
to the vaccine and the degree ot iBPWU~\7 developed in sheep 

and especially 1n goa.ta. followlllg different methode ot 

V•~ccinatJ.on 111 th Spore Vaccine. 

(b) Aecertainins the merits oi' C\&ti•Vil.CCination. 

~J>or1Rtnt 6CJ.a. 
2he vaccine ueed W&G \he same aa that emJ,lloyed oD 

the &u.1neap1ti8 in the preY1ow. ~eriment.. ..tt waa preparecl 

trom. a tai:r.lJ wak vaccine •train and leaue~or uae in 
],., 

soate in a dilution of l • 30C. "the routine "ate on 

c;ulneap1ge, it ld.l.lotl them 1n a c1ilut1on o.r .vl c.c. while 

.001 c.c. proved eatu. lee ted oat on aheep allcl goat& all 

animala remained allTe, altboush in the immunity tee\ 2 out 

ot tbe 6 sheep died as well as ~ out or 14 goate. anowins 

\bttt the !.81JW11z1~ power ot the 9acc1ne wae not ver-r strong. 

The main aia ot theee teete was to compare the eatet7 

and 1mmmity tollowinea (a) aubcutaneoue and (b) cuti• 

waccination, but eince the in$rad88~Ylar vacc1n~t1oa bad 

given the most encouragint; reaa~ta in e;uineapiga, 1\. waa 

decid.ed to 1nc.lude t.Uia metll.od ot vacc1na\1on in the teats. 

Aa in the euineap1g e~er1menta etr1ct precauiione were 

taken in order t,o avoid akin contamination with the vaccine 

w.ben inJected aubcuta.neoualy or 1ntramu.e~..tlrlrly. 1:he 

inJection waa t.nua ma.Oe aa tar aa poeaible from the pWlckre 

o£ the akin• Wllile the wound as immediatel7 <liaiaiec ted wi ill 

the piaee~ ancl cotton wool swab aoaked in 10% t.inotare of 

iodine e ol.ut:l on. :tbe vacc inn t.i on in all caaoa w&& carr1ad. 

out on t~w ina10.e ot· tile iJU&h• whi .le tor the a\l·baaqu.enl 

1ununi ty teat the 1ne1de ot tJle ot.iler thl£h w tw uaed. 

!em.J.)ero.iure recorda were ~·~t. o£ ~l the a.nime.la. 

tbe obJec:t in uaiDt; the weak vaccine was to note 

the d.itferences • .u~ &n.J• 1n tJw dqree of i*~t.Y ainoe 

wi 1.h a a t.roa&er vaccine it. ia conce1 Ya'ble t.hat tneae 

411'1'erencee W.&ht <;.l£1te eae1~ ..aave bdeD Jaaa.itad. ¥or thAI 

11AtJ\&Il1 t,y teat.a a atanear4 t'u.ll.Y Yiralen\ a.llore eaul.al <lD ot 
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• 
1'n 

Anilal 
1\ 

Shoo~ 

• 
... 

• 

.. 

I 

known at.rusth wae wsed. la tl'lia .. c:aee the 1nJect.10Da, 

u.nleoa othe•·wise atated, were all 11ac1e eu.l:catanae;~J.al,J into 

the other thigh at the o.uimal. 

A. All Yacci na inJec t1 ona me.ao 1-'rll'<r~ t.u.nac atq .. y ..vreventins 

ek1a conta~nationa 
I I - 1 Data Vaccine Pate Yirulent .Uoee v1ru-

t>/4/1927 

l!)7go l c. c. dil 

i 
I 

lbb461l .. tt 

1ofi84 l .... ... 

1577£ 1 • • 

16474 1 -

1~3CC 

ft 

.. 

• 

Reeult apo~ea lont Reealt 
'i·"· 

I 19.14~7 

.25/4/~7 

-
-
-

.rx~til 711"'..1• 

eco a.L.· 

!>00 .. 

250 " 

Jlor»e vir a-

• Deu.d. 
25/4/2'1 
Anthrax. 
Remainecl 
ali-ve. 
Dead 
29/4/27 

1 Anthrax. 
Dead 
2Q/4/27 
Anthrax. 
:lead 
29/·•/27 

AnimuJ. a.t~ vae~ine .ttee~lt .Lent lent Heealt 
[)/~.1 127 

Shee~ 1089'1 

• lbfi7ft 

.. l.~7b7 

• l64CS7 

• 15643 

~ 
n ,) QJ;"" e u&Jca.·ee 

l c. c. tlil l:SCC - l 'J /4/!:, '1 bOC IA.L.D. nema.irled. 
'f!;' alive. 

1 .. • ., - 20/4/27 bOO w 
1
B.-tnecl 
:alive. 

1 .. " • .. 150(; • 1Rema1nttd .... 
!alive • 

1 • • • - .. '200 ., Dead 
!26/4/2? 
; An'tld;u.x. 

l .. • • .. " I ?5C 
.. inea ned 

.alive. 
I I 

I 

c. V"ccine a,pplied to Skin 'ai'ter Bcl&rif1eat1on o! a pat.ch 

1~ 1uoh square • 

.aate vaccine Dnte viru- JJoee vira• 
Atlimal 5/4/2? Re~ult lent lent !\esalt 

-
• 15647 .26 • • • -
• 1C~2C e26 .. • -

l~/4/i!.7 

26/4/27 

! 000 M..L.D. Dead 

l:>cc 
I 

• 

• 

I 23/4/27 
i Anthrax. 
I Dead 
~7/"/27 
Anthrax. 
Dead 
2"/4/27 
Allthr&L 
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J..)lte .-ooine 
b/4/2? Reaal.t 

Date Y1~a­
lent 

lloee vl.ra~ 
l•nt. Xee~t 

SBeep lb460 .26 c.c.dil.lt7~ ... 25/4/2? 20C ll.L.D. Dead 
29/4/2'1 
iWthrU.. • .. • 750 " Rellaainri 

~bas, out o;r the f> sl:.Ne;. vaccinated au'bcataneou.aq 

4 succuJibt:d to anthr~tx after the immuui ty teet, aud like­

\ti ~e 4 vl. t:.be t# in wla.i ch the vaccine \10.U a._vplied on the 

ochritie·d ii~l.li• died after the il:i~Wrli ty tet~t. ut the 5 

v~cc1nu.!;d 1li.trW:.tuscu.larly, only vnc died. As r.entioned 

beturo the Yuc~ina wan uuti1utcly we~k, bu~ otill the 

vuccirmtion 'f!ere clee.rly shown as flaB the caee •1 th the 

..Lt £<houl<l be menti oncd that t;ono ot· the ehee;l 1n• 

at~e reu.cticu aftol" tho V:3.CC1ru-.t1c.:n, wbereaa ot \hoee 

1nj ectad intr~~acal< r ly two a.howed s. ~'Cll r~ked r1ae in 
. 0 tem_perut.ure up to 106.4 :F Qn t.he third. day after Ya.ccination 

' 0 while two a.bclYed a riee to 103-•8 .F t&nd the 5th only a Yflr7 

clibht ri~e. T.bu~, the re~etion prou~ced uy intr~sc~lar 

1nJtlct1on as ~\l~ed by th$ tei1l.?er&1.ure charts was clearl7 

r.apre marked 'tllAn with tho othel.\ t YJO uu;thoclfi • 

9 ~re sheep aa tcllowea 

;.... All vaccine 1~jectioutt tnade R!l!?J;Y~5CO~u~ !)reventing 

&4.11'1 conttlJJlin:.~ti on: 
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I.L • T 

She•»! 
1G107i 1 c.c.(411. 

· l~~oc) 
16718 l 1 8 

" 

• aoc, il.L.D. Dead 19/6/21 
Ant.hrax.. - 100 .. Remained alive. 

i - 1 760 " • • I 
I 

PI 1 

161?01 1 
' 1 n 1 

• • 

B. ..Ul ftccine 1nJ ected iD1ramuD2Hlarly prnenuns akin 

contamination. 

Date vaccine 
Aftimal 28/6/2? 

J $ i 

Sheep i 
\411. i 161691 1 c.c. 
1&30() i 

1o11a! 
I 

1 
I • • I 
/ 

I I 

16164 i 1 • • ! 

.Meault 

-
• 

• 

Date Tiralent 
e,poree 

lll/fUi7 ! 

! i 

Reaalt 

260 x.x..D. laema1nct4 alive. 

'500 • • • 
760 • • 

Date Yaccine Da.'• Yiraleint 
Animal 28/6/27 Heaal.t aporea 

I -Sbeep, 
101691.25 ·c.c. (dil. - 260 B.L.D. 

I 11?5) ! 

l583lj.20 .. • - GOO • 
lt..'9181· 20 .. " - ?50 • 

Heealt 

llead l3J.6/27 
Anthrax. 

Hemained alive. 

... . 
.rroa the rete•t 1 t. ie aetm that one out of the three 

vaccinated eubcataneouely a& well ae oue oat ot the three 

Yaccinated into the ann eacoambed to the immuni\7 teet. 

while thoae iDJected 1nt.ra.~~Qacalu.rlJ remained ali'YO• 

A tbircl teet on abeep waa carried out with the same 

vaccine althouah the 1Dnttn1t¥ teet doee waa t.creaeed up to 

30CO LL.D. The o'bject ot the experiment was to note the 

quan,itJ of Y1ralen\ apore emalaion neceeear,r to break tbe 

iiiDW~1 t)f in each case a 
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64. 
A• All~ '9&001De taRgut§DtfW&lx preYentiD€ akin contamination 

Dat..o vaccine .--., 

o.c. 'd1l. 150C a.L.D. Dead 28/6/27 
l:3CCl Anthrax. 

16142 l • • • aoco • Dead 28/6/2' 
An\hrux. 

16161 1 • .. - 26CO • Jiemained al.1ve 

lol~ '1 • l'f - 1000 • • • 

IF •• It •• Ylr~leni •• Date vaccine Ua.te 
6 <l)l 

~t Rea;W.t 

1 c. c. (d1l. 
1:3CC) - 1600 D.L.D. ! H....Un.ed a.Uve 

15'181 1 • " • 2000 .. • • 
16607 ;l • • • 2600 • • • 
16651 il • • - 30VO • • • 

c. All Yaccine inJected intrad~Q:!MldtY• 

i ;;; 

16?96 (dil. - 1600 K.L.D. Remained aU••• 
1&76) 

16'192 !•25 • • - 20CC • 
i 
I 

10010 ,.26 .. • - 21)0() • 
I 

1b'17i 1·26 • • - aooo • Jle&d 28/6/2? 

'Ihl.le. 2 out ot 4 Yacc1nate4 aabcu.taneouol3 and anotller t.wo 

Y~tcc1nato4 int.radermaliy aaccr.uabed atter the i&arrt~aoit7 teet. 

whlle all 4 1nJect,ed intrarm.uu:al~.~,rly rmaained. alive. 

Seeing that the in~radermal YacciDlJ.t.ion prodl.lced no 

better 1mmu.n1ty than the euocatuneoas method, tlut former 

wae diacontinaed. Coa~ara\ive teats were lhen condUcted on 

soe.te uome nccinat.ed &H.&ocataueo-..taly au4 others intrallllaca• 

'larl7· 

S¢pmpp.rjlt1ye.' allY 11•'• op oqat•· 
•etiJHQt 2.1,. 

!be same vaccine which wae G~Ziiloyed in the prev1oaa 

-.per1mento wna also ueed on soate ae followea 

I F 
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A. Vaccine inJected esbsytapepaalY preYeoting akin 

contaminution: 

Date vaccine .,, 

l (dil. 
i 

e.c. i - 500 K.L.D. Dead 31/8/2? i 

l&~C) 

I 
Anthrax. 

17967 1 • • - 600 • Deacl 31/8/27 
I Anthrax. 

1?952 1 .. • I - 1000 .. Remained alive. I 
17970 1 • • I - loco • JJead 31/8/2 7 

I 

11000 
Anthrax. 

l?i47 .l "" " i - " ; .hemained alive. 
1 j 

B. Vaccine inJected 1nS£1BIIA•+arly preventing Akin 

conta.mina'tt1on. 

Date vaccine a..te v1N.lent ., .. , ~&~8~2 
I 
ngaal,t lil&£11 2~LS /27 Rta;y.t. 

Goat I 
1'197b 1 c.c. (d.il. I ~ 

' 

600 li.L.D. Remai-ned alive. 
lt300) ! 

I I 
17i?2 :1 .. " • I 600 " • , 

I 
I 

17i63 il • • - llOOC " • • 
17968 !1 • • I 600 • • .. - I 

I I 
17962 !1 • • - :1000 • • • 

l 
ncaill£1 Qlt o! t.be u goat& vaccinat&d aubcutaneoual,-. 

three died !rom anthrax atter the inmnnU.'-1 teet, wh11• all 

.five the goata vaccinated 1ntramuecularl7 eurv1Ted. the 

1"WNan1 ty teet. 

lt wu.a \hen uec1aed to aaoertain tho desree ot 

eafety of a atl-ont. cat t.le vaccine tor goat.a when inJ ectad 

aubcuta.neoauly 1n the one ca.ae aDd. deep intraawscalarly in 

the other. J!or thia purpoee 1 c.c. ot a 1 in lCJ dilution ot. 

a strong catt.le Yaoc1ne wa• uaed. ihe Yaocine regularly 

kllled sa1nea.P1ti8 1n a dilution ot 1 1D fcco. 
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contaaination. 

Date vocciU JJate viral.ent 
M11fl 2j!/8C:i7 , !tUQA\ • !Pifl' .6Wifi7 BeataU . I. 

t41l. !Dead 29;ar~' 
I I 

Coat 
17984 1 c.c. - -lalO) Anthrax. 

l'fg7' 1 • • AliYe l&cC ll.L.D. ; 1·:ema1ne4 
alive • 

17i89 1 • • .. 1600 .. • 
17961 'l " • De&ld 1/9/27 - -Anthrax. 
17944 1 • tt Alive lOOC li.L.D. tteflainad 

alive • 
11976 ,l • • • ·l.bOO .. • 
17946 1 .. .. 'Dead 26/8/27 - • 

Anthrax 
17971 l • • .uea4 31/8/27 - -Anthrax 
17~1; l " .. nead 27/6/27 - -Anthrax I 

I 

17960 a • II AliYe 1 l6VU M.L.D. 1 Remaine4 
I 

e!'U• l 

.a. Vaccine injected intr&WICfvlf.U'lY preTe.oUI'l€ skin 

contamination. 

Jate Ynecine JJat.e viralont 
aAP'I"W; a~taL2 :z. 

1

• neegj.:\ IRfl!t 12LV2f ltMlt 
Goat · I 
17964 1 c.c. (dil.i Alive 1600 W.L.D. 1fleDQ1ned 

ltlO) alive. 
17966 l • • .. 1600 • • 
1'7982 l • • • 1600 • • 
17981 1 • .. J.>et!d 29/8/27 - -Anthrax. 
17WGO J. • • AUYe 16t.:U ll.l..D. He~ained 

alive. 
17942 1 • • .. 160(.) • • 
17905 ' l M • .,. l5CO • • 
1?977 ; 1 • .. " 15<.:0 • • 

I 

1'196~ I 1 It " JJeacl 27 /8/2~1 - -Anthrax 
17~87 1 l ft • JJeu,(l 26/8/2 71 - -..... 
Rttu1t• ot the lc goato Taccinated euboutaneo:usly 5 d1od 

tro~a anthrax a few days a!'ter Yacc1rmt.1on. 

ot the 10 e;oat,e 1njec:te4 1ntramalacul.ar~ 3 died trom an\hrax 

after Yncc1nut1on. 

fJt t.he 12 aurv1Yiug goa to eYeey aingle one w1 t.hatoocl the 
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!) 
1tm:nm1ty teat o! l!liC K.L.D. Tir'J.lent a~oree, ahold.ng t.bat 

a aolid !mmUJ1ity had been ~tabl1shed by thia atrona v~cc1ne 

iJ."reepec\i ve ot t.he method ot· va.cc1nrt."ion. W1 th re.ference 

to t.ho relr.~.ti"'e aatety ot Ya.cc1nat1on aa ahown b7 the two 

reealta, 1\ would appear that !e-.r de~·lth& might. be 

exPected trom intramuscular Taccination than trom eubcu~­

oua 1nJect1onli. 

tho t-=~e~ature reaction tollowin&~cc1~tion ~• 

eQaall7 well IA.il'ked in both lota ot anita1a. 

on jiqrpee. 

Sinoo;tthe YBrioua apeoioa ot doaeet1cate4 animala 

w.uall,J YUccinat.ecl aga.tnat, Anthrax• horsee aeem to be the 

moet eascep\1ble to the deve~opmen\ of eubcataneoua 

ccdematou.a swellin~;s f'ollowitlS vaccinati~n• a aeries ot 

experiments were condacted with the object ot \a) 
,f.._c. io"l's 

aeoertaiDi~ '-'.bat &.18t'a are involved in the ~odact1on ot 

awell1ne.a. (b) the relative valae o£ dif!erent method.a ot 

vaccination ae tar ae the incidence of tnrellint;e wau 

concerned. Ae eta.ted before, altJlougb the horse showe well 

mur•ed aaecept1bil1ty to antbrax under natural con41t1one. '' 

ia very ditt1ealt to cause a tatal athrax infection b;r the 

administration o.f c&.llturea. J.t 1& :or tr.ia reaaon t.ba\ 

l~ty testa were not carried out on a large ecale, etnce 

tbeae could not be recarded ae being very reliable. 

Efl.i?li£1-Mllat ~· 

lD order to aecertain the cauee ot tbe awllinge 

rol~owlng Yacc1nat1on. a number o~ difterent materiale waa 

iaJected aabcataneo~sly into horeear lt wae reaaonable to 

euapect either some non living toxic material eL&borated by 

the anthrax organism in the urt1!1gi~l media and collected 

w1 th the e.;orea in the »re.vara\i on o£ the vaccine or 

alternateq 1 ta eltibora ti on ln the animal boq at the seat 
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ot inoculation. As a second poaa1b111ty had to be con• 

'81dered the harmful ettect. that the organiem 1tael.t migh\ 

have on th~ live tiuaaee especiallY ~e blood •eeeel• ot 

the ~art, and allowiDG an increased capill..aey per~b1lit7• 

\e.) !nJ egti on g.f b£OlQ .fi 1\ratU • 

A.e untloned in the latter part of experimont 

lC (which aee) • two horeea were injected eubct&ta.nec.nmly on 

tho aide of the neCk with 10 c.c. and 5 c.c. reupect1Yely 

o~ a aterile broth filtrate grepared by growing full7 

virulent anthrax organisms 1n broth tor 3() daya. A8 con• 

trol a third borue waa inJ acted w1th 10 c:.c. ord1n&r7 

ater ile nutrient broth. J.n all three ani male the te:Qi>era• 

ture raaa1necl und1staoed and not a alg~1 of a awell1DS waa 

noted. ~oxic eubetances elaborated in the broth were, 

therefore • excluded. 

lt was noticed tbat a &mall amount (1 • 2 c.c.) 

o! condeneatiOD f'luid collected on the aurt~a.ee ot the 

na\rient ag~1-r d' t.er this had -&etAf in the t ..tat bottowtd. 

.l(embach flaekfl ~ior to 1noC"~lat1on wi 'th the broth 

e!ll tares. Ae eone of this f"lu.i:t at a.v rat" woul4 be 

collected with the eporea and thua be preaen\ 1n tbe 
a..-

Yacc1ne. 1 t wae _poured ott !rom ~ number ot asar con&aio• 

ine 1'ldks and injected eubcutnneOUIIly into 2 horaea. 6 c.c. 

eaeh on the aide of the neck. th.,,were kagt an4er obser­

vation tor ? daya without, howeYer, enow~ &fl¥ awell1116• 

(c) JIMhtd ·vug,ip§ Si)orep. 

A certain tnirly wl.lk batch t4 vaccine waa inJect• 

ed in a dilution 1 in 100 in 'he or41aar,- wa:y aubcutanooue­

~ into 16 hor•ea. UC theee 7 Obowod well *trked oedem&toua 

ewelline:a and 6 aliibt ewelJ..illGU wi tllin a t ew da)ta atkr 

Ya.ccinatt.on. the rcmain1ae three dld not show afl7. aweU1D¥• 

Seelne: that tbia vaccine definitely l)rOduced awlllne• in 

horeea n amall L~ount ot the concentrated slyceriniaed &»ore 
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er:ul.a1on was repeatedl7 waahe4 in saline and centritage4. 

Tho washed aporea were then ae near ae poee1Dle asatn 

dllutec1 to 1:100 and inJected into horaeslo.c. each auocu­

taneoae~ on the aide of tbe neck aa tollowaa 

AD! mal Vacc1uat1on Reealt 

I j 

Horae 17600 1 c.c. waahed aporee w·oca.t. i '"ltnall cliftaee ewell• 
!ins on 4th day • .uia• 
I ~peured on the I 7th day. 

• 179?011 • • tt • ~1 ewelliD& on 
bth day, disawpear• 

I eel on the 8th da.J• ' .. 17314 !l • .. • .. Mesative • 
tt i 17628:1 .. • • " • 

I 
I • 1?117!1 • • • til .. 
I 

I 
• 09 ;l • .. • ·• • 

• 1779311 .. • • • • 

• 11613 1 • • • " • 

• 17t\89 1 • • .. • • 
I 

• 1'754ljl • • • • • 
I .1 •• I ~ 

1baa, out cf the 10 horeee Yaccinated with washed 

spores eubC"..t taneously, two only ahowed small awel.line;a at 

tbo site ot inJection. 

At tbe eame timdio more horaee were abaved on the 

eide or tbe neck and a &Qall patch scarified. ordiuur7 

££lycer1niettd ~laion i'rom the oatae batch !18 usecl above 

(and wll.ich had prodaced swellings in 13 o~'t or 16 horeee) 

waa raboed 1n to the scarified parte .1 c.c. of a 1 110 

dilution. In none ot theae 10 aninale wae there any e1eu 

ot tbe development of a aw~lli~. 

ln order to check tho reeultu obtained 1D the tire\ 

teet where the animale showed awellin£•• 5 control horaoa 

were asain v~ccinated uac~~taneoaely with the eame ordi~tr.J 

glycer1D1aed ~leion again in a dilution o! 1 ' 100. 

The reault ot the reteat wue that no swelling 4eYel~ped 

in a.J13 ot the 6 horaee. It ahould oe mentioned that the 
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same aaept1o precaationa in all theae experiments were 

obaerYed throu&nout, i.e. the akin was ~retullJ disinfected 

in ench GBae, and all the inetrumente boiled. 1~ only 

difterence 1n those two experiment a Wli.S tha. t, the t irat lot 

ot 16 horaee, that showed swelllnf•• were inoculated u.ndor 

Yeld conditione, the animals running in a pad4ock day and 

nit?At. lhe expci•.Jent waa conducted 1n Septembor 1~26. lhe 

wo~tber was fairly warm t.hrougboat • and no rain tell on the 

ani•le. lbo other ani mala Yaccinated w1 th the waehed 

eporee, aa well as tuo~e done by ecaritication a~Q the laat 

~ eontrole 1nJeoted subcutaneouely, were etaoled at night 

and allowed out. into a paddock dur1nc; the dn.y. 

MQF.iJ!In! f.~ 

It wue then decided toaeoertain the effect on horses 

ot a etrong batch of cnttle vaecine that bad killed * eoat 

and also ~uinespigs 1noilut1one up to lin lUOOs 

(a) Ordinary slycerinieed epore enr~la1on dilution 

1 s lOU.1nJected auooutaneouol7 on ·aide or neck 1 c.c. each • 

1 ..... • I . 
Horse 1'7714 'Small t'l.at dltfuse tnrellinge on 4th da7, d.iB• 

I 

!&ppeared otb clay. 

.. 17876 a.t&aUYe. 

• 1?036 • 

(b) Ordinar7 glycerin1eed emulsion dilution 1 a 100 

rubbed on to acaritied patch .1 c.c. each. 

i 

Horse 17779 : 

.. 
• 

1?441 / 
I 

l??oo 1 

J 

Reaalt 

ltep.t1vo. 

• 

• 

(c) TweDt.)t-tour hour broth culture prepared froa U. 

above e9ore emulsion, repeatedly waahed 1D aal.ine and 
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oentrli:asecl. !:u9ens1on ot washed bac1111 onl.,J, in 

clilutioD 1 • 100 was inJected r~boutaneouely 1 o.c. eaoh. 

tteew.t 

--------~------------------------------~--------I 

Horae 17"4, 

• 
.. 

1'1916! 

1'7701; 

aegat1ve 

hgaUve 

Jlegat1Ye 

(d) 0.4in&r7 apore emula1oa repeate4.l7 waahe4 in oal1ne 

ar1<l oeDtritase4• saapenaioD ot waahe4 aporea only 1n a 

dilution ot 1 1 lCC inJected SQboatuneouuly 1 c.c. eaeh. 

I 
Horae 1'16301 

1 

• 1?620i 
I 
I 

• 1'1540 1 

Large roand. ewell inc 6 x ~~4 • runninG dowD and. 
painful on t.n. ard dq, eaM.~-4414 on 6th ~· 

Long rwmiDG down ewel.J.ing 6 x 2" on third day 
Subaided on 7th day. 

Besat1Ye. 
I PI f 

'lhaa, oat of tbe 12 horeea inoculated iA dittoront 

....,-a acme w1t.h ordinar7 omaloion and. ot.bera with waa.be4 ~or1 

aD4 waabed bacilli, only the two or the three allimale 1D­

Jeoted •~bcutaneoualy with the waGhed aporoa &bowed larse 

and. well marked ewellingo. The eUler& except tor tbe one 

horae 11714 inJected with the ordinary slycer1nieed emalaion 

at10cutu.necasl7 and which allowed a at.tsall round uwelllnf, on 

tbe 4\h day • all remained in normal heaLth. 

Although lt ia+-er)' d1tt1cult to interpret theae 

reaalte one point seems certuiD that tbe wuahed a9ores 

treed from all extracellular ma.terial are ca.,pable o! pro• 

ducing swellings. 

ln experiment 174wh1ch see)• 1\ -... mentioned tha' 

~· clear fluid collected tram lbc oedematoua awelliag ot 

Horae 18028 tol.lowing YacoiDatiOD WU.S &aa1n injected int,o 

two other horeee in b ana lO c.c. "":tmo-.ante withot~t., howewer, 
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pro4uclng the elisht.ee' awell1ug 1D thea. Yroa tbe reaulta 

oota1ned with the waahed aporee 1\ wou.l4 aeea tbat swell.f.DG• 

coald ue prOd~ced without tho proaence ot toxic ambata~e• 

1n the Yuccine. FJ.Arthermcu.•e • auch av.b~t\a.ncee coald not oo 
detected in the oedema fluid aa tes\e4 out on other horaea. 

the obJect o! thia e~er1ment was to a aoert.a1D and 

compare awellinae in horuee Yacciuatecl \a) aubeata.neo1.ual7 

(b) iDtruuacUla.rly v1 th a fairJ:t atrong anthrax apore 

Yaccine. All \he hors•• were 1DJecte4 in the eide of the 

neck. 

(a) tj·iiksytaugoi&l. iJYIASlQQ• 

0t the 1~ horses inJected 1 c.c. oach of a dilution 

1 c 6CO, 8 showed. well aa.rxecl ewellint:• • 4 alit;;,ht owelltnge 

and three were negative. 

(b) lpJ,r•aaeciA&iil·~oJscUon, prnenting akin contac.U.r&at• 

ioD 07 swabbing needle wound w1 th tinctt&re or iocline. 

ot the 16 horae• inJected 1 c.c. eacl1 of a dilution 1 a 600 

Bahowed well marked etrcllinsas. 3 alie.llt swellin£;8 and 6 were 

negat1Ye. 

lt ie thua seen that the m.unber ehow1116 awelJ.lD&B 

were more or leua equal!7 diYided between \be two lote. 

Eperiaent £0. 

In ~s experiment 1 t wae clecidecl to a tteJIIlt to 

aeetertuin the degree ot i.D:nlni t7 eatabli abed by sabcutaueouo~~J 

and int.ramuacu.lar tnJ eot1one on the same linea aa adopted 

!or the sheep experimento. AD no reliable m1n1au1 lethal 

dose ot Yirulent eporea coald ~e determined tor beraea. 

the atanclarcl for sheep •• adopted. 

A. Dubcnataneoue inJection ot· Ute aaae nccine aa 

uaed abaYe. 
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l?t67 1 

182~ it, 

16213 1 

17789 1 

1809? 1 

03. 

.lAt.te vir..tlent 
.\l 

&.:iorea 

c.c. a~'bcut. !Jegative 15/9/27 - 2o,acc M.L.D. Alive 

" 
• 
• 
.. 

.. Small flat 28/lC/2?• 4C,occ • tl 

swelling .. Sl1Bbt nodular 26/8/27- 10,ccc .. • 
swelling 

!It Sl1£ht awell1ne 28/10/27• oo,oc·c " " 
• liasative 15/9/21 - 201 0CC .. • 

notHl~. Three out Of the five horeee Yacc1tated showed 

small swellinge • All tbe ~a~imala, w1 \ll.Dtooa an 1mw1.ani ty teet 

aa high as 5C,OOC lt.L.D. (uheep slandard ). 

B. Deep intraiDUecalar prevent1rl6 akin contamination. 

Date -raccine 

I 

1?737 ll 
I 

18089 il 

18079 l 

17860 1 

18464 !1 
j 

c.c. llegative 26/8/27 • lC 1 000 .K.L.D. Al1Ye 

c.c. liegati·ve 28/l0/2? • 40,0CC • ft 

c.c. !tagat1ve • -4C.CC'O ff fol: 

c •. c. Very al1sht. • -60,CCC ., 
" 

ewell ins 
o.c. Very alight .. - 6C 1 0t>C " tt 

ewell iDS 

'l'hue, of ':I 
~ out of the 5 horaea a.bowed. very elisht 

ewellinga after Yuccination while all w1t~tood the 1~~ 

teet wnicb in ao~ cusea uaa a~plied 9r~ctically 1hree 

JDOlltbS after vaccination. 

)Oqpt.A"Q.).. liorsc l81CC wra.e inJected w1 tb lc ,ooo & • .t. .D. (tor 

aheep) o! toe viralant apore ewale1on aaed aoove. ~he 

anit.:al died from anthrax within 5 4a.Ye• norae 16621 wau 

aiven by the mouth lCC,OGO K.L.D. \tor aheepj of the eaJ~e 

spore e;JUl&ion. without, however, showing any ill ef.Cect • 

. From \he _preceedi ng ex.k)or1~:aen te • a.a well aa !rem a 

m.uaQer of' other teste conaacted on h'ore•u, it eeOI38 very 

dittic~t tc predict the 4evelop~lt of awellin~a. aince in 

many ca.aea it may reeult from the uee ot a weak Yuccino a.nd 

not trom a atroneer one. Jrurther. it frequently h;,.;p~ens 

tbat n retest reYeala tot3lly d1!terent reaulto. •ttn 

z-egarcl to the 41tferent methods ot "YUccinatioD• awelllaga 
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have been noted with eaCh• in prncticallJ' the aatae proportion 

'of caeea ao that no c:letinito advantages c·oald be aacrlbed to 

&07 particular one tuetnod !rom this ree,pe~t. Altho'Qf;h 1\ ie 

d1!ticult to aaoertain within narrow limita U1e ~.L.~. of 

Yirulent material tor horaeu, there iu little doubt U•t a 

strong immunity 1& develo»ed, e.g. tho Yaccinated horse• 

wi~etooa as mach ae 5Ct90 m10e9 a.L.~. whereas one control 

dle4 or 1u,occ u. ~--.D. ( :hee»). 

0• fhl8\llsl7 'IS OtptEf+1 Dal99111ta• 

M menUcned oei·ore the mu.iu ooJec:l. o:t· f.bJ.e work 

wae t.o ascertain (a)~ .. to what. exten\ the metabolic product.e 

elabo.ro.te4 by the .. )&cillaa anthracie either in Yi\ro or 

in the a.nia~l body c:oal<l be ut111oed ae u.cti ve irJDUni.zing 
.e. 

agenta against the disease. rb) To COW¥tire the 48ree ot 
/1 

1~11t1 developed by ditterent methoda of vaccination. 

la the toregoins report an accoant ~& giYen ct the 

var1oae exper1menta conducted and the reaulte that were 

ob\a1ned. 1\ ie now intended to a~ariae and d1ecuee tbeee 

reeal\ea 

1. lp\rodw;t12P• ~:ention wao maae of the great 1~rta.noe 

of t.b.e anthrax problem in aoat countrie£; of the world, and aa 

a reaalt ot it the tremendous amount or research work 

C!~ried oat. Altboagr1 UlUCh valuable knowledge had been ~lD­

ed in comt».i.ting the dieoaue. nwaero\.1& points in connectil"D 

w1\h the biolO£¥ o:r the organiem both in nat.u..ro Mad in the 

Hnimul. bOd)' were et,ill unaolve4. 

nactioally eYery ~· ot anthrax Ynccine ueed.?te 

cowpoaed ot the liYinb but attenuated organism eiU1er in the 

vegetative or in spore farm. v~ccinc ~repared from a well 

aelecteu strain and carc!ully prepared, as a general r~e 

arrorda a guod acu ve irilltr-&n1 ty 1n moat ot the domeatic: 

animall.l• and is indeed t.ogether witb. the groper diepoaal o~ 

anthrax c:arca.ees • ow: on;.y Uleane or era.dicatill& the diaea••• 
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There aeeme to 'be strong evidence tllElt once a J.)articular 

etrain had been attenuated to the ~~ccine stage, subsequent 

increase in virulence does not take place, althoagh animal a 

'fDA1 occaaionall7 die f'rom tho attenuated etrain tollowifl€ 

vaccination. A more ideal vaccine, bowever, would oe one 

fr«* which the living organiam baa been exclwiod. 

2. Wl+la'&iRP R6~ '11l!Fi1rMU!Jsal MIBll• Before conducting 

i.a::iunity work on anthrax• aa on acy other dieeaee, 1t 1e 

eeaent1al tl•t t.be experimental animala are caretull.J' 

eeleotod •epecially where tne~e are marked ditterencea tn 

o~cept1b111ty and immunity axbibited by the various apecioa 

to the disease in question. .trail...re to apgreciate \hie tact 

may ea.oily lead to erroneoue ccncl"eiona. lhe amal.l 

laboratory animala, althoug:i murkoclly aaaeeptible to anthrax• 

are di:t~f'icult to 1111tWl1ze, bence their anreliu.bili t7 for 

auch work. Horeeu and cattle on the other hand, ult.hougu 

awtceptiole to natural intection witll anthrax, are d1.ff1c\Ll.t 

·to kill by art1t1c1al infection. <..utbreaka of anthrax amons 

tbeee and~a ~~ be stopped by vaccination clearlY ahowins 

that iuamunity iu developed., altho~ it. ia Qif.CicW.t to 

aucert.a.in tbe degree of 1maaun1 ty a1 nee tal..tlY animal.u al1ow an 

innereni. reoiat.ance to art,1t1c1al in!oction. 

l'he ideal species oi: atli.,.al for the ·work iG one 

showill(; a pru.ctically uniform auaceptib111ty to artificial 

infection combined with the quality of developine an aot1Ye 

1mmunit7 after vaccination/and Wllicb can be tair!y accurate• 

ly teated •ith1n a suitable period by the admdniatration of 

virulent material. j·rom the various ex,peri.ente conducteci 

it woald ••~ that the merino ahee~ ~nd to a leeaer extent 

the ordinary domesticated goat, are more aaitable for thie 

work than any o! the otber apeciea tried out. J.t 1& for 

this reaaon ~at practicall7 all the immunity CQleri~t• 
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3. +StUMtiog o,t· JirMlyS ayaipa. :;;oYeraJ. atraina ot 

viraletit anthrax weJ:e attew~ ... ted by tJle ... aJitear mctbo<l, 

l.e. ~e ~roloneed 1nc~bat1on or broth cultures al a 

t.e~~erat~re ot 42°0. oubeulturett on to nutrient agnr ware 

m&d.CJ eYecy b c.ta,ya • and teet batchee ot a pore vaccine Pl'o­

pared rr~ dit!erent attenuations and aliO troa 41tterent 

colonies of the same attenuation. 'the T11""~lence ot the teet 

vaccinee wua aacertained 07 1nJeot1n& awall ani~•• iroa 

\be real\e obtained• ii was clear that oome etraiua took 

llUCh lone:er to cecome attenuated thun others. while even in 

the eame etra1n there was nn unectual attena~1,tion of t,.bo 

organJ.&JAS • oome ahow1 ng t:~\rked "fir..tlence even after Sli Ga¥• 

incub~tion at 42°C. Althoaih the vaccines prepared !rom 

man.y Of the attenaa.tiona ,PrOVed 8&fOt the i mmWJ1Z.i..Ug power 

1D ma.ny inatanc:ea • wo.s uneatia.tactory aa al.i.own by to eta on 

ahea,p aDd t;:Oil.ta. lhe cn..i-.y relitt.ble method g£ o~lu.iua an 

etticient .,acclne etru.in eeema to ue the proparu.tion and 

teet1ns out of numbern ot tout batches of v~ecine ,llrcpared 

from the dit!erent atten~tiona and eYen trom dif!erent 

colonie& • ot aeYeral otra1no. 1 t woa.ld ':ppear tho. t there 

eldate a mt:~ked 1nd1Yid.aal1ty or atraine and perh.a>e even 

of' -.,be ori,atli&.ms in tl.~e £&me tJtraJ.n. 

At,teuau.t.ion wue &luo atte~ted by c-.Lltivw.t.illb viru· 

lent or£&niema tor loU£ perioda in various unco~on li~u14 

~41a. .rrom small anitJ&l teot,s 1 t weald o.ppear howeYer, 

that attenuation 1s in no -.r.J.7 hastened by thia method. lhe 

rep~ted alternate treezin~ and thawinG or young Y1rulen' 

AD~~ bacilli 11MB net found io cn.uae any decreaDo in 

v1r.alence tor tr.-Jineagir;e • rab.bi ta and whi t.e m1ce. u.oo hence 

unea1ta'ble tor 'the }frod.action ot a vaccine etrain. 1·Jle 

ra.at-ewr met.uod, altho~ :treqaeutly very tedioaa &Del dia­

AJ.l!>Olntinse aeema to ue the beat methocl ot at teu..Aatins 

an\l1ru.x atraina. 
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4. pltJp\•sr•&•d A;tnrax Cu~tutll• Oal1no emula1one P~•­

Jf&red !rom the eurfacc srowth of younc; anthr&X c-.1ltures were 
C!he-rnicA-/ 

d.iaintet;rated either by ph)tsical or eJ i1~ic ~.1 tue&ne. Hterilo 
we--re eena free·tiltrateo ~obtained by passing thia material 

thro;.ach bacterial filters. !Jueh f1lt.ra'tes when injected 

into aniii8J.u woro nei thcr toxic to t;..t.ineapiga and whi to mice 

nor diG U1ey provoke icmunity in oheep and goats aealnat the 

dieeuee. theae e~or1mente tend to oxc~ude the preaence ot 

anJendocellular toxins or 1mm~1z1ne eabetancea witb1n the 

anthrax oacil.l1 calti vuted on u.rti!icial media 4tD.d subee­

~aen~lJ dia1ntegrated. 

b. ·li&ed ,\ptprp.X CKJ..tiirSP• Vaccine aporea ae well d yorma 

YegetatiYe torna derived from these spores were \horoughJ.7 

washed tree from all extracellular eubatancee by repeated 

ehaking up i.n saline and centr1tagalia1nt;. ;;oth the wauhecl 

»l,loreu and the waehed br,eilli wr.a.en injected into guineapige 

and mice, Ji)rOd.<loed death !rQm ant.bruJt the au.me aa did tbe 

unwaahod lll&teriMl.. ln this respect 1 t di!tere Dla.rke<ll; !roa 

the B. chauveaui wbero the presence ot ita metabolic pro<l-;.&o\8 

te easential 1n caaoing the death of an aniwal. Gh&e.P and 

soata developed a eolid active i~nity when vaccinated 

e1 ther with the washed anthrax uporea or the raahed bacilli. 

e. !ltA.Rolis ·Qrg,dactl •+a!:tari\d bY t.bl pagi~ly gaSDfalit}ll 

l:D vA\rg. ltoth virulont and vaccine etra.tna or anthrax were 

cultivated in 16 different liquid ~ia tor periods up \o 

5 woekli. a!ter which time the material •as paaaed through 

oacteri~l filters and M aterile filtrate obtained. Xbe 

ooJect or these e:xperimente waa to •certain tho toxic or 

imnuaoi £1ng propertieD or auch t1ltratee. Vu.ryizl6 aaoante 

ot each til tra.te were inJected into gu.inea,pica and mice, 

w1 tliout ,Producing arq ill effect on any oi the an1&Dala • 

..rhta a.cluclee \ho proaenoe of Wl7 extracellular t.o.xina 

elaoora\ed iu theae 4l!terent media. ~,·ben teeted out on 

aheep and goata. tneae t1ltratea were coqpletol7 aate ·Dat 
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ot no i~zine value since with one or two axcepticnu ~ll 

the a.nima.la died £rom anthrax after the imuuni ty teat. !n 

two aheop 1nJacted with t1ltrate prepured by growinc 

B. anthrac1s in asci tee flaid trom a doe; mixed W1 t.b. an eqaal 

quantity or ordinary nutrient broth, U1e i~anity teet wae 

wi thatood. .1. t. woulrJ tha& a.p.,oar thu.t tlo me ta.bolic ,prod.u.ct.a 

comparu.ole to the •ag£reeaic" of the ii. ch~l.lvea~ or t.o the 

toxin of 3. tet~n1, were elaborated. oy the ) .. anthr~aci• ln 

artitieial. uedi~~. r~ach produ.cta 1 it present. were neither 

t,oxlc nor of a!i:f real i~Wlizins vulue. 

!.1\ll&cYa&' Jat~1a .. eJ.Ms£allsL U \ht ~~£~llia ,tQ£YAI 
'YtA..e 

in thg 7HiiWfl iO£\Y• &\n iznported product eo-called -~ 

aothrax car cases • wa.o teo ted out on ol;.eeg a..~d c,'Oata. 

Although completely aa~f•• 1 ta innl&n1zine valae was nesJ.igt .. le 

oince all a animalo vaccinated 'flith it died t~o• anthrux 

a1~ter t!.t.o 1nwnan1 t3 teet. J.n orde~ to aacortn,1n the presence 

ot a.ny such maoatances, easceptiole abeel) and goute were 

infected with n1·~lent. i&t.terial. ~·l"OUt 'Llltiae ~ima..lD, blood 

ee collected abort.ly bo!ore doatJl when naaeroaa b:;cJ.l.l1 
e.·t.., c.k-14-tt~")'\.. ~..,;fo-ni!AI/It~i~ 

bad ''k>ea.reci iu the ~eri~ora.J. £*'a:ttl ana uilu, aa we.ll. u 
1\ 

dertain argat~ tor the preparation ot extract•• were 

collected after death. ~terile ger::1 tree tiltratee pro• 

p&red trom aomo o.f the diluted blood, i)er1toneal fluid• o11e 

and orean extracts, were inJected in~o c~ll animala without 

~rodacins any \oxic etfocte. ~he same ~rodacte wben 

t.oeted Ol.lt OD oheo,p and goa.t.e ahcwed practica.lly no 

immunizing valae eince out o! u. tot~>1l o! 14 sheep, 12 diecl 

!rom anthrax after the iw!·::~an1 ty test. lnstead o£ til\ering• 

aoae or tho blood s~k)lea t~enticned at-ove were treu.tad w1 th 

(a) h.Lgh dila\iot~a of. neoe:.£.11f;~ra;uJ, lbi with anilin gentiaD 

Yiolet immediately alter the olood waa dra•D• \Pr8Y10UB~ 
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prepa~ed trom thia blood 24 • 48 hoare later showed it to be 

eterile while on microacopic examination the bacilli Dhu\led 

marked disintegration. vuJ.nen.pies s.nd :111ee inJected with 

tnia maturinl ohowed no ill oftect. t~eep and coatu were 

then injected with 2 c.c. o.nd 5.c.c. amoant.a an4 teated with 

virulent svorco 3 to 4 weeko afterwards. A .. s all the un1mal4 

remained alive, 1mnun1 ty hud undoubtedly been produced by 

tbe diatnteerated blood. After 5 m.ontl1e atnndiDS \hie \iloocl 

wae aga.i n t eated on eheeg and •toata. ln order to aacertain 

t.he theraoatab111t)' oome of the blood -.e _past.euriaed aa 

high aa 92°C tor 30 minu.teo. '.the 1w.ilUJli ty produced •• in 

no way interior to that noted in U1e ~revio~a teet. Lut ot 

a totu.l of 2o eheep and goa to Yuccinated w1 th the d1a1nte­

grated anthrax blood l8 wi ihatood t\11 i~ani t7 test ran Ling 

.from lW t.o 26u li.L.D. ~ther, thie immWli~itte. aubotauce 

wa.a a till potent after a ,peri o4 ot: b montlla und -..a not 

deatroyed by beating to Q2°t: for 3c minutes. l'heee reaalt,a 

were directly oppou1te to that obtu.ined with the t1ltere<l 

olood and ot~er body Juices where 12· oat ot the 14 sheep died 

ai·ter the im:nuni t7 teat. ~he only eXjtlanation fOr these 

c:onflioti~ reaalts would seem t.o be tbHt the 1~a:mniz1QB 

euootanee undoubtedly preuent in the blood w:te not. t1lttor­

aole• i.e. it 1a not of tho nature or a aola~le filterable 

aggreaoin ae round in blf:t.ckqua.rter. bat tn.at 1 t, ia cloueq 

aeaociated with tho orga.niat~a proaont in the blood, probu.bl¥ 

either in the bacterial bOdy 1 teelf' or in the capaalar 

D.\terial earrO"..Jnding 1 t. l t thue seems probable that the 

baeillary debria present in the ulood contain& in 1toel! an 

act1Ye and reliable 1amun1:!1ns agent. Aa mentioned 'botore. 

this could not bct eetublished tor C4rt1t1C1i~J.ly cultivated 

orsani&ttl& wl1ich when dieinteGra.ted either b;r _peyaioul or 

cht!micnl me~_ne, or eYen ldlled by p: oteur1aat1on, did not 

exhi b1' any immunizinf: powere. -'n thi& reapect the anthrax 
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bacillus found in the circaln'ting blood ccn1varod to the 

o;rt,&nism calt.iva\ed on .artificial. media tieeae t.o poaaeas 

totally different qaalities. 

1 t ahould be mer1tioned. toot, o! all the inert non• 

living ant.hra.x l)rOd.uctc o'btalned, •it~her from artificial 

cultivation or from the animal body, or !rom ~ otber 

·zo~cea • t.hia d1s1nte~ra.ted unfiltered ulood 'Naa the only 

uaater ial wbich. t>roduced a definite ao~1-d reli::~ole active 

i~uit,y. 11~0 ta~t tl1at in practice more or leoe a.U. 

anthl .. ax v~tccinee used coneiti t of the a.t tcnuat.e4 l1 Vitlf! 

or&anifmlo ahow$ that •acaa• or eterile Vt1ccine doea not J.lro• 

<iuca the sa:;a otrons itJmanity• 

:t·he oedema fluid collected from horeee ebowir~~ 

ewellinge af'ter -rctccinr~tion wa:a not found to t:e toxie tor 

sma.l.l animu.la, nor did it prod ace awellint;e in other horees. 

Ita i~ar~uniz.ins ~al~e, aa teste4 oat on sheep and got.i.te •• 

negligible. 

a. JfRaRHi!-ll!l :~ttx aRfi_ t..e::nu.4 tx &PJir&esntf,ati tp. Mtbr!& 

.spore vassine. Under thia heading an account ie given or 
a number ol." d.1tferent &XJHtrimente. J..n the firet aeries ot 

experil!lente a.n attcuptc wa.c ::ado to aao&rtd.1n the suacept1• 

bili ty or t;uineapi{:e to different route&-; ct 1ntec1.1on. Jlor 

tlu.u· ;,nttpose a fairly weak· apore vaccine WtA.a used. .Kxcept 

where cuti•Va.ccination was deliberatrely 1n"ended• care£ul 

precautiorw ~~ere taken to prevent cont(~minatJ.on ot tbe Dlt1n 

with vaccine. e•L• ou Baocutu.neoua ~ tnt,rar;;;J.Bcr.&l.u.r 

1nJecti(lno tb.e needle wound w-a.::. iA.X.icdiu.t.ely <1ia1nfect8d b7 

oeir~ ewaboeu oat with a line ~1ncat. the points ot wh!ah 

were ralled in cot ton vtool ;tnd eteeved in lc;,: tincture ot 

ic.;;di nt:. ::Jy thi a ,i)roceaare 1 t. wae i ound tba t the ee o.ni mala 

readily BUGcambed trom anthr~ at·ter aubcutaneoua~lntra• 

pori toneal and intra,.fij&&ecula.r inJ~ctione • will.le with intra­

dermal injection de;.i.tJl wa.• Wlcert~n. JJy ornl ~nd intra• 

t.MClleal ad:ainl•trat1oa, neue or the animala were killed. 
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71. 

lD arcler to aaoerta1n it arq 1JIIa&ni ~ vaa dneloped D7 

41t.rerent. methocla ot J.uoc11la'1oA, a nwaber of g\&lnoaplg• won 

lDJeotod. with amaller amount• oi" the aame Yacc1ne U.t bad 

klllecl before. Moat ot t.he ammals tr.lrYiYed• &D4 at\er 2-~ 

weeka tbe 1uman1t7 waa teeted b7 inJecting small amouate of 

a etronger Yucc1ne. 1"hoae Yacc1oate4 1ntraper1tonea1l7t au})• 

oaat&Deoasly 1 1ntrat.rachea.ll.7 and oral~ all died attar the 

lrmumit7 teat ~howiD£ that no immun1 t7 bad. been 4eftlopod.. 

It, however, eeemd_ ta1r17 def1Dlte that aome Ya.cc1nate4 cleep 

lntraaaaCNl~.:.rq had 40Yelope4 1JMUD1 t7 e1nce those net killed. 

b7 the Yacelne all withatood the 1-uni\7 teat. the reault. 

ot the 1nt.raclermal Yace1nat.1on wae d.oubttul a1noe onl.J 2 out 

ot the 6 w.t.thetood the immun1Q" teat. lt thus eeemed clear 

~t ~~neaplga abowe4 well marked uuacept1b111~ to .oat ot 

t.be routee ot 1Dfeetion except to oral a.Dd lnt.ra\raoheal ad• 

ID1.D1atrat1on• wllile in oftl7 'Uloae Yacc.t.nat.ed deep intramue• 

cular)3 wna the deYelopment ot 1""'an1t7 to.1rJ¥ definite. 

Ualng the aame weak vacc1ao aeYeral experimenh 

were condacted ou aheep, and the dearoe ot 1am.m1 t7 com­

pared, ae aboe 'by auboutu.neoua, lntr....,cular an4 intra• 

dermal Y&OCinatiOD• CoDtalliDnliOD ot Ule GldD •a PHYeDte<i 

eacept 1D 1ntra4erual -.cc:luaUon. Attor 2-3 ... ka the 

laat~nl \7 .... '••ted wi t.h nrulent aporea raii£1DG tr• 200 

to 3000 K.L.D. ot the 12 alleep Yaecina\ed &i&Ui\IA'OJI'M 

7 41ed troa an\brax atter t.h.e imauDi t7 teat. ot t.be 12 

eheep YaOC1Dated ipt.riHltri'H:lY 7 dlecl trom anthrax at\or 

tbe 1mmunit7 teet. while ot tbe 12 Yaecluate4 dMR 

&Ptr"'UiSa~qC:l.l onl7 oae died att,er the 1&Dm~~D1 t7 teat. 

theae reeult• were obtained froa thr-ee Mp&rat.e uperlroonte 

carried wt. 1' thus aeea 4etiD1te tbu.t where a weak •»ere 

Yacciu 1a wsect. the ·immml v eetabllahed 0'3 1u\rWlUIIcWAr 

lnooalatioa la nuch •tronser Ulan ei thar w1 th the eubcatauoll8 

or the 1ntra4eraal Y&Oc1nat1oa. lio 4itterence waa noted in 

the cSearee ot ir:IIWli \7 4neloped b7 the latter two methode. 
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'l'hla ~r1men't wae repeated on goats, usins tho 

eame weak vaccine• fhe results confirmed those obtained with 

sheep. ihree <r-J.t ot the f1Ye soata vaccinated •tlbcutaneousl7 

died after the immunity teat while all 5 Taccinated intra• 

auacalarJ.7 au.rYi'V'ed the teat. .&.a a oubaequent experiment 

Wbere a atrong cattle Yaccine wae used on gouts 5 out or 10 

goate died. from vaccination while the eurY1ving o all 

withstood an immunity test of 1500 K • .LD. ot 10 goats 

Yaceinated 4eep intramueeular~ 3 died trom the reealt ot 

Yaccination while ~· aurYlT1ns ? all withatood an 1mmunit7 

teat of 1&00 K.L.D. tbia clearlJ ahowe the auaoeptib1lit7 

of goats to a atrong vaccine. AD all the goats which sur• 

Yl't'ed the vaccination aleo aurY1Ted the iD~DUnity teat, it 

would appear that where a atrona Yacc1ne 1a used the 

41fterenoe in the degree of immunl'J following \a) aubcutaneoue 

and (b) int.ramuecular Yacc1nat1on, ie not ao etlildD£ aa when 

a weak Yaccine ia used. the 1mua&n1 ty 11J1iJ.3 eYen 'be the same 

with the two method.e where the atroDg vaccine ia uaed. 

A nwaber of experiment• were then eonducted on 

horaee, the main obJect be1ns to asoert.ain cat tactora 

war~ reeponaible for the deTelopment of oedematoue awellinsa 

ao trequentl7 noted ln thia apec1ea after Tacciwttlon. 

SUbcutaneoua inJection• were made with eterile broth tlltrate 

iD which anthrax had been cultivated tor long peri ode • ln 

none or the animala were awell1nga no~1ced. Ue4ema fluid 

collected trom horaee ahowina such ewellinge when inJected 

ln\o other horae•• alao ga'Ye negative reeulte. t1aehe4 

Yaccine •pores, treed trom extracellular material proauoe4 

ewelllnga 1D aome oases, while in others no awel11nga were 

noticed. ilJ eubcu.taneous, intramwacular and intradermal 

Y&cc1na,1on1 ua1ns a s17oerinieed apore ~la1on. swellingo 

were obtain•d iD aome oaaee and not in othera. 
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Further 1 t waa noticed that whereaa mar keel nell1nge 

followed vaccination in a ·troop or horeee, a retest of the 

eame "t'accine on a different lot. ot horaee trequeatq 

raaulted 1a none or only a few of tho animala showing 

awellinga. Certain experiments conducted alao clear~ 

Showed that while a detinite17 weak Yacc1ne ~ cause 

ewell1nge in bore••• a much atronser vaccine as •·£• 
ueed for cattle and sheep m&7 be oompletel7 aate for horsee, 

1.e. no ewell1nge are developec:t. ihue the etrene;\h ot the 

ncoine i taelt carmot lHt coneidered ae the sole factor 

determining the dCt't'elopment of ewell1ngsJ aei'ther cou.ld. the 

method ot Yaoc1nat1on be the cause o1nce ewelllnge were 

noted in practioall7 equal proportion• followins dif£erent 

metho<ls of vaccination. Since anthrax broth tiltrateo as 

well as oedema fluid from other horses d.icl not cause 

awell1n&•• it would seem that extracellular toxins caanot be 

incriminated as being tbe oauae. 

the poes1bilit7 ot ideoaJDcraay o£ animale combined 

perhaps with certain environmental conditions ma7 account 

for these inconaiaten't reel.&lte. 

. 

~ ~73~)~. 
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Conclusions. 

From experiments carried out the following con­

clusions would appear to be justified:-

l. 

4. 

The small laboratory animals, a.lthough markedly 

susce~tible to Anthrax. are difficult to irr~uni~e, 

nence their unrelia.l;ilityin; a utudy on anthrax immunity. 

Horses and cattle on the other .t-J.J.u., a.lt,llOUc.>i.~o ausce.*)tible 

to natural in1'oction with anthrax, are a.ii'ilcult to kill 

ty arti.,:icial infection. Tl.1.c ~erino shee.b), whcbc.t1 shcwa 

a .Pl"ac tic ally uni.t'(..;rn• su~ceptibil.i ty to artificial in-

fee tion combint!d Wl. th the quality ol uevelchpine; an 

active immunity after vaccination, seems to be an ideal 

species for immunity work on anthrax. 

Attenuation of different .it.ntnrax stra.~ns according 

to the Pasteur method shows that some stra.1.na ta.ke much 

longer to become attenuated t.ne..n ot.ners, while even in 

the same strain there is unequal attenu~tion of the 

orga.ni sms, some show in~ mar Ked. virulence even a:fter 

days incubhtion a..t 4~00. Thus tJ:1er·e appears to be a 

ma.r.&Ced inaividua.lit.Y ot:' strains and even of single 

o.cg~nlsms in the stJme strain. 

Cu:i.tiv&.tl.on ot· .B. a.ntll.racie in var1ouo uncowmon 

liquid ruedia does not hasten a.ttenuation. s.~.mila.rly 

1·epe&. ted I:U terna te t·reezing and thawing of s.n thrax 

cul turca l~aJ.le to cause c..ny decrease 1n virulence. 

By puysic~l or chemical uisintegration of arti-

lo 

fl.c ial:J.y c 1.1l ti va ted an t.r1rax organisms the sterile cell 

sub a tanc a i e fo unu -co be: 1'ree from both toxic and 

iwmunizing properties. 

b. Anthrax spores as well as the vegative forma when 

6. 

by 
washed free from all extracellular mn terial o.re/ them-

selves capable of either causing a fatal infection or 

of producing an ~ctive immunity. 

J:>rolonged cultivation oi' both virulent anti vaccine 

anturax str·ains in dit'.ferent uncommon liquid media, 
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7. 

10. 

followeu by subsequent filtration !ails to rev~al 

either toxic or immunising pro_t>ertiea in the filtrate. 

Blood dr"'-wn at tl:~.e time of d. eb. th from animals 

infected with virulent an turax and sterilised by 

chemical means, is seen to possess well marked immuni~ 

propErties. This quality is mainti.:~,inea J.n oloou ke_pt 

for 5 .months SJ'Hi resists heating at (,;)2°C for 30 

minutes. Such blood. produces an active immunit3. 

Filtr~te obtaine~ from freshly drawn antnrax blood 

fails to reveal any such immunizing powers. Thus 
ba...e i II a.:yy 

tile Un:f'ilterable lTi l i w decris i teelf st::ews to be thE 

immunizing substance in the blood. Tne a.ebris obta.ined 

b_y dlsintrebrfting artificially cult.~..vated organisms 

d.oea not show the same a.n tigenic · propert~es. 

By atilisine, a.nti.tra.Y spore vaccine on guinea. pigs 
.? 

lathal infections can be produceci by subcutaneous in-.., 
traperi tonea.l or intra.nlu'cc\llar inj ~c L~ons while the 

results of intradermal application are uncertain. 

'With oral or intratracheal aa.ministration these animals 

are not easily ~illed. 

The n.e.ture and degree of irnmuni ty developed in 

sneev following intradertt~l vaccination with anthrax 

sp1.1re vaccine 1s no stl:Otlger?tor more _pern1anent than 

tlmt followinb subcutaneous inoculationo Following 

the use of fairly weak antnrax spore vacc.lne, the 

immunity established by intramuscular vaccination seems 

to be definitely superior to that proauced by either 

sul)cutaneous or intr~.dermal injection. w·ith a strong 

vaccine these differences are less mbrKed. 

In horses tile etrenth o:f the vaccine cannot be 
0 

considered as tne se.le factor determining tne develop-

ment of swellings since weak vacc~nes may provoke 

swelling wheaeas stronger ones may fail to do so. 

]•urtne.c the methau of vaccint4tion co.nnot tt: ~.ue 

reeponsJ.ble cauee, since approximC~.tely tne same per-
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s. YJ e. 

cent~ge of ani~a suow swellings after intradermal, 

subcutaneous or intramuscular v&.ccination. 

Lastly v.nthrt...X broth filtrates RP well a.e oedema 

fluid from other horses showing ant.ru·ax seelling do 

not provoke swellinge in susceptible horses, and hence 

extracellular toxina cunnot be incriminated as being 

the cause. 
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