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INTRODUCTION. 

Ttm u se, for immuni:r,ation , of anthrax strains su spended in a solu
tion of saponin m digitonin was first recorded by Hruska (1931) . 
H e sho\\·ed that a rather Yirulent Pasteur II strain su spended in 
iive per c:ent. saponin roul d be safely injected into rabbits, and 
that these rabbits would subsequently withstand the injection of a 
virulent strain . Non-immune rabbits, moreover, proved resistant 
to injections of virulent anthrax bacilli su spended in ten per cent. 
saponin . The same worker (1932) again elaimed that a virulent 
strain suspended in saponin was n ot dangerous to rabbits. He 
experimented with different concentrations of saponin (1 per cent.- 10 
per cent.) , and with different doses (0 ·05 c.c.-0·5 c.c.), an<l con 
clu ded that the concentration and amount of saponin per close were 
far more important than the number of bacilli . He also said that 
safety " ·as diredly proportional to the amonnt of local reaction and 
n ecrosiR . Thus it seemed that 0 · 5 c. c. of a suspension of virulent 
bacilli in ten per cen t . saponin was safer than 0·05 c.c . of the 
sam e suspension, although the form er con tainecl ten t imes as many 
bacilli as the latter. NeYertheless the small number of r abbi ts u sed, 
and the m eagre differrnces bebYeen the results with different concen
trations, do not wnnant definite conclusions. In these experiments, 
a number of rabbits inoculated with virulent bacilli su spended in 
different amounts of saponin died. ']'his hardly bears out Hruska's 
~ontention that rabbi ts ean be sa fel,v· inocula terl with Yirulent bacilli 
1n saponin . 

In 1931, t wo horses , t'>'·o bovine~, and two goats, withstood an 
injection of a virulen t strain in saponin, and these animals sub
sequently proved immune to anthrax . Rabbits t hat survived a 
similar inoculation were also immune. Later work (1934a) showed 
that the long·er saponin acted the less dangerous virulent spores 
became. There are, howeYN , indications- in H r u ska 's tables-that 
th e immunity elicited by su ch suspen sions was poorer than the 
immunity produced by younger su sp en sion s. It sh ould a lso be 
noted t hat t h e tables given in Hruska's p aper were selected from a 
large number of observations, so that i t is difficult to assess the 
r esults accurately 0 
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Encouraged by these r esults, Hruska initiated field experiments 
on a small scale, and , in 1933, W eidlich published t he results of 
immunizing 3,000 cattle with Hruska 's saponin vaccine. This 
vaccine was a suspension of a P ast eu r II vaccine in four per cent. 
saponin, because Hruska consider ed th e practical difficu lties of using 
virulent strains too gr eat (danger to human beings and uninoculated 
animals), although no evidence h ad been adduced to show that a 
virulent suspension could be used in field work. vV eidlich eonsidered 
the results better than those obtained with th e Pasteur m ethod , but 
said that swellings and systemic reactions were sometimes alarming, 
and milk yields sometimes seriously impaired. It should be not ed 
that, accordin g t o H r uska's m ethod of ;preparation, three Roux 
bot tles make 2 ,000 doses of vaccine. As anthrax va_ccin es go this 
is a r ath er dense suspension. 

W eidlich (1934) and Hruska (1934b) described a fairly ex tensive 
test in Carpathia where 70,000 head wer e inoculated \Yi th a Pasteur 
II strain in one per cen t. saponin (note that the saponin concen
tration h as been furt her reduced) with very satiRfactory r esults. 
Abou t 0 · 3 per cent . of the anim als immuni;>;ed wit h saponin vaccine 
(lied subsequen t ly of an th rax , whereas a bout 1 ·5 per cent. of those 
immunized by Pasteur's method , and 3 · 0 per cent. of uninoculated 
animals died. Hruska said that none of the animals inoculated 
with his vaccine died as a result of the inoculation . The superiority 
of Hruska's vaccine seemed evident and t he r esults ''"ere en couraging, 
although the tests, which were spread oYer a num her of districts, 
\Yer e not strictly comparable. 

Shortly after th e publica tion of Hruska' s first paper (1901) on 
the effect of saponin on anthrax strains, Mazzucchi, of t he I stituto 
S1eroter apico Milanese (I.S.M. ) , stated th at hi s " Carbozoo " 
vaccine (1929a, 1929h, 1930, 1931) consisted of a ?:'£1·u len t anthrax 
strain suspended in ten per cent. saponin ; and later Santarelli (1932) 
mentioned that " Carbozoo " contained a virulent str ain in two 
per cen t . saponin . To our knowledge, no further details of th e 
constitution or m anufacture of this vaccine have ever been divulge<! 
by the I.S .M. Mazzucchi (1929a) said that " Carbozoo ", which 
as h e emphasized, contained a virulen t strain, was almost i nnocuous 
for guinea-pigs and harmless for r abbits . One injection was said 
to immunize rabbits and sheep solidly , and about 75 per cent . of 
goats. Guinea-pigs showed an increased resistance to anthrax after 
inoculation with ' ' Carhozoo '' , but wer e not immunt~ . 

The total number of animals used i n these experimen ts were 1,000 
guinea-pigs, 100 rabbits, 30 goats , and 200 sheep . Ko details were 
given of t he allocation Df the animals to t he different experimentR
experiments which covered a very wide field- and th e total number 
of cont rols fDr th e larger animals was fiye goa ts and eight sheep. A 
more detailed publieallon by the I.S.M. \Yould be of great intereRt. 

Belfanti (1929) and Alessandrini (1929) discu ssed a limited 
number of field experiments earri ecl ou r by th e latter in which 
about 600 cattl e were inoculated wit h '' CarLozoo " . Twelve 
animals sh owed extensive S'wellings, hut recover ed, and a further 
two died of anthrax, although th ese deaths wer e not considered a 
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result of the inoculation. Amongst the 600 head were 150 dairy 
cattle. ~one of these aborted, nor was t here any r eduction in 
milk y ield . In a small experiment with 22 sheep , . Alessandrini 
showed that " Carbozoo " produced a better immumty t han the 
Pasteur vaccine. .Mazzucchi (1930 and 1931) inoculated about 
500,000 h ead of mixed .3tock, and got excellen t results. No break
down of immunity occurred (no indication given of ·degree of 
natural infection), and only two of the inoculated beasts showe~ 
swellings. Both recovered and, from these two cases, M:azzucchl 
deduced that swellings produced by ordinary vaccines were fata l, 
while those produced by " Carbozoo " were not. 

These publications initiated a grea t ileal of resear ch on saponin 
anthrax vaecinea, aml while some workers were able, wholly or in 
part, to confirm the work of Hruska and of M:azzucchi , others 
l'eported undesirable sequelae to inoculation ; and others again were 
quite unable to get satisfactory results with the new vaccine. 

Yent uri (1931) inoculated 41,600 head of mixed stock with 
" Carbozoo " and said that local r eactions wer:e quite marked . On e 
goat died three clays after i110culation , and lll ill; yields were slightly 
affected. 

Anreiter (J 932) controlled a severe outbreak of anthrax in 
Upper Austria with saponin vaccine, after Sobernheim' s method 
ha·J proved disappointing (partly owing to a shortage of serum). 
Some cows lost their milk , one horse had to be treated with serum, 
and a goat died of vaerine anthrax . On e oecurrence of anthrax 
in an inoculated ox was considered a natural infection . In all, 
14,000 head received Mazzuechi 's vaecine and the r esults were g-ood. 

Troger (1932) t ested " Carhozoo ", which, Belfanti told him, 
consisted of fully viru lent spores in saponin , on rabbits. Thirty 
six animals reeeive.:l 0 ·125 c. c. to 0 · 75 c. c. and two died . The 
smears and cultures were positive for an thrax, but Troger at tributed 
the deaths to coecidiosis . 

Gerlach (1931 , 1932) discu ssed the outbreak described by 
Ameiter (1982) and said th at of 15,000 cattle inoculated with 
" Carbozoo " eleven died . These deatha might have been a result 
of the inoculation, hut this possibility eould only be confirmed in 
two animals . 

~ oy~~~k (1932) stated that a dense suspension of virulent 
orgamsms m 1 :40 dig itonin or 1: 10 saponin, in Rerum-saline, ·Ji d 
not kill guinea-pigs in closes of 0 ·1 c.c. 

Bory (1933) found " Carbozoo " avirulent for horses and cattle, 
but moderately virulent for rabbits. He did not believe Mazzncchi' s 
vaccine contained virulent spores, and considered the stra in 
resembled the Pasteur ,;;train. Although " Carbozoo " immunized 
sheep more satisfactorily than the double P asteur vaccine, Rory 
aclvised caution , beeause he thought the new vaccine might prove 
rather virulent . H e also st ated that a vacein e strain suspende-J in 
saponin was le,'Js virulent and produced a better immunity t han 
t he same strain without saponin. 
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H all (193-!) i n Nigeria tested a P asteur II str ain in two per 
cent. saponin. 'fhir ty-t'»'O sheep and twenty goat s survivec1 an 
inoculation of t h is vaccine, and all bu t oue sh eep and t hree goats 
resisted a virulen t dose given later . 'l'his Yaccine contained u p to 
one t housand million spores per dose : even weak vaecines would, 
in such concentrations, g ive a satisfactory immunity . H all said 
that t his st r ain , if used wit hou t saponin, often hlleJ goa t:, . 

E ichhorn and Lyou (1934) in America used a num ber II spore 
suspension in t wo per cent. saponin and got excellent r esults . 
At first they used five per cent. saponin , bu t this cau sed rather 
severe reactions . Lyon sa id t ha t the strain u .sed was of A.m eriean 
or igin, and that the vaccin e could be u sed for horses as well as 
for other animals. It was fur ther claimed tha t the addition 
of saponin resulted in a better immunity , apar t from m aking the 
vaccine safer. As all the 1 ests publish ed in t his paper were clone 
under laboratory conditions, i t is -.i iffieult to see how the h ig her 
margin of sa fet .v was assessed. 

H upbauer a nd Goj kovic (1935, 193G) found the or dinary 
Pasteur vaccine too virulent, and t herefore prepared a g lucoside 
vaccine con taining· a l arg e number (400 million) spores per close. 
'l'his was tried on 12 ,000 cattle and sh eep, none of which died. The 
imm unity "·as said to last eight months, as a rule ; but only fou r 
months i ll hen vily i nfectecl clistricb. Severe lora 1 a nf1 ,;yst emic 
reaction .-; sometimes followed inoculation . 

.Megyaszai (1936) inoculated 200,000 sh eep , 70,000 cattle, and 
3,000 horses and eonfirmecl , in general, th e valu e of saponin 
vaccine. H e stated , howeYer , t hat sever e r eactions som et imes 
occurred in dairy cattle and in ~working o:sen , and th at t he vaccine 
was unsuitable for horses. 

Gerlach (l 9JG) reaffi rmed his earlier statements (1931, 1932) 
concerning t he succesb of saponin vaccines, but pointed out that 
horses of ten developed caehe:sia, and sometimes died , after inocula
tion. Gerlach now recomm ended 0 · 5 to 1 · 0 per cent. saponin . 

L opez (1937), in Spain , reported that he h ad successfully used 
tt P asteu r II strain i n one per cent. saponin on abou t a million 
eattle . U nfortunately th e detailed results are not yet avail able. 

The workers quoted above have, broadly speaking, confirmed 
some of the claims of H ruska and of Ma?:zucchi . It seems estll blish ed 
that saponin vaecines h ave , been more satisfactory than t he Pasteur 
vaccine or the Sobernheim. .Many workers have repor ted som e 
undesirable reactions "·it h t he saponin vaceine, and many have 
said i t should not be used for horses , although th e discoverers 
claimed complete safety for all domestic animals. Voy~~ek is ihe 
only worker , apar t from Hruska a nd .Mazzucchi , to claim th at 
virulent strains can be made innoeuous by adding glucoside. Only 
Bory has eompared t he effects of t he same str ain with and without 
saponin . U nfor tunately , we h ave only been able to see abst ract .;;; 
of these two papers. 

The authors r efer red to below nre t hose wh o have not foun d 
saponin vaccine so suceessfu1. 
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Staub (1932) reported that Hruska's vaccine (saponin and 
Pasteur II) could kill rabbit.:;, and he also obtained the rather 
anomalous r esult t.hat this relatively virulent strain, with saponin, 
produced a far poorer immunity in rabbits thait a double intra
dermal i noculation of Pasteur va ccine. Staub got the same result 
when he made up his own saponin vaccine, although he used qmte 
a dense suspension (60 million spores per c.c.) . He concluded that 
saponin reduced virulence, but did not affect the production of 
immunity . Ramon and Staub (1936) found that the immunization 
of sheep am:l rabbits with saponin vaccine was less successful than 
with the double Pasteur, the spores plus lanolin, or the B esr edka 
methods. 

,J ~zi(· (193;3) was unable to substantiate Hru::;kn's work on the 
innocuity of virulen t strains in ten per cent. saponin, and also found 
t hat adding saponin to weak vaccine strains did not improve them . 
.T ~zi(~ conclud ed that the efficiency of glucoside vaccines depended on 
the saponin and on the poteney of the strain used . 

Huber (1933), in Uat::n-ia, was also unable to make a suspension 
of virulent spores safe by a(l(ling saponin . In one experiment, seven 
of nine sheep died of anthrax after inoculation of a saponin l'accine 
prepared from a vi ru]en t strain. Huber also incorporated Hruska's 
own strain in saponin, according to the directions of the discoverer, 
aml found that the vaccine, although producing good immunity in 
~heep, caused quite Revere reactions. In another experiment . this 
strain, in digitonin, killed five of Rix goats. Huber also compared 
the immunity j)I'O(luced in goats hy a fairly dense suspensiOn of 
Hruska's strain in digitonin with that eilicited by an ordinary siJJgle 
spore va.ceine made from a vaecine strain obtainecl from Onderste
poort. (In South Africa this strain is used exclusively to immunize 
g·oats and equines.) Both the digitonin vaccine and the plain spore 
vaccine produced an exeellent immunity, but the former causerl 
severe reactions. Huber considered it too dangerous for field u se. 

Manley (1934), i n Cyprus, carried out several experiments with 
a virulent strain suspended in saponin. At first he suspended the 
,;train in ten per ('eni. saponin and found that rabbits and large 
animals, although surv iving an inoculation of this vaccine, showed 
serious lo('al lesions. Be'lfa~nti (of the I.S.M.) then advised Manley 
to use two per cent. saponin, but although the immunity produced 
hy thi;; suspension was goorl, the reactions, which included the (l eath 
of a goat, were severe; arHl precluded the u se of this vaccine in the 
field . An ordinary ;:;pore vaccine, made from an Onderstepoort 
strain , gave as good an immunity as t he saponin vaccine. It must 
be pointed out that a rabhit inocul ated with Manley's virulent strain, 
without saponin, survived; sq this strain r·annot be reckonerl fully 
virulent. 

/';ovijefski (1935) found that a vaccine made according to 
Hruska' s prescription gave a good immunity, but was dangerous to 
horses. 

Grajewski (1935) failed to immunize rabbits with several inocu
lations of " Carhozoo " vaccine. He also said Mazzucchi's vaccine 
was equivalent to a Cienkowski II; that is, virulent for guinea-pigs, 
but not for rabbits . 
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TerentieY (Hla7), in the U.~.S.R. , inoculat efl a nmnber of 
hor,.;es, boYines, s heep, and goab , with a Zen koYsky II Ya<'ciilP in 
both 2·5 per cent . and 10 ·0 per cent. 13aponin. Jt r:;eemed as ii the 
animals inoculated with the spores in :2 · :) per cent. saponi u de1·elo pecl 
the better immunity . .Ul sheep inoc ul atecl wi th a ,- inllent strain 
in ten per cent. Rapon in clied . 

lhsl'us.,ion of {,itrra.ture . 

l. ( 'onst itut-ion of sapo n111 1·arr·inrs .- To our knmderlge , 
"Nla;~,?.ucc ;hi ha.,; a lways clninied that· the Fdrain l1e uses is virulent. 
Both Uraj t> l\' ::i ki ;Jnd nor,\' , hOI\('Yer, co uld Oiily isolate attenu:ltecl 

strains from "C'arbowo ", :n1d neit her .f ~ zic~, Tiuher, nor 'J'e rent ieY 

could nwke a. virul ent sh:1 i r1 i nnoc·11ous h.1· :ulrli ng Kaponin. Vuy :;Z·e k 
dairn ecl th a t :1 virulent strain in -<:lponin-seru lll -~:dine clicl not kill 
guinea-pig;; . Unfurtnnatdy 11·e ha1e only se('n an ahstr:1d of thi s 
paper, hut sugge,;t thnt the nnt.ltnl!'i claJ effect of se rulll m ay h:IYP 
pla,vPcl a rtde. ::Hanley , abo. 11·n .. ; a b le to make a Yirnlent. strain non
lethal io ii heep, bnt in this t'a se t here i,; e 1·ide nce sbrlll·in g- tlwt the 
Rtrain usecl wa...; no t fully Yindent . Th e reaC't ion s were , howeYer, 
very sever e . llru,.;b, Zovijp1·ski , Hall, Eil'lll10r11 a nd Lyon, Hub
bauer and UojkoYic, all u..;ed attenuated strains in their v:wcin es and, 
apa r t from tbe claims b~· the Italian IHJl'kers, th Pr·e is Jill e\':.<lence 
of Yirulent ,.;trains ever l1aving- been usecl in fi elcl inoculationfi . Huber 
l'on siclered eYen Hruska 's attenunted strain (Paste ur 1 I ), su~penderl 
in saponin, too virulent for larg-e scale use . ft is ali'io <'l ear , fmlll 
Hruska 's anrl \\~eic1lirl1's puhli caiiOJl .s . thnt HruRka's earli e r vacc ines 
were strong-er and more prone to ca use re:wtion s that th e later 
lll'O ci ucts. 

There has also beeu l'onsidPralJ!e sp ecula tion about tire <:on ceu
tration of saponin that shoulcl be u sPcl. 1-1 ruska, in Iris Parlier papers, 
maintain ed th:1 t t he fi:lfety ;~nd c•fhcac,\· of hifi vacr:inc• dPpended, to 
a marked extent, on the prese nce u£ a fairly l a rg-e amount of s:1pnnin. 
Neve rtl1 eless tl1is does not sePm t.o l1a1·e bee n of sul'h ni t i<'al import
:lnce, because, in s uc'C'e,.;sin · years. Hrus ka reduc·ed thC' g-lurosiclP 
<·onr·e ntT:Jtion fmlll te n to f01rr a nd , finall,,-, to on e per c·eJl l'. U erla c h 
Raicl, Inter, t hat 0 ·5 per cent. ('ould lw nsecl. Hall, Eil'hhorn and 
L yon, Lope;~, p / a!, all li~Pcl or1e to tiYO pe r cent. s:1po nin. 

On the whole, t herefore, it ~eelll s unlikP]~- tlwt Yirul ent strains 
cau be usP-rl in vaC"cin es, and it i" a lso nnli kPl~' that "Carho;~,iocJ" 
c·ontains a ,-indent s train. 

2 . l<:fji('(ti',IJ of sa;JOitlll rocci nes .- }lost 11·o rkers, E'X<'t•pt Sta ub , 
and Han1on and Staub, seem agTPl'll t.hat saponin ,-:tl"Cin p,; h<IYe pro ved 
l1etter t lwu som e old er types of 1·arcines (e.g. the double Pasteur; 
Robemheim's) . Kinc1 (19'22 ), Viljoen , Curzon and Fourie (1928), 
<-.luin ( l92U). lluher (LD~~ ;~ ) . .\Linley (Hl34 ) , have sl1own , however, 
that siuglP spore Y<i<'rin e,; c·an giYe ex ce llent results. Therefore 
saponin vac:cines, h efore a sound eYalua tioJ\ of t l1 eir worth ran b e 
made, s hould be comp ared IY.i Lh good si nglP spor e vaccines. Ull for
tunately , li ttle 11·ork l1a~ lwen done a lon g- these lines; an([ it is 
p erhap .-; sig-nifiC'ant tl1at s:lpomn Y<Lf'cin e ha s foullcl most fa 1·our in 
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countri f's t h :d I1:Hl not, up to th e iime of adoptiug saponin vaccine, 
used go<Hl ,~pore Ya!·cine,; . In .lmerica , for exampl e, t h e qu ;~ lity of 
a nthrax prophyla<'!,ics ,,·as, pri o,- to t he introduction of" Uarhozoo ", 
,·ery poor. Goch enour et al (1885) tf'stecl a large nu lll be r of .\meril'all 
;~nthra-x prophyladics . 'l'h e,;p " ·o rkers 111ade t he en t irely wrong 
statem e nt t hot one cerlrun !.·ifl inr; dosp of Yirulent a nthrax spores 
\\·oulJ aliYay,; kill a proportion of a n imab, howeYer solicll:-· these 
\H' re inLmunize<l. They therefore emplo:-·e<l in the ir tests a v iru le nt 
s uspen s ion tl1at \\·ou lcl not kill a ll uninocula LPd con t rols . E,·en \Yhen 
llleasurecl hy such a weak standa rd , most of t he v :H·cines tested g a Ye 
JIH•agrf' or 11 0 protection . Apart from saponin va<·cine, almost a ny 
good spore Y<l('<::i ne \Yould ha ,-e bePn :l great imp rm·em ent. 

Huber, in H:ttnvia , a nd 'Jia nl<',Y, i n C.:,vpru:-;, both worhn g 111 

<·ountriPs \dH•re :-; ingle ~pore ,·aecinPs ha,·e hePrl H'r.'· succt>Rsf ull y u,;ed , 
co rnp:nt·<l sapova!'!'ine,; dire<· t l,,- " ·ith good s pore Y<ll'l'i. IIP~ , on a sn1all 
S!':ll e . .:'\eith er found th e rt>sulh with sapo11in Y:tl'l·im· good f'n ough 
to make use of tlw ue" · mPtho<l fo r illlll l Uni ~<lt ion in t h<• t·he ii e l(l. .\ s 
" ·ill l1P sho\\·u , lhl'Re "·o r-k e r~ "·erP rni s iP(l by Eu ropen 11 puhli !'ation,; 
mHl t hus fa i led to gi,·e saponit a fair t ri :d . Th e ins istnn!'e , hy 
llla ~zli<T h i in partiC'uLir , t hal s:l]H >nin Ya (;(' irlt' should ln· mad f' fm111 
a Yi rul t> nt strai 11 , a nt! hy l lrusb, th:il t he s afE-> t~- of sapov:}('!'ine,; 
t!Ppend Pd •O il the d t>gr et· of rp;~rtion to tlte sa ponin, lerl to the prorl u!'
tion of vac·<·i nes !':\Using SU('h se\·pre lo!';d and ge tl Pra l rea< ·tions t·hat 
i I1Pir unsuitahili ty for fiel<l \lse \\·as olFious . 

1-Jrusk:t , Ei!' !ilwm and Ly on, .\laz~ u!' c hi , and other H, elai rn !•d t.hat 
l'attle, horse,;, shPf'P and goats , <·ould all be immunized wi th tlw 
,;a me sapOY<Il' c ine. K f'\·erth t> lf'ss, Ute ohspn·aLionR of Staub, Troger , 
Hory, and Hubt> r , sh owecl tha t sapou in Ya('l'in e " ·as 11o t i 1111 onwus, 
and Zofi.j ebki, Meg·yaszia, antl Gt>rlach, statP<l that h orsp,.; sho u ld noi 
hP inourlatf' <l "·ith thP !'attic• Y<l!'!' iue . I t is II Ote,Yort h v that LedPrlt• 
Hros . . in .-\rneri!' <l , no\\· rnannfacturf' a spparatP Y:t!'(·i·nP fo r horsP~ . 
i11 spite of t he e;~ rl y finding·,; of Ei chhorn a11<l Lyon . Nen~rthe:less 
rno-;t of t lw eYidf'nC'e poin t~ to n (lefi 11 itP, if lim it f' tl , I'P<l uction in 
,·irulf' rr< ·e hY saponin . 

.,.\ furl1 1f'r poin t, " ·h i!' h sho uld hP cons id e red \\'hPn e ,·,Ji uahug
t he result-s ob tai nf' ll with s;tpon in ,·ac·<·i ii P, is doRage. '.\fany workt-• r.~ 
ust>1l large <Iosee; of ~ pores in t lw laho rato ry tesh. 11 was shown, 
Ste r11P (H)TI). S1!'1' rlf' and Tiohin ~on ( J~J:l9 ) . 1hat immu nit y i n anthrax 
is dosdy houutl up '"i t h th e nulllber of hac·il li in t.h~ Y<ll'!'inating 
dosf' . Hall, Hrn.-;ka, Stauh , Huphauf' r· and Go.ik<wic, nll usPd f n irly 
1na s~i\'l~ closes of bacilli , a nd thiH r11ust ha\'!~ Bat te red their resul ts . 
Sp,·e ral authors ha,·e d n1\\' ll !'Onr l usio n ~ ahout tlrP snfPt .' · of sapon in 
Y<Wcinrs o n th f' n·sulh of lahor:1t or Y est..; . WP ha,·<· sh<l\nt in a 
prev ious paper t h;d· such a n assump.tion courts ili sas1<•r. H can not 
ht> a.';sume<l t hat :t ,·accine snfe for go;1ts kept· un<lPr l a horato r·~· con
d i t ions '"ill he at all safe in tl1 P fi f' I cl. 

This sun·ey of t lw literat ure show~ , therf' fore-

(1) tha t , with fe \\' f'xcept ions, \\·orkers a re t·onvi ncecl that 
sapon in Ya('cine is bette r tban oldf'l' \·accine" such a,.; 
Pasteur 's or Sohf' rnhf'im ' s ; 
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(2) t hat th er e is a doubt whe th er saponi n Yaccine is supen or 
t o a goocl spore Ya<"cine ; 

(3) t hat there is li ttle doubt t h at ~apo niu r educes, to SOlli e 

ex t ent , !he Yir ulen ce of a n th rax st rains ; but t h a t Tin tlent 
.~ t ra in s ca nn ot be u sed to prepare vaccines; 

(4) t hat th ere i~; no concl usiYe H iden ce sh o"·in g that· saponin 
im proYes t h e immuni>~ing po\\·er of n stra in ; 

(5) t h at !he n e,,· Yacci ne is n ot a:; safe ;ts ~· a s first th ought. 

EXPERIMEHTS. 

A . E x PE ilD IES T S To s n ·: " · n E THER S.-~ Posix Y .-I CCIS I·: c o cr.JJ n ~-: S AF E LY 

U SED rsn EJl So t"TII ),F IUC.\ S ro:\DIT IOSS . 

[ Sapon i11 puriss imn tll or punnn C~lerck) ' '"as u sed t hro ugh out. ] 

] " 'I' ll(' E.tlect of S OJ! O /Il/1 0 1! ru·ulenl A ntlu ·n ,/' ,'-; / rain s . 

TABLE I. 

T/!(' F;:ffrct on S h crp anrl Goats of r i rulen t S tmin s S11 S[J1'11d rrl 11? 

Saponi11 nrr·orrlin _q to thr Jl! rthod of l!nrska. 

I 
Ku m ber of s heep. l>ose of virulen t spores in :'i per cen t . sa ponin · 1 

------'- --- ---- - - --,---- ----

H es u lts. 

2. I 2. 0 c.c.. t (2), t (3). 
2 .. I l · 0 c·.c. . . .. .. .. .. . . . ... .. . . .. . . .. . .. . .. t (3), t (2). 
2 . .. " ...... .. . " .. .. 0· 5 c.c. ... . .. .. . .. . t (2), t (6). 
1 I o .;3 c .c J 
1: _: _· _· ·_·_· _· ·_·_·_· _ _ _ 

1

_o_ ·_l_ c ._e_ .. _· _· _ _ _ _ ·_· _· ._._· _· _ ._._·_· _· ._._·_·_· ._._
1 
__ t _{4_)_. __ 

I D ose o h ·i rulen t s pores in 10 per cent . SR.pon in. 

2. -. -.. -.. - . -. . -. . --- :? · 0 c .c .. ~~~-)- -t~)----
2.. 1·0 (' ,('.. .. .. .. ... .... .. .. .... . .. .. .. .. t (2), t (8). 
:3 .... . . .. . . .. . . .... 0 5 c.c·.. ...... . . . t (5), t(7). L. 
1.. 0 · :3 c.c . . . . . . . . . . . . . L. 

1. 0· I e .c .. .... . .. .. .. . .. . .. .. .. .. .. .. .. .. . 1__!_(6_)_. - - - -- - ---

J. 
1. 

Goats. 

Cont rols. 

0 <{ c.c . (fi per cen t . sa ponin ) . . . 
0·:3 e.c . ( lOper ce nt. sa pon in ) . .. . . . . .. . . 

Yirulcn t spores in d istilled wa.ter. 

t (S) . 
t (8). 

sheep .. .. .. .... 0·:3 c.c. . .. . .. .. . .. .. t (6 ). 
goat.. . .. .. . .. . . . . 0 · :3 c.e.. . . . ... . . .. .. . . . . . . . . . . . .. . . . . . . t (li) . 

t (2), o r t (:3) = Died in two or in three days. 
L. = Lived. 
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.\I. STElt~E , E . 11. IWBli'\ SON Ai'\ D .J . ~ICO.L . 

The re::>ults confirmed thDse of J ~zi: (1933) and of Huber (1930). 
~\Jthongh there IYas e1·idence that th e saponin modified the action of 
t he Yirulent spores, lYe did nol consill er it worth prol:eeding wi th 
t hese experiments because t he resul ts were too u nprom.is ing . lt 
did not <~prwar likely t hat Yirulrnt spores l:Ould be i ncorporated in a 
Y<t<;C IIl e . 

A 11umber of experiments ,,·er e carried out on rabbits a nd th e 
findings we re con~isteut ,,·ith t hose oLtain ed with sheep and g·oat,;. 
)Iost of t h e rabbits died , but it seemed tha t t he u se of saponin 
r erluc·ed , sli ghtly, t he number of deaths. 

2. the Ejject 011 .lfe rino S h eep of a l "acGine stmi11 s11Sfl enrled in 
fir e Ji f>T cent. S apon·in . 

Spores of an ordinm·~- Yacc ine strain were suspe nded in fi ve JWI" 

-cent . ,;aponin. S ixty sh eep 11·ere each inoeulated with 0· 3 e.c . , sub
cutan eou s !~- . One lot of twPnt.\· were don e in t he s icl e of the nerk, 
one lot in t he insi cle of t he thigh , and another lDt und er t he· tail. 
,\_:[] sheep ''"ere left to ru n in a pacldock. 

After b ; e nty-four hours most of the sheep showed exten:si Ye 
·oede ma an cl inflanm1ation. A numbe r had large bullae a nd some 
:illoll·ed erosion s where t h e bullae h ad ruptured . T hose done in the 
lPg sho11ecl the same local lesions as the others and , in aclcli tion, were 
extremely lame. Some carriecl or t rail ed t he affected leg . The 
reac tions ''"ere fl ti.ll markecl after a week. 

The EffPct on Sh eep o.f S aponin Solution a lon e . 

'l\Yenty sh eep were clivicled in to four groups and each rel'eivecl 
une c .c. of one of the fo'llo"·ing solutions : 2 ·5 per cent. sapouin in 
salin e; 2 -f> p er c:ent. saponin in 50 per cen t. g·lycerine-saline; 5 
per ('en t. ~aponin in saline; ancl 5 pe r cPn t . saponiu in 50 per cent. 
g-lyc·erine-sa.lin e. All th e an im a ls were stabled a nd th-e inoculations 
-donp in th e inside of the t hig-h. 

The r eactions 11·e re ;.;eYe re. Extreme la meness was the ru le and 
open erosions \\·erp frequent. The lesions and l amenc~,;:; we re still 
quit e mark ed after 14 da_vs. T here were no rletectablle differences iu 
the les ions and lameness pro,·oked by the saponin in sa lin e , and t he 
.~aponin in g-lycerine-saline . 

--1-. Detwrmmatio11 of Suitable Dose of S aJI01tt:n for So·ut!t Africru t 
('onddions . 

Six sh eep we1 e each inocula ted wi th a clouble dose of 
" Carbozoo " vaccine prepared by the I stituto Sieroterapieo 
Milane:se, and six with a double dose of " C'arbozoo " from L ederle 
Labora tories·, ;{e"· York. The reactions were inconsi<lerable com
pared with t hose we got with saponin a lone . 'l'huH the violent 
reactions orig inally r equirecl h.v Hruska and by Mar.ztH•r·hi no lon ger 
seemed in sistecl on. W e found that 0· 5 c.c. of 0· 2ii to 0 ·5 per cent . 
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sapomn proYokecl, in sh eep , rfladion ,; rough·ly equivnlent to those 
cnusecl by t he imported Yaceines. The addition of gl~~ce rine (up to 
50 per cen t. ) seemed t o han' little dtect 011 t h e character or inten sit.v 
of t he reaction. 

5. E.l'amiJwtion of S tTo ins f so fat ecl jtom "CariJO:::oo ,. rnccines . 

Ant·hrax strains ,,·ere isolatecl hom both·' Carhozoo .. ( ~Iil an ese) 
and .. ('arhozoo " (LP,]erle) . T he form er, ncconling· to the manu h l('
turer ,;, ,;honld co ntai n a Yirult>nt st. rain . '!'h e latter is stated to 
!'onta in a Pastt>ur TI strain . '!'he c ulhnPs from {J nth, lt o,,·eYPI', 11·er t> 
t,vpi<"al of vacl'irw s trai n,; and on]_,. Rli g htly more Yirul !' nt than th P 
:-;t ra in ,; n ,;ed lw re. at Onderstt> pood, for prepari ng· ordin ary singl e 
,;pore Y:li"Ctn e. 

A triatl batch of sport': l'a('cine-n ot ~aponin sporP Yai'Clne- ll·as 
prepnre cl from a strain frf'sb l~· isolat ecl from " Ca rbozoo" (M:i l::nwse) . 
..,\ tf'st of th e Yintl en ce of t he undiluted g lyl'er ine-sa line .~uspen sio n 
(1·ir1·a 30 m illion s pores per c-.v .) gaYe the f ollo" ·in g resul ts :-

2 sheep received. .... . ...... 20 ·0 c.c . L , L. 
2 goats received . .. . . .. .. .. 10 0 c.c. L , L . 
2 rabbits received 0. ] C. C. L , L. 
2 guinea-pigs rece iYed ... . . .. 0·] c.c. t (3), t (3) . 

2 guinea-pigs recei,·ed ... 0·0 1 c .c. t (3), t (4). 

2 guin ea-pigs rccei1·ed . . . 0 001 C' .C . t (3) , t (3). 

i-'heep " ·h il'h r<>ceind 0 ·1 or 0 · 01 c·. c. of this Yac-cin e were ,;oli dly 
i ntmun f' to a te;;t willt a large clos<' o f Yirnlent spo re.-; . 

Thirty tho usa nd lt eacl of ca ttle 11·e re t he 11 iJLo c ulnted with a dosE' 
f'quinlle nt to 0·01 c .c·. of the '_ln,lihLted su,.;pe nsion (,·in·a :wo,OOO 
;o;po re,; j)l'l' 1·.c. , ancl fiye di ed. Thus although th i ;; <>t rain w:ts a F>h acle 
more ,·irulPnt than th e !HlE' 11·e the, i( cou ld , hy JJU stTetc-h of tb e 
imagination , lw <" a ll ecl YirulPnt. ),ecorc1i ng- to our c rite ri n [ Rh· t·n e 
a nd H obinson (19:H.J)], batches t h at kill g'11li1Pa-p igs a,; rapidly a s t hi s 
~Jr f' not issu ed for lnrge scale inol'ulations. T r ial bnh·hes (,,·it hout 
s:1ponin) , prepared from LE>deri P Laboratories st.rain , gaYe apprnxi
lll :Jh· ly the samP results. 

Further ill,·es tignt-ion showed til:lt if l'nltn re . .; from either th P 
Jfa li nil or A.meri<"nll "Carbozoo" vucc·ine were allow<'d I t~ :1p;<· 
slightly on :Lg'<l.l' t lwir Yirul<'nCP cle<"r8nsecl. :-;ul'h s tr:tin s 11·e rf' t ltf'J J 
Yery suitnbl.- for prep:Hinp: o rdi na r y sp orE' Y:L<Ti n <'S . Th e ir Yiru if' ll!'E' 
!'ould , i f ne1·essary, he easil_,. enl'han cE'd by p:uinPa -pi g p:hsag-e. 'l'h !·' 
g l yce rin e-sal i rw spore s us pe nsions pre p:H<'cl from t lt,•se :; traitLs ,,·c•n• 
~tahlP fo r l ong [lf'l' lO!h. 

Sf'Yeral batchf's of spore Y:wcine (again ,,-jthout ~aponiJJ ) \Y el'f' 
prepared from strains isol ated from th e Italian a nd th e A lllcril'n ll 
\';H·cin es . TheRe ba tc hes wer e u sed for in n!' nla ti ng- large numbers of 
cattlf'. The r e,.ults of t h e tests clon e from ] !):16 to U):1i nr e 
sumlll nrized belo'" · 
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SAP OKIN SP OR E VACCI NE l:'OR INOCULATION AGAI NST ANT H RAX. 

All t h ese lots of vaccine were issued at dilutions vln ~· i ng· frouJ 
1 j25 to 1 / 100 of the concent rated suspension (1,000,000 to ~50, 000 
spores per c .c .) . Th e results showed t hat, '"hether saponin did or 
did not have the effect claimed for i t , th e stra ins isolated f rom 
sapon in vaccines gave excellen t r esu l ts, without saponin . 'l"h ese 
strains were as effective as t he B oshoff st rai n whicll we have used 
successf ully for so many years. 

D iscu ss1:on of Prelim Z:n ary E x pet imPnts . 

~ 1 ) Virulent strains suspended in sapon in could not I.e u~er1 a~ 
vaecrnes . 

(2) The amoun ts of saponin recommen ded by Mazzucch i fmd by 
Hruska gave r eaction s that 'vere too sever e for S.onth Afri can concli
tions . In th is coun try, where my iasis is not uncommon, open lesion~ 
cannot be toler ated. The extreme lameness, and consequen t impair ing 
t he an im al 's foraging ability , is also a serious dnndnwk 1m iter 
extensive farm ing conditions . 

(3) Anthrax strains isolated hom " Carbozoo " (}iila nese) and 
" Carbozoo" (Lederle) we re typical vaccine stra in~ . T hey ('Oul rl h 
used very satisfactorilly wi thout sa ponin. 

( 4) A dose of 0 · G c .c . of 0 · G per cen t . saponin ~olution proclu eecl , 
in sheep , r eactions roug·hly equivalen t to those evoked by t he import ed 
vaccines . 'J"his dose, U· 5 c.c., was chosen because, for technical 
Tea sons, it was desira ble to keep the small animal dose at 0 · 5 e .e . 
an d t he large an imal dose at 1· 0 e.c. 

B . ExrJ-: JUllfENTS TO SEE Vi' I-u:n -I EH SAl'ON JN \\' (Yt.:Ln (1 ) ::\fo J>H'Y n -I E 

Vmur.E~CE oF VACCINE STRAINS AN D (2) I -yiriWVE TIIE I MMUNITY 

Eucrnm BY sucn Snu rNs . 

The preliminary experiments sliowed t.hat " Carhozoo " vacei ue 
contnined a n att enuated strain in probably not more thau 2 ·0 per 
cen t. saponin. W e wished to know whether sapon in , in do:=;es which 
were tolerable u nder our eonrlition s, wo1.dil fulfi l th e cla ims made 
for i t and justify t he expense a nd i nconvenienee (foaming) of m;ing 
t his substance extensively . We were loth to give up t he con venience 
of using g lycerin e in t h e vaccine so the effect of this W <lS also 
invest igated. 

1. Experiments on Guin ea-]Yigs to see w hether Sapon-in could 
R educe the V1:rulence of Vaccine Stra-ins. 

Mazr. ucchi and others claimed t hat saponin reduced t he viru
lence of an thrax strains wit ho ut impa i ring t heir al>ility to iml1l nnize 
n nrl t hat even virulen t strains could be used as vaeeines, if suspender] 
in saponin . This latter contention is unlikely in view of th e r esull ts 
obtained by us and by other workers. It was decided therefore to 
t ry the effect of saponin on a ttenuated str a i11 s. 

The tests bad necessarily to be carried out on small animals, 
because sheep and larger an imals are, in the laboratory, pedertly 
resist an t to vaceine stra ins wi th , or without , saponin . 'l'l1e am oun t 
<Jf sa1Jonin in eaeh dosP of vaecine g·i ven to t he g umea-prgs was 
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chosen so tha t the resulting reactions should be comparable with 
those desired in la1·ge animals. It was fe'l t tha t doses causing exten
siYe necrosis would not give t be information r equired; that is, 
information as to the possible effect of sa ponin on vaccine strains, in 
practice. 

Guinea pig~ were inocul ated with 0·1 c.c . of washed spores of a 
Yaccine strain suspended in (1) saline ; (2) 1 per cent. saponin-saline; 
(3) 50 per cent. g lycerine-sal ine ; (4) 1 per cent. saponin in 50 per 
cen t . g lycerine-sa line. 

'l'he spores were left in saponin for 20 clays . Th e dose of Yaceine 
was <..:hosen so t hat not all th e g uin ea-pigs " ould die. Thu;; there "·a. 
a great er possibility of differences between the gro ups being sbown. 
Preliminary experiments h ad already shOI\'11 that these differ encfls 
IYould not be large. The results are summarized in Table III. 

Analysis of R esvlis sho1cn ·i·n Tab le III. 

(a) Grottps 1, 2, 3, 4.- The number s of guinea pigs th at died 
n t t iYel Ye-hou rly intervals were eomparecl by Fis her 's X 2 method. 
It was found th at t here was a signifiC'ant differ ence (P<O · 01) 
bet1n •en the ra tes at which the guin ea-pigs die<l iu the different 
groups. 

The numbers of sur..-n·ors in the four groups did not differ 
sign ificantly (P circa 0 ·1). 

(h) Gro11ps 1 and 3 (sal in e and .t;ly rerin e-m liue ). - Th e llumher 
of deaths was compared with t he number of surYiYors at each tweh·e
hour period. rrhere was a :;ignificant rli-fference between the bYO 
groups up to 156 hours . 

The total number of deaths and survivors (240 hours) also 
differed significantly in the two groups (P < O · 02) . 

(c) Grou ps 1 and 3 compro'ed 1cith 2 and 4 (g ro1tps 1cdhout 
saz10n£n compared uith {]Toups with sazJonin).- There was a highly 
significant difference in t he number of deaths up to 108 hours, and 
thereafter t he differ ence disappeared. 

(d) Gmup 1 comparPCl with grou71 2 · (saline uer.ms sal·,>ne
so ponin) .-There was no significant difference up to 60 hours, but 
thereafter t he groups differed , sign ifieantly up to ] 08 homs. After 
that, again no difference. 

(e) Gro11p 3 co'lnpared with grouzJ 4 (g lycen:n e-saline 'Ve-rs u s 
glycerine-saline-sapon·in) .- Again, there was a significan t differen <..:e 
between the groupa up to 108 hours. 

(f) Compansu11 of effec t of saponi11 on saline and glycerine 
respectively.-There was a. significant reaction , up to 96 hours, 
behveen glycerine and saline with saponin and no saponin. Aft~:>r 
96 hours this reaf'tion was no longer evident. 

'l'he following conclusions can be drawn from this analysis: 

From (b).-Spores suspended in g lycerine wer e appreciably 
more virulent than those suspended in saline. There was not only 
a more r apid initial death r ate, bu t also significantly fewer su rYi
vors in the g lyeerine group. 
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FIGURE I. 

The nwTtality rates in fow· gToups of guinea-pigs inocdated with 
atte.nuated spores suspended in different 71lenstrua. 
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SAPO KIN S PORE VA CCIKE FOR IKOCULATIOK AGAlKST ANTI-IH AX. 

From (c), (d), (e).-'l'he addition of saponin reduced t he vint
lence of both g lycerine and saline spore suspensions . 'l'his was 
shown only in a lag in t he rate of dying in the saponin groups; 
for even tually there \\·as no significant difference in the number 
of survivors . 

From (f) .- 'l'here \YUS practically no <l ifference m mortality ir. 
the saline-saponin and glycerine-salin e-saponin groups. 'l'he 
r eaction demonstrated in (f) shows that saponin reduced the virulence 
of glycerine suspensions more than it reduced the virulence of 
saline suspen sions. 

These conclusions are clearly demonstrated in Figure l. 

2. Ea:zJe1"i77Wnts on SheezJ to see wheth e1' Sap01u:n l?z creased t he 
· lm111unity l)Toduad by Vaccine S t rains. 

It has already been stated that only the grossest differences in 
virulence of vaccine strains can be detected in lnrge animals kept 
under !laboratory conditions. 'l'h e experiments noted belo\Y, there
for~ . were desig ned onl:v t-o see whether spores in saponin produced 
a better immunity than similar spores \\·ithou t saponin. 

Uelow a re summari~ed t he results of several experiments where 
the immunity produced b.'· spon'~ of Y<H·cine stl'ains suspt>ncled in 
glycer ine-saline " ·as l'Ompared \\'ith the immunity t>licited h~- tht> 
same nurn ber of spore~ iu glycerine-saline plus saponin (1-2 · 5 per 
cent.) , or in saline plu,.; ~aponin. All th e sheep were tested with a 
large <lose of Yirulent spores three \Yeeks after inocu'lation, while 
r:ontrol sh eep r ece iYed one-tt>nth to one-thousan(lth of this dose. 

T.UILE IV. 

Comparison of immunity ]Hodueed in sheep b.IJ S/IOres tt·ith , and 
spores 1citl101lf saprmm . 

RESuLT OF TF.ST WITH .. 
VIRULENT SPORES. 

I 
iVI.ean Range 

No. of Inoculated T ested three weeks No. of of 
days days heep. with. later with. lived lived LiYed. Died. bv by 

I 
sh~~p sheep 

I I 
that that 

d ied . died. 

64 

I 
Vaccine spores SUS· Large dose virulent 53 ll 9 · 6 3 - 30 

pended in saponin spores (83% ) (17% ) 

I 

32 Vaccine spores with- La rge dose virulent 19 I 13 5·7 2- 22 
out saponin spores (59% ) (41% ) 

- --· 

22 N il (controls) Small dose virulent 0 22 2·9 2 -· 5 
spores (0%) (100%) 
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~I. STERNE, E. M. ROBINSOK AND .J. NICOL. 

There were significantly more surv1vors (P <0 · 02) in the sheep 
imm unizecl with spores in :;a ponin . 

'l'he mean s urvival periods (in clays) of the s heep " ·hich died in 
the three groups were compared by an analysis of Yariance technique. 
It was found that the sheep that died in the saponin group lived 
significantly longer than the con troh. No other significant differences 
were found; but it should be noted that the controls \Yould have died 
still sooner had they receiYed t he same dose of virulent spores as the 
immunized sheep . 

The fol:lowing table summarizes a small ex peri meut clone to see 
wheth er there was any difference bet\\·een the iunnuuity produced by 
saponin-suspensions \Yi t h or ,,-it bout glycerine. 

'J'AHLE V. 

The effect of .!J lycerlne 011 the lm lllllnity jii'Odllr:ed by sziores 
suspend erl in saJJonin . 

No. of 
sheep. 

16 

16 

Inoculated with . Tested three weeks 
later with. 

Result of test wit h 
virulent spores. 

Lived. Died. 

V ~~~:~:.:f~~~~nin glycerine- ~~ar~~=~=ilent sp-=~1 __ : __ --~-
Vaccine spores in saline- Large dose virulent spores I', 

saponin 
14 2 

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

1

1 : 

Small dose virulen t spores 
I 

4 I Nil (controls) 0 4 

This test therefore sho\red no difference in behaviour between 
spores suspended in saponin-glycerine-saline or saponin-saline. 

A further test was done to show the effect of saponin on vaccine 
spores. An av"irulent spore suspension, prepared from an uncapsu
lated variant of a virulent strain (Sterne, 1907) . was userl. 'l'hifl 
s uspension, now eight months old, had been used as an orchnary 
vaccine, hut was now about to be cliscanled O\Ying to age . Equal 
amounts of the spore sus,pension (at the dilution used for r·outine 
issue) were suspended in glycerine-saline and in glycerine-saponin
saline. Sheep were inoculated as shown in 'fable VI. 

vVe deliberately used an aged and deteriorated Yaccine. Three 
weeks later, the sheep were tested with a very large dose of virulent 
spores. We thought that if a fair number of the sh eep were killed 
by the test, differences bet\\·een the groups would be more likely to 
show. 
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SAPONIN SPORE VA CCINE FOR lNOCULA'l'I01\" AGAII\ST ANTHUAX. 

'l'AllLE YI. 

l'lu> effect of saponin on th e ·£mmvn·ity p1'oducerl by an a t·in d ent 
spore ·vaccine. 

No. of 
sheep. 

15 

Inoculated with. 

glycerine -saline 

T ested t hree weeks 
later with. 

Avirulent spores in 1 pm· Large dose vimlent spores I 
cent. saponin- 50 per cent. ! 

- --- - - - - ------ --------

15 I Av1rulent spores in ;)0 per I Large dose virulent spores 
cent. glycerine-saline I 

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

2 , Nil (cont rols) I Small dose virulent spores I 

Results of test with 
virulent spores 

Lived. Died. 

13 2 

3 12 

0 2 

- - - ----------

'l'his r esult is highl .r significant (P<O · 01) and is an additional 
proof of the efficacy of saponin in improYing the immunity produced 
by vaccines. It is interesting to see that this effef't is also shmn1 
with an aYirulent uneapsnlated strain. 

Conclttsions. 

(1) The Immumzing pm1·er of vaccme strains was considerably 
increased by suspen<ling them in saponin . This increase was also 
evident in the case of an aYirulent uncapsulated strain. 

(2) No difference was <1ete<"ted in the behaviour of saponin with 
or without glycerine. 

C. FIELD 'l'ES T S \YTTH SAPONII\ YA CCII\F.S. 

L Lar.r;e Scale Tnunmtizatio1l tcitl1 Vacr·ine Strains Sttspended 
in Glycerine-saline, tcith and tcit.hovt saponin. 

'J'he vaceines used were suspensions of spores made from strains 
isolated from "Carbozoo " (Milan ese). They \Yere so attenuated that 
t.he.v could safely he used withou t saponin. The spores were c1iluted 
for issue (a) in 60 per rent . glycerine-sa line, (h) in 50 per cent. 
g-lycerine-saline p:lus 0· 5 per cent. Raponin . Preliminary fiel<1 \York 
showed that vaccine prepared in this way "ll·as ,nJl tolerated , and did 
not cause undesirable local reactions. 

A large scale test was t hen carried out as follows: In the 
'l' rans.kei, in ] 9!17, 598,250 cattle were inocula ted with saponin spore 
vaccine, and 951 ,720 cattle with the same lots of spore vaccine, 
without saponi n. Al1l the cattle (1,549,970) werf' inoculated within 
two months (:May-June). 'rh e results are summarized below. 
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The Transkei- a homogeneous administrative area-was chosen 
for the tests because it was possible to inoculate all the cattle in the 
area . Here t here exists a ri~rid control and supenision by a large 
veterinary staff. This control is aimed chiefly at eradica ting East 
Coast fever , but advantage h as been taken of it to te:t the feasibility 
of controlling anthrax by inoculation alone. Ful:l details of the 
method of counting, ch ecking and controlling the animal population 
will be given in another paper dealing 'vith the control of an thrax 
bv immunization. Now it must suffice to saY that t h e control is real 
a;1 cl extraordinari l.v effective. ·-

TABLE VII . 

F ield tests lc?'th spore 1mccine.1 u·1~th and w£tlwut saJJOnin. 

i No. of 

No. of Cattle I deaths, Deaths Inoculated with. I Dttte of inocu lation. June, 1937 Inoculated. I Pet'centage. 

I 
to }[ay, 

1938. 

598,250 Saponin-spot'e vaccine I l\fay a nd June, 19:37 I 34 ·006 

I 

951,720 Same vaccine without :\ray and June, 19:37 

j 
40 ·004 

saponin 

The data give no indication t hat one vaccllle immunized bette1 
tha n the other. There 'vere fewer deaths in the non-saponin lot but 
the proportions are without significance. K o figures a re available for 
uninoculated cattle. Ho,,·ever, t he incidenc-e of anthrax in areas 
bordering on t he Transkei, where inoculation is more haphazard , iH 
very m uch h igher. These figures, too, will be given in .mother 
paper. 

2. Safety of Sapo-vaccines in t he Pielrl. 

It may be argued that saponin vaccine::; would yield better results 
in the field if prepared from more viTulent strains . The fo llowing
observations thro1Y light on this point: - A batch of ordinary spore 
vaccine, which had passed all the laboratory tec;t,; satisfactorily, was 
sent to t he field for testing. In the first test, ou 300 head of cattle , 
one died and sever al sho1ved swellings. For this reason the batch 
was withdrawn. vVe thought, ho\vever, that it \YOuld provide a 
satisfactory, and a not too severe test of the effect of saponin in 
reducing virulence. Accordingly, f urther issues of this batch were 
made ,;uspetded no,,- in 0 · 5 per eent. saponin. (D ose 1 · 0 c.e .- as 
was sho\nl eadier, larger concen t rations of saponin procluC'ed too 
severe reactions). 

'fhe result,;, on the whole, 1vere very good , but there were some 
complaints of deaths follo•ving inoculation. Two such complaintR 
we were able to investigate . The following table summarizes t he 
findings . 
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'fABLE YIII. 

D eath s follon·inq inoculat ion of sazwnw Trlccme. 

No. o f i:iheep 
Jnocula ted. I 

Deaths fo llow in) 
J noculations. 

I 
Bacteriologica l F indings. 

------:------------ ---------

!lUll t (c>), t OJ 
t ((1), t (7) 
t (8), t (!l ) 
t (S), t (\J ) 

All t hese sheep showed ;mthncx sept ic::tcm ia . 
The bac-illi isolated on culture wuC' typica I 
of vaccine· stra in inoculated. 

t (:)) l!"ad 111 ;; da1·s. 

Thus altho ug·h i he spores h<ld b et>n in con tact IYith the sapon.in 
fur a ~;onsi<lerable tiHw , 1n• h:l(l in coniroYertihle e,·irl ellce of tleaths 
cnnserl directly by saponin Ya<·<'Ine. 

8om P othe r a He1n pi ,; "·<'re Jna <l e to Js,.;u<· ,;tronger ,·a~;cutes. 
inco rpor:1 te<l in ~;qJO nin , lnt t i h<',;e Y<IC<"in P~ no"· <~ J td th en gave ri sP 
to alarming rea('tion s , :tn<l eY<·nhtnlly ''"e \\PI'e compelle tl io g·i ,·e up 
tr yi ng to u .,;e s tronger s train s anJ to empl oy- for pre pa ring· ,;n ponin 
vau·inP- strains t lt :1l coul<l lw t>:1fe ly issued 11· iih oui i'aponiu. 

~ t·\· Pd ltc·h· s .~ ::;;1pon in did , (n :1 1noclPnli e <·:d ent , r e<hl< :e virul en!'e . 
\Y t• <ll'P <·onYin<·t•<l , frotll n;JH• ri Pn<·l' , iha i th e n• \I"{)IIJd h;tYe !Jpen 
tlllll'<' iroubi P 11·ii·h sll nl l' of th,• ~tro nge r \' <ll' <"ittb hall sapon in ht>c• n 
otnitted . Of th e st-•n·r:tl 111il l ion •·attle inc)('u i:tll'd 11·ith ,;apo ni11 
\"<I<Tlll P, tt lort' ihan :1 tn illion h:IH' lwp n clllnP in ir<l lii\ISl ' lll:lrh·. ' l'h<· 
n·adion .~ ltn,·e no( l;l•t> n lll.ore> ~< ·l· l'rP tlwn t h o~ <· found 111 i hP 
:1ni.mals ino<·Jtl.tied ~ uhntia n <-·oush· . ' l' lt e .~ eq>n-• n·adio n,.; a nd llt>;tlh~ 
em·"mli eJ~e<l !1~- HinrlPlo ( l!J:j'j ·), in t lw Philippine~ , IYh i.ch he 
<ts(']'ilw d to <l<"c·i<lPnLtl inir;~nJuscJtl:lt' inoc1t Ltlion, \l't' l'<' probahl.v ihe 
re .~ uli of using· ioo poh·ni ;~ Y<l <"cint•. \\~0 baY<' sont e eYitlt•tW<", how
l-! YPr, t hai inham u ,;c uLn iu o .. uLtlion inne:t sP~ ilw c h;Jn c <~~ of g-eUi ng
<1 g:l s-g·ang-re nP infedi<>ll. 

DISCUSSION. 

l3o th IInis];a and ~la ;~,zuc<"hi ~a i<l that YiruleJtt s train" c;u spended 
in ~a pm1in conl <l h e usP<l to immuni;~,e ;tnimnls :1g·;1in;;t anthrax. 
}f:IZZII(·dti. in<Jppl], c·i:tilll ('(] tlti~ <1 .~ <>li P of ih<• ]Jrinl'ip<t i :llh:ltil':l g·es 
of us i ng· S<lponin. vVe . h o \\·ever, foun<l tha t the> n·rhtdion in ,·iru
le nc(' prod1fl ·("il hy ;;:1ponin " '<I S, for p r:1di!'<tl p u r pos<·S, n eg- lig·ihle , 
autl that sapuuiu- t reaiNl Yirnlent ~tntin s st ill killP<l s lt e<'p <~llll g-oats 
re:tcli ly. IYP :dso, l ikl' oih e rs, f :1i le ll to isola ie <I ,·intlPnt s train holll 
" ( '<ldi0%00 .. Y;II·Ci llE'. 

Th e <ll110U ili.~ of S<1pon ill orig-in a n ,· <Hh O!'<tiPd b)· H nt ;;ka , <l llll h)· 
:!\l;~zzne f'h i, cnusPcl sen•rp rPndions. 1\Tha tPYPl' ih C:• tn eriL of s1trh 
rend ions tnig·ht he. ih<·\· 1'<ll111ot b e iol c·rnied in la.rge-s!'ale iunntln
tion c; . A<·<·onliug-1~- , " ' <' lmrl"l" t> d th(• saponi n \'Otti<·ui of our pre p;! ra
tion~ 11ntil ilw ren dion~ ihe.1· proclucNl '"en· contpatihh· 1ri.ih ih eir 
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use under South A.frican conditions . All subsequ ent experiments 
were com:lucted on this basis . Other workers, as h as been mentioned, 
have also reduced considerably the amounts of sapon1n originally 
prescribed. 

Extensive experimentation on guinea-pigs showed that saponin 
reduced the virulence of vaccine strains, slightly. This occurred 
whether glycerine was p1·e.:;ent in the s uspension or not. The reduc
tion in Yirulence, however, was much less than that found by Hruska, 
and :Y!azzucchi , and was only shown hy a retarding of t he death
rate. Field experiments confirmed th e laboratory results, for 
modt>r ately strong spore Ya ccin es, even with saponin acl .:led , proved 
uusafe in practice. D ea ths occurred in sheep when saponin vaccines 
made ,,·ith spores only slightly more virulent th:m ordinary vaccine 
spores IYer e used. vVe feel , therefor e, that the results of the guinea
pig experiments truly reflect the r eduction in Yirulen ce caused by 
Raponin in the concentrations used h ere. 

'l'hese experiments also showed that glycerine enha need the 
1·irulence of Ya('ci ne strains. A similar observation was made by 
Yiljoeu and Scheuber (1927) on Cl. chav coei. 'l'he l eYel of viru lence 
of anthrax strains after th e addi t ion of saponin was th e sam e, wheth er 
g·l.vcerine " ·as present or not. 

vVe compared the immunity produceJ. by spore vaccines with an d 
without saponin, in a large field-test on about one-an d-a-half million 
cattle, and found no difference. Ordinary spore vaccine protects so 
well that no difference wa s to be expected in a test of this sort. 

L aboratory experiments on sh eep ;;h owed <·onclusiYely t hat 
-saponin improved immunity. 'l'hiR enhan cement also occurred with 
an uncapsulated, avirulent vm·iant. A 6hiking- observation, which 
is opposed to the finding,; of Staub, Ramon an d Staub, and J~zi~, 
11·as that a poor Yaccine su spen-.led in saponin produced excellent 
immunity . 

\\~ e thought. before t h e completion of these experiments, that 
the success of saponi11 Yacr-ines in Europe and America was due 
mainly to th e incorporation, in t h eae preparations, of an excellent 
immunizing strain . This probably explains, p artly, why sa po
vaccines have not been startling· su ccesses in countries like Cyprus, 
the Dutch East Indies, and South Africa, where good types of spore 
Yaccine h aYe long been used. Nevertheless, our laboratory results 
substantiate, unequivocally, ~1azzucchi ' s cla ims tha t saponin increases 
the immunity produced by anthrax vaccines. 

Bince the wmpletion of these experiments we have prepared and 
issued large amounts of saponin vaccine. (Spores suapended in 0 · 5 
per cent. S<lponin in 50 per cent. glycerine-saline: dose ] ·0 c.c. for 
cattle). The strains incorpora ted r ecently haYe been, if anything, 
.milder than those used in plain spore Yaccine, becau :-;e t he action of 
saponin in enhancing immunity appear;; to be mor e importan t than 
its action in reducing Yi1·ulenee . Thus by using ,;aponin, an ,l by 
using weaker strains, t he safety of the vaccine has been improved. 
It is still necessary to issue aeparate vaccines for g oats and horses . 
The field results \\·ith aYirulent strains will be publish ecl in anoth e1· 
pa per. 
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SUMMARY AND CONCLUSIONS. 

\1) Yirulent anthrax ;:;train,; incorpm ated i n saponin retained 
much of t h eir Yirulen<"e , and could not be u sed i n Y:.wcines . 

(2 ) Italian and American commercial ;:;aponin vaccin es examined 
by us did not eontain virulent strains. 

(J ) Not mon· than 0· 6 to I·() p er ct>n t., saponin sh ould he used , 
where th e dose for lJOvin es is 1·0 c .c . and for sheep 0· 5 r .e . 

(4) Saponin re-duced slig-htl:v t he virulen ee of va <"ci ne strain s for 
gum ea-p1g-s . 

(5) <!ly<"e rin P <··nhau ce <l tht• v irulen (;e of Y<l<"<"in t> :;train s for 
g-mn ea -p 1g-s . 

((i ) A large-:;<·a l e fi eld test L1 iled to sh o 1Y n ny diiter enl·e hellneJJ 
saponin V:l\"<"in c and onl ina ry S]Hne vaccine . 

(i ) L abor ato ry tests, on :;h eep, s howed th at ;-;nponin (;on.;iclerahly 
inneasNl t he immuni:.-:ing p o,,·e r of onlin a ry Yact" irtP strains. Thi s 
phe11 em e non could :ilso he <l ell!on sh atecl in the <"ati<' of nn a virulent , 
unca psula ted variant·. 

(.S ) lt i::; suggested t hat saponin s hould b e used 11·ith lllil<l strain s 
to improve immun ity, rather t han " ·ith str ong strain s to r e-Ju cf' 
virul en ce. 
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