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· 1.. 

,A ,:aevtew ot tile .numerous._ b~,nwologloal_ etudi~a 

mad.e: on tula~~la . by· many tnveatiga:tors reveals the --
, ,·, ·,_ , .•·• ._ , · ' . ', , \ 

existenc.e --of sevetJt.al.. p~obleuu1 which bavo defied solutioti.. 

Perbt!ps one or :the ·trio at beudo ot truuui ls tba mechan1sm ot 
.1um1un11:, to_ tul.&rEtm1-e.. . The •i.aw ·that lmmunlty -to _tulare·m1a 

't• ',bcu,t acq.u1-red . tt1Jt~ugh lnfeotlon, e1t~e• acute 01' "°IUb• 

aeute, seems Jusbitla'ble. Vaaotnes have · been pl'e·pared 1n 

many ways, t~m manr st~sins _ ot ~f!~t.e~l~l\ ,tll~!..l!tn.sg. •h:to.b.. 

· succosatullr pl'Otect tile :reei~plent' tt-om al.1n1cal 1nteet1ons· 
. ' 

toilowing expoeu21e3. Tlleae vaocinea have- $)1- c.;nf'e·ri-ed a 

sol1d 1in:mu.uu~r in ex.p-01utd labor-atov; -wor~•r_a or e.xpel'-!montal 

ard11ala, : BtlCb :as the rabbit an.d. su1nea pig; • . · In the i:lighly 

-·ausoept1bl.e white fflQU$(t vaccines 1m1uoe . -little OP no--.. . " . . ' ·• _-, . · • ' 
. . ' . . . 

lmmWlit:t ll,2) • and bave tailed to ,,eompa,:,e with. the 1mrt1un1t1 

derived trotn a.- aub•lethnl 1nJection· otr living ftact. 

tulei--enne (,3). _The_ P.·~oblet.n ot_ .. ·. tb!s 4_1ft••$ .. ·nce_· 1n 
db .. It 1$!1 · •--- • _ 

_ 1n~nogenio1ty _ Mmetn.8 \lll90llf'ed. _ 'l'bo le.me extgenoy ~x1sta 

in tba stu.rly or otbt>'l' 1ntectiona. ffowevei-, remarlu1bl 'e 

px-o.gress bat been .m.ode .ln t1ecent yeai-a ln auob 1ntact1"ns. 
aa those ppodu.oed bJ' the -anthrax bao11lue UhS,6) a.nd ·- tbe 

pl.ague bac~,--(7) -. 

Watso11· ·ct al, (4., 6) nave reported the sopal'ation 

or two &1!Jn1t1oant coraponen.ts from tho lntlo.ma.tory exudate 

produced at the site of 1nooulatlon in animals w1tb Bacillus 



• ' • • I ·. ·• , 1•' '. ' 

amounts ot <l(•l glutaw1o ac1d anti i,ttoducod a b1stclog1o 
. . ' 

reaction s1m1l.ai-. to th.at ee&n in _infection. • .. · 'l.t11t, component 

also possessed the ab1 l1ty to 1ntn.--ease' olot·t1.n.g t1me with 
' . 

. pui-1t1~d. f1bl'inogen. Wbe biological aotlit1t1ea ot.' tb.1.8 ;. 
. . ' . 

component · could no.t . be demonstt-ated w·1 th glutainrl. . po:\y• 

peptide Obtut1ned t~om B~ §Hb~!.~1!.a. noP t"P.Oml tho antn • .:.ax 

bacillus w.tu.m. ,ar-own :!n \fltr.c2. The· ,u,cond. cotttp_oru.ul·t · isolated 

f:rom oe<i«I1a fluid was a protein 'lfbi,ch vu1s oe.pable ot stimu-
' • ' 

_lat1ng solid 1~un1t1 >1J"th.e ~abbi'b, but was m~ch.less 
etftot1ve 1n' protoc>ting .m1oe,~steps and ,{Pli11ea ·p1ge. · 

Gladstone ($) has . roporte4 an ant1ge11 bavin1, ·a1m11ai-_ 

px-opei-t1ea . to tllose p~&ent ·10 :anthitU . oedetna· tlu14. Tb1s 
' ',_ . ' . 

- ._ •nt1gon ·was pr-otlueed 1Jl Yll:i:q · _1n ~iltratea ·of ~u.ltu.x-es• 01· · 

Bt anthi-ac1s :~ 1n .pl.t1atna or .ae~ ·of vax,f~uo .animaia .. ·, _;:This· 

.· antigen proteote4 . rabbits, aneOJh and m~nke~a . against 100 

or moro lethal d~s0e ot apol'cs. Se found that seJta t.itom 
- ~abblta and sheep hypor1~n1zod vt1th ·the antigen ,oontalned 

!lo proteotlt/e ant1bod1~a,,. ·-but fu:rthex-_ 1i'lmun1sat1on with 

. living vir-ulent· ,bac1i11 pr-oduoed ·•ttectt11e protective se~a. 

These protective antibod1u wen r,ot adso!'bed with the 

antigen fro~ culturo :ttltratee o:r _._w1th ltvi'tlf& ba.01111. 
. ' 

Watson et al (!1,) wore 11ot able, to adoorb the proteotlve 

. antibody vi1.tb oedema tlu1d 'pi-oduced by ·vs.vulent ot~aina. 
j ' • ' 

'?be failure to adsorb tbo fU>.t1bodies may indicate an un~ 

· detected -antigen produced by v1Nle·nt oolls 1n the boat. 



lf suob. Qll. ~tit~n •~late• · lt must be dEUltroyed by . 

pitooess1u, · 1~~:t1'ive4 111 ext~aot1oii. :o.t.no• t .tr oaru,ot ·· bo · 

adsorbed by o~pl$m& fl.~14 J;roduced. by v1PtJ.lent stx-a.1.110._ · 
! 

. · Se~olo; ioal. .t~sts ba.ve often tailed to ,reveal. an 
antJ.genio •- ditter~r:100 bet\1e-ec at·i-$1ns rutd it bs.s been 

ner~HJGtar:, · tio · ~•tect euob dlftot•onaes by obomloal means·. 

AltbougbUr hlid been ,d.~~,onstra.ted_:· tbal tbtt( plague l,acilltu1 

contained an 11e0v<Jl.Qpe11 .F!d • aomatlc tuitlgen. ?ihtkOl". et al 
. . 

(7) e:ere able to 4etel"m1_ne ,he tt'ue ant1a;onto atruoturQ or 
tb.la o~gantsm tarul to 1a.olate a Cl'J'Stsll.ine antigen • .. ·· ·1neae 

woi-kers tou.nd that 'by extttaottng ·.aoetono•J:t1lle4 vlvulont . 
. . . 

plague bae1111 . with. neuti-al selt -they wen .able to obta.1n. a 

wato.,•aoluble a:Qd a watH,t-•1naolUble ant1gen1o component. 
. . . 

The wator .solubl.e ti-act1J:>n wbich. is h1gbl.y . toxic and-. 

· 1mmunogen1c · roi- 1nioe e.r1d. rstts oonta1-ned a.t loaat J'· ant1gen.1e 
. . 

oomponenta. fhet1ttst two weNf .a .oaitbohydr-ate•p•ote1.n and a 

oarbohydrate"t~oe p-rotein. These ••ri• e1m1laP 1mmunogenicallj' 
j 

1n mice but .· not .tn guinea pl~s • . Tber both p:roduoed potent 

a.ntleera and adso.~bod· all· of . th• antibody. The third 
' ' . . 

component was: a soluble -tox!,o fi,aot1on. •" Thie coinpon,ernt, 

·wnea sepa?'attul ... bt adaorpt.lon · with tl1e oa1'bobyd.r-ate-prote1n 

01' the oar-bohyd.t-at&•tree pttotein. w,u, capable of p.roduo1ng 
. . 

antiserum· wb.tob neutralizai:S th.e Plague toxin. Tne· _water- · 

insoluble tract 1011, oonta1nina · a pbenol-eol11hle and ·a · phenol• 

insoluble frtlC1-1on, conta1ne4 tbe antigen proteot1ng au1nea 

p1ga. It 1s inter,eating to note that tbe water-soluble 



fraotion 1s pi>odu.ead by ell v111ttliu1t at•a1ns and by vo_i-1·-

tew av1:r-ulerdf str-ain1.. Tb.J& av1rt1lent, at.•a1na p~odueo only 

traces ot tbi a ·trectte.n. Tb.la f Pa.ct!on; . ·whtcib' r-ep_-ras,nits 
the 11anv&ioi;•* aqttgen tho'lla gp.;at ho~b ap~o1tioity. It . 

1a tmm.unog.ento :fol' mtce. raa,ta, ,and mon'ke·1s, wh1:te the stt1a1rua 

devoid or ncin•~lope1 · si-e '-1rmnl.Ul05Et111c tor guin.ea p1sa ·but not 

mice. 

!'h,i two_ enmples o,;tted ar;e · typical. ot the progress 

tbat 1a being J11t1de- ln J:l:le aolut1on or the :tinmuriological 
,, . ... ,· _··: ,' , , 

problems -preS<H'l1ied· ln varlouiJ 1titeot;_.10.¥l9t fnat the 1mt-1tu2l.ty 

meeban1sm1 involved in -plague· oi- antb.r&X are siutllar to -those . 
' . . -_ ; . -. . . . - . ' . . . . . ' . . 

1-n t\lls.il'emla 11 _no:t 1inpl1o1t :but some -, OOl@&l'i&ons may be mado. 
;.. . . ,~· . 

A host spee1rto;1,- 1-s abown. in tulaP$ttd.a · in the reapone~ ot 
~ai-ious a;,eo1e~ to tbla tnreotton. · The rat \lb!ob po.aee-aaee . 

·an 11;tnat.e ~•t',l~al :realstanoe iu eas!.ls, : lrmmru. ted by- . ~ha 
1ntroduot1on ot killed vaoQ1f~Ul •. ,'fbe w111tc moue$ m? . be 

1mta\U'11zed w1tb- -41tf1cuit'y and only to a al.1g~t degre~-, bY 

killed vaocinoa but •011411 lmmtmiztid br. l1Ving oeUS (j). 

Tbe ·rabblt and ·gutnea pig a1'e :-poo·r11 ·protec.ted \,y .eitbes-
, l . ·•y . - . ', . ' ' 

viable or klllod. 'o•lls. Al lt w1ll'be •~own, bo•eve~, the 

aera from theso species e:re equall:, pi-oteot1ve tor the wh1 te 

mouse. In oontJ:1ast ,to the iJ't>sultti; obtained · wltb the_ :plagu.e 

bao1llus, the p-ttotectlve -a~batonce trom. immune aoX'Uln may- be 

adsoi:-becf by :u. v1ng o~ killed. J3act 1 .. u·tarens.,t. oella. · · Itl 

tula.:rem1a. 'there is no rolat"1on. i,etween the 1mmunoge~o-

capao1ty ot a stra1.n and 1ta 111rulenoe (,)). - The antigon1o 



etPUct-i1re ot &LJ.ctll·• !\¼!~.~~il!.I 1 a not as ol.eaply d.et1ned .tut 

w,t tli tbe oase ot tha plague ot- antbJtax ·bacll.lua. 

'Jbe.re has bes11, a netJd fol'. a conven!en.t and 

tt&l1able te11t 1n the 1rr.~unolog1oa.l atudteEt ·on t.u.lal'e111.1a. 

aevettal ·wc,l'ke-ra ln· tb.1.a ·t!.'()ld have employed the phenom9J:1on 
ot paas1ve ·11a~ul).1aationt.n an attempt; to study imunu~r 
moobantama 111volvea. Poaha:r, et 11t.l, have. studied the 

proteot1va cape.ct t ·, ot bu.-n, 1oa·t, an4 hof'se a•ra 011 rs.ta 

and have cu-:>Jtt:'E)lated. tltl1o with Iha pi,eo1t1t1n oon.tent ot the 

tmmu11e serara ( 6.). . ·Pranoi a a,ad F<tlton have. empl.oyed tbe aei-a 

or :rabbit, borse, sb..eep and miu, ln p~otect1on te•ts on .the 

mouse. ( 9) • La1'aon. h1u1 observed the effect ot nu.z.~an aeNm 
on the pr-ot&oti.on ot· the l'a.t (lO). i'be expottlmental evidence 
aoc~4-la.ted to. t:bese atudtea u1uall:, showed .::a p,:tolongation 

in aun1 v1.l t11ne end. a deoraa,e :bl' pe1MJtu1.tage mol!'t1.lttr 

against c.hallenie ·w!.th the 'ti1gtt.l:y vtnlen:t. Ucb.u stnin. lt 
• · .. ,. ,.·,c' 

•as hoped that b:, using p1.sa1.ve immuniaafd.on · ln tbe white 

mouse with e oh.alle~ie atra1n ·ot lowond .vtrolfince .oorne 
t 

knowledge of tbe raotoPe involved in. the lrtL'ntu11ty meahantama 
conce.~ned 1n tulco,om1a m:1giit 'be ga.1ne.d. 

Att•i- sou1e pPe•l1m1na1:7 ittvest1sat1.on it was round 
, lS 

that 1.mmur1a sex-um oontaine~ ~h.e oapao1tJ to plfaoteot a normal 

mou10 against a lethal dose· ot a strain of §19!• !_ul,a:x-ens,t 

or mo.de:rate viruleooe. Tb.e pP()•teot1ve subatance tound in 

1mrm:me ao~• e.ppasi,11 to be or1l:, a part ot the oon1plete 

protection produced in tl'he lmrnun1t:, pll'ocesa. Since· this 



• .. · ' _',, . 

blO<:l'd. ·ot. the lffimU.ne •otUH)t ls :el1o1te4 b:, Ori~ht1' vla'bl·~- or 

k1lle4 , Celle, 1t :: 1a ap~arent' that the·. antibody· ill on'iy ,, one 

.. ot tbG s'e·\f&~al wh1ob :;ay be pi-o~uoed. : Slnce- tbe 1mu~e 

mouse -- ts· ~et,r.acto1:7 to tbe 1tt,t1'oduot1on o:t . & large . numb.a,:, 

ot cells or ··tne Sobu stttei'n but . la able 1;ulss111ely. to __ '. ·tranater, 
·tc/ a .:noma1 .. mo.t1.ee :· only a Small pa,~ :of, _thif;_ 1mmunttr• .·, tbe . 

question ot an add1t1onalllnk:noVln maJol"· •nt1bodr 1a bro~gh.t 

tortn. · :11perimentai r1.nd1.n~t-• tn tbls laho21ato17 have 
1nd1oated tha.t viable 0,r,ganlsi~Hl' '4,r'O .eaeenti.al···toJl ~·ne p.ro• 

'' ·. . ··. . . . .· ' . ·.. - ' 
' - ' . . :: ·_ -

duo ttcn ~t>: tn& 1inmune sts.te · tU • The· pOtHt1b1.11t, then· . · 
' . . . ·, . . . . . . . . . . ·'. . ~·· . . . :· . ; 

ext eta J;he.t·. a. complete ntr-acto:r, attito~ is . b:rougbt· to,rt:b by 
soine t1sa11e ·ouanse . p:r-o4uoed 4"1.r1ng. the cou·rse ot. multlp.:u ... 

oatton ot. the 11 vlog- ot'gan1a~i . i .n tbe host. ~ux-1~ tbe , 
' ' 

immunising pr~,aEu,s. St.nee .tb.e 1,l'oteottve Cl1ltibo4y Npo~ted 

1n tb1.a 1tud:, 1s ·p:rotectlve age.inst tho s:tr.a1na · posa·,eains 
low v1~lenoe and the oa,aott1 to J,d.11 rapldly, wn1oll ,aN 

ln.d1oat1ve ·ot a toxemia,. ·the c;uest1·00 arises. wbetlle:r~ this 
. ' . . . ' ' . ' 

_antibody .tsantl•toxio in nature. 
In t :b1$ st.tidy the .mouse pNteot1on· teat pr~v1ded 

. . 

a means ot 1nvoat1kl&t1ng tbe prot.eot1ve co.pao1tr ot 10:ra 

obtal~ed ti-om tne vaco1na,~d o:r reoove•ed animal ... A 

c csnpa:r1iion ot tbe p1'otect1ve oapaoi t ·r . or sexta troru speo1ea 
. . ' 

whicb va.111 1n immune re.aponae tHUl posslble. The development 

,and pel'elstnnot ot the pPotect1ve antibody could ·be made _Md 



a atua:, ot· 1t.tt ttolatlon t<:1. a;11utln.1ns· we.1 posetbl6-. 

lfh~ugl'i ,ads·or-irtion · te1te a.nd tr-eatme~t of t.be •·antigen 

eome ··ot tne·· toetoli'e 1nvol.ved .tn l~JJUnity· to tule:remla 

could be tested. Bv1derio• aecuntulated· tfi'Om t):ie pPOteotlon 
tests pointed tow.a~d tbe p~1iu100 or a toxtn la aome.; utra:tna 
o.t Bact. ;\til:~t•nsta.. qth.e' ,oJC-leUt.·1 ot oei-~ain at.ra1·na --m&1 be 

a cP1 tert on o.t va!l'1at16ri in 1.u1tt;ento atroet·u1--e in this 

bllet•i-luuh DeeEiiu10 or ·tbo .d1tf•ra12ae tn tmmun01antcttr. or 
" . ·.· :·· _· ·•.,-·-_,_ ' 

vax-ioua atl't.dna 1l1 tl1e itblte mouse (3l .. some suggeat1or1 of' a 
d.lff•z-1uruu, -in ·an:t1gtQ1o ati~otu:re naa. el.i,ead1 been made. 

•rnis study e.ga1n sug\Jesta tM• po~utlbll.1tr. on bb.e bai1a ot 
tox1.ott1 ot·· tn:ua ·a.tff$r•at st~ai.n1~_--



1,1,H,. · Al.l . ot. tl,e m1G\e e.mpl<>r·•• 1n theae S.n-veati• · 
ttat.iot:1~ ••~• .obti~lt19d -trom .-th~ tiaple Grove Ha'bbttn, 

. 8pr1nat1el.dt Jtto • . :fh~1 :r.e~resent~4 e st·~un cit wl:11te mice 
'( 

of iu1owtl euaoepti'bl 11 t7 . to tiula.rtl!t4a. fh•1 we·l'• ee1eote4 
. . . . . 

wttuout r•aarl ,o ·aea and tn.•1,, ••1snt -appl'Oatmate42og. 
t!t~•l.1'• ... Pt UEJP.i;!.r!~!~ .. 11~~\~~ttaf!.l•··, ·tbe Jap. ·atra.1n 

ot . §;aetf. ;t,tl(U!~!l!!w IHUI . employed' a• the antt~.en tor- tbe . pro- .. , . . , _-- , . '' ' 

· du~·t1on ·or immune mott.ee .aer-um.. fbls atita1n ts of mod.e1"at-e · . - · , .,:· . . .' ·._ '·,·_. ---.-·_ : . , . . --_'. 
' . . ... , ' . . _'.· ;;1 . 

'lil'Ulenee with .•n e.ppNJdl'l!ate .L&,;o or .1o•l•S· to• th• white . 
mouse•-· when inoculated lntraper1.tioneally o~· aube~taneoual.:,. '.. · 
-The Jap st~a1n 'was isolated 1n 3apn:n 111 1926 . f Pom • human 
lymph node. 

!o.~se 
1
JN>t;e~J2&~9. .. tr.,ot. file 1•u.ae aeru~m wb.1oh 

oonta1ued tlho _p~otect.tve, oapaclt:, . . t1aa obtained .in tll-• tollo•• 
log manne:r: · A -aal111e -suapen.siofl . ct the J~Jt st:ra1~. o.t ..u.a.o~. 

· tulerense was pvepare4. tr-om. a .24. . boul' .culture·· grown _ on 
gluoose oyate1ne blood age.P ('GOSA) slant .to g_1ve 24. per cu,.nt 

llgbt t~anam.1as1on . ln t.ne Co1,mr.u1 ,spectroplloton1ete.-. i :t a ·wave 
lonst,h or· 600. Thia stan4a:rd auspene.100 oon·ta1na .ap,p~;&1• 
mately l' to li s 109 or.;antsms pell ml. Deo1itt&.l 'd1lut1ons ot 
thla standard auapension woPo 1,repax-ed 111 o .• 6$ pen:• cent 
sodium cblox»1de. . An 1mrtlun111ng dose of o.-5 ml · ot .. a .i-o•> 
aal1ne · euepens!on wae injected 1n.ti-ape:r,1toneally 1nto the 
deslx-ed numb0r or s·usoept1blo white mtcu,. • This 1nc,otilu.m 



oont,1ned apjjt.-Q.Xi.mately· so,ooo o~an1am,. . 'fb.18 g .pPUp of . 

1utmUn1iod iitce. was :bled ti-om tti•· heart · ·on :. tbe . .$tb, 6tb, oi-
.· 1th post•1nor.n.ilati~n day• Tb• blood. wa:S pooled, ref:r1ge:rated, 

; ' ' ' ; .-·. - - ' ' 

anti .' .tho .. •e~am se,·ar1.1t .. a •. · ... · ·To:··4emonstftlte : the pr:-,oteotlve . 

oapno111 ot t 't.to aep.:un, eQu.a1:· quant1t.1e& .ot this sewrta and a 

~o-~ --d1l\\ttoii Q.t • stiu14e.~4 suapena1o·n ot the Jap strad.n 

we:re inoculated i:tito & g_ftOup of norm:al 1Wh1 le m1a~. The 

1notaula U&tu1tl1 conaiate<i ·or o.s ml ,ot .. 1m:nu.ne se~um plus 

o. S ml ot a 10•1 sus;peus1on. · ot !fU.• ~.nl.ate?SJh ~onta1n.1ng 

a;p~·ttonm.atol.y 1 · x •· 106 eel-ls • . ·. lo 1ncuba.tion per.lad waa 
. . . . 

obse~ved befoi-e ·· lnooula.t1on. Tllo lnteotecl mice were ·Observetfl 

fo.,. a period ot· .10 daye.. The '. day ot daatb and m.ot1tal1t;r · 

. percentage were !'&cot"ded. Survl vini mto•- weJte challe:nged 

wtth 1000 t,r>g0 ot the h1Sbllt vtrolent · lohu atraln ot. }:lac.Ji .• 

_!ulas-e,m~• 

l motiso. pPotection J:ndex (tr!Pl:) 1ra1· oaloulated in, 

a manner s1mllas- to tb.11i ot nteyex, a.nd Foste~ ( 11). . Since 

:~1e1er found in 111a work on the pla,sv.e baot,llus .tbat little · · 

a1gn1t1oauce could t,e. attached. to •itn•r ino ,porccntegea ot 
, ·, 

mona11t·1 or the len.gtne ct . survi.val time. ht cor.uU.dered the 

two tao tors togGther. He · :dea1gnnt.od the i,ett0entage mo,1'tal1 tr 
· divided b7 the -a,verage time ot deatb as the "mou.se protection 

index." A small index numbtX- rep-resents gi-oatel' p roteot1on 

than · a la~ge numboP. Theo~ttanll~t, an !aPl ot 100 . NpNsenta 

no '.pttoteot!on, wbtle an 1:fPI ot zetto X'flpraaent1 compl.ete 

protection. · If 100 per oent of the mice died 1n l .day. the 



.10. _ -

-:,iP1 -wa~-10.0 and . . thcr s,~um sav-t .no· pl'Ot-eet1on. Bt tisiag -lOCf 

tDso of the- Jap ati-td,n as · thJ ohallen,qlns lnooulu.m w1th 

' : norm'al , inotuie _ •~:ei~m, an. lt:F£ · of $0 .-to -100 11.l& usually · ot,tained-

Because- ot slight 1nd1-v1daa1 t'&.r1at1on 
~· ;. , 

-, 

>1n ausceptlbtlty tound. · 1n the llb1te mouse and vattlation 1n -

the k11'11ng tir:ne ot t,no d1tt.ei,ent str,,dns of ft.a@.1'• - '!q\,6!~~~!§., 

all. e.x.p.a~1menta were carx-led/ out_ wit.h oonttt0l• c.f ·normal -

mouse aero•• In tb1a ffiAMell, 1 t . was pottalble to _calculate an 

< M'.fl for, : the imilune .fUtl'Wl! •~plo:,·ed ·&-nd an 113?1 · tor the _-normal 

seNm _employed. i. .. ox- further ver,1t1cat1on ot tne ~P-~()tective 

oapaclty of .serum - ~"p•oteetion .l'et1o" (1ft) was __ -oaloal.ated. 

Tn1a 1s a _-direct compax-1aon ot th.a fl,li~l ot th.e nonial . eeJUm 

to the MPI ot th.& 1~une ser.um. A PR appl'tlaoh1rig 100 -

· 1nd1catee n-eattly oomplat, p-.otect1on., tn the evo,,t that all 

. p~oteot,d -m1oe eui-11.tved, __ the· PAPI 1a not computable. B1noe 

-the oballen;e dose uae4 tbttou.gbont th-toe axperlmoats was _ 

gr,eatei- tba.n : one penn1.ttlng eompl•t• protect1on, tble 

-matbematloa.l imposs1b111t:y ocoul'red :but :rat-e'l:,. In the . 
- . 

-

-event tbat ootn,pltJte proteat1on -41d occur. tho. result was -

81mpl:, _ expttesaed as ••ocnnplete.,r• ratllet- than by a nWfterioal · 

expreaa1on. 
~glqtln~ti(~q. \~st,a. A tol'malln'lz-ed suspons1on · 

ot tn, )6 atratn of Baot. ~ui,l!ena1 was used as tbo antigen. 

The tu~b1d1ty ot tbe sus:ponston '1t'US _ prepa:red. to mateh a 

atandnrd suapenston fltl def1nod. above. Tllo-told saline 
' ' 

d.1lutiona o·r aettum were 111acle employing ·0 .• 2 ml trtnistei-s. The 



1u&pens1on• ,w,.n; ,l"arn1ei,atod. ov&,i:u.ght .t 4o O Ml. read on 

,tbe ... tollOW'lr:lg ' dttt,Y• 

Ad·aopnt;!on test!. :lmm:UtlO .·_ Bl>Pttm wa·• adsoPb_ ed . b_y ... · • ·I! :·~,.;.. .• . •· ... ;.·..,..~ ....... -• 
, ; . . .· . ' ', ' ' . 

ualna • vev, beav:, ._auapen.s!.on,; ot coll·••· living . or kllle,d 
as · ·•tate4 tti_. ,ne Oltp&r1meo.ts; ·_ in a nttr1tmuJ1 volwaa ·· of _ ·,ul1tne. 
the tH>Nm•e•ll_ etUJpen11on was 1•tltrlge11ated ov·es-n1gl11r at _ 4° a. 

, . / : ' ·, ; , ' ,, ·._ ·:·- . 

!be aerum. was ole.ared ot cells by ee·.ntr1tugat1en antl a s-ap.1d 
Slid& 8:SS1Ut1nal1oa test -fl.as ::p$Jtfonae4 ·uo -check·- f'Or! cotnplete 

. , ' 

adsorption. · 'Vfh1n: vlable cells •••• omployt\td a aimtple, ot 
Sf>Nm -was· _plat&d. to ctletk. at~j'.1.l,t~y. 

!Rle,EU'l. eat,i-att!.• · · the Sploena WO'C8 . aaept1call7 
·,re.mo\Ted_ tttom · the mtoe .aa ecion ·er,e ... ·aeatb· aa poas1bl.·e~·: _ ?bey 

wei,e lmmedl at:ely' trozen on a . •41'J•lee•acetone. J)l'Of)&!!Jat~~B end 

.kept f:roaan u.nt11 \Ute. ·Tb& , tpl.etn1a . ••l"• we1gbe4·· ;and 

aut·t1o1ent ~unount or Galin& tuid.ed to , !1-fe . a t1na1 G\lSpenaion. \ 
' .. . . . ' . ' 

of 0.25 gm spleen pe~-111 salt.-n&., · fbj spleen-saline mutui,e 
was bomo1on11ed · in a latt,ltll blende• tor- appPOa1mate11:_ • : 

, .... ' 

t41nutes. 'rho homogenate . was oentitr1tugod at ,4o (l at 2.$00 i-pm 
' - , . .• . . ' ' 

fol' t bou.. Tbo ·aupe~nato wee t.tlte.nd tb.augn a .sa1 ta .. 
. . ' . : _, . ., ,· . 

t1ltox-. Xn tbia manne!' the pcua11.111ty at residual-o~aan1sms 

· ••• ··•xoluded .. 

;!et•.~~-~st,~!!• In th.e rou.tine mo\lso pt:'Ote_otlon test 
. . . ' ; . , . 

•' . . , 

the soPWn employod was,· obtained ttto~ lnteeted mice · aa atate4. 
above. Inthe _exp&ri1mtnt1 .tn whleb- aera of tb.e rat, ·rabb1t, 
guinea p1,g and biuna~ were uaed• the data petttaining .to these 

aei-a ar-e p-resented ln tablo 1$. 



~e!!~~,l~~pt, ·. ot .. Jl!!Jil~~tH~\t¥t? ... s;ubttJ~A m).(!,;«!11, ~~~nJ-1!1, ... ,.!~~• 
·~~-,.~· !''.-I JfGili.t_J.·_,I'_ ,0 ._1. _f,, U n ___ t _-', ___ •. - · .. ln, f __ n~ __ p:i,i t .·- ·tt ~-........ ~~.,.~~·~!'ill .. IJ t• .If! H5 l,.P\tli_.:,r .. •- - •~ 1#!11:,.~---illi,IU $IP . 

ln o~<l•l' . to . domon•,rate tile .a:ppea .. anattl o-t tbe ,._. _• .. ,: "<• ' ·_:-", •' I , : . . '::\.i · _- ___ -_-- __ . ·. . --- __ -- .. ' ··. • 

;u,otec~1ve: aubet"1tllle :io l;mttlune ltJJUm. a sitoup o.t, 100 .wn.1,te 
,1oe we,-e lruiouliated With. appffl)&lU$te1r $1,oo,9,.0113anlsra11 .ot., 
:'-he Jap . st~~n, ot !;s.,~l•· .. t0!.4.f!~nst• Te•., ot, ttu,.,.,· '110• •.we:re 

\.l+~.d ~•111' ~.n4 the .J):0·01ed ••r~a ox, whole blood wa1. added, Sn 

eqt1•l voiu.me. to. a lethal ~n1spene1on ot-.Jap O!Wanls.~s. ·tJ.t.tda 
·: _,··. -'_ , .. ·... / :;·· :.:·· ... - •·· ·,- ·,·· ·- ', 

.ln<>oulum •as !njeot•4 · iaatPapei-1.tollflally . 1nto 6. ,norm•l .m1Cl• 
. -. . . ),· . ,· I ... , . ·- ' 

pPe,e~t•.~· .. 1n .1Jble l e.n.d, fl.;~~/. l ... 1~a10.,te,.·~~•.···.•. thet-te.• .. le 
. , ... ·-.-, '._·;, : ' •. '' . . . ' . -•·,_·. 'I.• .' ' ...... ' ' -. . . . 

'. _ .. ·.,_ .. 

epp.a.r,ent, on· the . tb1ri to toiutlb· clay. eome evldeGoe iGt ia. 
• ' . . . .. ' ' . ; . ' . ' ' i ' . ~· 

protect1ve,oe,t1aol1::r 'Sil 1$WlG ·81PW'4 -~n4 whole ·• .. bloo-4: , !be· 

1•:regule~1t11,<?t tbeamo~nt. Gt p•oteo~~ott ob"1~ne4 .p%'obap17 
la. a, retleot1on ot tbe lni~v1dual:: ·11esponse._ot tba 110u1e., ', ?1 

' ' ·. ··, 

1~ .app~,rent that tbe p~oteotton woir,b ·, becoJJ1t1:ta 1 ~rt~.eri.t atter 
t)'le , th1:r4, day baa not .. dtol'••••d not1oeablJ .. at ,n-,_:, en<l. of 10 

4~1•:• 

,A ~l"oup ot norit1a1 ·mt oe was 1nJ<toted lntJta• 
per-1t~neally w1tb appr-cut1ute~1 1+01 Qpo Jap organisms. two 
••ekt . tollout:01 ·. th!.& 1n0cul.ation. 14 mice we·re bled to,r, ••~• 

!h~ ••~ y,aa a1d,tt,d to an equal volu,me .ot Jap oJ-ganlsma an<l 

1uooula_ted 1nto a gr~up Qt 10 nol.'-11.al m1ce.. ~b.1a pXtOcedu:r,e 

w,aa , repe~te4 flt .•eelc.1:,- lntel"lala tor 1 -•~eka. The l't'UJUJta, 



, .... /. ,'• ,' ··,:' . ' ', ' ' '., ··, .:_. . 

ea,paclt·y or _ tt1•. •••u.1i!'l'emaln.od\to• a'I leara·b 1 weel{_s. : .Aga1,,. 
;,· ··.· . ... '- : , .,-; .; •• . _·,f ': :V, _',_,_ / ,', ,, ' ::, , '. , . . . .· . . · .... -.. ·. ,, 

an· 1tt'P&t,.ila1'1t:, ,,;1.n·:tl'l~ :de;Ne'J.,t ·.'P-Poteo·tton ··atto·r.>Jed ·. :is 

9V1iefit· JU1(1 : pefl~tit-,'1t;t41Y1~1i-.1: ilffe.~enoes 1n mouae-_: :AA ti• . 

bo,d,y· · Nt,Omse • 
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Development of Protective Substance 
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.. : . it··. ·ae~les· .. ot p~·otetUttoil· : tes:t :• wero , :oar~le4 · ·i11~ on . 
11~0Ull -~-t'~,.ot ,•-~- ;~!,t\t t~ttt , .• Slnl to n.qol. .;i'. 
Wbtn 'tna l~titlg -Dt of 'iJewm nr;oe1h1,ai-t ,:o;t . !>~t!!Otion 
Wat .. deto:~1netl .1'oUgbl:,, Utall•Jt ,1not-~~eu.ts ot ··aetta.: .,ere . . 
~~1~111)4 ~fit'ine tbe aCtU•l l,tmif ot p.-~t• Ctt'on. Th .. . ,.·• 

. resulta .. a.r ,o J>i'e~ented in. !able. 3 and Ft1ure . J. lb 11 Jae.en · 
t ! · ! 

. ~bat ~.·0 •. 01 ··•1:of Q&l'Um -.,-~teo.·te4 mfae .against --, ·be)1sue.i · 

. · oballenge do••• .. _ •'Iha ·,n. ·obta1ne4 w1tb : 0 •. 007.$ m1 1aeNrzt .1·,· 
' . ..· . ' .·.· ' . ; . -. .·. .. :. - . . '-. / ' !. · ... · , • -:._ - , ,· ., 

,· ·.:.·· ' , . ' ' :,_ -· · -·. 

!be pa: oont1nuoa to d&oNaee dtreetly · w1 th • 4a<ir-ea.ae 1n 
' ... , . . . ·: ' . . . ' . . . . . . . . .- . ; . . ~- ' . . -• . . 

the emoun, :ot ··.aeNa -~plQJfld. lfo. . ,p~otoot1od wae ''proqured ' 
. . \ ' . ' ,; .·' ': ',' ': '·. ' . ' ·, ' ' •• ' ' ' ' :' ' ' ' .' ( . :: · ' . ' .... ·.' ' ' ' : ·. ; 

•~th 0.001 ml' 14:PUli. tt · UUlJ eiso b~_,;aeen 'tffm P1gure ) 

tbat bb:e .··••gi'fl• c.t\_ p-i~tectrton 1~ not ,1reatf11 •tJ.amente4 br an 
1noveaaa. 1n the .aniottnt· of ••~· ·employ-et, _once . ·a. autf1o1ent 
- . , , -_ . . . . -. . . . , . ·. --, ;, ' . . ; { 
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Rela.t.1on.· oot·•··•··•~·efi!ot .. ecti~n.· · ·;and ·,a· ·iutin•n ··· eontentr =t;%:s~='='.~&;.#e .... •• ~:,;, ·. · · · ·• ..,_,li.4,:=:;;.~ .. n:m:i::wi...;;,.,#~~~:.:11l. .. > . .,.!, .· ... · · .... ·· · 
sel'Urn. ~== ··.•. 

A gr()up .ot 200 ·w1d.' .. m.1.ce: :we·~e 1riJeoted w1tn. .. l1,l,SOO 
ij~p oella, . ~en. mltle weNJ aeaiwif.tced 

1 

d.ail,:. ··en ,_second · 

tbx-ougb _tlle t11ent1•1eoot1d ~ef .tQllowiiifi the 1tto~~-1Jt1ot1. Ot · 

·tbttse ·10 mice; ;f .ir•r• bled sepa~~o11 .~9 de~e:rn1n• :~~-• 
agglu\lna.tion ttt01'+ · tb.e ·e.xceea ·seJta t :r-om tbtte. 3 ·~1ct. JMf»'i'G 

. . ~dded ·~o .1;11, pool. ot ••~ obtained ti,am .the .7 m1;:-T Uall1 . 
tes~• . to• .. ·,rotE.1Ction w•r• p,ei-torm.ea. by the ··1njeotion '·ot 6 

; ·. ·; , : ~" ' , , .. ' , .':, . : : ·. • ,·, : ·. . . r . .. . , - - , ,_ ' . , . . . , . _,' a:·· .:; :- . , _-- . 

·. . . ·:•. . ....... ; . . • . . ,·:.· . ·.. ,· ·.... · .. •'· ., .. . . . .... . .· ' . . . . . ,.:. . . nol'mal :mice with a eom~1nat1on ot o.s ml ,.·of .a . J•p "'\1Spen1ion 
of ap~l'O;di.nately l: -, 11)8 oeli• pl.tie e.6 .ml ,;~t ;,J'llm. · •. . ' ." -:., ',•, :. > ·: . .. ·· ' ;· · .... -., ;_. ' ·;:,_ , : ': ': _,' : ' '' ; . .· '. _. ·. ',. ' ' ._·, ,· ' ,"".••, ·. i , ... · ' 

fp,om th• or1g1n•1 :a:roup·_we-r• ... 1;ven a '"booa·to:r ·do~•"· i:~t 
· a~proximat.ely 4· x 10(? _Jap · oella.: . 0~111:· · aggl,liltit1at19n , ,Eutta 
and p~oteot~o~ 1H·u~t:a we:r,e p~rf<>~•d .on the ae:tta. or tllcu,! · m1oe 
·tor the remaining , 7 day•• The i:-esulta ot this eaper:iment · are 

'. :: ! ,• . ' ' , ·,· :. , . ' · ·.- ; : __ · • ' " :·· . 

pitesen~ed in Table J., . a.n.d J:1iUPO . 4. 
From those ttetiulta it ls appe:reab that a·.proteo'ti·ve 

oapaot ty is •~1deP.t . beto11• an a;'1,u.t1nation titer is 
demonstPa.blo. ·!he · prroteotlve substance -11 ·pi-,u~ent on tbe · 

. th1 l'!1 · day. and i-1aea ab~rpl7 on the towr1:11 d~j{?i' 'l'he tint 
• I . ' ,r • . • ' : ., 

evidenoe ot an .ag~lut1nationt.1tall' :' 1a·see11}'tt1 ,i out ot) mice 
• ' '; I 

~n the ttiurth day, 2 out ot ) f41oe on tb.o f1tth ds.y, and ) 
, , - . ·, : ~• , _' I . '. : ' ' 

· -·· . -_, ' ' 

out ot 3 mice on the ·. aiath day. The aggluti·aatton tltett · 

reached a pe«Ut. 1n tho 3 _m1o~ aampled on ·tbe t•n~b to 



J!). 

thJ.l'be8ntii '~y • .. . Bolio•tas tne 4 bOCStei' dos••' tb•J~,jonse 
in ·ttte~ waa 1:m¼Tittdiate •·1th· :a ptiatt reaohed · on the day follow-

. lns. ,: N'J.:nooulebJ·on. Ille ' ·pjoteot!.YG ·oa1ifieitlf: remained :·,n ·, 

evldeDOe . thttou:;.h.oub "the :a,H.11 . teat.,. In· 'N ,sponae to /the ' 
"booste~·.dote'.~• -the, l;,itoteottvo. oap.acfty · increased '.,;~1~uall7 ·· .-· 

' . • . .- -;;, . . , . _. •>\~. ' I 

. . ' . 

\b,t ·•~11lut1:natlo3··tt.t••··. noP ttie : PR t1ad ;: :i-in1cShe<1·:• :·ru,,.,1v.e 
) . ' . . -

potntl ·at the :te~1natt·on ct :tne.ex~e~1m•nt •. · fbe va"1atlon 

·tou~d 13· 1r,41v1dual. mouae a1;lut1:nl~ ·~esponae ta AJ)paren,. 
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A gpoup or 75 ~onal m1oe wae tnocuteted 1~tita.• ·. · 

per1tdiiaa1l.f wtth a mlxttt!'e or egu&\1 quanti t1ea ot immune 

soPUll _au4 ·apJitoXlm$tely . 100 LD:,o tdOSOI ot :the: .,lap ·. Btt-&1n ot 
!&et!\• tul~£ens~.~ Kach .. mouse i,eeelved o.;; ml. ot im.11:lttne s1PWD 

. anti O.,S ml. of a 1uspena101.1 ot approxlmatelt l x 106-. Jap cell.a .• 
. . 

.· Each . day a. small peroonta1e ot tbese tttloe wer• aeleo,,ted. tor, 

. inject.ion otlOOO 'LD;to doa-. Ot' tbo !4b.\.t ,ti-a1n .. ·~ 

Ob&.llenge4 mice · wef'e obs&r,ed J!ot- a pox-l~d et 3.4.· days• Tbe 

dally challenge doaes •~re 11>.jeoted. 1rtto 3· ·oo~al ndce toxa 
' . ' ' :. , ", '. 

cor1tro.1,.. W_be Nsulta ot_ this experiment, r,eoQ!'detl' 111. :·_ · · 

ifeblo S, show ·tbati: ae-t1ve S:m.m\lnity 1• pNsetit>at. l•ast · by :tile 

tittb _po.st-lnoculetlort .day. 

~~1:,1,,~~~~i&~~.t~~-~&m-L~n-~~~~!!~•-.· ._ 
Immune sepum w$u1 · co·11eote,1 -trora mtce whioll· hs.4 

euPV1ved -an 1r1j.eo~ i(Jn : of the Jap ;11a .. ain -ot I!!@~• 1:u1~r;eru1!!. 
Th1s sex,,~ VJ&I d1v1d•d 1nto 4 ·equal pan.s. orle pool· o·t . aePWn . " 

waa untreated.. The -otber l pools were heated tor one•h.alt 
' . . -~· , ' . : _, _- ' .. 

. 'b.OU.P et so0• 00°'~'' a·w.i 6r,0 c, Nspocttve,ly. . The lj. pooia .of 

_·. eera, ~x-e '-h•n ·added 1n. equo.l portions to :a saline suspension 

oo~ta1n1ng J.l._ . x 108 . .T~p cells. .Th, Nauib ot tb• protection. · 

tests cuiPr1ed ·ou, on the . heated and· linbeate.4 ·sera a~o presented .. 
' .-·. .· - __ ·_ . . ' ,. 

' ' . . 

in Table 6. .Ho 1ign1tioant loss _ in protect.ion bJ heat tttoat• 

.· ·ment 11 eppare~~- trom tbese _.ttesu.lte. 
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!Rt~! t't~o.!tz: .,~t. .!.~~ ... ~r.4ltf!:~1.••- J~!!~~~ft~U• 
. ::irn.· -__ . 1 "·•-•nr. _ t· - -,.., (1• .·• · - -- --- -- - •&•ri•tN-lllf(i - · - ,,.·-,- rr,rw · ~Cif•_..... · u·' ,·_ ,.·: ... r ,-· _ ·n,"'u 

i'bo protection ot Jap s&l:'um 91:1aln1t a hetelN>lagcn1.1 

st•aln . was t•sttrJ4 .by the usual mo1.UUJ . Jl:'Otea tioo. t.est. Wbe 
'. ·,·:,.· ' 

immune Jap ae~m was ad~1e~ ln equal voluine · to a auspttnt1.o,n 
ot a b.etero101ou.a. ·ati,a1n. com,po••l . o.r· L1tount1 · .. v.ary1ng trcltl 

1•1000 LD!)O• fable:.? p•e&eJltl .the resutts obta.1ne4 to-,, 
proteot1on ot J'ap sertui. asatnat. ttle vai,1ous a.tital·a.s ··· tf:atttd. 

Table 8 ~ow• ttte LD50 .ot tlie stPaln•:. uaed tog3thoxw with the 

numb••• .... of LDso te,te4 and tbe reau.l~• · obtai.ne.4. • lt ·mar be 

noted that '·Jap. lttrm1une ••~um. pPOtu.,ota well a;a.1net· ttie J'ap,, 

Busa,· Ohur-ob• no· at1d Sob.ad. atJ?ai.na. l:t proteotu, leaa well 

agal.nat tbe Ooll atJta.1~. The ,:-eaults .·· obtud.aed. aga.tnst the 

Xnoe stPa1·n we-re> varlable and oculd 11ot be "peated • . · c,mplete 
pi-ot•ctton waa obta.lnod ln. 2 expe~~.enta with i onal.lenge dose 
ot appl'Oxittmtelr 1.t~ x 10) Xnoe cells ·•1111e ln anoth•r exper1• 
mao.t tbe PR was 2.34 ap1nnl a oh«l1le:nse· dose ot·1.1·• 103 

lttfl' •-~ ~,,. Jap 1aimun, •1:um (lid not pHt1uit against the 
80bllt B1sb Ott Rl st:raiae •. · ··,ne data p~t1aented in Table 9 

we~·. t;flken.· from· :an expe~1ment car.!'led on 1n tbis l.aborato:r1 

1n work not 4eal1na; &.1th tho mouse· pi-otectton test •.. The data 

S.• JU.'EUh>nt'et · to aubstarrttate the t1nd1ng that the strratna 
Sobad• BO, Sto1.1 · ar.1,i Depue aro moPe toxio · than 'the Ooll or 
Scbu strains. !hla 1a ladioated by. tbe: late• ave:a:-ag& day ot 

. . . ,, . . 

4eatb ot mice challenged 11ttb the Coll oi- Sobu atra1ns. 'fAe 

evidence fm:lioe.tas thmt the m.lce prev1outlY 1•unlzed with 



·:,11. 

' . ' 

1011 . 'V1.rulen1r st:re.ins · Ntal.ned &on1e lmniun:l.t:, against the . 

. challenge .doseo JtJJ · seen'b:, ·tha :,,rcentagea·•:o,f ··mort.ni1ty. 
' . . . . 

.. !!owevett, ~lle· Sc11.u stx-atn ·.l"JX-Oduced a; elowo:r deatb: ev1n· vvnen 
cbe.1i•nse:d. with a .ti, x· 10B Sella , cells · wh.t en J>epNta".;nt " .· 

. · . , . . . ' /· . . ··. -. . 

.4,•. million Lt'>So~:. . '!he . av,,tJ~gQ day ot· d.eatb ·•1th ttle··.•SQntad 
enall.e.n:tie was lei.a tnnn 2 · \titb the itra:1w1ie•d .mice arid l ·.with 

the · contJtol mice.,· The Sch.ad .: ohalltu1g1 ·com11sted <·ot · · 

appi,02til:ltt1lely 10 W;;o• 
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An _atttJmpb: ·was mad.a to alte•·th:e oou•se_.-· ot. -
lnteetlon ~eoul.ttng . fNll · th.:• !nj0atlor1 ot, the Scbu_ stitaln 

' . .-. . 

m-1:aed with immune,. Stlnlnt., by daily lnJaQ~tons ot adli1t 1,ona.l 

!fflrtlune sGrttt~•. Po~r g1"oups ot .10 mleo Vfe~e 1:nooul.a.ted wlt.b 

equal pa:rta .ot in'lmune 1$1.'Uut 'and ;deoima-1 sallae dtlut1ont 
. . . ' . .. .· ,· . . · ..... - :-_ . · . 

. o-t a suapens1o~· o:t ·· S~bu ~ells oonta1n1og J.O . • · )800:·a.ells 

pel!' 1aoculuu1. Foup ft;'l"OU?8 of s mlce •• ,,. 1t1ocula.tod: wLthi 

equal parts o,;r_ no~al · s•t'Wa and cell at1&1ltttla.lon.a _ 00J.1~espond-

ln1 to th~ Ab<?V~·• -Da117 1,~J•o~1<>~8: 0t O.S ntl ot-1rrmune &l&Nnl . 

pep ~ouse wore . a.4m11ii 1tie~·•d . to· tbe 'lnteated ml ee • , ·oa1 l:r .· 
. , , . . ; . . . . . ) ; . . ' 

• • > 

lnocalatlona or nomal mouse serum were. g1·ven ·to tho contNl 

mloe. Tlla dllta a,'.l"a 'presented in !able 10. l't ls evident 

!l.'Om these figurta that the su~lvel ot mice· ti-eated •1th., 
. . , . 

1~nunt SON.m was prolonged.. . The ~OU?"SG ot 1nte-ot-1on iwaa not 

alt&'.r'$4 altbougn ·dtath •as delayed. 



SI$ 

sis·· 

' 

• injfflltt:torm.·ot: Jap. ! .. la as~~•···•~·~.· t.~ ~al~~; had~'•• 1n!..tial ~. ~.~,~·.~··ulndl~ 
.~ &ml~ ~iana or·~.~·~ ~·Dlde~ .1n ·the·.· .. f!oxs~·m~ 'lb!cb w ~•t.t •~ -I ·sebu ceila as.·~ . . • . . . . · 
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·-~!Hi~I• . .. . ,..._ 
, '•· -·. --· . . 

lt waa ea•lles- noted ln · this . wot'k .· tbat tbe l .. B 
. .. . -··- \ . . . 

1nereased aa tbe . O:t.050 t _ite·r : or .tha ati-alri .. tellted , dec11aaaed. 

· Xt waa also noted ·that a. ··41:Ntct ..,a,10· ex1ate4 bttween the 
tD50 an4 .the av1it~a1e 4a:, ot · deatb • t'bai ts, . as tbs LU50 .. 

' ·. . . '. ' . . . ,' 

t1te1'a ot the viu:•~toue at.hina decreased., the a:vt:rag, day ot 
. . 

loath -dooro.a,sod.: ln · all. bu.b · a few ot the-· stPa1ns . tost.ed. :, f.bia .. 

. wa1 ,o~culated.· ·on .· the .· be.110 ot. a compa,t-abla·· numbe~ ot .LD,$0• 

. An at,empt waa made, to 4eter:a1ne •nether .tbe . ibottia,ri ·:,u.i-v1val 

~ate we.a cluo to ·the 1ncPe.aliht4 number ot organ1s~• ne.ceaaapt 
tor . a ·:letha:l doae oi, ·to- .a toa.1c inope'l't:i ·posaease4 by some __ 

ati-alna. ot i,agf?,• ~~ularap.f.li! .• It the lattett auppo_sit;ion wei-e 
. val14, ·t110 tncretU'H) -,n. {iif would 'be due to an. antl-t.oJd.o 

cap_ao1ty .. ot 1mmune __ aeru-m .. 

·· · .. · . . -.· fbtto·e g·Nlupa ot -• 100 mice were injected witli sub--
,_ .,.. ·.. . 

. . 

le,nal . doaea of 3 otPatna ot J!_ec:Ue • ,lul:.-ii,,nse as tollows t . tb.e 

·. fit-st · Sl"Ollp . ot .100 111108 . HH1Vf.td a.() ·,a . 108 or$an1ia.ms ~f the 

HD etrain1 · tbe __ seoond grroup ot 100 ml.oe _ raoelved 3.6 x 102 . 

· organia.ms ot the Rl stita.in; tbe third gN>up ot 100 mice 

reoe1ve4 4.6. x, .. 101 organ1tH~S ot the, B1ah sts-ain. . Tho d.osea 

emplo7e4 wex-e a lightl:, larger, tba.n a . sub-lethal dose ;. 1n each 
. , 

cese." 1'h• percentages ot_ mortal.it, 1n tbe 3- groupa • ·ere 44, 
lT ~nd 77 ptr cent, t'EU:.lptct1:vely, . Two • ·•e~• atteP tb1a 

1mmun1z1.ng dose eaob group was aubdl vided and _ c·nallenged . with.· 



~b• · lJI)• RI:t ·131an,. and. Sehu st.P.ah,s. The ·cbellenge doa0a . 

. .. ot tb•:·4. ·•t1'a1na e~·plo1ea weN\ 3.0 x 109 ltD eel.ls, 
. 1·,·2 ·• -·-107 :11 cells, · 4.1· • 106 Bist1 cellt, and. 1.2 , x 103. Schu 

' ' 

oel.].a .. : The t1rst oballtu1-1e dose aompf'1.sed f.lPPPOx1ma,te1y 30 

,.. '.· LD,$0 ·:•()·~•• •n:tle the l11t .3 oh,rll~nge doses contained· 

. Ql)JU'O~matel:, 1000 LDso doses.· Xt raay be .aeen tPOra tbe 

·. data ·~ese~ted 1·n fable -l ,1 that tbe .iiaJoz-1ty· of immune :m1ce 
. ' . · ..... . ·· _,;' 

chalicnaged. by tne tu) st:ratn auecumbe4 :ln less than ,2 da7,e. 

· : . -V••i · few · ot the 1~tnune ·m1ce '1b1ob welte ohall~nged hr the · Rl, · 
. . 

EU.,ni •.. o• Sobu a·tn.~ains d1e4 and the day ot death ot the 
, •-·' 

·tatal1·t1ea was •·ell over a dayt. . The mice wb.1cb bad ·becn1 

1mmutdz•4 bJ· the lntroduatloti of viable HD oella with.stood 
. ~-. 

ob.allense. w1tb tllf. Sohu and Btan etx-a1na completely, · and 

showed 93. peia cent ·survlval w1tb ' oballen;e by _the Iil atP.~1n. 
, . 

· Th.la 1nc11oa.ted. good tmmunogentc aot1v1tJt in the ltO oe11s.--

Ho111e~•~·•i it will be noted t .b.at . S7 pe~ eent ot the ·ao 1mmu,ne 

· lllca· auocumbetl to ·,cballen~• •1th t-he homologous · stJfalti. · Tbta· , 

. UIOJttality -_pe-Nentage was' somewhat ··1owett than the tlguraa 

·· . ob"1lned against challenge 1111 tb th& lll stnin (111$ .peio C!ll!lt) 
1 ,l ' 

, · ... and •1th the ·· Bish · ats,,atu · (80 per oenb) • It _is ap_p,u1tnt tbat 

the .· HD . at»a1n :ts a good 1mmu.n1alng atraln but is able to 

produ~e i to.uo death. in rc!oe imlll\Ullzttd by homologous ox> · .· 

n•t~'f')l~sou~ at,..11,itis •. II may also be noted that the S1eh, 
,-·, 

, Sobu/ and H.l atl'a~n• appea-P to be ve17 similar 1n theis- laok 

ot tox,!o1ty and nsi eta.nee .to .P.-Oteot1on. The7 d1tfol' ln 

· -thlt -•••peot from tho BD ·sti-ain. 
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!h• ad1011ption. pl'ooesa , was caPP:ied oi1t aa p·rov·1oua1y· 

descn.•1bed..- To test tile p:r,otu,ot-lve oapaoity ot t:ne adsoi-be-d --
. . 

and una4so:,btd l a~ne aara, equ.al vc-lumes. or' eaob. wette--added 

to a 10•1 dilution ot a ata:ndax,d aal.tne aiuspenelon ot Jar, 
. . 

ceUa encl ua.ed •• 1nocul~-to~ two· sroups ot noma.l mice. 

Adaot'bed and unaduol'1be4 .no•mal mou.a,e aoPa were u.aed as con-

trola. The o!'gar11sms u.sed tott e.4ao:rp·ti"on ••re living Jap 

oella, boiledJap cal.la, . OIi' llvtng 38 cells. · J:I ts evident 
,· ' ' 

tPOm. the results .~hown .ln Tablee 12, l.l, and 14, tbat tbe 
- . . . . ' ' . . . . ; . ' 

-pl'Otootlve substa.noe watt adsorbtd _from tb.e -immune ae.~m; -

either b7 v1ablo ox- dae.4 oall-1 of the ~omologoua strain, or 

viable h&terolo~oue o,ells. 

Oro_. s_.s•_ age_ c_- _ 1es_y __ -rot ._ec_ tlon_ • :a r:t::;;;;; . --:!-n . :t -~ • . 4 _ _ • • 

t:to1n one apeoles !as able· to ,p'.Nteot •noth'1r apeeios ~;a1nst 

lethal 1nteotion witb _gaol• , tula~rase. Immune aei-a weN 
obta.1n&d fliom. tbe. Pat, rabbit• gu,b.wa pig and un1;n and 

emplo7ed 1n the routine pro:teotiOtl test ,wittr the mouao. - A. 

br1etb1etory -ot the aei-a tested 1s l'OOorded1n Tabl6 1$. 

Table · 16 p~esents th~ paault:s obtained tro:m the sel'a tested. 

Tbe · PR obtained 1nd1oate exoellent pl'Oto.ot'lve oapaa1ty to11 _ 

the eera· of •the species treated, ,8ga1n1t 1nreotion 111 the 

mouse wtt'n ·eaot-. tular-en•.t• 



Prom Pt'tlVlOUS. wo~k -p$~toruaed ill tbls labort.ttory ()), 

1t was found that an Ol'iglnal lnoeuium ot· 4, .• . 104 Jap oelt'e 
' ' :- ,· . -_ . I , • . ., ., 

1IIU1t1pl1•• in. the . 111ouse· t; iip\)NJt1m1ate1,- 6.,9 lt 106:'•itttin · a 

, ·da,- w,,104··• Tbe~efQPG, . an 1nouu.l;uai ooneiot1ng. ot this 

numbeP ·. ot .bol,led \tap·' oe·:t.".11· w·a1 ueed to appitox1m.ate · the 
; : "· -~-- ' ' . . ·: ' 

ho1gbt atta1n~d:i b.7 ·multlp11e1a.t1on. In oonti-aat to · tbia 

auspens1.on ot .k1lled cell:•• ·:a IUiS,penalotl ·Ot. 11vf111 Jap (UJUI . 

appi-ox1'mat1ng 4 .1 104 <o,e11a :Pei- ml was ttiplo:,ed tor cs:ontPol 

purposes .• A ·· gNJ11p ot 2.$ m1-oe· was lnoeulated with.the bolled 
. . ,, . . . ·' 

. · Jap oella. · laob ffi.Gtu1e il; · tnis .. group ,:reoolved 6.3 x. 100 ·1r1.lled 

Jap oelle. -A· g:roup ot 2$ mloe waa 1nooulated 'with the 
· -su.spt1ns1on ot l .1v1q lap oelll. Be.ch mo1u1e' in tbls ·group 

Noebed 3.1 x 104 {1111ng o:i,g1mbJU&., . 

On the ; t~_ftb post~inoe:uiatlon · day $ ·m1ce tr-om aaob 

group w01te ohallenged to,J? 11nmunlt:, w1th ·2.a x 103 cells · ot 
thcr Scbu 1t11a1n. fbla challenge co·mpri1eed' a;tptJo.x.lmatalJ 

' . '. .. 

2000· LD50 doae• or the h1g.bly virulent strain. . There •~~-
. . . . . ' . ·. . ~ ' ·... . . ·. . ' 

no su~v1vol'll 1n tbe gp01-1p ot S · mice wb1ch had. received :the 

boiled Jap cella.- i'nere were no dos.the in the group ot S mioe 

Wb1oti ha-4 NCe1•ed tbe livlttJ J~p oella. 

'the remain1ng ao· inlco in each .group vu1>~e ble~ tx-o.m. 
. the ·heart -on. the ttttn p.ost•inoou.1a.t!oo· da1. ~he aei,a . ·.- · 

W111cb were colleoted into two pools wer-e adrl.ed to an equal 

vol11me ot a 10•1 d1l.ut1on o.t .Tap cells toP the \.uaual protoct1on 



' ,, 

~1;uU.oa~e .. tba1t. a prot•ati ve aew~ >may be p~otfh.t()t>d equ.1.lly 

well by e1ther l.1v1ngor ktlle~ Japoelle ·aa·ant13e11-J> 
. ··•i ' 
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QitQteo.t1v.e .• ,t;!l,~tam,~. -. · 
.. . . .._ .. . It . f~g_, -·r · 1 . 1, .·.•-·--- ·.- • .- - •P 

.Xt _. ba:8 lon(t :b,H.10 .known tbat .the )8 at~S'.n of':_!1.ac.ft. 

!l!l_~rens;! ta 1no1paulo- ,or pPoductng_ a· elin1oai 1o.tcot1on in 

the •bite· ·~ou11, . l\ h•t :r,.eo.•ntl,- hee·t1· shown, . beweveJ\, 'that · 

tht • av1w.1G.nti etita:1n 11- ca,ipable: ot a fair , de~t-ee ot mul.tt• 
plieation·: ·in, t'be . wh!te mouae : .(31. · Xt waa .or intel'est; · ,. . -

,'. ' ,,: · ' ' 

~btl"etot'e, •to .·uee _t '.nia· stx-a1n .~c tbe pNtoot1on _. teat ·:and to 

OOIIIP4N .1ts •«th.tty 1n .tibia .light wna .. 11 atlla1n•1:" ~n•wn · · 
1tltfl4t1'vttt:• ·AOOOJtdln1l·1, two -gPou.ps ot, t.d.o~·-wore ' 1ncc~latod 

wttti" .i-.1t ·1o4· lap O,tlls and 1·i.;g_ 10& -· 3a ·eel.ta. ··. Botb groµpa_ ot 

aloe woi-o :-bled· ·tl'Oui the -b.~ax-t; · on tac;; :f1tth po1t:~1n.oolil.at.10t1 

da:, and ·t.be; routl·ne. proteotlon· ·teat •~a .c·aPi-1e4 ori. ·tbe 

two :pool.tt, _ot: lmJnUtUI -',e-.a.. .- The ·ro1u1t1. 'obteine4,·-aa·-ind.loated 

1n '1' ehl& 18, shded gooti pJ'OteOt lon he>• b.· ·otb j,oola · elf.;. se~a; --· 
. -....: ' .. :. .. · .• , , 

~ha ·.tw~-told ir101101u1e• ·ln t'H:ttotton demonstrate-ti by •e~ 

obtained ·t~m .mice 1ltOO~lated··_\,1tn·' 31f ·oei1,·ov•tt the, :Jap 

ltlhnun.s serum •Y ·t,e_ ot .some «d.1nltlcanca _because <ot tbe 

111&JjniW4o of tho pl'Otetltto1f 'arr,iP!l.,~. '.Th~ dtt!li>H ot . Pl'Q• 
teot1on , is v.ai-1able~ howevei~~ and open to que,tton .• ,, : file 

results 1nd1oate ttuit botb 'se!'a were blghly prot11ct1;e. .A . 
'flOX-Y low moz,tallty oeeuwed 'tn both 3'.P()\ll)I ot .mice. The '• 

''' . · ' 

average day·a ot tloatb ot tho tatnl1 b1es we%'$ SNatl:, pitQ-

longed .• ·. 
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,:;2. ' 

' ' ' . ' '. . ,: , 

ot Jap·· oells sp-pi-ox1mat1ng : 2 timea a . ,tandard .. sus~ensi~n. was 

··added -to 4 ml . of' immune te1'WI collected· on the fifth post-. 

1mmun1aatlon·. da:,. -Thi.a -tHlNlfl.;.t,Qll suspeasion · waa l'efi-1gerate4 

at ~o G 011&1,d.ght.<.\ ~o foll.odfttl d•y · th• oella ••~• · i-ecmmed 

by oentl'itugatton an4 mad.o UJ ln· aa11.n• to gt•• 24 ·per cent 

11gbt -ttJaosm:tsa.lon on the OolemtUi ape.otr-opbotomot•r at .a 

wave length ot 600 • . Decimal aallne dilutions · or:· ~!ie···":at.andai,4 

suspension wet'e propaJted au-d plato oou111u1 m~de 011/ the 10•0 and 
10•7 c111ut:t.011 aoo~~dina · t 'o the ··method ot 'Oown~ _etvai (12). 

!he 'seine pJ?OOGdU:Nl was _C81'it1ed out on a $US~oriston ·ct calla. 

us1as ·no$a~ ae!'WI in place .ot. :the lmu1une ·•••nm• _.· 
. ' , 

T·wo g!'oupa or 31+ mtoe wore inoculated. intra• 

. per1toneally,: Jw1tb the oe11s aens1 timed w1tl1 lmmunt 'ieru.m .. , 
' ".' ,, :· : .: · .. ·.',· .. • .. ··:· .·· ·. . 

and ~1 tb ~h• cella t:riiatod •1th normal. aeNm,. ; .x-osp¢u:st1ve1:,·. 

'l'bet inooula corui1&\;!f11:J · of' 4 ll 103 aanaits.ztd cell• 11n11 2 i 104" 

unaens1t1zed cells. On · tbs tlttb post•lmm.unizatton daf:• 7 
. mice in each i,:roup lffel'e l,hallented witb 2 a 103 ~el.11\1 ot ~he 

·. virulent{ Sobu . stpa1n. This, ohallenge. consisted ot apprt>xl-

mat.ely- 2000 lJ>!)o dOae• • .·· :Ctt th& g:roup of ll'lioe wblcb t:teCei ved. 

the -sena1t1zed cells, .. 2 ·GUt .ot 1 m1ce ·c11e<1• giving ·a 1~ per 

cent suStvlva1·· rat•• · ' In the Sl'Otip · of- mice wb1ob NOelve4 the 

ce1·1s. treated with normal serum, 1 ·· out ot 1 mioe died, giving 



, .. -,.$). 

a -su:r-v1val.· Qf ;&$ ·pep-oan.t. The d1ftQ-renee '1r1 Sa1'v1vali rattl:8 
ot th~ two CPOups 1• :lnal{ln1t1c•ttb ·and ahcwa good. l=i\lnltr: 
ln both 1roup1. 

O;i ·the tottrtb· pott•t~uatza.tl.on dr1.y, -.a mice -~itOnt 
. • . ·. •. ' . . . .· · .. 

-aacb ,g"up we~ saQ.-lftoe4· and _q,ian,1tat1te ·spleen · counta 
were made., !ha count a 1n:tU.oated 1nvasl~a o_t .. §ne .. t.. tula.regs§.. 
1~to tho apleen. ot t :aoh mouse t•sltd~ · -1'h1a· a1·gn1t1•c1 tha~ 

mul.tlp11cat1on : ot tbe- ors~uusm. ·• -•·· not lnblb1 ted 'by ~rsa,ment_ 
. , 

ot tbq-- cells w·1 tb. i .enune oi, 11om1al 1ei-um. 

The rema1ntas as m1ee fl'om ••oh 8l'OUJ) we.re bled 
, ' 

t1'Cm the bean an4 tbe 1ei-i1m. pooled 1:nto 2 g~~ups •· . Aa equel 
amount of.' a · 10·1 d11ut1on of . Jap oella v,•·•· _ adde4 to . tho ••~• · 
. ' . . . .. ' . . ' . . 

Obtained f~® m!ee reoo1.Vift8 8c,.na1t1ze4 ·:Cella and t ,Q '. t,n, . 
,: :•·.·· ___ ·., 

serum ob1Ul1ned'·. fl'om mlco -ttecet vlng e,ill.s '"at,u:t •ltb nomal. .'. 
ae:,um.. The 2 aer-0&--cel.1: wspena!.ons wet"e lnooulat{td 1rtto .2 

' , , . j ' • • 

gl'Oups <>t' nonal m1ce •. . 'l'h• Natllts• p,.iHl&nted in 1',!le 19, 
snowed: equal protection· d·ett1ve4 fit0m ae,wm pr,odu.ced ,by· 

-aensitized cell.a al anti;ion oi- ·unsena1t.1ae4 oella as .a11t1gen. 

lln1•:P.~bt~-~~!Ji~~fbi1~~'9"';~-~,.,t»£R·~'~~='= =~ ~~f.,=-2~~~0 t1 'f ~-· 
aul:>1tanco. 11q . I . ::=..::;;i:::;:;::=s 

. -· . . _ ,.- , · _ :. ·, ·. · . 

·necessary· to -pro.duce ·- -~·-· proteott:•ve ee~m 1u :tbe .•hi~• mou••~ 
. . --._ ' ·• ·-·: .-- , · • ·-- . f; ,·, ; ,, -:- · . 

·aor-lal 10 to'ld eal1ne-· d1lutl-ona ot a standard suspens1oo. ot 
. . . . . . . . ' 

. ' . ' . ' \ ' ·., .,· . ' 

Jap eells ware ern1,la,td aa tnocula. The :.i11utionfl: tise4 
ranged trom a 10•!> dilution to a 10'•9 4.ilutlon. Five days . 



follO\d.ng the:; '1nt:rap&~i to,tteal inJect1on Ofc , these .', amountB: , :Ot 

oellslnto !)groupaot m1c•itbe·sera wtre ,collected and 

ttsed 111 tbe · routine mou.se p:roteotion : ta'st •! , Tho' .dat'.a :~t ,rota . 
Table · !O lndlc;ate ·tnat a dofinite th.Pesh.old :ex.tsts· ;as:: a '; , 

minim.al 1noculum &9G.entia1 ·to:rs ' the p~oduot10rl of ··a ,p~teot1ve 

aerum. A.·:PB 'ot S.6 was obtaineditromserunf p:roducefl b1 the 

inje-otion of 6.7 x 102 oells. '. ', itbetf 6., 7 : a 101 :cells .. wex-e 
. . . .- - . .-

' used ae the lm11unizin3 dose, the PR d~pped dPamatlcally 'to 

·ri.69 •.. ; A. PR value or less theriun1ty '1mi1oates:tbat >, ~ho : 

t,tper1mental m1ce died more ,' i-ap1d.1y than the OOll'tl'Of >m1oe 

and : thue , wei-a · ,~ot proteciu,a ·~n any ·,degree. : The date/: also 
. : ', -·-. .· ' ' ' . · . :. 

·indicate some :, P&lliltionsbip between lncNaa:1113 amounts . of , 

antlgen · iu:1d ,1no:roasing. PB. 
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. . . . . 

. ·. The us1.u1;1 u1,anne~ .--or lnoeulat.lon o.f ae~ and .':·· 

ohalie:nge dose 'tn· th€• mouae :: p~o,ec-t .ion t~at;s was tbe · 1ntra• . 
• •. . ,.·., ,, · ••• . i . ' ·, · . . . . • ' 

. . ·, ·. . 

per.1t-onfJal•.1noculat1on ot .. equ~1 :pans ct .tbe rn1stn1x-e. Xn. 
' • ·, . , , , I 

order, to .· oetat>l1ob J~be tac,t that proteot.lon fl'om lmi~n.nur aei,~ 
. ..· :•-.--- '. ..,. . . . 

waa not . dtae t •o. eonsitleattor.f ot oelle fo1' .phe,so~,-1ce1s. tlle 
• . • • c;. ' • ' . .. • • , . • 

t~llow111fi. 1Q~~ulat1on.a •ere made. · ,qto .tb• · tl~st S'l'OU; . ot 
·', . :,,- : . '.\· .: . : . . . . .. · ' 

nongl. .mice, · a mi~ture ot o.s ml 1mYAtU10 aet-\!tm and .o.s ml 
1x108 !ap eeilfJ •a.a gtv6n 1nti'apex>1tonelll1f to e-.ob lilOUse. 

Xn the ae~ond Sroup ot noftlal mice, each mouse reoe1·vtd _O.;f 

llt1 1Jlll!lU~~ Sez,um btnp~tt•1tonee,lly into the lowe11 l.e~t qua<li'ant 

followei $11ll!le~~ta:i1111, by tbe b.jeOtiiott .o~ o.S .1 • 3.o3 Jap 

~ells 1uboutan~ou11y. ove• the lo••i,· Plgh.t quadi--ar1t • . · · l~oll 
, · ·, . . . . ' , . . 

mouae 111 , t~e thfal gi,oUp was . t hen o,; ut1 11t11m1n$ ••wt!\ aub .. 

ou.taneoualy ever, the · loweP 1,rti quad11ant £ollowe4 1aned1'1tel, 

b; .he ~abcu~a 1nJod1oa Ot o •. $ ml,. l a 1013 . Jai> ~e11~ · 
, ' 

oVel' the .:loin~~ right qua<lrant,. l'f.be grou.pe . ot control mice 
. .. ,.; ' 

re~eived n.o~l -•~U.EJft8ePtltt1 and Ol'iflt1tsma by 14ent1ca1 routes 

or 1nooulat1.9n. · 'The rern11.te ue -preae1.,ted. 1n 'Table :ill.. · lt 
·< .: . , " . .. . -:':- .'·, ·'··, 

.11 · eeen that the pr-oteotl.on, derived tr>om tuwune so.rum la tan• · 
,. 

alteite4 by the •oute ot Jnoctilat1orr employed. , It eeema 

unlikel:,,< therefore. tbat p.atseation 1s du~ oolely · to the · 

olwnplng ·ot s-oo. ,tti1ed cells'' tt;J•P tbt enbanoement ot 
phagoc,7to11a~ 



~Ip 
C&Ua .. eq 
-~ .. 
fl1lls ffll_ 

~.Ip 
~,Sp 

1.-Baimte* ., .... ' .... - •·., 

r.ad ~· ,~ . Av.-~-
!e&-4 u~sv or r~th 

62.S 

6/8~-

6/6:· 

6/6·: 2-S &i.6 

• ~---·tdo, ~"W,tl L~~--13.- -••~--Jap_fflGlJt ··qr.--~ ~,-~a~ 

ff mtto-• -~ am~1,.1·.-. d. Jt;i. •»1' -1.?r •~.•--~ate ~acatea.,. 
·\A. 
CR .·•.•· 



~Uai,ne.s\ .... 1:~11\ .. 1.D!!!!e, .~·~eeel•1t3~i•1ab ~l~~1l?q.titpQl1ze« .. .,••~l@. .. 
¥ _____ t-_.J:r,t'1111eitt.·:•;,: s·_·n: .... __ r·n·_: .i-,..~~:i~'s,f~,...,,::l . -~"'rf_"M• . .r_~-•-•·· .a.,f•.· -~-~~•• -•.-\11111~••.lfltlJ ____ U 

A IPOUt) ,ot 'm.1ee .... lnocul.a.ted vtltb' • l. x. 1o•S 
d11U.blon .ct. ii ·••taa.n4.ar4 ,naupe.ns1on ·ot v.talil.6 J$p 0'11.la. Six 

:\'.-·:. 

da.1s · artep· tbi1 S.,110.cu.l.atlon 'tlhe g1t0up ot· nt1oe was ibl&~ .. a,4 

th•.•••~·.waa. pooled forJ .. t.be usual .mouse proteetlon·teat. 
Xmme4tately .. • .. atteP . ,ieat}?. · tne eple.er11 t»om .. tboeo mloe ... · ••re · 

. . . ·- . . . . 

An extx-aot ot• tbo.apleiu1s .waa,·made .. as 

d&.soribed. above. A tecond. l)'()UJ) otr ll$l0$ waa lnoou.1ate4 w1th 

a 1 X 10•! 41lutton ot a-. standal'd. autp&rud.cn o.t r,heno1.tze4 

Jap o•ll~ •. Six d1ya atte,P this 1noculat1·on tb1a gx,-oup .,t 
mice was ble4 attd the lftJ,tU.M w.aa used tor a mouse. prot~ction 

ttt•t. ·. lmm.,.uu.ately attar dtHttb the spleens ot thes•: ~ice 
wette oollected.• . troaen, and latun• ex.tpa.ote4 with l$1ine as 

pNviouaiy. descP1.be4. Oont~l ·mice l'GC$1Ved. r.ormal. 8tU'P4JU 

and an ext .. aot ot noJWm,al 110\18&· lplee.na' •.1th' ·tne oha.ilen1e . 
' ' 

doaa. flte spl.eeQ ·exti-.acta WOP8 CU.luted to .giv• o.as -., pa%' 

ml .. or aal1ne. I.a.ab mou•• ~ece1ve4 o.S :ml o.t the •xtttact . _· ,. . < ·,: ·. ,-.· ·<: . . _ .. -·. ' ' . _-,,_· ·' . ._ ... _:·· ' ,, . ·_ ,., . .· ' 

Wllioll oorreaponded to 0.125 s·ot 81)leen plus O .• s· ml J:,t a 

1 • 108 lap cell. suopeuslon. :The re1'~lta p1'E>tentea. 1~ . 

..re.bl• 22 ind101te tbet . no pl'Otecti.on. ••• pi,tovJ.,ded by ·.· tb• 
spleen ext:rao;.a. · Tl'utre wo.s no s1gn1t1oa.nt• diffeN-noe ln tb.e 
p.oteotlon deri'ved tro.m eerum obtained t1'dm mi oe 1nocttllated 

with viable oella ott with ·pheng111ed oe.ll•• 
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lt ls obvloua fr-om .the ttesulte o'btrdned tbx,o·ugnout 

tb1a study that· although.. l tnmune · mouao seNa ,-1.e p~teot1-ve. • 

. a •al"iat1oll appea1>0 in the degl'ee ot Pl'otectlon dtol'ded .bf · 

immune serum.. Thia var-1.attoi,, p:itobab.lt 1, due to the 

protective ,int1body content ot -tbe &mmttne sex-am. Tile white 

mouae ·a-r,pears_ to >'lapt _- ln 1ta i-esponse to tn~ pitote.ot-1vo -

•nt1gen a.a Sl't!atly aa it -does to an a&1lut1.nogen.: - lb.ea 

. 891'(;lm, ···•hloh _was oolleoted -. trom -- larse grotipl· :of immune mi.Ce, 

was ti.ttt,4 aa hbe so~JN';le ot protects. ve antibody to-,, large,: , 
.' , . --, ' ; • , ·_ -

g¥-Oup, ot nomal ·-m:1o_e_, >a -mox>e Nliable trend. was obtained. 

-.An arbUntar, litn1t was set to,.. an acceptable numeP1cnal expJte.s.sion 

- 0-f p~teo,19.n. It 81)1,:14!111"84 f PC>ttl ~b• man:, :results·. obtaine4 
,·' , ·. , ' .· ', 

,. . ', . -: . . ···· . ' :- . ' .·. . . . • .. :_·... . ' ' . ··· • ... · -·. , ·, ... ... ·::·'.··' . 

that- ·a Pll ,,-, 2 was the l -eaat aiin :ot pro~eotlon that could be 

l'Ho.Brt1~tt ;ae. ~1gn1fl~aQt., · A l"Ougb atat1at1eal analysts · ot: 4.6 
. . . . .. ' 

exptP1menta ginto an. a-r1tnmetlc mean or th• . fll -aa · 6.Seo.76. 
The ' ,avePati• IP:t 0l>talne4 .top "the lntootedraloe ,waa .. 1s.2: and 

toir th• o~ntrol mie&, s1.6. -Mo:rtf a.1go~t'1C&-t,1C$ WtULtlttached 

-to >tha i•atio .{fa) · obta,inedby a :couipa:i'>iaon. ot the 1ndicea ot 
·•o·nbl'ol e.rid lnr~oted m1.oe than ·the IPI of.-e1tbei, al~flfh ' 

h1fJJ&P (13) has 1rtated. tbat tr.om e&pe:,1ments on ·anlmala w1tb. 

.the -plague bacillus the protective index: should be at leas1r 
. ' . . _. · __ . . . ' . . . . ... . 

- , , 

.one-halt c,f the. :not"m&:l index.: in ordex- to -obtal~ a. high 'rate 

ot au:ry1vel trom 1ntect1one wbich are invariably tatRl to 
cont~ols. He a.lso found ( 11) that an 1·p1 b&low 10 · 1n guinea 



·.,;•,t... -u2·. 

pit;a . 1nd1.catea·et {~~ll 11el"O~\q& .. •ot•··au~1j~l) •.1n .• ···taa•EJ~ Ve 
,im'e•oUon!•·•itij·~~•••••·~l~ua bac1ilu•••· .. •.1n· .. tbeoaae .otDaU• 
!!1,a,.-a1H9}.a lohhii~·~ha11.~e :.·4ose 1>t :.1~~ ·11•~-10. usu,:ilJ ·. 
killed '100 paiJ.''oe·nt>?ot _- tne , oonti,ols .. . 1n :i to .. i data~::\ .. o·timnune. 

•' ' ' '' , -:, ., ~- •.; ; _: ' .. ' ' _.. ' ' .. .:·:; . ·, ' ' ' . , --,., _': . '.: >" ,_. ... '"f' . -_----_ ; . . , • . / " ' • 

eerum , Wfl$ .~IX-.,1J'·. able,._il(( pl'Olttct·' 100 pe~_··,ceot ,.or::\ the:'. ·1nt.ecte4 
; . • /',._ i·• ·:·:---:·.J .. ·. ' •, . . . ' : ' .. ;.,.·1· ':• · . ·, ' . _- . . ' · • . ,. . '. 

m1ce ·--~alnnt- thls/_doae butt .the .• •:au,t'vlvai:. i1'~:::. an4 ,-tbe . surrn,1val 

p$rcenta;e . Vi81iet · lria:rea:,ed :notloeabl.y .. _,t~om '_'.t:bat?:or ' tii.--.·o~ntit0l . 

Wl!\als • . In ·~• 11il!ml~1011oa1• atudte• ·~ .iti~~i .~$ .!118de to 
/.· 1• ... _,-.i • 

coi-~late;' tn•·,' 4'eg~e:, ot :··,~o,t,eo't1on·-· •1~tf 'tne' .P<>~onof. c,r . tbe .· 
le1'llm • .. :The :teatr.:w•s ·,_ustd-••· ·a .me;aau~• ta. det~~n1~ the . 

• . • • • :. • ._;. • • -· « . 1 • ; . . .: ·, 1_~ . ' .- :'~ -. ; 

JJ'r.'~senoe , -0~, ·s:biott<u,: -'4)f :• p?'OtflOtion., .. ;, ; · .. : >~. ·:,: )'.:. ./': 
: ·l t . ••a.- ··. ot:.1nte .. 1u1t _to· · ~ippl,- . _ ~b• :,:oaioQ1atton,o :· ._an4 . 

• :· ,r . .. . ."l •• ~· -~ / , , 

1f>.te~.-.t•~10~/~•tlf 1i t~• wo1* to t}lat '.<,f otbenf in a 
:_1'$0Gnt:.:·.~~ -Po~, ,:,::{1.4) ,~ :, ~h -_. ,·th• .pi,ote~t1oa: pt-:.~t~_'; wl ,11 :·ttWD,ut end 

. . , . ·,~ , . ; , _, ;,. ~. ,.: 

hype.~•lmm\lne ' :go:~t\~~~-~ ·. 'ttgupa~ ·:_ ••n~• ... , 1'&([$111$4 . ~bl.:Cb . allowed 
· the 4ay ot death'o,i :'tb~ ~ats. thtr tc,at ,}),f death•• .· . 
. and the • peNent~~ 1~~i-t~lltr • ... In .th1.. t;~\/.v~o~t~te4 · ·. 

,' 1_,. ,,:.;.__ : .- _- ~• • . . , .-:. -, . ; .'- J ·,•. ."~- . .. ' ,' , . : 'i I '',.;· \'.' ' ... ·• 

pooled ·· sel'Ul!t, bY!•f lmfuilM goa~ . 1laWJn; i a?lf tdae>l'btc1ayper• · . 
immune goat: ;.·N11h~;N. t••~od ~gllin~t. ~Ont~:i.• ~~tui1st1ng 

. ' ' . . . . . ·,•,;,,' ·,,:- >tt ... . . :-~_, :• f 

or norma1·· ~ .n:·.~bo1'•tt-··••r~m and ·no '••-~~~ :)1~i/~'oncl,us1oni . . . . ·,,_· ·,.. . . .· _._ . •'·•· 

de:r-ive4 tJJiGll tbesa':;~su1ta , wer,e .that, ~be,, b~•••lmm~:ne'. . goa.t 
, _, _._ -, ~. •,, ._•I· '. ; ••~um. abowo4 t40l"fl ,'J)~t80tton ·th1tn tlle ··· ;•,w~a\)~4 p~oie4·· · . . 

·,e~.and .tbo .&4/JG~b$a~n•~timatmo.goat ·~•~badll~oll 
· ioolleve4· ot 1t•. P.l'C)~~ot~V<t. cas,aoitv· i,,•···.t~;:~4-0i-pt)l~n proceaa 

·• ·.-:,, :. , ;'.' .,-:·- _-,'. ·.• 

•1th a pb.ono_l eat•-•t.•4 pol7aacobsr1de ot §ao,. -~lll\!1.ns2~ 



51nce twt . oont~ls woii. .1used 1n .;th.1a wo:rk,, -tt1ere · a.PO 'two · lti 
value.a calculated ln tJ:ie-·mannErP tollowed. ·1n ·tne mouse p~• 

t~et1on test '.3t.l.~:r,1,ed on .le.·. -tb1s , laborato~y. · ·Tho ·aJ)J,:i11cat1ona 
a:,e · pP$sente.d . 1a Table · 2)./ ·.• .. It .. 1t ·ovldi:,.nt · trom ·, an, .obse.~ati0r/ -. 

' . ' . •• ' -·. y • • • • 

of th1e tsble that· ttie matbematicalwia1pnlat1oaa oloai,17 

emphao1ae tbe ,oonelus1oa11· ·wh~rih tbat autbott p:pes•ntea.·. '. · Of 
the: two: PR ·oalculat&d t,;,om ·h••• · •esult.s, :the ttatlo detet"1t1ned. . 

' . . ' . , .: ' . .. . 

by ·com1)1utiso~ or the lnteoted. :-rata 'Nee.1v1ng. · 1m{tune·· eeM .- · 
and '. thoae· PtCe{v1nt ·none·•as· gr~uite~ tbaa ··tbat compa~ed. to the 
x-ats 't1eoet·v1n.g I no,:,mal so&~. . lt appeal's . tna.t ; normal eElr-um 

. baa som$ .it1f'luertee. on tbe ,patliogenea1o _ot the. orga~iJms,i . 
. · . ·. . . \ . . · . . . . . . . . . . . .. . , ·· .... '. . ·.· ,.. . . . ; . . · ... :•' .. _· 

Wbezaetore, it 1s logtoal· that ·tbe · 'fR 001.Up'Uted on.· tbla :basle 

ta ttlON aeceptabl.eottbo true Nsttlt than ••PR oompµted witb• 

out tak.tns this tacto.i- into conalderatd.on~ Tb.e · Pll obtat.ned 

aN compal:'ab1'e to those oomput~4. in. tb..ie study and ar:e 
indicative ot "o·od p~teo.t1oi11. 

· .Xt waa of .1o.ter-eat ·to oompar-e the appeat"anc,e, 

dux,atl.on and respona• to .a ·a~oon4lno<tulablon, · ot the 

pl'Otect1ve __ - ant1bo.dr 1nd tne: ag1;lutlnat1rlg:: ant1bodt• :/ lt ,w~a 
round (Table 1 and P1.~11re i) that the pr-otoct1ve antibody 
appeal'&<! 1n tbe o1:roulat1ng bloo4 between:tne third and 

' ' , , ' 

tourth day. llamonstr-able ag3lut1ri1ns did not ap,peaP until 
. . . 

the titt-h or ai&th day following 1n3oct1on • . ·. Tb.es& ~tuaulta 
.. 

·we,e obt.a.lned. 1n who.lo blood &Ull ·tn serum. · Whole blood gave 

no bettei- protection tban. .irmnu.ne serum. It was also found 
that the protective cs.pac1t1 ot immune sert1tn lasted at least 
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·.· 6!) .• 

; 7 ··wo.eka as· .. oontt'aatet: •. to · ·li> •, ·days <toi-, ; -dembt1sttt-a'ble' 

a3glut.1a1na tollow1tag-··-on.e '-- ·b1J·ectlon•·t;.t 4,·x -'104' J11J .• ··c•°1:t:1 ... -_ 
. "(Table• 2 and ., t,,tgu,i,e 2J" !be agglutln1n .-l'eai1ons:o. was , .· · ,_·, · 

tlY!nlediatt toltowtns a •eoondinoculatton but: a rtiu( la tne 
pi,oteot1 ve entibod,:, ·· o.ontent '·ttas ·not app.arent to~ .. anatb.e:it: .3 · 

da~s. -As 1Hi<u1 _ ln· ·Table 4 and -,1~uve li., · the per,poiiso of 
agslu~1nat1ng :ant.1:bodhu,., : 1n. ·gtne-eQ;1, ·wna· t.tot as J&x-eai : : 

~ollow1~ ·the . '11boostol" doso11·• as· ·tne · .1n1t1al Pe spouse~ . ·Tbeao 
.i-~sttl.t.s ·. 1ndloate., tne.t th• 2 @t1bodJ.es an a 11uipa~ato -.respon.ae, 

eQd that _the · proteetlon -deit1'1ed. . tirwoifl 1:minun• : serum. la not , 
:,u1;-elat•tl ·WU.ti the a"3-l.\t1nat10n tttet-.. . · TbtsO··tindingu ave 

... ' ' . . /. . . ' . i ' . -~ . • . . .. . ' 

. :·-·. ' ,,· , ' ' _,. ; ' 

6,9) wno. bav.o -t~und th.at tbt·N ,,, 1:.1.tt:le c·o.rt-el:-.t1ori. :~ '.b•tween .. 
the , a.ggltit1na~-1ng _,oapat1ty a:nd. -the pl'Qtect1V$ _ (Utptc1t:,y · of . 

I ', . , ' l • 

Immune aerum. · ·Rttobtnan and Foabay· (ll have : »oponec1:···on ', an 
1nterud.v• stud .. ~-- or t __ ho immune .PeeDonse. ·tn .rc1oe atte:tt . 

' '" :••· 

va.oo1na'b1on' With ,.BQ!i• ·tula~e:;gse. •',O"llo\Vin~· a stn.e;le dose 

ot a . pbenol1 zed· suspen1!.on o.t · · t~e Scb.u stl'a1n the7 f()u~d···, · 

that white mine develolied · • llltlldm&l AIJ~lutliru1Uv• .~1tot" or ·· 
1;40 to 1180 ~t 3 to ij. ••• ~a. :.A slii~t ~ega~lv• .,hast ·.·· . 

• • j ' • . 

followed °b1: a ·peak ot .. 11649 to ·--~•1280 ._ ln 1 ,_weel<_. dev0lope4 
tl'Ota e. 41b.oostdP dose11 ad;1ai.1ita;Nd' 6 to 7 ~Ooku ~t'ttr- tho ' 

. .. . .... -

1n1t1a1 vaooina.tion. · Ne> Nt1stano•cou.ld.. be_ d.emonat~attd · .. 

ln tbeae mice agalnat small. numbers or ltvini, virulent 

cells 1n, ap1~• -ot tbe accelettated immune ~ea.p_onse. The 



t1tei--a repovted b:, these · v,ox,ln.!tl?S we Pe conrU.dexuibly high.er 
•. 

than· th.ose·· obti1ned·· 1n tblt ... lab.orqiitoey :-esulting ·r:vom the, 

1nJacb1o~·ot ·a aJb-..lebh,al 'dose or living cells~ Wbe !rwoune 

~•ponse 1~ th~ ntioo obse:eved in this. study a~·peared muon 

eai--11et" tha:n the t1Jtt$ ro~o~tod. . b:, these wo rlu~ra .e.11.d . dia-

appeuazted eax-l1tn1. The pass111e 1mtnun1zet1on used. in. this 

study showed no oorrelat1on wttb. the o.gg'lut1n1n conten.t of 
the 1num1ne · se~arn · and this conolurd.ori ·1e, 1n agJta&ment · with 

:,esults oited~ It ha.I been ab.own that th&. lmmun.~ state .. ln 

~be \Vhito motute become, evident J day-a atte•• the .1rJmun1zing · 

inJectlon (3). ,fb1s t1tne oo1nc;dcs w1tb. the apptu.t·~anoe ot 
protective an.t1bod1ea and eu.ggeste a olosa rc.lat1on be,tween. 

aotive and passive immunity. It seems evident tbe:t:. the 

J,rota-otivo ant1bodJ 1s one .pQ~t of the :lmmunity mechanism 

in. tbe white_ mouse. Tb.e protective antibody content or. lmmun.e 

se:rum'apparently is not related to the agglutinin content. 
An attempt was made to dete~nlne th.e time ot 

appearn~ce or imuiu.ni t7 1n. tbe pass1 vely protected mouee. 
Downs encl ivcodwar-d had previously doter-m1necl,:th.at 1mraun1ty 

appee~s 3 ·days· atteia an · 1nooulatlon :or a sub-letb$1 •. dose . 
' < 

ot viable Jap cells (3). Their results. ,,are determined b:, . 

dtd.ly inooulat1on ot 100 LD_,o t?f the Scb.u strain. Ia tbls 

stud:,, daily eball$nie d0$$9 ot 1000 LD50 of tb.e Schu 
a train \Jere made 1n. nu.ca tibioh: bad :veoo1vo,1 100 · LD:,o 
ot th«i-Jsp strain together w1t11/1mm.une aerom. It was 



,.- •·... ' 

Jitouse": •eaahed:a.;,eak· on the 11cond to •··r1ttb 4ay arid that 
the pealt ot 'multlpl1oalion was i-eached more qu1oklJ'. and was 

b:lgbe):M wben. l_ar-1e-o num'b.e~I ot organ!ama ·wer-e 1n.jeate4.:C. .. : The 
'·' ' ' ' . : .. ' . . ._ . . . -• . 

extent·ot. mult1p11oatton.· of· the Jap cell· in tho· host· wb~n 
,- . ··1 ' . ·.• __ ·, ·. ' 

'1u.imlniate~1if in .the pj,uutnoo •ot ·1mmune. · se~m 1tt ·unknown. 
It- 1s. known, howe11e:r, that tne· ~ate of mul\1pltcat1~:n bt the 

·i•t, cs ell ·tu. tbe. aetive1y iffmluidzed mouse· 1, •1owe,i- tliatt tn 
'tht: npmal .. mouse. , and. the peak ot. mul.td.J1lioat1on 1a 1ower-•. 

lt CSJ.1 :be su1au.med · that mu.ltipl1aatton of the orga111sm tatc:eiJ 

pl&C$ 1n ~b.e 1 p'l:'&aenoe at intmUfle s,u,um t:,om the. tact . that at.: 
ie·aat SO. ·po:, o,nt of the.· _p:r-oteottd lldoe: die f~m 1ntect1on. 

", _-_. .·.·, 

· 111 thls stn141,· an over• -.wne1m1n1 dose of Scbu. · tUtl.lt.f was 

1njooted · .. into. a mous• .wb1oh was ·a1:t'eady · inoculat.ed., ·witb a 

lethal dose or t;.p cells l tC) 4·. d.a.11 p~eviously. lt ts 
... . ' . 

obvloua • that tbe •tJUJ)G"t+impose4\ 1nfect1on lt\Jeoted d.t.,:ilng 
tpe, a to· 4 da,-· period ot-rar,14 mult1·pl1oat1on la cumula.tlve 

1n1ts etteot.· .An·,analysie. ot'ttable ·.~ shows. a_o to 9o_·pe~·-
ch,.nt:,- ot the· tea tr· mice dl&d. ln app:r-ox1mately'' the'· •• l_fJ01$ •. J.ehgtb. 

;. ·, 

:of time aa . the oonta'Ol mi:oe: on the , s1oond, third..·· and· 
, ' 

tourtl'l: ·· days, .·• lt 11. be11eve4 tbat the$& ~nuita •ro ., nat a 

~pue ,,ptotu~•- from -•~i~q. tl,lo <t,v~lopni~nh .·.of 11maun1t7 oan. bt 

detel'm1nett. . Tb_e ·, r,e~ults a~ proba'b~:r ,eonf\.tsed .bY ttui 
meu1s1 Vf.t ct>.',allenge\\.tose employed. lloweve•• 1 t· 1s evid,nt 

. . •,.J .. 

that b:,. the tlttb day tho 1mun1t1. mechanisms ar-e .oraaniztd 
and sutt!oie.ntly etteotl ve to delay the avtrage da:,. ot death 



l days long,u:- · truu.1 tha't ot th• oont~l mi.oe Tbs ,1nh"1Un1 ty 

,mtobaniams, were not .. eutr1e1e,1ttl7 Gtt0otive,, howevt,:r, to 

:$ave mot-te -eb.,ui 20 pe-r cent '.ot the tt1st miet:t. It 1s ·k.nowii 

.t~m tb1a ·e,::pe1Jim,H1t and trom othoP expel'imer.its. that a· 

$ol.14 1mmutl1t7. may be· . demonstrated. agtA1ns1> · ... a 'challenge· done 

or 1000 . LD$O: Scbu. oella · 1,n, mlce :wnto·n · b.a;ve au~v1ved. 10 ·a.a.ya_. 
Ifl 1s .probe'ble ,tbat•· the develoilmet;1t ·.ot: .. 1mrnutJ!tt oomntence1 

beto:re th& f1ttb day 1n tbe ,pasm1vel:, prot·eot0d mo}.1SG· and 

coin.c1des with the development ot itaf'Jiu.nit:r 1n the mouse 
~ce.1ving stfb•lethal. 1mmu.nis1ttl doae1. 

· ·a G.tu•1k1ng. s1m1la:r1t:, exists between,ttle .·. m1.n1mal 

etteot1ve; antiean .for -tb.e p:roduotio.n .of &4t1ve and.· passive 

~•Uf:l.1ty. :It.was p~evlcual.1 det~~neu .ln tbia laboratox-1 
. . . 

(.3) .~bat 200 Jap .cells es t.he initial doa<t ae:rved. to oonter 

.a . so.1ia lnm,.Wll t:,; to 1nttction. Prom Table 20 l'b ts seen 

that. 600 JQ3> • cell• was tbe mird.mal etteotive 1nooulum foi-

th.e p~oduot1on of tllt pPoteot.tve s11bstance. '1'1111 ntuubeP 

Nl'Pesenta.tne tbresbold otst1mulation bolow-.wbloh no 
pl'Ote~tlon. may. be domonstJtated. Since the work ... cited • . (J) 

1nd1cat&d·tbab at1mulat1on ot .en.immune response waaposelble 
w1th 20 Jap cells, .1t 1a ap:pa~nb tha,t th.e protection teat 

ls not su~to1entl7 .8f.Uttd. t1ve to·· detect the a11~ht degrt& · ot 
immunity &llol ted by.· the detn•eased dose or oe lla. Slnoo the 

1no.oulu°:1 essential for the production ot a sol14 active 

1mmun1ty 1s 1n tbe same OP~ePot masnltude ae tbat neoesse,17· 
tor. tbe produc~1on ot Pl"<>toot1vQ ant1bod1et, lt would again .. 



ai:,pear-·•·tnat .. the ·p~tect1ve· antibo.d.ltdJ.·.arts .. ·.·•n··.tmpo~taqt•·. 
1pa.rt.·ot· the ·defense .meoban1em ot tb.e •ntte mouth!• It .1s 

~lso evtdan~ that a d.et.lnite amout;lt ot autlfgen ~• esiaet>.ti~l, 

fo'l!.1mmunogen.ie. pu.~poses. Although ·nad1tt,renoes .1n 

ant1,menio S~l'UC~UN of' BIC.l• . .1a!i.t:t1;2ns@ have been 4emqnst:ratel 
. by: worker& ;1n: .ti:u.e tleld• lt. S.s q,ueet1onablo that ea.en: strain 

of: ~9?.1?• ~u~~r~U.Ef.! possesses 14ent1oa1 quant1t.1ea ot tho 

lt?mttnoge~o at1t1gan. · lt; 1e posa!ble, t'he•etore, tb~t .th• 

.sti,atna "1b:1oh have been ,NPOP\Htd .. as poo:r ·1imnun1z1n.s agents 

f3 l ar,e detJo1.~nt in q'11u1~1tr . ot -the 1mmunogerd.o entte;en. 
Thia lias 'Ileen. :pttoven .to ~ -the .oas.ewltl't th~ av11'ulent- · .. 
stl'4d.na.ot the plague baolllt11 (lJ). (¼.nt:t~~'~: analya;a, pr · 

' . . . ' . ' . . . 

the 41:ftex-ent av:t-vo.:lent atpatns ot. JX)01' 1mmuno;e_m.~1t7 .. 1n . 
ndee wei-e sh.own to va . .,,, ~1gn1t1oa:ntly. ln tbe oo~tent· ot 
t.ract1on IB

1
•wnie.h la. beltevod. "10 •.be Pe&pons1ble, tp•· this 

aot1,v1t:,. _ 

e. . • 

least an,ount · o,t. serum tbc,t eould ab.QW s1gnit1oantr pro,tootion. 

ii.a ·seen l.n, ta.bl$ J, amounts great•x- than 0.01 ·· ml dld not 

tnoi,eaee the deg:ttee. ot prote.ction a1~;n1f1oantlf. ~bis, 
iruU.c.atea: that a oei-ta1n quantity ot 1erum 11. neoessaey to 

neutr-s.l1ze the lethal e.treot of • constant. oballenge dose. 
. ' 

Fi:-o:Q tho e.xpe-rimenta conducted on tbe .. pl'Otectiorl 

o.t Jap immune serum against bete'f'oloious atttaln1, 1 t waa 

toun.4 tba.t, ii, a 1eneral war, .. the ptt· tnc??eruied as the 



Vll'llleme, ln tenns o~• tn,o 11tePSj _de~peased. At f~-r&t . 

glaneo this .. er,pear•d . t-o . 1.nd1eato that tbe protect1en ot . 
immune serum ~as. s1mpl,y '1nsutt1c1on1» to· n.eut·paltze the _: :_·'. 
P,Otencr 0~ th.ct taoto:,s ; conoet-~4 ,n:. 'tho h1ghi:t vl.~u.lent . 
stl.'ai;tla. BowevEJr, 11t was soon ' l'ealia&d that tmmune 1Jel'U111 
could neutialize, iox- at ieast . show soxne erteot aga1nat_ ._1000 

,, .. - . .. LD,o ot some at.i-alns and-. ta.11 oompletel:y to · -.r1 .. eot i _-~LD:;o · ·. 
ot . anothei, . atl'atn. . It wae tound -that good prote_ot·lon wa.a 
.affox-ded ·by 1mrau.ne BO:rttm against some ot the low .. v1ra.l.~nt,:. 

etralna, es:peo1ally tbos& stralna _vm1oh ha.v~ . the 011pac1tr_, 
>to OV.81'\VhGlm the · boat :!.n, lea, than 2ij. bou~, • . An ,excellent';· ,;- · 
elu1mple ot tbts pro·tectton 1a aeen 1n Tables 1 end a. wbt:re 
1.mmune sei-um protects tlconipletel:,d age1nat 'a cn'iallen1e <do1& · 
with tb.e Schad stra1~. This st>1a1n baa an L~50 t1te11 of 
1o•O.$. An 1nooulum cons1st1·ng o.t 1 . LD50 wl.11 ·· .kill. 

,, 

epproxtmately halt ot the control_ mice~ . Tl'>.& tn1ce. wld.ca. 41e 

1u•e k:1.lled in leau. than 24, hotlr,. Oi-ganisms may b~ 
:teoovered ~!'om tile apleon and bEu,~t ·blood a.ttei- detat·tt, . 

1ntt1oating nw.lt1p11oat1on and 1nvas1on. Irmn\llle et:cinn 11 · 

able to prottJct completely against tble sudden over-
whelming · 1ntect1on pttoduoed by tho lntrodu.otlon · ot epp.POxi• 

mately 1 blllion orgnn1sms. In oonti+ast to . the ertec;tl,reness · 
ot immune seruna 1n ocn:>tJJol11ng .t -he OO\J.PIG ot tnteot.ion ·pro• 
duced by tbis Stl'a1n, 1mmun.e sorunt is · unable to prevent 1 

Sobu ooll tt"o,m beoomb13 este.bl1sbod 1n .tb.e mouse an<1_,1ea.d1ng 
to · eventual · des.th,. 



!wo :po&~1bll:lt!.~ia .. tor tbe .oxplanatton ·ot .. tra1s 
contra .. et weH bt'O\llht teJtWard, ·: Th& ·•··:e1tt11t was: a question ot; 

• . ' ' ' ' t ' _! : ' • ·. . . .. , -· ' ' ':•": ' , ', ) •~ · ' •, · • . , : ' ' ' ' : . ,,, •• ' ' • 

tr toa.10 tacto·x- pt'a-en.t 1n'. some._atra1ns of Jiact~ trul.AJ!!B~e. 
· oi- posa11.,1:,, a.11 . at:tta1ns -1~el'ud1~1 t be 6ch1;t .. st~n.1n.. ···:the · 

' ,. . ' ~- ' ' 

,EJtteotivaruH1s :9f ~a,nuae . serum ·•. \bei1., •.•oul.d ·.· ·be ·aue to 

no·ut~al1aat1on of th1a .. tox!iif .Up.on· tb.e 1nbrod.uotlon ot. ,a 

very,, tow :- t.t•lle· of . t .h• ··sci,.u atra1n lnto the ,auao&pt1t>le >,nio·u.~e• ·· 

a ·d6J.~y~t ·appro11mat.el.74,dat•bnot1cedu~t11>tne inreOt.d 
animal th¢1V1 · a.a, .. symptoms. or the -. dl.tu.taee. · It . the . Scllu\··ats-aln 

,iso 00~1ta1na ,tltu,_ ~ypotb.etioal ,onn, it : ta not m1n1t,ested 

·u.ntli the ortg1nal' inoculum haft mu1t1pi1ed•· to .a lev~l ot· 
• ·• ,., -_ •· • • . . _ - ., I . • . • , 

app!'OX1m•tel:, . 101 .cell1, . ·At t.hta: time, ·~-.$ cters art•tt : -

tnooul.atiQn~ tbetlloi.ill$m.1 .th~•be eubJooto~to a lethal 
amount :of . ,tox1n~ 'lheor-etlca~lY• >th;).G lethal amount .i~t toldµ, 
I.a ··oonta.\ne~ · 1n, :o~ •xoftte·d 1'1 . a au1pfts1on or ·cell' · in _ tbe 
o~de:r . ot 1o<l o.eiis -per ml or bioeulum. -It _this asaum~tlon 

11e"8 valld, demthot tbe moQse S days tollow1ng the-~njeotion 
or·1 ·sohuoell would.be comparable to .the ~ap1d death 

·obae~ed afte~ thw1 _1nJect1on of 106 3ap cells. or 1·09 ':s~nad 

cells. . Tb& 06il,S$ ot death bi these tUl81'8lfl10 inteotiona 
' • . 

wou~d then be .4u• . to a· toaio factor whiob .. open.• ·· a pathway 

tor flll overtthelm1ng septloell1Eh · 

. . Tbe ,e.cond .Pots:l.b111ty to expla.1~ the : laalt ot 
protection ot 1m1t1une se-rum a1a1nsb the Schu lt>,a1n 1a _ the 

oonjectutte that tbe ·sanu stria1n ,con.ta1n1 _no ·tox10-11ke antigen. 



. . 

Jif nd.5Jh.t dittei1 ' ft'om· the ·.1cw•vix,ule-nt strains by th$ ·_ · . 

p·osses:d.on ot an "•unknown antf.;en · not oapab'le o,f' ~oduc1ag 
. . 

,-a -- neutrallsin,g , antibody tb~.t - 1tt- tttensterabl& tn p.asa:1tt_e 

prot~u,.tt.on,: ··:: The ' .t-ospont1r& · to· th1e unknown antigen ·· tvauld 
neceinua.P11y:: to e tlasue _ · alteration, evid.ent 1-n the· .. • 1rmnune 

mo,u,e, but not . tl'anate~able er domon.stl'a'b1e by known · 
se:,ologioal·: means. Tbe• ~aus• ~f-_deatb .. tit()Jl\ ·111Jeo.t :10:u Of ' & 
to~ ~chu cello __ woul•d .be ! due · to ~be abil1t7- ot tbese,_::eelle -

to multiply .and invade tl)e.\ loo.xperienoed bost un!.nterrtipt• 
,· · . . 1 ' ' 

,attempt w•.s ma.de to oc.atP.ol:· 1n.fect1on ~rom the Sf);iu . itn1n 
bT aerum, theH?1• Da.11:, 1nooul.ation.s ot 1tmntin& eerwn •WON 

tldmtn1ster~4 tollot11ng, tho, : challens• doae'.. Al.t.ltough death ot 
~be -1nteeted_ animals: was delayed, ,;no ovt'deuco ot -the -usunl,, 

type ot p:rotcot1,on .was -noted. If tho Scb~ at·ra1n 'relea,ses , 
a .to:tin wbiob, a~cumuletea as th• inv&dtago11gan1mnsrmtlt1pl:,. 
1t cannot be neutralized --b:r se11wn the;a~f• Tt,1.e daily ,_ · 

, adm1n1stl'a tion. of _ 1mlffllne · ae:ru111_ was .. 1n quant1 ty . suft1o1 ent , to 

pl'()teet against an 1nooulum of $ !It lQ8 c1'ap cell.e * 'l'l\i• 
1nooulum 0$.n . ba cont~lle4 'by ·•• little ,. as. 0.01 · ml ,.of immune 
serum. · In th.la experiment, 3 Gchu cella wer-e able t~ be·oome 

establlabed 1n . the boat tn,-._ the pt:'esence ·ot quantities or 
. . .· - - -__ . ·. C 

imrnune serum.. It sr.~m• l'Oaaonable to ~Ju1ume that 1t a. 'tox1n 
we-re pr-etent, en antitoxin 41~ not tnteflt~•• with mult1pl1• 
cation or th,e Sobu eells. A ·a1m11,u1 conditlon bas been 



':13. 

_:,_,,, ·, ........ ,,:·· ;' ' .. :.··, •.:, · · ·, '. 

bae1l.lue~· . · They tot.1t1t.l ,that. Jl1~l1 potenl . «ntlplagta• . fabb1 t 
. . ' ., . _.· ' .. . ' ' ' . ' ' ,. ... . : ' ' .· ·: : : _: .. ' . : ' . . ' ,; ' . ,· : ........ ' ' . :: ,' 

. . ' , • , .·:- ' ' . , 

seroni llSed: 1n the tl'8atment/ Ot pQaumon1o plague, tended .. ,to 
. . :. ' - ·. ·•. . - . .•. · , .. ,_- _-. · . .' , · · .. 

: · .. ·· ·· . . ·... .. ·.• .· . •. '< .· )· to·. retel'4 mult1~:l.1oatton ot the\ bao.1111, .~~d . eventually 

ta111a ·· t~ .. Preven1i.tne·· d.autagl,n& ... etteote ot tbe tox1ns .• :·ii •tt 

exaot .oompa;teon o.f . tb&··m91lb.an1 .. su !11~olved -. 1n t11·0 · 1nt.eet!.ona · 
_. . . - •• ·- .' • ' - _., . • ' > ' · 

' . _ _ ·•. . .; '· 

of · tM paud t,-' ot o;l" pt'ee~pt) knovtt.$dg~ concevnlng tlle , 

•~t1gen1o complex ot !e.ot. ttil•JltteD§!• 

. .s,1deace· acoumula.tec$ , 1ri this etudy points · tow~t'd ··. · .. 
. . . . . . . ' . . . . . . . .. -

tne poea•ssit;,t.l or' at ,ltast two . antigens in the strains ot 
,, ··;: • • .• · .• ; •• > •. . - • ' .. · ·, : ' ' •• . •. ·· · .,, : 4 

ffl,llqJi.• : tu+~r;en~!• 1!hie evid&nee 1• d•l'1v,e4 ms1n11 . .t~m a 

0~~•~1100. .. of· tlle atPa1n• ··_.pOSS:8$S1ng a low ·Lnso t1tel' _' an4 

tne· ·ab!U.ty to kill ' t.be ex,peit1~~ntal h~at qUlck:ty ~1th ·th• 

conti-aat1ng ati-a1ns. · A olea.rey 1nterpttet&:tion ot ·. _tho result a 
j . ' . , 

11 obta1ne4 ·bY Nptlesen\1·ng a,n ant1sen1o oomple.x 1nvolv1ng 

two taotor11. .It tb.• eymbol "·111 ti .used ,to signify a . 

· mult1pl1cation. raotoP, · and . ~,•• a · toxin tact.or, then the low• · 

viPUlent but ·qu1ak k1'111:l!;t sttra:hla, auoh ~• the Schad etr,aln. 
would. be. designa~ed as ·11mT.tt ; This a11nbol would. 1mply a major 

to~1n antigen .and a mtnot' · mu1 b1p11cation ant1g&th ._ 81m1l$.rly, 
' "', 

the at)ralss of moderate vl:rulonoe end qulck· _killing time, · 

suob 88 tbo. Jtl}) atra1n, would be des1g~ated AS tt1r.r.u . 'Fa.ls 
j . . • 

ttl'a.tn 'baa both >ttie ·abilitJ to mult1ply ·qu1okly and to k1ll 



quio.kly. 011 the . other, han4, the Sohu atrain \tould. be 

de~1.gnated- e.s "Mt, 11 :because· or -1t1 : ~ap14 mult1p11oat1on 

and rale.t_i vely: -slow killing t1tne • 

'f.h.e uTu antibody appears to be. a stable substance 

which 11 not d(natroyed by beating to 6$° C, tx-eerd.ng and 

_thawin(h storage at- room ten1pei-a.ture ov at 4° a for- a everal 

months. It · m~y be _produced t>Y: the. i,Tn anti.gen wb1ch b_ae 

been b~iled, ·pbenolieed OP rorJ1al1n1zed. . It ta ant1gen1o ln 

the mouae 1 ,r,at, _Pabb1t• guinea. pig er human. The ant1bod1" 

1s .demonatr-abls -by paestve 1tr.unun1zatlon . ago.inst: the etra1.ns 
' .. ' 

Ytllicb --possess the tox.1o tacto:r·. 'The antibody appear~ ··to -be 
' ' 

one partot the• ent1tte det'~nse. 
T.ho. •1~.n antigen is neoeosal'ily active onl:, 1:o. tne 

. ' 

viable tularens·e cell. Whe 1nt:ro-:luct1on ~t this. an~igen -

eppea~s to be es:sentlal tor the ·p~duoti~n . ot the immune 
state ln the host. S1noe it ts osaent1al to have multi• 
plication. ocoui- w1tb1n tb.e ho.at 1n order .to produce the 

ref?,aetol'y state·, l t 1tt e'71dent that somt -· alteration in the 
,.: _- . . - , ,~. 

host occurs. Tl~1a alte~atlon is not t:raneterablo·• or, at . 

least, can not be ._detnonstr»at.ed b':, passive p:roteot1on wltb. 

splee11 extracts. · It ts demonatt1able by- chelle~e to-r aotive 

immunity. A stra.ln, such es the ·aap · strain, which :poss.asses 

both the ttMu and ttrtt taotot-s should produce in the host. 

·both active 1tnmunity and serum capable ot passtvely px-otect-. 

ing a normal rnouse. -. Such is the case. i\tter treatment with 



liea·t, phenol', . 0~·1.tbnaalUt, ::the · desd>Jap-or~a:n!s11 .rut.$ l~st 

the·- ••t~t" _ antl;•n a:nd· cannot :J?~dtice -· .acti1e ·'1minunit:, 1n ·t;be 

heat.:· Howevei-·, :tb_e treated :·oi-;a:nlem still _, ~eta1na : tne · :n'J'1~" 

antJg.en _'-an.d ·oan ~:produce a Pito•tective-·ant1bod7 in.the ~ost.-

''llbla iWO'tet.l'b1t,n ta derao.oatra'ble against the atra1t1e · of · 

13!9,~• ,Z~l~?'ent,!l v:bioh. i,ely _ px-tmar-11:, upon tbe11' toxic ; 
·•.. . . ', •., ' , . , : 

_ pi,opevt.i.ea -to_ ·r,ake . tbe_ pathway fort malt1pl1oation.• 1nvaa1on. 
' ' \ ,:·. : ' . . • • : • ; ' ·:. • • • .· , : . ; • . • • 4 • - •• 

end deetb~ · ;The Sahu .llt1'a1n· eppea:fs to rel:, '·solely'•, on 'tts . 
/. ,_-,· ·: .. -~- '' . - .- . ' . . . . . . ' . . . ' . :; 

mu~~1pllt.u1tion raoto11 ,.and tbe ooiirae of' lnteotlon :la ,.little · 

1ntl.uenoe4 by an anti•tc.x1e pi-oteetl. ve eePUUl. Aa _ seen 1n. 
: ' ;; 

T._b~&_ ;1~ fl .. oh~;1on1e ot: 1000_ tD59-ot . the b1Sb1y • 1rulent 
'son~ ,--~t:~-tll;i,·.\ dt~ :not,· 1t'lteat :ffll'oe 1·mu.nS.zed. ,,1tb<the .IU) lt!'al n • 

• i . ' • ' f ·•• . • . • ·. ' • ' . ' 

on.: the_ conttta!"~, · a ohallen~e ot .30 LJ>so ot the lt~ atraln: 
killed ,, $7pei, e'e,_nt ot the -inloe lmmuntzed. wlth ao • .. as: pett oent 

·, ., t • • 

-ot ·the ·tt1foe tmiun1ae<l wtth-·RI, and: 80 ;peit cent oi tb.e-, mice 
• ' ·. . . ' 1 • ._ • • • • 

All . or these mice .euooumbed - · 
•·. ' 

1n leas th~tl 40 hou~•• The BI . and 11eb. stita1na were :, e•i'eote4 

toi- 1,mmun1zation booause 1 t 1• believed that these strains 
I • - - \ 

,. ·- ' ' ' 

.poasess -itttle OP none -of , tbe toxic· faotoJt • . ·1'be ,H1i st:r~in 
' , • . ' ' •• ' 

0

1 I • ! , ' : j 

.. 11 bel1eved to possess a gN>at abunda:neir ·or tbe "T" faoto:r:., 
It · 1• evident ti-~ the data _.that . th• arr stfairl 1a extromoly 

tox1o _ ~d capable ot killing b.e.1:t ·ori the mice tnwunized 

with · the hom~logous ttttrfi1n. · , . 

Aa l'e~o'Pted 1n Tables 17 and 22~ the antigen. wh1ob 

pitoduoes tb.e p-~toot1ve substance 1. !.\_. pi:-esent in li vf.n.g or 



. 76. · 

' ' 

'4ead cells • . -The · 1nj&et~on ot n~a,t•killed ·cells . or. plie-~o~>- , . · 
11ze4 cells · oa.n. pl'dduce e.1{ ant!~ody which will p$Stt~v•l1 
p·ro•teot &tll(lf\tt&l' mouse· ·against ' the" low.-. and·.moderfi.tel~-· 

, . . ! 

• ,1.Nl•nt .s_tl'Ai..'?.s. Howeve:tt, tbe .mouse wh1cb pl:'Oduoed tllla . 
protectiv• a:nt1bod1 la not · ~ ·traotory- to . • ehallerl.g• ot \n.e 

: Sahu atra.1n. lt .ts tl"tle that det.rbh-1& prolong.ed b:,. 'the ' 

sl.1gb.t ,_pP<>teot1on e:tfo~ded by the one .. tn3e<st1on ot 
. nvaoo1ru, • *• But,.· bt the .lnjact.1on ot a.a little ; as 200 
· vlab1e · Jap cells a, an 1rdt1al dose·· tbe· it1ouae ·1• · able .to · 
·OYerc?nu& ·100.··1:.oso· ·· ot. tht Sobu :1·t!'a!n··.•(3):... .-Wlthou.it :this• .. · 

- . . . .· . . . 

immunising · do.ae·•·· 'the mouse Us susoept1b1,.e to . 1 Sonu. io·rganltt~t.. . : .. 
, . ,, . . . •• ' ' '- ' . 

Ji'rom pttevloua .. 1u,1'k . 1n · this/ ·1aborato17, . s.t· ta: known · :tlia~:. all. .- : . ' ' ' : . ; · .·- .. . , ·_- . . 
. - . -. 

:atratrts ot a:act~ ~tilat'~Q~~rmu1·t1plJ' tn· the tlflb1te: mous'e (3). 
, \, . . ·,··. ·,·,· ' ·• ... : ., .-_·,_-., , 

, 'The .1mnn.tne s.tate it. de~lved tro·m. _som• px-ooe'tJS involvEJd . 
durt~g, mult1p11cat1on _ or t .he cells •~thin ·· tne hos:t ;. ,:: J/aoc1nei, 

. 
' 

·:pl"ep·a~ed .tr~.:cult~el grown .1n ·tbe llving .Cella· of Gmbr,y• 
onated ' egga: COtlfep· no. better· ',p~teot1oa than Vf.\OC~t.108 pre·~ 
:pa:rad ·from:• art1.t1o1al· niet!ie/ (16). · . netu.rnl~g · to tbe,'· to~P 

-.llypotbes1s, -the "M" · tu1ti;en produoee the ·· 1mmune state· 1n the 

host :by aome · t1asue alteration wbich ·, lts not·· traneterabl~h~ · 
The· idea: ot a t1.ssue change 1a: not a new auppoa1t1onl· J)ubol 
(17) · haa ·stated:, _: ".In ad;dlti·Oll ~o· the · ant1b0d1ea wh1,cll have . 
been . 'l'&oo~ntzed. by' 1,a vtt-x,o ,~aact1on,·• tbeN, ma:, be othe::rs , 
which , have l'e111111ned und.&teoted beoaUse they oar,- op~~~t- only 
in the 1nt~ttna1 env11'ormtent ot the boat, oit ·t,ecutu~e': tne7 

ttequln, the pa,i,t1cS,pat1on. or sOOJe unkno•tt · tissue coml)<)ne.nts. 



It li., 'tl.l.SO: poaelble\ tlilii.t N-1s·tal1CO >to·. i-tttectittni is·. in .some 

cuui~ui the ::r•au.it of moditlta\lona ot ·. the 1»1s1-ue oell.s .1uic1 
that ,1t, 1nvoJ.vrdJ cbang9s !rt p11rmeald.llt1, .· alte~e4 C;H'llp:i~ 

p~d.ucticn., .. -e.nd.othe .. ·• mo41t.loat1o~ of .metabolism..••· The 
negat1ve : i'estil.ta w1'th extraot1 ot ·spleen obta.1ned h0,m; m.1oe. 
lmmutd:ze<lc wt~ vta1,1e eelltl' ·anti .w1th phenollaed oell1•.' · 

(Ta'ble':22) · m1;bt-·1nd.1cate tba.ti pl"Oteot1on· ls ·not. aer~ved 
,~r-om ,a vital· p~optn~tr ot tbe oella tXtansfet-rt)d,Cstteh ·aa an 

antibody. · Ae . Gay anti • Clarke · ( 18 )-' have , shown, • 1.t may be· aue . 
to eorue. 11t_l~l~tton to ·t11aue cnan1e such ,aa e cellule1' · 

mobtl1zat1on. It 11 lcnown,.- tn tbe:oruie ot tae' anthrtUC. 
. ·. ' . ' . . . ' • ' ' . .' 

, .. '·.' .. _·_ ,. . ' _···.; 

\>ao111u.s,th4\tthe 1nteraot1on otthe 1ro•1n1 ox-ganlsms. end.-
the. host_ ~lu14s ca.uses. tne. production ot a :11protective">. 
~nttgen (!~) • Thia ent1g.en ;1v•s it1se to. an. ·active ,13'.m~unit, 
\ffi.tell oarmot.· b't pas.alvoly tvaneteitre<J •. This 11 cited aa 

enothe:r .'oxaU1ple or tissue· alteration produced bJ lntec,t.1.on· 

with:a ,baott!rlal. •·11.ent •• -_•that. a.· tit.ml la.~ chsn;e ·ocoutts· 111 
'· .·. ' . -. . 

td.aau~• invaded, by mult1pl:,1ng Dac,:t • · bUl!~OtU.1! cannob be 

ata'ied,s1nce,J.thas not -,et h~endemonet'.rated. Tbe evidence 
, .. -:. ·,··.·. . : .·, 

that >eolid 1mtnu.n1ty la oonf•PN4 upon the boat after-

tnteotton, ·points· towa?-d tbts· poss1b111.tf.• 

.. BJ the uet ot adsoi,pt1on ·teats 1t was ·tou.nd tb.at 

viable or k:S.11•4 · .oell.s ot tt:\e :bcmologous or -beterologoua , 

strain wex. •lible to a4soi-b the .p:roteot1ve antibody ti-om 
.trmnw1e settum (Tables 12, 13, 14). Th.est results 1nd1e.ate 

·th.et a oom1non ant111en ls in·volved 1n the production ot 



. . , , 

,})l'Ot&Gtlve serum. The ,- t-~t:-_that•! tll°e:·--·avl~uleni '.'._stra1-n '· ;a ·: 
Willi abl.• to aciaoi-b th• ;rote$tiv8 $UbJi)Si1C•ti1ihd~gt{ ti)ita 

ist'ra1n o&rulot --prodttoe a -011:-,ttcal lnt'eoti~t1 ln tbe mouse' , 

indlca"a 'tbattbe et11>od11Sonl.t tipa~b .ot >th& ·coil1P161.e 
- ' ' ' ' 

1simuni"t1 meahaniinn' in this dt.sea.ee. It bas been ab.own 

that vaoo1aea ~r1partd troni the Sohu 1bi-a1n or the 38 strain 
ira-equally eti~oott~e tn tbe, white r,at -·(16) • .. this lnetloate•·~ 
t-hat ·a lttch ' 8tl"tl1ns lmicb-dttter 'WS.dt,ly tn Vlrul&no:e:, : rat& 
'ot' ,~wth. abundenoa ot B•fi<>Wtb, : end, - lJ.l<ely, ·_ othexr-
pbys'1010~1cal'. propeit1d.es, ·contain. __ a commona.rit1gen. · ·xt: 
does not . .t'ndica~•- bOWGVel', 'that the vsaolnea contairied. the 
:tull ' coiuplem-ent ,· of ant11•n ·: .QEH'l~Sla~1: ·to ·pi'oduoif a ·soit,r 
lmntun1ty. .I. ;~eerna, r-a.thel', · tbat. both v~cot~ •• and <the ', 
proteotlve ·au.bst.ence are dealing·· w1tb onlv one.·• part :<or··· the -
·ent1Pe -def ens• .meohan1am. 

species spec1tlo1t:, showed tb.at the mouae, cum be eqtulllJ 

well proteeted by Immune aera p~duce4 ·1n·tr1e rtt,· rabblt, _ _ 
'auine:a pt.g. man o-x- mouse -(Table 16r. . The -antigen wh.1Cb ' 1a · 

responsible f'OP--the productt.on' ot thla p~toot1ve· _ &llt1bt>dy 
_ app(Ull'Bt thorefot'O, to allow no host 1nununog:en1c apeo1tl.~1 ty-. 

' . . ' 

Beot\uae a a1gn1f'1cant d1ttei-enoe ex.lated · I.ti ~he 1.mtr1uno.ien1o · 
Cloth:1t;1 ofi&verlll8tl'atna<ot8ViJ'lllent ,p1tlguGbac1l.1t for 

• '· < ' 

th•:r ·mouse and tor ' the ·guinea ipig, Meyer,- et .af (1.3) were lead 
to the diecovery ot. the OOtiplu. ant1gen1e ftt.\kS•Up or:tbat 



i ' , -

apparant····. t<>r-·• tbe•··,px-oduetidn :ori a,· ···p1;toteet.1to ·_.o.n.tibodf .. :at(a1nat 
: . . 

~aq!,:-s~~~rl?ns1.- ~tr doe:. · not :_prc0ludo ~be ·>p~ss·1b1l.ity ·: tba.t 

ant1gon1o. differtnoe11 b$-tWt;len st1'a1ns EUt1st1J. _ lt :ap;,&ara, 
. . . . . 

Pather, .• tbat · tne· ant101.1n ~espcnsible tor,- ·bb& p:voteob1v$ 

an,tlbady . is .P.os1esue4 ·b1 se~el'al· etra1ns ln>ooltJS.ton artd 11 

eq_uallJ active 1mmunogen1cally 1ri .the val'1ous apectes · stud1ed. · 

· B.xectly what pathway the ·1mmunit1 ·mech.antarils tollow 
··b1 a 'tul.arem1c -1nteot1on 1a uot clear. That· the 1mmu11e . · 
eettum -acts solely aa .an opsonln, la t1ot trlie 1n the· case of 

. . . . 

_ tt\laremie.; 'l'he , evidenee pttesonted· · 1n Table 21. snows · cleai-ly 

that the rou:to · ct 1.noaulation ot eerutit ·· and ' o3'gan:1tUll--_does . · 

•not: alter -·the• proteotlon • affol'ded. b:,· ·the ·tmmu:ner aeru~. \then 

the immune seNm ,was intttod~uoe~ aepaPatualy and d1atant firom 

·. tho , n1tt : of the · 1nocul~tlon. of . t_he organ1sms1_ .there : was 11 ttle 

Chance· tor-. the pi,octU!I. ot set1s1t1zat1o·n ; ,ot. tbe o:r-gan1$.tn8 

. loading to immediate phagoo1toslr1. Any ·attempta to .<te·mon• 

ati'ate an !!.l . \(1 tro, .bs.oterio&tat1o : or 1yt1c -. etr~ot et 1nwune 
. . ' \ . . . . . 

serum.· OB' .. the · c:ella have : proved ftttlie ao• to.r ln. this -· 

labo:ttatoxay .1 Al yet, tho re bas · been no change obser11ed: 

1n :the oxygen. uptake of · rat!p1r.1ng Baet. ~ui-,,rcgat \oolla in 

the· presence ot lmn1une ·eerum._ by manometric · technlqu.es~ It le 
. ' . , : . . : . 

possible that aonti-ol ot toncit_y ·and aa uriknowa .ttsaue 

l Personal oom.."Zlun1ce.t1on. 



· 11e·a.pon1e a:re tbe majolit ·.t_ote.ns• m$obal\iaine . a1a. 1nat a tulaPem1o 

:l.11.reot!cn. 
It ·'.1eema possible .to 41tfe,.entiate between sti,a'ins 

,,·or :ftac~••- .. ttu.J.ai-cn,.ft bl,' the1x- behavlous, tn tbe mouse,. ar1d' from 
' . 

tne· reeult-1 ot _t-be m0t1te ·prote,ot!on. test. it- has been. ab.owa 

that . immune, aett11m does not protect age.inst challet1g(f doses 

of the Schu., n1s.n ot- BI ettta .. ln.a ~- Irmaune · set-Um' pl'Ote.ots well 
·.ar3ainat tlle Ja-p+ and Busa_ strains an<l oo~pl$tely: a.1a1nat- inion 
lti-a1ns .as Sch.ad ·and. :HD. the at?lt~ns Sobu,· Bish and. Rl, 

wbaxt'- compare4 bf , letbal dooen1, -·ktli .. the- 1nteoted ·host 

·x-o1at1vel.1. sl¢fw1,. The ttemttining: et•a1t1s 01 ted produce· 
deatb<rapldl,-.- lt waa. seenln. Table 9tha.t 4mlllionL050 
ot the Schu ,stl'B1n killed .l.O normal m1oe-,,_1n ·an avopage ot· l.7 -

de.ya. · Tb1s'dose containcut. -2.q.$ a 108 oella.- ,tt was also 

te«1n thai·lO LD.50 ot the .Schad st?ta1n··oonta1ni~i--$q.·x .108 

cells ;k111e4 -7 · out ot 10 -nol'ttlal m1oe<:1n an averag• of 1~0---da:,. 

'rh• ohallens• dose ot the Sob.ad at1.1a1~ conta1ned only 20 

t1mea aa Mny cells . ad the Seb.u challenge wt -400 •.. 000 l.eaa 
LD50• ffevo~theless, the Schad ottttd.n kilied '.l,he normai 

. mice mo~• quickly·. ·_ It 1• poas11,1e that_ all stral~s or J!aot. 
1pll

4
@ren1t poeaeas •a to:x1o factor wb.loh ·booom.es evident when 

adm.1n1store4 -ln .m,uu,tve numbe~a ot cells. The difference 

ln stra1.na then appears to be 2.n the .q_uaat1t1 ot th~ tox1c 

:rector p~&aent 1n the cell. The same 1a true ot the m~l.ti• 
pllcat1on facto!' •. Some strains, poasese1ng a greatol' 



'abundanceot,• tb.!.s ,.'fact~~i· a~e1:' ebl.e to iuiiltipl7' moret '. ·fa.pidl.r 
in · the · w•00P1.~b;~ hOttt. ,h~ di.tt'~renc. .ttl i ~~~~1),it:r 

; ' '•, ,.· -- -' '' - , ;·: ->~-" . :... . .\· ' ' ' ' '' :' . . ;< ·· : :-: '. 

p:,es·~·nt in thG'. O&ll. ilt, eee~-- evtdedt 'tbat tbe/·vax-io;.19'_'·. ~-. 
,. -~ . . • :: · , : :- _- :- : -' ' '. , .• . . . • - • •• . - , ·- :--- . . • ' • • .. •. . . . - • !• 

llt'JN.ln,S for !.qllt,• . tU;i.aiaQS,!', d1rr!z, in .the, flus.ntitt~t . these . 
•t•o · te~tor~ · whtcb' :io•~r-~<t11,/:bihavto-r..tis ot ·the: at~a1ha . 1Jl.;: 

, :,t .. _.-. '.-_-· __ · ;. ) ··. ' . --.. .. , - -. : ·- _:i 



1. A ,, mouse .. pl'O leo~lcn. tee, •~• prestnie.4 •bl.oh ls vep~ a_.t,,,·. • ., ' ! ',: ' ' . ' . -. ,. ' 

, lmtm1nologioal. proble.mai 1n ~UlaPem1a. 
f, 'y(.,,. .. ,' ' .. , ... : 

a. .Sv1dence ·er a pl'Otect1ve substance ln '1•-une aew:m , 

againat low• en4 ·mode"tel::,-vl?-Ulent{ stx-a1ns ot': Bact. 
tula.'.fe nae ,i 1tia.a ·· pPoaertted.. 

3 • 'fl;le _p:rotectlve substance ~ppeara · 1n l.mmun• · aeNm betor& 

~4Ulutinintt, pe..-s1ata lonier, than agglutlntns, and 

appea.r-s .to beaepa1'ate fpom ag,;lut1n.1na. 

4. The e.gglut1nlns B&Ve an anamn.est1e»eapons.e to·a·nboostea-. 
dos•"·ot.aeot.-£u1@¥Gn8t,, but tne·pl'Oteett•• antibody 
rtt'spo1·ld&d •_ s,lowly. 

$. 1'b.e tim.e ot appeax-anee ot 1mntun1t:, and proteotl11e antibody 

co1nolde. 

7. ·protect1.on dt•r1ved trom immune serum 1a one pal't ot tb& 

compl~te defense meohan1sm against tulaNm1o 1nte-ct,tons. 

8. lv1dtnce ptttuu-.;nted· 1nuioatea tbatl ·somfl stral.ns' ot ftS..!l• 
1'qltarent1,o possess a toxic taotor ar.r well aa: a mult1pl1• 

oat,ion tacto11. 



(ji. 
' ~-

' - ' ' 

· ·>9~ .: ·:The protieot1·v•···.•· oap.fic.ttt·.··ot ,.·1mmune a~i-um:'•ln ·paas1ve 
'.! :" ,, ' : ' . ":: :, ,:: ,:' ·· ,·: . ···,• , . ' ' .• . :'.· :,·;:.•·: ', .:·: • 

.. ··1mmun1aation :·ma.1···· .• be·· .• 4ti~ i •. lo .=oontPol ot bhe'toalc ifaotoi-
I . _. ·• 

. <po~•~•sec( btr :,,sbm• :"a,t11al11_a·: ·or.'·_-~!~\• ·. ·t~l~.~~!JS~f.• '. ' ' 
' . , 

- 10 .• · ftle- p~te~t~ve .. substance ,.--aclsoiwbed by viable ,• or· : ,.! ' '. . . i \ ' ;·' _··•·. ' :r . . i i ' ._· . . ', . : } '.i • '. ' : ' . ·. < • ) ' 
kllled ho~1j~·1ogous o• beie11oicsous 9,t~atns · of .Batt• 

· ~.ul.•rene~.. · 

ll. Pass1ve-:1mmun1zati1on :ot ::-tbe ··wblte. mouse wae ao.oompltsbe, 

by_ -sera ot1 otbeP specie•· ot animals. 

12. _ The px-oteot1 ve anblbody_ Wll$ pr-~du.eerl b:, vlabl~ OP_ 

· - . killed oPgantsms, -bf ••~•l~lzetl organ1sma, OX' bJ' ·the 
-, • ' ' j 

1.3 .• . The· ~nimal a.~ount · ot a~ti1en. • •ss•nt1al tor ps-od,u.ctlon 

of the 'proteotiv·e antibody ooineidea, w1tb the minimal 

irmnunogenio 1aocult.tm. 
( ' 14. The minimal amount-, .,ot aenm eap&tble ct :pro tee ~ion . ageiinst · 

· .. , a atanda~ 1noouluia ot o~anisms was . d~1u11•mine4 • . - ... 

lS • . Altei-att.on 1n t .he routes ·:or lnoeulatiori <Ud, not atfeot 
, pr,oteot1on. : 

. . 

.16. , Spleen e.xt:raots. do not oonte,.. passive- tmmun1ty. 

11 • .. --- Tb~ ·~ol• ot toxio and ,multipl1eat1on:,factora 1n .vli,ulenoe 

-. ot ;P.,act~ ~'-'1a,~n89. was d1scusaed.· 
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