctive whilo an antiaarW!l 

containing a conaiderhble qu.un't.ity of Wltihyuluronidnae and 

only a trace of alphu antitoxin waa unable to influence the 

courae of the infection or to eulmnce the protocti ve action 

of alpha antitoxin. The three challenge strains of Cl. 

wolchii Type A he uaed produced fatal infections in guinea

pigs; two of theoe produced h.yaluron1du.ee in culture und in 

vivo, but the third did not. 

Evans (1947) ulso showed thut the unticollagenuae value 

of a eerUJ:l haa no relutionsllip to ito protective vulae against 

a Cl. welch11 Type A infection in gainea-pigs. He (1945) 

tlU"ther states that the ability of Cl. weloll11 Type A to 

produce :f'utal. infections in guinea-pigs is relu.ted to ita 

alpha toxin production in vitro Wld ia independent or the otheJ 

antigenic elements. 

1dthough t.ho fact that an antitoxin against the main 

toxic fraction produoecl by Cl. woloh11 Type a protects against 

a fatal infection by that orgunism cannot be applied mutut1s 

mutandis to the Cl. welchii group in general withoat further 

evidence, Glenny et bl. (19}}) maintain thut Cl. welchii Type 

0 toxin (which contains the betn fruct1on but no opailou) hu.s 

frequently bean aaed at the lalloome Reuoarch Lu.boratoriea 

tor the immWlization of horses in the production of lamb 

dyoentcr.y antitoxic seru. t3uoh a era huve pr<:>vad effect 1 ve in 

protecting against l~unb dysentery in the field. In a perlnlal 

oomr!lunication .r.n. Scheuber informed the author thu.t he had 

prepared a v ... ocine aguinat l&I!lb dysentery tor many ytHaru at 

the Onderatepoort HEtaearoh Laboratories using u. strain or 

Cl. welchi1 Type B which produces muinly the beta fraction 

and no epsilon (vide infra). Thio vuocine wua completely 

eatiafalctory. 

In the present study, there1"ore, 001phaeis has been 

plaoe<1 on the production of an icamu.ni ty against the beta 

toxin. The ai~l1ficunce of the other toxic fractions 
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6. 

produced by Cl. welch11 Ty.Pe B und the vulae ot 1l.'lt!luni ty 

against them are d11"t1cult to assess, since the natural 

disease is not easily reP.rOdllcible in tho laboratory. It is 

the author's intention, however, to assess those by meu.na of 

a long term field experiment. 

l4ATERIALfJ AID ILETHODS. 

1. Antit.oxin. 

For the produ.ction of a labor&tory atandurd betar. anti-

toxin two horsea were given two subcutaneous injeot1ono of 

20 ml. ot an al~-preoip1tated Cl. welohi1 Type C toxoid 

separated by }0 <lays. Tb.e horses were then rested for one 

year before they were put on to an intensive cou.rse of Cl. 

welchii Type C toxo1cl followed by toxin injections. The 

rest period wus allowed with the object of obtaining an uvid 

anti toxin ( cnenny, Pope and ··~addington 1925, Glenny and Barr 

l932a, Glenny and Barr l932b, .Jerne 1951). Four daya ufter 

the largest dose of toxin 8 litros of blood "ere withdrawn 

from eb.ch horne u.nd tho bleeding repeated at'tet• three duys • 
. 

The lutrum wus collected) pooled and part <>f 1 t preservHd with 

merthiolaLe in a final ooncentrutiou of l : 5,000 ~11lc the 

rest wu.o refined by tllc pepain digestion method of Pope (193~). 

The refiuemen t wu.s kindly undertuken by .r .ll. kuaon of the 

South African Inatituto for Uedicul Heaehrch. 

Tho different unt1body fractions contained in the refined 

serum were determined by Mrs. I. Batty ot the ~ellcome 

He~earoh Laboratories lUld reported to be u.s follows 

Betu .....•........•..•.. 9,500 unite. 
lllpha . . . . . . . . • • . . . . • . • . . 1, 500 uni ta. 
Del tti . • • • • • . . . • • • • . • • a. bout 5 un1 to. 
Kappa . . . . . . • • • • . • . . • . • • • 2, 000 units. 
Lamda .....•••••••. less than 50 units. 
Epo1lon • • • • • • . . . . . • . • • . • 0.02 units. 

2. Determinut ion or t~ unti ~_oxin titre of the sheep oera. 

For tbe determinstion of the antitoxin content of the 

sera of the sheep after injection of toxoid a. dried toxin 
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7-

was prepared from a cu.lt\lre filtrate of the "1930 strain" of 

Cl. welchii Type B. AmL1on1um sulphate was used for pre-

cipitation and again removod from the dried product by 

chloroform flotation. 

The t i tru.tion was 'lone in white mice weighing ubo1.1t 

20 grams and u oomJtant quantity of 0. 004 mg. d.ried toxin was 

used per mouae. Thia weight. of toxin contained 2 11. r ... D. • e 

and represented 0. 04 teat dose as cletercined u.~ruinst serum 

l!:X 1254 obtained from the \ellcome Heaeuroh Laborutories, 

Beckenham, Kent, throu.gh the courtesy of Dr. <}.H. .\urruok. 

The mice were injectod 1ntruvenoualy with 0.2 ml.. of 

toxin-aerum mixture ~ado up au follows -

(a) O.G04 rng. toxin dissolved in aulino to a total 
volume of 0.1 ml. plus 

(b) a quantity of Bbeop aerum made up with aaliue to 
a total vol~e of. 0.1 ml. 

Successive tubes contuined increasing wnoWlt.a ot' nerwn. 

The aerum-toxin mixtu.reft were le1't u.t room temperature for 

ono hour prior to injection. ~"'rom each ~llb e au.ff1c1ent was 

withdru\1n for the injection of two r:nice and these were 

observed for 24 hou.rs after injection. 

At first the aeru were titrated over a wide runge to 

find the &pproximate ne1.1tra.l point und aubaequ.en tly within 

narrower limits to determine the exact point t:l8 closely as 

possible. control mice were iuJec ted regularly to check 

the lethal effect of the toxin. The titre or the sera wus 

expressed liS units per ml. and where 0.5 ml. of serum f~iled 

to protect against 0.004 mg. toxin its titre wue recorded 

as 0 llnits per ~1 • 

. il.. negligible quuntity of alpha toxin was preetant in 

the 0.004 mg. dried toxin used since its lethu.l effect was 

not influenced by the tiddi tion of an excasu of alpha anti-

toxin. 
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8. 

3· The flocculation teat. 

The Hamon flocculation teat ao modified by Glenny und 

Okell (1924) for titrating diphtheria toxin a.nd antitoxin 

was WJed. Uu.aon und <'ridclicombe (1946) showed thut the beta. 

fraction ot Gl. wolchii Type B toxin can be titrated by this 

method and their procedllre, slightly modified, wao followed. 

l?or ti tru ting the high value toxic f'il trates it was necaasary 

to muintuin tho temperu.tu.re or tho bath at 38°c. bocuu.ao at 

45°0. flocculation occurred in lese than one roinute. Tubes 

measuring 75 x 8 mm. nero u.aed und the pH of tho filtrutes 

adjusted to 6.8. One millilitre amounts of toxic filtrate 

proved convenient, 

~\ben toxic filtrate wao flocculated with naturul serum 

in a concentration range r<>und tho in vivo naatral point 

several zones uf flooculution coald be cleteotod. In ouch of 

these floccalea formed 1n the content-s of tilrae or four tabes 

adjacent to tho so-called ~indicutor tabe". The zones 

represented the combination of separute a11tigens with their 

corresponding antibodies. A toxic filtra~e, tor instance, 

which had u vo.l uc of ?6 L t" per ml.. ahowed val uea or 30, Su, 

100 and 150 Lf per ml. when flocculated with nn.turo.l aeru.m. 

This con1'u.aed tho 1suue to the extent that the uoe of crude 

serum bud to be abtWuonod. With pepsin-refined antitoxin, 

however, only one zone of f.locculution took place in a range 

of serum quantities varying from well below to well ubove 

the in vivo point o1" noutrt~li ty. 'fo prove that this wus a 

apeci1"1c bote. toxiu-untitoxin zone tho following experimental 

evidence 1o ofterod -

(a) By applying the gel-diffu.uion precipitin tcchniqae of 

Pope (.personal cornmunic'ation) only one precipitin line could 

be demonstrated. Undilut.f~d anti toxin mixod w 1 th Wl eg_u.al 

volu.t:1e of 2 per cent. gelatin in 0.8 por cent. lfuCl aolution 

was _pipcttod to the bottou of a 75 x 8 mo .. tu.be to form u 

Digitised by the Open Scholarship Programme in support of public access to information, University of Pretoria, 2017 

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



9· 
column 1 om. high. This wus left in a refrigerutor to solidify 

and then a 1 em. layer of cleur one per cent.. gelatin in u.8 
per cent. NaCl solution was layered on top ot the antitoxin

gelatin column and the tube returned to the refrigerator. 

The toxic tiltru.te wus then layered on top of the gelutin and 

the tube left in u at~nding poaition in u refrigerator ut 4°C. 

a single precipitin line formed after four dayo ~nd no more 

appeared in three weeks. Undo11btedly more lines wou.ld have 

formed if the untigen ~nd antibody had been concentrated bat 

they were used in the sume concentrations as in the flocculation 

teet. 

When the toxic f1ltraLe wua flocculated with the untitoxin 

ut a level corresponding to the neutral point ot the a~e 

reagente ue determined by intravenous titration in mice and 

the flocculee removed before the solution was put into the 

gel-diffusion system no line resulted. In the determination 

of the neutru.l point in mice the alphu toxin contuined in the 

fil tra.te (the strain of Cl._ welchii Type B used produ.coa only 

two lethal factors, vi2. alpha and beta toxins), was 

neutralized by an alphu antitoxic eerum contuining no beta 

antitoxin. 

This evidence indicates that the awne factor in the 

toxic filtrates is responsible for the precipitin line, 

flocculation reaction and neutrklization of the beta antitoxin 

in the refined antiserum used. 

(b) One hundred ml. of toxic filtrate were flocculated ut 

a level aa described in (a). The flocculea were aep~rated 

from the liquid by centrifagktion, wu.shed three times with 

physiological saline and than re-aaapended in saline which 

w~s made u.p to 100 ml. Each of ten gu.ineu-piga received 

aubcutuneously 5 ml. of the floccule suspension and the 

injection was repeated after three weeks. Ten days after 

the second injection their rea1atunce to injections of beta 
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toxin was tested by the Cl.ll:luluti ve U1u1ma1 J .. ethal Dose test 

as described by :Uaaon, Rosa lind Dulling (1931). A drled 

toxin prepared from a culture ot the "1930 variety" of 

Cl. welch11 Type 13 by rouunn of wm:2ontwn sulphate procir)i t.ation 

was uoed aa teet material. Bofore 1njoct1on, however, the 

lec1 thintAae act1 vi ty of the red1sool ved dr1t!d toxin wua 

nau.t..ral1zed with un u.nti-al.ph.u aerWZl with the reou.lt that tb.e 

beta fraction only wua reaponsible for the mortal1 ty. '!'he 

results are 6umL1ar1zed in Table !I. 

TABL}~ II. 

THE 1\ESI~TAHOF: 1'0 BETA TOXIN 
O.Jt GUIJiEA-PIGS HAVINO RECEI'Tli:D IfitTEOTIO.NS 

OF m1SPEND!•.D FLOCCULES. 

Guinea-pig. U. L. D. withntood. 

1 16 bu.t lese tlmn 32 

2 " It It It It 

3 " II !f It " 
4 " " " 

., It 

5 It II " " " 
6 It " II " " 
7 32 ,. 

" It 64 

8 tt " " " It 

9 " II " It " 

10 " " " " 
., 

These reaul te prove that the 1njeotion of the 1'loccu.lee 

wue roaponaiblc for ti. reniatt.nce against the lethal e:t"'fact 

ot beta toxin. 

(c) The vulue or ench ot u aeries of 3} different toxic 

filtratea wua det~rmined in terron of unite by mauna of the 

flocculation teat. ~imultaneounly their L~vuluea wore 

deterl:!lined against the aw!le anti toxin by titration in e~ice 
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after neutralization of the alphu toxin. Those tests were 

done whilu the :f'iltra.tea were fresh and the following results 

were obtained -

- -
Lf values (Lf per 1"11.) 1 .. +- trnlu~a (L+ per cl.) 

}8 34 

'' 30 
4~ 36 
g 38 

ai 60 
76 

105 1~g 105 
?6 70 

~~ 6o 
46 

57 48 
275 260 
199 19.0 
1'7.1 162 
162 154 
170 163 
560 540 

52 46 
3~ 34 
38 ~4 

;b 46 
}4 

~-~ 40 
38 

33 }0 
105 110 
105 114 
12} 114 
114 114 
123 114 

85 78 
95 78 

The v~1ue ot ch1-aquure for theuo two aerien of numbers 

is oma11er than the vu1ue nt P = 0.05 (P in the vicinity of 

0.8) indicating a aatiofactory agreeMent betweun theae t'fVO 

methods of determining the value of H. toxic solution in terma 

of its antitoxin-bindine power. 

(d) Moloney and Hennessy (1944) uaed the property of 

tlocculea from true toxin-unt1tox1n co~bination to ubsorb 

toxin and unt1tox1n as uga.inat the 1n~b111ty ot flocculea 

from false zones to do the 1uwe in the prepuration of a 

single zone tetanu.J.~ unti toxin. Thio antitoxin WbO proved by 
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Vtiriou.a other meuns to mou.aure the t.ru.e toxin or toxc>id 

content of a filtrate. 

On the a~e basis flocculea were prepared from 50 ml. ot 

a clarified toxic filtru.to (vide supra). The floccules were 

spun down and the !it1.pernutaz1t tented for residual toxic or 

antitoxic activity; neither could be demonutruted. The 

packed flocculea were washed twice in ouline uncl the fiuul 

supernutant discarded. .li'inally hal1~ the floccules were 

suBpendad in 10 ~1. of the original toxic filtrate (277 Lf par 

ml.) and thereat in 3 ml. of concentrated unt1tox1n (9,500 

Wl1ta per 1:11.). After lenv1ng the mixtures at room tempera

ture for one hour tlle t"loccnloo were removed by centrifugation 

and the vulueo of the toxic and unti toxic au.pernataute respec

tively determined. Fifty nnits of toxin per ol. Wld 7,125 

units of Mtitoxin per ml. remained. 

The conclusion th.ut the flocculea represent a true 

toxin-antitoxin co~biuation oeoma Juot1fied. 

Glenny und Okell (1924), working with dipbtheriu. toxin 

and antitoxin, confirmed Hwnon•a observation t.hat tbe 

flocculation test could also be ueed to assay a toxin modified 

by chemical meu.ns, i.e. a toxoid. uaaon lind ~add1co.mbe (1946} 

applied it to the titration of formol beta tvxoid using 

pepsin-refined anti toxin •. 

To as tubl1f3ll the applicability of the flocc u.lation test 

as u means of titruting tlle toxoido prepared in the present 

series of expericento eight toxoids were preptll'od by 

formolizing selected toxins of dii'fe1·ent Lf val.tlee. Sub

sequently the flocculut1on valne of these formol-toxoida was 

determined by blending with a quick-flocculating toxin and 

also their total combining power (Uason l935b). 

The rouu.lts auwnurized in ~able III show that the 

toxoida are placed in the oame order of utrength by the two 

methods. 
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1). 

T.A.BLE I I I. 

COlAP1~aiflOU BLTWEEH Tin~ 'l'OTt~L OOAABiliilfG POIYEH 
JiliD l!"LOCGULA.TION VALUB 0~"' 'ru.XOIDS. 

Totbl <:mabining Power. l'looculation Value. 

165 units 57 Lt 

200 It 100 " 
350 It 151 " 
400 " 160 " 
460 " 171 tf 

480 t1 266 " 

500 " 2'16 " 
630 .. 380 tt 

~ 

Uason and \Nicldioombe (1946) state thu.t "J.i'ormol-toxoid, 

used to ,prevent lamb ,lyeentury, may ba titra.ted with some 

accuracy by aaoertaining ite antitoxin-binding power. 

However, the true value ot the toxoid ia not neceauurily 

obtuined beouuae toxin ia, us o. rule, more ~Avid than toxoid 

and may throw some toxoid out of oc>mbin&.tion with the unt1-

toxin and take ita place, thus giving the impreaeion that the 

toxoid has a lower binding vW.u.e than 1 t really has." 

On tlle strength of my experience with the total 

combining power teHt I tully agree with this BtMtement and 

feel that the absence o1" a conatunt relationship between the 

values ua determined by the to tal combiniug power method and 

the flocclllation method for the reapoc1.1 ve 'toxoids can be 

accounted for by the relative 1nacou.rucy of the for~er methode 

In view ot the reported experimental evidence and the 

wide application of the flocculation teat I feel that this 

teat OWl be used to aasay the botu. traction of Cl. weloh11 

Type B toxin uud ita (30rraapond1ll8 anti toxin. 
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14. 

4. The selection of u struiu ot Cl. welohii Type 13 suituble 
tor the production of b(~ta toxin. 

In conducting the atudiee on bet& toxin a strain of Cl. . -
we1oh11 Type B deeignate<i the ''1930 strain" by Unaon (1935a) 

wu.e used. :·hile the utu.ndard Cl. welchii Type B produces 

beta toxin as ita main u.ntigenio traction us well as epsilon 

tox1u the "1930 atru1n" hue lost its power to produce the 

epsilon fraction. llt1eon mentioned that th1a vu.riety did 

prod11ce alphu toxin as a subsidiary constituent and during 

the course of this investigation it naa found that the 

organi~Jn~. aleo prod1.1oea aomo hyaluronidaoe when cu.lturad for 

·5 ho1.1ra in moat broth containing one per cent. peptone. 

The advttntugeo of using thie lltrain for the study of 

beta toxin are the lack ot un e pu1lon fraction which would 

complioute the experir.~tmta, w1d the absence of proteolytic 

enzymes wh1oh would at:f't~ct the stability of the 1'11 tratea. 

On cultivation in liq~id mediu, however, a st1c~ growth 

resulted due to the production of mucus which considerably 

impeded filtration and processing of the toxic material. 

After 24,houra• growth on the su.rt'ace of serur.a-ugar in 

an unaerobic Jtt.r the following morphologicu.lly different 

colonies could be diut1nguiuhed -

(a) Smooth col<>nien (.Fig. I). Dome-shaped with sharp, 

regular margine. Glistening white, arnooth appeu.rance. 

These colonies are ronu.rktr.bly atrir.~.;;y and, when aubol.ll tured 

into liquid media, a mu.co1cl growth results. 

The orguniama comprising t.he smooth colon\os are toxi

genic und diupluy a wiae capaule when stained oupruvitully 

in wet films with India Inlt. 

On tJerial p&aeago ot the paront Btruin in liquicl l!lediu 

theoe mucoid orguniama appear in increasing proportions and 

oust the other typoo to be doucribed below. 
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15. 

-

Jrtc}. I. 

SYOOTH COLONIES PUODUCED BY OUGAJfiSJl3 ISOLATED 
.t"'HOlA A CULTUliE Ol!' GL. ~\ELGHII TYF£ B ( "1930 DTRAilf"). 

(b) Colonie& oomp<>ued ot non-toxigenic organisms (Fig. II). 

These are flatter than the smooth variety and have 

reglllu.r margins. They havo u dull white appearance. 

The organiai!la ara r.~.on-cu.peulu.ted und, when grown 1n meat 

broth, could not be shown to produce beta toxin by blanding 

w1 th u quiok-tlocoulat ing toxin ( Glttnny bUd Okall, 1924). 

They however havo tho following oll.arscteriatios 11hich identify 

thee as 01. wolch11 -

Short str~ight stout rods with pbrallel sides arranged 

singly or in small bundles. GrtWI-pOBi t 1ve. Golu.tin iu 

11quif1ad but not cougu.lated. actrum. A. typ1cul "atormy 

fermentation" reaction is produced in litmus milk. Glucose, 

lactone, r1al toae and inulin &ra fermented, but not mwm1 tol 

and dulcitol. Alpha toxin 1s producud. 
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•. 

( 

) 

FIG. II. 
APPEAR1~NCE OF COLOHIE3 PllODUCED BY NON-TOXIGEIIIC OHG.AIH3lA3 

ISOLATED FllOU A CULTURE OF 
CL. WELCHII TYPE B ( "1930 STRAilf"). 

(c) Rough colonies (Fig. III). 

irregular and rou.gh.ened mar gina. 

Flat colon1ou with very 

Irregular aurtuce and u 

pronounced mat app6arance. 'l'hft orguu1acs are non-capaulo.tttd 

and pro duo e beta t oxtn in liqu.id media. 

is not sticky. 

FIG. III • 

The culture fluid 

.t~PPEAlLUH!E 011' HOUGH COLOJtiES PRODUCED BY 
OR<lldiimtS lSOLA'rED FROM A CULTURE OF 

CL. \fELOllii TYP:r: B ( "1930 STRAilf 11
). 
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Because the rough variant did not produce sticky 

capsules 1 t wua eclecttHl for the product ion of toxin in theoe 

investigations. Ita tendency to give rise to further 

rautante waa examined by Btlbmll t11ring 1 t t"enty times 1n 

Robertoon•a meat broth containing one per cent. glucose. 

The original colony morphology and tox1gen1ci ty were retuined. 

Howe'ler, after the oar.ae number ot aeriul passages in 

Robertson's meat broth withou-c glucose a mutunt did o.ppaur when 

the culture at this stage was grown anaerobically on the sur

face of oeru.m-aga.r for 24 hou.ra: these mu.tants could bo 

detect.od by their more regular m~rgine u.nd mnoother uurf1.1oeo. 

'l'heae colonies were not stringy when picked while the 

individual orgu.niama were non-capaulated and toxigenic. 

aicilar dissociation was described by St~vens (1935) u.nd 

WcGaughey (1933) working with Cl. wolchii Type A. 

In view of t;ho variability or tb.in atru1n of Cl. walohii 

Type B, stock cul tu.roa woro prepared by cu.l ti vuting ~Jolooted 

rough colonies in llobertaon•s moat broth containing one per 

cent. glu.coae und lyopllilizing the roaulting growth in 0.5 ml. 

A fresh tlr!lpoula of dried oultW'H \tli.B used to 

start the production ot' eaoh batch of toxin. 

THE PRODUCTION OF BNTil TOXIN. 

Ini tia.lly beta toxin lttl8 produced according t.o the 

methoda employed u.t the Oncturat.,poort Lo.boru.toriea tor the 

preparation ot lamb dysentery vaccine. 'l'he medium consiuted 

ot a broth prepared by boiling minced horse meat in tap water 

for 30 minutes (1 litre of water to 1 lb. of meat). Tllo 

following ingredients• were added -

When in this thesis an ingredient is added in a concen
tration of, B~A3, 1 per cent. thia uu1at be taken to 
indicate that su1'fioiant of tho ingredient is added to 
give a final ooncentrution of 1 per cont. 

Digitised by the Open Scholarship Programme in support of public access to information, University of Pretoria, 2017 

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



18. 

peptone ·•••·••·•••••·••·••·•··•• 1 per cent. 
sodium chloride ••••••••••..••••• 0.3 per cent. 
dibasic sodium phosphate ••••••.• 0.2 per cent. 

The pH was adjusted to 7.8. 

Ten-1i tre voltm.es of the liquid portion of the 11ediwn 

were dispensed in twelve-litre fluaka anJ. tnerilized tit 

120°0. for 2~ hours. 

After sterilization the medium was left to cool and then 

placed in an incubator room at 37°0. to attuin the desired 

temperature. 

The same medium was used in 30 ml. quanti~ies in tubes 

for growing the inoculwn. 

Before inoculation the pH was adjusted to 7.4 with 

sterile 40 per cent. NaOH, since sterilization usually caused 

a drop in the pH of the medium. A final concentration of 

0.5 per cent. glucose was f.ldded in the form of u sterile 

60 per cent. solution. After being inoculated with about 

30 ml. of actively growing culture e~ch, the flasks were 

incubated at 37°C. for 17 hours. 

Values zu.nsing from 38 to 57 Lf per ml. were obtained 

by this method. Subsequently the following attempts at 

increasing the yield of toxin were made -

(a) ].F..S:..!easi.l!&._~~~one content of the t;J.edium. 

To test the i1~luence of the peptone content of the 

medium on toxin production an experiment was planned in 

which the peptone content of the medium described ubove was 

varied from 0.5 to 2.5 per cent. After adjustment of the 

pH and addition of glucose the flasks wore 1noculuted with 

actively growing culture and left to grow for 4j hours. 

By this ti~e active gas production had ceased. 

The values obtained were as follows -

Digitised by the Open Scholarship Programme in support of public access to information, University of Pretoria, 2017 

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



19. 

Peptone content. Lf per ml. 

0.5 per cent. 28.5 

1.0 " }8.0 

1.5 It 57-0 
2.0 " 76.0 

2.5 ,. 76.0 
L.-. ---

The conclusion that w1 increased peptono content up to 

2 per cent. leads to w1 enhunced Loxin prodQction seecs 

juntified. 

(b) Finding the period of growth consistent with 
maximal toxir1 prod,~c tion, 

For this purpose a flusk of the originul medium with 

the incorporation of 2 per cP.ut. pl';)ptone lJiaa iuoc,~lated \'Vi th 

the experimental strain of Cl. welch.ii TYJ.Je B in. the method 

described and incubated at }7°C. Gomwencing at 31 hours 

after inoculation, when profuse gas proJuction. wu.s obvious, 

samples of cul tu1·e were withdrawn c.t 30 winu..t.;; intervals, 

clarified and their Lf value determined. Aftt:.~r 5i hours 

of growth gas production had almost ceas~d ~d surupling was 

stopped. The following results wel~e obtained -

-
Duration of growth. Lf per m.l. 

}i hours 76 

4 ., 104.5 

4j ,, 76 

5 " 66.5 

5i " 38 

From the above d~ta it cun be concluded that the toxin 

content of the culture fluid increases up to 4 hours after 

inoculation but decreases s u.bsequently. This phenomenon 

was confirmed repeatedly und in the experiments that 
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followed the toxic fluid was regu.lu.rly harvested at'tor 

4 hours• cultivation. 

(c) The presence of meat ...Qarticlos in thtt medium. 

The production of toxin in liq1.1.id meu1~ with und 

without the addi t1on of meut ~brticleu wan oompElred. · .. ·o 

prepare the former nuf1"1c1ent meu.t purticlas, which had been 

cooked for the :propu.ration of the 1:.1ediur.a u.s uescribed, were 

placed in flu.aks to .fill one-fifth of their total volUI:le. 

'then 8 11 tres of liquid me<li1.1!1 were tidded. 'fho con~o;r()l 

flasks contained ton litrou of liquid taodiUJ:l only. In both 

oaaeu t.wel ve-11 tre product ion t .. lasku were usud n.no. the medium 

contained 2 per cent. peptone. 

!)LWplea wt3re wit.hdrawn after 4 hours• growth at 37°C. 

and the Lf value of the toxin determined .. From Table IV, 

which summarizes tho resulto of four aoparute oooparisons, it 

can be seen that higher yields of toxin were coneistently 

obtained in medium contu1n1ng meat purticlea. 

TABLE IV. 

THE COl!Pi\HlSON OF TOXIII PRODUCTIOH 
Ilf :UltDIUU .'. ITH .AND WITHOUT ln:.A·r PL.llTICLLS. 

!tedium without mea.t pur tiel es. Medium with meat purt1c1eeo 

104.5 Lf pt?l' l.ill. 275 Lf per ml. 

76 !'t 199 " 

66.5 " 171 It 

38 " 161 " 

(d) The addition of gluswae to the me,lium. 

To follow tho effects on toxin prodllot1on of the 

addition of glucose to the madilll!l a batch wus prepared con

taining 2 per cent. peptone and moat particles were added to 

tho contents of the pro,Luot ion flaako as deacr1 bed in (c) 

above. J!"'our flasks of I'JO(iiu.m ware uaed contl,\ining 
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respectively 0, 0.5, 1.0 and 2.0 per cent. glucose. A 

sterile 60 per oant. gluooue solution was added to the medium 

after sterilization to give the final concentrations required. 

The flasks were inoculated with JO ml. ot actively growing 

culture each and 1nC\lba tad for 4 hours at }7°C. The 

tlocoulat ion value of the cal tu.roa was then determined. 

As is shown in Table V the addition ot gluoose 

at~ulatee toxin production and the maximal effect io reached 

with one per cent. 

TABLK V. 

THE INFLUEliCE O.li' GLUCOSE on TOXIN PHODUCTIO.ft. 

Percentage glucose added. Lf per ml. attained. 

() 285 

0.5 }80 

1.0 427-5 

2.0 42r/. 5 

(e) The sterilization of the medium. 

The complete .medium as developed in the stops mentioned, 

except for the atld1t1on of glllOooe, was made up 1n twelve

litre tlaako and the contents ot different tlaaks sterilized 

at 120°0. tor progreoeively increasing periods. 11..tter 

stor111zu.t1on one per cent. glucose, which had been sterilized 

by tyndallization, was added and inoculation and incubation 

carried out as before. The values ot the toxic culture in 

the different flnska are given in Table VI. 
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TABL:Jt; VI. 

TilE I1U!'LU1WCE ON TO XIII PhODUCT ION 
0~, BTJ!:B.II .. I Zb.TIOJI Qjj"' TilE .uEDIWl 
AT 120°0. ll'OR VAHYING PEHIODS. 

Period. of sterilization. Lf per ml. 

30 minutes 427.5 
1 hour )32.5 

2 ho11ra 332.5 

3 hour a 332-5 
4 hour a 237·5 

.t\ feanible explanation tor the decrease in toxin pro

duction with increased sterilization of tho medium would 

be that some eaeentiul growth factoro are destroyed by 

prolonged heating. 

In the e~perimento described below sterilization was 

carried out routinely at 120°0. for 1 t hou.ro since a shorter 

period did not consistently yield a aterile product. 

(f) Varying the ~drogen-ion concentration of tho medium. 

Uodium containing 2 per cent. peptone wa.IJ prepared and 

meat particles were 1nclllded 1n the flt.Loko. The pH of the 

medium in three flnsku wao adJuntod to 6.6, 7.0 and 7.4 

roepoct1vely. One per cent. gl\looot3 wua added Wld 

inoc\llation of the medium w110 carried out us t1oual. After 

one hour•a incubation at 37°0. the pH of the three cultures 

wua meus\lred and reudJuated to the or1ginul level whore 

necessary. Tb1s was repeated every }0 minutes w1til four 

hours of growth had been oo:oploted. In every case tho pH 

dropped to the acid aide during growth. The Lf vu.luea of 

the cul tu.rea were detem1ned and recorded 1n Tuble VII •. 
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TABLE VII. 

THE PRODUCTION 011' BJt:TA TOXIN AT DI.FFERgNT pH Ll'~VEJ .. S. 

pH level. Toxin vallle. 

6.6 350 Lf per ml. 

7-0 522 " 
7-4 427 " 

Beoau.se of these resttl.to the effect of l>u.ff'ering the 

medium at pH 7.0 was investigated. 

According to Glaeotone (1953) a mixttlro conttuning u 

proportion of' 0.62 mole of N112RP04 to 1 mole of KH2Po4 will 

provide a buffer solution ot considerable buffer capacity 

around pH 7. 0. The etrongth of' the bu.ffer is dependent on 

the ooncontrationu of the aalto. Ae a high concentration 

ot buffer a.Uts (Jta2HP04 Wld KH2Po4 ) can inhibit the growth 

ot a microbe, un experiment was carried out to find the 

muximal wnount of these sal tu in a cu.l ture medium that could 

be added to permit good growth und Da1nta1n the desired pH. 

Increasing amotlllta of' the two saliu in the aume pro

portion were added to twelve-lit.re flanku each containing 10 

litreo of medium which wuo prepared withot1t the addition ot 

any electrolytes. Two per oeut. peptone wo.a included and 

the pH checked after sterilisation. After the addition of 

1 per cent. glucoae the tlaaktJ were 1noculut ed and the 

growth harvested att~r tour houro. Tho vult1e of the toxic 

filtrate in tarma of Lf per ml. wao determined for eaoh 

flask. 
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From Table VIII oan be seen that the addition of 28.1 gm. 

Na2HP04 .12H2o and 13.6 gm. KH2Po4 to 10 litrea of medium 

produced the beat resulto. 

To investigate if the addition ot buffer as well us 

adjuatoent of the pH during growth would produce even better 

results u. similar experiment wua plunned differing only in 

so far as the pH value of' the growth wu.s udjusted to pH 7 at 

2, 2i, 3 and 3i hours respectively after inoculation of the 

flasks. 
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25. 

'fABLE IX. 

THE EF~"'ECT ON TOXIlt PRODUCTIOI 
OF THE PRESENCE O.if BUF~,EH SALTS IN THE Jt:b;DIUK 

AND REPEATED AD,JUSTYENT OF '.l'HE pH TO 7 .0. 

Flask Floc. 
No. Na.2HP04 .12 H20 KH2Po4 Yalue 

(Lf/ml.) 

1 35-1 gm. 17.0 gm. 475 

2 28.1 gm. 13.6 gm. 522 

3 21 gm. 10.2 grn. 522 

4 14 gm. 6.8 gm. 560 

5 7 gm. 3.4 gm. 475 

Control - - 360 

From the reeul te obtained w1 th flask .No. 4 (See Table 

IX) it can be concluded that a higher yield of toxin cun be 

obtained by maintaining the lzydrogen-ion concentration of 

the cn.l t\lre u.s close to neutrul1 ty ua posai bl a. 

In Table VIII the medium containing 28.1 gm. Na2HP04 
and 13.6 grn.. KH

2
Po

4 
hu.n prod11ced the highest yield of toxin 

while :tn Table IX the medillr.i containing exuctly half this 

concentration of o~lts ha.s given the highest yield. This 

differance is explained by the fact that addition of NaOH to 

the medium containing a high concentration of salts reaulta 

in an excessive concentration which is unfuv0uxuble to 

bacterial growth. 

On the evidence that the u.ddition of glucose stimulated 

toxin prod\lCtion but a1mu.ltuneously lowered the pH ot the 

med1 um du.e to acid end prod11cta it Wb.S felt that the u.ddi t1on 

of concentrations higher than 1 per cent. to the buffer~d 

medium should be investigated. Horse meat broth wu.s used 

with the addition of the following ingredients -

Poptone •.•.•.•.•••••••...•••••••. 2 per cent. 
Nu.2IIP04 .12H20 .•....•.•.•••.•...•• 14 gm. per 10 L. 
KU

2
Po4 ••••••••.••.•••••••.•••••.• 6.8 gm. per 10 L. 
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26. 

Meat particles were u.dded to the contents of the flasks 

as described. 

Four tlaake of medi~ were used containing respectively 

0. 5, 1.0, 2.0 an<l }.0 per cent. glu.ooae. During incubation 

the pll ot tho cultu.rea nus readjusted to 7.0 utter 2, 2t, } 

and 3i hours. After 4 hourH' growth the Lf values of' the 

cul tu.ree were determinecl. The degree of to.xici ty in the 

culture containing 1 per cent. glucone w~a the same as in the 

cultures containing higher concentrations. Ito advantage was 

therefore gaine<l by adding more than 1 per cent. gl11coee. 

B:r applying the renu.lta of the experiments reported 

abovo th• following procedure wuo adopted for the prodtlot1on 

ot beta toxin for experi~ental purposes: 

Ueut extract is ~ade by boiling ~inced horae flesh 1n 

water tor 30 minutea (1 lb. ot flesh to 1 L. water). To 

10 L. of extruct are added -

Peptone....................... 200 i!Jil· 

l1a2HP04.12H20 •••••••••••••••• 28.1 gm. 

KH
2

PO 4 • • • • • • • • • • • • • • • • • • • • • • • 13.6 gm. 

'!'hie medium is siph0110d in 10 L .. <luantitiea into twelve

litre f'laoka containing the boiled meu.t particle r~oidu.e 

(about one-fifth by volume). The medium io sterilized at 

120°0. tor li houro. After cooling the mediW'J is trans-

ferred to an incubutor at }7oc. to attain the desired 

temperature. 

Tubes containing about 30 ml. of the same medium are 

also prepared. They are uaed for growing the inoculum. 

Before the prodaction medium is inoculated its pH is 

adjusted, if necessary, to 7.0. Then a sterile 60 per cent. 

glucose solution in added to g1ve a final concentration of 

1.0 per cent. 

Each flask of mediwe is inoculated with 30 ml. ot 

actively growing culture and incubated at 37°0. for 4 hours. 
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27. 

The liq~id portion of the culture io collected, preoorvod 

with 1: 5,000 merthiolate and stored at 4°0. pending f~rther 

processing. 

In spite of metiouloua adherence to the deacr1bod 

procedure some varitil.ion iu total yield of toxin tro.m batch 

to batch was experienced. 

THE PUHI.li'ICATION OJ!' BETA TOXIN. 

'l'oxic cul t~rea were clarified in a Sharple • a centrifuge 

and aubseq11ent filtration by suction through a l~er of 

diatomuceo~a cu.rth in a Buchner tunnel. Tho toxin in the 

filtrate wus then prooipitnted by t.he addition of 40 gm. dry 

ar.nmoniUl'll sulphate to 100 ml. til trate, and leaving the l!lixtn.re 

overnight. The protein precipitate sottled to the bottom 

under theue conditions and a large portion of the clear 

supernatant liquid could be siphoned off without disturbing 

the precipitate. The ree1duul supernatant and the precipi

tate were spun and the packed material in the bottom of the 

centrifuge tuboa dialyzed against diotilled water at 4°0. 

until free of' amconium sulphate. The dialyzed toxin con

centrate waa centrifugalized to remove insoluble material 

and ita Lf value determined. The protein-nitrogen content 

was deter~:~ined by the Kjoldahl method using trichloracetic 

acid as precipitant. 

At this atagft t hn t<>x1n was reu.d.y tor further purification 

by one ot the two methods described below -

(1) J~Oniwn aulphata fractional preoipitlltion. 

In each ot 6 x 100 ml. oarnpleo of concentrate at plt 

5.5, 6.0, 6.5, 7.0, 7·5 Wld 8.0 respectively 15 gm. ~onium 

sulphate was dieaolvud. The pH was, where neoeaoary, 

adjusted to the levels denired by the uddition ot If lfaOH or 

I HCl. The precipitates were collected 18 hours later and 

2. 5 gm. twll'D.Onium sulphate added to the supernatants. The pH 
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28. 

was again adjusted where ueceaoa.ry. This traotionation was 

continued until the furthe.r uddi t1on ot wcmon1u.m alllphate 

produced no precipitation. 

All precipitatea were dialyzed free or ~oni~ sulphate, 

the volwaea ot the concentrates me~ou.red and the Lf and 

n1 trogen valt1cs determined • 

.. :-.n example of the reoul ta obtained by this method of 

fractionation ia illustrated in Table X. 

TABLE X. 

HESUL~S OF JU&OlfiWA ~ULPliAT~ Flt.ACTIOIML P1iliCIPITATIOll 
OF TOXIC FILTlL\TE. 

Volume ot original toxic filtrate •...............•••... 14 L. 
Value of original toxic ~1ltrute .•••...••.••.• 251 Lt per ml. 
Protein-nitrogen ••.•.•.••.••.•••..••.•••...•• 0.5 mg. per ml. 
Lf per mg. prote1n-n1 trogcn • • • . . . • • • • • • . • • • . • • . • • • . . . • • • 503. 
Volume of concentrated toxin adjunted to 1 litro after 

dialyeie. 
Volume of samples fractionated ••.••.•..••..••.......• 100 ml. 
gach sample represents a total of 351,40() Li'. 

pH 5.5 

Percentage Volume Lf 
after Lf per ml. P.lf. per ml. per 

(NH4 ) 2so4 dialysis mg. P.lf. 

-
15.0 8.0 ml. 40 0.061 mg. 670 

17-5 10.0 ml. 101 0.~10 mg. 324 

20.0 6.0 wl. 905 0.300 mg. },000 

22.5 18.0 ml. 1,006 0..270 mg. 3,723 

25.0 16.0 ml. 137 0 .• 211 mg. 650 

2'/. 5 14.0 ml. 50 0 .• 170 mg. 295 

-
Total Lf recovered: 27,?60 
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Percentage Volume Lt 
(NH4)2so4 

after Lt" per ml. P.N. per ml. per 
dialysis mg. P.N. 

15.0 B.o w. 12 0.028 mg. 426 

17.5 12.0 m1. 24 0.028 mg. 851 

20.0 8.0 m1. 180 0.225 mg. Boo 
22.5 i 10.0 m1. 719 0.351 mg. 2,047 

25.0 9.0 ml. 240 0.37 mg. 647 

27.5 14.0 ~1. 48 0.324 mg. 148 

}0.0 1}.0 m1. 24 0-33 mg. 72 

32.5 8.0 ml. 24 0.292 mg. 82 

35.0 10.0 ml. 12 0.171 mg. 70 

37-5 }.0 ol. 12 o.o86 mg. 138 

Total Lf racoverod: 12,269 

pH 6.5 

·-
Percentage Volume Lf 
(NH4)2S04 attar Lf per ml. P.N. per m1. per 

dialyoia mg. !l.N. 

15.0 24.0 ml. 121 0.)04 mg. 397 

l'/.5 1).0 tal. 121 o. 225 m.g. 536 

20.0 4.4 rol. 62 (.).291 mg. 213 

22.5 8. 5 ml. 2,098 1.66 Eg. 1,264 

25.0 20.0 ml. 1,357 0. 979 ~:~g. 1,385 

27-5 10.0 r::U. '/41 0.)90 mg. 1,898 

30.() 24.0 ral. 121 0.460 mg. 263 

32.5 12.0 ml. 49 0.280 mg. 175 

35-0 32.0 ml. 25 0.121 mg. 206 

37-5 14.0 ml. 12 o.o,S mg. 206 

40.0 8.0 ml. 12 o. o48 rog. 247 

Total Lf recovered: 61,653 
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}0. 

pH z.o 
---·- --------·--· 

Percenttige lfolu.mo Lf 
(NH

4
)
2
so

4 
after Lf per ml. P.11. per m1. per 

d1a1yeia mg. !>. N 

- --
15.0 26.0 cl. 121 0.264 mg. 457 

17.5 11. () r.al. 121 0.238 mg. 509 

20.0 6.0 m1. 93 0.160 Mg. 579 

22.5 9.0 e~.l. 2,467 1.210 mg. 2,039 

25.0 10.0 ml. 1,110 0.579 mg. 1,914 

27-5 1).0 rol. 37 0.924 ~· 40 

30.0 16.0 ml. 3'1 0.}70 rog. 100 

}2.5 24.0 ml. 25 0.423 mg. 59 

35.0 14.0 r.U. 12 0.097 lll6· 123 

37-5 16.0 ml. 12 0.089 mg. 134 

Total Lf rocovored: 40,642 

pH 7.5 

Percentage Volu.me L:f' 
after Lf per r.n1. P.!l. per l:ll. per (lfH4 ) 2so4 dial.yais mg. P.lf. 

15.0 4.0 ml. 24 0.289 mg. 83 

17-5 11.0 I'Al. 48 0.089 mg. 547 

20.0 9.0 ml. 216 0.460 Jng. 468 

22.5 12.0 rnl. 477 0.140 mg. 3,406 

25.0 12.0 ml. 178 0.217 mg. 818 

27.5 16.0 ml. 60 0.}43 cg. 175 

)0.0 16.0 ml. 48 0.320 mg. 149 I 
I 

}2.5 14.0 .ml.. 48 0.294 mg. 163 

35-0 10.0 ml. 24 0.050 mg. 477 

37·5 -;.o r.nl. 12 - -

Totul Lf recoverod: 1},104 
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Peroentuge 
(NH4 ) 2ao4 

15.0 

17-5 

20.0 

22.5 

25.0 

27.5 

}0.0 

,Tolu.rae 
after 

diu1yoie 

20.0 ml.. 

10.0 ml. 

B.o L'll. 

10.0 r.nl. 

20.0 ml.. 

8.0 L'l1. 

6.0 ml. 

31. 

pH 8.o 

Lf per ml. 

101 

101 

603 

1,106 

:201 

251 

40 

P. 1f • per ml • 

o. <)98 mg. 

0.090 cg. 

0.380 mg. 

0.)42 og. 

0.160 mg. 

0.2)2 mg. 

0.180 mg. 

Total Lf' ruoovered: 25,182 

Fro.m the above reoultn the following points become 

clear -

Lf 
per 

mg. P.N. 

1,029 

1,117 

1,588 

),254 

1,251 

1,092 

22} 

(a) The toxic fruct.ion of tho :f'iltru.t.e is not prec:1pitated 

at one particular level ot"' u.wnonium ou.lphute concentra

tion, b11t over u range from 15 to 40 gm. per 100 ml. 

This oxclll,lea auu:aon1WX1 sulphate fru.ct1onu1 precipi ta-

t ion from being a practical method of producing a 

toxin or higher p:lri.ty ou n 1&.rge acule. 

(b) The hi~heat yield of total toxin recovered wua in the 

cn.se of the owuple fractionated at pH 6. 5· This low 

yield of 17.55 per cant. of the original further 

excluden thia method from pract1ou1 application. 

(c) Taking the ;u.rif1oation factor as 

NtlClber of Lf per l!lg. P .ll. in pu.rificd fruct ion 
N~ber of Lt per mg~ P.N. in parent filtrate 

the highest figtlre attained was at pH 5· 5 in the 

fraction 20 to 22.5 gm. wm.'louiu.m su.lphtt.t e per 100 .ol., 

viz. 7. 4. 

(2) Purification of beta toxin by employing an acetic acid
sodiu.m acetate buffer. 

In the oou.rae of nn inveatigution into the effect of low 
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32. 

pH values in solutions of known ionic et.rength on beta toxin 

1t was found that a hi~l degree of purity was obtained at 

cert&.in levelu. 

By utilizing a nomogram for ucottite bu.ffers (Boyd, 1945) 

and the buffer tables dru.wn up by Green (1933) the following 

seta of conditions were effected in samples of the dialyzed 

ooncentruted toxin soluti,>n -

(1) pH 4.8; ionic atrength 0.2 

(2) pH 4.9; " " 0.35 

(3) 

(4) 

( 5) 

(6) 

(?) 

(8) 

pH 5.1 i 

pH 5.2; 

pH 5· 4; 

pH 5.5; 

1'1 

" 
1'1 

" 

" 
" 

It 

., 

II 

" 

" 
ll 

0.6 

1.1 

1.5 

2.0 

Allalytical gzade ohemicals were used. ·.rue protein-

n1 trogen content of tho concentrutod toxin wt1S adJuuted to a 

constant level in th.o whole series, viz. 2. 5 r.:~g. per r:-J.., and 

the distilled wuter WJed tor the dilution to this level was 

simul taneou.sly emplc>yod tor disuol ving the calculated 

qu.untitieu ot sodium acetate and aoatic acid before addition 

to the toxin. 

After tho addition of the acetate and acetic acid the 

pH was checked and, if necessary, adju.ate1i to the required 

level with 40 per cent. NaOH solution or concentrated acetio 

acid. 

The sac1pleu or toxin aolution were then left at 4"C. 

overnight during which time a precipitate formed. After 

centrifllgin6 the precipitate wns discarded t1ml the pH of the 

supernatant adjusted to 7.0. The flocctllat1on value and the 

protein-nitrogen content ot the supernutunt were then 

determined. Thiu pur1f1oation procedure is illustra~ed by 

the following nxample -
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33-

Value of crude toxin ...........•.•.••• 251 Lf per ml. 
Degree of purity of crude toxin •. 393 Lf per mg. P.N. 
F.N. content ot" aumplea •..••••••.•.•• 2. 5 mg. per ml. 

pH Ionic streng·t.h. Lt per ~· P.N. 

4.8 0.2 82tl 
4.9 0.35 1,233 
;.o 0.6 1,~72 
;.1 1.1 ~·2g~ 5-2 1.5 I 

5·3 2.0 5,029 ;.4 2.4 4,373 
5-5 ;.6 479 

At pH 5.2 and ionic strength 1.5 the pu.rest product 

wua obtained, viz. 6,286 Lf per mg. P.ll. showing a Durif'1oa

tion factor of 15.9 over the crude toxin. 

In thia purt1oulur cuae the ~onium sulphate precipi

tation which preceded the purification wan responsible tor a 

loaa of 23 por cent. of the original toxin. The purification 

by meanB of the buffer ut 4°0., however, did not cause any 

reduction in the floccu.latiou vulue of the concantruted toxin. 

The conclusion appau.ru to bo juut.it"ied that at pH 5.2, ionic 

streugth 1.5, a largo proportion of the non-toxin protein was 

precipituted, leuving the toxin in uolution. 

purification. 

Hence tho 

Tb.e advantages of' this method over fructiontil. ammonium 

sulphate precipitntion as a method tor large scale produ.ction 

of a purer toxin ure obvious. 

By starting with a crt1de toxic filtrate ot higher 

ptlrity, i.e. 1,036 Lt per mg. ?.lf. au end product containing 

7,}96 Lf per mg. P.li. wu.a obtained by this method. 

Tlill KEEPiltG ~lUALIT!ES 01!"' BET.A TOXIII. 

For the determination of the atub111ty of liquid beta 

toxin a toxic cu.l ture wue olaririad aa described ( yide aupra.1.) 

and ita Lf value eetubl1ahed. 
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One hundred ml. aa.t:::~.ples wore withdrawn and their pH 

adju.at.ed to 5.0, 6.0, 7.0 und. B.o respectively. After the 

addition ot 1 per ceut. toluol the swnplea were left in un 

incubator at 37°0. and at weekly intervals their Lf vu.lues 

were determined. The results are recorded in Table XI. 

pH 

;.o 
6.0 
~.0 .o 

TABLE XI. 

THE KEEPIUG ~UJI.l!TIES OF BErrA TOXIN 
AT DI.l!'JrEHEHT pH LEVELS. 

--r-
I 

Orig1nul I 
I 

Value utter V'alue at"ter I v&lue I 1 week 2 weeks r .. f/ml. 

427.5 :;8.0 :;8.0 
427.5 228.0 152.0 
427.5 1}3.0 76.0 
427-5 I 1}).0 ;8.o 

_l 

In general the deterioration ot beta toxin at 37°C. is 

very rapid but after 2 weeks it uus obvious tbat pH 6.0 had 

the leaat uetr1mentul influence. On the st.rengtb of thia 

observation em experiment lvua arrunged in which tho ·J>H of a 

clarified toxic filtrate wua adJusted to 6.0, and 100 ml. 

s&r!lple3 were kopt at 4°C., 20°0., )0°C., Wld 40°C. respective-

ly after preservation wi tll 1 per cant. tolllol. The Lf VQlue 

of the original f.il tru.to \tUB dtttermirJ.ed and the 1nd1 vidutd Bflm

plea were flocculated a.t the intervule indicto.tud in Table XII. 

3toruge 
temperature 

~~r.IU3LE XI 1 • 

THE KEl~PING QU.ALITIES O.lt, 8ETl1. TOXIN 
Jl~ DI b~FEHENT 1'FJAP!;RATUHES. 

Original 7al u.e u.fter 
value 
Lt/ml. 

1 wuek 
Value al"tar 

2 months 

~·----------·+--------+·---- -
304 
304 
304 
304 

304 
266 
209 
152 

266 
247 

2~~ 

Vu.lue after 
3 months 

247 
247 

2~~ 
--
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'5· 
These resultu point to t.he axiatenco of u. roughly 

inverse relationship bet~oen the stability of beta toxin 

and ita utorage temperature. 

The opinion of Weinberg, Nutivelle and Pr~vot (1937) 

that beta toxin ia labilu io oon.firroed by the above two 

experiments. 

THE TOXOIDI1fG 01!, ~ETA ~OXIlf. 

In view <>f the labilt~ nat11re of liquid beta toxin, 

procedures for detoxification were l.nve:Jtigated with the 

obJect of finding one which would result in minimal 

destruction. The point at which toxoiding was regarded as 

complete was reached us soon as 0.2 ml. of the filtrate 

failed to kill 18 to 20 gm. mice 1ujectud intravenously. 

Commencing the do.y utter a. particu.la:r method of toxoid1ng 

w~a applied to u solution the teat waa carried out daily, 

und since the lethal action of beta toxin ie rapid the result 

could be known within two hours. 

Eaton (1937) workillg with purified diphtheria toxin 

used hoxametb.ylene tetrw.nin~ to eftect an extremely olow 

liberation of formaldehyde in the praaenoe of the toxin thus 

eliminating the destructive influence of free formaldehyde. 

An alkaline pH accelaratod the proceae which waa clirried out 

at .}5°0. 

Since beta toxin ia unstable at alkaline pH levela 

(Table XI) a aolntion of toxin containing hexwnethylene 

tetramine was adjusted to pH 7.0. Both a concentration of 

0.5 and 1.0 per oeut. or thil3 compound was uued at 30°C. and 

3700. As aoon as the aolutiona were atoxic their unt1gan 

content was determined by flocculation an'l the reaul ta 

recorded in Tablo XIII. 
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}6. 

TABLJ!: XIII. 

TOXOIDIN<} Ob, BETA ~'OXI.R 
BY THE ACTION OF HEXA.ME'l'l!YLENE TE~rHll.UI.HE. 

t I 
Percentt~ge ! Temp. 0 . i Originul Time taken tor Finb.l 

I c. vblue. toxoiding. Vtt.lue. 

1.0 ?>7 228 Lf/ml. 8 day a }8 Lf/ml. 

0.5 ?>7 " 8 days 28 If 

1.0 )0 " 19 days ?6 " 
0.5 }0 " 19 da.yu 76 It 

I i 
l!"'ro!3 the above can be concluded that increasing the per

oentuge o t hex~et.hylene tetramine frot.'l 0. 5 to 1. 0 per cent. 

has no deleteriouu t)ffeot on botb toxin but that u.n increuse 

in t et:tperutu.ra from .;so to 37°0. redu.ceo the uni ta ot untigen 

conaidorubly in spitt! of tho longer incubation at the lower 

t emparu. ttlr4t. 

Hexamethylene tetrae11ne was not inveatigu"ted further 

because, na Table XIII shows, it destroyed antigen 

considerably. 

Goldie (1937) inveatiguted the action of ketene on 

Corynel)nctertwn diphtheriae toxin. Working with crude toxic 

filtrates and f'iltraten purified by dialysia, he reported 

that exposure to kot~n6 destroyed a large proportion of their 

toxicity without tlt'teot1ng the J .. f vuluo. The loss of 

toxicity was proportional to the percentage of primary um1no-

groups blocked by the ketene. • .. ~hen, however, the treatment 

was continued llntil till toxic1 ty wus loat the Lf value w~s 

reduced to nil • 

.Ebploying the mothoda deBcribed by J\ • .U. Papptnlheiroer Jnr. 

(1938) a clarified betn toxic filtrate wus exposed to the 

o.ct1on of ketene for yury1ng periods. One litre of filtrate 

in u. thin cellophane sausage cusing wus suspended in ton 

11 tree of a 2lt sodium aceta 'to uolution which acted as buffer. 
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Ketene was bubbled through a spurger placed in the bottom of 

the cellophane bu.g Qll(l tho btlffer outside the bug "u.u otirred 

ooptinuot~ly by an electric stirrer. During the reuction 

period the pH inoide tho bag never tell below pH 6.0. After 

bubbling for 10, 20 and 30 minuteu roopaciively, eamploe were 

withdru.un and dialyzed ugainat distilled wuter lit 4°C. The 

au.cplee were teoted for the preuenoe of acetu.te by neutral

izing a :wall volume with excess oaco3 powder, filtering und 

then adding a Fec1
3 

oolution to the filtrate. .~,hen poei ti ~e 

a reddish brown colour developed due to the formation of a 

complex iron acetate. Whon free from acetu.te the Lt and 

toxicity of ouoh ew::tp!e were dotnm!ned. The rosul ta ure 

given in Table XIV. 

TABLE XIV. 

THE TOXOII>IHG Ol!~ Br./.l'A TOXIN BY EXP<niUirE ':0 KETENE. 

Period ot axpoaure Lt/cl. to ketene. 

0 304 
10 minuteo 218.5 
20 " '16 
;o " 28.5 

meaning lethal for lllOttoe in dose of 
0.2 ml. intravenously. 

Toxicity. 

-
-

The oonaiderublo reduction in antigenic value following 

an inst~ficient exposure to etfeot co~plete detoxification 

excludes this method es a practical mou.na of toxo1ding beta 

toxic tiltratee. 

Because the ubove mothoda offered no d1Htinot udvunt&gea 

over the use of formalin, it wuo decided to determine the 

conditione under which formolizing was least deatruot!vo to 

beta toxin. For thia purpose a clarifisd toxio f1ltrute 

wo.e used oontu1ning ·-
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;8. 
Non-protein-nitrogen ....••......•.• 7.2B rng./ml. 
Protein-nitrogen .•........•.•....•. 0.64 mg./ml. 
_,\mino-nitrogen • • . . • . • • • • . . . • . • . • . . • 0. 78 zr.g. /ml. 
and 399 Lf/t'l1. 

The wnino-ni trogttn content wan lletermined by the copper 

method of Pope und :Jtevens (1939). 

Volumes of 500 r.'ll. were r.neasurod into sepurate 

Er1~nmeyer flasks. 'i'ho contents of grollpe or 5 fluuka was 

~djl18ted to pH 5.0, 6.0, 7.0 and 8.0 respect1Yely. l!:nou.gh 

}7.0 per cent. formaldehyde solllt1on wua added ao t.hat. in 

euoll group tho tluaks of tiltratft oontuinttd a tinul concen

trut1on ot (). 5, o.6, o. 7, 0.8 ~nd 0.9 per cent. formaldohyde 

respectively. 1~11 fluska were plu.ced in un incu.bu.tor ut 

-,7oc. und the detoxification of the filt.rutea tested duily. 

ifhen 0.2 m1. (mouee i.v.) was not lethal, the Lt' wus ii8t~erttt.1ned. 

The reaulto ure reaorded 1n Table XV. 

THE Sl!"'l!'ECT 0£ DII!1FERE1lT CONCEN'l'a~~TIO.NS Oli' ,:\)llliiiLDEHYDE 
O!i BE'J.,.i~ TOXIN 

J\T 1T.;~ofilOU8 pH Ll!:VJ~LS. 

pH level 

5-0 6.0 7-0 8.0 
Percentuge 
l''ormaldehyde 

·---t---

0.5 114 not dP.to.xi- 190 209 
(}} dt,ys) fi*id ~fter (35 days) (11 duys) 

2 months 
-----f-----------t:- -··------- - -1---- --· ---· 

0.6 152 Hot dt!toxi- 228 209 
(19 duyo) f'iad utter (23 duye) ( 8 rtaya) 

2 months 
·- --·- ·- -~--·-- -----·--

0.7 228 228 190 l'/1 
daya) (35 dtlYS) (17 daye) ' 5 duya) ( 9 ~ 

-------- -------1--------- --·-·---·---
0.8 228 266 1~0 1'/1 

( 6 duya) ( R days) ( :1 duya) ( 4 duys) 

--~-1-- ·- -··-
0.9 266 266 152 1)3 

< 5 days) ( 6 duyo) ( 4 cluyo) ' 4 d~ya) \ 

-
(Unbrw-~ketod Figs. = Lf/!'jl.; 19 (lti.ys, ') (iu.yo, etc. = duy on 
which aumplo wo.s non-toxic). 
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By repeuting the experiment with three different toxic 

filtrates a1milar results were obtained allowing the following 

generulizationo to be made: 

(1) Detoxification tnkeu place mora slowly at pH 6.0 than ut 
the other levela teotod b~t leso destruction of 
untigen ensu.es. 

(2) An increase in tho percent,.4ge formti.lin u.p to 0.9 per cent. 
ream.l te in increasingly rapid detoxification at pH 5. 0 
and 6.0 with leas destruction of antigen at the higher 
concentrbtiona. 

(}) At pH 7.0 and 8.0 a higher percentuge ot formalin ca~eee 
more rapid detoxification bn.t increliaed deatr~ction of 
antigen takes plllOO at the highar concentru.tiona. This 
effect 1a more pronounced at pH 8.0 than at pH 7.0. 

Since the beat ret3ul tB were obtained at pH 6. 0 the 

detoxif1out1on of beta toxin at this pH level WliB inveatigo.ted 

at ditterent temperuturee. For thie pu.rpooe 500 ml. 

quantities ot the toxic tiltrate u.oed in the previous 

experiroent were meao~ed into three 1"laaku. Fort1alin to give 

a final concentration of 0.8 per cent. formaldehyde wua u.dded 

to each, the pH Wli8 adjusted to 6.0 and the flasks iucu.bbted 

at }0°0., }5°C. and 40°0. reopoctively. 

The resu.l to are recorded in '.rable XVI. 

TABLE XVI. 

THE EFFECT OF F01U40LIZ.ATION AT DIFFE.RJ£NT TEWPEHATURES 
ON BETA 'l'OXIB. 

Temperature Orifinsl value Vt.Uue after toxoiding Time taken 
Lt/ml.) (Lt/ml.) (Days) 

}0°0. 399 290 10 

}5°0. }99 290 5 

40°c. }99 290 3 

~To~ the above table can be seen that 75 per cent. of 

the original antigen wuu retained in the process ot toxoid1ng 

at each of the three different temperatures but that the time 

taken at the lower tel!lperatureu wus considerably longer than 

at 40°0. 
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40. 

For the tormolizat1on or toxic filtrates used in the 

eJtperiments described below u. ooncentru.t1on ot 0.8 per cent. 

formaldehyde per 0.78 mg. um1no-n1trogen per ml. was employed 

ut pH 6.o. 

THb l0H.MOLIZATION O.F PUli!lt~IbD 'l'OXIN. 

For the toxoiding of pu.r1tied toxin the oond1 tiona found 

moat fnvou.ruble 1n the oaaa of a orude toxic til t.rene ware 

employed, viz. pH 6.0 und 3?°C. 

The optimul oonoentrut1on of t'ormaldehyde had to be found 

however, s1 nee tho arn1no-n1 trOi£en content of the purif'ied pro

duct wba conaiderubly lower thlln thut of cruue toxin. Th.e 

reaul ta recorded in 'L'ablo XVII illu.at.ruta the etfec t. of 

increusing percentagea of fo~~~ldel~de on purified toxin 

(toxoiding wua tc..ken as complete when 0.2 ml. inJect.ed intra

venously failed to kill m1oe). 

't'ABL:b; XVII. 

THE INJ.i'I..UENC.E Olf !1WR&i.SING PEHGKN'f11GES OF. FOHJ.!J~Li:;~HYDE 
ON PURIFIED BE't'•1 TOXIN. 

Floccu.lut1on "/ulue: 910 Lt per cl . 
. Purity; 5,200 Lt per mg. ?.N • 
•• w1no-n1 trogon content: u. 224 mg. per ml. 

I Perc-:-ntuge l>eriod 
~'loc. value required formuldehyde of 

added tor toxoid. toxoiding 
-

0.1 10 days Lea a thun 10 Lf/ 
ml. 

0.2 10 .. M 

0.3 10 w " 
0.4 6 • '154 L!/rnl. 

0.5 6 It 754 " 
0.6 2 ~ 251 " 

0.7 2 !f 251 •• 

~ur1tif of to 
Lf;mg. P.N 

xo1d 
• 

~~Ot determit led 

" 
.. 

4,715 

4,024 

1' 5'12 

1,257 
-

With concentrations of 0.1, 0.2 and o.; per <:ent. 

formaldehyde incuhati(.)n hu.d to be CtHltinued for 10 cluys before 
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41. 

the toxin lost ito toxicity. In the process, however, the 

antigen was completely deotroyod. 

In the range ot formaldehyde from 0.4 to 0.7 per cent. 

the higher concentrations effected toxoiding in a shorter 

period but were reaponaib1e for ru1 increased destruction of 

antigen and a decrease in purity of the final toxoid. A 

concentration of 0.4 per cent. formaldebyde waa optical. 

THE KEEPillG QUALITU:s OF BJ.;TA TOXOID. 

ainoe the rate of deteriorution of a toxoid determines 

the useful lite of a prophylactic prept~ed from it, u stu~ 

of the stability of beta toxoid wua made. 

Firstly, volumes of 500 ml. of formolized toxic filtrate 

were kept in an incubator at }7°0. after udjustment of the 

pH of individual quuntities to 5.0, 6.0, 7.0 and 8.0 reopec-

ti vely. The flocculation v~ue of the toxoid wue 1n1tiu1ly 

determined by blending "i th t()xin u.nd. aubaec1u.ently at inter

vale us indicated by Table XVIII. 

pH 

5.0 

6.0 

7-0 

8.0 

T.l~BLE XVIII. 

THE El!,FECT OF S'L'ORJlGE AT DIFFEHENT pH LEVELS 
ON BETA TOXOID 

( lTALm:a RECORDED AS Lf/ml.) 

Initial 1 week 3 weeks 6 weeks 12 weeks 16 value 

247 247 247 133 1}3 

247 247 247 1'/1 152 

247 24'/ 209 152 152 

247 247 171 76 76 

weeks 

76 

114 

114 

,s 

There waa little, it any, difference in the otab111ty 

at pll 6.Q and 7.0, both ot which are r.10re favourable than 

higher or lower valu.ea. On this evidence and for reasona 

diacueoed u.nder "precipitation of the crt1de toxoid by 

potas~:~iu.rn alum" (vide in~ra) pH 6.0 wae chosen for :further 
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atudieo on the atubil1ty of tbe toxoid ut vurying tem.,Pcratures. 

Before elaborating on this aspect, however, the inflttence of 

neutralizing the excess formaldehyde (by means of aodium

mota-b1sulph1te) on the stability of the toxoid ohould be 

indicated. For tho detection of free t'ormal(ichy'do 0.3, 0.4, 

and 0.5 per cent. respectively of aodium-metu-biaulph1te (in 

10 per cent. solution) was added to 10 ml. samples of toxoid. 

The mixtures were left ut room temperature for 30 minutes and 

then l ml. of a 5 per cent. alcoholic solution of Dimedone 

(Hopkin and Williams, Ltd.) was added to each. In the tubes 

with free formaldehyde a white precip1tute formed and t'rom the 

reucttono in the aor1oa of throe tubes the quantity of aodium

meta-bisulphite required for addition to the original toxoid 

could be calculated. After neutral1zat1on ot the exceae 

formaldehyde 1 por cent •• toluol was added as preaervative. 

;~rom an experiment run concu.rrently with the one last 

described the reeu.lts at pH 6.0 are given in Table XIX for 

comparison and they leave no dou.bt that the keeping qualities 

of the toxoid are improved by ne11tralization of exceeo 

formaldehyde. 

TABLE XIX. 

THE EFFECT OF HEUT 1-lALIZIUG EXCESS JWRMALDE11YDE 
ON TID; STABILITY OF BETA 'l'OXOI D. 

Interval Excess formaldehyde Excess formaldehyde 
neutralized not neutralized 

0 247 Lf/ml. 247 Lf/ml. 
1 week 247 " 247 " 
g weeks 247 " 247 " .. 209 " 1'11 It 

12 " 190 " 152 " 
16 " 152 " 114 " 

secondly, the influ.ence of prolonged utora0e ot l1qtl1d 

toxoid at pH 6.0 at temperatures ot 4oc., }0°0. and 37oc. on 

ito stability was 1nveotigated. After neu.tru.l1zation of 

excess formalde~vde in the bulk 11qu1d toxoid toluol wu.o 
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added 'tO u filUil conol,ntrat ion of 1 per cent. and 200 ml. 

quantities p1.1t into sterile bottles tor storuge at the 

different t~peraturee. ·rhe bot tl eo were closed with r~1bber 

atoppera to prevent loss o~ preoervutive and concent.rut1on of 

the toxoid by ~vaporution. 

The flocoult4t1on valu.e wua determined 1ni tially tm<l again 

at interv~la as indicated by Table XX. 

Ter.:;p. 

4°C. 

}G'jC. 

37°0. 

TABLE XX. 

'l'HE JiliSUI./1' OF HTOHING BE;'l'J~o TOXOID 
il.T DI.Ii'J!'ERlW! 'l'EBPEBATURES A'l pH 6.0 

( ~rhe numbers in the columna indiou.te Lf per ml.) 

- -·r----------~------------- --"- -------

Original } 6 9 12 15 18 21 
vulu.e mtho. u·tho. r.nthn. mths. mthu. mtha. nttha. 

---- ----f--·-·---- ~- .. - ---- ---·- -----
1'/1 142 133 133 133 133 95 76 

·-------- i-------1--· ---1---- 1-· 

171 142 1}3 114 '16 57 0 0 

171 142 95 76 38 ;8 0 {) 

-- ·------
't'be rasu.l ta show th.at after one year 23 per a:n1.. ot the 

antigen ~t 4uc. 1s loat, 56 per cent. tit j0°C. und 78 per cent. 

at 37 e. These d(:j,ta hu.ve t.heir pruciic"l u.ppl1cat1on in the 

determination of the expiry period of u pro~tcyluct!c in 

relut1on to 1tu beta toxoid co~tent. The }ooc. level wue 

chosen 1ntent1onully ua representing u t.e.mpert:..tllre uligt1tly 

higher 'thiiu that t.o which u propl•yluottc would be expoaod 

under South .ilfr1cun ?1el'1 aondt t1one. 

ALUM PRlWIPITJ~·riOlt O.i!' Bl~'l'J> TOXOID. 

An uli.U.i• _t>rec1pi t~te of u. diphtheria toxoid hu.a been 

shown to oe u. better untigun thu.n liqtl1d toxoid (Glenny, 

Glenny 14nd Bu.rr, 1931; Glenny, 

1930; Hv~t., 1950). !!1m1lur conolWJ1ona were urr1ved at in 

the c~ue of tetu.mu~ toxoid (Glenny, 19}0; P1lleautr, 

Groa-~ut.>er~ and ,-,1 ttler, 1946), tn. welc!1ii e_pailon toxoid. 
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(Thomson and Batty, 195}; Muth bnd iorr111, 1946) and Cl. 

chUtlVOei anaculture ( J. H. ~icheuber: personal communication). 

Levine, Stone and ';'.;yman {1955) working with diphtheria and 

tetunua toxotdu at&tod thu.t the affect of ~~n ulwnin1lUll 

wij11vunt depended on the abuorption ot toxoid on the surface 

ot the precipitate. Since ther-e uppeared to be no re11aon 

why the poa1t1on uhould be different in the case o'f betu 

toxoid, an experiment wua plunned to determine the conditions 

Qnder which the lorgeot quantity ot u toxoid 1a removed from 

solution by &lum precipitation. 

The flocculation val11e ot a toxoid prepured from u 

clarified toxic filtrate was follUd und 500 ml. quantities were 

meu&t\red into aopurato flasks. 'to groups ot three flusks 

each a sterile 7-5 per eont. potassium-alum solution wus added 

with sterile precautions to give final concentrations of 0.5, 
1.0, 1.5, 2.0, 2.5 and ;.o per cent. ~lum respectively per 

group. The pH ot tho material in the t'1rst flsak of euch 

group waa adjuated to 5.0, the second to 6.0 und the third to 

7. 0. Aft or the mixtures had been left at room tet:~peratu.re 

overnight (following the method of .Barr, Pope, Glenny u.nd 

L1nggood, 1941) a sQmple from esch flask w~e centrifugea 11nt11 

the supernatant was clear. The tlocculution vullle of the 

s11_pernatunt from every sample wus then i'ound and the reuul ta 

recorded graphically 1n Fig. IV. Corrections were made for 

the dilution etteeted by the udd1t1on of th~ concentrated 

ulum aolution. 

From Fig. IV it can be seen that the precipitation of 

toxoid at pH 5.0 is more oot!lplete than at pll 7.0. At all 

pH levels the amount of toxoid prec1p1tuted increases with 

the increaae in concentration of alwm. 
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GRAPH SHOIIIG Tlm Lt VALUES OF !HE SUPEHHA!ANT OF A TOXOID 
AJ"l'EB THE ADDITIOJI Ol!' IHCHEASIHG COlfCEHTRA'l'IOIS O.l POTA33IUJI 

ALUU A! pH 5.0, 6.0 AND 7.0 RESPECTIVELY. 

For the preparation ot un alw.-procipitated toxoid to be 

used in the experiments about to be recorded a concentration 

ot 1.5 per cent .. alum at pH 6.0 wa.a selected. This con-

centration ia aa effective as 2.0 per cent., while mixtures 

containing more alum cause severe lameneaa when they are 

injected into animals. A pH value ot 6.0 tavouro the 

atoraga properties ot beta toxoid while an alum precipitate 

at a level below pH 6.0 oaueeo pain when injected 

•uboutaneouely or intramuscularly (Levine et al., 1955). 
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46. 
THE PRODUCTION OF AN H~UJUJfiTY l~GAINS'l' BETA 'l'OIIJf. 

Experimental Animuls. 

Sheep were chosen aa experimental animals so thut the 

results could be applied directly to antigen production tor 

large scule ilm'!luni:u-lt1on ill the field. The anirQO.ls were 

obtained from a lamb dysentery-free area and had not been 

immunized 11gainst the disease. However, so thut none be 

included that had developed a natural immunity, only those 

were used whose oera, in a dose of 0. 2 ml., di<i not neutralize 

1 minimal reacting dose ot beta toxin tested int~acu.taneously 

in rabbits. 

Preparation of the Antigen. 

The toxoid was prepared from a toxic filtrate und waa 

diluted with broth so that 2.5 ml., the dose ohoaen tor 

immunization purposes, would contain the desired number ot Lt. 

Potassium alum, in the torm ot a 7.5 per cent. solution was 

added to make a 1.5 per cent. concentration and the pH 

adju.eted to 6.0. When toxoid without alum was used it was 

dilutt'd in broth eo that 2. 5 ml. contaiued the required 

number ot Lt and tho pH was adjusted to 6.0. 

The sheep were bled five times at weekly intervals. 

The tirst sample was taken seven days after the injection 

where one injuction only waa given und seven days af'ter the 

second inJection where two injections were given. 

It is generally t40Cepted that the logarithm of' the 

individual antitoxin titreo, rather than the titres them

oelvee, are nor.mally diotributed in a group ot ani~alo 

responding to a dose of toxoid; and in the experiments 

reported below the logt.Lrithma ot the titres recorded in the 

tables were used tor graphical representation and 

etatiatioal analysis. 

A comparison ot the mean log titre and the log median 

titre tor the groups of animals for which the former could 
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47. 
bo calcu.lated ohowed, as oou.ld be expected, a reasonably 

oloeo agreement. The log median titre was thtl8 accepted 

tor gra:phicu.l recording in the case of groups tor which. no 

mean log titre oould bo calculated because one or more of 

the individual titres wae recorded as 0. 

Immunity produced by a primary stimulus of alum-precipitated 
toxoid und of liquid toxoid. 

For the comparison between the immunity produ.ced by 

alum-precipitated beta toxoid (APT) and. liqu.icl toxoid six 

groupe of ten sheep were u.ood. Three groupe received 

injections or 50, 100 and 200 Lf respectively ot APT and 

the remaining groups received inJections or 50, 100 and 200 

Lt respectively of liquid toxoid. 

The results are recorded in Table XXI. 
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Dose 

50 Lt 

~00 Lf 

200 Lf 

48. 

'fi1.BLE :Ul. 

llOlUN!'l'Y PHODUCED 13Y J~ PHI1L'-I1Y a'ii.WJl.US 
OF J~P'1' ~dm OJ!, L I~UID '.!'OXOID. 

~lheep 
No. 

1 
2 
3 
4 

g 
~ 
9 

10 

1 
2 
3 
4 

g 
b 
9 

10 

1 
2 
3 
4 
? 
() 

~ 
9 

10 

-
.i•ltm-precipi tu.ted 

-----· 
Sampli n.g t irnes 

in "eeks 

-
1 2 3 4 5 
1------------
0 5-7 2.6 1.8 1.2 
0 40 12.) 10.0 2.6 
0 4.0 1.6 1.0 0.8 
0 0.2 0.4 0.6 0.4 
0 1.3 2.0 :? • 0 1.3 
0 0.4 O.g 0.8 0.4 
0 4.0 1. 1.0 0.6 
0 4.0 4.0 4.0 2.6 
0 5·7 4.4 10 2.0 
0 4.0 4.0 8.0 2.0 

1 2 3 4 5 
-

0 20 20 13.3 8.0 
0 1.6 1.1 1.0 1.0 
0 40 40 20 20 
0 0.8 4.0 1.} 0.8 
0 4.0 ,., 2.b 2.0 
0 4.0 ).) 2.6 2.6 
4 40 20 13-3 10 
0 4.0 4.0 2.0 1 .o 
0 1.6 ,. 8 \.; . 0.8 0.4 
() o. :~ 0.8 0.8 (j. 4 

. --
1 2 3 4 5 . 

---·----- --
0 133 40 4C 20 
0 2.6 1.) 1.3 ~). 8 
0 20 13-3 8.0 6.6 
0 1).) 1).3 R.o 5-7 
() 5-0 4.0 5-0 5.0 
0 10 5-7 3-3 2.6 
0 5-0 5-0 I' 7 /• 4.0 
() 20 20 20 13-3 
0 40 ;w 20 1}.} 
0 6.,6 4.0 }.} 2.6 

·-
Sheep 

No. 

--

1 
2 
3 
4 

t 
~ 
9 

10 

1 
2 
) 
4 
5 
6 

b 
9 

10 

1 
2 
3 
4 
5 
6 

b 
9 

10 

~ithout u.l Wil 

Sampling times 
eks in ~e 

1 2 3 
--

0 0 0 
0 0 0 
0 () ·' '.) 

0 0 0 
0 0 0 
1.) 0 () 

0 0 0 
{) 0 ,.... 

v 
0 0 G 
0 () 0 

1 2 3 
-

0 () 0 
() () 0.2 
0 0 0.1 
0 0.2 () .1 
(J 1) () 

t,: 0 0 
I ~ 
-~ 1.0 1.0 
0 0 0 
{) ().4 0.2 
0 0.4 {) .1 

---
1 2 3 

1-·--

0 0.1 0.4 
020 8.0 
0 0.4 0.4 
() 0.4 0 
0 0 () 

0 0.1 0 
0 u () 

() 0.4 2.0 
() 0.2 0.2 

4 5 

( 
' 

0 0 
0 0 
0 0 
0 0 
) 0 

0 0 
( ) 0 
0 () 
0 0 
0 0 

4 5 

( 
0.4 0 
;.2 o.l 

0 0 
0 0 
( ) 0 
\ ) 0 
l.} (). 6 
0 0 
0 0 
( ) 0 

4 5 

( 

( 

~.2 0.1 
5· '1 4.0 
).4 0.2 

0 0 
( ) 0 
0 0 
( ) 0 
0.6 0.4 
0.1 0.? 

0 0.2 0.2 ( L2 o.2 

-- -·-------'-·-------------
( 

Tile co ncl uaion tu be <iruwn from the reau.l tu gi van 1n 

Table XXI is that HP'l' is u ouch bet tar antigen, Lt per Lf, 

than liquid toxoid. Thia holds ror the t.llree doeea~ 50 Lt', 

100 J ... f und 2CO L:f 1 given. 
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J.rnmun1 ty reaponue to a pril:lu~t:_1~~ us of gra,iad '~~~ of ~T. 

Huv1ng shown t.hut- APT 1u u bettor antigen than 11qtdu 

toxoid experiments wttre curried out with i'\P'l' in t:tn utter:1pt to 

obtu1n a graded response. Sheep, in groups of 20, received 

6.25, 25, 50, 100 und 200 Lf APT reapEWti'Tely und were bled 

and their aera u.ssu.yed for antitoxin at the t.irnea shown in 

Tublea XXII to XXVI. 

Sheep 

1 
2 
; 
4 

g 
~ 
9 

10 
11 
12 
13 
14 
15 
16 

i~ 
19 
20 

No. 

-
1 

1---"-

0 
0 
0 
() 

0 
0 
() 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

6.25 Lf. 

s ~p11ng times in weeks 

2 

6. 
o. 
l. 
o. 
5· o. 
0. 
0. 
0. 
1. 
2. 
o. 
2. 
1. 
2. 
o. 
5· 
5· 
2. 
(). 

1. 

C) 

6 
4 
3 
4 
0 
2 
4 
1 
1 
0 
0 
1 
0 
0 
0 
4 
0 
0 
6 
9 

8.0 
0.4 
2.0 
, l. 
.J.•.,I 

8.0 
0.1 
0.6 
0.6 
0.6 
o.; 
5.0 
0.2 
4.0 
4.0 
4.0 
0.1 
2.0 

13-3 
1.0 
0.2 

0 1 .. 1 

0.0414 

4 5 

6.6 4.0 
0.} 0.2 
2.0 0.6 
1.0 0.4 
5-0 4.0 
0 0 
1.0 1.3 
0.6 0.4 
0.4 0.4 
0.5 0.5 
4.0 2.6 
0.1 0.2 
2.6 1.3 
8.0 4.4 
2.6 2.0 
0 0 
2.0 1.} 
5.7_ 4.0 
0.6 1.0 
0 0 

1.0 0.95 

0 -0.022) 

------
Ueclian 

Log we0.1t..n 

----
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---· 

Sheep No. 

-

1 
2 

' 4 

g 
7 
b 
9 

10 
11 

I 
12 
13 

I 14 
15 
16 

i~ 
19 
20 

50. 

T.ltBLE XXIII. 

25 Lt. 
r------

1 

0 
0 
0 
0 
0 
0 
0 
0 
() 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

( 

• )~pling times in weeks 

2 

o. 
o. 
0. 
\). 

1 
2 
4 
1 
0 5· 

\) .l ) 
0 
0 
6. 

13. 
5· 
1. 

6 
; 
0 
4 

1}.; 
1}.3 o. b 

) 5- ( 
1.1 
0.' 2 
0 
c 

0.9 

3 

1.3 
0.8 
2.0 
'• 8 \; . ' 
5-0 
\). 8 
0 
0 
5-7 
4.0 
3-3 
4.0 
2.0 

10 
~). () 

4.0 
0.5 
0 
0 
0 

4 

1.; 
0.6 
1.0 
0.2 
2.6 
l.J 
~). 2 
0.1 
6.6 
1.3 
2.0 
2.0 
2.0 
4.4 
3-3 
2.0 
0.2 
0.2 
0.1 
0 

5 

0.5 
0.6 
0.5 
0 
2.0 
1.0 
0.4 
c 
2.0 
2.0 
1.3 
1.0 
1.1 
4.0 
2.4 
1.3 
0 
0 
0 
0 

----- -+--·-· ---

0.8 Meuion 

-0. 0458 0.2}04 0.1139 -0.0969 Log mediun 

--------------
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Sheep no. 

1 
2 
) 
4 

g 
~ 
9 

10 
11 
12 
1} 
14 
15 
16 
1? 
lts 
19 
20 

"'---· 

1 

() 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
() 

v 
0 
0 
0 

51. 

Tld3l..E XXIV. 

50 Lt. 

---------------·-----------,..------

2 

5· ~, 
40 
4.0 
0.2 
1.} 
0.4 
4.0 
4.0 
5-7 
4.0 
0.1 
2.0 
2.0 
0.1 
4.0 
2.0 
0 
0.4 

3 ~p11ng timea in weeks 

3 
--·--

2.6 
12.} 
1.6 
0.4 
2.0 
0.5 
1.6 
4.0 
4.4 
4.0 
o. 4 
1.6 
2.G 
0.1 
8.0 
1.6 
0.4 
1.} 

4 

1.8 
10 
1.0 
0.6 
2.0 
0.8 
1.0 
4.0 

5 

0 40 20 
4.0 

.10 
b.o 
0 
1.2 
4.0 
0 
1.0 
0.8 
0 
4.0 
4.0 
4.0 

1.2 
2.6 
0.8 
0.4 
1.} 
0.4 
0.6 
2.6 
2.0 
2.0 
0 
0.6 
1.0 
0 
0.6 
0 . .} 
0 
1.3 
2.0 
1.6 0 4.0 

----------------+------
}.0 2.0 1.6 0.9 i.~ed1un 

0. 4'171 0.)010 0.2041 -0.0458 Log m~d1u.n ,_ - ------ ·------------ ·--~--------
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52. 
T.;~BLE XXV. 

100 Lf. 

- -- -
am.:Ip11ng times in wef~ks 

Sheep No. -

1 2 } 4 5 
-

1 0 20 20 13.} 8.0 
2 0 1.6 1.1 1.0 1.0 
3 0 40 4() 20 20 
4 0 0.8 4.0 1.3 0.8 
5, 0 4.0 ;.;s 2.6 2.0 
6 0 4.0 5-3 2.6 2.6 

~ 4 40 20 13.3 10 
0 4.0 4.0 2.0 1.0 

9 0 1.6 0.8 0.8 0.4 
10 0 0.2 0.8 o.b 0.4 
11 0 4.0 2.6 1.6 ,, 8 v. 
12 0 5.0 1.1 ().1 0 
1) 0 b.6 5-7 5-0 5-0 
14 0 0 4.0 2.6 1.6 
15 0 1.0 5-7 6.6 2.6 
lb 0 4.0 1.} 1.0 2.0 

~~ 
() 4.0 5-0 20 6.6 
c 1.0 0.5 0.8 0.4 

19 0 6.6 4.4 10 6.6 
20 0 1.} 1.b 2.0 2.0 

-
4.0 ).) 2.6 1.8 .Uedian 

0.6021 0.5lb5 0.415U 0.2555 Log med1 un. 
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-

:>heep No. 
1 

1 0 
2 0 
} 0 
4 0 

g 0 
0 

~ 0 
0 

9 0 
10 0 
11 0 
12 0 
13 0 
14 0 

t2 () 

0 

~~ 0 
0 

19 0 
20 0 

53· 
'l' •• BL! .XXVI. 

200 Lf. 

--
Sur.apl in,g time& in 

-· 
2 3 4 

-·-----··--
133 40 40 

2.6 1.} l.} 
20 1} • .) 8.0 
13.} 1}.; 8.0 ,.o 4.0 5-0 
10 5·7 }.} 
5.0 5.0 5-7 

20 20 20 
40 20 20 
6.6 4.0 ).) 

10 8.0 b.6 
1}.3 10 6.6 
::?0 1j.} 10 
1}.} 10 6.6 

5-0 4.0 2.6 
10 8.0 5-0 
13.3 40 20 
20 13.) 10 
5-0 2.0 1.6 

2i1 20 8.0 

-
1).) 10 6.6 

1.1239 1.0 0.819 
-----

5 

20 
o.B 
6.6 
5. '1 
5.0 
2.6 
4.0 

1}.3 
l).) 

2.6 
6.6 
2.6 
8.0 
4.4 
2.0 
3-3 

20 
6.6 
0.8 
5-7 

5·35 Medit.tn 

5 0.72b4 Log ~ediun. 

An examination of thE) data in those tabl«U! reveo.lu u 

murkeu difference in indi vidu.tt.l rcf;ponoe to the aurae untigenie 

atimlllua. 

'lhooe results are gruphicully repreaented in Fig. V. 
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GRAPH 3HOt~ItlU 'l'Hl:: Hl.lilJltiTY RE~PONSE 
Tu ;! PHIWulY ~TIHJLUS Oif GH.tt.DE.D DO~ES OF .t~PT. 

1·1 ~O.Jlf 

/•0 

2 
<( 
iii ,., 
w 
'i: 

" s 0·8 

0·7 

06 IDOL-I' 

0·5 
50lf 

0,. 

0·3 

0·2 

0·1 

0 b·Z5Lf 

Z5Lf' 

z ~ 5 6 
SAMPLIN(;. TIME (WEEKS) 

l!"'or reueona already stute<l the log medlb.n titre was u.ned 

for the grn.ph1Ct.t.l repre~Sentu t1on shown in Fig. if. From this 

gru.ph 1t oun be seen that un increase in the doae results in 

u.n 1noreheed reaponae. 

l"'Or doaea of 50 Lt, 100 Lf an<l 200 L.f the obnerved 

mux1mwn response occt1red at the uecond •eek while t'ur donee 

ot 6.25 Lf' and 25 r.t a.t the third week. 
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'!'he irnro11ni ty response utter two injections ot .iPT bt one 
week. • a inter vul. 

In this experiment groups ot ten aheep we:re given 

injections of 6.25, 25, 50, 100 and 200 Lt reapectively und 

uguin seven daya later. 

The resu.lta are reeor(ied in To.blee XXVII to '(;'CU. 

1'.~~B1J~ XXVI I. 

6.25 Lt. 

~------~~----------------------------------

--
1 
2 
3 
4 

g 
~ 
9 

10 

s~~pl1ng times in weeks 
after secondary at1mulua. 

1----------------
1 2 3 4 

I-

0.2 1.) 1.3 1.0 
2.6 2.6 2.0 1.0 
0.1 0.1 2.0 o.g 
1.0 4.0 2.6 1. 
().1 0.1 U.4 u.4 
4.0 4.0 2.0 1.0 
2.0 2.0 3·3 4.0 
5-0 2.0 2.6 1.6 
1.) 6.6 6.6 4.4 
4.0 6.6 4.0 2.6 

5 
-------
o.g o. 
0.4 
2.0 
0.2 
0.4 
2.0 
1.6 
}.} 
2.0 

:Jleb n lOt!, 
titre 0.:'.,03' 0.19'/4 0.3391 0.1}70 -0.0269 
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T11BL~ XJ'TIII. 

25 Lt. 

~· 

San:p11118 times in weeks 
after aecondury atimtllu.u. 

Sheep No. 

1 2 3 4 5 
-

1 13.3 1}.} 8.0 , .. o 5-~ 
2 4.0 4.0 4.0 1.0 o. 
} 40 20 10 6.6 5 •• , 
4 8.0 lj.} 10 5-7 4.0 

t 4.0 5-7 40 4.0 }.} 
0.2 1.} 0.8 0.5 0.b 

~ 5-7 5-7 4.0 2.0 }.} 
5-0 2.0 2.0 2.4 1.} 

9 2.0 1.0 2.0 0.6 0.6 
10 40 10 10 6.6 4.0 

-· 
Maun log 

titre o. 74~}2 0.70?~ 0.7215 O.}b55 0.)}26 

-- ·--

50 Lf. 

:>umpling times in weeks 
t£ftor sec:ontiury atirolllus. 

Sheep llo. 

1 2 3 4 5 

1 0.8 2.0 2.0 2.0 l. ~) 
2 4.0 4.0 4.0 4.0 2.0 
3 4.0 2.0 2.0 " 6 v. 0.6 
4 4.0 4.0 4.0 4.0 4.0 

~ 1.3 2.6 10 1.2 0.8 
40 ~b 26.6 20 20 

~ 40 40 20 8.0 
400 400 40 40 13-3 

9 1j.j 1;s.; 1}.} 4.0 4.0 
10 100 400 oo 40 40 

--
:cean log 

1.2208 1.0462 o.G117l titre 1.0754 0.771 
-
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57. 
f A13i~E XX.X. 

100 1r. 

--------~--~----------------------------------------

Uheep I~o. 

J~pl1ng timue in weoke 
u.fter aecondur~r stimulus. 

t----------
1 2 3 4 

-----1----·--------------
1 
2 
3 
4 
5 
6 

b 
9 

10 

0.6 
40 

1 .. 3 
&u 
Bo 

l}j 
20 
40 
4.4 
4.0 

4.0 
8.0 
2.6 

40 
Rc; 
66 
20 
is.o 

10 
).) 

').() ).) 
5. '1 4.4 
2.0 2.0 

40 l).) 
110 20 &6 40 
8.c 4.4 
3·3 o.B 

10 6.6 
;.;s 1.6 

5 

3-3 
4. {) 
l. u 
6.6 

13.3 
40 
).3 
0.6 
5.0 
1.0 

-----+----------·-···-------·--·----------------1 
.L~&&.n log 

ti tl''ct 1.15'13 
1----~-----·------- -------- ---·- ----' 

200 ].f • 

.-------,--.------------------·-----·--------, 
Su.mpling \.imes in ff~eks 

ufter second~ry sti~ulus. 
She~v No. r---------·---- ----·-------1 

1 
2 
3 
4 

g 
~ 
9 

10 

l 

8o 
4\J 
8o 
4.0 
5.7 

10 
133 

13 ~ - . .-.: 
2.6 

80 

2 

200 
2() 

100 
6.6 
8.0 

40 
200 
1}.3 
).) 

50 

3 4 5 

50 '0 40 
20 13-3 10 

100 40 20 
3-3 2.0 2.0 

1~.) 8 ' ~.0 .v 
.o 8.0 4.4 

200 50 50 
5·'1 4.4 2.6 
2.6 2.0 1.) 

40 20 40 

r--------~---~--------~------------------ ------------~ 
iJ.eun log 

titre 
'----+------·------- ------
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15 

~lit-
I-
I-

<..!;) 13 

3 
z 
l1} IZ 
'L 

1·1 

1·0 

oq 

.:JS 

0( 

00 

05 

OJ,. 

03 

o.2.j 
I 
I 

I 
~'I I 

0: 

2.00 Lf 

100 Lf 

50 Lf 

25LF 

6l."Lf 

58. 

FIG. VI. 

GUJlPH SHOWING THE IUMUNITY RESPONSE 
TO PHIJI.AHY AND SECOliD.I\HY STilltJLI 

GIVER AT OlE WEEK'S INTERVAL 
AT DIFFERENT DOSAGE LEVELS. 

~ 
~ 

I I 

3
SAMPUNG- TllttE (WEE.KS) · 

5 
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59-

From Fig. VI in which the meu.n log titres of the dutu 

in Tables XXVII to XZ~I are plottod uguinnt the sampling 

times for evch dosage level, it c~n be seen that u definite 

graded ef"feot wo.s ol>t.u.ined, the higher doaas uhowlug u. more 

murked responsQ. Furthe~ore, un unulyuis ot vur1unca ot 

the means H.t uny <.'f the five nu.mpl1ng times revealed -

(u} u aign1f1c~nt difference between the 6.25 Lf sro~p 

und uny one of the r.eat. 

(b) a aigniflcunt dltfarence between the 25 Lf group 

lind tbe 50 Lt and 200 r .. t gro u.ps, and 

{o) no significant difference between the 50 Lt und 

100 Lf groups, between the 50 Lf und 200 Lf groups u.nd 

between the 100 Lt u.ncl 200 Lf groups. 

It oun therefore be concluded that when the priwury und 

secondary stimuli fftJre given b.t u weak's inturval, tho 

results obtuined with 6.25 L.f and 25 L'l were inferior to 

those ob1.a1ned w1 th 50 Lf 1 100 Lt and 200 Lt. 

The 1Jmtiun1 ty response after two in,jectiona of APT at two 
weeks' interval. 

The tllird axperiment wu.e conducted similarly to the 

socond except that the interval between the injections ftas 

increased to 14 days. The results given in 1ublea XXXII 

to ~~~VI und in Fig. VII were obtuined. 

For the sake of brevity in grtoph1cu.l 1nterpretut1on and 

atatistioul anu.lyoiB, letters wore uaaignc'd to the expari

mentu.l groups of ahttep. 
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Sheep Ho. 

1 
?. 
; 
4 

g 
~ 
9 

10 

r . .rean log 
tttre 

GHGUP B. 

f3heep no. 

------
1 
2 
3 
4 

g 
b 
9 

10 

·.4ean log 
titre 

6o. 

6.25 L1.'. 

:5atGpling 
ui' tel' ueco 

-

times in weaka 
ndll..ry stimulus. 

-------~------1 

1 2 

100 50 
66 50 
40 20 

lJO 50 
50 40 

100 4() 

40 2C• 
400 2iJO 

40 20 
l!.Q 20 

-----·----- ------
40 
40 
2 0 
40 
2 
1 
1 
6 
1 
l 

0 
).) 
;.3 
6 
() 

0 

20 
20 
6.6 

20 
8.0 
5·7 
5-'1 

ti.O 
4.4 
,. 7 ::>· 

5 

20 
1}.3 

4.0 
20 
5-0 
I' '1 )· 
5-0 

40 
4.0 
4.() 

--- ---------------< 

1.8~29 1.5806 

m \~j· . ·,. \':tIT J 
l~··~.: ,.;:.,f --~~-· 

25 Lf'. 

1.0140 

---------·------·----- .. -------- --
~>u~pling time~ 1n ~~ecku 

at'ter aeconda.ry stimltlua. , ______ _ 
1 2 3 4 

0.9288 

5 
··----- --·-------· ·--

57 ~w 20 20 20 
400 1}3 57 5C 40 
133 100 50 ?:) 20 

40 10 8.0 ~-3 2.0 
57 4~" 1}.3 .o 6.6 ) 

400 100 5'1 40 40 
40 40 10 8.0 6.6 
40 10 b.o 6.6 4.0 
40 2:) 10 6.6 5-7 
40 40 13.3 13.3 10 

.. --------------·------

l.bb50 1.5833 1.2566 1.0992 1.0105 

----------·--- -·------·--- ----
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Gl. 

GHOUP C. 50 Lt. 

------- ·-------···· ·------------··-------- ·-----

Sheep Uo. 

1 
2 
5 
4 
c; 
b 

~ 
Q 
/ 

lO 

~fl.e&n log 
titre 

GROUP D. 

1 

--~--

200 
12.) 

2CO 
40 

~b 
20C 
40 

200 
40 

Su.u:pl1ng timtja in wetJks 
uftcr aecondury et.1r.'\Ulu.a. 

·----------------------------1 
2 4 ,. 

200 40 2C 6.6 
6.6 5·7 4.0 2.6 

2UO 40 40 40 
80 2G 10 6.6 
57 
40 

26.6 20 10 
2''' 10 F.o ·,; 

200 8o 8o 40 
13-3 
4{) 

6.6 5·? ).) 
26.6 20 10 

6.6 2.0 1.6 2.0 
--~------------------------------- -

l.b?59 1.G5}C 1.0)70 0.8982 
---------------------------

100 Lt. 

------,..--------------------------

dhee_p ~k'. 

--
1 
2 
3 
4 
5, 
6 

§ 
9 

10 
t---· 

'.1ean log 
titre 

~;~.w.pling ti~t}fl 1 n wtJeka 
hfter rs<~cun.dary t1tiLiulu~. 

·---------------------
1 2 .3 4 5 

1-·-·--·- ------- ------~----

44 tl4 20 ti.o 6.6 
40 1).3 13·3 5 •• , f) 7 , . 
66 8o 40 20 10 
1).3 ;~o 1).} ).) 3-3 
80 ~·:.o )G 20 ;?Q 
40 66 40 40 20 
40 1).) 10 G.6 5.0 
4.() 13·3 13.3 6.6 4.0 
57 ,;,•] 4G 4C 20 /: 

200 400 200 66 40 

l. (;956 1.6)vl 1.4479 1.1444 
... ------·-· ------------- ·-- ·--
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62. 

GHOUP E. 200 Lt. 

·---------·. ----· 
~umpling tit!lec in weeks 

at'ter secondary atimulue. 
Sheep lio. --·-.... -

1 2 ' 4 5 

1 100 40 40 20 20 
2 400 66 50 40 40 
3 50 1).) 20 20 10 
4 10 10 10 6.6 5· '1 
g 13.) 1).) 5·7 5·7 6.6 

1}.3 10 5·0 4.0 2.6 

& 80 40 40 l}.,'S 8.0 
40 40 20 1).} 10 

9 200 50 50 50 40 
10 200 100 4() 20 20 

---·--- ---·-----------
j,:ean log 

1.7656 1.}261 1.1630 titre 1.457} 1.0700 

--
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63. 
FIG. VII. 

GRAPH SHOWING THE IlOWlfiTY ltESPONSE RESULTilfG F.llOil TWO 
INJECTIOBS OF 6.25, 25, 50, 100 AND 200 Lt APT RESPECTIVELY 
AT AR IB!ERVi1.L OF TWO \~EEKS AJID !10 INJECTION:1 OF 6. 25 Lt 
AP'r A't Ill'lERVALS Ol!' ) , 4 AID 5 W.EEJCS RESPECTIVELY. 
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64. 

The above reatuta, given in Tables X~II to XXXVI and 

plotted in Fig. VII, 1nd1cuta that ~he log titre for euoh 

dose group shows u. lineu.r regrE!lOBion on oampling times und 

further that there ia no reul c11fferanoe in response to the 

different doaea since the slope and position of the different 

linea show no obvious disagreement. 

i~n &.tmlytJis or vur1ance for the data obtaine<l in this 

luat experiment contirmsthat for any given dose the regression 

of the mean log ti tree on sampling tirn~a Ehows no significant 

deviu tion from 11nfH.4r1 ty unci u.leo that the regrcsa1on lines 

obtu.inod tor the different doaeo do not differ aignificuntly 

with regard to slope or position. It iB unnecessary to 

include detuilB of thit:J llnulysiB ut thio po111t aa the conclu

sions drawn ure verified by the brou<ier analysis which follows 

below. 

'l'hia meuno that the rttaaponae obtained. lifter two injections 

spaced at un interval ot 14 day~ wue independent of the dose 

within tha r~nge of doaea chosen. On tha strength of this 

finding the effect of longer intervals w~e 1nveattgbted and 

for the p\lrpoae tbe lowest dOS$ 1 viz. 6.25 Lt was choaen. 

The immu.nity reeponee :following on two injections of 6.25 Lf 
APT S,l!<i.Ced at intervu.la of 3, 4 and 5 weeks respective~ 

Throe groupe ot ten sheep e~ch received a primury stimulus 

ot 6.25 Lt per sheep. The first grotlp received u aecondu.ry 

ati~ulu.s three weeke after the primary; the second group 

received its secondary stimulus tour weeks after the primury 

and 1n the third gro\lp the two at1mtll1 were aepurated by five 

weeks. The results are shown in Tables XXXVII to XXXIX. 
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TABLE .XXXVII. 

GROUP F. (Two injections of 6.25 Lf at an interval ot three 
weeks). 

Sheep No. 

1 
2 
3 
4 

f, 
~ 
9 

10 

:Uean log 
titre 

GROUP G. 

3heep No. 

1 
2 
3 
4 

g 
~ 
9 

10 

M:eta.n log 
titre 

SW'!ipling tim 
utter eeoonda 

1 2 3 

-------------------
88 in weeks 
ry B timu.l u.s. 

4 

-
5 

-----·-----------·-·-----
6.6 6.6 5·7 4.0 2.6 

50 4{) 40 40 10 
200 100 40 40 20 
200 200 66 

6.6 4.() 2.0 
6.6 4.0 2.6 

50 20 
1.6 1.3 
2.6 l.b 

100 50 40 40 20 
lCO 40 20 20 ~-0 

8.0 8.0 4.4 5.0 5.0 
200 100 100 50 20 

··---- --------·---------~ 

1.5965 1.4131 1. 23 44 1.1425 

---------·---------~ 

TABLE ..\.XXVIII. 

(Two injections of 6.25 Lt at an interval ot four 
weeks). 

-

Sampling times in weeks 
after secondary stimulus. 

----
l 2 3 4 5 

-
100 100 100 40 20 
1}.3 13.3 8.0 6•7 4.0 
20 20 13.3 .o 5·7 

100 66 66 40 20 
6.6 0.4 0.1 0.2 0.2 

400 400 400 100 100 
50 40 20 10 6.6 
66 40 40 20 l}.j 
50 20 20 8.0 4.4 
50 40 20 8.0 4.4 

1.6764 1. 4556 1. 2954 1,;0271 0.849} 

Digitised by the Open Scholarship Programme in support of public access to information, University of Pretoria, 2017 

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



66. 

T11BLE V...XIX. 

GHOUP H. {Two injections of 6.25 Lf ut an intervul or five 
weeks). · 

Suc..apl1ng timau 1n weeks 
after secondary at1r.nlllua. 

Sheep .Ito. 

1 2 3 4 5 
-

1 200 200 66 50 40 
2 l~ 50 20 10 5·'1 
3 100 66 40 20 
4 4.0 2.6 2.0 l.} 1.} 
5. 40 40 40 40 4~4 
6 100 200 100 5.7 5·~ 
~ 1.0 4.0 2.6 2.0 o. 

40 50 40 40 20 
9 66 66 50 40 20 

10 1}.} 20 10 5-7 4.0 

--
Eean log 

titre 1.4570 1.5740 1.}560 1.10)4 0.8280 
-

;vllon these duta are plotted ( lig. VII) 1 t can be seen 

that the r6taponoaa obtained in Grou..pa 1!"', G und 1I do not differ 

obvio~aly fro~ those of Groaps A to E. This wus verified by 

u. complete unalynla of the pooled dnta tor th.ese eight gro1.1pa. 

For the purpuse of thit) uaulye1D X :represents tha eumpling 

time in weeks a.nd y the logarithm or the titre. Before the 

analysis was carried out it was aacartu1ned th&t the varibnce 

of y neemed to be independent of the ceun. 1'he <ietu.ila ot 

the analysis are reoor~cd in Tublee XL and XLI. 
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TJ.BL.ll. _lL.. 

ANALYSIS OF CvVA.iU.t~NGE O.li' x AND y. 

-

Nature of varlatio n 

·-
Between groupe 

,.1 thin groups~ batw 
aumpl1ng times 

een 

ea Between sampling tim 

Within 8W.'lpl1ng tim ea 

Tota 1 

Between sampling t1r 111!6 
ot Groups A 

B 
c 
D 
E 
F 
0 
H 

Tot a1 

JJeg. 
.i:'reedom 

-· 
7 

}2 

39 

360 

399 
---

4 
4 
4 
4 
4 
4 
4 
4 

Sn Sxy Syy 

0 0 1.0442 

Boo -16}.086 35-5126 

800 -163.086 }6.5568 

0 0 96.1438 

8oo -16).086 1)2. 70o6 

100 - 24.148 5.9628 
100 - 22.331 5.2611 
100 - 2~.114 6. 4'/7~ 
100 - 1 -~67 3-742 
100 - 16. 5~ 2. 9r/97 
100 - 17.~5 }.15~4 
100 - 20. 27 4.}5 1 
100 - 17.286 3-5770 

Boo -16}.086 35-5126 

·----
(Sxy)2 
Sxx 

33.2463 

·-

5·8~13 
4.9 67 
6.}071 
3-~975 
2. 40~ 
).082 
4.3~~6 2.9 .1 

33·9720 
--- --------'-· 

TABLE XLI. 

AN~~r,Y:H~ OF VAHIA.lfCE FOR y. 

Nuture of vu.~iation Legree of :3u.m of !lean 
free do• Stluarea square 

Betwe&n grollpa 7 1.0442 0.1492 

Hegreaaion ot y on x 1 }}.2463 }}.2463 

Difference ot regression 
co-efficients within 

0.1037 groups ? 0.7257 

·~1 thin grou.pa between 
24 1.5406 0.0642 sampling times 

Between sampling times 39 36.5568 

~a-thin sampling time a 360 96.1438 0.2671 

i'ota1 399 1}2.7006 

-------------·-- -
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68. 

A comparison ot the appropriute meun squares recorded in 

Table XLI with the error mean square (vQ~iation with sampling 

timee) indicates that the regression ot y on x tor individual 

groups shows no deviation from linearity and no evidence ot 

non-purallelism between the individual regression linoo. 

These eight regression li11eo are so aimilar in poaition that 

they can be represented by the average regression line ST 

in Fig. VII representing the equation 

Y = 1.9340 - 0.204 X 

Tho reolll.ta Wld their otatiotic~l uno.lyuie ahow that 

sheop, 1mmllll1zed with two doses ot APT, each containing trom 

6.25 Lt to 200 Lf and separated by an interval of two weeks, 

would ha~ve 11 mean circulating anti tox.in t 1 tre of abo1.1t 50 

units per ml. one week after the second stimulus. This 

titre will drop at a constant rate given by the regression co

&ff1cien·.t ot ST, viz. -0.204, during the following tive weeks 

so that at any time it will be about two-thirds of the titre 

ot the previous waek. This, of couroe, will not hold tor 

much longer thun the ttve-week period when the titrea cun be 

expected to remain at a steadier level. 

The observation that the owne level of 1rmnuJl1 ty can be 

produced with 6.25 Lf aa with 200 Lt beta toxoid haa an 

important bearing on the economy of lw:nb dysentery vaccine 

production. The Cl. welchi1 Type B formolized culture 

tiltratoa produced in the bu.ctoriologicnl laborator~ at 

Onderatepoort contain on an averag$ 300 Lt beta toxoid. 

When it ia taken 1 nto account that lamb dyaentery vuccine 

is injected in a dose of 2 ml. per sheep these filtruteo 

can be diluted conai(lerubly without losing their efficacy. 
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These results ro.iae the question whether two doses of 

APT containing lese than 6.25 Lf bet~ toxoid would elicit 

the same_responoc as a product contuining 6.25 Lf. This 

point wua investigated by giving two groups of ten sheep two 

injections of APT. In one group the dose wus 6.25 Lf per 

injection and in the other about hulf this quantity, viz. 

3 Lt'. The primu.ry and aaoondnry- dooea were spaced at an 

intervu1 of three weeks. A different batch of toxoid to the 

one uat~d in the previous experiment was used.. The sheep 

were bled one week after the second injection and the unti-

toxin titrea of their sera determined. The reaul ts are 

recorded. in Table XLII. 

TABLE XLII. 

GHOUP HA VIlJG H.ECEIVb~D 6. 25 Lf. 

~Jheep Uo. .Antitoxin titre ( lllli t.s/ml. ) 

1 200 
2 13-3 
3 40 
4 40 
g 40 

66 

~ 13.3 
20 

9 50 
10 20 

Hean log 
1.5480 titre 

GHOUP HAVIliG HlWEIVLD 3. 0 Lf. 

Sheep No. Antitoxin titre ( un1 ts/ml.) 

1 0 
2 0.2 
3 5.0 
4' 0 

~ 0 
0.7 

~ 5·7 
6.7 

9 5. '1 
10 5·7 

-
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70. 
When the titrea of the group thbt received 6.25 Lf toxoid 

are compared w1 tb those obtained at the firnt bleeding of t.he 

group that received two injections of 6.25 Lt at throe weeks' 

iuterval in the previous experiment, no aigni i"iount differtmcQ 

oun be demonstrated. A cocpurison or the meun log titres 

givtjs a vuluo t = 0.1998 tor 18 degroeo of freedo•. 

The tit.rea of the 3 Lt group, however, are obviously 

significantly lower than thone of the 6.25 Lf group; t.hree of 

the ten sheep in tho for~er group uhow~d no response at all 

and two failed to roach one unit per ml., while none developed 

more than 7 units per ml. 

A reasonable conclusion would therefore bo that, for 

practieul purposes, 6.25 Lf' beta toxoid per dose ot APT ia the 

lowest limit u.t which a roaponae similar to that obtained by 

the 1njectiou o1• doaea up to 200 Lf, can be produced. 

THE HlWPOtiSf. Tv A BOOSTER IN,T.LCTIO.N 01!' BETA TOXOID. 

The cffact of a booater injection of beta toxoid wus in

vestigated in aheE;:p immunized twelve month.o previously. The 

dose in Lf of the booster wus vasried but the volume 1nj8cted 

wus kept oonutant at 2.5 ml. 'J.,he ::n~me type of APT bu.t uot 

the aame batch as in the previous experiments wua u.aed. One 

week after the 1njeot.ion ble~ding was commenced and continued 

at vurytng intervttla until 28 weeka after the sturt of the 

experiMent. The lovul of irm1w11 ty wus d.eterminod over 28 

weeks, representing t.htl geal;,ution period of & uheep, to provide 

informution on t.he longest time 1 nterval boi'ort~ purtllri tion a 

booster injection could be given and yet ullow for acleqaate 

immwli ty at lambing. 

Nine groups of sheep were immWlized in difrorent waya t-.La 

shown in Table XLIII. Five of theue groups were strictly 

comparable in that the aheop were 1mmw1izod Wld auropled on 

identical dates, und these form a single experiment, Exper~t 

1. Similarly, the other four groups make up l~periment 2. 
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71. 

TABLE XLIII. 

SCHEME C>l!, IliJ.ECTIOit3 .HECEIV1£D BY 
THE GUOlJPH 01!" SHEEP Ua:ED IJI F.XPEHIYElfT. 

Exp. Group Prit:1t1ry u t icul u.u Secondary Booster No. atil!lulu.e 

1 I 50 Lf liquid toxoid Nil 6.25 Lf APT 
II 50 Lt' APT lfil 6.25 Lf APT 

III 100 Lf APT 100 Lf' APT 6.25 Lf APT 
IV 50 Lf APT Nil 6.25 Lf' liquid 

toxoid 
v 100 Lt APT 100 Lf aPT 6.25 Lf liquid 

toxoid 

2 VI 100 Lf APT 1111 100 Lf APT 
VII 100 Lt .i:LP~l' lf11 6.25 Lf ilPT 

VIII 50 Lf APT 50 Lf APT 100 Lf liquid 
toxoid 

IX 50 J.,f APT 50 Lf APT 6.25 Lf liquid 
toxoid 

The detailed results are recorded in Tables XLIV to LII 

and summarised graphically in Fig. VIII (Experiment 1) and 

Fig. IX (Exporicent 2) in which the mean log titro ie plotted 

against aW!lp11ng time 1n woeko tor all groupe except Group I. 

For reaaona already stated, the log median titre was employed 

tor this group. 

TABLE XLIV. 
GROUP I. 

Sampling times in weeks after boouter injection 
Sheep -No. 

6 8 1 2 4 10 

1 0.2 1.6 1.~ 0.5 0.2 0 
2 0.2 1.1 o. 0.42 0.2 0.1 
3 2.7 1.0 1.0 0.1 0.1; 0 
4 0 4.0 2.0 0-53 0.4 0.2 

g 6.7 4.0 13.3 4.0 1.3 0. ()} 
2.7 1.0 1., o.~ 0 0 

~ 6.7 5.0 1.6 0. 0.4 0.2 
0 0 0.2 0.2 0.1) 0 

Log 
0.1761 0.1461 0,.1614 -0.284 -0.5229 -1.}01 median 
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GROUF II. 

Sheep 
llo. 

1 2 
~ 

1 100 200 
2 20 40 
3 10 10 
4 2.7 2.7 
5 10 20 
6 10 10 
7 66 50 
8 50 50 
9 200 200 

10 4.0 5.0 

.Jle&D 
1o,; 1.3159 1.4034 titre 

!ABLE XLV • 

-
Sam?ling times in w"ka 1 ~er boosGer injectiun 

4 6 

~00 5'J 
10 4.0 
5.0 2.7 
2.0 0.9 

10 5.7 
5.7 4.4 

20 10 
20 l).J 

200 66 
5.0 2.C 

8 

20 
2.0 
2.0 
0.57 
4-0 
2.7 
5.7 
6.7 

50 
1.) 

1 

2 

10 

0 
1.6 
0.7 
0.4 
2.0 
2.0 
5.0 
4.0 
0 
0.72 

---

12 15 

6.7 4.4 
1~6 0.83 
0.57 0.5 
0.4 0.4 
2.0 l.J 
1.6 1.0 
5.0 2.7 
4.0 ~.o 

20 20 
0.72 0.72 

18 21 2S -
2.7 2.7 2.7 
0.72 0.72 0.7 
0.4 0.4 0.4 
0.4 0.2 0.13 
1~3 1.0 1.0 
1.0 0.72 0.7 
?. .. 7 1.6 1.3 
i;!.O 2.0 1.6 

13·§ 13.3 10 
o. 0.53 0.57 

1.1659 0.8335 0.6087 0.3713 o.J353 o.l894 o.1366 o.o533 -o.oo 
----

I 
...., 
1\) 

• 
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GBOUP III. 

Sheep 
Ro. 

1 2 

l 40 50 
2 10 20 
3 100 100 
4 50 20 
5 200 200 
6 40 40 
7 20 13.3 
8 2.0 50 
9 6.7 6.7 

10 50 200 

.. an 
log 

titre 1.4331 1.6154 

TABLE XLVI • 

Sam.:pliq timea in weeks af"ter booster in3ec·tion 

4 6 8 10 12 15 18 

20 8.0 5.0 2.7 2.7 1.6 1.6 
8.0 5.7 4.C 2.7 2.7 2.0 1 .. 6 

50 40 l).J 8.0 6.7 2.0 2.0 
13.3 5-7 4.0 2.7 2.7 J..6 2.0 

100 100 66.7 20 20 20 20 
40 13.3 6.7 4.0 4.0 2.0 2.7 
1.) 1.3 0.13 0.1 0.1 0.1 0.1 
6.7 a.o 6.7 6.7 6.7 6.7 5.0 
6.7 5.7 4.0 2.7 4.0 2.0 2.7 

100 50 40 20 ).05 2.0 1.6 

1.2)95 1.0613 0.7822 0.5659 0.4839 0.3047 0.3077 

21 

1.6 
1.6 
1.9 
1.6 

13.3 
2.0 
0.1 
5.0 
2.7 
1.9 

0.2725 

28 

1.3 
1.3 
1.6 
1.3 

10 
2.0 
0.1 
4.0 
2.7 
1.3 

0.1994 

! 

--:: 
'VI . 
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GROUP IV. 

Sheep 
Bo. 

1 2 

1 5.0 2.7 
2 2.7 6.7 
3 50 40 
4 2.7 5.0 
5 5.0 5.0 
6 20 lJ.) 
7 40 20 
8 20 40 

Jlean 
loc 

titre 1,0205 1.0356 

!AlSLE XLVII· 

Sampling times in weeka after booster in~ection 

4 6 8 10 12 15 18 21 28 

2.0 1.3 0.8 0.4 0.4 0.4 0.4 0.4 0.4 
1.14 0.7 0.6) 0.4 0.4 0.4 0.4 0.4 0.4 

40 13.) 5-7 4.0 4 .. 0 2.0 2.0 1.3 1.3 
1.14 0.7 0.5) 0.2 0.13 0.13 0.13 0.13 0.1 
2.7 2.0 1.6 0.72 0.72 0.72 0.8 0.6 0.6 

1).) 4.0 1.6 1.6 2.0 2.0 2.0 2.0 1.6 
20 6.7 5.0 4.0 4.0 2.0 2.7 1.6 1.) 
20 8.0 4.4 4.0 2.7 2.7 2.7 2.7 2.0 

0.7718 0.4450 0.2417 0.0466 -o.0236 -o.0613 -o.0393 -o.l069 -o.1606 

I 

I 

I 

~ 
'~ . 
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GROUP Y. 

Sheep 
lo. 

1 

1 20 
2 20 
3 50 
4 10 
5 50 
6 50 
7 5.0 
8 6.7 
9 50 

10 50 

••an 
lq 

titre 1.)622 

!ABLE XLVU I· 

--
S..p1ing tiaea in weeks after booster in3eotioa 

2 4 6 8 10 12 15 18 

-
13.3 8.0 5.0 4.0 4.C 4.0 2.7 2.7 
20 13.3 10 5.7 6.7 4.0 4.0 4.0 
40 20 1].3 6.7 6.7 5.7 4.0 4.0 
6.7 a.o 4.0 2.7 2.0 2.0 1.6 1.6 

40 40 20 1§·3 13.3 13-3 10 8.0 
40 20 20 .o 5.0 5.0 4-4 2.7 
4.-0 s.o 4.0 2.7 2.0 2.0 1.6 1.3 

20 8.0 5.0 2.7 1.6 2.0 1.14 1.14 
20 13.3 6.7 4.0 2.0 2.0 2.0 1.3 
40 40 10 6.7 5.0 4.4 4.4 2.0 

1.2864 1.1462 0.9154 0.6934 0.5883 0.5672 0.4689 0.)801 
- ~-~----- ------- -- - --- ---- ---------- ------ -----

21 

2.7 
4.0 
4.0 
1.14 
8.0 
2.0 
1.0 
0.72 
1.14 
2.0 

0.2941 

28 

2.7 
4.0 
4.0 
1.14 
8.0 
2.0 
l.J 
0.7 
1.14 
2.0 

0.)214 

~ 

'-"' . 
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GRO!JP VI. 

Sheep 
Bo. 

1 2 

1 66 133 
2 20 20 
3 50 40 
4 50 50 
5 66 50 
6 20 40 
7 10 8.0 
8 50 40 
9 2.7 5.0 

lleaD 
los 

1.4198 titre l-4703 

~ A.BI.1. XLI X • 

Saapl.iDg timea ill weeka after booater i~eotioa 

4 6 8 10 12 15 18 

40 20 20 20 20 13-3 10 
10 u.s 7.6 5.6 5-9 4.1 J.) 
40 20 20 20 20 10 10 
40 13.) 10 5.7 5-7 2.7 2.7 
50 40 1).3 a.o 10 6.7 5.0 

100 40 20 13.3 20 13.) 10 
6.7 4.0 2.0 1.14 1.14 o.g o.g 

40 10 5.7 5.7 5.7 5.0 2.7 
2.0 1.14 o.g 0.6 0.5 0.5 0.5 

1.3594 1.0734 0.8799 0.7471 0.7712 0.6078 0.5259 

21 

10 
3·3 

10 
2.7 
4.4 

10 o.a 
2.7 
0.5 

0.5141 

28 

10 
3.0 
6.7 
2.0 
4.0 

10 
0.6 
2.7 
0.5 

0.4572 

-..J 
o-.. . 
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GROUP VII. 

Sheep 
Wo. 

1 2 

1 10 10 
2 20 40 
3 66 400 
4 50 666 
5 20 13.3 
6 10 20 
7 50 20 
8 66 133 
9 20 40 

Mean 
log 
~itre 1,4388 1.7201 
---~~ --~~-- ---·--

!ABLE L • 

Sampling timea in weeks after booster injec~iou 

4 6 8 10 12 15 18 

6.7 4.4 4.0 1.6 1.6 1.0 1.0 
50 40 10 6.7 5.7 5.7 4.4 
50 20 10 10 6.7 4.0 4.0 
50 40 13.3 10 10 ' 6.7 5.0 
10 5.7 4.0 2.7 2.7 2.0 1.6 
20 8.0 5.7 4.0 4.0 1.6 1.6 
13.3 5.0 4.0 2.0 1.3 0.8 0.8 

100 50 20 10 10 5.7 4.4 
40 20 8.0 5.7 5.7 4.4 2.7 

1.4389 1.1674 0.8767 0.6801 0.6322 0.4435 0.3701 

21 

0.8 
4.0 
4.0 
4.4 
1.6 
1.6 
0.6 
4.4 
2.7 

0.3)47 

28 

0.7 
2.7 
4.0 
4.4 
1.6 
1.3 
0.53 
4.4 
2.7 

0.2933 

I 

""" -.,J 
• 
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!.A.BLE LI. 
GROUP YIII. 

SampliDg times in weeks after booster in~ectioD 
5'heep 

Wo. 
1 2 4 6 8 10 12 15 

1 6.7 5.0 4.4 2.0 1.14 1.0 1.0 0.72 
2 6.7 6.7 5.0 2.7 1.6 1.3 1.3 1.3 
3 6.7 4.0 2.7 1.6 o.g 0.8 0.53 0.53 
4 50 50 40 13.3 10 10 10 5.0 
5 6.7 5.7 4.4 2.7 1.6 1.6 . 1.3 1.14 
6 20 13.3 10 8.0 5.7 5.0 5.7 4.4 
7 50 40 20 8.0 4.4 4.4 4.4 2.7 
8 50 133·3 200 100 50 50 50 20 
9 20 20 20 10 6.7 5.0 5.7 4.0 

10 200 100 100 20 20 20 20 20 

•• &D. 
log 

titre 1.3304 1.1733 1.1923 0.8599 0.6645 0.6263 0.7107 0.4730 

18 21 

0.6 0.47 
1.0 1.0 
0.53 0.5 
4.0 4.0 
1.0 o.g 
4.0 4.0 
2.7 2.7 

20 20 
4.0 2.7 

20 20 

. 
0.4342 0.3994 

28 

0.47 
0.72 
0.4 
4.0 
0.8 
4.0 
2.7 

20 
2.7 

20 

0.3704 

I 

-,J 
Q::l .. 
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GROUP IX. 

Sheep 
l'o. 

1 2 

1 20 40 
2 5.0 4.4 
3 20 13.3 
4 10 13.3 
5 20 13.3 
6 20 20 
7 4.0 4.0 
8 50 40 
9 20 20 

10 66 50 

Jlean 
log 

titre 1.2329 1.2123 

~ABLE LII· 

Sampling timea in weeka after booster injectioa 

4 6 6 10 12 i5 18 

40 13.3 8.0 5.0 5.0 5 .. 0 4-4 
4.0 2.7 1.3 1.14 1.3 1.14 1.14 
6.7 5.0 2.0 1.6 1.14 1.14 o.g 

13.3 6.7 4.4 2.7 4.0 2.0 2.0 
8.0 4.0 2.0 1.3 1.14 o.g 0.8 

20 10 5-7 5.7 5.7 5.7 5.0 
2.0 2.0 2.0 2.0 o.g 0.7 0-53 

20 10 5.0 4.4 5.0 2.7 1.6 
13.3 10 5-7 5.0 5.0 5.0 2.7 
50 13.) 13.3 1).3 1).3 13.3 a.o 

1.0783 0.8107 0.5353 0.5159 0.4818 0.3923 0.2821 

21 

4.4 
1.0 o.a 
2.0 
0.8 
4.4 
0.47 
2.0 
1.8 
8.0 

0.2526 

28 

4.0 
o.g 
0.8 
2.0 
0.6 
4.4 
0.2 
1.14 
1.4 
6.7 

0.1512 

-.J 

"" • 
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8o. 

GHAPHICAL HEPHESENTATIOlf OF THE .RESULTS OBTAiltED 
WITU GUOUPS I, II, III, IV AJID V. 
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81. 

FIG. IX. 

GUAPHIC.ilL REPHESENTATIOif OF THE RESULTS OBTAIN.bD 
WITH C}ROUP3 VI, VII, VIII AlfD IX. 
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82. 

It is obvio~a from Fig. VIII tlwt the degree of i~nnity 

of the sheep of Gro~p I is interior to t bAit of b.n.y of the 

other groups, indicta.t1ng that u single doue of 50 Lf liqllid 

toxoid is a compta.rbtively poor primary atimulua. 

The responses in Groups II, III, IV and V were very 

similar. An analysis of vuriunce revealed no aignifichnt 

differences in the tour group means at any or the eleven 

times of sampling. Although the variance ratio in no inotunce 

reached the level of significance (? :::: 2.88, d.t. :::: } and 34, 

P = 0.05), eix ot the eleven rutios exceeded the value 2. 

Furthermore, tho four curves in question allow regulur1ty with 

regard to their relu.t1ve pos1 tiona I Curves III and '1 u.re more 

or less overlllpping, Curve II is somewhat lower trom the 6th 

to the 28th week und Curve IV is lowest through the entire 

sampling period. It 1a therefore not unreasonable to 

conclude that one year after a moderute primary atim~~a ot 

50 Lf I~ the otfoot of a small dose (6.25 Lf) ot liquid 

toxoid may not be qtli te as good ao the a&lle dose of APT 

(Curve IV vera1.18 Curve II) but thin possible difference 

disappears in sheep with a more solid busic Lmm~nity (Curve 

III versus Curve V) and auch animals reapond on the whole 

better (Curves III and V versus Curves II and IV). 

On the bu.ais ot the reuu.lta of J~periment 2, shown in 

.Fig. IX, it might b~ tempting to oonclllde that the response 

to a booster dose ot 100 Lf is better than that 'to a dotse ot 

6.25 Lt, whether given in the torm of liquid toxoid (Curve 

VIII versus Curve IX) or as APT (Curve VI versus Curve VII). 

However, the dit:ferencea between the group means nere 

negligible (~ight or eleven variance ratios fell between 0.4 

and 1.0) and the a~tuat conclusion appears to be that neither 

the doue nor tho nature or the toxoid u.aed to reinforce 

1mmuni ty 1a ot any great mOiaent in sheep with a solid baa1o 

immunity, a confirmation of the reau.lts of Experiment 1. 
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Froc a cona1derat1on of the experimental ree~lts pre

sented in th1a theuie a conclusion 1a jut.Jtitied that t:tn APT 

containing 6.25 Lf per dose 1e udoquate for a primary, 

secondary unci booster sticul~s. This point was further 

investigated expe1·1menta.J.ly by g1 ving ten (Group .X) tully 

susceptible sheep two inJections of JlPT containing 6. 25 Lt 

toxoid per dose (propur•~d to the same specit'"ioations u.s 

previous injections but unit~ u different butch of toxoid) 

at an interval of thrt!e weoka. 365 D~a utter the pri~ar,y 

stimulus had been given they wore bled (for tho determination 

ot tho antibody ti tro ot the aera) 1md given a booster dose 

of APT containing 6. 25 Lf toxoid (prepared to 'the eume 

apocit .. icatione us praviou.a 1njeot1onu but froc yet another 

batch ot toxoid). They were bled at weekly intervula 

subsequently and the antibody titre ot their sera determined. 

The results are given in Table LIII. 

GROUP X. 

Sheep No. 

1 
2 
; 
4 

g 
~ 
9 

10 

TA.BLJ<; LIII. 

TIU~ ANTIBODY LEVELS OF '!liE SERA OF BHEEP 
PRIOH TO A BOOSTER DOSE OF 6.25 Lf APT 

AlfD AT WEEKLY I11TEHV.ALS SUBSEQUENTLY ( Uni ts/1:.11. ) • 

Titre prior Titre after Titre after '1'1 tre after 
to booster one week two weeks three weeks 
injection 

I 

I 1.~ 200 666 500 
o. 13.3 1}.} 6.7 

I 0.4 40 40 20 
0.8 20 40 20 
0 •. 4 20 40 40 
(). 5'1 10 8.0 5.7 
0.4 10 40 20 
0.1; 10 1)..; 13.3 
0.4 6.7 "6.7 4.0 
0.4 6.? 6.7 5.0 

-
When the antibody levela attained two weeks after the 

booster utimulua are oomparetl with those shown by the sheep 

in Groups III and VII (in which cases the mean log ti tres 
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84. 

were the highest of tho groupe in Experiments 1 und 2 

respectively, two weoka after the boooter stimulus) the 

following will be found: 

(a) A comparison of the meun log titre of Group X with the 
mean log titre of Group III gives fl. vulue t = 0.8642 
for 18 degrees of freedom. 

(b) A oocpur1aon of the mean log titre of Group X with the 
mean log titre of Group VII giveo a vtil.u.e t = 1.5200 
for 17 degrees of freedom. 

There 1a therofora no etatietioully a1gn11>1o~s.nt 

difference in the reeponaeo between Groapa III und X und 

between Groupo VII and X, implying tl~t un APT containing 

6.25 Lf toxoid per dose is adequate for a primary, secondary 

and boootor stimuluo. 

CONCLUSION. 

By a ayatomatio a"tudy o:t' the nutritional requirements of 

a variant atrain of Cl. wolcl!.!_i;, Typo B a procedure for 

obtaining oonaideru.bly increased yields of toxin from the 

production medium wua developed. While previously yields 

of 50 Lf per ml. W6re customary, vuluca of 500 Lf per ml. were 

obtained in routine batches allbaequent to the investigation. 

The deterioration of the uotivu antigen clu.ring formolization 

wa.s minimized by determining the optimal conditions .t'or 

toxoiding. Furthermore, an incxeuae in efficacy of tho 

antigen etteot6d by alum-precipitation wue dooonstrated. 

The routine application of tho flocollla.tiou toot for the 

qutsntitative determination of tho antigen has been ehown to 

anve time, labour and experi~ent~l un1mula. '.l.'heae findings 

have decided economic aigniticunca in a laboratory where 

prophylactics are produced on u lurBo ocule. 

I~unity atutiieo in sheep delivured tho following 

results of pr~ctical importance: 

(a) The primary and aecondury injections of lamb dysentery 
vac,cine can be separated by an interval of 2, }, 4 or 
5 weeka with the aume raen.su.ro of aucceeu. This 
allows a farmer considerable latitude in arrung1ng 
h1t5 vucoination prc>grW!ll!le to suit his farming 
activities. 
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(b) 'i'ihen a booster injection is given aa early as two 
months before lambing the ewes will have a su.ff1c1ently 
high level of 1oomunity at parturition- thu.a the 
handling of heavily pregnant animals 1e eliminated. 

(c) The econoray of lW!!b dyaentery vucc1ne production 1a 
affected by the f'uct that the au.ce romtl ta otr.n be 
obtained w1 th AP~r containing 6. 25 J~f pe1· dose as w:J. th 
200 Lf per doAe. 

In ooncl~aton, therefore, the object of developing a 

proven, cheap and prncticable ~ethod of producing a protccti ve 

beta u.nt! toxin l(!Vol in ewes' blood under extensive farming 

conditions, hae been attained. 

3UU.L'..AHY. 

}:;vi,tence io provi(led to prove the a peo1fic1 ty of the 

flocculution teet used ao t:L tool for aoouying the beta 

fraction of Cl. neloh!.i Type B toxin and 1 ts corr·esponding 

antitoxin. 

The separation f.rom Cl. welchii Type B (~1930 strain") 

of variants which differ in the pl."oduction of toxin and mucoid 

oaterial is dcRcr1bad. 

A medium and r.1ethod of' cultivation are described by mauna 

ot which a maximum. yield of 560 Lf' per ml. of beta toxin nus 

obtained. 

By tlaing a ood1um u.otJtute-aoetic acid bu.ffer system a 

pu.ritied beta toxi11 containing 7 • 396 Lt per mg. P.lf. was 

produced. 

The keeping qualities of beta toxin und.~r vurying 

conditions were determined. 

l'he toxoiding of' beta toxin (both rJrttde nnd yu.rified) 

was investigated. 

The atability of betu. toxoid wu.a determined. 

A atu.dy was made of a!Wtl prec1pi tu.tion of beta toxoid 

w1 th varying concentrations of pota&th ul Ul!l ot d~ifferent pH 

levels. 

APT wao proved to bo a better antigen than liquid toxoid. 

It waa provbd ttXj_ierioentW.ly th.ut ~•heep, imanm1zed with 

two doses of AfT, euoh contti.1n1ni) from 6.25 Lf to 200 Lf n.nd 
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separated by an intervul of two weeke, would have t·• mean 

ciroul"ting antitoxin titre of about 50 unite per cl. one 

week a1•tor the nooond st1r:r1~llus. 

Ae a reau.lt of u aeries cf. expcritaenta in which the 

booster effect prodtwed by beta toxoi.,i wan investigated the 

ooncluaion. lms renchod thu.t the esacn.tiu.l req_u.ircment fer an 

eft'ecti ve b<HH~ter reaponse in u aolid bus1c~ i:mnw11 ty. ''.'hen 

the latter te present the doae and nu.tu.re of the booster 

1nj~ot ion n.ro of. eecondn.ry importance. 

It was proved that .iLPT conttt1ning 6. 25 Lf beta ·toxoid 

per dose cottld be u.aed ao a primary, ueconda.ry and booater 

stimulus for the prevent1otl of lu.mb dysentery-. 

In tll.e f1rut inatunoe I wlah to thank the Dirt'otor of 

Veterinary Services, Dr. R.A. Al.exunder, for granting ouch 

liberal facilities for to:f oxperimontul work. 

I am greatly indebted to Dr. J.U. :Ua.aou for his Wlt1r1ng 

interest and constructive criticis~. 

Dr • .P.ll. Chr1atenaan has been of 1n~at1mable asa1etance 

to me in the atat1nt1ou.l nno.lyois C>t my e.x_peri.~eut.al reou.l ts. 

I have to rooord the keen interoet ehown by Dr. Max 

Sterne in the progress of thin worlt. 

MEtsars. F. V1aaor und P.U. Kuoatze ~sainted with the 

preparation. of mediu, production ot toxin und aerulogical 

wo1·k. 

Ur. A.U. du. Br\tyn very kindly prepared tho phot.ographu. 
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