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Xnﬂvw&ue%iaﬁ

& raview of tha numﬁroua imwan@lagiusl sﬁuﬂias
"mada on tular&mia by many inva&txgatavﬁ ravaala thﬁ

laxlatamna af ﬁavaval pvablﬁma which have &efiﬁd aalutian.

 5u‘Paraaya one of tna maa% haaia af theaa ia the maahaniam af

. vimmuniﬁy to tulawamia.' The viaw tb&t immuniﬁv Lo ﬁul&remia ,

“is baat aequivaﬂ thv@uﬁﬁ infaati@n, ai%ﬁav acute or aubu

7'; aauﬁa, ‘seems juatifiablaﬁ vaaaiﬁ@a aav@ b@an pragaraﬁ in

many waya, fram‘many aﬁr&&a& of 9@@%&?& ﬁularaﬁ 8 %hiah

: ‘~auaaaaﬁfax1? pvnﬁms% %aa r&cipien& fwam clinical iafmetlaﬂa

"‘fnllawiag &xﬁaauraa,' Thaae vmawin@a hava not aanfarraé a

:auxid immunity in @xﬁcm@ﬁ labaratary W&rﬁﬁrﬁ or axparimﬁnsal
,animala. such a8 tﬁa rabbit anﬁ guin@a gig ln tha hignly
-auaamptibla whita mmnaa v&aainaa induae 1&%%1« ormo.
1mmuminy (1.8), ond hava failea ta aampara with the immunihyk
,&evivad from a aubnlw%hal injasvi@n of 1£vinglg§g,. |
| tulavanqg {3)¢ Tha pvmbl&m of hhﬁa difference in
‘“immunaﬁaniai*y r@mmims unaalvmﬁ.ﬂ The aame ﬁxigsﬂay axiata
1n the ﬂﬁadv nf athar infeotions. EQWGV&r. r@markahla ».
»mrmgrass ha& baeu mma@ in raaant yeavs in such lnfaatiaas |
as thaaﬁ pvndaaed by tna anthrax baaili&a (k,ﬁ.&) and tha '
pla&uw bacii1\§ (7). |
| wataan ot al; (hﬂ&} have rapertaﬁ the sspara@ian
of two sigaifiaanﬁ eampanents from tho inflamatory exudate

proﬂueaﬁ at the aite of 1noaulat1an 1n animals with Bacillus



anﬁhr@aia. ?he palypa@tiéa ammyenenﬁ aanﬁaiaﬁd 1&?@@
‘amuuﬁta af’ﬂ( ) gluhamia &aid and praﬁuaeé a histalagia
r@aatian similar to bhat g@aﬁ in 1m£aatimn* ?nia aamgaaenﬁ
,also pmaaaasaﬁ the abizity to 1aaraaa® ﬁlatﬁing tima witﬁ
purified fibvinagam‘ The biaingiaal aatiwi@iaﬁ of ﬁhaa'
comgmn&nﬁ aaaid nmﬁ b@ d@manatvaﬁﬁd with glutamyz palyw
poptide ahtained framau% ﬁubti}iﬁg ‘nor from the anthrax

n baaillua whan gr@wa “a‘gégwg The a@mamﬁ amm@nnant 1&@1&%@&
frum Qadana fluia was 8 prabain w%iah wmm eayable af atimuu
' ‘1atang aalid 1mmun£&y 1n %ha rabbiﬁ but wua mmeh laaa

" effoctive in prataating alos, hmmstara anﬁ guinea. yigﬁ*

| »Gladstanﬁ (p) bas rﬂporﬁad an an@i@anAhavxng aimilav . |

o pragarﬁiaa to thaaa pvaaﬁnh lﬁ anﬁhynx aa&ema fiuiad. ?hiaf‘

antigan was pvoduaa&,;g'géﬁmw,in filﬁrataa of aulturaa of
B amtgvaci in,glasmﬁ or a@v&m of vamioua animala. ?hi&
f“]antigen prutamﬁa& rabbita, ahaaa, anﬁ mnnk@ys agaiﬂﬁﬁ 100
or mar@ lothal aﬁsaa of mp@wea. ﬁa faumﬂ that sﬁra fram
»vabhits ﬁud 5&@@@ nvnarimmunixad wi&h the antigan a@ﬂbmiﬁad‘
- no prataativa sntihadima. hub fuvthav 1mmmnlaabion with
 11ving vlrmlan& baeli&x pvoduaad afteat&v& prahacsiva aera,
Thssa yret@ative antibodies wer@ nau adaarbaﬁ with tha |
antigau fram cuxture filtvﬁtaa or with livimg baﬁilli.
~ Vatson et al (&) wara not ablm to aﬁsmr@ th@ prataativa
”"f,anhibady with oadema,fluiafyraﬁuaaé by virulent streins.
‘The fallure to adsorb the‘aaniﬁadiéa may indicate an'unQ

deteeted‘aahigan pradu@ad by‘vivulanh gells in the host,



If suoh &m.antig@a<ami3ta, 1% wust ba ﬁa@tﬁay@ﬁ by

yvaamaaaa iﬂvwlva& in ﬁ&t?ﬁ@@&@%, ﬁiﬁﬁ@ iﬁ aan&a% ba

| f_adﬂarb@ﬁ hy w@@@ma fluia pr@ﬁuaaﬁ by vlru&amt atr&i&s.

3@@@1@@1@&1 naaka h&v& afﬁaa f&ilaa ta r@veal an

‘aﬁhiwanic &if@aram&a betws@m &%r&ima am& 1t nas been ;

% nmawaamry to éamaah such ﬂiffav&na@a b? ahamiaal maaam.

ﬁlﬁh@agﬁ iﬁ haﬁ ba@@.dam@mﬁﬁra%ed thaﬁ the plagua bacilius

'/emnﬁaina& aﬁ “anw@lmnm“ aa& a aam&%ia antigaa, ﬁa&av, aﬁ al .

(7} wﬁva able to &atarmina ﬁh@ trus &uﬁiganﬁa atruatur@ af |

this ngnnia% an& ﬁa iam&aba a ewystalliﬁa &nﬁigan. Theaa

wawbava found ﬁhat &y axﬁramting avetanaukiliaé,virulenﬁ

. plagus basilll with nmuﬁv&l salt ﬁhay waww ahia £0 ebtaim a

E watar~ao;ubla and a watﬁrwiﬁsolubla an&igﬁaia eamyaaant.

" The wator ﬂalubi@ fraatimn Whiaﬁ is nighly tozic and
~immummgmnia f@r mice and rmta uaaﬁain&d 8t 1@&36 3 aabigania |
'@ampmnauta. Tha firgt two were a aarbahyﬁratamprataia and a
lcarbahyﬁvataufva@ @ro%siu‘ Those were aimilmr 1mmunu?aniaally

in mice. buﬁ nat 1n gulnea piga., @h@y both pvmduamd patanb

antisera anﬂ a&aarbad all af the an@ib@ﬁ?. ~Tha third
aomgonant was o mwlubla ﬁaxi@ fvactian* Thiak aﬁpéuank,
whan separated hy aﬁ&arnbian with kﬁa earbshydrata~probain

or hne aam&ahyﬁratawfmﬁa pvo%ain wag oapable of prmduaing

antisarum whioh a@ntvalizad hhﬂ plaegue tsxin. T&a»gaternv

5   insoluble fvémtiwu, canﬁaiming a phanol~aalahla_aﬁd‘a phén91~

iﬁaolubie,fvaﬁnlan, amnbaiﬁad nhe_antigan probacﬁing‘guinaa |

pign. It is 1nﬁnf&ﬁtiﬂg to note that the water-soluble



fraction 1s 9?§ﬁuaeﬁﬁﬁy éll\v&rulwﬁn strains and by vary
f@w'aviruxsﬁt‘ﬁtpaiaai( Tﬁa ﬁ@irm1$mh a%waiﬁg pr@ﬁﬁﬂa?@ﬁly e
traeaa af this f?ﬂﬁ%iﬂﬁ¢‘ Thia fﬂaa%iam, whieh rwgr@&eﬂta |
tﬁa anw&lap@” anﬁigam ﬁhawa gr@nﬁ host 5@@&&?&@&33. It |
i3 immuanmania fmr m&gﬁ, ru%a, anﬂ mﬂﬂkﬁyﬁ, while the strains
ﬁevaid af ”anvalage are immunﬂ%emia far gu&ma& yiga ﬁut not |
miea. i | |
o ?ha twa 3&%&@1@& niﬁea 60 hypiaal af ha& gragreaa'
ﬁhat ia b&iﬁﬁ m&ﬁa im tﬁa awlﬁtion ﬁf %h& immmnmlaﬁiaal
prablema nraawntaﬁ in v&v&aua imf@mtimna. Tﬁat the xmmunity |
m@@hauiama 1avalvaﬁ in plagua or anﬁhw&x &wa 3£m11ar to uhasa‘.
1u tuiav@mia is naﬁ imgliaiﬁ hut some ummpari&ams mﬁy hs made.
A haat apwelfiaiﬁy ia ahawm~£n tulaw@mia in the ra@pansa of
vaviaua apesiea ha hhza 1&?@@&1@&. Tha rah whioh §aa$aaaaa
.an innata n&tural vagiﬂﬁmnaa 1a e&aily zrmﬁﬁiﬁad by bha
inkroﬁuatinm of kiliad vaaainﬁs. ?h@ White mﬁuaa may ba
immuniza& with ﬁifriaulty an& anly to a sligat ﬁagraa by ;
,killa& vaocines bub aaii&;y 1mmuuiaaa by liviag oalla (3).\
The rabbit aad guinaa pig are: gﬁwrly prataate& by aith@r | :
viable or k&lle& a&l&a, Aa iy will ba shown, hawaver, the
sera rrmm tneaa ag@aiaa ar@ aqually gvoﬁaet&va fnr ﬁh@ white
m@ma&.~ In aautraat L0 hhe waaulﬁs ahh&xneﬁ wiﬁn tne plagua x'
bacillus, tha prnteatlve sabatanaa from lmmune aerum may ba
a&aorbad by living or killed §§g§4,“gigggg§ﬁ cells. In
tularamia there is no ralaﬁianxhntwaﬁn hhﬁ‘immunmgan1a 

capreity of a strain and its vipulence (3). The anﬁiganiu



-

atruaﬁmrﬁ @ﬁ’gg'g; tuiﬂ?amaﬁviékﬁst‘&a eslesrly defined as

w&ﬁﬁ the sase of the pimgaa or anthymx ﬁamiliua. |

'k | ”harﬁ ﬁaa basn‘a nsed f@@ B a@nvaazaah end
reliable ﬁamt in tn@ iwmmnalagiaal studies on tnl&vam&a.
Several war&arﬁ im‘tat§ £i0ld have amwxayad the phanam@nmn
'bf passive &mmani@ﬁtiaa £a4anAa%t¢mgﬁ to study i@munlty .
m@mnaniama invalvaﬁa ?ba&ay, et ai, ‘have abudxaa tha
gretamtivw aﬁp&@ity of humaa, gmat, aﬂ& h@rsa aaw&.aa f&ka
and hava correlated ﬁh&a wib& ﬁh@ y@amiyiﬁia content af the
'immuna serum (8} Pranols end Pelton hgva amplayad the sera
of rabblt, nmrﬁa, shigop and mam in yrmaaoﬁian taaﬁa an tha
mouse (9). Larson has abmarvaﬁ ﬁha affaa% af human Sewmim
on the p&ataetian‘mf the rat (10). The exgarﬁm&nﬁal~avxdanea
aaaumulataﬁ‘in ﬁhaaa aﬁud&wa n&ually 3hawad 'y ywmiangation ‘
in suvvivaz time and & deoroase in<par@aﬁmage mort&lity ‘
againa@ challenge with the higmly viyulant ﬁenu shvmin. xt
wag hunad tmat by aﬁ&ag g&aaivm immuniaaﬁia& in ﬁhﬁ white
mouse witn a ahallenga strain of 1owarmé viralmna@ auma
knowlaﬂga of the factors involvad 1n the 1mmunity maahaniama |
eannamnad in ‘tularomia might be gslmad. ,
' | Aftar aome pvaliminary 1nv@atzgation 1t was faund
tha% imma&e aarum sontained tn@ eayaaity to pr&ﬁaat & normal
mouse againan a lethal dose of a streln of Baot. tularonse
of moderate virulonse. The praﬁaaﬁiv@ substence found in
immuna aarun aapaawa ta be only 8 aurt of the @Qmpleta

protection produced in the ifmmunity process. Since this



*blaaa af tha immuna mmusa. is aliaits& by aith@w viab&a &r
>'~killeﬁ &alla; &t is apma&aaﬁ thaﬁ the a&tiﬁaﬁy is ﬂﬂly one -
 of the aavaral whieh may ba wpgﬁu&aﬁ, Since the immune 7 :
'imﬁuaa 15 rafraakary‘ﬁm the inﬁrodna%ian of & 1arg@ numb@r

af aalla &f tha 3ahu atw%in but 1a aula ga&aivaly ﬁa tranafar

o to a nmrm&l mouse: an&y a amﬁll paw@ af this im&unity, ‘the

 gquestion of an sdditional ﬁmgnmwn major an%ibeéy is brawght
‘ :£ar%n. ﬁxparim@nhal fiuﬁxnga in thia mab@va%ary havw ‘
jy :znﬁiaaﬁmﬁ that viablﬁ avaauiama arae &&aankia& rar %ﬁa prmw
"_duevian of the immune state (3)‘ ?ha pmaaibi&ity than
exlsta hh&t &4ﬁ03$1&ﬁ3 rafrmaﬁary abaﬁa is brwagh% fartn by
" some tissue change grwduaad ﬁwring the cmuraa ar malﬁi§1i~
:’ nat1en of the 1£ving @vganiams iﬁ the host &uvﬁng mha -
”u”immnnimlnm yromaaa. siwaa ﬁme yrsﬂaahiva ankibndy r@pavke& _
in ﬁhia atuﬁy is prabaaniva aga&mmt tﬂa aara&na gonmaaaiu&
low v&rulaﬁaa and bﬁa aapaaity to kill ragidly, wn&ah are
5  ind1aaﬁ1v@ wf a %axamia, tha qu@aﬁion aviﬁaa whathar thia
‘antzbm&y is anti»toxia zn natﬂﬁa, k‘ ' SR ,‘ |
| | In this study the mouse pm@ﬁauﬁian taat pravid&ﬁ
a,maana of 1nvaﬂt£@atﬁnm the prataativ& eagaaity of 3nra :
abuainﬁd rram the vaceinated or recovered snimal. ‘a‘
aampuriaou of thae pr@ﬁeetiva o&wa&ity of sers from s@saiam
which vary in immne response was possible. The devalapmen&

and peraslstance of the protective antibody could be meade snd



T

a ata@y @f 1i%s ?ﬁlatinm to ﬁggimﬁimia& waa gaﬁsihl&.?; g
mawaugn ﬁﬁamrmbimﬂ tﬁsﬁa an& @r&atm@n% ef tna an%igan :
some of nha factors imva1V&d in immmnity to tulavamia .
'aauld b taataﬁ. Evidanﬁa a@aamu&ataﬂ rwmm tae pv@taatien |
‘ﬁaatﬁ yainﬁaﬁ hmwavd the @rasenﬁa of @ thim ia &Oﬁ& aﬁrainaﬁ
of Bact. | ulaganaa‘ T&@ %mxiaihy of sertein atr&ina m&y be
a avitarian of varﬁaﬁiam in sntigenic akruanuva in this
baat@?ium~ Because &f the diff&ranaa in immamaganiai&y Qf
vaviouﬁ strains in the wh&te ma&aﬁ 13) aama auggaatianlaf a
éiff@rwma& 1n amtig@niu &tru&ﬁura haa alvmaﬁy baan m&daa
Tﬁ&s a%u&y again auggm@ﬁa aﬁia gaaai%&ﬁity mn tha kﬁa&a af
taxieity af the &iffar&aﬁ stvmima.;;_‘ |



\ﬁﬁﬁhﬁﬁﬁ aﬁﬁ.%&ﬁaﬁiala

| : filee. 411 afi‘ the mice smployed in m@m fnvesti-
gatimaa wara @%ﬁaimgﬁ f@@m tha ﬁﬁwlw &r@va ﬂmh%itﬁy, |
= apwiggfiala, ﬁm; They ?ﬂy?ﬁﬁ@ﬂt@& 8 auruim &f waite mia& |
: efsﬁnmwn‘auéaﬂ@tibzlity tﬁrbula?amia. Tﬁﬁy W%?@ sax@ataﬂ N
- wi%h@ut ve$&wﬁ;ta BOX and t%aiw wa&g&t agpwaximahﬁa 3& B
“ ‘/ ﬁtv&ina af'%aatarium bnlar@aa@. The Jap atr&ia |
“af,ﬁwg", tulars nse was @mpl@?@ﬁ as the amﬁi%aa for t&a pro=

‘i&uchien of immmna mouse &aﬁnm‘ whiz a%wﬁin 1& ﬁf m@&@mﬁta o

_vivulanaa with an apprmzimata LE&Q of ﬁ“ﬁ’ﬁ Lop tha whibe

‘manaa whan imaaulahaﬁ &ntwap@?iﬁamaalxy oy auhaatanamualy‘

"[f?ha Jap abrain wes iﬁ&laﬂ@ﬁ in 3&9&& in 1926 fv@m a‘human

lymyh nmd@.

ﬁaus@ rﬁﬁee‘fﬁ ; ; The immume gorum w&iah o

'aaaﬁa&n&d the pr@ﬁeeelva aapaai&y was @hﬁu&ﬁ@d zﬁ uhm raxlaww
ing manner: ﬁ salima auapanaimn,@r nha Jap s%raim mr ﬁaa§¢ , 

'ﬁularﬁnae was yvaparmﬂ from & 8&‘haur a&ltur& grﬁwu on

glusose eystelne blood agay (GUBA) alunﬁ to give 3& gey cent
1ight kranﬁmisaimn iu %ne Goleman spantraphatammtar st & wave
ylangth of éﬂ@. This atanﬁav& muaw@nalbu ﬁanbaina aﬁpraxiw

. matalv 1tol x 139 organisms per ml. Baalm&l ﬁiiutieaa of
thia abanaard auﬁ@amaimn wors prapar@d £m 6.&5 p@r gent
sodium ahlorida.f Ao immunizing dose of ﬁ‘S ml of a 1075
 saline eaapana&an,waa iajaabad 1mﬁraparitanamlly lmﬁa the

deaireﬁ munbor of auﬁcﬁptiblm whita mtoa& Thig 1nmau1um



9.

}f aanta&a&d ﬁ%??ﬁﬁiﬂ&t@l& &ﬁ,ﬂnﬁ ﬁrganiamﬁ. ?hi#ygrama of

| '1mmamiaaé uice was bled from the h&ar% on the 5th, 6th, or

'7%h 9$a$w&aaaulaaiam &ay. %h@ blond waa paaled, rsfvigawaﬁa&.

fﬁﬂﬁ tha seram 5@wa§ﬁ@aﬁ* Ta. ﬁ&mmmatwate tha ywntaativa .

"feapaaiﬁy af tne a&r&m. equ&l qman%i@i&a a? thia aar%m snd &8

' ‘ng*l @ilﬂ%iaﬁAﬁ? a s%&n&arﬁ wuagaﬁﬁiam of tna Jap atr&in

 were inaeulatﬁ& into & group of normal white mice. The ‘
" inoculs u&ually uwmaiaﬁm& of @uﬁ wl of iwmune aarum plus
Q.; mi of a 10*1 suag&nsi@m.af,gggg. tularonss, aéaﬁainimg‘
m@pmaximataly 1 x 133 aaxla, Bo inauba%i@n @sriaﬁ wWAD -
v:aba@vve& befors in&aulabaam* Th@ infaﬁsaé mi@@ wora @bsarvad |
for o gﬁriad'&f,lﬁ ﬁayé¢ The aay af ﬂaaﬁhlaﬁd mgrﬁglity
.paraagéagefwwré'raaoiﬁea, &ur?iving &1@@ were ahaiiangad’ |
with 1000 LDgy of the highly vimalent Schu strain of Buct.
galﬁmmm |
1 A muuaa pr@taetian zadex (%?I) wae calauiakaa in

a manner mimilar tn thaot of Meyav amd ?astev (&&).‘ Since
| ﬁayav found in hla work on sma plagu@ ba@il&&a tﬁaﬂ livtle
a&gnitiaaace aoalﬁ b@ attached to aiﬁh@r the paraen&a%as of
martalitg or the 1aagtha af auvvival tima, he cmnaidﬁved the
'1'twa footors together, ﬁa-daaigﬁated the parﬁ@nbag@ mﬂrtality

'divid@ﬁ'hy tbe'avurﬁgé time of daavh;aa the "mouse protection

"index¢? 4 gmall index num%av r@yrmsanbé gpmatar protection |
then & large numbor, Theovetically, an HPI of 100 represents
no prmuéat&am, ﬁhi&ﬁ an ¥I'I of zero raprasaﬁﬁa complete'

protestion, If 100 per cent of the mice dled in 1 day, the
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‘ﬁ?x was 100 and ﬁhﬁ serum Qa?a ue @ﬂ@%&u%i@ﬁ. Ey uaing 1@%“

o Lﬂga af the Jap strain o8 the abﬁllanging inﬁ@ulum with

‘, faanma1 mou&a @@ram, an %?I mr ﬁ@ ﬁ@ 100 was usually ab@a&na&

'fev th@ amﬁbrela. Beu&u&a ef szx@na 1ﬁﬁ1v&daa1 variaﬁian -
in auacaptibilﬁy found im ﬁha'wnita‘%muwﬁ gnd variation im
 the killing tiue of hhﬂ aiffepont stralns of Ba Bagt. tularansa,

. ell experiments were carv&a& out with aaakr@lﬁ of nommal .

“ mouse serum. In this manner, it waa gwaaibla ta caloulate an
WP for the lmmune serun amylwya@.an&‘an WP for the normal
:'f"aeﬁum employed. For fﬁkﬁha# verification 0r~ﬁhe<pﬁotaatzva'
Acapaeity uf sorun s pruteﬁnian ratim“ (¥R} %8s oa&aulateﬁ¢ -
?ﬁia is a dirsot aem@ariaan ar tha WPl of the nawmal aammn |

o the UFI of the immune serum, A FR am:zwtmhing wa
'f  1ﬁa1catas-naéw1y aamp&at@npréiéatxan, in the avanﬁ ﬁh&t all‘ 
grabaataﬂ nice ﬁurvivad, the HPI is nmﬁ eampu&abla. %inaa |

‘,ths dhailenga dose uaad thvﬂughaut these axparimamﬁa was

o gr@atwv then ama parmittiugkammmlmta prataatﬁmn, chis

‘“‘ maﬁh&m&tiaal 1mﬁaaa£hilltv eacuvrad but ravaly‘ In tha

event. tnam aampiata pvatactiaa did maeav, the raaulﬁ wos
slmply axprasaad an “aamplata," pather than by a numariaal
axpveaaian,

wggwuﬁggghinu ﬁqng. A fuvmalinlmad aaapwnai&n
of tma 38 strain of Baet. tularense was used s the auﬁig&n.,v
The turbidity of the auspanaxunéwaﬂqpvepavua ﬁQ matgh_a
stendard suspension as dofined above. Two-fold saline |

dilutions of serum wors made employing 0,2 m1 trmnsréra. The



snapamsians were. vafyigawaﬁa& evavnigﬁﬁ st h* @ and ra&ﬁ on -
W tﬂa f@llawlmg ﬁay."

o ﬁaﬁmrgﬁ mg toat: “ Imman@ sepum waa aﬁsarbaﬁ by

‘ uaimg a vory haavg au&ganai@m af &allﬁ. livimg or killaa

a& atatm& 1ﬁ ﬁ%a axpawﬁm&mﬁa, 1n # minlwum valumﬁ ar aalinﬁ. :
‘Tna smr&m~cm11 auapanaiaa waa wafaigaw&%ad ev&rﬁight at hﬂ ﬁﬁ‘
v%ha aawum was ala&r@ﬁ &f @&li& hy aauﬁrifugaﬁiaa ama a‘v&pid -
yaliﬁ& aggzutiana&an teﬁt waa pmvfarmeﬁ ﬁa a&&ak far cnwpxat@
aﬁa@rpﬁiﬂn* tihen vaabma cella wors ampzayaﬂ a aamyla af R
f"aarﬁm‘waa plaﬁaﬁ ﬁa cheok aﬁariiﬁty* | S

&8 laan¥axtra¢ts¢ ?&e syla&na wara awaptieally '

- ramavad frﬁm tha mice ag aaaﬁ afﬁar«death a8 paasible¢ ?hey
| wara 1mmﬁ&iaﬁalw frem@a on a awguiasnacatmma ﬁ?@p&vﬂtiﬂﬂlﬁﬂd‘
\kapt frazaa untal uso. Tha a§lmana wwra wai%had anﬁ a \ ,;
‘ﬁ'auffiaiﬁn@ awgant of saline ndded to giva a finel au&yauaiﬁn *

of 0.25 gn syl&en par;ml aa&ia@“ The apk@anwaalinﬁ mixﬁura

1: wes humngnnizaﬁ in a %avimg bianﬁar forp aggraxima%aly 2

minutes, The ﬁmmagamate was camﬁvifugad aﬁ Lo ¢ ab 2500 rom
for & hauv‘ The supernats was filh&vad thrvu@h e ﬁaiﬁs

' filtar. Ia.%hia maﬂmer the p@aaibiiiﬁy of rasﬁﬁual avganism@
“waa axalud&ﬁ.‘

”gggmgggggg‘ In the rwuﬁina mauae grat&atian ta&h

- the sav&m amplayeé waa ahtﬁimaﬂ frum.inraaﬁad miaa as ahatad ,
”abovw. Iu hha axperimenea 1u whiah aara of the r&t, vabbie,.
 gu1naa p&g and human wero uaaﬁ, the data p@rtaining to thssa

sura are pr@manxa& 1n Table 15,
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Experimentel Results

jﬂevaiggw@mt af tﬁaﬂgpataatiwa aﬁ%atam@e ig damune ﬂ@rum¢

In apdar*%o ﬂﬁmaa@trata tha a@paaranaa ar tb& :
:prataaeiv@ aubatanam zm,zmmuma sar%m* & group af lﬁﬂ ﬁhita
»miae weras in@aulahad wikh.a@pvan£Mﬁha1y 51,0600 wvgauiwaa of.

 the Jop strain of Baot. . gu&arwa$g~ ~Ten of these mice. were

’ blaa éaily-anﬁ @h@ pﬂﬁl&ﬁ sarum aw whwla blo@ﬁ was aﬂded in
 ’\aqua1 valuma te a lﬁﬁhai aua§amﬂiam af Jay arganiama.{ This
;( inaaulum‘was zmjaataﬁ iﬁﬁf&ﬁ&?&tﬂﬂﬁ&liy inﬁa 6 nammai‘mia@

‘ wh1ah were obaawvad rav & poriod uf 10 dﬁy&. The vamm&ba ;

’ ‘pr@&entaﬁ in Table 1 amd ?&?ar@ 1 in&iaata thau h&ara is

;;ap@arﬁmt an tha th&xﬁ o fwmﬁQh éay aame av&ﬂsnna af a :
1pvmtaetxva aapaaity 1m 1mmunn serum an& whola blaa&.\ %ha  \
1vragalar1ty-af uha amaunx @f pvatauﬁien obhaiaaﬁ prabably

,‘13 a r»flmn@i@n of the in@ivﬁﬁual mmapmnae af tha mmua@. I

1 \‘1§ aypaw@nh that th& prnh@ahian;Whiah becomos avid@nﬁ af@ar

: ﬁha‘%birdmdgy_h&sinat,ﬁaawaaagﬂ?a@tiaaahlyﬂat‘ﬁhﬁ;anaiaf\lo
: ﬁayav , i

auvatiam of‘yro&aetiﬁn.

. A group of narw&l mica waa inﬁ“ﬁk@@ i“””“" »'

,paritﬁaeally with aypraximahaly @0,&0@ Jag arganiams.i Tﬁa-

kf.waeks follawimg zhia 1namulabian, la‘miea ware blaﬁ fav serun.

N Tha aarum was aﬂaaﬁ ha ma @Q&ﬁl valuma of aam nr&am&ama und
inoculated 1nto & group of 10 narmai ‘mice, Tals procedure

o yaawrmna@taa at_wemkly intervals fav 7;wgakﬂ, swha\rasulta,,
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praaén&a& An ?aﬁla a &n& @&g&w& 2y sh@w &h&ﬁ tﬁ& pruﬁaaniva~:
-aapaﬁiﬁv‘mf ﬁhe aevum wemainea fay a% 1@&&# ? waaka; ﬁg&iﬁ,
aq.irragalaviﬁy in th@ ﬁagr@a 0? wr&ﬁaa@iaa arfavﬁﬁﬁ ia

avi&anﬁ anﬂ waflaata 1&&1?&&&@1 dlfﬂer@maea 1a mnuaﬁ anziu'
body waapanaa. :
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Protective Ratio

Figure 1

Development of Protective Subs_fonce

6.
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8.

Figure II

Duration of Protection

Weeks



'~ﬁiaimal &maﬁﬁﬁ a? &érum nmaaﬁ &wg fﬁr g &eﬁiam»

& aawﬁaa af @r@tﬁaﬁiwa t&aﬁa wmre aawriaﬁ ant on

’y,‘@ariauﬁ amounta of &@?ﬂmn ranging from 1.5 ul to “‘Ggl .

S %h@a %hu limiuimg amaanﬁ af ﬂ@@%M'nae@aﬁary fov ﬁr@teatian‘ ”'

”" waa &atarminaa @mugmly. #m&l&ar inﬁr&m@ata of a@ra wava

emplaya& ta é@f&n@ the autaal 1&miﬁ of yra@acﬁian,- Tha

" ,:wwsa1ta awa @?ﬁﬁ&ﬁt%ﬂ iﬁ ?ahle 3 &n& ?i@ura 3‘ it 1& a@aa ?’

 thet 0,01 ml of savum wrﬂﬁmata& mia@ agaiusﬁ th@ uaual

i_/ahaliamga &aae,; The PR a%ﬁ&in&d wih& Q.ﬂ&?S ml aarum xa
Just bal@m tha 11mxn aeaﬁgﬁaﬁ as avi&anaa @f gvmteaeian¢

- The Pﬁ aanﬁinaea &o dearoase diraatiy wxah;a éaer&aae 1n g

| tha amaunﬁ af amvum‘amylayad. ﬁa pvﬁaaanian was graaurad '

", wiﬁn Q;Gﬂl ml gerum, I% muy alao %e aeea fr@m @&gura 3

: tnah ﬁh@ aagraa af ﬁrat@aﬁiam is nﬂﬁ gr@atiy augmanﬁa& by an

7“5"1nareasa in the agount af a&rwm amylayaé; once a auffiaiau£

 amnant 1s 1ﬂ$raduaeﬁ 1nta tha mause %a affard yraﬁaatian.'j‘«f
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III 24nbi4

.50

Protection Level

.0075 .

.00l0 0025 -0050

Amount of Serum (ml)



22,

Reiahiaﬂxb@t%@ﬁnﬁ?@gﬁg@&ég@ aaﬁ @é@mmgimgn aanﬁmnﬁ ar g
~ 4agroup of 200 wzam mice wore mmm& with b,s,w} )
Jay aalla.’ Ten mlce wore aaerifiea& d&ily on tha seaaﬁd B
- through tﬁa twenty»aaaanﬁ ﬁ&?’fﬁll&@inﬁ ﬁhﬂ 1&@@&1&&1@&. _$f g~
1,hhaﬁa 10 miaa, 3 wawa h}@ﬁ saparﬁtely ﬁo aﬁtarmima tha |
‘aggluﬁinamian tiﬁaw;j %%e @xeaas a@wa fram tﬁaaa 3 mica wara
'~laddaﬁ to the pasl af serum eh%aina& rram the 7 miae.; Daily
- tests far prm%aatian wawa perfmrmad by tha injaataﬂn af 6
ﬁavmal miaa with a aamﬁia&t&mn of Q.& wml af 6 Jap amﬁp&uaian
’j‘af apﬁraximataly 'S x 105 aalla p&u& 6.5 ml 1mmuna Jap aarum. |
on hha 2&?@@%&&& paaﬁwineamlahianvday, th@ v@maimﬁng $& mioa o
‘rvmm uha ow&g&n&& graup Wara g&van a “bsms@ar éoaﬁ cf
;ayproximataly L x 166 3&@ aaila‘: ﬁaily ag@lutinahian taata |
and proteahinn‘tastu were pavrwamaé on the aar&.af thaga miea “
. fuv tha r@maining ? dava, ?hﬂ vaaulka of ﬁhza @x§er1mant ara"
| premn{:m in Table L;, and mgzum 4. |
| ?rom thaaa vaaulﬁa it is mpparanﬁ %haﬁ e @r@teaﬁive :
.cagaaity is avidan& bafara an agz&utinabimn tinap ia B
demonstpabla* %ha wvo&aativa aubstamoa ia pvaﬁent &n ﬁhe
 third day and riaea ahﬁrpkg on the rourth ﬁay. ?ha first
j‘evidenaa er an agﬁlatina&ian tib@y 1s aamm in 1 oub of j.mdea"

on the raurth ﬁay, 2 out ar 3 miaa on th@ firth day, anﬂ 3

uut of 3 miae nn the aixbh day.‘ Tha agglutinatian bitov
r@achaﬁ e paak &n bha 3 miaa aamplad on th@ tanﬁh to



ff*gﬁ1r§§g§nn”ﬁgy, ﬁhll@miag ﬁh@ “b@ast@r &o&a,“ tna raagaasa ;
- &a.bi%mr was amm&éiat@ with & peak raachaa on th@ ﬁay fﬁ&lcw~'
{L‘ing wainanulaﬁiua, wha g@ﬂt@ﬁﬁiva eagaei@g ramain@a in
f'~aviﬁanﬁe %hraagh@u% tha &ﬁily testa. In vaapaaﬁw gm tha
»; “ba0a¢$r dose” the pwataativa aagaaity thorsased gra&ually

:ta vaaah e ya&ﬁ on the fifth paatwr@inmaulatimn ﬁﬁ?@. N@iﬁa@v

o the &ﬂgluﬁin&tiﬁn titer nor the PR had. raan&eé a nag&tiva

:J:*painﬁ 8t th& tavmin&tioa of the axpavimamxu The vawi&ﬁian

‘f@mn& iﬂ iﬂﬁ&?iﬁﬁal mouse aggluﬁin&n waaganaa is ayy&rwna.
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Figure IV
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Comparison of Agglutinins and Protective Antibody
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 _3§v&;g§meab of astive immunity 1a the pasaively protected

jikﬁgggg}
o A grmup af’?; uﬂvmﬂl mice waa iaaamlaﬁaﬁ iabvaw 5
‘ peritanaallg wiﬁh & wixtﬂwa @f aqual qaanhit&ma of imﬁuaﬁ

sevum ana aggr&x&m&ﬁaly 100 5350 dasas af %ha dap atr&in ef

aaag, tularamﬁﬁ.‘ EaanAQOaa vweaivaﬁ c;b ml.‘nf immane serum

| and 0.5 ml af & susganaiam.mf apﬁr@xim&taly 1x lﬁﬁ Jap aal&a¢ '
u:&aeh ﬁay a smsll y@r&@mﬁ&g& of a&e&a miaa wara saleatwﬁ f@p
 tajection of 1000 Ldg doses of the Sohu stvein. The
ehﬁllangad mice were observed ror a p&vimﬁ of &h &aya* The

| :éaliy challenze doses ware iné&ﬁﬁaﬁ into 3 nmmmal mice for B
coutrols. ‘The vasulta of this axpwrimanﬁ. weaarﬁa& in ,;‘
"k?abla 5¢ ﬂhaw bhat aatxwa 1mmuﬁ&ty is pvas@mt at least by the
rifﬁh wasﬁninmaulahiaﬁ dav*

'ﬂeatwstabilxha_mf ﬁh@ﬂ»ﬂ@taativa auhm%anea.;

; Immuaa serum waa aﬁllemtad rram'm&aﬂ which nad
aurvivad an imsaakian af hb@ Jdap atrain ef &gt; gmmarenaa‘
~ This sorum was ﬁlviaﬁa 1ntm u equal parts«. Gna §oal of seram

. wes uutraatad. Thﬂ aﬁh&yla pamla wOre haat@& fav Qﬂﬂ*h&lf

: Nbbur at 5&“ 60° anﬁ 6 8, raapae@ively. ?ha &‘pwals of

';aera were th@a ad&ad/im aqual porﬁiaas to a salina suayanaiaa
aant&&ning 3.& x 1ﬁ” Jap aalla.k Tha vmaulta of the pvotmatiﬂn
‘te&ts oarried auﬁ on tha h@ﬁhad and unh@aua& Bera are prwsanuaﬁ
in Table 6. Ho aign&fieant loss in proteation by heat troat~

mant ia appawenﬁ fram than@ veaulba.‘
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. ges fiaitv af th@ @raﬁﬁ@ti#@ aubataaaa.

Thﬁ gva%eet&@m @r Jaa a&vnm ag&inaﬁ a.hatﬁrﬂkagauﬂ
‘abrain was taata& by the uaual m@uﬁm @?ﬁﬁ@a%i#n uaatg “The o
immun@ Jag aarum was adﬂaﬁ in aqmal ‘volume to & auapﬁnaimn  .
7  of & hﬁt@?ﬁl@@ﬁaﬁ aﬁrﬁim ﬁ&mpamaa af am&amts vary&mg f&mm S
: 11000 Lﬁ5@, @ahla iy pvaﬁanxa the. r@aultm abtainaé far _a' B
'  prazacﬁ1¢n of Jap serun agﬁinat the vaviaua &tvaina hﬁat@&. o
 .;Tab1a 8 shows the Lﬁga of the stralns used tﬁﬁ@%hwr with the
“.num%ar mf Lﬁbg taaaaa mnﬁ %h@ reaulta aﬁtain&ﬁ‘ Xﬁ may bak;‘
‘nmﬁa& that Jap immmma ﬁ@?ﬂ% pv@tawta @311 ag%iﬁﬂt thm 3&§,i‘
wyauss, ﬂhawmng 1o and Euh&d mhv&ina. it prataaﬁ& Iaaa well ‘
against th@ 3@11 &evain. ?ha r@anlts oh%aia&ﬁ agminsﬁ tne ‘
Ince aurain wera wavﬁahlﬁ ama aauxa not be v&paataﬁ. @omglwte
‘pr@taeﬁinn wan abtaimmd inaa ax@wﬁiments with a nnallaawa doge
k of apyruximahaly 1‘& x 193 Inco aa&la w%ila in anaﬁher axpari»
ment tha PR was 2,34 agmiaaw ] a&mllﬁaga daaa ef 1. 1 x 103 N
quae ealia. J&ﬁ xmmuna amaum @1& uoc @m@%&ut aﬁaimaﬁ the .
&nhﬁ, ﬁiﬂm ap KI atraznm. Whﬂ é&ta praaentad 1n rable 9
;: ;w&ra takan fram an axpawimant amrw&ea on in hhia laharatavy
"in war% nan deaiing wiﬁh ﬁha mouse yrcﬁaat&an teat.h Tha'ﬁata .
‘(‘ia prwaaﬂtea ta aubahau%iata tha rinﬁlng_tkabz;he nt#é&ﬁa ;
&ahaﬁ;/ﬂa,'ﬁﬁoll and ﬁépu@ awa‘mava #mkid nh&ﬁ¢bhs ﬁoli ér
Schu aﬁraina. Thla 1a inﬁiaata& by the 1atar avara@a day of
ﬁaath of miaa ohallanmed wiﬁb the 0011 oy 3ahu atraina‘ The
| avidana@ 1ndicatas that tha miaa pravimaaly immunlzad with |



o low . virulant atrmins r@taia@ﬁ some immunity a&ains* tna -

N'r'cﬂallaﬁga éaaaa 68 seen ny kh@ pernanﬁagaa @f marﬁality¢

"ffﬁewev&r, the: %ahu str&in ﬁ?@ﬁﬁ&%d a alawaw &@at& ﬁvan wa&n e
 ¢&&11@ng@d with 2, a x 109 Schu cells which rspr@manﬁ \; ;

"j‘h millimn ﬁﬁhg‘ . ﬁ@ average ‘day of é@ath with th@ &ahad

| ahallaﬁ&a was. 1&%3 ﬁﬁan 2 with the immuni%ad wice &md 1 with

the contrsl miew‘_ Tho ﬁehaﬂ ahallenga 6&naiata& of

 approximately 10 LDgge
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Sevum tharany 1a”imfaetian with thé Sehu stwaim~ |

7» An sttevpt was mada to alﬁav the sourse af -f
in?ms%iaa r@ﬁulting from th@ iaaaatiwﬂ of hh@ %ahu atr&in -
mix@d with immama sarumn, by aaxly ingaationa af aﬂﬁiﬂian&%‘
Lmmune a@ram¢é ?our graupa of 10 mice were &aaoulata& with
equal parts of 1mﬁua@ ﬁ@rﬁm and dwaimal ﬁalina ﬁilue&ana S
of a‘suapmnalaa af &ahu calla eanuaiming 3.6 - 3$ﬁﬁ uwlla
_p@r &n@auium. ?auv gr@upa of ﬁ miaa were 1maau1at3a witn
aqaal parta @ﬁ n@rmal aarum amﬁ aall ﬁusywaaione aavraspandm‘w
ing to the ahava“ ﬂaziy iujaaﬁiom& mf‘a‘& ml of immune aavum 
’yav mauaa wore sdminiatarad ﬁ& the infaataﬁ m&aa. maily :
1nacalatian3 af narmal m@uaa aarum Tere givan to tha aantrol
mia@. The ﬁ&ta ave pv&aanﬁaﬁ in Teble 10. xn is avidanﬁ
rram theaa riguraa thet the anrmival of m&me %raat@d w&th
1mmnn@ aeram was pralaag@ﬁ¢ The a@uraa of inf@ob&an waa u@t
altered él&ﬁ&ugu'&maﬁh was delayed.
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B aam@ariaem ar toxia @9@@@@%39& af amma atrﬁinﬁ s?,ggmg*

“;tuiaransg*

I mas aar&&ar na@wﬁ 1a this wgrk %hﬁt ﬁhﬁ ?R

1&3?@&@@& ag the Llgg %1%&? ar @&a a%?ain teaﬁaﬁ ﬁeevamsadg

"ixt was also n@tsd tﬁat 8 &iwaat ﬁaki@ axiata& ﬁatwean tha

&ng and tha aver&g& dey @f dsath, Tﬁa% ia, as the Lbgy
t&hara of ﬁna varﬁaaa strains d@cwaasaﬂ, the avavaﬁa day nf o
 ,\&¢&%& &earaaaaa in ali but a faw of‘tha atrﬁzna aaataﬁ.A @hia";
. was n&laul&ﬁaﬁ on the b&aia of 8 eamgarahl@ numhﬁv\ar ﬁﬁbg.> |
 \~&& athﬁmpt was mada o é@tavmima whaﬁh@r the $hartwr aurvival
rate waa ﬁum to the inar&asea ummb@r af’arganiﬁma naaaaaary f 
for a 1@@&&1 &@aa ar'ﬁm a ﬁmxia grnpavty guﬁaaaaaﬁ by some
atraina of _§g§¢ gulavgaag. If the 1abﬁav aup@asiﬁian wava % [
va&iﬁ, hhm innraaaa xa Eﬁ would he dua tm Bn amti»tamia B
. capaaity or 1mmuue sa@uma -

e Thraa groups of 100 mice wore injeutaa with sub-
‘f;lﬁth&l aasea of 3 aﬁvaina wf,wﬁgg, hu ﬁ renss a8 f@llawaz cna
ifxvuﬁ gruup af 16@ miaa reaeivad 2ga 2 1&8 orgaﬁiama of tha ,1'

3“_ HD $train; tb& aaaond group of 1&6 miae meaeived 3.6 x 103 i

| arganiams @f tha RI aﬁvain; tha taird grmug of 100 miae
l »reaa1vad uiﬁ & 10t br@&miam& of the Bish atrain. The doses |
emylayad warw alightly Largar then & aubul@thal dowa in aaeh -
caaa' ?he yarﬂantmgea of mar%ality in ﬁh@ 3 graupa wera h&.
17 and 77 per cent, raagaativaly. Two weoks aftor th&a
1mmuniaing dosa aaeh araup vas subdividaa and anallangea with
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htn& QD, RI, ﬁiﬁh, and ﬁahu atrﬁiﬁﬁ. %ha aha11an@a dpsos

’W “ﬁ£ ﬁh@ k mtrains amylavaﬁ wapa 3.& x l@q oo aalis,

1.2 x 1@7 RI cells, bl x mf’ Bish cells, and 1.2 ® 1&3. Sehu

?'f,a@ila. The fivmt a&a&iaﬁga dose aamnriaa& aypﬁaximataly 39

b LDgg doses while the lust 3 ahallwnwa doses contalned
"apgmﬁximatalv 1000 Lﬁﬁg doses. It may be aﬂen rrﬂm ﬁha
ﬂaﬁa praa@mtad in Tabla 11 %&m& the mmjsrity of immuna mima

J“a“ah&llenged hy the HD strain 3u@¢umbaa in less than 2 days.

o Very few of the imuune mice which wove challenged by the RI,

7f  ﬁisna @r hahu atv&ina &1@& &ﬁ& the aay of death of the R
 7£aﬁa1iﬁiﬁs waa w@ll ovaer 2 é&gaﬁ Th@ miaa which haﬁ basn
‘: 1mmaniaa& hy the in%rmduaﬁian of viabxa 4D cells with&taad

 "‘¢ha11anma wi%h hh& Sohu and Eian atralne aamg&etaly, and

\ahawaa a3 par aanb aurvival with aha&lgn@e by the RI strain.

L :This imﬁiaaﬁad ﬁoaﬁ 1mmunaganie aehivihy ia sh& BD aalls*

vfﬂawava ‘1t will be noted thet 57 pwv eont af the ﬁﬂ immunﬁ ,
5 ”nuca aueaumhaﬁ to nhallanaa with the hmmalagaua atvaﬁn; Thia
: martal&ty pmr@antaga wag aomawhae 16%6? ﬁhmn tna figmvaa

“x‘obﬁaxnad agaiﬂat aﬂailwnga w&th Lne RI atr@in (85 p@r canﬁ)

oy and with tna Bish strain {30 por eenﬁ). 1& is awparmat ‘that

V;,’bha HD stroin is a gaaﬁ founizing atv&in but is abla to

"*,‘grméuce 8 tamia ﬁeaﬁh in mic@ immunizad by’h@malﬂgoua ur

hmtanalngaua smraina. It may also ba anoted that the &13&,‘

| fﬂahu and HI atraina appaav to be vary aimilar in tha&v laok |
u 1iuf taxaeit? and.rnsiﬂtanaa to yrnﬂaatiaa. ?hag,dirfar in
o thiﬂ raspaeﬁ frwm tne i strain.
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. Adao *ti@n of the protective #ub@tanma;

 The aﬁaawgﬁion pv@m@mﬂ wa& aarri@ﬁ awt ms yyaviouﬁly

"1aeﬁaribed.. To tost the pvmtaaﬁiva aapaal%y of the aﬂanrbaa

3 and unadaorbed immuna aa#a, aqual volumes of each vere added

’ta a8 10“1 dilution af a atan&arﬁ aaline suaﬁaasimn @f Jap |
aal&a and uaaﬁ @8 imnaula for twa gr@ﬁpa ar normal mine. o
Adgorbod anﬁ.unaﬁﬁarh&a nonmal mouse sera wWere uﬂaﬁ aa con-
brals,_ The apgauisma &aaﬁ for aﬁaar@timu w&rw 1iving Jap

~ cells, boiled Jap cells, or :uvmg 38 mma,, It is evzaem
o from ﬁna rasulta ﬁhswn in Tablaa 12, 13, amd‘lh, that tng
4pr@ﬁaah1ve substmn&a waﬁ aﬁaar%eé fronm tna immuaa aawum,
edther by viable or ﬁe&ﬂlaalxa Gf ﬁha hgmmlag@aa &traim, or

Aiviahla h@ﬁamniagaua ealla,
vass~a»gaiegwgrataaainn.‘

- I% waa of' int@v&ﬂﬁ to note whathav lmmune serum
"55£r@m one ayaai&a wag abla ﬁa probect amath@r agaeias a@a&nan 1
~lethal infactlon witn‘ﬂgggﬁ ularﬂgse. lmmuaﬁ aar& weve
,abtainaﬁ Lrom ﬁh& raﬁ. rabbit, guinaa plg and men an&
omployed in the rmatina pr@%aatiau teost wihh ﬁ%ﬁ wouse. &
brief hia&mry of the sera ﬁast@d is ruaarﬁad in Table 15. |
 Tab1s 16 presonts the ramalﬁa obtained fPQﬁ tha sera tested.
Phe PR obtained indiocate exae&lent protective e&paeity raw
the sera of the aya@iga tested, against Lnfaablan &ﬂ the

mouse with Bact. tulsrense.



- Fyom praviaua work yarfavm%d in thia 1absratavy {3}

B & 1 was found t%a% an nriginai inamulum af’h.x 19&‘Jap sslla
;multiplias in ﬁﬁﬁ nmouse ta aapvmximataly 6,Q x 1@5 wiﬁhﬁn &

8 éay pﬁvia&. Therﬁfara, an inaaalum aanaiatin@ mf thza

.numbev af bailaa Jag ealla was used &a a@prnximahs the |
height attaiaﬁa by multiplieatian. In aeatr&at ta this

y aaspeuaian of killed aaila, a ausganﬁzmu of livimg Eap 3@1l8 ‘

s a§praximatiug k % 1ﬁ& eeixa @ar wl was amplaya@ for ¢antr¢l
PuUrpoOsSes.. A grau& af 3& miaﬁ waa 1%@@&1&%@& wiﬁh the bolla&
‘Jap cells. Eaah mausa in this gr@up raoaivad 6.3 x 165 ki&l@ﬁ
’ Jap aella.i ﬁ\graﬁp of 25 nioe waa ianauxated with tha
fausyanston of iivimg Jag e@lls. Eanh m@uaa in tala @vauy

; r@aeiva& 3.1 u 204 living erganisma..‘ , RO

“‘>“ ‘ _'~ Ga the fiftm gmsk»immaulatiam ﬂay 5 m&ee from each

| gr@ug waﬁe ahallamged Lor meunia? winh 2.5 x 103 aﬁlls of o
the Sehu aﬁvain. %m&a chailamge QQMppisaa anpraximazaxy l

BGOG LDgp doses of th@ ni%hly virulent stra&n. Tnara wev@

no aurvivara in the group of 5 mice 11¢h had received th@

boileﬁ Jap aella.f Tmmra ware no d@atna in t;a graup'or 5 maaep'

. wniah had raeeivad tha 1iviny Jap cells, o '\ SEROGIE

- The M:nainlng 20 mice in esch group wore blad fmm

~ the heart on the fifth post-inosulation day, The sara y

which wore collected into twa'ﬁaalé'war@ added to en e@unl‘ :

volume of & 10~} dilution of Jap cells for the usual pbﬁtﬁotlﬁn



tmt* ‘Iﬁm mmma. mish are m&mmma m mma 1?.
;&mmma '«bmmﬁ a ;gamt;mmw serun m;y m prsmueaﬁ as;ually
wlx hy aithw z.ivzng; m:' Mllm& é&g& oells aa amigea.
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&vivalan% ﬁhr@ia iﬁ 88 ant;gag for th %ha, ?@ﬁﬁntiﬁ&\ﬁf th@ o

R D <A A
Vi

Q 'k@ﬁﬁ ?ﬁ Bi&h&t%’m@« '

‘ | I@ has lang beaﬁ,knawn that xha 33 str&in of %aaﬁ,
Eularanaa 13 inﬁﬁnahl& a? ﬁpadua&ng a mlinimal 1afaatﬁan in
tha whita mauaa*- I& haa raaaaﬁly baam 5&&%3, haw&vaﬁ; %hatfk
ﬁhig avimulant steain is &ayable of & f@ir ﬁagrgg of maltde
;ﬁ.mamm in mm white mouse {3}, 1t was of m%samw, |
sharafara, ta uaa thia mtrﬁim in the proﬁwct&an naan and Ba\’
aampava 1ta agtivity in ﬁ%la mighk with & &ﬁr&iﬂ @f Known )
&nxeativitya\ &aaﬁrﬁinﬁlv. ﬁwa gr@u$a of- m&ne wara inaeulataﬁk
wi&h x.m 10% Jay aalis &nd 1 x 1&3 33 aallaﬂ ﬁatﬁ gyauys of
miae wsra bxeﬁ ryum anﬁ bwarw on thﬁ fifbh ymah«&n&a&l&ﬁi@n o
ﬁay an@ bh@ rou%ans prntaabian ﬁaat maa aarr&ad au& on tha
twn paala of’ 1mmuna aaraﬁ The vesults abkainad. aa zuaiaﬁtaa
ia’?abla 1&, ahaweﬁ good pﬂubaatiaa trnm‘hatn 9aﬂ1& 0? $6F&u~i 
wha twa»fala imawenaa &n pw@taatinn d@mﬂnﬁtfﬁﬁaﬁ by serun o
kahﬁainaﬂ frmm miﬁa inwauim@ea thk 36 aalla avaﬁ ﬁha Jay R )
1mmuaa merum may be af a@me aignifiaanﬁa baaausa af bhe ‘; ‘
fmagnlﬁuaa of the prat@ation arror&aﬁ. Thﬁ d@gm@a af perli
‘ﬁaatien is #ar&abkm, hmwﬂvaw, and ep@m %o quaauiwn, Wh@
results inﬁiaaﬁa that baﬁ& a@ra were hign&y prataceiva. ké'
;vary low m@rtalitg aaauvmaa in hath armupa of miaa* The
‘avaraga aaya o? &aaﬁn ar tha fatalitios wwrw graaﬁly pvaw

longed,
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autiﬁan_fay’&h@ production cfvﬁWa

Sensitized
substensce,

| ~ One ml of a saline auapemaian of & 2i hour culture
ﬂf Jap aalla aapr@ximatin@ 2 ﬁimaa a abandaya auaywaaioa was
added to bt ml sf 1%%&&& gserun gollested on the fifth post-
1mmun£aatiaa\dav‘ Thia sarum~aall suap@ﬂaiﬂn waa mafr%garaﬁaﬁ
at h? ¢ ovarnigh%. The fallawing day the aw&ia were reolaimed
by eentr&fu@atiﬁﬂ and made up 1n saline to giva 2& yar sont
1&ght cramﬁmiaaiaﬁ on tha Galam&n apaaﬁwaphatamat@r aﬁ 8.
wave z@ugth of 6@@., ﬁeﬁ&mai aalin@ ﬁilmt&ﬂaa af tha stondard \
suaganaiau wore prayarad and ﬁlﬁtﬁ aaunﬁa mﬂﬁ@ on tha 10“& and
10~ as1ution secording. ﬁm the method of newns ot al (12).
Tha same praoadura wa& aavr&aﬂ aaﬁ on a saﬁp@asian.af aalla.
using normal sorua in p}ama of the &mmuna aarum.,‘7"»  
; o~ Two grmapa of 34 miaa were immeul&taé. inbva~ fkfr
paritameally, with tha calla aeaaihim@ﬁ with &mmuna ‘serum “
and‘with tha aalla tvmatad wiﬁh narmal sarum, vaapaatavaly. =
The 1noau1a Q@nﬁiataa of & % 103 sensitized aalla aaﬂ 2 m 10“ .
unnamgitizad emlla. Qm tha f&rﬁh paatnimmunizatian dav. 1 ‘
miaa 1n aaah group warm ahallmagad wihm 2% 103 0@113 of the
1v1vuaanb thu aﬁvain.' Th&a ohallan@a canaiahed of &ppr0xi~i
maﬁaly 2600 LDgg doses, In the #roup ar miae which reaaivaa
the aemaihzzad ualla, a aut af'? mice aiaﬁ. giving 8 ?1 par

aen$ survival rate, Im the group of mice whi@n rsaaived the

¢olla tra&bad with noraal aeruw. l out of 7 min@ diad. givinﬁ |



-.53.

& survival of ﬁﬁ vor gent. The ﬁiff@ran&a in survival ra&ea f“‘
‘af the %we gr&&ra is imaigmifiﬂanﬁ and shows ggad immunlty |
in bmﬁh @wauywq

‘ Qa kh& fourth paat»immuniaaﬁiwn day, 2 mia& from
aaah gmaug wars 5aar&fiae& and quant&ﬁativa apiaan aaunta
wara mada, Th& saunﬁa inﬂieaﬁaa 1nvasiaa of,gﬁgg,'bular@g,g
&nﬁo tha ﬁpls&n/ﬁf aaeh mmuaa %@aﬁeég Whia Bigﬁiﬁiad ﬁhﬁﬁ
mmltipliaatian mf the ur@a&iam wag n@ﬁ iﬂhibitﬁd by tr@atm&nﬁ
of tha aal&s ¥ith lamuane or navmal aerum. ‘ |

The r@maaniag a5 ﬁiﬁ& fram saoh graap wers b&aé

fwnm tha heart and %ha aepwm,pmalad iﬁha 3 graaﬁa. aa eaual wl
emount of a 10’1 dilut&mn of Jay nakla waa aﬁaed ta ﬁha sarum ;
ebtainaﬁ fram,wlaa rmaaivimg aansi%&%e& @ella aﬂd tm ﬂha
serum ebtained f@ma miae va@alving aalla tr@&t@d with narmal 5
aavum.' The 2 aarumnaall gugpansi@na wara inaa&lateﬁ 1&%@ 3
'graugs of narmal m@aa* Th@ raaulta, pveaente& in Wahla 19, ;f 
‘showed. equal prubaa%iaa derived rymm ‘seyun pr@duaad hy |

aanaitiﬁsa aalla a& an@ig&a opr unaaﬂsi&iasd solls aa amtigan~

ainimal amaunﬁ of anggﬁan,n@aaaaa;rgtar*rnéuaa ahe arataativ&,‘

subatanaa. |

| In urﬁ@r to doteraine the least amount of ambigau
'nae@saavy ta @ruﬂu@a & pvatea%iva warum in the whiﬁa mouaa, jfﬁ

‘aerial 10 fald aalina diluhiena af 8 sh&adarﬁ 5&59&&3&0& of |

Jap sells wore amplayad_aa 1noau1a.: Tha diiuticns uaaa
ranzed Prom a 105 dijution to & 10“9 dilution, ?ivo days



rallmwiag tha iﬂtr&gariﬁﬁa&&l iﬁjaaﬁiﬁﬂ ﬁf ﬁhﬁﬁ@ amauﬁ%a af y
call& inta 5 gemuya af miaa, tha sav& were n@il@at&ﬂ and

used 1&.%&6 ra&tiua mause pvatﬁntimn ﬁﬁ%tw Wh& data fram |
Table EG indiaaﬁa that a dafinlﬁa %hraahald exists as a
minimal 1naeulum eaaential for hha praduati@ﬂ of a prataauiwa
asrum., & PR of 5.6 was abﬁainea from. aavum praduaeﬁ hy the
1n3aation af é.? x 102 calla. ‘When 6.7 % lﬁl cells viere A
used as th@ &mnuniming ﬁoae. the FR d?@ppeﬁ dramatiaally %o : 
{ .09‘ ‘ ‘ PR valua nr less than unity’ xadiaatas bhaﬁ %h& |
'aﬁperﬁmautal mica dieﬁ mare rapiﬁly %h&nft&e aantrgl,miaa
and thus were nnt protected in eny éegraa. ?&e ﬁatéfalaa
'inaiaatﬂ asma val&tianahim batmaan &naraaaing amauﬂ%a af

antigen an& 1ﬁarmasiﬁg PE.'
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w

Effect gf alteratian im th@ rwuﬁea Qf‘inaeulatian an '

ﬁvmﬁasgimai_

?ﬁa ugmai manﬁav of 1&&3&1&%&@& of seprum and
ehailanga éaaa za ﬁha mouss pﬁﬁ@aetian uas%a was th@ imﬁr&» 2
pav&ﬁaneﬁl inaaulatiaa af aquﬁl parts. af ﬁh@ mixtara‘ Iﬂ \7 
a#ﬁar to eﬁh&bl&&h bn@ faa% thet yr@ﬁ@e%iau from ammuna &aram |
wag nnt &ua ﬁa aama&tiastian af aella for yﬁﬁgaﬁyt@&i&. thﬂ
fellowiug inaeulatiama ware mﬁaa¢ To the fiwaﬁ grnup of
navmal m&aa, a mix&u&@ of 0.5 ml immuam a@rum and 3.5 wml
1 X xaﬁ Jap amlla waa givaa im&waper&tcnaa&ly ho each mauseg
In hha aaeand grwup af navmal miaag aaah muuaa raeaivaﬁ 9.&

ml 1mmunﬁ amruw 1nbwaparitmaaally imtu tha lawmr l&f% quad?ant‘i
mnwm xmmmww by the injsotion ar 0.5 ml 1 x mﬁ Jep ‘
nalza aubanﬁana@usly’awan the lawar vlg&& quaﬁw&mc*, Eaah
mmuﬁa in ﬁha ﬁh&rd group was, givan,e.g ml immnna aevum sub-
autaaaamazy ov@r ﬁhe 1awev left quaﬁrant yoliawa& immadiataly
by bhﬂ subeutan@aaa injaaﬁi@n of 0.5 ml 1 x 19§ Jag aalla o
@ver th@ lawar right quudran£¢ The groups of aanﬁr&l mice
r@aaivaa narmﬁl mauam aarum and arganiama by iﬁantiﬁax rautaa'
af 1maau1atian.« Tha r&smlta ars ﬁ?@ﬂ%ﬁ@@ﬂ 1u,Tab1e am, Xt

1a aaan thaﬁ @ha gracaoﬁian dar&va& rrmm immuaa mermm is un-“
altavaa by tha ruuta of 1naaulatian emplaya&,u Ih aaama  ‘_
uali&aly. therafovm, thaﬁ praﬁention is due aalaly te %na N fi
eluMPiﬂg af sa&aitiaad nallﬁ fa? tha mnhanaamant af  !~'" N
phamoaytaaia. |
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Gomparison of gvaﬁmntiag'mivaavb3'§gga@n-éxﬁvﬁﬁtav&ﬂd_

zabt&ia@é frmm miaa rﬁaaiwin},viaﬁla op gﬁmnal&aaﬁ aalia.'

i

A Vrmuﬁ of minﬁ w&a iaaaulahaé wiﬁn & i 3~la*§
ailutien ar e atanﬁavﬁ auapanaiam of viabxa Jay aﬁlla*v aix
days &ftsv th&a inmmulaﬁion ‘the gwmu@ ef mi@a W&s bled an&
‘thhe germm @&% paalaﬁ fav th@ aaual m@uaa pv@t&atinn baaa.  {1“'
'Immaﬁiataxy afﬁar ﬁaaﬁh th@ 3p1@@ms Lrom ﬁh@ﬁ@ miea wara
\aollaataﬁ ana rroaaa, Aa axtwash of ﬁha ﬁplaama w&a maﬁe B8
daaaribad ahmva‘ A aaa@ﬁﬁ graum mr miaa wag 1n¢aulahaﬁ with
a 1 z Zﬂ“g &11utian ar a ataa&arﬁ suspsnsion of @%&nﬁlisad
'Jap n@lkg.; 31x daya afﬁav thia imaeulahian thia gvaup of
mice was blad and the amyum was usaa for a mauaa prmﬁeaﬁiaﬁ -
'taab. Immaﬁiata&y afﬁav death the mglaaqa af th@sa miae
-war& eallaata&. frazan. and 1ahaw axtrmatea wihh aaliae aa
Wpraviaualy daamvabaa.< Ganﬁr@l mic& recelved nmrmal aarum |
fan& anvaxbra@t of narmal mouse ﬁplﬁ@n& with the aﬁallamge |
ﬁaaa. ?ha apla@u &xhr&enﬁ wors ﬂilﬂ%ﬁd ha give 0.25 g par
;ml af ualina. Eaan mmuaa vaea&ved.ﬁub ml @ﬂ the axﬁrmat |
wh&ch aarraapaaﬁa& to @.12» g ar aplean plua ﬁ.ﬁ ml mf
‘1 x 106 Jﬁp aell saap$maian. Tha r@aulba pr@a@nhaﬁ in :
 Tab1a 28 1nﬂi¢aﬁa tha% no yrmﬁaetian was gvavz&a& by hha

aplaen axtraata. ?har& was no aign&fiuant dirfarﬁnaa 1n the

protaa%ian<dsvived frmm aavum a&ta&n@a rvnm mim@ innamlﬁnad

with viabla aells ar with phmnulizad ealla*
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‘ﬁiﬁéuaaiﬁn‘

o It 18 phvious fr@m th@ ra@ulta obﬁminaa ﬁhpmugﬂemh
»ﬁhis atudy thaﬁ alﬁhﬁugm {mmune mmﬂaa aaw%m.ia prataatiua,
;a yaristion aﬁpeavﬁ in the aégr@a af praﬁ@etian affavﬁﬁ&v»y o
'immuas aerum.  This varistion prabably 18 due to the
'prut@ct&va anﬁiﬁaﬁy aamhen@ nf @h@ 1mmun$ aarumal The whi%a;
1m0asa agp@arﬁ #a vary in ita waapaaaa to the pvaﬁaativa
'&ntigaa as grmatly as it daaa ta an agglubiﬂagaa. %nam
'aevum, Wniah wss collected frmm large gvauga of 1mmuna m&aa,‘é
'was uaa& a8 tha saumne af wrmhaet&va anxibmﬁy for 1&9@@
gvﬁups of normal miaa, a mnp@ raliabla %r@n& was abtaima&..p“ 
An avbitrauy 1imit was a@t f@v an amaeptahlm numavtaal expr&aaimn
;or pruteatian. It apﬂaar@d from tha many vaaulﬁa ebﬁain&d |
that a Pﬁ af 3 was the 1@&&% aign of protaatian ﬁhab aoulﬁ be N
;raaognizaa as a&gaﬁfi&maﬁ. A rmuwh a%a&iahical analvsis of &6
:exparimanta gava an‘svithmatie maan ef tha Pﬂ an’ &.550.?8.
Tha avmvaga wa bﬁtainad for ﬁha 1nfmaﬁaﬁ miae was 1&.2 and
1fnr th& aﬁﬂtral mie@. 5?.&. E@rs aignifiamnaa waa attached ,
Whe the r&tia (FR) obtalned by‘m a@mpariaaﬁ of the 1n&1aaa of
cautvaz and 1nraetad mice hhan the #PI of elther aluua.,,
‘%eyar {(13) has stated that from axpa%imanaa on &nlm&la with o
th& plagua bacillua tha yrotaetive indmx nhaulﬁ be &ﬁ 1aasﬁ =
ana»balf or tha narmal iadax in order to mbtain a high rata
of aurvxval from znfaatians which are 1nvav£ably fatal to
aontvola.‘ fie also found (11) that en WPI ‘below 10 &a‘guinma



. pigs iniiaakﬁa B ﬁigh paraeﬁtaga af auvvivam au maaaiva

inrﬁatimna with th@ plagua &aai&lua, In th& #Bﬁé ar,gwgg
hulavemag & 1@ﬁhal ﬁhaliamga ‘dose or hhs Jap aﬁruia uaually
killea 1&& y@@ aenﬁ af ana aanﬁvnla in 1 ta a ﬁ&?ﬁn Immuna |
.aarum was raraly abla ﬁa pvaﬁamt 10& per aant @# tha infﬁata&
7 mnice agaiaat<this daaa but tha suvvlval t3mm and ﬁha aurvival,“
'*pa“nantaga wwva 1aeransaﬁ noticaahiy fram th&ﬁ aﬂ tha aontrol
anioels. Ta the immunalegiaal sﬁuﬁ&&a n@ aﬁbamyt waa mede to
‘anwwalata bna ﬁ&&r@a of. pvahaot&an wieh tha yatanag of hhe
narum.. ?ha hﬁﬁﬁ waa uaad aa a ma&aure za dewwwm&nin@ khe
presence or abaaaaa af ﬁﬁﬁﬁﬁﬁﬁiwn» e ‘”ff £

' Iﬁ waa af inﬁaraat to apgly tna anlaulatigua nmd
V 1nt¢rpwatat1caa u&ed in thia wayh to %haﬁ af ahhanu. ‘in s
‘;vaoanﬁ ragarb ilk} an tha yvataaﬁiam of vmts wich human and
hygarwimwuas gaat aarum, f&guraa war& preawn@ad whiaﬁ ahmwed
 ,7th9 day of d&aﬁh af th@ raﬁa, tha ta sl‘mumbﬁr ar ﬁeaﬁh&.
::aa& the p@ru@ntng@ m@rhalzty¢ Xn ﬁhla taat, vaac&ﬂatﬁé

paolﬁ& aavum, hyparwimmuma guau sarum, na ada@rhed hyparw

i immmna gomt aarum wqra tasﬁad againsﬁ aantrala aanaisting

 of normal hummn paala& aarum au& no 3arum. Tha eanalas&ana
'derivea frmm %haaa vwaults wsva that ﬁhﬁ h?paruimmuue gaat
sarum. ahawnd m@r@ pvahaetian ﬁhan tha vaaa&ﬂeﬁea paalad
vgarmw and tha adaarbea hgpevwimmune gaat umrum haa b@en
raliaved ar ita pvatsativa aapaaiﬁy by nhw adaary%&on process
wzth a phnnol amtraatad yalyaacehar&d@ of Egg&, yglgggggg



Since two aantr@lg wors’ uaad in thia wmr%, tmﬁra avw twa Pﬁ
valn@s ealaulataa ia %he mannar ?@11&&@@ ia the mouse prmwi
t@ﬁtioa test aa?misd on in this 1ahawa%@ry¢ T&@ apﬁliﬁﬁﬁiaﬂﬁ
r:ara pvaaeﬁtad in ?abla 33; I% iy aw&ﬁeﬂﬁ fr@% an ahaervani@a R
_ of this teble that ﬁha maﬁh@wa%ieﬁl m@nﬁpulmﬁiena al&arly
amghaaiae tha nanaluazama whiwh hbﬁh anhhmr wragenﬁa&,x Qf
 the two PR aaloulagaﬁ fvmm ‘her vagaaﬁa, th@ vatia amtarwinad

i  by eomyariaam of the infoctad ?ﬁtﬁ vmnaiving imwuma aavum

"‘mnd ‘those raaaiving none waa grmaﬁaﬁ then ‘that mmmyﬁv@ﬁ to the 7

‘ vata receiving marmai mewumg It ayp@&vﬁvthmﬁ‘narma1 aarnm»" -
hes some influenaa on ﬂna_yaﬁhﬁganaaia bf'ﬁh@kﬁrg&niéwéi
Thavefara. it 1& 1@giﬁa1 ahat tma ?R aam@uta& on whia ha&ia

18 more aaaaytabxa af tne true rﬂaui% then & Fﬂ aam@utaﬁ wibhf_

‘out takiag this fastar 1&%@ a@naiﬁarﬁti@ﬁ,k The Pﬁ obteined

f  ave eampawabla to thaaa aampuﬁﬁﬁ Ln ‘this study aa& are

1ndicat1ve af gomﬁ prmtaa%iam¢.

It was af &mﬁarﬂat ﬁa aam@awa bha appamraﬂaa, -
duration and weaﬁaﬂsa to a ﬁacanﬂ &ﬂaaﬁlatx@n, ar the
 protective snttbaﬁy &aa ﬁhﬁ agglutinatimg antibady. It waa

found (Table 1 an& ?1@&@@ 1} ﬁhat the pvaﬁwativa anﬁib&ﬁy |
~appearsd in the aivaulatxmg»%loaﬁ bebw@an~ﬁha third and
fourth day. ﬁamﬁﬁatvable agglutining 41d not appear until
~ toe £ifeh or sixth day fwilawing'iajwsﬁ&Q&;TAThaéa results
were obﬁﬁinﬁa,in:whalw hlaad’&nﬁiﬁnaafuﬁQ'j%hqla blood gove
dna béttar @rotﬁatian t&an[&mmun@vaaru@. ‘I#_waa alss found

that the protootive capacity of immune serum lasted at loast
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ﬂ*? waaka aa aanﬁr&a%aﬁ to l& days for damamw%rablm

a%mtim:m mmwmg onie’ izxjwﬁiml of b x mi:, Jap. %Ma
'I?abla 2 and- Bigapa 2). The agglatiai& wesﬁ@aga was |
1mmaﬂ&ate following a a&amnﬁ inaamiaﬁiun bae a risa 1u ﬁh@ o
‘ngraﬁaa@iva anﬁihaﬁ? aontont was n@ﬁ agpar&nﬁ for amaﬁhar‘B |
v»days; As aa@n in,?&bla Iy anﬁ Fiwuv& h, the vmapamga of
_agalw&inating anbibaﬂiﬁs, in’ gsmar&l, waa awh as gr@&t ,
'rﬁzlawing the ”beaqawr ﬁma@” as ﬁﬁm 1niﬁ1a1 r@ﬂgaaaa. ?h&ﬁa o
 areau1zs inﬁiaa%a thaﬁ the 2 anﬁzﬁaﬁiaﬂ are & mayawaﬁa vaaaanaa.v
aad that tha pvcﬁﬁahiwn ﬁar@v@a from zmmum@ garum 15 nah j
> earzelatna with ﬁhﬁ ‘agglutination titer. These rinﬁinga ere
| 1n agrwmmenz with the waﬁulﬁa abﬁaxna& hy athar'wevkara (l,
8,9) who have fwund thaﬁ ‘thero 1s little. sorrelation between
'Vﬁha-amglutimating‘eapaa&by and the protective eapaeiuy of
immune aaramﬁy Huahman amﬁ ?bahay (1) hmva reynrﬁ@& on'an
 intana£va aﬁudy af ﬁha iﬁmuna rwsﬁan&a in miaa aﬁtwr |
 , vmuain&hi&n with mmgg, tular&gge.~ Fallawin@ a¢ain@1e anaa
af a phanaliaaﬁ auﬁpenainn ac tha aahu aﬁrain they faund ”
that whibe mice ﬁﬁ?&lﬁpﬂﬁ a maxzmal ﬁgglutinaﬁiva titar ar
f 1340 to 1:80 at ER I wamka, Uﬁis;ighe nagativa phaae |
'4£bllawad by a paak mf 1:6&0 to 1:12@0 in 1 waak davﬁlaped"v~‘
fvwm e “hamatar daaa ad%imiaﬁaraé bto7 waaha aftav t&s?:gl
1&&%1&1 vaaainnﬁicn, ﬁa x@aiatanaa aauld ba damanabratad"‘
in ﬁhaae mioe againﬁt small numbars of 1iv1n@. vzrulmnx

calla 1& avita af the ausal&vat&d immuna remponaa. ,Tam



6b,

‘tiﬁara ra@arted by thaa& warﬁ@?a were aanaiﬁer&b&y nighar
,ehan thaa@ ﬁbtained $n t&i& lnbaratary raaulﬁim@ from the |

| injaatian of a s&bwlaahal ﬁeaa of lxving 66lls. Tna immune o

'graspanaa in hha miaa obaarved zn this atuﬁy appqared mneh
Meayiisr ‘than the time reported by thasaiwcrkaragand dis-

,aﬁpaare& aarlier, ?hé yaaaiéé i@ﬁumiéahimn ﬁaaﬁ inyt&ia,
&u&y showed no aerralatimm with t%s agglatinin ean&anﬁ af

the fmmune scmzm,and~ his aanaludion is 1n agr@am@nt with
results oited. It hes ‘been shown that th@ immuna &tate in

the white mouss becomes aviﬁanﬁ 3 ﬁaya mfﬁwr tna immunizing
injastioa (3). ?hia %ime a@ineid&a wiah 8&@ apgearanaa of

pruvaativa antlbo&iaa aad auggeata a alosa relatlem batwaen
aative aﬁﬁ paﬁaiva immunity., it aaema av&aanﬁ tnat thc

pr@taativa an&ibaﬁy is ons. pavt af the immunity machaniam

in the wuite mﬂus@.‘ The prateat&ve antihady emnﬁanﬁ ar immuns/

sarmm‘appavenﬁly 13 not rslatad to the agglubiniu acnﬁenﬁ. |

An attempt was mada ta ée%armina tha ﬁime af |

appegrana@ af 1mmunity ia tha paaaiwely pvataatad mmuaae

ﬁownn and ﬁamﬁwavd nad previnusly d@ﬁarm&n@d thet immunity

V fappear3 3 days aftar an - &ﬁoaulat&un of 8 &ub~l&thﬁl das@

'f af viabla Jap cell& (3). Tﬁaiv rasults wers determined by
"daily in@nul&timn of 100 Lﬁgg or tﬁe ﬂchu atrain.  In this
atudy. daily ehallan@a daaaa cf 1&9@ Lﬁﬁg of the aahu
5traia ware‘ma&a,in,mice'whiah;had vaae&vaﬁ«lﬁﬂ-ﬁﬁgg

of the Jep strain together with. immune aapum; It was
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aaéwﬁi‘(s"}' ‘that mmimamm ‘the Jap 0eil in the waite
fmauaa vaaahaﬁ a poak on ﬁha ﬁaaama,&a fiftﬁ ﬁay au& that
l%ha paak wf m&lt&gli&a&ian was r&acbwﬁ mmra quiakly aud waa |
‘high&r whan 1argav numbera mf arganiara war@ &njaata&., @he_ 
‘axﬁent af mulﬁiwlieaﬁimn Qf the Jap uall iﬂ tha hmst when
aﬂminiatav%ﬁ 1& the gﬁasanaa af &mmuu@ ﬁarum ia unknawau .
‘It is known, hgwevar, that ﬁha rate of mult&plieabian of the A}
dap aelx in th@ au%&v&ly immmaiza& mouse is alawav than in
ytha narmal m@aaa and. th& paa? of mnltip&ia&tian 1a lmwaﬂ,
‘Ih san be ‘sgsumed %hat mmltiplinahimn af'thm arganism hamaa_.
‘place in the pvaseﬁaa of immune serum from the faot ‘that aﬁﬁ,«
flaant 50 yav aamﬁ of the grstaataa wise’ die fram &nﬂaatian. , ’
‘Xn this aﬁuﬁy, an ovar»waalming daaa af ﬁahu aella waa %'
‘inja@taﬁ inta 8 woUSe ﬁhiah'waa alraady iucaalataﬁ with
1@#&&1,&@5@.@? Jag aalls 1to h days praviausly. xa is
“abv&aﬁaﬁﬁhétﬁtﬁa apawampasea &nfeaaian 1njaeteﬂ during s
-tha 2 tc u ﬁay par&c& of rap&ﬁAmnltiplzaaﬁian is cumulativaf ,u
;in its arfﬁatu AaAanalysxs mf Tabia 5 shows 80 to 90 pey - l>‘
1@93& ef the tamt niee ﬂia& 1n mppraxima&&ly ‘the sams 1ength o
‘af ﬁima as the aantrnl mica on the aeaand, third, mnd
‘fuurﬁh days, Xt is balievaﬁ that thaae resulta are nat a
trua piaﬁuv@ fram whimh tha ﬁagalaym@nt ar immumity cam ba
\.datarmina&. Tha r@salhs ara 9rmbably aanfuﬁad by the S
fmaaaive cnall@nga &eaa &mglagaﬁ*. waevarg i% 1a avident
;that by tha fifth day the immunity meehaniama are organlmeﬁ
and surficiently effective to delay the average day of daath
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3 d&ysﬂimn&ﬁr;thaﬁ‘%hat7afvthaiépntral mi¢ag v%hﬁfigguhiﬁy
}mééhaniﬁma«wara mmﬁ;auffigienﬁlyféffmaui&é, &mwavaﬁ;\tﬁff-*'
aava‘mura‘ﬁ&&n 2@ §av‘e$n$ of the t@ﬁﬁ‘miaa.w'xt i#”kﬁmwn;;
f%mm bnia expa»&m@nt anﬁ rrem aﬁhar exparimﬁnts. thaﬁ a
aa&iﬁ immuni%y may ba &wmmmat»&t@a aga&nmﬁ a ahallenye done
Qf 1@@9 Lﬁya wcha ¢alls i&\miwa which have au?vive& 10 daya.’
It;is pvubabla«hxat the dav&&agma%& of immunity ewmmanﬁaa »
kbaﬁbv&,&havflftﬁ.d&gfin %maryaaﬁiv&ly.protaagad~m@maavaaai»'
coincides with the development af»&mﬁuniﬁy iﬁ»bha'mbuae»~: »
r@@&iving subw~lathal immumia&ng doses. | |

.3 atrikiag similariﬁv ﬁxiata'h@twa@n ﬁhe mimim&l
,affaubiwa amtiﬂan for the pr&ﬁuaﬁ&cn ar aa%ive and. paaaiwa
1mmﬂnity. 1% waa gr@vieuﬁly daﬁ@rmia@ﬁ iu %h&a &abar&tary
{3) that 2@9 Jap eall& a8 the iﬁibiﬁl dosa gerved to aanf@r, 
& solid 1mmun1ty ta inf&aﬁian.‘ From Tabla 20 1t is seen
that 6@8 Jap calls was the mimima& @ff@ﬁ%&ve inooulum for
sha praduatien of thﬁ pratﬁativa substanee, This numbav
ropresents tha ﬁ&raaholé of aﬁimulatiaa balﬂw'whiah no |
prmbaotiaa may be demcnatraeaﬂ. ﬁiﬂﬂa kh@ wavk citaa (31
1naicated thah atimalation ar an immuna TORPONRG waa yaaaible
wi%h 20 Jap cells, it is appavaw& %hat the p?@ﬁ@&ti@ﬂ bemh ,
is nau suf?iaiently sensitive tc detmaa the al&gh& dmgraa of
‘1mmunity elicited by the daereaaaa &asa of ¢3115¢ Since tha
inogculum easaaﬁial for the pwoﬁuatimn.af a 8011d active “
1mmuniey 13 in the samo ardav of magnitude as that naaassarye'
'far tha Qroduatlan of prataativa nntibadiea, it woul& aga&n



69,

aapaeaﬂ ‘that the . prat&atiV& anﬁibaéia% ﬁrm ‘an’ 1wwartan%

5p&rt of the ﬁefﬁn&@ me@hamﬁam wf th@ whit& mous, Xt is

135 avid@nﬁ thab a &@f%ﬂiﬁ& ﬁmsunt of antigan is aaamaﬁia&
}f&r 1mmun@gania purwoaﬂa, &lbkaugm a0 ﬁiffar&n&aa in j"
'antigania aﬁr&atur& of “ggg, nu arangse hava ba@a &am&natr&t@ﬁ
by warkara in tnis rzaxa. it is qnesﬁiaaabla th&t each ssraim, 
of ﬁaetu tuiaranaa gaaaaaaas identical quamﬁi%i@a af tna ‘
1mmunogania aaﬁig&a« xt is waaaihla, hnararare. thaﬁ the
}sﬁraina whz@h have been rap@rtaé aa gsmr &mﬂunzzing agaaﬁa
{3) are. éaf&n&anﬁ in quantlﬁw of tna 1mmuﬁmganie antig@ﬁ‘ 1”' 
This h&a baaa pravmn ﬁa bﬁ ﬁha oase. with the avirulant
‘sﬁraxna ar th@ plague baazllns (13). Anﬁigaa an&lyais af )
'the differant avirulan@ etraima mf poor 1mmunagamieitg ia 3iL 
mice were ahawm to vary aign&f&aantly in tha eanﬁanﬁ or .“f; ”
fraahiwm Iﬂ%whlah;in‘baliavaﬂtﬁa;ba vaapanaibla,fav tnia o
sotivity. o - | ” -

, n | Ib was found tnat G.ﬂl m& of immuna aawum was kha *
lleaa& amaunt of aerum. that eamla show siguifiaaaﬁ pr@toation.
As seen ia Tabla 3, amaunma graat@r unan 0.01 ml did not
 1naraasa the dagvaa of protaatioa ﬁianifiaantly. This
‘inﬁiaataa that 21 aar&aia quautity 0f aarum is. nw&aasary ﬁai~:‘
ueuhralizw the lathal effect nr 8 gonstant ahalleuga ﬁaaa.{
. | Frum the axgarimanza aanduatea an the pratantion
of Jap 1mmuna seTun againat haﬁavmlmmnus sﬁr&ina, it was

Vfaunﬁ that, in a general way; thm ?ﬁ inaraasaﬂ aa th@



We

vzruxanaé; iﬂjﬁérma af”nna@>e1téga, aaéﬁaaaaé. an fiwau
glance thia &ﬁg@&?ﬂﬁ %@ indinaﬁa that the @vmﬁaabica @f
immune serum was 3imply inauffiaisﬂt to neutraliaa the ”j‘
pﬁbaaay ag‘th&ffaeﬁovaluana&vnaﬁk&n;ﬁha highly viyulﬁntf
‘aﬁvkiﬂaﬂi‘ﬁawsveﬁg it was soon reslized ﬂhaﬁvimmunﬁvéé?um |
aaul& nauﬁvaliz@, op at Iaaat show amma eff@eﬁ againat 1@@0_ 
&QDQ 0f some atrainﬁ &na fail aamgleﬁaly to affaeb 1 L g”‘”‘
of another strain, Iﬁ was faunﬂ hhat good praaecﬁien was
arrarda& by 1mmuna serum agaimst aama of the 1aw~vir&1en&uw
atraina, &sp@nialiy thaa& streing whiah<havﬁ th@ aapae&tyJ[‘
to ovarwhalm the host in less than ah haur@. An axaallant Qi"‘
axampla of this pr@t@uti&n is a@@n in Tabxas 7 and 3 whara ﬁ"
inmune serum praheats “aemmla@@ly ageimsb a ahailan@e ﬁcse7 ;
with the Bchad strain, Thise atwaiﬂ has en Ldgy titer of -
1095, an 1naamxum aanaistiag of 1 Lﬁ;g will kill
appvaxim&tely ha&f of the uontral mica., The mic@ whien die
are killed in laaa ‘then 2@ hmura.t ﬁrgaminma may be f"
recovered. fvam the aplaan and heert blood after ﬁamt&,, |
1nﬁieatin$ muluiyliaatimn and invasion. Immune sav&m iz
abl@ ta prat@at aamglatexy against this auﬁﬁan avarw
whelming infection vroauaaa by the 1n&ruduation of appnnxim
mately 1 billian ar@nnisms. Xn aantra&t to the @ffashiveneaa
af 1mmuna serum &m aaﬁﬁralling the amufaa of infaaﬁian pPro=
duced by thia aﬁrain. iwmuna sorum 13 unable to prevant 1
Schu aali,fnam\baaam&ng establishod in the mouse and- leading

to eventual death,
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?wa pss&ibixiﬁiaa f@» t&e axylan&%ian af thia

° eaatr&&t wer@ bv@ught r@wwmr&.- ?h@ fivat was a qu@aﬁian of -

A taxie fauﬁar graaant iu aama s&raima of Eaat. ﬁal ro aa,

v7'ev pcasibly, all 5trmima 1nalu&1ﬂg %he:ﬁchu 3&?&1&» ?ha |
; affastivanaa@ uf immﬁna serum ﬁmem. weuld be due to  '5&‘1
i knaatralizatien of this taxiﬁ, ﬁp@n the 1nﬁra&aaﬁiaa,@f L LRy
‘vary fﬁw ealla af %ha aahu aﬁra&a inta t&e auaaapﬁible m&u&aﬁf;
 “’a dalmy af appraxim&taly It ﬁaya ia n@tiaa& unﬁil the 1&?&@&@& t
kan&mal ahaws any aymgtama or‘tha éis@aaa¢ ir tha Sahu atr&ia  f
alsa aon&ain& %h& hyyathatiaal kmxin. 1t ia not msnifmataa | ‘
fjﬁuntil thﬁ ariginal imaaalum has mul%ipli@a ﬁ@ a lavai ar =

 epproxtuately 107 cells, At this ﬁimm 1i=5 deys after

1k{inﬂau1atian. tha mausa M&y than b@ @uhjasa@ﬁ to a 1stha1 5
 am9unt of tanin.v ?heara%icaliv, ﬁhis 1@@%@1 anount of taxin

is aaa&ain@ﬁ 1&, ar ﬁxavataﬁ by a auapenﬁian of ‘aslls in th@

| -mvdar af 1&3 aallw per ml of 1ncmulum‘, xr t&ia aasumyﬁimn ; |
‘wema vamia, death of the mouse 5 ﬁaya fa&lﬁwin@ the 1n5aa@i9n |

~ of 1 Sohu cell would be compareble to ths rapld desth |
 abaarvea after tha 1n3acticn of 1&3 Jap cells or 199 Sehad
 ecells. Tna cause of dm&th in these tularamiu infections |
7'wauld then ba due to & toxie factor wﬁiah ayenm 8 yathway -
for an ovarwhalm&ng aaptiaamla»‘ 2 |

| | - The smecond possibility to @xgl&in the 1&&? af |

'Vkprutaation,gr immune serun ageinst the ﬂqhufatnain is the

conjecture that the'thﬁ,sﬁrainnamntaina‘ha'taxiq«ltka antigen.
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;Eh might ﬁirrer £ram tha lawwvirulant &tra:ns by the
paaa@asian af an unkmm%n antigan nat aagabia of praéuaimg :
ra n@nﬁr&liaing antibody hhat ia twanafaﬁa%la 13 paaﬁiva
pvvﬁaa%iam¢ The vaayou&a to ﬁhia unkﬁmwn antlg@n would
nacawm&w&ly bs a8 tia@aa alﬁaratlmn, evident in tha immun@
mOuEs, hat nmh trmnafavvable oy dononstrable by knawa |
gerologliesl maanﬁg The aauaﬁ af ﬂwaﬁh fram ingeetisn mf a
few Schu cells maula ba ﬁua t@ hha abili%y of ﬁheaa cells .
ta mmltiply and imvad@ tha;igagp@ri@nag&~hna& unimtarrupz~‘~'f
edly. | o .

| ‘ In ardaw to suba%antiaba aithar hygashesia, an
sttempt was mada ta sontrol infection frnm the Sohu aﬂrain
by seram therm@y. .ﬁaily.inaaulaticaa of lmmune ae?umlweﬁa
admiaisté#§d fa11aw£ngvtha;ah@llﬁuga‘ﬁaéa;;Alﬁhaugh daann'cr’
the iﬁf@@t@ﬁ\maim&lalﬁaa éé&ayeﬂ,»mé;avidanba éfathe-uaualj
ﬁ#ba of araﬁeaﬁinn5waa noted. If the Schu aﬁrnin:wﬁléaséé 
a toxin Whiah a&eumu&ataa a8 the inxmﬁing arganisma muiﬁiyly, 3
it aanuat be mmutrmlixe& by aepum tharapy. ?h& ﬁaily
’aﬁminiatv&timm of amwunn amrum.waa in Quanbity suffiaianﬁiﬁo
protect againat an 1unau1um of 5 x 108 Jag aalla.l Thia i
inoaulum can be caatr&lla& by 88 liﬁtle as 0,01 =l of immuna .
‘sarum. Iﬁ this experiment, 3 &chu celis were eble. te baaem@
eababliahed in the hﬂat in tha presence of quanﬁitiaa of 3
dmpune serum. Ic aawma r@amonable to aasuma that if a toxin
were pr&manﬁ. en entitoxin did not 1ntev£eve witﬂ mnltiplim

oatlion of the Schu cells, 4 similap aoadit&en has been
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vap@pﬁad by ﬁayar an ai {lﬁ) frmm ﬁh&iv wuwk on bha glaguﬁ':
baaillu&.‘ ?hﬁg faaaﬁ taa% highly yaﬁamh aaﬁiplagua rahbi&*
sarumuu&aa 1n the tvaatm@mt @f pnﬁum@nin ylagua, tenﬁaﬁ @a
1aualiae tna anfmahian inxe &b&@esnmlik@ arena but ﬂa%la&
ﬁa r@tara multipliaaﬁisn af the %aailli. an& avanku&l&y
faileé ta 9?@?@ﬁ% tha damagiﬁ@ effects Gf th@ toximaa An
axaab eem@ariaan of tha mﬁﬁh&ﬂiﬁm& invalvaﬁ ia ﬁwn 1mf@mtian$  
auah 8s ﬁmlarwmia nnﬂ plagua may n@ﬁ ba 3&@%1?&&&15 haaauae -
of. thﬂ gaumity af aur pr@a@nﬁ kn@wlaﬂg@ aaasavnin@;@ha%y |
antiganie aamplax ﬂf‘ﬁgggp tularwggg

, Eviﬁeaze aaaumnlaﬁa& in ﬁﬁia staéy painba towarﬁ
'ch@ ycasessiﬂn ar &B 1@&&& twm aatigaaa 1m the atrains af |
Eaahg u;ar@gaa. Thia avidanae ia d@r&vaﬂ maznly ﬂram a
/emmgariscn of the atraing @aa@naimg a low Lﬁga titar and ;
tha ability ta kikl the ezgavimanﬁal haat quiekly wlﬁh tna
~eontvas$ing atraina. & alaaraw 1ntarprataﬁzan or ﬁha r@aulta
15 obtainad/hy ruyreaan@ing,am anﬁigenia aomglaa 1nvm&vimg |
'two faaeara.~ If the agmhol e is used to aignify 8 .
mnltipliaaﬁiaa faatar. and “T“ 8 tuxtn faaﬁov, %haa the 1ow~".
Mvivulaat but qaiuk kalliug atraiaa, auah.aa bha aehad atrmxn,‘
wauld ba design&tad a8 ”m@. Thla aymbal would imyly a majur*
eaxin anbigan amﬁ & minor m@ltipl&cet&un matigen. ﬁ&m&l&rly,v’
the eﬁraiﬁa of mad@rata vivulaﬁne amd qa&ak kill&ng tima.
such as t%@ Jap atr&ia, waald be dasign&ta& a8 “%T,‘, Tals
strain has ba;n,baa ability ta multiply quiukly and to kill
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quisxly., Gn tﬁe char haad, tna ahu ﬂtrain wawlﬁ b@ B
ﬁasignaﬁa& as “%@,“ baaausa af its wagiﬂ mnlhiy&icatian
ana ralativaly slow aillﬁng txma¢

The "V anﬁibady apyaarﬁ to be @ stable subatanee
waiah 1s n@t daatravad by neating to 65° G, freszing snd
‘thawing, sﬁamaga at room temperaturs oy at 4% ¢ fav~aavarm1‘
months, It may ba‘pr@anaad by the “T" anﬁigeu.which has
be@n boiieﬂ,‘phaﬁaliaed‘br rarmalihiaed¢  It is éntiganﬂe in
tha mauaa, rat, rabbih. guinaa pizg op humun. Tha antibedy
13 d@manatraala by passiva immunizabian againat the sﬂv&iaa
Whiahfpeaaﬁaﬂ tba aoxia factor, The an%ibcay apgeavs to be
one parn af %aa enhiva ﬁaf@naa*

?h@ “%“ anﬁigen is naaassarily active only in the  ,
vi&ble tularanae a&ll. The introduction of thia antigan ’
apyeara to ba aaﬂanﬁial for the graﬁueﬁion af the immuna;'
'abate in ths hnst. Sinoe it is eﬁaanxial ta have mult1~ |
‘yliaatian pocur within the host ian crdar to pruduae the
r@fraatary astate, it ia avident that scma altaration 1n the
hoat occurs. This alneraﬁiam 13 not transfar&bla, or, at
‘Iaaat. ean nob ba danouatvat@& bg passiv@ prm%eetinn with
aplean extraata. It 1s ﬂamanaﬁvabl@ by ahallange for a@tiva
1mmunity‘ A stwain, aumh a8 the Jap strain, which poaaasaas
both the "M" and "7 factors shoula pvoduaa in the hﬂgh,
both actiiakimmunity ané serum capable of‘gasaively protect~

iag & normal MOUSO. Such 1s the case. After treatment with
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hest, phanux, or $¢rmg2iﬁ, ‘the daaﬁ Jag awgaaiam has 1@&@‘[ -
'th@ “%” gnti@an and amunak ywmﬂua@ aativ& &mﬁunity ia tha‘ l
hegai ﬂewaver; ﬁh@ trmata& ap?aniwm atill ratains the “@“
amtigwn and oan praduaa a.wwvﬁaativa anﬁi&ady in tha hnat,:
cﬁaia §?ﬁﬁeaﬁian is &am@ﬂahr&b&a againat ﬁh& atr&in& &f
r"ggﬁ, tulmgams whimh »aly pm&m&yﬂly uyan @heir t@xﬁa
kpvapartian ﬁu maka tha pﬁﬁhway ﬁawfmuztigli@atian. invaaiaa,
&ﬂﬁ daath‘ whm ﬁanu ahr&im appesrs to ruly aolaiy an ins
multiplinat&an faaﬁmr anﬁ the gourse Qf 1&f@9t&an ia litﬁla :
influanead by an antiutaaba protaaeiva serum‘ A8 aeen in
Table 11, & cmnomga of 1000 LDgy of the mgmg wmwm "
3shu atraia dié nat iﬂﬁwah misa imﬁﬁniaaﬁ %iﬁh tk& ﬁﬁ atﬁﬁlﬂw
‘Qn ﬁhs aaatr&ry, a @hallamga of 3% 5950 of tha Hﬁ atvain !
‘knmd 57 por cent 01’ the mice immmm wmh fw. ag ;m- amt' |
af bh& miea 1mmunlna& w&th ax, and &Q gav cant o“ ﬂhe miee
immunzzed witn tha Biah atrain‘ &1& af thaaa m@aa muccumbad
ia 19&8 than 44 haava¢ Th@ RX anﬁ aiah atra&na Wava aaleot&d
rar immuni&ation baeaua@ it 13 b@l&@vsﬁ thaﬁ thesa atrains |
_posaeaa litﬁla or nama af thﬁ toxia faaﬁar. Tha ﬁﬁ atrain
Eia believeﬁ to possess 8 graat abundanaa of nha “?“ fnetar
Xt ia @vi&ant frmm tha ﬁaha bhmt th& ﬁﬂ abrain 1s ath@maly
ﬁoxia an& aapahla af v111ing balf uf tha mice &mmunized k
w&ﬁh tha h@mml@gaus ahrmin.v

1 rﬁuon%ed 1n,¥ablws 1? and 2&, th@ anﬁig@n whiah

pradueea the prakaehiva aubauaﬂea 13 pra&anﬁ &n 11v1ng or



rdea& eelia. Tha imgaatiaa mf h&at*killaﬁ aalla or ph@nawié'
1iged aalia aan prménae aﬂ a&ﬁihﬁﬂy wniah will gasaiV$1y
pr@taat 8 uarmal nousey ﬁg&inat thﬂ 1@@« an& mudarﬁtaly« "»
«virulanﬁ atraias. ﬁawavar, the mﬁuse waiah yraduaea khis .
pwa%aetiva an%ibmﬁy ia nob rafrﬁatamy to a ah&lkanga @f uha
;ﬂehu auraia; Xt &s %rna kﬁat daabh &s ﬁralnngea by ﬁh@
alignt pr@taetiom affarﬁad by zha ana xnjaaﬁamm af Z? j’
.“?ﬁ@&in&g , ﬁu&. by the 1n§ea%ian of aa 11%31@ as 200
-viable Jay oolls as an 1azﬂia1 daaa th& mouse is able ta
overcome 1@9 Lﬁgg af the Eahu straln (3). %1th¢ut this
immunisimg daa@, tba mauaa xs suaaapﬁ&hl& to 1 3ohu organ&am~~
From previous work in this laboratory, 1t is known t;hat% a1
-atraiﬁa ar._ggg.

tulapa: gg multiply in tm& whita mauaa (3}.
~The 1mmuna a&ata 15 &arﬁva& fram mama p?@ﬁﬂﬁﬁ invclvad
&uring mﬂltiplicanian of tﬁa ealls withia tha huab, ?ﬁoaiaea
graparaa from/eulﬂuraa grown in tha living cells of ambmw*f o
enataé egga coufer na hatter yrataatimn %han vaueinaa a,f:z*szv«-'k’1
pawm& frnm artiriaiam m@&i& (1&).  Raturn&ng ta the ronmav .
zhypnhha&ia, th@ A anﬁigan yraduaas the 1mmuna atava ia tha:
host by some biasn& alteratian ﬁh&@h ia not nranafarabla.« n
The 1daa ot a tiaﬁue ehanga 1a nmt a naw aupga&iﬁian., ﬁuboa
(1?) has statad, “In adﬁinian to tha antibadiee whieb hava

baen raamgnﬁaaa by in vitro raaabiaa, thava may be athers

wnaan have r@ma&ned undetested bﬂaauae thev Qan op@rata anky\f
in the 1nt@vnal anvivanmant of the hoﬁt. ar baaauaa thay

require the yarticigatinm of @ame unknawn tiasue campaaanbsi



It 1g also poa&ibl& tﬁat r@ai&ﬁam@a ta imﬁaetiaﬂ is in a@m&,i‘f
cases the result of mﬁ&ifiaaaians of'tha %iaaaa aella and
ﬁh&ﬁ iﬁ 13@91?@3 ahang@ﬁ in pﬁymaahilityy alﬁﬁvaﬁ aasgm&
‘pra&a&ﬁi&n, anﬁ atﬁa#*maﬁ&?ieatianﬁ af m@aabaliﬁm., Thﬂ ;
aag&tiv& rwaultﬁ with axﬁr@aﬁa of spleen obtalned fvam.miua*"
,1mmumizaa mith viabl& eslla and with phanwliz@d aal&a
(Tabza EE) mi@hﬂ inﬁimata ‘that pvataa%ian 18 nm% &ariwaﬂ
frnm ‘8 vit&i pvapavty af the caila nvanafavrad, $uﬁh aa au S
 ﬁnt1ba&y. e @ay'amﬁ ﬂl&rka {13) hava ahawn, it ney ba due
to. aoma sﬁimulatiou t@ t&aa&a change guch a8 n.aallular
’mmuilizatimn@ It 1a knawn, iu ﬁﬁa ﬁ&ﬁ@ of the anﬁhram
kbaeilzua, ﬁhat tha 1&&&?&&%&@& af the gwmwsng mrgan&sms ana kn

the hnat f&u&ﬁa @aﬁaaa the. praémahion af & prmtaetiva“

‘amﬁlgam {h}. Thia antﬁgan g&v&a risﬁ to an aativa 1mmuaityﬁj7

fwhieh cannot: b@ ﬁ&aaivalw ﬁransfarrad. This is eiba& as
'annthev axampla of tlsgua altamaﬁian praéuaeﬁaby 1mfaahzan
iwith ¥ haaﬁeri&l agant. ?haﬂ 3 similar ahanga aaaura 1u
»-tiaamaa 1nwadad by multiylyin@,@ggm. hulg ﬂﬁ@ aannat ba

ataﬁaﬁ s&nﬂa iﬁ ‘has uah y&t bean éawauahraﬁaﬁ. The av&éanaa 

'khat aalia immunity 18 aanf@rrﬁﬂ ugan thﬁ host aftar

finfoaﬁian, pa&nﬁa t@waw& this paaaikil&ty.v j"'f*"f9; |
| ﬁy tma usa af aﬂaargt&on,ﬁaats &t waa fbunﬂ %nat
‘viabla or kill&ﬂ eal&a ar the hmmglagoua or hmteralwgoua -
‘atvain wexu avla to adaar% t&a pr@ﬁmetive antibedy fwom o
 immnna seTum (Tables 12. 13, l&).‘ whasa results znﬁiaate o

that a ecmﬂnn antizen 1a.inv01ved in tha prmﬁuatian 0r,



8.

protective serum, Tho fact that tha avivulaat atrain.jﬁ |
fwaa able ta adsorb %h@ yaohea%&ve auﬁsﬁa&aa, althmugﬁ hh&a .
atraim-aanmﬁa preﬂuaa a &linia&l inraa%ian im the mnuaa “
im&ia&%&a that the antibudy is only a parb a? tha eomplata

{inmunity meehsnism in thia diaaas&., It hos been shewn ”1 
that vacuine& prapar&d fﬂam tha mchu atwmin;a# tha 3& strain,
are aquaily effootive in the whit@ vat (16). This &ndiaatas' 
wzha'h 2 suah aﬁrainﬁ which differ w&d&ly in vzrulanaa, raea |
of gruwﬁh, abuaﬁanaa of growth, aad. iikal?, atmar |
physi@lagimal pragavﬁias, aa&ta&n & common &atigan.‘ Xt
‘&aaa ned in&iaata, hmwavav, that the vaccines uanta&ned ﬁha -
full camglamant of anﬁige& aaseaaary to grm&uaa a aalié
&mmun&tyQ, Iﬁ soems, ra%her. that ‘hoth va&aim@s &nﬁ tha  ‘
prmtaetivm submkauee are d@&ling with anly ane part af the‘
en&ira ﬂ@fenﬁa maahanism.

B 'The vesults obtained from the exparimants on
ﬁp@aim& apeairiaity zhawaﬂ tnut ﬁhe mnuaa can he ﬁqually
well prateetedkbg 1mmune asra prcauaeﬁ 1a the r@h, r@hbit,[_f
‘guinaa piz, man or mﬁuse trabla 16).' Tha amtigen which is
'rasyanaibla far ﬁha pruduaﬁaoﬁ of thi& @vataativa autibnﬁy
‘appaara, thavafova, to ahaw n@ hnaﬁ 1mmun¢gamza ap@aifiaity‘
Because & significant difference ax;acad‘in bha‘immuaosaniq
activity of several sttaina’af‘av;rulaat 91&5&¢‘%&3£11£'£br’ ik
thb*mu#aefana fbrfﬁhe:guinaa’giggiﬁéyar;,éﬁ #l‘(13)‘é§é@ load
to thQ'digéo#sry ¢£ bka/¢gmg1ax an$1géni6 makamﬁplér”ﬁbét:4



- 6pganiam. ‘8iaco no sueh host immunmgaﬂie apﬁalfiaitg is
:’aynaraan far the pwodaatian.af & yra%amtivﬂ amtibaéy againsb B
Eact. ularaﬂa s 1% amaa nat pr@mluﬁa the pasaﬁﬁility %h&h
ausigauia diffar@unaa batwoen strelng axia$s¢ Xﬁ ap@aama,
raahar, thaﬁ the aﬂxigaa\waaggnﬁible far %ma g?ﬂtﬂoﬁiva
amxxbaﬁy is @aaaﬁaaa& by aav&ral atrﬁiﬁs ia aammmn amd is
/aqaally active imaunozenically in tho variaus apeaiaa studled.
Exa@tly whaﬁ patnway tha 1mmaniuy mgmhaniwma follow
ina tularemic: infection is ot elaar, “That tha 1mmuna
‘aevum acta aolaly as an stanin, is n@t %rue in tha ﬁaﬁa of
'_tularamia~; The evidence praaanhea in Table 21 shows clearly
ﬁhat tna rmutm of znaaulation cf gerum aa& organiawa daaa :
'fnet alt&v ﬁha protestlon afforded hy tha immana aerum.f When
the lmmune aarum was 1ntradaaa& aaparat&ly ana diseant fram
| the nite . 9? the 1naau1a$&an of the argan&ama, ﬁh@r& waa libtla
ghance: for the praaaaa ‘of sensitization of the orgaaisma
.laading»ta 1mmadiat& phagnﬁyﬁ&aia.» &ny attempts to agmonﬁ‘
~ strate &n in g;ggg ba@tap&@ﬁtatia or lytic effeot of 1mmuna 3
Taernm on the cells hava pruvwd fuﬁile 80 for in tnia
:labavatary,l Ag y@ﬁ, there haes been no abanga obaanve&
~in the oxygen uphaks uf raayiring Bact. gu;&rngsg cells 1n
the preaan&a of immune serum hy manometri& teahn&quaa.j Iﬁ is

pgssihlg that nanmrol of taxiaity and an unxnawn tissue

1 Personsl communication.
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; ?@$pﬂn5ﬁ are bhe majar &afsnaa m@nh&niamg againat 8 ﬁular%mic o
imfaat1$n¢
»Xt“ﬁéams;p@aéiﬁlé:ﬁﬁ dif?arwnﬁiabakbéﬁﬁeéﬁ'&@ﬁginé7

‘of ‘Bact. tularense by ,mmmmm in the mouss, ma from
tha~w@&u1ﬁa af the mﬁuaa‘yvét&aﬁimu ﬁeﬁt; it ﬁaa baan‘ahaam

. hhat immunﬁ aarum does n@ﬁ pr@tact ag&inab ahallaﬁga &a&a&

~of the Schu, Bish or BRI avrains" xmmuna sérum prateats well
  ;&$&1&&% the 3&% and ﬁuss ﬁ%rﬁiﬂﬁ anﬁ aamplately ag&iaat suoh ‘
T{ahr&in& aa &ahaé anﬂ ED. The a%raina Sohu, ﬁiah an& Rz,

 when camyaraﬁ by lsthal dwaaa, kill the infeaﬁed hﬂ$t

r&lativaly slmwly.‘ The ram&inimg aﬁraiaafnik$a yredume S
dsath rapidlyg It was seen in Table 9 that h.milzica Lﬁgg
of the %ahu.aﬁraiakkillaﬁ 10 nmymal mige. 1n &n average of l.?i.
deys. Tais dose eantainaa;gahS x 108 cells, It was also
seen that 10 Ldgg o£ tnakSaha&'ﬁtraiu”Qaﬁﬁaiﬁiﬁg §k.i 1@6]"
gells killed 7 out of 1@1ﬁorméi ﬁica*iﬁ=&a avaraga”cf 1”O"daya
The challenge éaaa of the Bchad strain aanﬁainad anly 20 B
timen ds many ¢ells as the Schu challenge ﬁut uaa,aaa 1@3&
LDgge. ﬁavarthmlaaa. the Schad strain killaa the nbrﬂax

‘mlaé m@re auiakl;.' it is paaaibl@ that all atrains of,@gg,.
tulareonse paaaaaa & toxio faetar wainh baaamms avidant when
adminiaterad &n,w$aaiva nuabers of ealla. The &iffarenca

in atvaina ﬁhem appears to be in the . quantity of the tox&a
fa&bov~preaanﬁ in the sell. The same 18 true of tha-multin-

pliaaﬁicn\faazap.f.Same'strains, paaseaaing & greater
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‘abun&ame :@ﬁ' t*ﬁ.& S‘mmm am aﬁla im m&mwm mm mp.%ﬁly
irx tha swmapfsmle &eat. ’i‘ha a&ftavéma in imumganieity
nx’ vgrim:s ﬁtmim ney &m %&m tza tha qmmtity of mis fmwxf :
‘pmamﬁ in i:ha aeu. g I'f; swma avmam ﬁh&tz tha var&mm =
stwma w Bmi:. tulamgsg awm in tim qumﬁity af "t:kwﬁa

»vwo i'mwm mmh gwam ma bmwiow af tm atmina m
t;ha mhite ,mmma.
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2.

;3f ,

7.

- tularsnse possess a tnxia fanscr a wall aa a mulﬁiplim

L,Qéaalﬁéianhf‘

z.,.

‘ﬂ$ mouse, yrm@eati@n taae waa pmas&nt@ﬁ wh&ah 1a reyeat~
fable, w&liabla. ana a u&af&l tmal for tﬁa atudy af
;1mmuna1mgica1 gwahlama in tularﬁmia.

 Evi&ﬁnaa cf a pv@%@ativa aub&taua& in immuna awrum

:against low- and moﬁavatamyuvirulmat atv&iﬁa of Baat«

tulaﬂansa waa praaantaﬁ*

@ha pr@%aetiva aubataaa@ ﬁygear& in immune aarum bafara S
a@glutinina, 9@%&&&&& lamgar than agglutinina, an& |

app@ar& ha‘ba aay&r&ta rwam agglﬂtinima.

The agglutiains gav& sn an&mnastia rasgaaas ea a "baaster
daaa” of Bacﬁ. tularense, but the yrotea%ive aﬁtzbo&y

i*raapsnﬁad slawly.

.;ﬁaa_zimg pr sppéarahﬁ§~af 1@mﬁaity @nﬁ~prq§e@§;va’a&tibvdy 

,wim;giﬁs. '
i?ha pwateatié& anﬁibady:1§ hﬂat'sﬁabla.>

‘Pranastinm dar&veﬁ fram 1mmaaﬁ sarum is one parc ef tha |

'aamplate &efanae maahaniam againaﬁ tularﬂmie inraetiana; o

Pvidanca pra&anﬁe& 1&&1@&%@5 thaﬁ ‘goma atvaina uf Bagt,

cation faator.
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~%he prateativa eapaﬂiﬁy gf &wmuna sarum im gﬁaaive

: ”‘immuniaanzaa mﬁy e ﬁu@ ﬁﬁrﬁ&ﬂﬁvwl af the tmxia f&&ﬁar

| V,Qw,passaﬁqaa by aama ahv&ia& af gakﬁ ﬁl&yﬂﬁﬁﬁa'-“

g '3?'9,1 -

REitE

| ?na yr@taative auﬁatanaa ia aéa@rbﬁd by ?i&blﬂ or.

g  f'ki11aﬁ &amnlagaag uv haﬁaﬁmlwgaus aﬁraina af gg

. mﬂm@g | |
;?aasive immun&zaﬁian of ‘the white mauaa was aaaampliaha
| by sera nf other sp@azas of aﬁ&m&lﬁ¢ S
JTha gwoﬁaativa amtihadv~waa pra&uaaa hy viable mv

12,

kil&@d avgamxsma, by aamaiﬁizad orgaaiama, ar by Lha

w’fav:lmlmt ﬂtraia inﬁﬁg~¢ “ggggggag.,

3.

}Wha~m&n1ma1 &m@uﬁﬁ“af‘anti@an aaﬁ@nﬁi&l~f@# production
of the protective sntibody colncides with the minimal

L immuaageﬁié iaeéumﬁma"

BTN

?ha minimul amaun% af aaw&m eapahla of yrntaetxan againsﬁ»»

"f::a atandarﬁ iaaeulum af arganiam& was dmh@wminaa.;;

15,

*[&Itaratian in bha rautaa of 1nosﬁ1atian did nat arfeoc

N proteetion.~.

T16;4

lﬁpléﬂnkaxtraaﬁé"dﬁ ﬂéﬁ aanfér,paﬁaivaAimmuaihy.

7.

?he rola mr toxia &nﬁ multiplioaxznn fmehars 1n vivulanaa\

:f,of aaat. tularense was disaasaaﬁ. e
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