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§IUPJIS Ql. MII~¥\ ·~OIJl!X. 

37 J .1. ~ulnt B. V .i~c. Yeter1naey liaaearch Officer. 
UDderetepoori ~ooratoriea. 

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

A 11:1 c puc; 6 g. 

Al\ho\Jtih 1D the .P&at tho term Anthrax ...a uae4 

rat.her looeely for different cliaeo.eee, there eeema to oe 
little doubt that the condit1oD aa we mow 1t today. hne 

been in oxietence elnce tne earlieet tlmea. ln tact 

eneral ot the ancient au.thore (ltomer, C.1d and .t:'llny) 

vo·te about a cUseaae moat prol)abl.7 identical. with Anthrax. 

that. Anthrax 1a a d1aoaoe of pr1Sif:U7 ait;Dificance 188'¥ be 

sau.sea from the tact t.ha\ 1t baa meant \be death ot· 111111ona 

ot animale ae well aa ma.tl7 thcnaeande ot human belnge. 

Ihe aetiolo&r of ~1e diaeaao waa com,ple~oly unknown until 

!1ober\ Koch 1n 187G proved. the siemtlounee ot the rod 

abaped or,;an18118 in the blOOdt aubaeqaently termed the 

JJacillue anthrac1e. ~hort.l,J> aft.er•r4a .t.ouie Paet.eur 

aacceeded to produce a vaccine aa&1nst, the malady. Since 

the d1acover7 ot tho caaaal oraar.d.em, tho diueaee baa 

received t.he a.t'tentiOD et· hundred.a ot inveeUgatora from all 

p~te ot the worl4• .and aa enormoaa a110ant ot llteratare 

hae been v~bliahed. A~en at tbe preeeut moment research 

work in connection w1 th Anthrax 1e being eonducted on a 

large ecale tor, ol.thoueh .we pOeeeae Yaluable weapona tor 

comba\ins \he 41oeuao, eome cardinal pointe aro aa yet 

t.mexplained, to mention only • the roate of infection in the 

different claesee of animala, the pnthogenea1e of the diae~; 

and the 'biology of' the oreauiara in natare outo1c:le .tho 

animal. body. 

~ith reterence to 'he poa1t1on ot Antnr.&x in soutb 

Atrica up to the end of 1924, Y11Joen, cureon ··nd .woarie 

haYo recently pablielled a detailed report in which the 
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a. 

occurrence, diagnoa1• and greYentiYe meae~ee are tull7 

aiac~aoed. rrev1oua to that &ehoe and othere haYe written 

on t.be d.i&eaae in South Atrioa • 

..t.n thia report ia embOdied the greater par' ot the 

exper1ment.nl work carried Otl\• and the obaerw.t1oaa ma4e b7 

the writer duriug the 7eara 1926 to l9i-.;8 1 while work1na 1n 

the Anthrax sectioD of the Veterinary Beeearch J.&borator7• 

l t 1a a well known tact that, apart f'rom tbe actaal 

4eatruot1on of all Anthrax 1nf'eotod material, the activ• 

lm:aw:Uaa,ion or animale asa.1not the diaeaoe, 1& b7 tar the 

moat e.t·rective means we poasoea iD eradicating 1t. 1tor 
flj.yee 

th1a v~oee ...., main typee of vaccine are ased more or 

lees exclusive~ all o•er \he world. 

(a) ;r:oU;. cYJ.SMrll containiDS the living but auch 

weakened or attenuated Yege\alive forma ot t.be .daeillue 

aathrac1e. ~hie Yaccine waa tiret.. 1n&rodu.coc1 oy J..OU1a 

~aateur, and ia a till aaed. uten&l1Yely 111 certain coWl tries. 

lt 1a senerallJ' prepared ae a double Yaccine, the firat 

inoculation being made with a weaker "Yacciae which prodacea 

the ground i&EUD1 ty, while the second, which is atroll6er, 1e 

coDS1dered \o enhance the immunity. 

(ll) AR~biEiii sast v.-..ls.&AI• Sb:la vaccine• which 1a now 

taYoured 1n ma.ny countries, 1e ot com~aratively recent. 

1ntrod:.ac't1on, althoac.h baaed on the earae pr1ne1gle aa that 

emplo7ed tor the .eaetear Vaccine, i.e. tho utilisation ot 

attenuated llYlDG orga.niame. lt di.ftere, howewer, in that 

the DlOl'e reaistent aporee ot the attenuated YegetatiYe i"orms, 

are uaed rather than the bacllll \hemeelvee. Vegetation ot 

the spores in tb8 vaccine 1& ,prevented by ewtpendillb theae iD 

Yariouo .;r .. erYativee, ••£• alycer1n1aed &aline. #¥ t.b.ie 

_procedure \he keep1D& Q.ual.itice ae •e.U aa tbe Wli1"ort41t7 

ot the Yacc1ne ia t'A:.\~kedly 1mprovid ;- while the 1~ t7 

conferred ie in . no way 1 nf eri or to that produced b)' the 

flLsf e ~ Y Y A- c ci?z ~. 
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2 (a). 

(c) Sero-vLccination ~e aavocated by Sobernheim: 

This method which is extent:ively used inc erta1n 

European countries as well as in South America, consists in 

a simultaneous inject1on of a.nthra.x immune serum, together 

witn attenuated anthrax cultures. The immune serum produces 

an immeuiate passive immunity~ while the effect of the 

living LJ4.t; attenuated organisms is considered to be a rapid 

re~lacement of the passive by a solid active immunity against 

anthrax. 
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. . Jl!~n£ 
h'V\ber ,-1 t ttJB:3 be briefl7 mentioned that a tl I 1 

i) 

method ot ,pre•entive and cl..lrat1ve 1nocula~1on ext.•'•• Y1z. 
~ 

b7 meana of 1\YperizwaUDe anthrax aera, tile aae of which• 
A 

however, ia taurkecll7 l1m1 ted. iD coapuri&on w1 th the abcrte• 

mentioned Taccinea, w the 1mmuni t7 cent erred ot a pureq 

paeeiYe ancl tranei torx_ nature. 
l1Jr1e 

A1 though the ~ typoe of vaccine mo~~U oned ~'"(re 

extensively ueed, and generally with good reeW.t.e, eeveral 

lnTeatip:tors, to mention .aa1!, have !rom time t.o t.lme been 

encne:ed in an endeavour 'o demonat.rate tl&e preeence an4 

-value a.e act1Ye 1mmunia1na agen\e• or non-l1V1Jl6 metabolic 

products o! the Anthrax organiam elaborated either 

art1t1c1all)' 1n Yitro or in the &Dimal bOdy. 1\ 'tJ'J8¥ be 

stated that up to tho prooent the reealta of theee reeearc~ 

ea haYe been most conf"Uct1na, e.g. aome authors clala to 

ha'Ye d8l:lonstrated. detinl te toxic action or theee product. 

while otbere haYe fa11e4 to do ao. Slmtlurl1 in eame 

cu.eea act1 Ye imnr..tni ty aeemecl to have been ,provoked whlle 1a 

other caaee the reealte were clearly diaappolntlng. Shou.ld. 

it, howeYer, 'be clearl.J ctemonatrate4 that the Anthrax 

\H!Olllue le capable ot elaborating a potent 1mmtmlzlng 

a\lbstanoe comparable to the eo-called •agareeo1n" or Black 

quarter • 1 t 110uld indeed be ot inaatimaole TAlue in t•1ght1ns 

t.he diaeaee • 

.Howe'Yer~ efficient ow.- present Anthrax vaoc1nea r.oa/8 

bet lt ehould alway& be borne in mind tbat the wholesale 

1noC\llat1on with live organiatQ&i, altl1ough attenuated• le 

far !rom tho 1deal, since they are directly der1Yed from the 

dangeroualJ •1ralent organism the oiolOSJ of which ia 

not complete]¥ knom. lt'Urther it ~ be noted that aome 

d1!"ticult7 1e experienced ira 1mmun1z1ns certain claaaee ot 

anillala, ••S• goats. which are Yer'J uU.ce_ptiblo to anthrax 

and ma.v die ae the reeult of vaccination. while horae• 
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4. 

are pecul1arl7 auaceptible to ~he 4evelopment ot auocu­

taneoua awellinga tollowiDG on vacc1out1on • 

.wrina the cwrao ot the lwtt !ew yeara, what 1a 

aeacribed ao "t.rue Anthrax a£sreaein" baa appeared. on the 

market, aou complete eatet7 and. atrOQS 11&1Un1.z1ne; propertiea 

are clAimed tor 11.. 

1he obJect. ot the ex»er1mon~ work carried ou\ b)' 

the author wae · aa toll owe a • 

(a) 1'o attempt the prodw:tlon ot a non•llYins 7et 

etf1c1ent 1mbuniZ1D£ subo~ce aguinet Anthrax. 

(b) To coapare the relative Talu.a o! dit ... terent methode 

ot 1urawliaation w1 til ADtbrax Spore yacc1ne. i'he latter 

experiments were conducted mainlJ with tbe Yiew of 

aaoertainina tbe Yalue ot cuti•vaccination as advocated 

by !Se&redlca ana others in ooUlJ,lariaon w1 th the methocia 

ueually emplozed in sou~ Africa. 

The work will be divided into eeYeral section• and 

discueeed under tne tollowins tltloa. ~ablea and protocol• 

o£ experiments will be included in the text ratl1or than 

all toaether in a apecial appendix. 

1. Spee1ee auaoept1blllt7 and lmmuait7• 

!he •electioD ot experi .. ntal animals. 

2. (a) Attenuation of virulent etraino. 

(b) Experiments W1 th 41elntesrat.ed oul turee. 

(c) Experiments with waabed .-~lturea. 

3. ~oduction of 1~P~U~Jiaine or toxic uubatanceaa 

(a) Artificial 1.n •1tro experi,~.ub. 

(b) Batural, in the animal body. 

4. COIIIJ,lara\1Ye aatet7 and iamani ty experiment• with 

ADthrax Spore Vaccine. 

5. ~17 and general d 1acuea1on. 

G. .!S1 bll ograph;v • 
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.1.. §ptsitll •••st1g1lltY 1M: IPAI '"* 
tA•~. se~ossrU·&D Pt tciPtr.&llldll ta'P1'• 

~roue inveeticatore to mention Gobernbe1•• 

Bawagarten, Littler, »eto!mlkoft1 &.. UUller, baYe pointed 

out \be tact that the different apeciee or animala exhibit 

marked Y&riationa in the degree of euaeepU b111 t7 to anthrax 

oot.h UDder aataral and art1t1o1al lond1 tioJ'lfS• ~•n in the 

eame claae of aniCl&l t.heae cU.ttereneee are trequentl)' 

obaerYed• ••&• wbereae p~~tr7 ahow marked reeietance, 

Robertaon found the o•tr1ch peoulio.rlJ' aascopt.ible to the 

dieeaee. Aecor41ng to A• mUller, the different apecies of 

~t• eXhibit marked variations in auseept1b1l1t7 to an~. 

Carnlvoroue &Dimale are aa a general ru.le tar more ree1stant 

than herb1Yora. Furthermore, 41tterencee may be demonstrated 

1D one aDd the same species of animal kept under different 

conditione. lt baa frequently been obaervea that• altboacn 

such anlmale aecattle and horses are ~~ked~ •ueceptlble 

and ma7 dle 1n larse numbers from anthrax naturall7 

contracted, it 1e with great dif:ticr.J.lt7 that a fatal 

art1t1e1al lntection ean 'be broueht abgut either b;v enteral 

or pozenteral admin1atrat1on or virulent anthrax material. 

A8 a reealt or our incomplete knowledge ae to tile natural 

routee ot 1ntect1on, tbia peculiar ~henomenon 1• atlll a 

f41Dtery. \JD the otber ~4 'Iii&¥ be ment1onecl the eaee w1 t.h 

which aheep, goate and moat laboratory animals can be 

tatall7 1Dtecte4. 

~1\h reference \o immunity, aa haa been mant1one4 

~erore, certain apee1ee ot animals exhibit a ~trked inherent 

reaietance to tho disease, while moat ot the aaacepti.ble 

species can ~e aucceeatully immunized b7 ~· u&e or 
reliable yacclnes. 
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•• 
4'Berelle expreaaed. *he opinion that the at~ ot iJimur&l\7 

in artit1ciall7 produced 1Diectioua diseases does not 

neceeearily meo.n that t.he eute conditione will pz'e'lail 

uD4er nataral con41 t1one. fhle point 1e o: .. great atpU.ti• 

canoe and ahould not be lost eight ot. 

P&OD£ the Y~ricua •~optible apoe1ea however. 

notable exce,pt1onu are encoantered. ~a aTJ:¥ 1Dml\ln1 t1 

work on Anthrax 1u ce..rr1ec1 out. 1 t 1-a eeiHtnt.ial that theee 

»ointe be clearlJ realieed, and it 1& tor this reason that 

this aspect 1a part1cul~.;;zl7 etreeeed. Thue 1 t 2.\8.1' ht~ii.PeD 

that experimeate carried out on certa.1n &n1rll&~pec1ea 

which are markedly ausoeptible l>ut d1ftic:ult to 111a.u1iae, 

-., rer~lt 1n totally wrong conclaa1ona bein~ drawa. ~ 

of \he contlict1ng reeulte obtained bJ d1!terent wor~era 

~ ~rob~bly be ascribed to tho ditterent typoa of animala 

uaed. 

The ideal upecioe ot animal t.o be uaecl lD i.mr.t1Wli t7 

elli)erl.mento would obvioaaly be on.e ahow1U£ a .Praoticall,­

constnnt and. we~l n~kea au.ecept1'bil1 t7 to artificiaJ. 

infection combined with the qaal1 t1 o!· deYe~o~ill& a eol14 

1lm11Wli ty after vaccination. J.t ia intended. to cU.acaao 

br1e1:17 tne more common domeaticate4 anilllala !rom th1e 

~oiDt ot view ... 

(a) 1AI Q9PBRR .poEJe'&Ol"l OP31111• Of these ~ be 

mentioned the white rut, white moune, the su1ne&.P1£ and 

the rabbit. J\mong t.b.eae animal•• 1 t 1a exceedingl.J rare 

that a &.l)ontaueoua outbreak ot antbrax aboal.d ocear, 

althou~ll u.ceptina tor the white rat. which eUio1&.a a 

etrons natural 1mcu"n1 ty. artificial im·eo'tion ot the othere 

1a utremal7 ouay. 1'Jhite mice ma.v be killed oven b7 Yctr7 

weak vaccines. Zboul4 they r..trv1ve vaccirlation• the dearee 

ot immunity, if any be ~eveloJ,led• ia however. DOglig1ole. 

;;>iud.l.Arly suineapic;s which are extremely euaceptiole ctYcm 

t.o weak •'rains, are partiCa.l.ialy ditficul1, .verhapa 
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118J)oa-e1b~•• to lrnrnuntze and hence areat care ahoald be 

e.xerciaed in 4Jtaw1ns conclueione troa aD¥ 1,..1"1 v ~er1• 
aenta carried out, on theae ani mala. Habb1 \a wb1 ch are 

markedly ausceptible to Ylnllent bUt leaa eo to Yaccine 

etraina, rJJa7 develop a certain ctesree ot 111ml!ilt7 wbicb, 

howeYer1 18 wuk aDd. alwaya IUU'eliable. Although t.heae 

pointe are wsuely known. they are not t'\&117 a»9ree1at.ecl 

with the reaalt t.bat erroneoue conoluaiona l!tfq 'be arr1Yttd ••• 

t'b) vPA\1• !he amlTJ&la hare reterre4 to comprise the 

d.OIIeatica.t.ed e,pec1ea 1nd1senoae to south Africa. l.hoae 

animale oxhibit a well marked euacept1b111t.y both to 

natural and art1t1c1a~ 1ntect1on w1tb anthrax. JJeatbs ma:, 

occur at timea ••en tram the uae or weak Ynocinaa. J.·he 

immWli t7 4eYeloped, although u a rule rattly atrons, le 

inclined to be inconeietent. 

(o) bta• i\lthouah under natural cond1tiona outoreaklt 

of anthrax ~pear to be leee frequent than among cattle, 

merino aheep exhibit a well marked and p~et1oall7 ~form 

auacopt1b1l1t7 to art1f1e1al infection with virulent 

material. At the eame time the loeaeo even troa atrona 

Yaccine are Yery euall, whlle a eol1cl and rel1a1»1e 1mmw11 t7 

ie deYeloped. 

(d) Qa1ilel• Under uaturttl c:ondi tiona cat.tle are .Perhap• 

more subJect. to anth~ax than any other epeciea of animal, 

al.thoafh gru.t d1!!1cr..tlty ..._.,. be experle!lc•d in attempt1ns to 

ldll them by moans o! artificial 1ntcct1on. fbat a etrona 

~~~D1t7 haa been deYelogcd atter vaoo1nat1on can only 

oe ascertained 07, !the efteoUve ato!)Jr>&ge of an act1Ye 

oaibreak. 

(e) 1ia£111• Theme anir.1&la ehow a peculiar waee.vtloilltl' 

to anthrax under nntural conditions. Det1n1te •ymptcme 

senerally or a eabacute or eYen chronie nature, mft7 be noted• 

the chiet of which are the larr;e oede'matoue ewell1np 1D \he 
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a. 

auoca~e ot oortdin re61ono o! the body. 

:.\ile reuul ta o1· u.rt1!ic1al in!oct1on, however, are 

moat. 1nconsiatent. '!luls it freqaantl¥ hap»w•. that, anim&lo 

•1 tha tana even large inJoctJ.orw o;t· virul•nt 14aterial. \.11 

the ~r hand alar~~ awollin&a may !ollow the inJection 

of sU&all d.osea ot weak vaccine. ·ihio _phenomenon 1s aa 7et 

unexplained. 

1':0 substantiate the above Yiewa troqaent exa.mplea 

will be mont.ioned 1n the text. 

1\ wlll tnuu be clear. !1rutly,~\ althoash tne 

arsaall labora to:r7 animr1le are markedly a\lacepti ble to 

arti!icial 1Dfect1on, the euoaeqaent inuunity deYeloped 1n 

aarv1T1ng caaea ue tented with more virt.ll.ent material 1a 

unrel1al)leJ aeoondJ.y, au.acepticle catt.J..e and horeea w1 th• 

e~nd virulent artificial infection in a large percenta&e 

of eaeee. l t thue oecOUlOe exceedingly ditticuli to aacert.aiD 

the dearoe oi: immw111.y devel-oped ai' tel' vaccination il.IJ 

aubao-~.taently teat.ed w1 th 1·uJ.J.y virulent UUAt.erio.l • 

.ifrom nWAC.:roae itmauni ty ex,per imentu conduc t.ed• 1t 

was clearly eTident that only in limited tew o_·ecit~e oould 

reliable 1ntorcat1on be obtained as to the actaal degree ot. .. 

1&:aunity deTeloped. ~'or thie po..arpoao merino shee.P were 

toat~ to 7ield Dy !ar ~e most conatant a1n reliable resa~te, 

~~ consequently prnctioally al~ ~ immunity work ~au 

carried out on thia species. ~o a leeeor extent goata were 

alao used. On account ot tho wholeaale inoculution ot ta.rm 

animale 1D Oouth Af'riea aeainet anthrax, attention hu.d ~ be 

pa14 'o tile source o1~ ex_per.imenial anir:J&JS. 1\B antlu".ax •aa 

ot aDcocmon occw:Tence in the .ttarroo, ~nd. hence practica.llJ 

no an1mala Yaccinat.ed ac;ainet 1111t.nrax, woet or the aaaceptl• 

~le experimental ebeep and soat.e were deriYed trom tbat 

reston. Such allimala geAera.ll;r allow a weJ.l mu.rlt.aa aDd 

prac\icallJ constant. au&ce~t1b111ty to artificial 1m:ecti·on. 
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9. 

Horses were used only for purposes of noticing the 

severity of clinical symptoms following different methods 

of vaccination. 

The small laboratory animals were extensively used 

mainly to asce~tain the degree of virulence of anthrax 

material, both unattenuated and vaccine strains. Further 

these animals were used for the purpose of testing the 

toxicity of different non-living anthrax products. 

~xcepting in a limited few cases, cattle were not 

included in these experiments, on account of the difficulty 

experienced in killing non vaccinated controls with 

virulent material. 

2. (a) Attenuation of Virulent Strains. 

Toussaint was the first to notice a decrease in the 

virulence of anthrax organis1ns in infected blood when 

exposed for short periods to higher temperatures than the 

optimal. Throut;h the researches of .Pasteur, Chamberland 

and Roux, a method was devised for the gradual atteoill£ion 

of the anthrax organism in artificial media. By cultivating 

the B. anthracis in sterile bouillon at 42° C for long 

periods, a p~ogressi~e decrease in virulence was noted. It 

was thus found that such cultures firstly become avirulent 

for rabbits, later for guineapigs and eventually also for 

white mice. Although avirulent, these organisms were found 

to confer an immunity against fully virulent cultures. This 

formed the basis for the famous Pasteur Anthrax vaccine. 

Although at the present day numerous other anthrax vaccines 

are also in ~se, the principle of attenuation by prolonged 

incubation at higher temperatures is still maintained in 

practically every instance. Various other methods have 

been described for the attenuation of the B. anthracis, 

although apparently without any distinct advantage over the 

Pasteur method. Preisz drew attention to the possibility~ 
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lOe 

ot an unequal attenuation o! di.f'forent anthrax atraine 

aD4 eTen of individual or~•nisma. 

Accorc1ill6 to .l\..och• Gat!q and J...Ottler, ihe 

passage of attenuated ¥accir~ atraina throu@h experimental 

an1m&.le aoea not enhance the v1ralence ot aach atraine 

exce.;,lt perha~e where t.b.e oritJ,ual 'Yira.l.ont wgun1u138 were 

atteuaate<i Tt:r¥ ra_pidly in & ahort time• i.e. gra,duuJ. 

at1,en'Wit,ion leads t,o th.e prodaction ol.· Yaccine atraina 

showine; &Teater constancy. 1lrom recent 1uYee\igat1ona 

Schillih8 clAims to have ehown ~t anthrax organ1sma coul4 

be attenuated oy growinG on 5~ Sod1am dllor1de asar for 6 

weeks. Haobi. ta could be aaocea:.u:-"'-113' and aate11 1mw.Wl1zed 

a.Dd att.erward.a wi thatood. Yirulent ant.lu-a.x calturea which 

regt.il..u.-~.v killed aaace~t.ible controlu. the same. however, 

ootU..d no~ bo eataoliehed !OJ.* aaincta.J.11t;a. 

A'tenuation of ueYeral Yirulont anthrax atr&ina waa 

att~pte4 in d1f!erent waye. ~are aEar caltarea were 

oot..t.tlnea trom aix atraine o1~ viraJ.ent anthrax from d1tterent 

parte of sou~ Afric~. All these were definit.l~ proved to 

be le\bal to •uincu»ise aua rabbits. Attenaation wuu 

comceneecl OJ' inoculating br~thl .. tubeu with frhe pure et.rairut 

aDcl conaia~ently incubHtint; theee at 42° c. lnJect1ona 

in\o suinc&p1&e 24 to 48 hours at\erward& cont•irmed the 

Y1~.llcnce noted in the !1rat ina~nce. After in®batrina 

tor 20 days, •ubcultures on to nutl"i&nt agar wore mode eve17 

~ ~s, incubated at 37° C tor 3-4 daye, Goaled and ke~t at 

room tcm.werature tor farther aac. l:h1a vae cootJ.n~e4 

Wl1t11 all the etraina had been incubated at 42° ~ 1JP t.o a 

per1oa of ~~ da1B• ~ollowing thie,eo-culled •tea~ ba~cnes~ 

~ere prepared !rom aeYeral eeleoted agar tabea repreuen\in& 

41ttarent. per1o4& or attenu.:~t1on. .toung broth caltw-ee w1 th 

seed material obta1ned from the agar slants, were aown on to 

the thin 11\Yers o!· nutrient agar contained. iD larae !1&\ 
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-ottoaed 7ernbaCh tlaaka and incubated at 31° c. Growth 

and eporulation were noted daily. oenerall71 atter 4 or 5 

daya eporulation wae pra.ot1oal17 coqllote. the srowth "11&8 

tben removed b7 pouring amall amounte of uterile normal 

aal1ne on t.o the eu.rtace tosetber with a few ater1le glue 

beads. 1.!7 geatle t.11\1n& ot the tlaaka, the growth became 

cllelodged. !l.hio •• oaretullJ' decanted into ater1l1aed 

flaska and an equal weight ot pure sJ.7cer1ne aclded. 1'h1e 

tormoct the concentra\e4 sJ.yoer1n1eed epore emul.sion with 

wbicb all further teeta V~ere coaclacted. Glycerine .a 

found. t.o preeerYe the a.voree rtnd prnent Ye~etat1on. 

lt¥ ~. procedure epore emula1cna were found to ma1nt.a.1n a 

tlftitorm atrensth tor ••ra lens perioda. nuboequentl7 the 

degree of Yiraleace o! tbeae experimental vaccinee waa 

tested out on tr~neapif~S and rabbits by au.bcataneoae 

inJection or var1oaa dilutlo~ made in nor.aal saline. ~ 

1mmualz1ng propertlea were atterwarde aacerta1ne4 b7 

Yaccina\ion of sheep and goats, but only 1,_ thoee cnsee 

where n.bbl t:, aarY1 ved the inJection. \then ro.bo1 te diocl 

f'rom the Yaccine, it .waa seerall7 tounct to cnaae death in a 

fair percentaae ~f the sheep and soa••• ihe degree ot 

1U~m&~D1 ty deYelo,ped in aheep and goa ta wae aAbaequen'l7 

tected after 14 to 21 d.a;a by \be oubout-ane®u iDJec\1oo of 

a rtralant el.Jceriruoed e,pore emulsion ot known atrenath. 

thia wua .Pre.Pared in the eame a~q ae cloecr1be4 tor the teet 

batcbea. B7 preYioaa~ conducted experiment& \he Ddn1mal 

lethal doee, referred to ae ~ a.L •. D. for sheep wae 

accaratel7 determtned. 

!he teatina ot Yiralent upore ewUaion _, carr1o4 

out J;eriod1call7 aDd the .a.L.D. fixed• JJ1Q£noa1a ot anthrax 

wae made by the ~croacopio ~nation ot blood or B»leea 

emeara taken tram dead animala. ~here theee proved to be 

uesat1Ye, broth oalturee made from the epleen, were inJected 

into 11h1te mice and the resalt noud. 
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12. 

The followiae •X» .. iment.e will ""e to cle~~onatrate 

the Yar1at1ona in eatety and imnunSaing l,lropertlee ot 

different teat oatcboea • 

JxperippS l• 

Slra1D A, attenuat'4 60 4!1•• 
1 rabbit inJected .1 c:.c. sl7eer1u emulaioo • dead in 

4 dal• ADUlrax. 

1 sW.nea,pl& inJect.ed .l c.c. omula10D - 4eacl in 3 days 
Anthrax.· 

1 SUiDeapig inJected evl C•C• oaulBiOD • dead iD 3 da,J8 
Ant.hr~. 

l rabbi\ inJected .1 c.c. ~leion - remained alive. 

1 guineap1£ inJected .1 c.c. emuleion • dead in 4 d~e 
AD\brax.. 

1 sutneaple iDJeeted .ul c.c. e~.lllla1on • dead in 3 daye 
Anthrax. 

l guineapls lDJcoted .001 c.c. emul.aion • dead in 4 days 
Anthrax. 

,'\8 the rabbit remalned alive th1a batch waa tested 

out on sheep and SOBta. 

Arlimal .uate heault JJa t.e Y1ruleat, tte&r~lt 
Yaccine a~oree 

H/8/26. 
I 
819/2Qe 

Sheep 11324 e02 c.c. I - 500 .ll.L.D. Al1Ye 

• 

• 
• 

Goat 

• 

7369 .02 c.c., I - 600 K.L.D. A.U.Ye 

11U22 .ol c.c. - 000 .U.L.D. Dead lti{8/2J 
AnthrtaJt. 

1121.7 .01 c. c. - I 26U •• I..D • Al1Ye 
I 

1185C .oa I AllYe c. c. - I atlV X.L.D. 

11866 .o1 c.c. i4ead fi/8/25 - -Ant.hraa. 

OM soat 1a noticed to have died trora anthrax atter 

Yace1no.t.1oflt while in the 1S1Wli ty teat one ot the eheap 

euocwabed from anthrax. 

nv11a Ae ettgg••tw au MY• • !;iagle colon_y. 

l rabbit inJected .1 c.c. e~lOD • remained al1Ye. 

1 auiaea~ig inJected .1 c.c. emulB1on • dead in 6 dal• 
ADtbrax. 
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1 gulnenp1g inJected .01 c.c::. ewlaion - dead 1D 3 dfQ'e 
ADtbrax. 

1 suineagls 1DJectea .001 c.c. emuleioa - remained al1Ye. 

~e wae again teated on aheep aDd soata aa tollowea • 

ADluaal JJate Vncc. Reeu.J.t .uate Tiralent Jteeult 
2/12/26 spores 18/12/28 

I 

r:Qee_p iC06; • c2 c.c. • 600 Jl.L • .o • l l4Ye4 

• 886b • ol c.c. - ·aoo M.L • .o • J Uvecl 

Goat 14031. • 02 c.c. - 100 K.L.D • UYecl 

• 14024 .ol c.c. - / aet~ u.L.n. I4Yed 
I 

-. I • I 

It 1e aeen tha\ this partlcalu.r \latch wae both aa1'e tor 

ehee_p an4 soaia and conferred a gooct. 1Damwl1ty protectins 

aau.1nat aa nuoh au occ II .L.D • 

.ttrom the same tube tba\ the aboYe batch •• uaaclee 

another wae prepared ofll7 that a different colof17 wae 

aelected trom the agar p~te. 

1 rat.{lt iDJected .1 c.c. emulsion • remained aliYe. 

1 guineapis lDJected .1 c.c. emalalon • 4ead 1a 5 d,~. 
Anthrax. 

1 guioeapig inJected .ol c.c. emulelon - dead ia 6 de¥• 
ADtbrax. 

1 BU1Deapis iaJected .v~ c.c. emulaion • dead in 5 ~· 
Anthrax. 

Jjott• .Ln thie cnae the .oo1 c.c. killed while 1D the 

preY1owa batch the gu1neap1£ remained al1Ye. 

nato Va.cc. J.ete Yiralent 
~ 

Sheep 1064? •<..'2 o.c. -
" 10724 .ol c.c. - IUC &.L.D. 

Goat 14032 .o2 c.c. idead 6/12/25 -ADthrax. I 
• 14020 .c1 c.c • :dead 6/12/2 -,Ailthrax. 

i 

Al1Ye 

Allve 

• 

-
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14. 

lD thia caee tbe YacciDtt prepared from a ditterent colOf17 lD 

highly virulent tor guineap1ga· and goate, although 1t ia uate 

tor abee!l and. contere a atroas lii!UDi 'tl'• Thie clear17 

demonatratea \be UDequal atteauat1oD ot 41tterent orsani ... 

altJlol.IOh ot the aame atra1n aa.d in the e&f38 tube. 

UP•rim.tnl 2. 

stralp p a\tenuatsd go gaY!• 

1 rabbit iaJected .1 c.c. ~elon • reaained alive. 

1 6u1neap1s 1DJecte4 .1 c.c. emulsion • reaaJ.ned al1Ye. 

1 gu1aeapig inJected .ul c.c. ~a1on • dead in 1 ~· 
Anthrax. 

1 &uineap1g 1DJeotecl .oc1 c.c. eaale1on - romat.ned al1YO• 

Tbie ia obviously a very wa.k Ynccine. tested out on aheep 

and soata. lt gave the rollowiDS peculiar reaultst 

Date Vacc. 
26/l0/20 

Sheep 12249 • 02 c.c. 

• 9624 1 .o1 c.c. 

Goat U809/ e02 c. c. 

• USM 1 .ul c.c. 

lD thia cu••• tbe vaccine 

Result Date Yirulent Heea1t 
eporea 8/ll/20 

- 600 M.L.D • Dead 14/l.l./25 
AD~ ax - ~00 K.L.D. Dead 12/ll/25 
An\.brax - 1250 ii.J..~ AliYe 

• 100 • Alive 
I 

oea1dea being sate tor oheep aDcl 

goate,imman1aed the two soata while the two &beep read117 

euca.uabed to the 1JDUJW11 t7 teet. 

1 

l • 

5tra,1p ,31 atttnuetesJ 75 dayt • 

.1 • • • • • 3 • 

• • 01 • • - tt 
.. 3 • 

• • oo1• • - • • 4 • 

• 
• 
• 

!hla batch 1e a.::~kedl.Y' Ylrulent Altholl8h the atra1n waa 

attenaated tor ?b da.J•• 1\ 110'..&14 -.PPe&r that the colofl7 

troa which it waa pre,pu.red waa formed trom aa org~DiBJI in 

llh1 ch no a' t.emw t.1 on he4 talcen place. 't. wae not tea ted on 
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eheep a1nce it ldlled the ra'bblt. 

ln tbie way no leeo than 6~ teat ba\chee were 

prepared from different attenuations, eeleetiD& d1ttereo\ 

colonies or the 6 atraine. fheae weae all tested out on 

raob1te ana eu1neap1gs and when ,prolliaing, also on Dheep and 

goate. ot these not more t.ht;.n tour could oe cODaiclered ot 

anJ Yalae aa reliable Yacclne etraina. ln numcroaa caaea 

either 'he vaccine ldlle4 or iD the etav1v1na ani male imu•mi • 

t7 waa absent or weak. 

lt was elearl7 evident that tb4 9rodact1on of a 

reliable vaccine atra1n 1.e. one in which eatet7 aDd. 

immunity were combined.• depended em at leaat two tactore. 

?ia. (a) the etrain 1taelt• (b) 1ndiY1dual organiama oom­

prialng the etra1n. some atraina proved to be altooetb.er 

uaeleee, while tn other atra1na certain colODiea yielded 

excellent teet batcbea. 

ln oome cases it was found neceseary to attenua'o 

up to 90 aaye before the requia1le attenua\lon wae reached, 

while with other atraina attenuation tor 46 ~· prowed 

aus·ticient. .Lt. seemed 4ef1n1 te that no tixed ,period could oe 

preecrioed tor attermat1one and tbai cons~nt teet1DG ou~ 

on aDimLAla •a the only re11al:Jlo 'fla7 ot obt.a.1n1QS a au1 taole 

Yaccine atra1n. 

1 t. wae tb.en clecide4 t.o attempt. .,he at tomaaUon ot a 

viralent anthrax strain b7 prolonged calt1Yation lc a number 

1hia a&ra1n which waa lmowa \o 
• 

be m::~rkedly Virulent in the original state had oeen a ttem.u.t• 

ed previoasly by other metma yieldi.ll£ a.n excellent vacciue 

at.rain. l;heoe me4·1a were prepared the ea.me aa ora1~7 

natrient broth except tbul Yar1oue other taa'terial.a were o:ab­

etitate4 tor the ~need beef. f.be eterile medium contained 

1n a litre tlaek m.o inoculated with 0 c.c. ot a 24 hour 

broth oalture of the Y1~~leat atraiD and 1ncuba\e4 tor 30 

d.aye at a teaperi.t.ture ot 37° c. Galneapiga aDd ral»blta were 
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thaD lDOcu.lat.ed aaocutaneoaaly wl\h Ya.J7lng aaou.nto of tbe 

culture and \he reaulta noted. 

!Q\RI£~un' ~· 

~DkQle .• Xlrulent Aa\NM ¥t ho1ll b£tlb 'PlSlB'I• 

l ra\')bl' inJected .5 c.c. • dead in 3 dal'• Anthrax• 

l ga1neapig • .5 • .. • et 2 • • 

l • • .25 • - • • 2 • • 

L<auS&£ol.a. DEi&'IP' AJl)h£M ~ •x tllata galfnKt• 

l ra~blt inJected .5 c.c. • dead in 4 d&78 An~ 

1 gu1neap1g • .o • • • • 3 • • 

1 • • .25 • - • • a • • 
il• v'WM! An!hry tp l-p l!£alh (or 39 4NI• 

(ordinaey dry peas were uaed). 

1 rabbit 1nJeot.ea .& c:.c. • doad. in 4 d.a.ya Ant-hrax. 

1 au1neap1£ tt .o • • .. • 2 • • 

1 • • .26 • - • • 2 • • 

A- DlJ'.HBS · Al!!su 1g ll"' bfa& 'PE 19 MIA• 

( ordina~7 d.l7 bea.ne were used) • 

1 rabbit 1aJeetecl .6 o.c. • dead ln C <iaye Anthrax. 

l sulnea.Pla • .o • • • • 2 • • 

1 • • .a& • - • • 2 • • 

g.. !'n!S' 6BM'M ip orcliMJX 11rqt;h :=t*M• MS tor 

AY 4AYI• 
l ra.ooit inJected .5 c.c. • dead ln 6 da7• An\hras 

1 ~~1n•~18 • .o c.c. - • • 2 • • 

1 • • .26 • - • • 2 • • 

~· YVW.II\ 'Plhz:M 1p 9b''iFM WilY iraa *A£ A!J MXI• 

1 ~aboit, inJeo'e4 .6 c.c. • dead ln b dal'• Ant.hrax • 

• -
• .26 .. • • 

• 
• 

2 

2 

• • 

• • 
&• firu6M1 AA\grg 1p D.U Will• 'rAH+ tor ~ df\YI • 

1 rabbit lDjeated .~ c.c. • dead in 3 daya AD\brax • 

• • 6 • .. • 3 .. • 
• • ao • - . • 4 • • 
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1'7. 

1..• Y;ld].tpt Apthry in $'PtQtp grpth {AE ;}U 4&XIa 

1 rao·b1't inJected .o c.c. • dead in 4 d&.7tJ An*h:rax. 

1 8l.l1Deapig • • fJ " • " • • • • 

1 • • .25 • - • • 2 • • 

g, lll»lt.Rl AP\FN in QEfU,DMU brANt* l.OJ 

AP\'EM '&IPH'r•• PPPi•:x ... &p£ w ax•· 
1 raob1t inJected .c c.c. • ·dead in 5 daye Anthrax. 

l g\11oeap1g • .5 • • • • 2 • • 

.20 .. - • . ~ . • 
1 t. ie tmla aeon \hat oat of a to\al ·of 21 ani~• inJected 

with the ~ a..mount.a ot d11"fer81lt anthraa culture• DOt· a 

ainsle one survived showing that prac~icully no attenuation 

had ta-ken ~lace iD arq of' the rl.neka. lhe incubt\tion waa 

atog~ea at 3C daya since after 'h1• ~erio4 atte~tion ~sb' 

haYe +aeon expoctod even in tne 9lain broth control c~lturea. 

·1r:r011 tbeae ex.-rimente i't waa evident tJlat b7 culUYatins 

viralent anthrax orga.nisma in theue ..ar1cuo media, attenuat-

ion wa.u br~t &boat no oooner than in ordinary broth. 

J\8 a third me~od ot attenuating Yirulent anthrax 

eu.ltaree :lt wae decided to attempt thia by repeatedq tree ... 

lug and thawing ot the cr"'l tt.&rea. .vor thie purpoae a small 

apparatus wae conatracted• ccnaiating ot two tubea cloaed at 

one end made oat ot galvanieed iron and aua.~:>eDded one within 

the other. A ame.ll 1Dlet in tho outer t:.abe waa connected · 

with a cylinder contu1n1D£ carooD dioxide under hisb preaeure. 

A ealtne ~elon conei•tiDG ot ~ 12 hoar asar growth ot 

Yiru.lent, :m\hra.x organ1ell8 wae glaced iu tJle inner tabe. 

Opening of the cylinder caaaed the rapid eec~e ot Co2 from 

between the two tuboe. nus reealted in al.moat 1DI1ed1ate 

treeztne or the emala1on. Atter being trozen tor lU adnutee 

the inner tube wao removed and qaiokl.Y eteeped into water 

at ~oO c. fhia oaueed rapid tbawiag 1nalde ~ tabe. 
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18. 

A8 eoon aa liquefaction waa comple~e ~e !recz111G waa 

repeated. :,.:ubcr.&lturee on nutrient agar were 4Uade att.er fl'lttr7 

alternate tree&1n£ and 1ncaoated at. 3'1° c. :tbia treeatns 

ancl tbawins wae contin~ed. 24 timee in tr.&eceaaioa. After 

1ncubn.ting the agar aubc;J.lt~•• tor 24 houra,ap_proximu.tely 

equal amo\lllta ot· growth \one plafrinum loop11.ll) were remoYecl 

an4 eua_peildecl in dofini ie awoa.nt.e of saline. fl:hie wua 

aabeequently inJected into gu1neap1ga and rabblte with 

the following reealtea • 

Yi&Jiu\•AS Cgultro.l• 24 hoar old. v1r.1l.unt ~r cult.a'e, one 

loopi"ul •~•.vended in lo c.c. aline. 

l rabbit inJected l c.c. eQU.laion • d.ea4 in 3 d.U1'8 Anthrax • 

l gainea.pig 1 tt • - • 3 • • 
l .. .. • l • • .. • 3 • • 

One locpf'ul 24 hour asar cul tare made from material frozen 

once and. s~pended. ir1 lc c.c. saline. 

l Ra.Dbit 1DJected l c.c. emul&ion - dea4 in 7 clByu Anthrax.. 

1 • - • • 2 • • 
1 • .1 • • - • .. 6 • • 

this waa ma.cle troa material· troaen 21 times. 

1 rabtlit 1nJeeted l c.c. e::aulaion • dead ln 3 tlaya Anthrax. 

.. 1 • • • • " • 
l • • • • 3 .. • 

As the frozen 21 ahot:e<l no 8it::ne of attenau.\ion the frozen 

Z3, cultl.lre waa taken and troaen for ~ daya on and an4 tormecl 

!rezen 24. Saline ewalaicna were ~ad• aa aboYe and gu1nea-

pigu and ra.bbi ts 1nJ ect4td onlJf w1 th much amaller amounta. 
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1 g\liaeap1t4 fl .ot;l c.c. " • • .. 2 • • 
1 • • .ooc1 • • • • 0 .. • • 

l • ... .oe.cc1• • - • .. 3 • • 
b"roa the abO't'e experiment 1 t wae cleu tbat the 70\Ul8 12 

hour old. •~setati Ye tortl& ot · virulent ·anthrax ooul.d wl that.~4 

w1 t.h 1mpuai tJ persistent r11pid alternate t'reezins and thaw­

ing. &1croacop1e examination or smears made trom the troaeD 

material reYealed no\ the slightest eigDa ot d1a1nlegra\1on1 

while 1Jle aoia.al teata groYe<l the aoeence ot &.1\Y attenuatioD 

haYlnt, taken place. 

ct the 4ifterent metbo4s or attenaution att.eJ:a.Qted, it 

wae decided that the ~aatear metho41 a.l\hough t,ediot&a 

an<l frequently disappointing, waa the only one in which 

attenuation definitely took place. 

tho obJect ot t.hia a•rieu ot ox.perimenta waa t.o 

devine ways and raeu.na for the actual dieintesraUoD ot 

anthrax oi'Ganiamu and sett1DG tree of tbe protoplaaa. ~ce 

thie had \)tHin ach1 oved t.be sterile germ tree product; waa to 

be tested oat on susa.ll la'borutory animale in artier to 

aecerto.in the presence or abaence or endocellular toxlna, 

and :further t~ note the degree ot imr4Wli ty developed, 1f arq, 

in s.h.ee,p aud ge&. ta. lor theae ex».er1mentu the growtJl from 

young 12•24 hour old agar ulopes were aaed, the aee4 material 

conatating o! a h1sblY virulent anthrax etra1n. ~he 1ouns 

growth consietine· moetly of Yegetative rorm• \ftle oare~~lq 

removed rrom the agar eurtace by ~ana or a platinua needle 

and eua..-nde4 in normal ealine. ln th1o way a thick saline 

emulslou wae termed. 

Aa mentioned before the alternate t·ree&1ng and tl:&A .. 

lua of auch emulsions did not cauae diain\ee4ration and hence 

the method was abandoned• 
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20. 

SeYeral other me~oda employed gave completely 

eatletaotory reeulte. 

~&>GiAnt A­

pit&p'friSEitign u ~gut&wfd,!hak1ns• 
A ealine emulaiou 9ropared aa described ~ove 

wae placed in a a\r0116 fl.aak together wi 'h a number of 

aterlle alaee beada and aecurely corked. lt waa \hen 

abakea continuously in a ebak1ne apparata'for 4 dn;ye. 

~croacop1c examination reTealed the presence ot a 

larae ~eroentaee ot d1alntesr~ted bacilli in \be tor~ ot 

4ebr1a. Saboul:~1Yation. howner. reealted in aa abundan' 

growth. the emuleion was, therefore. cliluted and oaretull-7 

paeaed thro~gh a Seltz bacternl til ter • Ule filtrate waa 

· ooapletely-eterile aa ehown 0, eubcult1YUt1oa ~ ameara. 

the mate~1al waa then inJected into amall antmalc ae 

follOW& I 

l.su1neap1£ 2 c.c. filtrate - remained al1Ye. 

1 tt 2 • - • 
1 whl\e ~~•• 1 c.c.• - • 
S1milarl7 a youne broth culture ahakeu up in tJ:ut eume Wl&l't 

filtered and. 1nJecte4 into al!Bll animale produoed no 

etreet. 

the addition of 1 in lOOC solution ot an111D 

sent1an viol.Gt to tlle eaUae el!B.tloion. wae al.ao toUDd to 

caaoe r~id dis1ntet~at1on ot the D&c1ll1, and eter111aation 

ot ~e-emule1oa.. 

2 g-iolineu.P16• inJected w1U1 1 c.c. each o£ t.he 811l't1lo1on .. bot.la 

remained alive. !:-ittd.lt4rly two whito mice remained aUYe. 

lhia ll&terial. wae also toctod oat on two ahee.v• 

5heep ?'116 t} c.c. -
• 8?22 3 c.c. • 

8 • • a • 

100 ll.L.D • 

100 Jl • .t..D. 

.uead 3/10/2. 
ADU!rax. 
»ea.d 2/10/26 

SbrH• 

Diaintegration ot virulent material waa aJ.ao carried O\A\ 07 

Uind1DS 1\ ap iD a raortar, attar ac.h1in& &Oo'li llal.t ihe 
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21. 

volwae or clean ater1le aand. ln thia way _pracUcnll;y all 

tbe bacilli •ered1aintegrated. Atter paaaina the d11a~ed 

saline emul&1on throabh a oacterial filter, and con£irm1QI 

ateril1\y• \he filtrate was aeain teeted oat on animal•• 

uuinef.tp1£e ~nd white mice inJected with awo-.mta up to 3 o.c. 

all remained alive. Uhee9 were inJected aa !ollowu& 
••• 1 ... 

Sheep 146?? j 6 c.c. filtra~e 
I 

• l468o jlo " 
I 
i 

-.. lUQ H.l..ll. • .tlefWl 0/ll/2e 
AatJlrax. 

lOC W.L.D. liellaJ,.aecl 
alive. 

Aa one eheep ren•1ned alive ~e experiment wae repented. 

On t.wo more eheep, inJecting the same dcee of filtrat-e and 

the aame amount of Yirulent material with the reaalt tha'& 

both died. 

rTom these exper1menta it waa clear tnat art1ricial• 
. ~ 

17 oul t1 w. ted. yo~ 'bac:i lil lf'JI:J.Y be restu-ded a a contain1DS no 

enc!ooellular toxic subetnnoe eurfictent to kill a 110uae. 

Simil.arl.y 1 t W~Ut devoid o1y .acq aabat.~ce ca,pable ot 

oonterr1ns ialWll•y on oheep. 

~ (c) iUIARI&tL lila 'ltmd .SM'-11£11• 

the obJect o1· theae ~iaente -.e to deteraine 

the v1ruleneo and &leo tho 1mt1Wliz1ng poweru o.r anthrax 

orsaniaute after complete remoYa.l of all traces ot their 

extracell~ar ~rodacte ot metauoliam. tbla ~• carried o~t 

by the regeatod waehine; in normal saline an4 centr1t~l1e1na 

of' the organid~• lt has be.tn ahown t.aut certain oac1.eria 

••ti• tbe aac1llue chauvea.ui of .Black ~uarter, whon COJD.Pletoq 

aogaratod !rom all extracellular prodacta bo~ ~ vese~t1~ 

fOl"ble aDd \l1e s,t;Jorea are 1ncavabl.e oi" aet tina up 1nteot1 ou 

and caas1nG 4ea th. 

~erimenta on unthrQX vere carried out as rollowaa 

l*w•£i~ea) § - tJorea op~. 
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evons and Yer-s reUable Yacc1ne batch waa ued. Jlicroe• 

cop1c examination of emeara ruealed t.he preaence ot 

aporea oalJ• A amall amount of g~cer1n1aed emaleion waa 

dilated in aa.line and thorougbly centritaged.. !the aJ~,per• 

nataD\ fluid wae aighoned ott and \be precipitate coneiet1n& 

of eporea asaiu ahaken up with aallne and the centr1tueins 

repeated.. fhla was <lone 6 timea ut11 probabl)r all vacee 

ot utracell\&la.r eu.oatanoee had been removed. Var1ou 

aaline 41lut1one ot the aporea were then made ap aDd inJect­

ed 1n\o emall a.Dimala ae toll owe a • 

1 gulneapla - 1 c. c. waehe4 eporee ) 
) )All animu.J.a 

1 gulneapig • l c.o. ot .1 dilution eporee) 
) died within 4 

~ 
: } dqa .tr om Aat.bra.x 

• - 1 c.c ... R 

• - l o.c. .. .001 Jt 

FO\&r 1lh1 te mice inJected 111 th the eaae amouute &lao died 

within 4 ~·· the material wao ~1en teuted OD &beep aa 

toll owe a 

J)af.e aahecl .uate v1ralent 
ADiaale vaccine eporee Heault eporee Heaalt 

0 , • 

fibeep 16623 1 c.c. a abet£. - 6CJU K.L.D. .tterau.ined 
alive. 

• 14338 .uol c.c • .. - 200 lt • .L.D • ~ itema1ne4 

thle exper1 .. nt \heretore clearl-7 clemonatrate<l that the 

liac11..Lue tlllthracia (ln 'the apore •tage) UDllke the J:Sacillua 

ohauYeatai 18 cagable o! cuw.1ug death ae also of 1mm;an.lz1D& 

ohee~ without tho preeence ot anr extracellular products 

i.e. toxine or aggreae1na. 

marlat~t 7 • !ultat~t• tor• Mly. 

!be apore emuleion trom the same Yncc1ne batch waa 

inoculated into ~roth tabee and 1neabatedb tor 24 houra. 

Uioroacopic e.xamjna.tiOD rueale4 nuserou.s bacilll out no 

egores. the Jwoth cul t.ure &B then centrift.~galiaed and 

the precipitate or bacilli repeated~ washed •• in tbe 

preYloaa experiment. Various dilutions ot the bac1l!1 were 

a.~in inJected into smc.ll a.Dimala• ~.aine:lplge aDd white 
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ud.ce. theae all die4 .froa anthrax followiDg 1nJect1ona ot 

dllationa ap to .~1 of tbe or1s1nal euapenaion ot bacilli. 

t~beep 'Were also teeted aa tollowal • 

uate washed Date virulent 
vaccine agorea Reault •»oree Reaalt 
2&/ll~~6 0/12/26 

r~eep 15621 1 c.c. aubcu.t. • 60t; ll • .L.D. ;·~eraained 

alive. 
• 16b92 .vOCl c.c. * • 260 ll.L.D. .uead 

9/12/26 
A.--•J...-a:x. 

!he amoant used on the aeoond abeep wae obviously too eaall 

and on reteatill{~ another animal with a lu.rser amount it 

wltbetood the immunity test. 

l'roa t.bia ex.verime.nt, aa trcm the prov1oue one. it 

wae clear that the wn.ehed Dac:il.ll were capable ot kill1D£ 

amall ani male and o1" immunl z1D£ eheep. 

3. ta) ilofl;Jgt&oo ot &PaiN4lai o.r smc •&aSA&ell• 

A£\i{iglal in yltfO SXPtr1mtntea 

~Umoroua 1nveatisat1one nave been conducte4 with the 

obJect to aeoertrain the actual cau.ee of death tollowing a 

tat.al anthrax infection. 1he view lJ trequentl7 hold that ta 
$remen4v~a accumulation of anthrax bacilli in the seneral 

blood circalation towarde the end ot n.n infection 1e in 

1 teelf" aatt1c1ent to caase deatht 1.e. b7 pt&rely mecban1oa.l 

rHrlllli through a olockage ot numeroae ca,.Jillar1ea au..pJt.l.tina 

vital or&ane. Accord"ing to thia view death col.\14 rea~l' 

from internal asphyxia. otller aathoro again IM1n\a1n that 

1 t '111B:3 be dae to ,pulmonary emboli om. Al thoasb apparently of 

sreat eigni!icance, thia mechanic~tl factor f:tlcne does no\ 

explaiD \he cauae or dea'h in every instance, since .it 1»141 

happen that death takes place w1 thout tllf! presence of aarv 
orsanlsma in \he ciraulation. %hie 1a eapec1al17 notice• 

aole in equines where only very tew orgnn1ama may be tound 

in the blood after death. the poae1bil1ty or toxic aubatancel 
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elaooratecl o-s the B. anthracta baD, therefore, to be 

cona14ered. Nro& tbie point ~. reeults of the iuveet1gat• 

iooa ot the Yari9us aat.hora are mout cont·l.ict1ns. 

Accordint, to 11ast.eur and Joututrt,, Levy and .Beckman, 

C&D&relli, liruaka and otJ.lera, no toxina are elaborated oy 

the B. anthra.cia. Conradi claimu to have shown that. t181theza 

OD.do- nor e.xtracel~alar toxin& are tormed "by tlle .t~.anthraoia 

whether cW.t1vuted in vitro or in the aniwal ooey. A&alnat 

thiu ma:~ workers claim to have dewonstrate4 detinitely 

toxic a\loatwwea .formed by the anthrax orgulliam. lioffa, 

J.i&nk1n aDd. \;eat~rook, .Llart1n• Brieger and .blraenkel• liarmter 
"Y\1 

a.Dd. tAOro recently U&rkot~l .. • .B1er:t>.aw:a and .doe~•-• all main• 

tain t.ha t t.oxinu, capable ot oa.uaifl6 definite e.)'lli.Ptoms and 

even deat.h, ure for~d by anthrax orcuniema. Further. tbe 

i1w:anni zing property o! these metabolic prcducte of the 

B. anthracis baa formed the subJect tor cloue 1nveat1sat1on. 

Here &Esin the evidence ·brought forward is Yer3 conflicting, 

eome authore claiminr: reliable 1DlL1un1z1ne pro9ert1ea tor 

cer\aiD 8erm tree anthrax producta. while others report. 

completely ne~ttiYe reealte • 

.da-11 waa the firet to a»Pl¥ hie conception or 
aeereasin 1uaaunity to anthrax. !DJ the uee of sterile 

material collected !rom tho oederaatoue 1nt1ltrat.1ona ot 

animale 4ead from anthrax, he wae aole to cauae a strong 

lmil\llli ty in eheep, raobi te and ga1neai)1i;S• ~·hat t.bJ.a wae 

not o! the na.ture ot a puaive 1UD\Ul1 ty wae Bhown b7 the 

tao\ tbat it 0~7 developed 8 to 10 ~· after Yacc1nut1oD 

ot tbe animale. Markoff also tound &naked extracta 

prepared from anthrax cultures protecting rabbits aea1net 

a O\lbeequent Y1r..alont infection. working on Bail 'e aet:Teee1D 

\beor.J u.kada deecribe~,t.he collection or eubcatr~eoua 
oedema tlu1da from anthrax 1ntec\ed rabo1te an4 \he etrons 

1~an1a1ng powera of aach tluicla for other rabbits. Mike• 

wt•• Hatswwoto touod tbe eterile oedema tluid ot infected 
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ru.bbl te ot det1n1 tely 1mmun1z1ng Yalue. He eonclud.ee tbat 

the metabolic prodacts ot the a. antbrucia, preeent in euCb 

!lllids are reeponalble for the 11DmWlity produced, and further 

tb&t &l.lch atr.,greaaine are 1a aome Will' comparable to bact-erial 

to.xill8• Oainetlp1ge • howeTer, were tou.Dd to be tar more 

d1t~t1cul t to illlmlllize w1 t.h tlle asereae1D. Accord1Dti to 

Salecu.u·1 recent 1nYeatigat1one have »esaltec:.t in the produc\• 

ion of a trae anthrax aareeeln capable o! conferring a 

aolid immunity 1a different claaaeo or dameaticated animala. 

The aasreaain ie conat1tute4 of tbe ater111aed and filtered 

bod7 Juieea collected trom 'he caroaaeee of animale which 

ba:re auecU~Bbed io au infection or virulent anthrax. 

~erlmente conducted on laboratory animals aa well as on 

sheep allowed that tl1e eo-called &t.ereaaia ll&d. well au-ked 

aotiBeniO propert1••• while outbreaks or anthrax a.mongat 

cattle under natural condi tiona could oe atop.t>ed b7 asgreaala 

lDJeotiona. 

Since the reeulta obtained 0.7 di~terent workere were 

ao eontlictine;, 1 t waa decide<l to conduct, eome experiments 

with the .s. antla-ac1a 'both in vitro and 1n Vivo 1n o.ruer to 

deaonetrate the presence or abaenoe ot: any &l.lcb ac'ti ve 

.. tabol1c products. 

Yor t.h1e purpoae a number ot 41fterent. Uquid media 

was prepal.~e4. t"he sterile aecliua was tl1en inoculated either 

w.lth a ta1rl7 strong Yaccine atrain or anthrax, or With tull7 

Ylrulent cultures, un4 incubated at ~7° c for yarying 

per1o4s. After thie the cal\ure wao til,ered tbroa&b a 

Geitz ·bacterial t1lter and the filtrate t,ea'ted tor sterility 

by aubcult1Tat1on and inJection or small animala. Should 

these ani OJala aaccumb to antb.r&A, 1 t, wait clear ~root that 

filtration had bean incomplete, while it emeara were nesatiYe 

and aabeulturee ot both the filtrate and the spleen of the 

dead :mimal sterile• death wa.e regQrded aa being due to 

toxic aotioD of the tiltrrato. lha iDwatalug gowr of tho 
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filtrate waa tested out on aboe~ and gOQta in tQe manner 

already described. 

Six flauke each conta1nin& one U tre ot· sterile 

nutrient broth of .rM.'t?.6 were inocu.latecl wi'Lb 15 c.c. each 

of 24 hour broth c~lture made !rom a fairly atroDG vaccine 

atrain, and incuuute4 a\ a7° c. 
¥M•Js l• inocl.llated ~ Jtept, aa a control.. 

···lalla Sia lo c.c. 24 ho:.lr oroth cu.ltw.-e ot 'Ul.e awaa atrain 

a4ded every 14 daya. 

JiJ..Aii ~· 200 CeQ• ot a· 2;; va,PtO.IlO aolut.ion added every 

14 da;1t.i. 

JtlM•lc 4 1 200 c.c. fresh })roth dd.ecl eYery 14 da.Y•• 
t+p•i P• .16 o.c. treab C\lltare - 300 c.c. broth added ever7 

14 daya. 

lo c.c. treah c1.1ltare • 200 c.c. ~ peptone acldocl 

eveq 14 daye. 

these materials were added 111 aJl. attempt to promote aDd 

continue the growth. All tlaake atter being incabated tor 

five weeko, were filtered th.roagh a r:41tz bacterial filter 

and teated tor eterility. 

t;ubeequent.ly small animal.& were inJectacl with the 

tiltrate from each tlaa~ aa tollowa• • 

l rabbit - b c.c. !11\rate ~oa~~eoualy • 

1 gaineapige - 4 c.o. .. • 

1 • ... 
-" 8 " • 

l white -mo~~•- 1 • " • 

1 .. • -• .o .. .. • 

ot the ac an1ma1a thae inJecte<l eYer, one rematnecl in good 

health. lt waa t.hen 4ec1ded atter 14 claye t.o teat the 

1-=unity &n4 the aame animals now inJected with •iralent 

a pore ewllaion rabbits 1oe li.L.D. C'..t.inea..vis• 60 M.L.D. and 

whl t.e m1 cc w1 t.h one needle' prick tr0111 the Y1ral.ent ~~&~erial.. 

the reeul t. •• that, all the anl~.~tt.la • e.xcept106 two m1 ce • 
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2fl. 

died from anthrax within 6 daye after the Tirulent 

inoculation. 

1"he material •s then tested out en eheep and eoat.a, 

ueing· two sheep and two goate tor each o! the elz tlltrateu, 

~D follOWS$ -
l ebeep • }.(.l c.e. filtrate eubou\. later t.ested w1 tb. 600 1.1. :...» 
l ., 

6 • .. tt " • " 260 

.\ goa.t 10 " • • .. • " 200 

1 .. ... 6 • " • • .. q 100 

Of t.be 24 animala inJected with tiltrate not ono ehowecl arq 

111 effect. tbe immun1t7 waa tested after 20 d~e with 

Virulent &pore• ranging from 600 ~o 100 M.L.D. 

the ree..Jlt waa that every ania&l, except one ab.eep 

from tlaak •• died £rom anthrax. within 6 ®ya. 

b'rom thie experiment it. wae clear that the broth 

tiltra~es were neither to~c to amall animals nor did tbe7 

poeeeee any mar~ed i~~n1~1n£ vower tor larger ~mala • 

• 
• 
• 

.l.n thia o:J.Bct a !laek con~1n1ng one 11 tre 11 ver 

broth, as prepared tor the srowt11 ot .a. ohaaYeaui in the 

groduction ot ~lackqaarter t1ltrate, waa 1nocul~ted wi~ a 

YOi.W& brotJl cal ttae ~e Jtrua a rol.i&ble Yacc.ine an'tilraa 

etrail1 aDd inc~uut"4 at 37° c J.~or 4£~ duya, tUa1 then filtere<l. 

lhe aterJ..le 1~1lt.r~ttt was inJcu:toci into t;ldnea~igs and mice 

un4 aJ.eo in~o aheep. 

~wo &W.ner.:.~i&>e each 1nJ ec:ted w1 th 5 and 3 c. c. 

rea~octiv~ly, und two mice with one c.c. each• all remalned 

alive and heal thy. 

Jlc.te t1ltro.te 
6 

Sheep 1388'1 6 c.c. aubcut~ 
I 

• 12?11 20 • • 
-- I 

D6.t.e v1raleut 
2 

j100 K.L.D. 

JJeacl 2f.t/6/26 
Allt.brax. 
Jlea.d 26/6/26 

Thie filtrate there! ore exhibited nei tller toXic action nor 
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lt was t.Uen ®ciued t.o c;row t.U.J.y vir.U..ou\ antnru 

organ1ems ta} in ordi~ry 'broth. \"b) broth ~l~ an't.Jlrax 

i~ane aer m. :hia waa dona tor a period ot 30 daye 

and tbe calturea !ilteredt and tu~ filtrate inJected into 

ani :~ala. 

~~0 &uinea~i£& ~ere inJected a~ooutaneoualy 0 and a 
c.c. reapective., tro~ ObCh ot the ~wo tiltrates. ~hey all 

remained al1Ye and were inJected 14 d&Je later with 36 a.L.D. 

Tirulen\ epore ~ulnion. ~hey all died rrom anthrax witbin 

4 daye. 

Cbeep were then injected ae tollowea 

(u) l,&ltrat1 from pJ:a&n iriSh qultvrt• 

.uat.e L"'iltrate 
t' 

&bee~ 13687 6 c~c. aubcut -
• 13884,20 M • - lOU U.L • .'J. 

i 

(b) DJ.Hak trp ftpth + ID!.bU' ' 'PI aera AMlt.QE•• 

JJate Filtrate 
.A.nimal 10/6/26 Heoalt Date virulent Reaalt 

•poree 
6 

!;hee_p 139M it> c.c. au.bc. ! • 100 l6..L.D. .UOad 24/6/26 

l3639~~C 
Anthrax. 

fl .. .. .... i lOt. .;...t..L.D. Dett.d 26/6/2.6 
j 

AS in ~~perlment 9 these tiltratee were neither toxic nor 

did ~ey prodace imwunity in sheep. 

%wo horeee were inJected suboa~neouely on tbe left 

aide ot the neck with lv c.c. and 6 c.c. reapective17 or the 

plain broth culture filtrate. At tbe earoe time lc c.e. ot 

ordi~&ry eter1le oro~ was injected into a third horae 

actins aa control. ~he obJect or \bia ea~eri~ent waa to 

note ~• development of oedematoaa aweli1nge freQuently aeen 

1n horeea after Yacciuat.iou. .i.n all \hree aniuale the 

t~perat.ure reDUned normal and not the eign of a ewell1aa 
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noted. 

'~Xpfr1ment ll (oee also '~spt. 3) • 

.Vor this ~..trpoae the sume ou~ tureo as aaed in 

experimMlt 3 were filtered, and tbe sterile !iltratea tested 

out on animals. Xhio consisted of virulent anthrax grown 

tor 30 ctu.y• in pen. broth, bean broth. dog broth, chicken 

broth, eat. ·uroth, potato broth. broth+ 101~ hyperillt.aWle 

serum and ordina-ry ·oroth. ti4heru.a all the ema.ll animala 

died rrom anthrax !ollowine the 1n.Ject1on of the live 

c~ltarea net a n1ngle one died from the filtrate, two b~neu• 

9igs each being injected with 5 c.c. ~e tiltrato wae aleo 

tested out on 2 aheep in each case rece1V1ne 15 c.c. and 

0 c.c. respectively. After 14 cla)f'a the imwanity was t.eetecl 

by inJection or lOt' K.L.D. and. bo u •. -. .• D. rca~ec\1vely. 'ibe 

reuult wae that with three excep't1onsrroadlfterent f1ltratee, 

all the ehee,p died !rom antlu-a.x within 0 d~J.Y"• 1h1s once 

more proved Ula.t by growing virulent anthrax 1D 41tterent 

media neither toxic nor iJPan1z1JlG aubeti;lncee were elaborate4 

to a~ appreciaole extent. 

I;xperi m&W• ·~ul 

lD this experiment ditterent body tlui4a were 

collected and uoed either aa euch cr diluted wi~ nutrien' 

broth aa media in which tul~ virulent anthrax orsanisze 

were grow tor aeTernl weka. 

(a) A oulture coJuais,ins ot ordinur7 S'terlle aheep'a 

blood in a tlaak inocalated with a 24 ho\lr broth culture 

o1 viralent organiome wae in~u~ted tor t!~ee weeks ~t 37°U. 

1 t wae then diluted wi tJl two Yolwneo of· nor;.ual aallne \o 

facilitate !11\rat.ion aoo _p~,s&ecl tlu·oa.t.b. a. ~etta bacter1&1 

tllter. ·the steril• !iltrate waa inJected. into t:1.&1neap1£"11 

1n 0 e:c. amounta, withou\ however producing a~ 111 

effect. lt wae tnen \eeted ou\ en nhee~: 
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10 c.c. -

100 M.L.D. 

uead 2/lC/26 
Anthrax. 
,t,;eacl 1;10/26 

'lhie filtrate therefore again ~·<bowed neither toxic: action 

nor immun1aine propertiee. 

(b) Ule f'l ui d i>r e sent in the abdomilltJ.l cavity o.t· a clog 

tnu'.fering f:fom asci teo waa caretully drHwn ott and diluted 

with an equal Yolume of nutrient broth. J.n t.hie mediwa 

Yiralent organieme wore e.rown for 3 weeks an4 \hen tilt.erad. 

the !iltr"\e WtUi 1n~1ected. into e;aineaptgs wi tbout. ca.aoine. 

any aympt.OlQB or dentll. l ~ watt then inj eet.ed a\loout.u..u.eoaaJ..y 

into eheepa 

Animal 

Sheep 
l426C 

123?6 

ti c:.c. :f1ltre~te 1

1
• 

1 10 " a • lOC M.L.D. 

Ueacl ll/11/20 
Anthrnx. 
rtemained all ••• 

As the sheep inJected with the smaller 5 c.c. doee ct f11• 

trate only died from anthrax ele'Yen daya after the inJection 

ot the Yirulent test dose, while tbe one inJected wit.h tbe 

10 c.c. filtrf.i.te withetood the virulen' teet, it wae 

decided to repeat the experiment ae fcllowe: • 

10 - i .uead 2L·/12/26 
·• An~~ax. 

___ .._. __ ~-~-...... ~ .. -~---""-----· ·-·-·-·-·--· ..llo$o.DI~.&UII&All•looil-lilli-ilolll-----

lbl78 I 

lt ie thaa aeen 'hat in a retest one eheep again remained 

alive at,er the Yirulent doee whereas ~he other died froa 

anthrax 7 daye a1"'ter the second inject! on. .vrcm the latter 

experi~~t~n't 1 t. wcnald appear t.hat 'by c:ulti~atins virulent 
,., 

ant.hru.x organisms in a medi~ eonaietiuc. of aecitea tl.W.d 

mixed with ordinary broth some .,._tn.bolic: oabatance 1& 

el&borat.ed which is capable of producinr an immani ty in a 
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certain percent<1ge of uhee.;. ,h:eept ~)erhr._pe in t,he laet 

raont1oned ex;vuriment no definitely tolde or inert but 

1w4Wliz1Jl{; nubstance could be der1onatrated 1n r1rq or the 

vnri ous litlUid media in \tltllch Taceinu or t:tTen vir-.alent 

anthrax org~.Ullooa brut been eult1vnted tor lon{; per1ode., ln 

thio respect the 5ac1llue nntl~ae1a ditrers materially tram 

euch organisae no tho Macillaa tetan1 or :Ju.cilluo chauYenul. 

~. (b) f£RQY.Ct~ RP Qt. irBIID& UPi SPi. llaiQ G\lR•••nqta 
~ 

a.a th; ~t.c!WJll sosU. 
'~7bat is terraed a "true antt-..rax aggressin• haa w1 thin 

ttecent yearo been ,:llaeed on the en.rket. lt ie aiatod. to 

cono1at of the sterilised and .fillered body Jatcea oolleot,ecl 

from the carcaues ot animal& which have died ae the reeult ot 

artit'1e1al infccti on with anthrax. Yor this ,L)roauet iD 

cl~imed ·tne ~ro~erty of conferring a solid activo 1~~7 

&f5AUilGt. anthrax and bea:sideo thie, coaplete ealety to 

•~o:tccinated anil.'t.a.le. 

As a ILipply o!~ thic materia! bad been introduced into 

south A.Crica 1t wars decided to aeoert.ain exper1meDtall7 ita 

degree of aatety and 1m:nan1ztnc propertieD on ditterent 

animals. 

.;g.pe£1 r3p\ ... ~ ~· 

Sab~~lturem made from the •aegreeetn• in broth and 

on agar all reQained completely eterile. Aceor4ina \o the 

directiono for use suineapisa were inJected nubcutnneoualy 

with the following amounte• 

-rwo fr..llneepige l c.c. oaeh and 2 guineaptf\8 2 c.o. each. 

Mo a3mp~owe were anown,all the an1mala remaining iD iOOd 

health. l t w;J.e tnen decided to te•t ~he nu. teri&l ou aheog 

aDd soate ae tollowa: (~he dooe inJected corr .. pondod wi~ 

tna't a4Y1eecl by the manut·aeturere ). 
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1iD111al. JJate aesreasin HeeW.t Date Yirulent HeaW.i 

Sheo,p 

Q 

.. 
• 

Goat 

• 
• 
.. 

10/8/26 sporea 24/8/ 26 

12068 3 c.c. 8\lbcl.lt. - 100 Jl.L.D. Dea430/8/26 Anthrax 

1C86C 3 • • - aoo • • 27/8;~6 • 
12~9(; 3 • • - 30/8/26 • 2/9/26 " 

100 li.L.n • 
12970 a ft • - 30/8/20 

100 u.L.D. • 4/9/di " 
14487 3 " " • 2f)t} • " 26/8/26 ft 

1.4449 3 • .. - 100 • • 27/8/28 • 
30/8/26 

14604 ~ .. 8 - 00 ll.L.D. • 2/9/2G • 
30/8/26 

14696 11 • " - 80 M..L.D. • 2/v/26 • 

Thus or the 4 eheep and 4 soata Yncc1nate4 not a aingle one 

aani ved the immuni t.y teet, cleu.r l7 ahowiDg tbat the 

lmm:w'.li t.r prodaced. if aJ17 at all, must have been Yery weak 

indeed. ln none o£ the anirale Yncc1nated wae &'lJ1 tempera­

tUJ'e reaction noticed eo that complete aa.t~ety ot t+o1ne 

could not be diag.Jted. 

Seeing tbat no a.l'l1f1c1u.l. ,prodact with reliable 

1Cill&rl1a1ng properties coald oe oota1ned.,1t waa decided to 

aac:ertain whether in the animal body aey such aabatancee 

were elaborated attar art1f1e1al infection with anthr.&x. 

~lt.h this obJect ln view a aeriea ot ex.perimente were con .. 

4uc\e4 ae tollowea-

nuacepti'ble sheep and goate were to be art1t1c1all7 

iatected with antlarax and blood emeare examined a' refr..alar 

intervale. Aa aoon ae the euear• rnealed nwuoroua bacil.ti 

aD4 e1e;na or approachiD£ death noticed, blood trom the 

JUSUl&r YeiD was to be drawn off aaeptical~ into Sterile 

f'laake. lmmecliatel,- a!ter death. the carcaae wa.e t.o be 

caretu.ll.J" opened aDd wbateYer otb.er body tlu14a coulcl 'be 

found beeidea tbe oloOd, were to be collected in eter1le 

vee;:~ele. ~r'"\e of t..b.e different orsana were a.Lao to be 

collected. 
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!'he •terial~thaa collected were to be treated. in different 

W&J'BI 

(tt) SOme of \be body tl\llde includint:. the 'blood were to 

be paaeed throUGh Oe1tz ba.ctorial filtero aDd eterile 

filtrate obtained. ~o facilitate t11\rat1oD \be blood wae 

citrated at the moment ot oolleci1on ao ae to l)l'eYent. 

clot tine, and al"terwarde diluted with two or three Yolumee 

o! a\erile normal Bnline to decrenee the Tiecoaity. 

(") l.D some flaaka conta.1n1ns theee flW.da tJle anthrax 

lntec\lon waa to be killed ort bJ Chemical means. 4n thie 

connection Yar1oae preliminar7 experiment• were conducted 

bOth on anthrax. c--.~ltaree and. anthrax infected blood. ut 

the vario:.&D chemical auuatuncea teetod out., it, wo.s tO\lD4 

that oeoaalvaraa.Jl 1u a dilution 1 & &OCO oaaaed. the comploh 

eter111aation ot ooth anthrax cultures and infected blood 

w1 thin two hoare. ~b1• waa clearlJ' prcrted by numerows 

eubculturee and 1DJect1cns into emall Mimal.a. Smeare made 

from auch -.terial ~ eTealed aur&ed dleintegration ot the 

err;aniame withlD 24 hou.ra 1 whlle after a few da¥e,onl)t the 

debris ot tbe d1a1nteerat.ed organiaws coald be made out. 

Similar e.x;per .!.menta were condaoted with ani lin 

aentian v1o~et in va.rioae 41lat1ona. J.t wa.o toWld that a 

c11ltat1oD ot 1 • 20CO killed a&t the anthrax intection Within 

24 houra 1 alld tllat in \be coarae or a :Cew 4aye complete 

d1a1ntegration had reealted. Various dila\lona of Yatren 

were aleo tested but with leea eatiatactory reaalta. Yor 

Lbia eeriaa ot experiments it waa, tbere£ore, decided \o uae 

unliltered citrated blood treated e1~er Wi~ neosalYuraan 

1 ' coco or ~lin gentian violet 1 : 2000. 

(c) Extracts trom different orsana were macle b7 •cera\• 

1rl8 theae up with aterile normal au.l.ino in a mortar and 

eubuequentlJ filtering tbrougb a bacterial filter. 

All theae raat.er1ala were then teat.ed (1) 011 omll a.Dical8 

tor toxic Rropertiee. and (2) on Larser ani~e tor ~1r 
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imman1ziD& Yalue. 

IEBIE111nt 11. YD6~llterea Bl~. 

Goat 14411 •• 1n3 oct eel 8\lbcutaneoual.J W1 Ul ~DO 

M.L.D. 't'1r.alent epore eur~ion. lll 'tbe eecOD4 da7 the 

tempertJ.ture roee to 103.6°1. ~en\y mnutea before death 

blooci emeure revea.le4 n~roaa bacilli. .JloOd. waa col.lectecl 

trom the Jugular Yein (n.) ln Citrate 1r neoaalYarhn \b) 

l~ci trate +ani lin sent.ian v1o1et. SubcaJ..tarea ~ade on the 

following duy all remained aterile. ~u1neap1~• inJected 

w1 th 2 c.c. and •"li te mice with .t> c.c. each or t.be two 

eaaples ot blood all r emaine4 alive. the material was then 

teated out on &beep aa tollowea 
~ IIIII- •• n . - . I 

J~ADS.•l .uate et,erile oloocl n .. w.t llu te virulent, He salt 

,lhoep 

• 
.. 
• 

12898 

7639 6 

13821 2 

1288916 

• 

I 
c1 tr.+ neosalvar• - 100 li.L.D. !Remained el1v•• 

ean blood ,. • .. .. :- 260 • Hemained al1ve. 
.. " 

Vt.ol· j 

100 a • • + an.sent""blood. 1 • 

111 " +- ft • .. I. 2DC • • • 

A• all 4 sheep survived t.he immunity teat. there were 4ef1· 

n1 te a1f;;J18 t.llat an 1mrouu1 ty had been e at.abliahed. .Lt •• 

tber1 <lecided to retest the material Wlillti a. .larger llWaUU of 

a.Dir.»ale. 

Date eter1le blood Rooult Date Yiraleut Heaal.t 
iWU2! .... ; ! 

'PRrll 
,lleep 13841 2 c.c. citr.J. neoaalYar• 

ean blood - !100 li.L.D. 8/8/26 Rofl1Ci.1Ded alive 
I 

• 
• 

• 

• 

• 

1.389116 

.L38?3 2 It 

144~3 2 

14,91 6 

l44b2 2 

~4480 f) 

• 
• 
• 
It 

.. 
• 
• 

II 

" I• 
I 

+&n.gent.viol•! • 
blood ji . .. .. . 

+DooaalYareanj .. 
~lood 1 .. • 1-

-ran.gent.Yiol.i -
blood ~ 

• • • -

i26C 
I 

:100 
I 
i 

:100 

100 

lOC 

100 

250 

• 
• 
.. 

• 
.. 

16/8/26 

16/8/26 

8/8/26 

16/S/26 

8/8/26 

• 

• • 
• • 
• • 
• • 

• • 
• • 
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Shee.P ll?8b 

• 13618 

• 13893 

• 13774 

.. 13066 

• 10406 

I 

).bu Zroa t.he 4 ahee,p and 4 goat.e wse4 tor the retest. 1D 

which acme were lnJeeted with 6 c.c. and ot.here td.\.b 2 o.c. 

of the two samples or blooa, only one goat eu.ccwabed trow, 

antllrax 0 daya &.fter the imwanJ.ty teat. 

ln aome caaee the 1anuni t¥ wae tee ted 18 dEqe 

after YaGC1DQ\1on while in the reat 2? daye atter vaccinat­

ion. the goat that died was inJected w1 th 260 li.L.D. 21 

daya &1~ter Yaocination. 

fbt.&a the ~eliminary e'lid.enoe tbut an active 

iu'nmtt.y had been eetabli8hed by thia ~aaterial wae l.}rovecl 

beyond ~ douo\. l'he tact tllat in eome caoes the 1z=Nrl1 t7 

wae tested aa lons ae 27 ~e after Yaocination, w~ld tend 

to exclude the poaa1b111'y of a purely paaa1ve immunity. 

aa ••&• ehown b7 a11thrax aern• .flJld Which generall7 paaoea 

oft 11.1 t.b.ln \.be tire't week a.rter inJection. 

lu order to eatuollab the effect that tbe neoaalYar­

aan in \he olood adght haYe produced on the immunity teat 

eneral eqer1ments wore conducted w1 th thie drugs • 

.u·J.ret 1nJoct1oD second 1nJeot1oa Heault 

!lOO K.L.D. a;J.bcut. 11 sram neoaal'ftlrean •18 h.re. J)ead on~ 
I later day AnthraX. 
1 oc • • ;1 

,. • • Dead on 3rd 
l day Anthrax.. 

'100 • • il tl " 24 bru • .uea<l on tith 
! I later 148.)' Aat.b:r&Xe i /1 i oc • .. .. " • Dead 011 4th 

I 
lstmultuneouolJ 600 IM.L.D. 

c:kq Antli.rax. 
jHemoined alive 't 1 gram neoaalvnrean j.u eu.d 011 :.d : .5 gram • 1100 M • .t.D. 

112 hours later i 4117 Anthrax. 
! 

I 

Of the 6 a.beop tested in 41tterent ways oru.y one r--.1ned 

aliYe vi.a. in the caae where the Yiralent material alld t.ho 

neoaalwaraan iDJectiorw were mad.e oimaltaueouely• t.be !iret 

euocat.s.neoual7 !i.D4 'the latter 1ntraYen~ael.J. Ae wae ehoWD 

1n tbe caae ot ebeep 1C460, where 1.5 gram neoealY&rD&D wao 

1DJected 12 houre before the Yiralent material, \be ·baeter1~ 

c14al eftect ot the drug waa ao redaced w1 thin this ohor\ 
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period tho. t the o..ni.r:aal. succumbed to .-1thrax w1 thin ~ dtq"a • 

.From \heae ex.veriraente it waa cle·u.r thtlt t11e aurnTa.l ot 

\he animala ~roaied with the blood aawples and att•rwarde 

with Tiralent material co~ld not have been due to aqv 

aalvaraan etill proaent in the bO<ly after 27 tlqe. 

After a periOd or 1 weeka thie eame material wae 

again tested both tor 1te keeping qualitiee aa alao ror 

1 ta thermostab111 t7. ,J'or thia parpoee some ot tl1e bloo<l 

-...e _paateu.riaed iD a v1ater bath at 60° C tor 30 rainutea 

while some was paateariaed at 80° C tor 3() min-.atea. lt 

was tJ:1eD inJected into sheep: 

ADi~ DU.~e et.erile blood Date Yir~lent Heeall 
IQQFII ,}/ ~/fi:6 .l.DJ•s:tpd &wc!a/2§ 

T i I . I 

Sheep 12038 1 6 c. c,. ci ~r ~i- neoaa.l Ta~- : • 
1 sun pa.et.bO \.• tor 3t, mln., • 

j 

.. - lOC • l3846j6 c.c. citr.~An· aent. 
lviol.blood .past. at 6l!°C1' tor 30 min. 

• 10414 6 c.c. cit.r.-f. geoealvaa-! 
aan paat.at tso c 1"or 3t I - 100 • • 

• 
min. 1 

1Cb88 o c.c. cit.r.+ AD. gente 

1

1 Y1ol.blood paet. a~ a~ c 
i for ~c min. 

' 

- lCO • 

After a period or o mont.ho this material wae aea..1D TL£ated 

and eome paeteuriaed at 920c for 30 minutes. 

Date Yirul.ent tieoalt 
' 6" f 

• 

Sheep lb6a6,'6 c.c. citre+ neoaalnr­
sun paet. at 80 C tor - lt~ K.L.D. ~ine4 al1Ye. 

• 

• 

! 30 minutes 
166481. 0. c.c. _c.1tr • .+ neosu.lvar- • 

aUD old. paat. ut 92°C 
tor 3C =inaten. 1 

10114 6 c.c. c1tr.f-. ~eent."'iolt' • 
bld.paet.at ac c for 30 . 
llim.atee. 

15622 b c.c. ci'rrt~·gent.viol• • 
bld.pnat. at 92 C for 30 · 

8 

.. 

lOO • 

100 

• 

" • 

.;Jead lC/12/21 
j Antbrax. 

In this t2st one o1 the sheeg died !rom anthrax 4 d.aye 

after the viru.lont 1njootion. 1h11D out o! the 20 aDitiBla 

v•ce1nuted with tnia material 18 were det1n1tel7 immunized, 

eTen at'ter kee9106 tile blood !or !» months and then puetG'.&r• 

0 
lela£ it ap to 92 c tor 30 minute&. 
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#(per~e~nt *b • ~'lttfiQ ~lpod. 

lD thia GX~iferi.aant the filtered olood trom uheep 

4ea4 trom aathra:x, w.e teeted. 

Sheel) 1292'1 was 1nJ ected with "60 a. L.D. and bloc d. col..l ectett 

16 minat.ea oet'ore its death from antJlra..x ,Ulood emeu.re ahowiD& 

D~roua bacilli. the ci'tratea blood waa diJ..uteu witll an 
and 

eq,l.la.l Yolume ot ealine/itimediate-4¥ filt.erea.. ;.tho a\e.t•J.le 

fi~trate wae inJected into guinea,pige withoat an:~ ill 

et·!eo&. lt wae then inJected into au.eceptible. a.Uett»' 

.luli~l .:.ste eterile 1·11• .tteealt Date v1ralent Res..alt. 
trate 16/~/26 spores 29/9/26 

nhec.P 
14324 10 c.c. BU0Ci.lt4 - 26C U.L.D. Dead 

3/lC/26 
Anthrax. 

13?71 5 " .. • 100 tt .uead. 
2/10/26 

. . AD.thrax • . 

1\8 these two sheep died. rather unexpectedly after the 
" 1amlnity ~eet, it waa decided to procure a fresh ~le of 

blood trom MOther eheei) infected with anthrax. 

Shee,p l3G76 wa.a injected with 250 x.L • .D. vlralcm.t e9oree. 

1be animal wae bled. a few minutea before ito death on tll.e 

third day. J:$lood ea1earo o.b.owed naroerou& anthrux 'buci~li. 

~he oitrated blood di~ed with an eqaal volawe ot saline waa 

again 18ued1atelJ filtered and the eterile filtrate tested 

out oa t:uinenpige without n.rq ill ettec:t. .Lt wna then 

1nJ ected into al1eep • 

Mlmal Date eteriie Heault 
filtrate 

Sheep 
116?1 

14279 0 • 

• 

• • 

Date virulent 
e,v~rea 

6 

260 ll.L.D. 

250 • 

ueaalt 

Dead 13/ ll/26 
Anthru.x. 
JJeu.d 14/ll/26 

Aa in the previoae test the two obee¥ ra~idLy aaccambod trom 

anthro.x atter the 1mman1 ty teat. lt, wa.e th.ao clear Ulat the 

blood f.rom which the anthrax orgurlieme bad been eeparat.ed 

lJ7 til trat:ion ab~wed no imtn.anizillb gower a ae coiAJ.)m:ttd wi til 

the immunity provoked oy whole blood 1n which disinte£rat1cn 
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of the orsanltNae bad. been bl-ougbt abou.t by chulalcul meAD~~. 

J\.11 evidence pointed io \he ~1cillary 4ei.lri• in t..be blood 

ae being the real 1mman1 zing eu.batance in theao Ui»V1meate. 

the aamo 1-.:nmi ~ciag ;roperties, however, coald not be 

claimed tor anthrax bacilli cultiYated on ar\1t1ciul media 

aDd. die1nt.egJ"ated e1 ther 03 .-Ulilin e;.er:J\ian vi ole\ or u3 

actual er1na1u~ U»• lSee 3x.perimont. OJ• 

spgriQip.t l§.. 

lD thia ex..>eri:uent the aterile filtered bod_y Juices 

ot seYera.L aniuaa.la c1eac1 tr0111 anthrax, ae we~l aa f'1ltere4 

organ extrac\a wore toated 011 aJloep. 

(n) A eterile aal1 ·• filtrate of miuc:ed apleen obtalnecl 

from. goat ~D226 4ew.4 trom vir alent an\laaa waa inJected 

into shoe~• 

~te sterile Date ~1ralent 
epleen filtrate :u.es\ll.t epores HeeuJ.t 

C Cl2 

Shee.J l39ol 2 c.c. eubeu.t. - 260 ll.L.l). I ile&d 3/ll/26 
. ' Anthrax 

ti 1394?! b • fS - 26c .. .uead 14/11,00 

-·· t Apt,h•axa 

(b) Sterile filtered bile obtained trO& the same goa\ 

was aleo tested on ehee~a 

I 

JJtt.te eteri~e 
filtered bile 

3L/lC/26 

5haep l43£GI2 c.c. bile 
i filtraie 

l3725!ti c.c. bile 
' 1'1ltrate 

-
-

Date 'f'irulent Ileaalt 
eporea J.j.lll/29 

lVC ftU,.D. 

lCC " 

Remained. 
aliYe. 
Dead l2/l.J.t'6 
A ....._,. 

(c) Sterile filtered peritoneal f'luid obtained froa goat 

143#1, dead troa Yir-Jlent anthrax. as inJected into abee.PI 

Date eterile .rtoeal' 
Anim&l fl a Result 

! 
JJe&d .S/10/;..G Sh .. .P 12201 lC c.c. auoc:'-&le! - lCC ~ • .&,.l). 
AD'llrax. 

" 13992 Q " .. - · lCC .. Hellailled 

Un repeating the latter two exper1JMnte both anilale died 

atter the Yi rulent teat.. 'Ihue, ae in tbe case or the 
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f 11 ~ered bl.ood the other bo4y fluids and OJ: Gull ext,rac:ta 

ahowed nc; de£1Di te immtAn1a1n& .PO ware. 

A number of horaea vaccinate4 wi\b a cer~in 

talrl7 weak butch ot anthrax apore vaccine developed well 

marked eubcQtanooue oedematcaa .. ell1nga. lt was decided 

t'? collect aome o! tbie oedema fll.lid. and teet 1\ out on 

animals. Horae 18028 ohowing a aeYere oedema of the lower 

cerYioal an4 eternal regions tollowina Ynccinat1on wae used. 

tor auppJ.71ng the oedema tlu1d. 

lhe clear fluid was drawn otf int.o a eterile tlaak. 

~ub~~ltarea ma.del\l:Crom the fluid all remained aterile. 

Guinee.pie;a inJected wi tll o e.c. eacll of the pilre oedema 

fluid all remained alive • 

. naie oedema 

Sheev l39t.i9 ·10 
I 

• l3'148llo 
i 
I 

130691 I) 

126961 6 

e.c. oed. 
fluid .. . -.. 

-
-

bate Yiralent 

26<.; ll.L.D. .ueaa 16/~/26 
... -\D thra.x.. 

lUO • Hema1necl 
a~ive. 

260 .. .uead 18/9/21 
I . .tmthrax. 
j100 ¥ JJead 11/9/26 

a 

Tbua out o£ the 4 sheep inJected with ae much as 10 c.c. of 

the pure fluid three died !rom anthra.a atter tbe immunity 

teet ahowing that ihe immWlizins power. it any, e.s decidedl7 

ver7 weak. At the same time this fluid was also inJected 

into two non•Yneeinated borees• the obJect being to note 

the .voasible developwent o! eimilar awellinga. liorae 17827 

w.a injected with 5 c.c. and boree l770C W1t.h lo c.c. both 

aubcutaneouuly on the eide of the neck. ~he aaimale were 

examined 4&117 for 12 daya and temperature recorda kept. 

DuriOE: thia time neither or the animals showed &n1 t~era­

tl.ll"e diaturbancee nor waa there an7 awelling no,iced. 1he 

latter e~eriment woul.de t .. eretore, telld to exclude the 

goesioility of a. toxic woatance be1DG t.he caaee ot the 

eabci.&taneoua oedema in horoee. 
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laporimep~ .l~. 

1:he object of thia experiment waa to ascertain the 

errec\ ot varioas non liViD£ &n~lrax ;rodacte on the couroe 
~~L~~~~~ 

ot All a.otllra...' infeet1on in eaineapiga. u\iinet~.~isa oi· a · 
A 

detini te dilution o! Vac:cine AntJlrax eporee. ,..n some ot 

theae lett aa controls the time o! deatb waa ca.re£ally 

noted, wbile tb.e others were inJected siaaltaneoasly wiU! 

the variou• anthr:lX product.o wbich oy themeelyes showed no 

harmful et~teete on these animale. Again.. the time ot 

death -.a noted. 

All animul.a inJected on tJ18 l7/9/26. 

\aj pppyola, 

1 guineapig • 1 e.c. 

l .. .. 1 " 

of .v~ dilution spores - dead in 4 d&ya 

ft • • 
Anibra.x. 

- dead 1n 5 da7e 
Anthrax. 

lb) Vaccine eporee -r et.erile 'broth filtrate obtained. from 

3C day a old vir~lcnt S.lltl"-..r.ox brcth c-.11 ture. 

of .v~ dilation e~ore6 + 2 c.c. filtrate 
dead in 4 day a An~ra.x. 

• .cl dilation sporea +- 2 c.c. filtrate 
dead in 4 days Anthru.x. 

- 1 1 

(c) Vac·cine &,pores + oedema tluid f':roal .ttorae l8u28 

Showing anthrax swellinG& after vnccination. 

l gu.ineupig - 1 c.c. oi' • vl di lui. ion &pOl"ee + 2 c .c. oedef.lla 

1 - l 
!laid - deud in 4 dU¥o Anthrux. 

" .cl dilation &pores + 2 c.c. oedema 
t lui d - dead in ::> duy e Antlaru.. 

(d) Vaccine sporee + sterile f'iltrat.e o·otained from 30 

du7 old blood culture o! virulent Anthrax. 

J.. bUineapis • l c.c. or .ul dilation &!)ores+ 2 c.c .. 1.1lt.rate 
dead in 4 daye Anthrux. 

l • - 1 
• .ul dilation aporea + :i; c. c. filtrate 

d.ead in 4 days Anthrax. 

(e) Vaccine eporea + sterile filtrate obtained !rom 

anthrax blood of eheep 12927. 

1 e;·ainea.plg - 1 c.e. of el:l dilution fiporeu .... 2 c.c. filtrate 
4ead in 4 days Anthrax. 

l " - l " .t~l dilution e.voree + ~ c. c. filtrate 
dead in 6 da..Ya J\nthru.x. 
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(t) Vaccine aporea~ sterile filtered 9er1tono&l tlui4 

rrom goat 14391 dead trom anthrax. 

l gaineap1g • 1 c.c. o! .ol dilution u~orea • 2 c.c. filtrate 

l 
dea4 in 3 d.aya . .;\ntllrax. 

.ol dilution aporea +- 2 c.c. :filtrate • 1 tt 

dead in 4 da¥• Anthrax. 

(s) Vaccine e~orea r imported ater1l.e Anthrax agt;reee1D. 

l {;alne~pig • l c.c. o1· .vl dilation a.&~orefri, 2 c.c. at~t!reaaia 

l 
4W44 i.n 3 ~~· Ant.hrax. 

"* .ul dilation a,..orea + 2 c.c. ar;gr .... - 1 
1n • d.ead in 4 duye Antllrax. 

~·rom these ~imento 1 t 1a cle~ that. tne d.ifterent 

Anthrax J;roducto used, W}.d no ett·oct. on the coarae ot an 

anthrax infection in g;.~inea.piga when inject.ed s1tltlltaneous]3 

with the live t1poree. J..n none of' t.he CR&ee was death 

defini tel7 haetened. or <1elayed since all the tiAiuale died 

~rac\ically on the same day as the control• did. lt ehoald 

be noted tba.t the epores used in this exj;)e:t .. iment were 

lepeatedl)' wrtahed and centr1tug~l1eed in order to tree theta 

trow any adherent exo-prcdaete. 

From all the experiments recorded in thie aect1on 

the following pointe were clearly evid.enta 

(a) ln every lnatanco the m.etabolie prodac$s ela"borated 

oy tha .3. a.nthraeis when cultivated in various liquid media 

tor lor)t~ periodu and. then filtered otf, fN.iled t.o reveal 

any toxic action in wall anixaa.la or imr~unizing eftect 

1n sheep and goata. 

{b) Vario!ls body juices, including blood, collected from 

anthrax int'ected animals and p~ssed through bacterial filter a 

were ne1 ther toxic nor of· imr.;:,.unizins value. 

tc) Anthrax blood in which d1eint.egration o£ the B. 

anthracla had bean broat:bt about oy chemical mean• poeaeaae4 

definite imm.u.nizill{; properties wh1c.b resisted. heati.ng at 

92°c tor 3U minutes. ~he aame qaalitiea eoula not oe 

claimed tor dis1nteerated organisms a:t"ter cultivation of' 

artificial n»dia• 
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42. 

( 4) .No aolable til tera'ble •asg1 .. eas1n• coald oe demon-

strated in :t.A;/ ot \ue e.x_periwuta. l'.ile 1n'1rw&n1z1ng auoetance 

l}roeent. in antbr~ olood w~t: not toww to oe tilt.erawle, 

i.e. it ia ,Pl""Ob~bl¥ ver:t clottel)' aeeociatocl w1 tb th• 

organism ln the blood, alt.llout)l it wau not t'ot.Wa in the 

case o! orga;ua~ ~ltivated on ar\iticial mediae 

4• Qtpar~:tt6u !:atetx and lJIIIIRI'tl. faper,gamts wi!h 

ADSh£1' §port Vacqine. 

Baaed on the resalts ot var1oa; experimentu con• 

daete<l 1 J!ea~dka baa within r eeent :rear a announced an 

original theory aa to tb.tt wocha.niam o1' inteotion and 

11nmunity 1n Anthrax. According to this theory animals 

which sre highly susceptible to anthrax can only oecome 

1n1~ected through t.l'ie skin, which ie the only orgam capao1e 

of a.ctins aa the port~1.l ot· entry tor the anthrax orgauiam. 

•nere an 1Dfect1on o! tbe akin was definitely excluded• a 

fatal artificial 1nt·ect1ofl by any other route could not oe 

OZ.outJlt auuut even in the caee 01 ... hisiJ.y auseeptible 

ani~& aach aa {~neapiga. 

~~tber, eaccese~tl immunization of susceptible 

ani male 1a dependent on the primary i~1uni ty of the akin. 

Thue 1:uman1zation or L~e skin ia esaenti~;:l and autf1ciont 

in order t.o rellder a.nimala immw:te to anthru..x. 

1 t ia for tlleoe roa.cona t.llat .;;>eoredlca etronGl¥ · 

advocntea akin veccin<l-tion as tho rationu.l mode of 1uaun1z1na 

animals asainst anthrax. l.40orator¥ animal a such a e rabbi ta 

and s~ineapigs which by the ueual methods at vaccination 

were very difficult to 1a~unize could by cuti-vaecination be 

protected. These findings or Beeredka have resulted in 

numoroua inv~atigatora toeueaing attention on cuti• 

vaccination and cut1•1r.I!Wli ty. 1he roeu.l ta obtained. b7 

different workere are, however, again markedly contlictiQS• 

·~bile the !indinse or some are wholly in accordanee vlth 
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t.boae ot llearedka 1 others were &Ole to aabata.nUate "-·nl7 

certain po1Dt8 in the or1g1aal th8Gr7• &ome iDYeatigatore 

on the other haDd, ha'Ve tallecl ~ oontlrm &1\V or Beeredka'a 

tlll41Dge. ut the Yarioua authors who have cont1rmed the 

reaulta obtained. b7 Jte•redka, \he following JDa7 be mentioned• 

Velu belieYea \bat axtene1Ye Yaoc1nu\1oD or animal• 1D 

.aorooco baa ehown t..W1.\ a alDSle intradermal inJection of 

~aoclne ia auttlc1ent to provoke a atro~~& an4 lasting 
l'l'\ 

llliOtUli\7 nen where no t.het:~ or local. reaction tollou 

vacc1na\1oD. !he methocl ot vncclna,ion 1a graet1oal and 

the lum~nl t7 laatins 6 to ? mont.ha. 

Accordlna to lieYodov, horaee an4 cattle can be 
(A.."S_I-n' 

aueteeetull7 1mnua1aed b7 ~ti•vncc1natlOD ~ the YAcc1ae 

1 only. ao COII911co.t.10DB are noted. while animal.G 111a3 be 

worked 1mmediat.el.7 at'ter Ynttcinution. 

noaa numeroue experiJDtmte .tsro.cq•Roaaseau concladee 

that cu\1•Ynccinat1on of horeea leads t.o a etrons and rap1d.l¥ 

tormina illlll&ni'Q' withcut, ho•eTer, any untoward compllc:ationa 

Similar)¥ Balteano, Plotz, ll1colas 1 Gtolceecu Vallee, , 
~ 

Hrua.ka, KudlrJavz•• Bal1ber41n, noeai, Urbain anc1 R<*1• were 
/l 

able to confirm the tind11111a ot Dearedka. 

Se•eral author a although partly in ae:reement w1 th 

Bearedka'a Uleoey. tind that, the aldn 1e not the only organ 

ewtcept1ble to anthrax. 

thus Couieaco, 1iopeeco, Ora\la, Kr1tacbewelq aDd 

araaain, U.Dd 110re rec:entl7 ~z aDd Amiraalanow, maintain 

U.t animals lfti7 be tatall7 1ntected r.y routes other thaD 

\he akin. JNrtnermore, numeroua e~er1mente b&Ye ahow 

tlaat intectioa tbroatih tbe akin ie leae certain tbaD b7 

o~ routea, l.e. the akin ie actually leas euaceptible 

tban otber ~1aaaee • 

.rrom yuzlows e~rimeute coD4acted, YllJoen, Cw-eou 

uc1 •our1• tound the ek1D DO more euaceptible than arq other 

Digitised by the University of Pretoria, Library Services, 2013



ore;aa an4 further the 1mmu.n1ty tollow1na auUcutaaeoua 

Y&cc1nat1on more reliable thaD that following cat1•Yacc1• 
"1'\ ")'\ 

nation. Accordint. to GuaDm, aer1, .?a&ew1ca, l.a.\\!rallchl 

and Caaalotti. the1r experiments 414 not contirm ~eared.ka'a 

findings, i.e. c~t1•vacc1nation ot l&Ooratory animala waa 

not followed by reliable immuult)' againat anthr&L 

3ee1as that there exist• a wide ditterence ot op1Dioa 

aa to the relat1 vo aaacept1o1li ty ot animal a 'to clltteren' 

routes of infection a a well aa the meri te of clittereDt 

methoda a£ vaccincation, a lens'tlv eerioa of a.per1ment• 

were cot~ucted with \he tollowin6 obJecte in viewa • 

(a) to attempt, the arUt1c1al 1Di'ecUon ot at~all ani•la 

w1 th anthrax in 41tte1'en\ waya, at the aame time exclt&d1D& 

aa far aa poaaible 1ntectioD 1n other wa.J•• 

("b) 7o attempt the immWl.lasation ot aaall aniaala b7 

41fterent methode ot Yaccination. 

tc) To compare the aatety and 1r~~DUni 'Q' oonterre4 b7 

a11thrax •~ore Yaccine on llheep and soata b7 cU.ttereat 

methOd• ot vaccination. 

(4) ~o note \he clinical reacUon produced in horee• 

followina Yarioua methDda of ~cc1nat1on. 

In all these experiment& the Yaoclne COD81ete4 ot a 

alycerJ.niaed avore emal.eioa ot a batch ot anthrax Yaoc1ne, 

the eatet)' an4 1miiWl1ziD& groperUou ot which hrA4 oeeu care­

tull7 aacertained betorehaDd. the Yacc1ne in each case wae 

gre_parecl b1' cu.lt1Yat1ng the attenaated organieme oa nuk.lent, 

at;ar aD4 oollcJctlng the srowth ae aoon a • sporulation •• 

practical~ complete. Q.abeoquentl7 the apore emula1on pre­

aened in an equal weight of gJ.7cer1ne waa teeted out on 

suineapu and rabbi ta by subcutaneou. 1DJect1 on ot Yari oue 

fract1ooa of one cubic centimetre, and the lethal etteot 

noticed. Should the rabbi te .arv1Ye, t.be mat-erial -.. 

te•te4 out oa aheep &D4 soate in amoanta rUD£1D& traa aJ c.c. 

to .001 c.c. ot the emW.eion 07 aubcataneo\1• 1nJeot1oa. 
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Atter a period ot 2 to ~ weeke the 1lW1W11 t7 •• aaoert.n1ne4 

b7 the aubou.\uneoue inJection ot Y1rulent An~ax Spore 

emulaion. fhia conaU tutea the roatino procedure tor the 

teatins of different, batches ot anthrax vaccine betore ieaue. 

iAPifJaiAfr li• 

In thia experiment 01111 sutneapige were uaecl. 

A:jrecaationa were taken to eelect animale that, had not been 

in anthrax e~rlmeato prev1ouel~. ln order to prevent 

aldn con~inaUon w1 th anthrax mo.ter1a1 1n the ooaree of 

1DJect.1one made, where thie was to ·be e.xclWied, lone h¥94t-

4er~c needle• of Yer¥ &mall bore were uaed. ~ point of 

the needle waa introduced aa tar ae poee1ble trom the ekla 

puncture llefore the inJection waa made. Ul wltharawtnc \he 

needle \he edge of the akin at the puncture waa 1mmed1atel7 

thoroughly 41alnf'eoted by 1ntrodac1nc; tl1e pointe ot a Ye%'7 

tine pincet rolled in cotton wool and eteeped into a l~ 

~lut1on of tincture at iodine. ~7 tw1et1ng the polnta ar 
the p1ncet in the skin .Ptmctare, the edae• 1fere 1mtlediately 

thorou~;bly d1a1nteeted. ibis procedure was adopted 1n •••r¥ 
caae where ~in contamination was not clea1red. 0\d.neaplga 

••re inJected with a definite dilution of a t&1rl7 weak 

Yaocine lmoWl to kill them 1n that diluUon after the ueual. 

a\ll)Cut.!Jlleoua 1nooulat1on. Animal& that earn Ye4 the tint 

inJ-ection were af'terwarda inJected r.abcutaneoael.y with a 

atronger Ya.cc1ne an4 whl.ch waa regarded aa the 1&1Wlity teet.. 

(a) lR\iiPVlJrgpeallz • KI'~ID~W" HiD Rlll\IIIOOliAD• 

1 &aineap1g • • 01 c.c. • dead tl'ter t days Anthrax • 

1 

(b) 

" - .ol • 

1 eutneap1~ -.el c.c. 

l • .01 " 

- • 8 • • 

- dead a!'ter 6 dnya Antbrax. 

- ... • 6 .. • 

(c) §Mpqutaueoat, • PE•tMtiM •kin coat.am1ut+U9n· 

1 ~-u:lnea,pig - .cl c.c. - dead after 7 daye Anthrax. 

1 • •• ol • - aurvived tirat inJection. 
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laJected l' da,& later with .2 c.o. atronser ~ccine. ~ 

4 clrqa later Ant.hrax. 

(4) Scferifjcetigp g! PflP !DQ £U}lb1Df gn a&; Y&JQCint. 

1 e;uineapig - .ol c.c.) Both aurvivecl tiret iDJeot1on. ln­
) Jected 14 days later with .2 c.c. 

1 • - .ol • ) etroneer -raccine. vne dead :S dqe 
later Anthrax. 

1 gulneup1g- .ul e.c.l ~tb sur•ived tiret injection. ln• 

1 .. ) Jected 14 daye later with .2 c.c. 
• .ol • ) stronr:er '9"8.ccine • .tiOth dead 3 day& 

later Anthrax. 

l €u1neapig • .1 c.c • i ltot.b a\ArYi Yed f1ret doae • .LnJected. 
) aubcut~eoualy ~4 daye later witb .a 

l " • .l • ) c.c. etronger ?accine. ~o~ dead 4 
days later Anthrax. 

Cpntrolut Two guineapiga inJected aubcataneo~elJ 1n the 

ordinary WU.J with .ul c.c. ,each of the firat weaker -wac::ciu 

died in 4 and 5 daya reapect1vel7 from anthax. 

Two su1neu.p1ge inJected aubcuttmeoualy with .2 c.o. 

each or the aecon4 stronger vnccine both died iD 4 dayo 
~ 

!rom ~trhrax. 

~bus in the aoove experiments ~¥1nea~1ga were readi• 

ly klllecl 07 lntraperitooeal• intra,auecula.r. and eabcutaneo\le 

1nJectiona ot' a weak vaccine, while all the tr~1neap1£a 

INZ'YiYed the intratracheal, oral, aDd. intradermal by acar1-

f1cat1oa, adwiniatrat1on of the weak •accine. ti1eae 

animaJ.a, ilowever, all died a.tt.er \he t.eet inJec\ion ot a 

e~onger vaccine 14 daye later. 

the abOve uperimen' se repeated, ua1no amaller 

doaee ot the weak tire\ vaccine, in order to loee fewer 

ani male and to be able to teat the 1D:iW11 tJ deYeloped b7 

.. ane of a aeoon4 inJection ot tbe same •tronger yaccine. 

(a) lptEJtPtraton~&l preyen1J.n& !l&ia sontaeineSton. 

l st.a1Denp1s • .001 c.c.) :Bot.h aurYlvtt<l t1ret. inJec\1on. J.n­
) Jectod 14 ~· later wi\b .2 c.c. 

• • <.:Cl " ) stronger Ynccine. .dOth di~ 4 
dQYe later from anthr~ 

l • 
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(b) 

l • • .t..lOl. • • aurv1vecl firet inJection. •nJee't• 

e4 14 da¥• lat-er w1tll .2 c.c. 

atrom;er vaccine. lle~~ained alive. 

(e) .,_$1RIS111JI •• 'DP»Ri gjn GAAtea* •MIA• 

l • - .001 .. BurYi'ved first inJection. J.nJecte4 

14 dlqa later with .2 c.o. atroD6• 

er vaccit.te. JJead 4 .. d.tl¥• later 

troa Anthrax. 

( 4) ~11o.!!Si.~D. 91e· I .tc&n I 94. EMllb i l1& gp . P' yaqqin&• 

l • .001 .. • aurviea 1nJeotion. inJected. 14 da7• 

later with 12 c:.c. atrQlJBer vaoc1• 

nation. JJead. 3 ciqe later troa 

Aat.hrax. 

te) ia·fclfltstAatu :- G£1!.9aftiati ai&a 191Jtailra$1on• 

1 &:a1neap1£ • .uo1 c.c.~·· .BoUl aur ... -r1ve4 tiret 1DJec.t.1on. lu• 
3ected 14 diQ"G later with .2 c.c. 

l " • .<JCl • etroDSer Yf~.ceine. ltctJt dead 4 
daya later Anthrax. 

(t l 4!11 II • 9D 59 the. kAA4 of tllt. SADEMI• 

J. gaiaea_pie • .ul c.c. J lloth 8\lrYived 1~irat dose. lDJttcte<l 
) &nlboat.aneoualy 14 da7u later w1 th 
) .a o.c. atronser Yt•cc1ne. lioUl. 

dead 4 daya later Anthrax. 
1 • .ul 

A third i.mm&Li ty teat wae cotld~cted 1n which case a 

larger nwn'ber or guineap1t;s were Yacc1nate4, wi\h the same 

tlrat Yucctne in a dilution or 1 ; :sec ae 1ar..aed \o atock• 

ownera. 1he immunity me wbsequentl7 tested with .vl c.c. 

1natead ot .2 c.c. ot the cecon4 atron£er Y&cc1ne, b7 aub­

~t~neoua inJoctioD. 

(a) ~H\iU~stWf t::;cpiny<t.q;g - preventill6 akia cont.a• 
7rJ '·,u-1~)J 
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m.i UttiOLe 

II r ·---·---::r.:-;:~r::~-----------:-:.-~~-:-------~-------~ate vaccine »ate atronaer 

1 .. 
l • 

1 tt 

1 .. 

Animal 

l ~ineaptg 

l • 
l .. 
1 • 
1 " I 

•• 

,-. ........... 

Animal 

;)/5/2'1 itea"lt Yacc1De 
16. '6/27 

doud ll/5/2~ -D.Ot Anthrax. 

I 
I 
I -

l • • alive .ol c.c. subc. dead 19/5/27 

1 • alive •• cl .. • 
1 • &live • Ol • • 
l tt • alive .<:1 " 

(l.l) RIIR 
contamimtt1on. 

Date "ftt.ccine Date atroaser 
3/rJ/21 neault 'Vaccine 

16/6/27 

1 c.c. ( 41l.l;SCC) dead 9/t>/2? -Anthrax. 
1 .. .. clead ll/5/2, -. 4nthrax. 
l .. tt alive • o1 c::.c. Cube • 

l • • 

I 

• .01 " • 

1 • Q .. .OJ.. • • 
•• I •• - I 

I I •• .uate atroneer 
· Reealt Yt•cc:.ne 

~ 

Anthrax. 
dea4 20/5/2'1 

.An\hrax. 
dead 2U/6/27 
An\hrax. 
\Remained alive 

neaalt, 

-
• 

I~emained alive 

• • 
ft • 

Reault 
II q • a - • I 

.), ~1ve I 
1 

1 

1 

1 

1 

I 
I 

SUinetlPi£1•1 e.c. (d..1l.1t3C .ol c. c. IUlbC• : l..lttad 20/6/2? 

I 
Anthrax. .. I 

i 

tt 

• 
• 

.1 • &l • .ol " " .Dead 20/6/27 
I i Anthrax. I 

.1 • • 
I 

" 1·'-'l. .. • 1.1Jea4 23/6/2? 
I Anthrax.. 

.l. .. .. I • !.ol • 1111 jReaained alive ! 
I I I I 
I 

I 
I 

I • 1 • It t~ !·01 .. " • • 
ill. I ••• .1 I • I 

From tbia reteet it ie seen that out or C gu1nea1)1ga 

Yaeclnated aabcut.a.necasly, one died attor wacc1na\1on D\1' 

not !rom anthrax, w.bile fo1low1n& tl1e imrtlWli t7 teet 3 out 

ot 4 41ecl fZ'om anUlrax. Of t.hoac inJected 1ntramuacalarq 

2 out ·of the 6 died !rom anthrax attar vaccination, while 

all three the o\hera w1thatoocl t.he iawan1 t7 teet. ut the 0 

Yaccin&ted 1nt.ra4ermally 3 d1ecl after t,he 1ue1Wl1t..y 't••"• 
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lt. llb.cr.Jld be noted that 1n the oric:lnal el&'Perimen\ 

aa well aa in tla.e ret.eate ~e aiAIM vaccine was -.1aed. onl.J in 

tlifferen\ 4ilut1one 1 while the ea.oe at.ronse.r Yaccine waa 

uaed tor all t.hc iuwanity t.este. lhe tollow1ag pointe 

rtti'e clear • 

(a) Gu1aeap1a• could oe k1lle4 01 iniru»eritoaeal 

inJections of vaccine anthrax, while in eu.rv1vin& caaee no 

in~UDi\7 coUld be dem~nstr~tod. 

l'b) Gaiuea.»it;s d.ied fro;a aJltJlrax a!ter d.ee_p iD'tra.liliOCi.l• 

lar inJection Qt vaccine• while in ewrviY1DG caoee ~· 

1~n1~y •a- fairly de!iaite. 

(c) Gaiuea,piga were kille<i 07 •ocutRlleows inJection of 

vaccine t while in survi viDG c~~•eo no imuuni ty could be de• 

monstra.t.ed. 

(d) JJ¥ eoarification o.f t.be ~in or in$radet·-.l. 

va.cc.i.na'tico, aome gulnoa»it;~ died frum an1.hrax, while 1D eur­

v1T1nt oaaea t.he i~I~Wwai ~Y wa.s uncertain. 

(e) a, int.:t"'airacboal inJoot1one ot vaccine, no deatha 

occurred., al thoaejl DO i~maUDi ty could. be demonatrated after• 

ward&, a1nce all t,he aniu.ale d.ieci ai'*ttr the teat injection 

(f) a, the orkl. adluirdatru1,1on oi" lo t.imee the auwunt of 

va~c1Le utied in the vtber taa\Dt none ot the ea1neaplee 

d.iea • alt,hv~h nc iz:r.-Ltl11 ty coulu be ahown at\ar\UU .. cia. 

lllua• GCE~t. 1·or t.be 1nt.ratrachoal a.nG orG~t.l adm1ni&• 

tration ot ac.thrax VLcc1ne • e;uinea.pi £• could be eaeily ldlle4 

'by tbe dittereni ro~t.et, while trom Ule ia~UaWli ty teate the 

lntr~~~ vaccinatian wo~l4 se~ the moat prcad~inbt 

while the real.iltti o! iutradet·wal vaccination were doubtt~. 

Thie sar1ee of experimente was carr1e4 out 'tilth the 

obJect ot.l (al l.acertaillint; the d.itferencee io euaceptlbili\7 
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