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INTRODUCTION 

It has been the primary purpose of this investigation to de-

ter.mine 'Whetherarija.ntigenicdifterenoes exist among, various strains of 

aaeter:i:um tulta'ense and to evaluate· the ability- ot these stra.in.s to elicit 

an :umnunological response in 'White mice., . Except for a comparison of tour 

a.trains by reciprocal agglutinin absorption tests performed by Francis 

and Evans (l) the literatur(;) does not report any attempt to di££erentia:be 

strains or Bacterium tularense by serological or immunological· methods. 

Foshay (2) and Downs (3) in unpublished experiments could not 

demonstrate antig$nic differences in·several strains 0£ this organism 

using serological methods. Antigenic homogeneity in any group of 

organisms is the exception rather than the rule and since the strains or 
Bacterium tul.a.rense differ in virulence thiS raises the question 0£ the 

relation of , virulence to antigenic structure and 'Whether the usual sero-

logical tests are adequate to measurer antigenic difi'erenees in this 

organism. 

The host response to killedBacterit1m t\l.larense vaccines varies 

with the species 0£ animal involved. These vaccines elicit good :bnrnttni ty 

in humans and :in ra~, and it is possible to produce high agglutinin 

titers in rabbits although these animals show little :tmnrunity. to tul.a.rem:t.a 

following vaccination.. Guinea pigs and mice, on the other hand, do not 

develop significant agglutinin titers, or any appreciable immunity- as a 

result of vaccination. It may be possible to explain this variation by 

assuming that the methods employed in the preparation of the vaccines 

may destroy all.; or nearly all of the immunizing antigen to which the 

mice, guinea pigs, and rabbits would otherwise react. Rats and humans 

may either respond to small amounts or the immunizing fraction or develop 



innnuni ty through the :1nnuence of the denatured antigen. It is also 

possible that they are immunized by certain cellular constituents to 

which the other animals do not respond. 

The immunogenic properties of ld.lled Bacterium tularense vaccines 

have been demonstrated in man by Foshay {4) and Kaclull etaal~ (5) but 
\• 

these vaccines do not produce as solid :immunity as that observed following 
I ,· 
' :. 

infection with this organism. Killed vaccines protect rats against as 
1 i 

much as 1,~,000 LD~0 0£ fully virulent B~cterium tularense, Downs et 
' ' 

al· (6). Immunogenicldifferences have not ~een shown to exist between 
,I 
l 

strains and it must be assumed that most of the strains are sufficiently 

simiJar to protect against subsequent infection, Foshay (4). 

On the other hand., it has been demonstrated that 'White mica are 

highly susceptible to tularemia and are pro~cted only to a slight de-

gree by the injection of killed vaccines . made from a virulent stra:ln of 

Bacterium tularense, Coriell et al (7). Because of this susceptibility 

the mouse is a delicate test animal for determining the virulence of the 

strains of Bacterium tularense and should also be a satisfactory animal 

on which to test the potency of vaccines. It was felt that the ~tudy of 

strains of low virulence wuld provide an opporttmity to observe the 

irmnunologic response of white mica to inoculation of sublethal cpnden-

trations of living organisms of various strains of Bacterium tularense. 

By this means it might be possible to detect antigenic and immunogenic 

dif £erencas as indicated by the ability of these strains to innnunize the 

mice. 

· A study was also made of the behavior of the living organisms 

or these strains in mice during the course of infection· since it "Was 

thought that the rate and extent 0£ multiplication might be an important 
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consideration in determining the degree of immunity produced. The fact 

that the different cultures vary widely in virulence strongly suggests 

. some fundamental difference in the metabolic activity of each strain in 

relation to the specific host, in this case the white mouse. 

A revielt of streptomycin studies with Bacterium tularense per-

formed by Chapman et al (8) indicated that an extension or that work was 

necessary in order to elucidate the host-parasite relationship that exists 

between mice and highly virulent Bacterium tularense during and following 

· otrepto:rrycin t.lierapy. Accordingly, investigation -was directed toward the 

.determination of the immunogenic properties or these strains., as well as 

their inrectivity for untreated mice and for mice subjected to strepto-

mycin treatment following infection. 

In addition., an attempt was made to prepare potent killed vac-

cines from both highly virulent cultures and from strains of' lowered 

virulence. , The vaccines tested include phenolized, acetone extracted, 

sonicaP-;y extracted, streptomycin killed and soclium nuoride killed 

1
preparationst! Th~. production of immunizing antigen in an~l tissues 

was also investigated. 



Relatively few antigenic studies of Bacterium tularense _ .are 
reported in the literature, Francia and Evans (l) have demonstrated 

the close serological cross relJ:l.tionships existing between this organism . 

and those of the genus Brucella., and as previously mentioned, . have x,e.-

ported that no differences were observed among four strains ot Bacterium 

tularense as demonstrated by reciprocal Sgglutin:tn absorption tecbnica .• 

Bond and Downs (9) on the other hand ~h01ved that no serological :relation-

ship existed between Bacterium tularense and the .Pasteu:rella group, al- · 

·though thiS organism has been classified as a member ot the genus Pasteur ... 

ella on the basis of' the clinical Sj11npt01ns and histopha.thological lesions - . ' . . .. - . . 

it evokes in infected rodents. 

Differentiation or Bacterium. tularense by means of cultural 

chara.cteristics has been shown- to be impracticable. by- Francis (10) .·and 

Doms and Bond (ll) • They repo:i-t that nearly all strains ferment most 

of the usual sugars• Othax- cultural cha.raeteris tics such as y pro• 

duction in media containing pepto.ne and blood or . serum, or in media eon .. 

taining cystine do not serve as a satis:f.'aetorybasis for olassUica.tionj 

Downs and Bond (11) • . 

other di££erencea such as that of lowered virulence have been 

obse~d in freshly isolated strains ot· BacteriUII1 tulal1ense. Green (12) 

has isolated strains or low.virulence from ruffed grouse., -•'·-These cultures 

produced infections in guinea pigs .which caused death a:rter an average 

duration of 1.5 days, in contrast to the usual average of6 days When the 

guinea · pigs 'Were infected with highly virulent strains isolated trom 

rabbi ts. Also, Davis et al (13) have f otmd -strains of Bacterium tularense 

of low· virulence in the Rocky Mountain wood tick (Derma.cantor andersoni). 



The cultures were observed to have a lowered virulence £or rabbits and 

guinea pigs. 

Experimentally induced avirul.ence·has been reported by Foshay 

(14) 'Viho refrigerated for ten ll88ks subcultures of t\10 virulent strains 

g:rOffll· on coago.lated egg yolk medium •. He was then ab1e to demonstrate 

the..t these cu1tur~s were almost completely avirulent for guinea pigs and 

white mice. 

Much t,£ the above·work ha.s la.id a foundation tor the investigation 

of the·host•para.site relationships that eXist bet'ween Bacterium tularense 

and the class ·Uannne.1ia. The incidence of.tularemia among humans is rela-

tively high in certain areas ot the United States, and it is even higher 

in the rabbit and hare populations and :1n many other rodents, Jellison 

and Parker (1S). Consequently it has been 0£ interest to determine the 

relationships existing between Bacterium tularense and various labora:t,ory 

animals. 

Lillie and Francia (16) f'oun.d that, white rats were less sus-

ceptible to tularemia than were rabbits. In addition, Downs (17) and 

Lillie and Francis (16) showed that rabbits could not be immunized with • 
killed or a1tenua.ted vaccines o.t Bacterium tularense. Yore recently 

Downs et al'l18) have made a study or the comparative susceptibility of 

laboratory animals. They observed a wide range of susceptibility to 

tularemia. in the specie~ tested. Rabbits, mice, guinea pigs, hamsters 

and cotton rats rarely recovered from an infective dose. The number 0£ · 

virulent organisms constituting an infective dose varied according to 

species.· The mouse apparently succumbed to infection with one organism. 

The white rat was found to be susceptible to infection but recovered more 

often than did the previously merr:tt.oned animals. Monkeys were easil;v 



~-

infected but- sholled a. high percentage of .reeovery. Chicks -and dogs 

appeared to be the least susceptibla of the alllJllals that were tet1ted. .. 

Almost simultaneously !arson · (19) and »owns et al (6) determined 

that mite rats were easily imnrunized-dth 1dlled cul.ture vaccines ot highly 

virulent Bacterium. tv.la.rense, and turther .observed that the resistance <:>t 

normalr;:;.ts to infection with this·orgatt:tsm close:ty:pa.ralleled thaiiot 

huma.ns,,1, :These finding$ :indicated. tha:t: the vihite .rat might be qu:tte 

sa.tisf'aetory ~for conducting extensive· ittvastigations .<,f -- the host-.paras:tte 

relationship s:tnee it was now possible to.follow the courae or infection 

in large numbers of normal. and immune an:bnaia • In direct contrast to 
these tit1dings Coriell et al (7) sho,1ed that Qnly-. a slight degree of 

imm:uni ty v,as. elioi tad in whita mice immunized. · W1 th ld.Ued vaccines of 

highly virulent Bacteri.um tularense It is of eonsidt:lrablt, interest to 

note that Ja.11etz. and Meye~ (20) cou+d inmnlnize mice 11.gainst plague with 

killed va.eoines of Pasteurella ~stis wh.iJ.e. guinea. pige were not itmnunited 
' 

by this .method. on the other hand, i .. sman nllmbar ot living a.virulent 

Pasteurella 11estis organisms el1citedgood:bmnunologica.1response in guinee. 
pigs. 

Ex-bending the original investigations carried out vr.tth wb.1 te rats 

Downs et al (21) _were able to. follow the •oourse .. or infection· in these 

animals subsequent .. to intradermal and itrtraibdominal inocula:tion of 

Bacteritnn tularense. It appeared that· the .general· pathway of inVasion in 

normal animals was through the· regional and tnesenteric lymph nodes into · 

the . blood. stream, .the organisms quieley becoming localized in two major 

foci., .the spleen and liver• Studies of infection in immunized rats or , 

rats recovered from infection shOlied that after an initial spread to the 

above matnioned tissues multiplication was bro~ght to a halt and the rats 



',i,.7.;; 
, ..... _:.-,_ 

,~re'-:abl.e to rid theril$eives ; ot · the ;:invading organisms quite efficiently• 

- The -orga..'lisms epread through the :body 'With much -greater rapidity 'in .nonnal 

than in resi.stant ,tats.. They also demonstrated that strains of lowered 
v:truienee. ,iriva.dad the rat·~)by the sarn.e .. pathlltlys as did virulent . strains : 

. " ' ''' \ ~-: 

but their. :r~ta_ 'i>t spread 'th,;ough the animal was ' greatly reduced ' as com~ 

pared .to-the :highzy- :Vfrulent 'Strain${. Working wi~ ._Pasteurella_•_~st:ts 
Jawetz ·- a..,id Meyer ·· _ (22) report· Jlmost -- Eixactly -the same sequence r.,f )Jnn.pha.tic 

and hema.t()ge11ic invasion of' the v:truient, organisms in guinea. pigs and . ratii. 
t 

They also obs~l!?~d that·-invasion ·by a~ulent strains follows -_ the -·same . . · .. :,;r ;: :... . -, -_~: . . 
i~Ji: . ' 

pat~~., but at a. ~lm1er_ rate than tl~at Of ;the virul.ent ·strains. _ 
Buchele and Ilo,,ns . (23) · determined the agglutinin' titers · in white 

,I·:. - - l 

~ats folJ.61.nna iL.feetion with livin(sBaeterium tularense and after im-

munization ,rl~11 .ldlle,d . o~t~e _vacr;,inee~ :' 'lbey ·found that the , rise in . 

agglutinin titer ·oJ.osely l)aralJ.e+s _·the __ de11e:topm~nt or -immunity to-tularemia. 
The :·agglutin:tn -titer reached ·a.peak .betweian 7 a.net 14 days ·follottlng vac- _. --
c:1nat1on tµ1d receded gradually · ·until 99 · da.1s, tollowing -vaccination the 

titers ~ a~raged 1,20·.. Immunity -to · challenge doses or virulent orgattlsms • 

persisted £or js long as 99 days in vaccinated, and ll4 days. in r~covered 

rats. They also were able to demonst±ata:''that norm.al rats, ·va.~cins.ted rats, 
and · ra~ recovered £rom· irti'ection · harbore~ the organisms .. from 33 to 46-
days after :tnfec~on-. :tt· :1.i,, thoughtby ,~6me investigators that :immunity 

. to tularemia• :ts dependent· upc,ri the continued presence or villble organ:tsms 

in the.~J. body. Fosha1 {24) has •isolated Bacterium tula.rense from the ...... :_·':?···~ .... ,;:-·•,•,, ' . ·. ' ' ' . . ,' ' ' " . . . ' " ' ' , 

·bursal ·nuid of h~ ·as··lon$_a$ i'i'Ve ·months foUcndng :infection., cor-

responding t¢ three montha-atter cessation 0£ all disability duo to the 

Both Downs (25) and Foshay et al (26) have emphasized the value 



ot vaccinating laboratory personnel engaged in tularemia. research. It 

has been·their·experiance that vaccination provides .a fair degree of pro-
tection againsti,iuJ.aremia. Those VlOrkE.lrs who bee;~· infected suffer 

·h\\~:>:·. . . . ·_'. -_-- - -_- ,: . - . '/\\:'·'·-,: 

relatively milder infections tbart , do ttnimtny.nized individual$• Ka.dull et . 
al.($) subs~tiate this view;r,oint .. 

.. .-.·._ . ' .. ,, ... ., ... _, ' 

Observing that heat killed a.nd,fonnalizedBacteriumtularanse 

vaccinesc~~:µ.sad severe·l.Qeal and systend.o reactions ·upon initial injection 
'' :"'::,:!~f)~/ ' ' ' ,, 

into apparently n~rmal in~:1.vidua~, !~s~~'( ti:L .(~?) _,P,ropated vaccines 

oxidized by the· action ot acetic a.<ti.d :l.n a sodiUJll nitrate solution in ·which 

the orga.niemo .v,are suspended,, 1'hey ·reported that antigenicity was :not 

imps.ired while the toxicity of the vaccine was greatly- redueed. Other 
refinements were made in preparing vaccines tor U$e at Camp Detrick during 

the war. The human vaccine now in use on this project and at Camp Detrick 

was prepared by Foshay and is on~ that retains good immunizing qualities 

while the factors causing undesirable local and systemic reactions have 

been alintj.nated to a large• degree. 

Other vaccines for the immunization of l.abora.tocy animals ha.ve 

been prepared by DQvms et al (6) and Coriell et al (7). These include 

acetone extracted vaccines, phenoliied, ·u1traviolet irradiated and chlorc,.. 

form killed preparations from· broth culture, Emd embryonated eggs. As 
I 

previous~ noted' (6,, 19) the 'Whitct rat gives good immunological response 

to all of the vaccines, while white mice a.re immimized only to a. vefy 

slight degree. In this ~egard mention should be made of Ja.weta and ?layer's 

theory(20) that the antigenic constituent present in living avirttlent 

Pasteurella,2?!:stis responsible for immuniting guinea pigs may be destroyed 

by ld.lling the organisms. ln this case mice C:Jither do not require ·this 

constituent or respond satisfactorily to· extremely small amounts of the 



t1ntigen -~at··persist ·· 1t1 ··t11e ·kined··va.cc:i.rte~.: 
Elbert (27) and Elbert and ~isld.i {28) report the successful 

immun:t~ation of guinea pi.gs and rabbits using cultures of lowered viru.-. 
' . ' . . ' . . • t' ;, . • • • • • • ' •• '. • . ' • • • • • ' ' ' 

lance, 'fhey ,do not giva the :D?,o _0£;. the ~t,r~i:11 1J$eti. nor do .'.tlley s~te 
'What str:-ain was used £or .challenge+ 'The:y sui.te that· the · use -of • dead ; ··_ . . ·- . . •' . · ,_ : -. . ''· . . 

vaccines was not · auccessfu1. . They a:Ufo report on the use 0£ . ~ivirtg strains 
of lowered. Virulence as .·ti.. s~cesstul . means of :inwuniiing man • 

. . 

:tnvestiga.tions. by .•~romartie <et.-al. .. (29) have demonstrated that 
', . . ' ' ' . ·:· ; ·, .: , . 

· Bacillus anthrac:i.s produces . an immunizing ,antigen in . the tiasues of 
' . -· ·. ' . . ' 

r.~l:>bits _'Whioh is .not de_mons.tr4ble 'When the organism is grOlltl in ordinafy 
' . 

cult~~me~•: Supplementing these .finclings _is the .~rk of Gladstone (30) 

'\Vho was abl~ to isolate this same corist:ttuent i'rom anthrax cultures con• 

ta~in.g p]Asma or serum, .' The· immunUing· substance ~s found to ba a 
polypeptide oft d.;..glutamio acid ~ic~ cons'M.tutes .· the : capsular material. 

surroundingthtl Bacillus anthraois c!l.1• It is tempting to visua.lize a 
paralleimechanism e~sting for .Bacterium tularense. 

Vlhile disc.us sing labile . ant:fgen.ic . ~9nstituents . it -~ . pertinent 

to mentionJma V'i. antigen of Salmon~~ _typbi described _by Felix (31) 'Who 
dem~nstrated its _presence by- _a.gglutiriin absorption tests, It appears to 
elicit good immunogenic response in ~wh,ite mice but ~, quite easily de• · 

• J • . . ' ·. . .• .··' , 

stroyed .by the usual methods for preparing vaccines. 
. . . 

:rr{ order to extra.ct th~ .Vi anti.gen from. Salmonella typhi Without 

. destroying . or denaturing it Chambers . and Flof:ldrot _(32 )_. described a method 

• ,. • of • sonic -disintegration. The organisms ware subjac~d to high frequency 

sound vm.v-es in a sonic oscillator £or 45 minutes. Centrifugation removed 
the bacterial debris _and the .resulting snpematant was .shown to contain 

antigen that precipitated .Vi antibody 1n·sera from which the II and o 



antigens ~d been. absorbed. · 
. . , . 

There sxe several reports intht1 .literattlre concerning the 

~atment of tularemia with .specific antiserum, .. Foshay (33) (34) pr8• 

senteci the :£:irst evidence that :serum •treahnentmightbe .e.trective in .treat-. 

· mg tularemia in man. He .prepared a. potent anti~tularense serum from goats 

and domonstrated.prompt·improvernentin 14 out .otlS tularemifl patients .. 

Treatment with ta.ntieerum. resul -ood in a ma.rlted shortening er the period 
,_· . . : ' 

Qf dis~bility and course of the diseise. : Francis · $.nd Felton (.35) reported 

that the treatment .of eeveral · severe . ·cases of tularenda 1d th co11va.1escsnt 

human serum proved to be of no value in relieving the .patienw• condition• 

. They also ,prepared anti.-tularen~e ser.unl from · horses, sheep and rabbits, 

· and could not demonstrate the presenc:e. or significant a.mounts · or protective 

antibody as measured in 'Whi.te rniee.- A de;finite increase i1'1 the survival 
\·g/, - . 

time o.t tulareniic mice -was obse~d as . cOlnpated · nth normal ·· controlS • 

.However, the actual ·S~"l$.l rate was· no better than tha.t or the control . 

. ·• animals. 

Th&diseovery of etreptoll\Yoin has 'pres$ntad the medical .sciences 

with another tool with which tO ·comba.t tularemia • . Foshay and Pa.aternaek 
. : . , . . 

. (36) and Foshay tn, 38) trellted several tularemia patients 'With· strepto-
- . . ' 

- . . . ' 

. tnyCin and found that the clinical symptoms of headache, chills and nattSea. 

.mre swildng~ relieved aa early as two days ·after streptomycin therapy 

was begun. They compared. this treatment with serum . therapy- and -were of 

the opinion t.l}at, it -was. tar superior to, and m,uld eventually replace, 

immune serum therapy~ Heilman (39) has sho,m that streptomycin has a 
i . 

potent protecti"va effect for white mice infected with tularemiavdi.en ad-
ministered in divided. doses totaling lOOO un~ts per day £or 10: days. Upon 

' ' 

. rein:fl~etion with 1000 lethal. doses of Bacterium tularense · the mice were 



shown to ha'tfe very slight ~unity since almost all died as a result or 
the 1ntection. 

Additional studies on streptomycin therapy in tularemia were 

made by Chapman et al (40., 41, lit) durlllg· the war.. There it was .shcmn 

that monkeys., rt!ts and mice were all protected against tularemia by 

streptomycin therapy if begun soon en0ttgb. following infection of the animals. 

Y:tea that survived infection 'With Bacterium. tularensa as a result 0£ 

streptomycin· treatment, were not, resistant to re-infection With these 

c>rganismsf «l'he miee were shown to harbor Bacterium tularense in the 

$pleen £ox- as long as $0 days unless·strep'bomycin treatment was continued 

10 to l4 da.ys., Extended treatment Wi.th streptomycin appeared to · reduce 

the carrier.rate significantly" 



The ·strains· or Ba9terl.um ~iil@r~e. stuclied were from various 
sources s.nd ot· ~g degrees or ·· Viru.J.ence. A mouse titration 'Was. made 

before use or the strainS · as immunit:1.ng age~ts. · 'rhe m50 was calculated 

by the Reed and Muench met.11.od (43). All culture, 17ere made on gluoose 

cysteine blood. agar _(GQBA) DO'Wns et al (44) except the:b Snyderts b:roth 

(45) andlfil1s• liquid rned:i:um (46) ~re.· employed in the preparation of 

the killed vacc:L1'18s·., '.rhe fo.llowing prowcOl was observed as standard 

procedure in .t\ll mouse titra.tions·i 

A 2lt hourr1slant eultilre of each of the strains -vras emulsified. 

in saline . . and adjusted to a tu:rbiditf pertnitting 24 per cent light trans-
mittance when tested in the Coleman No•- 11 Universal Spectrophotometer 

· at 'Wave length 600.. Ten-fold serial dilutions ,1ere made and plate counts 

and mouse titrations ,vere carried out'r Six tnice were used for each 

dilution tested. The mice -were observed for a period c,f 10 to 14 days~ 

The dead mice· ,vere autopsied and sple·ens and heart blood cultured to 

recover Bacterium tularense as confirmation of·infection. ·The range ot 
dilutions U$ed was determined by the results of previous ti trations or 
these cultures, All mice war~ .inoculated intra.abdominally. Virulence 

titratiol'.S llla.de immediately before t11.e·se present teats show slight var:t .. : 

ations jn· virulence from· tha titra:tions made: in 1944. With the exception 

of the strairi :~¢e" no significant changes had occtll'red. •The Ince strain 
' ' ' .:~ ,.. . . ·. ·,._· . ' ' '. _- _- . , , . ., _· -. . 

;~': ! 

when isolate. d in 1944 was f~ virulent and has sinqEi undergone .. ~a slight . ' . ' • . . . . 

progressive decrease in virulence. The. highly virulent. Sm a.train vms 

used to Challenge +.h~ vaccinated nd.ee in all ca~es except one in 'Which 

the Ili.ae1 .Groves ~d Cruse• stra.:lns were .used to . challenge a group of 

mice immunized with organisms 0£ the) Jap strain. The original sot~ce and 



mouse tJ>,,0 of the stra~s used in this investigation are given in 

table 1+ 

The· mice used. in these experi.tttents •re approximately 20 grams 

in weight and. were obtained f:rom the Maple Grove Rabbitry, Springfield., 
. . . . . ' . . ' ' . ', .. ' . ' .. ·. ,_ ; '·• . '"····' . ,· ..... _. , , · ' - ._, ---·~--•. •''·•-"" ,._, ,,_,. ••- --· ·,-' :''. , , .. ·, ,_ ; ._ ;"' -.-·. ; ,, " ' .. . ,-.~- .. · -- . 

Missouri~ G~EJa pigs of 4SO gramei•· in '18:i.ght were obtained from. T'umble• 
. , :_::·:: ;; ,· · : ~,:)tr. ,_·: · · _::· , ·. :._ · . . ; · , , . : , · . , ; 

brook Fai-m.s, :Mew·York. Tw'o-trundred ·gram hooded rats •re ·obta.it$c1 front 

Orant•s Pet .Shop, Iawrenee,·Ka.nsas~ 
mhe st:reptomycµi . used in thi~ work was Streptomycin sulfate 

' . 

manufactured· by Merck and Company, Rahvmy, · New. Jersey. 

lieoessary datails or technique• are given under the sew.-ate 

experiments. 



~osrapi;.~ ~<,Ur~•-~ --·~9'1Se tJJ20 ot 
$'tr4in1 or Bac~a1111i· :tularenat 

Geographic sourcf 
and .. ,ear of 

isolation 

- ' 

3a··. _ .. ,,., .. --· ··--·- .. ···•:-:Utilh , .. ....... ;··--~O-... , ..... :.:.(:\''•·:iB:uinan -~h .n~: .. . ___ __ ·: 'wt · 
<ldo.·· 1938 ·aumat1 ~ph .nod.t: 10~--. 

Oanf . 
26. •' 

t'ba:ra 
1la.% : 

Russ· 
J'ap 

.RX 

Sm 

cruse_ 
. Groves . 

194h
1 

'11tlih. .. 1921 
Japan 19.31 
Russia 1928 
Russia ~928 
Japan 1926 
Vir~ 1932 
~Sas 191'4 
Cil:to 1941 
i.tissouri 19h8 
Missouri 1948 

.-. Human lesion 

: · ~Ruman . blo9d 

' ttuman ·~ .n• 
· Ruman ·lymph ·nodt 

ttumsn 11mph nc,<ie 
·HUinall pus. 

i),;t.git$1 lesion 
· ·nmnan $•r 

10• ·_, .,· 
. 10•1.!0 . 

10•110 . 
10-4;7 · 
l.O~!Q 
10•3~8 
10-5.93 
10-..1ija 

10•9,5 
10--9.; · 
10·9•~ 



EXPERIMEMTAL 

The · first . experiments v1ere conducted in an attempt to . determine 

vlhether t..lie inoculation 0£ a. sub-lethal- concentration of living organiSrns 

from our stock strains of.Bacterium tularense would confer any immunity 

on white ·mice. 

Mouse immurii~ation studies with the 

Jap strain or Bacterium tularense 

A group or mice -were inoculated With living organisms of tz.11.e 

Jap strain of' Bacterium tu.larense. The dosage was o.S ml 0£ a 10-4 

dilution or a a~dard suspension or the organisms, Thia was calculated 

to be just.below the m~0 of ·this culture. Twenty-seven days follOldng 

inoculation the mice were challenged with the following concentrations· 

0£ the highly Virulent Sm strain. Twelve mice received approximate4' 

100 LD~o•' 6 mice received 10 m50, and 6 mice received one" w50• A 

summary of the :t-esults obtained is presented in table 2. 

Since the 24 mice cha:tlenged surviv~d and the normal mice all 
~\ 

died these results appeared to be o! significiance ldth regard to the 
'-: ) . 

immunogenio properties l 0£ the Jap stram, A~cordingly 1 attempts ware '; 1 - . . .. . , 
l . , . 1 

made to 1 .. epeat them in{order to d.emonstrat..e conclusively the .. immunogenio 
. t ; 

nature of' the Jap strain. In addition to the; immunization of mice with 
' . ; ' - ' 

a 10-4 dilution of the Jap organisms ·other fioups vmre immunized ,tlth Jap 

dilutions at 10-.!,, 'Which represented approximatezy 20,000 organisms per 

. mouse. It may be observed in table 3 that a high degre~ or immunity was 

elicited in ~e mice 'Which 'ffllS i~ependent 0£ the concentration of Jap 

organisms employed. Tbe mortality among the mice following immunization 

with 20.,000 Jap cells was nearly zero as compared with a 20 to 40 .per cent 

mortality among mice receiving 200,000 organisms (Jap 104 ). It is 



obvious that immunization with only 20,000 Jap cells elicited good 

:immunity vlhile assuring a high percentage of survi'vors and £or ~i.is 

reason may be preferable to the higher concentration for immunity 

studies. A total or 304 mice were vaccinated vr.tth the Jap organisms :in 

the experiments summarized in table 2 and .3 • Only 19 mice died as a 

· result of infection with Bacterium. tularense follovr.1.ng challenge 1tlth 

the high:cy- virulent Sm strain, givi.i."'lg a mortality or 6.5 per cent as 

compared with a mortality or 100 per cent .observed in the normal control 

mice. 

Since· vaccination with liVing Jap organisms protected white 

mice against the highly virulent Sm strain oi' Ba.cteriurii tularense !t ims 

or interest to determine 'Whether this imm.uni ty waa efi"eotjrve against other 

high:cy- v4-rulent strains • To determine thd.s, a group 0£ mice -ware inoo.u.:lited 
with approximatefy 2.8 x 1cfo Jap oi:_ga.IliSl!l$ and were challenged l4 ~···. 

later 1'dth J:O,opo tn50, 1,000 LDio' and 100 LD5o of 1;ha Cruse, O:rov1s . 
and 'Ince.• sti:~ins • Ten mice 'Were challe?ged • with 100 LDSO oi' the Gm ·_ . 

strain £or Jomparison. Four groups or six normal miee served .as controls 
\· , 

£or the £0~ challenge organisms. They- each received an infecting dose 

of 10 w,0., The results are ~~esented. _ in table 4. It may be observed 

that immunization with living Jap orf;-a.riif.!>'mS elicits a. high degree of 

immunity to·more than one fully virulent·strain of Bacterium_tularense. 

In their v;ork on the immunization of white mice Coriell et al ( 7) re-

ported that the £ow animals vdlich survived a challenge dose of Sm following 

immunization sho-wed little resistance to rechallenge with the virulent 

strain. To determine vm.ether mice immunized with llv:ing Jap were resistant 

to rechallenge with highly virulent Sm the follotr.lng experiment was per-

formed. Tvrenty-£ive mice were immuni.Zed ,vi:li..ri the Jap strain and challenged 



/ • C • • 

:aacterim tn1atense . s.tte:r·. :t.no~t&ition '\dth the_ Jap $train 

Nox-.mal 
.. • :lllic• . . 

Test ·dost<lf virulent QrganismS (Sm) 
...... 1.~~ ······· 10 ~o ···· _100 Wso 

O/J:J. . 

0/6 

Tabht1 e; .. . 
. :. :. ·;.·. ~s:tstance of mice :to challene! _with virulent . . 

jJacter:ium .tularense atwr .·. inocitla.t:ton: .w1 th the Ja.p . strain 

·-7ap 
~ap_: 
J, .·· ·, >' . . ~P .' 

. . . Jap · 

. ;tap 
;NOX'n18.l 
· mice:· 

.1.3 xti 
1.3 1~4 

).7 ·;t··.1<:f 
·2.0 X 1cf 

' .·. 4 ·, .·. 2.9. -~ .10 . . 
. I I . 

. . ' : . : . : . 

~s~::)tose· of -~nt 'organisw.,. (Sm) 

io tt>id -~ iri50 1000 XD50 . w,ooo :m~o 

1/m* 
0/10</; : ;o/lo 

,, ,, . . i0/7 . . 
0/10 .. ·. 0/10 

.• ._·., .:.·.·/1/SO _ 
• j • • • 

6/6 

2/lJJ "· 

3/10 ·· 
0/1.0 

. 0/10 

3/So .. 

1/10 
3/10 

3/10 
.. 1/10 

1/43 

* ·' '·•',•· ... .... . · .. · •. '' ' .... ... Dead' ' ' . u~ ~ty ~at~ , 11.'iiited 



-·tao~h.i•-
.bsisU\?lce ot mice '.td_·:·oht.\~S! ,rlth ,_tno~ethan __ On.$ 

. , ., , ; . ' . ' ) : -, , ,,-(·: , >. . : . ' ,. . ' ·.· , . .. . ,, 

.- , .:·., .. : -. - · ; a·-____ --__ 4: t. - X 10,_,-_, 
,·:· ' ;. - , __ --_, , --- · 

:tirulJJnt tttra~ .. <,t. Bacteri\lln tularena~ -

· _dter •-1noeuiat16n:flif# .:tti~ _,Ja2_·•~-.:ttt 

':·','i 
;\/ 
1t'o12l 
<, " .• . . .. 

., .. ,-

Sm 

oon\ttol -.: m1ce:· , 6/6/1 :·: • 
ntovta 

----Co.'"'ltro1 , · -.. :'. - ---" 
:_ 111ice -.: · ·,;~;.(·.-· .:: 

) 

ctttS_~_-

1

_ > , : : - . -./ \ i\-:1t/ao -
'·i.1· ·, 

! ·.JnCU, " 

-- Control 
_ ltd.cs · - --. , :. -6/~-J 

... · ?'.:{C .. 4110 . ·. ·. o/lt) 
;. 



,rith ll.QO LD5() ~, th!i Sm strail1 as ~~r-then re~l.f/nged )0 days . 
~r <:liall~nse, the r•sut\$ are sh~' 3.?i:table $ • 

. It may .. be· (,Jbfletvad thtt the: ndo~: 'exhibited " high degree of 

res:tstatlce to ·the second. inoo,>lat1on·~th The Sm •train,· tttese results 

are. m ·direc.t ~ontr$1t to th~se obta:1a4~~ bi <fori&ll et ii ·(7) U$ing td.ce . 

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

, :Q¾.ac~ ot tht imm~ogen1J;;ffetoperties ~f living Jap orgallism$ 
. . · '. ·• ;•._. 

·,,_,,_. __ , ·'· '. ·:. ,• ·'_-_:/!,-_:-_ ;·' ' 

enctllltageJ ·tb.~ in~stipti<>n .ot othef·.itrflina ot lowered v:t.rulenoe,.• .?!h• 
OQmp~~);r'~Wt •~ )8 • J~~;.tor ~genie properties. • , _; .• . : ' . .-:: , .. . -. . ':/;'·:··:• < l 
Tbr•e• ~oupa.· ot~tte··· mic~·•re:····moo1:d·•~t1' ntn··u.vms· -,a·· organiaxns as 

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

foim~:, ~oupi Hceive4 o.; ml. Ot·~cr~ .au,pens1on~~enMngapprmt1~ m.wJ, .. ;,~Oil.i•~lJ.sJ gr~~ ~ottt~4,~0, :.r. ull ~lls ,cm ••ch i:Jf ·~ 
'~f Sl'll\tp l te~i~cl ),r/H~\~f 0

<>l'g&i~ .qn each tt ~e 

alterria.te ~./ Oon#,q,uent~ group ~\:r;6Jived t~ce, .jnd group ,-re-
' .. ·. . : . . .'. :'~ ; ·,: . .' . . · . . '. . .' ' 

Oeivecl t1U'k$ timeta th& oo~CQfitr•t:lon\~r Cf)ll• given to the mice .1r1··. group 
, - . . . .-· ·. -· .• ·, -· , , .. ' 

,. . ,: 

!ffenty---f:tw: d.a.1s· following ~e first ~jection the mice 'WeN 

ehallett 1t lOO ~O• l.O ~o• 13)$0 <>JjM •~ ,train.•. ;~ 
sttlts ar(f -~unimarited in ta.b~ 6. lt:'!llaY l:,e .. ·Obs8ned that strain 38. did 

not el.ic:U:,_ a good immunological rea~i~. in 1miw mice. Even the mice in -
,; -

group 3 1fb:tch t-~ceived three times th$ riumber or orpnisms given th$ mice. 

:tn group· i ~re not •11 pr(Jtected. >()n the other band, • nlinimum ct ~00 
living Jap C$1ls · hU bee~ shown to px-ov1.de, go~d protection •gainat bighl.y 1 

virulent Bacterium tularense; (table:d.o), 

Iii appeared that in the casl ~t the Jap and ;38 strain~ th~N wtis 
a. decided. di:tterence .in immunizing ability* . Xn view ot this, ·it ·was· de--. 

Cidad to ·in~tJtigate se~al oth&r stx'ains of lowered virulence in order 



. .. , ... : -, ·.. " 
. ., ,."., -

, ,,. :It&s!stanee ot. amitttmuni~d mice •· ·to re. ol,l·a··.n.· ··•. e. n .. ··.!!!.-·. ' •_- -: l .- '.' .. , .· .. ., ._ .. ·.I . ·: : . . . . . <.·f: ,. ·_ : .. · ·,,· .' .. -·: · . . · _.. . -. , :_· _- _: : .. , .·, . ·. -.. ·, . .. . _ _ _ _ _ __ 

6/6 

,.1: •·· . ·· ,, 

. .•_; ,. 

•, : !.'ab1e:6. ·, 
.. . : ' . 

•~sis~ce ot: mice , tQ ~lfu~ wlt,h ,Virulent 
. ·•, ,-: . •: _. : .. , . , • _ • .;. ,. -_ , .·_ . . . _ ·_ . . .. • ' ! , ' •l '.' . . ·.--·, ·.,,:·.." ,_;• _, . •.· •':: '- ·-: ._. • , . , _, .. : 

._ ••· "· i ' .' '· ''·• ,' ,I ·' ,., • ._ \ 

Bacterium ~ns$ ,~,, !Jlocul.ition with ~gani$n1S of sti-a:1n 38 

d.o ·x 1c/J· 
(itt tm, doses) 

9: o· . . · ,;..,._9 
. • X .i,.v ,, , 

.• (in three doses) 

* ··. ' · · Kortalitv ratio ·•~ Dead. . · " · · · · Te~ied 

· ''i/rs,;., 6/6 · .· rJ& 
.,'t,/6.. . .' 5/6 6/6 
·, . 

; ·. :-·, .. - , 

;1/6 .:, ;/6 
:,,_.:•- .. -_ . ··-~-- . . ' 

0)/6 ·: '6/6 

· ._.•: r .1 



--!~ . . ' . : }~ 

·~ thQir inmnffl°:genic ~~~f;Crd ; ~te~ine their ~-: .•... .. . 
le.i-iollShip::~ t.h·hi. respact . to. that of. 4Jp; J.nd )8.- : !he tellowing cultures i ), ... ;: . ' . ::, •r·r•r-.• : s'••····'·,••<•<"e:' ·r·s·,·,.,,,.,, , .. ,, •.. , ,,.-, ... ,,.x••:• ve;1;>r:::'·:c,·;--- ... ,, . ' .. '. . . .. ··: · .. ... · .•. ··.·.. . . 

1 1'1:re tesf;E,d. .$Ot- :.:$tmnvn,cge,ntc P,Ol>'fti~:~::°iP¥;;·,jbif4. m1~$1 , ()har., .. 26,. Maxt 
;\_-:, . : •·. ·•• ! I; · ' • . •; .':, -.: •:t-·,}:, ./::• . ·, , ••• 

~a=~=:2 ; , ··, . . . .·· . . • - . 

•ul~ it1 ;yN it.'.if ;hE, ®a$ffld that ·onll' the nusa 
.. ,. - . . 

. ' . , 

•. ,dit1'E3X'J~ce linlonif:thec- ,~.w ·Ohara, 2tl·arid :· !lax~': Hcmevei', a: comJ)atison 
. c>t •'tabl.e··.·.·1:..-1t1i\-table.·$ ... s•~s ·~o st1iss .tbe taei .that these . ~trams ··are• 

. m~r~ .. ~tf\T.$ •il.lmJl1lftotogt~l.l:,.· than . is th~ ~;,.fuiient strain 38 •.. 



Strain 

Olara:: 

<hara 

26 

Russ 

·Russ • 

Normal 
mice 

Table _7 

Resistance of mice to>:'o_hallenge with virulent Bacterium tularense 

after inoculation -with various strains of lowered ·virulence 

. Orig:LYJ.al. 
· · inoculation 

. ·:t..l X 107 

$.9 X io7 

·.appr~bl~ 
.. , ·1 •. ,x10 __ . 

· .approximately' 
. 1.5 X 107 

·1.7 x106 
. _·· · .. _ .- -6 

;- ).J X 10 

.. 

LD50. 

-1..0 10 · . 
-1.0 10 · .·. 

10-1.o . 

10 .. 1 ·T ·· 
10-2~~ 

test 
l. n>50 

22/JO 

dose of 
10 ws~ 

.. . 

4/lp* 
b,/10 

0.10 . 

6/10 
1/10 

virulent :organisms 
100 _ U)50 · 1000· w,o 

5/10 
4.l/10 

S/m 
0/10 

0/10. 

1/1.~ 
6/lO 

8/10 

7/10 
l/lOm 

0/10 

(Sm). 
10,ooom,0 

.1/i~-
S/10· 

8/10 

6/10 , 

3/10 
0/10 . 

i 
I\) 
I 



Since> the Jap sti-a:in ot BJcter!:um tularense was highly !mm-uno-

gen:t.e it. -was ot interest to deterrnirle hq\1' long miO$ remained i.mmt'llle 
following inoculation W'J-tn liV+flg or~i8Jn$ t,f\ this :strain.: Forty tdce 

were, infected with 2.rx .'J.!l' Jap organisms and io mict Of this grc,up 
., ' 

were challenged e.t 30 iritex~als for/ tour months with l~O to,0 ~£ 
\l \ - • - ' ,- - l 

virulent Sm. Ten. normal control l'Aiee ~re infectect :at each time :mterv41+ 
The re$.~ts· are preaented 1n'1tabl.e 8 I · l:t is seen that the mice .reiiained ·~:t;>Yt}:':. · -- - -- -,-., -- -: - -- - •. - - · - \" - - ·· - :·· 

:r118,timeof'a.Pl!~an® of :i.mmufiit,z followirts·t11e 
. ·, 

'f/'1.cc:tnat:ion • ot white. vrl:th the Ja;e : 
, 1 .strain of Bacterium tularense 

The tollowing experiment :Yia.s: de·s1gned to de'te~a: the t:tme .· 
•. i '.• -_ - . --_- •-··:_--l - ; '. . ,· - - - -, - - - ' ' 

; 

neeessarr to produce irnmutd.t,y in' white' miee ).Jiocµ4ted. witlt th~ Ja~ · 
/ . .J ·-,- ' ·_,· .. ,· . .! ' ' ' 

strain of Bacterium tularerule, A\iit~~. of·$0 mice reoeived. o-, mt:: ~f 

a J'ap euapens::ton conta.:l.nin~ :t.6 ()rglin.iSJ11S.,. mice fl'Olll fb8 

gt'Oup -Wl'8 ch¢tenged each for $~ With lOQ W,o llf the SJ1i iH-.\'!$1• 
-; __ , ·-•:. .. ( ; 

!he results are given 1n table· 9. The results show that immtmit,:. appears 
as earlq a1. ?2 ho'Ul'S fol.lowing an inobulatio}l of, the_ Jap strain·. 

Jlevelo;ement. or immuni tz in vih:t te mice a.tter . 
~he inoculation of deoreas:tn~tdoses ot. 
the Jap $train ,of Bacterium .tularenae · 

Since the Jap strain had been ~hc:nm to be highly inununogenic 



R$s1stallc~ of. mic~ to ena,:t1enge with . virulent 
· Bacterium' tul,ar$nsij o~x- •.11 period .of 

· :. l ... ~.our.· .. ·. ·.·· .. ·.,.·-.m_.*.on.·· .·.t ... ·.h. s.' .-·.ar.te. · ... r.··,ino.• .. c.u1a .. ·t.·· .. 1. Ql1:.,.·.~.• . .:.th .. ··: .... •.·th ... ·. e. · J.a.2 .. · · str. a..·. ill.··.· .,, .. . ... . • .. . .. .. .. ' . { .. . .· . . . • .. • . . ... . 

fime of ohallen!¢ . . 
·. tol.l.ow:tng· · 

. ·. . . . ~st, dos~ of ,r¥ulent organisms (Sm) 

inoeula.ti.on 

' . . 
'l"': '' ,, ' ,. ··~ . ,, ··:··_ -.,._ •. _. ,, · .-·, '~-- . , ..• ·"· ,J , ; • • • 

,, · 3 months 

aap .~d~ 
~:tetl nd¢,: 

"i.''.· . . ~; .-··; -. . 

1[J)l, . 

. :1/10 

'100 If>o 
·; 

Normal con--
trol nrl.c~ 

10110· 

lo/10 

10/10 



Ap!1arance or 1tnmun5.ty in white mice 

~ollo-wi.ng inoc?1a:bion. witl'l li'rlnf§ Ja:e . strain 

Days aft.er inoculation 
of Ja.p strain 

l. 

3 

4 

* · Mortality ratio • Dead 
· · Tested 

· J'ap :inocu-. 
.. lated mice 

3/10 

1/10 

1110 · 

No~mal ·con-. 
trol mioe 

10/10 

10/10 

10/l.O · 

10/10 

. 10/10 



in the livihg· 'tiba..tkr ·11rwasconsidereci desirable to dfiterm1ne how small 
' . ' 

an initial. dose of the living Jap cells would immunize mice. sixty 

mice wre divided .into six groups· -otil.O ea.oh. The six groups 'Wel:'e :inocu- · 
.: . ' . . . -· 1 . 

lated with d,acimally decree.sing numbers of .Jap organisms from 200.,000 to 

2 as. shown: in tabie 10.. Thes~(~P~ ... :~~.e challenged 28 days later with 
'· _- . '. • ! . . . . .. _ . . . ' . :· -·,·.•,., • •. • • • . , .. : 

1()0 ~i. t:,f the v:1.ruisnt am Stt'Ain or ~aeter1lllll t~nse,. It Would tl.p,-

pear· thtt ,:fx'otn 200 to 200,000 .·cells aif t,ha initia~ 'dJse served to ·confer :· 
. ... • . . ' ,· (-

::, 

11. solid immunity-to infectie>n.· Less than this n1Jm,ber tended to give .less 

immunity •.. As few as 20 Jap cells as:. an initial inoculation were sufficient 
> :. _'·: ' ' ' ,. :. ' _··..:· i . . -~-

to tl.icit ·-~-· fair degree ot imnruni ty Jl'.l ;the .lihi te mouse against Virulent 

strains •. _-
. . . . .· . . -

Com2!zativestudies _o~ ~e.:tnmiunity Eroduced_in 

'White mice by the Jafz Russ and Garr 

strains ofBacterium. -tularense 

, ... • , 

·The vddely varying results :obt¢.nsd using strains or lowered 

virulence indicated that their immutiogenic properties might be related 

to the size of the original inooulum administered to the mice. It -was 

known ~t as few as 200 living Jap orga.niSms elicited a good immunity. 

Larg~ numbers or living Russ and Carr organisms elicited good immunity 

in mice but it was not known how few of these cells would do so. The 

high4'" · immunogenic properties of the ·-carr strain.had been determined by 

other . workers in this laboratory. To determine the properties or these -

etrains using immunizing doses conta:1:hing approXima.te~ the number 

ot organisms, three groups of 30 mice were inoculated with o.$ ml or a 
-s . ·. . . . . . . . . --

10:, dilution of a. standard suspension 0£ ·the Jap., Russ and Carr organisms, 

respectiveq, Thirteen days later 10 mice in each group were challenged 



* 

ff 

. ' or de'7tetw:tni doses of.th~_Jap_stra~ 
o.t Ba.ote:r11Jl!! t'\11.arense 

200,900 

. ·.10..6, 

!nfection tr.i.th Sm 28 days after · 
inoculation ,v:1.th th& Jap strain. 

Dead Mortality ratio., Tesfud 

.TE!st dose of v:lru1e11t, . * 
organi$ms (Sm) .100 Ill$() 

'/.·.· .iff-
:f:!/10 

0/10 . 

· .~/10 

1/l!J 

2/10 

9/lQ 



ld.th l.,000, 100, a.nd 10 LD$O o~ ~e ~nt Sm $train o~ Bacterium 

tula:ren$a. the results pf' this exper1ment .are presented in table 11. 
It may be observed ~11.s.t the . Jap strain elicits . a nn1ch greater degree 

0£:umnu.n:i.ty- mltrice·tha.n·do·the other two stra1ns·'When a rslative~ 

low concentration ol organisms 1s usedforw.ccination. 

' ; 

in mice immun:J.-z$d ,with · Uvint.t. Jap orEi~ 
. ' . ' ' ' ' ~· ,. '. :. . 

~e majority of mice immunized 1vith living Ja.p organisms. and 

other immunogenic strains o.t lQWared virulence and subsequently eha.ll.enged. 

with viru+.ent Bacterimn. tula~ensenot only .s.urvived, but also £ailed to 

exhibit an;/ signs of illness such a.a roughening 0£ the coat, lethargy 

and ano:reXia,. This incl:tcat4d that the _virulent organismawere disposed 

or very rapidly lollow:illg inoculation into the immune ndae. Te> deterzriine 
·;,, ' 

how rapid.W the prganisms were killed..·a.·•• group ot l5 mice was inoculated 

with.a $uh-lethal dose or living .Jap strain and 27 days·later eaoh·was 

challenged\ ,rith .100 tn,0 ot virulent organisms (Sm). On the 4th, 9th, 

and 15th day after challenge 5. mice -were killed and autopsied. 'file 

spleens ,,are macerated individually .ill 2 ml of saline, Five-tenths ml· 

of each spleen suspension was inocuiated into each ot £our Jftioe • It was 
, .\i 

assumed that a very small number of virulent organisms remaining in the . 

spleen could· be detected ainoe · 1. to 4 cells are · sufficient to cause the 
; '., ,· ' , 

death of a normal mouse. All mica that died were autopsied and spleen 

impression cultures ere made for the~eaovery or virulent Bacteri'Unt 

tularense. Table 12 · shows that as soon as 4 da.ys following challenge 

the mice had disposed of the virulent organisms quite efficiently. 
. ' 

Fourteen days after challenge one mouse appeared to . be infected with the 
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Tab1~ ·12· 

Rate Of •di!JEofjif (lf Virulent 
· . Bacterium tularense bf Jap-immunized mice 

;Da.:1$· ttfte:r Jap 
inoculation 

l4 

· nee challenged 
with 100 .·LD 

l 

a 
3 

· 4 , 
1 

2. 

3 
4 , 

·1 

2 · 

j 

4 , 

Mice inoculated with 
i;J:lpleen suspensions 
· fX!pm challenged mice 

oA* 
oA 
0/4 
oA 
0/4 

4/4 
0/4 
0/4 
1/4~ 
l/4ff 

211/f'k . 
0/4 
4/4 
0/4 
0/4 

* Dead . Mortality .ratio • ~- · . . veswd 

~· Bacterium tularense not recovered from spleen impression 



virulent Sm strain. This is not inconsistent with previous results 

which have shown th.at the immunity of any given group CJf Jap inoculated ., 

mice is not al11ays · complete, since a small percentage. of . deaths due . to 
B~cteriumtularense may ocour in the ·group following challenge. Four 

. · . . -. -·- .. . 

mice ··died a~ently from. non-specific _c~uses end, ·virulent Sm organisms 
. . . 

could not be recovered from . impression culJ,UNs on GOBA. 

The multipliea.t:t.on in white mice of sva.ins 
of Bacterium ··tularense . or ltrMlred virulence 

Since living eel.la or the Ja.p a.train had been shown to be highly 

· immunogenie for mice, it was of interest. to1 _determine the rate of multipli~ 

cat~on or tha Jap organisms and toe?nsiderth1s as a taotor in the pro--
du~tior,i of immum.:!;y in 'Wb.ite":\~ce ·: Two gtiou.ps of mice were inoculated . • ".':,\it --· .. . , 

with (a.) .· 14,,ooo organisms and ·(b) 220.,00cr organisms intra.abdominally. 

A third. group ot mice (c) re_ceiwd 2 ~l x 109 organisms of . the ••3Brt strain. 

Five _mice from gro;up "a"· were sacrificed: and autopsied 12 hours, 1, 21 . . . 

4, and 7 days attar infection. ·Appropriate dacima;t dilutions or t.,lte 

heart· blood were _ prepared and plate counts -were ma.de o~ GCBA. The . spleens 

and •livers -were ihdividually ma9a:rated\in ,2 and 10· ml or saline respeotive..-
3.y.·: Serµtl ten-fold dilutions of the. 'suspensions .were made and. plate 

counts were, done as above. 1'he: logarithm • of the a~erage of the combined 
. . 

number ot organisms in the sple~n, l~va,r >ind heart blo~d on the days 
• •· the . mice $fe Jd1le.d is. pra~ented in figure l. Five mice from , group 

' ' . ' ' . ,: · ,· ' ., · , ' . 
'. , • I ,· : ) , , ; , 

. (b) WE!,re sae!t-ificed l; 2., 3, 4, and 7, ::days · after infection, . and plilte 

counts .of the heart blood, . liver and spleen were done as described above •. . . , :' '. ' ' ' ' ' . ,• .. . . .• ' . . . . ..... . . . ' . . . ' 

Five mice £~om_ group (o) vrore treated in a similar manner on the 1st, 

2nd., ~rd,. 4th, and 6th· day following inoculation nth strain 38. These · 



Fig, l The multiplication of t.11.e Jap and 38 strains 

ot·Ba.cterium tula:rense in White mies after 
•.. ·.··. ·• .. - .·.· · · .. ·· ·._·· - ....... · .. · · ·.- ... ··_. $ 

infection using (a) 1.4 x 104, (b) 2,2 x lO 

Jap organisms and ( e) 2 .1 x 10') organisms or 
strain . 38, intraalldominal.ly. The number of 

organisms is expressed as the log of. the combined 

number in tha heart blood, spleen.-and li'.'fer. 
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results .··are also presented in figure l... :It. is quite obvious that. the 

orgatrl.ems of the Jap strain multiplied. to a great extent following 

their entrance into the animal body. During the courst ot the fJxperi• 
ments it ,vas. possible to recover much grf3a.ter concentrations of Jap 

·. · ..... · .. ·. ·•·. . .... • .· .. ·•·· .... •. ·.·. . i ··.. > •. . . ·. ·. ( organisms from ':the,. tttis'l.18$1:Ipf the infected mice than •re present in the 
. , _::t;::i._:;'i;}.~;>1¥1_,ft . ··•· . ·•··.•· · ... -.......... •; 

origi.P..al inoculations. On the othe:ri · band.1• organisms of th$ .38 strain 

we:r43 naovered · in decreasing . ooriceritrations imt:i.1 it was· not· po~sible 

. to demonstrate the presence or .these 01'~_:l.sms in ~he mice 6 after 
inocula.tion •. l1hile this does not constitute proof' that the 38 strain 
did not multiply at all in mice it does .indicate that this strain :ts not 

able to establish itselt in these animals~ '£he difference in siz~ ot the 

:inoeulum in groups (a) and (b) appeared to have little intluenee :~p the 

ultimate number o:t cells thatcouldb~ reoov$red from the mice. 

:.nie survival or tne Jap . strain. 

of Bacterium tularen~e in white mice 

lYhile it was apparent that living Jap organisms :multiplied 

freely in mice and could berttcovered in large numbers tor several. daya 

following th$ inoculation. of-relatively -small concentrations of cells,. 

it ~a not 1mown how long the organisms persisted in the animal body. 

To detel'in:l.ne this~ 21. lllieEI ft.re inoculated with ~•P x 104 Ja:p Ol'l!,IUlisms.,. 

Five mice \ttere· sacri£~~-Eid .Qn _the 10th. day after inoculation and tour ''1\f, .· .· ' 

mice mre killed on· the 14th, 16th,· i8th, 20th and 30th day. Spleen 

counts were made on each mouse as previously described+ on the 10th 

day two mice did not harbor Jap organisms• The spleen counts of the 

three remaining mice showed .30, 20,000 and 86 Jap organisms, respectively. 

On the 14th day one mouae harbored ,o Jap organisms :1n the spleen. The 



t>the:r three mica ware negative• on the 16th day one mouse was shown 

to be harboring 680 organisms in · the $p~en., The. other mice were tree 
. . 

from infection, on the l.Btb., 20th1 and ~0th day all miee were shown·to 

bf free :trom :tnrect:1.on with the Jap strain 0£ Bacterium tularense. 

It· is apparent that the Je.;p .. ·brgatl:tsms do not persist. for more 

than. two· ot three "Weeks following intedtion, as determined by spleen 

In this experiment~,,groups qt mioe were inoculated. With sub-

letha-1 doses or the tollawing :strains ·· of lowered virulence t Carr, lt!, 
•· · ·._. ·t 

and Depue.•· After 27 ·days 11 control group ·and ·tne· immunized mice -were 

challenged with 11000 w,0. or. the virulent S.m strain. The progress ot the 

infection was fol101Ved ·as befote l:>y qua,ntitati ve studies. Four of the 

immune ·mice 'and.· one control. mouse ·were aa~Uiced. .. at 24, 48,. 7~ hours 

and on th.El $th day.after infection. Fi~~ 2 shows graph:loally· that the 

immune tnioe ware able to limit the · multiplication of.· the virulent· organisms 

much more> effectively than the . normal tniea.. .A.U 0£ the normal control- mice 
' ., .' .. ··' ,; 

were d$ad·by··the·Sth day whereas the ~e mice, as shown by counts., were 

rapidl:y · ridding .themselves of • the . organi.snlS • · The; remaining immune mioe, 

survi"tred until 15.·. to ·21.days· after inoculation .. men. they· "Were ld.lled to 

detect possible carriers• . ot the eight. mice sa.oriticed 1$ $iaya after 

ohallanga three· ware· carr:ters • Only two •. • carriers . were .. found among .·the 

five • mice . sa.critic~d 21 days arter .ohallenge. 



Quatltitative•.~tudies on mice reqo~ted. from 

sub ... letb$l. dose · of Ql'gtUlisma · .. 6£ lowered 

. -rlrulenoe ·and challenged with 1,6 i 103 

organiarits ot a Virulent strain {Sm) ,,., The 

number c>f organisms is e,tpressed a.a the 

-log 0£ the combined number in the' heart 

blood, ~pl.een and. livex-, 
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J{ comparison >or, th~ imnnmogenio •· pro~:rties 

0£. strains .. of.· varying virulence -wi'.th their ability 
, ......... ·· .. · .... ·, .. 

to multiply 1nitffi.1te fflict, ; 
. : :: : .. ::-.·<'-.·. /:: } 

reed ts thus f'ar obtain~d. ;i.n~ieated tnat· the irnmunogen:tc · ··• 

:pro~s. or. strains. i.,£, ~red mgnt b& ~ct~· ini'lu.en~d 
' .. •·· ..... ·. ' .. · .· . . . ' . . . ; ··.·. ,. · ... · .•...•.•..•. ·.• <: ' ' 

by their ;;.bild:t;y to mult:tp~ >in.'White_·~~~t ... !o· determine this, tour 
st:ra.inswere·seleoted on thebs.sis ofthe:tr high inununogenic llciiirlty 

; - .... ,,·-,. ,; ; _ 

). ' 

concentrations o:t ea.en . of the. cultures follovred. by ehal.lenge .. with graded. 

eoncentrations 0£ the Sm strain. 

Strains Rl, Ja.p, ·Russ and Depue .-were selected for study. It may 

be observed :l.tJ. table 1 that the w50 ~£ i;hese st,.-ain$ r#!ngljd fym .10-5,? 

· in the case ot R:t to lOO in the case of the Dapue strain. . Groups of mice 

were then infected .,Yd.th the follow:tng concentrations of orgtmisms .from the 

tour strains. 

Stra.in·RI 
Grs,up l 

Group 2 

1,.4 x 10', ori;anisms 
' ' 2 ... · .. ··.• l,4 x 10 ·organisms 

Group 3 · 1.U x lOl organisms 

@~ain Ja,a 
', .. ·. 1i·.•····•. 

Group l . 2.6 x 10 or.ganiams 
3 Group 2 2.6 x 10 .oz-ga.niams 

Group 3 2.6 x 102 or~nisms 
Group 4 · 2.6 x 101 organisms 

Strain Russ 

Group l 
Group 2 



Oroup 3 
Group 4 
oroup 5 

.Strain Dee! 
Group 1 
~oup 2 · 

Glfoup 3 

Group 4 
Group S 
Group 6 

Group 7 

s., X 103 0:rga.nisms 
. . · . . · 2 ;~, x 10 or@misrns 

>•~ x 191 .organisms · 

·1.0 •~ lO 7 · trganisms 
.. .. ·· .. . ·. 6 . . 7.ox10 ~rga.nisms 
?.o lfi• ,c~rga.n:1.s111$ 

7.0 x 104 organisms 
7•0 x 103 ·organisms 
7.0 x :to2 prganisms 
7 .o x 101 <1rganiSms . 

Qn the 1st, 2nd1 )rd, htb,. $th,· .7th, and 9th day following 

inoculation, mice from each group were isaorii'iced .and spleen counts 

ire:re made as previously described. Tht! ... t;f:3ma,i.nder were saved £or t 
,,}. ·,.c j 

study ·or the . survival t'll.te· following cht4lenge ii The groups saved £or 

surviva.l :atudies wer~ sub-divided into.) .gr,oups each and the mice were. 

challenged ll •da:r~. afte:r 1nocttlation; VQ.tn)LOOO, aoo and 10 w50 o:r the 
Sm strain, respectively'4' 

The .. course ot inf(Jction with thestrains or lowered Virulence · fa 
. . 

shown graphioa~ in figures 3, 4, $1:anc1 6+ The survival. rates of' the 

mice following challenge ld th th~ Srn strain are presented in tables 13 

and 14. 
An inspection of the ,figure.s ·· shows that the ability of the strains 

. . ' 

~o multiply in the animals can be correlated directly- with their virulence. 

Also, it ma.y ·_be observed that the degree of immunity produced by the strains 

is in direct relationship to their ability to multiply in the, mioa. 

· All of the groups inoculated .with the· Jap strain Jppeared to have 



Fig. 3 The multiplication of the RI st:rain Qf 

Bacter:tum .tular~nse 1n·white mice using 
(a) :L,4 x 10\ (b) 1.4 x 102 and (c) 

1.4 x 101 organisms intraabdomina~ • • · 

The number ·of organisms .is eXpressed . 

t1s ·the log· of the number in the spleen. · 
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Fig. 4 The multiplication of the Jap strain of 

Bacterium tularense .in white mice using 
·· .. , ' .. ·· .·.4 . · .. ·.··. · . .. . · .. · .. .. . · .. .... · ... •. · 

(a) · 2,6 x 10 , . (b) 2,6 x 1o', (o) 2:.6 x 
2 . •. . . ,l .. . . '· '; . · 

10 an,d (d) 2.6 x 10 organisms intra .... 

. :~bdominally.. The number of organisms 

is expressed as the log 0£ the .nmnbex-
in the spleen, 
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The· multiplication of the Russ stl".ain of 

B$.cterium . tularense in vmite mice tising 

(a) s.s x 1ff M M x lJP,. (c) $ .. $ x 
103, (d) S.S x 102, and (e) 5.S z 101 

organisms intraabdomiri..a.l)g, The number 

of' organisms is expressed a.a the log of 

the number· .in the spleen• 
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Fig. 6 The multiplication of the Depue strain 
of Bacterium tul.arense in white mica 

using (a) 7.0 x. 107, (b) 7.0 x 106, 
S . . 4 ·. . 

(c) 7.0 x 10 :, (d) 7.0 x 10 ,. (e) 7.0 x 

103, (£) 7.0 x 10
2, and (g) 7.0 x 101 

organisms intraabdominally • The number 

· of' organisms is expressed as the log of 

the number in the spleen. 



C: 
Cl) 
Cb 
Q. 
(/) 

Cb .c -
-~ 
Cl) 

E 
Cl) ·c: 
10 

'-0 .... 
0 

'-Cb 

E 

Cb 

.... 
() 

ti. 
() 

..J 
2 

0 
0 

0 
0 

Days after /nfP.ctifJn 

DEPUE 
A 

----- 8 
---- C 

0 

---- E 
• • • • • • F 
00000000 G 



Strain 

RI 
RI 

RI 
Normal. 
mice 

Jap 

Jap 

Jap 

Jap 

Norma1 
mice 

. . ' ' . . 

lle:sistance ot white mice . td Jk:nenge with•. virulent Ba.cte1'1.t11n · tul.arense · 

Original. -
inoculation 

. -

. 4 ·. ·2 ·1• . X 10 

··a.Ii x101 

. · .. 4 2.6 x .10, 
. .·· 3 
2.6:x: 10· 
·.· . .. . 2 
2.6 x. 10 

;f ·.6 '.x 101 

follovtin~ ·fnocu:J.af.ion with the ·RI .and Jap •strains 

Test dose ,of';yirulentor~ 
10 w5~ ·199\:w50 moo. 

- , _, ··gta* o;a 
· J:/1.o ·· ·1.fto 21s 

• ' . . -

.6/lQ . · _6/lo 3/10 

10/10. 

1/U · 

3/ll 
0/lb. 
4/14 

10/10 

/.16/io 
. 'O~" 
)/10 

·o/ii 
/, >/n 
- 8/10 

10/10 

0/14 
. 1/17 
. 0/ll 
l/11 

.10/10 

.]$/30 

.3Q/30 

'•• 1/36 
. •·7tJ8 

0/36 

. 10/J6 

28/30 . 

* uortali~ ratio •• Dead -
;4' VJ 'lfeited 

, ···Pe .. r.. cen.·~··• •· · survival. 

,76 . 

$0 

0 

97.2 
81S 

l©O 

72.2 

6.6 · 

!-
I'\) 
I 



Strain 

Russ 
Russ 
Russ 
Russ 
Russ 
Normal. 
mice 

Depue 
Depue 
Depue 
Depue 
Depue 
Depue 
Depue 
Norma1 
controls 

Tab1e 14 
Resistance·.0£ 'White mice to .challenge with virulent. Bacterium tularens·e 

Original. 
inoculation 

f'ollowing inoculation with the Russ and Depue strains 

Test dose of virulent organisms 
~o 100.mso 1000 LD_,0 

2/ll. 
5/ll 
8/ll. 

10/ll. 
2:/12 

10/10 

1/10 
1/10 
6/10 
9:/10· 
8/10 
9/10 
9/10 

10/10 

1/ll 
6/ll. 

11/ll 
10/11 
10/ll. 
8/10 

l/10 
5/l0 
·7/10 

10/10 
10/10 
10/10 
10/10 

10/10 

l/10 
ll/14 
10/10 
ll/13 
10/12 
10/10· 

3/15 
·9/1$ 
14/16 
l'S/JS 
16/16 
15/15 
.9/9 

10/10 

Tota.l·deaths 

6/32 
22/36 
29/32 
31/35 
22/3c;, 
28/30 

S/3, 
'J!>/3S 
27/36 
'3h/3S 
'34/36 
34/3S 
2~/29 

30/30 

Per cent· 
survival 

81.2 
JB.8 
9.3 

11.4 
:37.1 
·6.6 
85 •. 7 
s1.1 
2$.0 
2~8 s.s 
2.8 
J .. h 
0 



a relative!T.high degree of immunity. 1.t'he s~a hold$ tl'u$ for the mice 

inoe1ila.ted 'Vrl.tb·:RI, On the other hand, only the , group i Russ m:Loe· -were 

highly resis.~t to .infection With the Sm strain+ s·:Lgnificantiy lttm~r 

rijaistan~ .. ·fta noted tor the other tour Russ. groups .. : S~ilar results •·r.nay 
be observ-Gd in the cas·e. or the mic~ iti~culated With . Depue. 

. , 

if}le m;c,duct!,on o:t agglu'tii.td.n$ b;( .Tdlite mice infected 

n~h strains ot Bacterium tu1arense of lowered virulence 

An ~ttempt was ~de to ~e~rin.:lne · t~e: J,gglut1nin . titers produced 

b:r. the inoculation .of liVing organisms of·. the Jap, Russ,. 26 and 38 strains 

into mtl:te mice~;. · Fow group$ of mice. each received a. &u'b.-lethal inoou• 

J.s.tion .with One or. the above atrains:. Five :mice from each :group •re 
' ' . ' . . . 

killed by bleeding from the . heart. on.•· th.Er 2nd, 7th, . 12th, 17th an_d 22nd 

day .. after. :inochll.ation,. Agglutinatiort .·.·. tests. were .. pertormed :on eael1 blood 

sample .as £01loV1S t A ltlQ dilution : of se:t~ was made ~d from th:ts 

serial ·t?r,o-i'old dilutions were pre})a.red ·bi. o,~~ ml bf. o.·as ~r. cent saline, 
•/. r 

TQ the dilutions vm,$ added 0.2 mi ot a standard suspension ·oft formalized 

agglutination antigen p:repa.red with orga.tlisms ot strain 3.8 ,· , The tubes , . ' 

were then placed :1n a 37~Cl vm.ter bath}or ,16 18 h.our.s, ~nd read. The 

dilhtions·.µaed W8re .ls2P,:. it40, lt80'·J11fa :1J16o'.• Thi~ ~xperiment -was re- . 

~ted ·. in nearly the same manner, except. that only three mice trom each 

group were b1ed ... on the 6th, 8th, 10tli{12th., 14~~ 16th, arid 1'18th day. 
_ -- _ : _ , , , - · ' '.'.:--·.- · '-_- i · , - . /, 

the ~!e~ageagglutinin•titer lla$ determined for each: group :kd is shown 
.1:·· :··. > ~: .. •- _-·._. . . . . .. . - . . -: _ ·; _: ., :. . - . ' 

'··.. ' ., ; •1 I 

and Russ strains produced higher agglutinin .titers :than did strairis26 

and 38. Mice vaccinated with strain 38 sho-wed: the presence of agglutinins 
, ·-. ' 

only on .the 7th and 8th day. . The agglutinin titer produced by each strain 



i,evelopnent of· agglutinins · in m1c• · follow;lng 

intec~ion with t~e Jap strain or Bacterium 

tularense, 
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Deve:J..opmant of agglutinin$ in m.o£a foll.owing 

intsction with.the Ruse strain of Bacterium 
tularenss. 
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n,velopment of agglut~ins ·in ~c~:tolioring 
infection with the 26 -strain of. ·Ba.c-ooriwn · 

tularense. 
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Fig. 10 Development or agglutinins in mice• tollaw:t.ng 

infection with the 38 $train Qi' Bacterium 

t1ll.at'anse. 
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appeared t~ be directly related to the degree of immunity elicited in 

mice by th~ cttl.ture employed.~ 

S~epto&gin. treatment. of.. 11hite mice . following 

infection With virulent strains of Bacterium t.ularense 

Althougb living o~ganisms or· the· various strains of lowered 

Virulence bad.been shown to.elicit good. :bmnunologic response in ,v11ite 

mice, :tt was not known whether highly virulent strains possess$d this 

itnmunogenie property. A. major obstacle to the investigation or this 

problsrnwas ·the. tact. that a single ru:t:ty v3.rulent organism would cause a 

fatal infection in a. mouse. To circtl1?l'Vent this di.t'ficul ty- it was decided 

to infect a. .group o! white mice nth approximately ,o w50 or the Sm strain 

and follow this with the administration 0£ streptomycin at designated inter-

vals. Origi.nalfy the rnioe •re infected with approximately 62 Sm organisms 

and the sohedul.e tor streptomycin therapy was arranged as follows: 

Dose .. ~.·. stre2tomzgin 
10,000 unite 

;.JntQ,000 units 

2;000 units 
2,000 units 

24.,000 units 

Time of administration ---------
48 hrs. a.tter infection 

64 hrs. after infection 

96 hrs. after infection 

J.68 hrs J1£\ftar in£ection 
r 

Ro.vevex-, following the administTation or the first 20,000 units 

17 mice out of 60 under test died non;-specific deaths, apparently as a. 

result or streptomycin sensi tiVi ty. The remaining mice appeared to be 

in a highly nervous state and were not in g~od physical condi tio;n a.t any 

time during the expgriment.. Fifteen ·mice ware · sacrificed. by Mr• I.Max Moody' 



int<> two gr~ups · or 13 and 1~ · ndce.. 'these .1'/8re ehallenged 19 days fc,llow~ 
ing_ the _ .. or:tginal· inoculaiii6ri wrtn·o:1,~cr.~a:···100···wSO···or· ···the ·•.Sm, _____ ~tra.~J; 
respeotive.:J.y-, '!'he· r~~.\ills-.:are summarized· in table 1,. It is apparent ·. 
the mice developedtta moderate degre~ '<>f~ty foll()ldng fnfeetion and, . . . . ' . ; . ~: ' . .t 

strep~in, t4-eatment. Thei tact thii:t)t.he mice '1re not in good physic~ 
condition ·. befpre challenge· indicates · .. -tlle.t. this · may have contributed to 

the mortality in the gre>up, 
'A. second a,ttempt 1';1$ mad~ tc>, _demonstrate that the Sm strain was,_ 

. . ·.- , " ' . 

high~ inun~ogen:1<:f. In. this exper~nt; mic~ were inft)ote~ with a.pprox1--· 
lllately iOJtbso of . trie S111 strain. In j~r to mYlimi,;e f.he toxic et£ect 
or streptoinyoin torthe mice the dosag~st>t streptomycin -.ere reduced 
and the schedule of treatment was revised as f'ollo-ws 1 

Dose -~ -strepto5t<:in 

s.,ooo units 

a,ooo units 
. 2.,000 unit$ 

2,oqo unitEJ 

2.,000 units 

2.;000 lltli ts 

2.,ooounits 
. 2.,000 units . · 

· · S,ooo units 

total · · 24 ·000 units . , 

Time of administratio.n - ...... ·-· ·-· ____ ..., 
48 boll%'$ after infection 

S$ hours alter infection 
72 hours after infection 
80 hours after infection 

96 hours a.tter· infection 
120 hours after infection 

144 hours after -infection 
_J.68 hours ·a.tter ini'e~tion 

288 hours after infection 

In addition to immunity studies quantitative counts ot the number of 

organism$ .in the mice were determined as previously described., except 



.. ,1-
Table 15· 

·• Resistance of _lll1ite mice. to challeni! 11i th virulent 

Bacterium tularense·tollowing infection -vr.tth 

Original·:tnocttle.tion Testdose <:>f virulent organisms (Sm) 
100 w50 11000 LD>O 

, 7/13 

;10/10. 

*· . d. Dea . 
Mortality ratio • ~d 



that the $p1een alone :was used as the !ndax of infection. lt is known ' 

that theorganisms persist in this organ ·longer than in any other}'cU!t 
ot the ·oodt• This procedure. aimpUfied ·the task -ot·· following the course 
o~ .irirectfon lti.thout reducing the va~dify ot: the results, by eliminating 
the. extra .time and materials that wouidba required it the liver and .heart, 
blood were ·a1so examined., Three micei_: \Vere sa.arif:i.ced and spleen eounta 
were _madEJ according ·to the following :e;chedule s 

3 miCG 48 hours after intection and juat. ·before 

$tl-eptomycin therapy us _ beguxi 

3 m:i.ca 4 1 day after £frat, Stl'eptornycin treatment 

3mice -.?· day-a after first stteptomyoin irEJatment 
3,mioe 3 days after first streptomyoin·treatment 

. . 

3 mice • 4 days after first streptomycin trea.tment 
3 mic& •S days after tirst streptomycin treatment 
3 mice ... -- 10 _ days a.f'ter first streptomycin treatment 

,; mice -- u·-days a.rter tµ'st streptoley'Cin treatment 

The ·1ast streptomycin trea~t was given ten days after _therapy was 
begun. on.a group or infected micf) was not · given streptomycin treatment 

and three o:f\ ':tµese mice were eaor:triced on the 2nd, ,)rd; and 4th day 
• ' ' : ,, > ' _- . -i. .. -- .. --~-~~ . ', ··:~.7;·-· . . . . 

. . . 

on. the fourth day from infection with vifulent Bacterium tularenseii 
. . .. - . . . . • - .. 

Nineteen days a£~r infection , three mica .'Were sacrii'iee<f and ·quantitative 
j . ' · • . • 

counts 1Vere ~de on the ~pleen. The remaining mice 'W&re challenged at 

that time \with 100 Lt)SO of, the ~m s~,a:tn •... - Spl~en c~unts ~re ~dG for 

three micevon the -1st, -2nd, ·:;:rd,·4th; $th, 7th, 9~, nip., 14th., and 16th 
day followihg.eoollenge. !he remaining mic:e·-were saved tor surrtval studies. 



. , .- . •·- ·,,_ .... •·· ., .,.: .. ,-~- ,- . 

On the 16th da.f\,after challenge the mice , were rechE1.llenged 'With l.00 

L1) of the Virulent Sm strain. Two ·mice from this group war& sa.cx-i--$0 . . . . .· .. ·...•.. •. .. . . 
ticed. and _quantitative splE!en counts:-were ~de on . ~e ls~, 2nd, :3rd, 4th,· 

• I • • ·, , 

7th arid · 1ot}'l day f ollow-lng reehall.enge t! ·. trhe. remaining mice were saved 
; ' ( '. . •. . i . , . - , \ . ':' ;, l · · ., -_-, . 

ror survival studies. 

The resul:ts of the quantitative studies are shown gr~phically · 

in figure 11, . The results or the survival studie·s tollowing_ challenge 

~d. .rec~allenge: are,. a~owm in t _ables 16 an~ 17 • . 

!t may be observed that the streptomycin treatment causes · a marked 
d~crease of the organisms :1n the mice and protects them from dea.th; du.e 

· to ini'ection with Bacterium .. tul.arensa·, -. __ ot 91 mice saved tor . sUX'Vival 
studies following streptonvcin treatment 87 i;urrlved and were used ·· in 

the subsequent challenge and rechalleriga ·experiments. This represents 

a survival rate or 89~6 per cent as a· resul,1Iot streptomycin therapy 

following infection. The streptomycin treatment did not_ su££icEt to rid 

the mice compl.ete:cy of · Bacterium. tularense-~ Howevei-, the mice 'appeared 

to be in good physical ·condition upon. ~ompletion · ot the treatment, It 
. . 

may be seen that the multiplication of the organisms following cha.llehge 

was signi£'ioantly lower- than that observed :.following the original in-

rect:ing dose·~· This would indicate. that the miee ha.d' davelopeci considerable . , ' ' ' ' , , ;\ ' ' , 

immunity- to mteotiont 
It mat bti ·seen. :~tha·tfollowing re:challenge there 1rc1s a sharp 

decrease in the number of organisms £01+owed by a highly · 'irregu]Jw 

fluctuation in the n1llllber oforganisms, .pre~~ntin '.fue .mice ~t ~Y. of 
, . ; . . . . . ' . ' . 

the given time intervals. The experilnant 1vas discontinued 10 days fo1-
lowing rechallenge since the 'remaining animals were to be saved for: 

survival studies. 



Quantite.tive studies on mie• inftietad With 
· 1.3.$ x 102 organisms or the Sm s'br.tdJl of · 

Bacterium . tu1aransa followed• ~t•· streptomycin 

treatment, challenge and reahallenge with 
' " , .. ' ' ' 

the Sm strain. The number. of organisms is 
... ,, ~, '" , .. , .. ,, .. _. .. ' .. ' ..' -~ 

~rassed in · curve, · (a) as the log of· tt1e 

a~raga number found :in the spleens of three 

mica at each interval..;. Ourva (b) represents 
,·. . ; ' . - . '. . ! ;. ,· . . . : .. ·.; ,;_ ,. ' / 

the log or the number of o:rganismsLeound in 
' . ' ' :_ : ' '· } ' ' ' . 

the spleen of one mouse,. . ·curve (c)represents 
, . .. .· -'~ . . 

the log 0£ the average ,number found in the 

:,pleans .ot two mice. Curve (d) ,..espresnts 
' ' '; '' . . ·, . :_· . :'.,_":::- . ,. : . . ' . : 

the .log. of .the ave.rage numb.er of organisms 

found in th~ spleens ot mice :tnreeted ·With 

Sm but not re~eiving s~eptoln7c:tn·~ 
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'.t~b1e!t6 
Res1$tanca of -white .lllice to eha.llflnge 'With Virulent Bacterium .. tttlarense 

tollovdng intee'tion w.tth the Sm . stt-airl and ·. stre2to&Sin trfla.tment · · 

2 1.3$ x 10 . 

. . ,~$tr · dose· or viru.lent· ·organi$mS (Sm) 
. . iOO LD~o 1,000 LD,o 

10/20 

10/io .· 

Table<l.Z · 
ResistancE, ·of :white Mc~ to reohallenga·.vrfth virulent Bacterium _ tulil'ense. 

·.· : £oll0Wlllg or;~al infectio~ "fdth Sm, strep¥mlcitl 

*· 

treatment. and challenge with ~m organisms 

. ;Challenge 
· , Inocula. tion 

' .· . :3 . l.,J.4, X 10 _ 

-1:u x 1rl-

Mortality ratio • Dead 
Tested 

-Teat .dose of virulent organism$ 
... : _:t()() ,.1Pso . i,ooo-. 1D$o .... 



} 

It is of interest to note that following challenge only-one 

mouse9f each three examined harbored relatively large numbers .ot 

organisms, the average being between 1,000 and 9,000 per moust• the 

other two mice in each group were shown to have frc,m less than l.O •to 

only $00 orga.num.s, a.s demonstrated by the quantitative plate counts. 

The curve. shown in figure 11 :f'ollovdng, challenge,. .although representing 

the average·or.·e.11 three mice at each. '.interval, ~oas not represent ac-
curately the• individual counts. to show more clearly th$ actual distri• 

bution ot :infection two accessory curves.have been plotted to represent 
the spleen . count £or the one high~ infected :uiouse in ea.ch group· (curve 

b) and the average count Qf the two mice which harbored relative4" few 

organisms (curve c). It is evident from ourv• (b) that the counts ob-

ta.ined. from the single mouse in each group served tQ distort the picture 

of the actua.1 infection that existed among the three individuals. Curve 
(c) serves . to emphasize the. discrepancies .. ill spleen counts that we:re ob• 

served during tha period following challenge . (Uld prior to reehallenge. 

From. table 16 it may be seen. that the survival rate of these 

mice is nearly identieal with that observed in the previous experiment, 

This may .eliminate the possibility that•· the . toxic eftect of the strepto ... 

mycin played a role· in lowering the resis,tance of the mice to infection 
I 

with Bacterium tularense in the preceding.experiment. 

Table 17 shows that a large percentage of the mice were resistant 

to :recha.llenge with 100 and 1000 LD$O ot the Sm strain, indicating that 

the mice 'Which survived the challenge dose possessed a high degree of 

immunity- to s.ubsequent infection with virulent Bacterium tularense., 

The highly Virulent Cruse strain . of Bacteri:um tularense was also 

investigated tor its .immunogenie properties. Sixty mice were ·1nocula.ted 



.,7.;..- .. 

.. , • . ,;<, ,, , .,,., •.• ,_ ... , .. -

· 'With 50 tnp(.) ot tb:le sta-ain imd tbs I'evised. she<1ule c;,f streptom;vcll'l • 

treatm&nt ·was tollO'Madf as described abO'V8• · Six mice· died as. a . result 

ot :infeot:ton ·during the course of tre;tnlent. · ··Nin~teen tniee were. sacri• 

·· ficed by 11r, ·uax ·uoody for mutation studies or .the . CrµSe• strain• · The, 

relllll.ihing;$ mice' wer~ divided into ;oups or 15 Bn.d 20 mice. The ·, . . . , . 

. mice ·t #oUp .~re witf yoo arid 100 ID~ or tll$ Snt Strain; 

"spectiveJy, 18 f ol.lqwing /the .ciri,r-tna,l ll'locule tion. . Quan ti tttti Ve 

studies· ·were not done. ·'?he: x-estiltil are ·;auhimar1zed in table -18~ ·The arus$ 

organismsappearea·to Eillcit -s1ight1y ;bet~r immunologic response than .did 
,-•=, 

the Sm stra:tn .. · · · Sixty per cent of the <an.~ls survived iooo LD.,o and 75 
P8rCflnt. sul.'vi'led. 1000 m50 ot the e~al.ie~ge strain as e~d. with. ,so 
~d 65 ·per· cent-sur'Vival in mice: imnruri:tzed·/With :the Sncstrairh · All noffial 

. . . . ; . . 

controi l.11ice died · as a. result of infeciioh' with · Bacterium tularense 

T\1c, s.urv:i.vors from the group . challenged· 'With 1000. LD ,o we.re 
ss.cri£:tced 24 days after challenge : to determine v.nether they were still . • · 

can'iers. ·spleen count~ made u befo~e!vmrenegative for Bacterium . 

. tularense• · · Two more mice i'rom this group and. two from the group receiving 

100 LD$O were sa.c:rifieed on the· 48th da;r attar · Chal~enge • The spleen 

bount £or one mouse in the· tormer group' Was over· 20,000 • . Bacterium 

tularense could not, be· isolated from tluf other three mice:. Thes·e results 

indicate ·that 1tfdi#ithml differences in .. the mice· may. determine whether 
·1,:;· . 

or not the eal'ri~r state persists £or. any. length of time. 

· ·Twenty-tour ·c1aya after challenge~.- ten mice· of .the group ·rece~ving ., 
. . _:· _,. ,_. : - :' - ._- . _. . :/: 

100 wg() Wl'l~e reehallen~d l4 th ioo U}pO 6t the Sm stram. Only one mouse 

died 'While ten normal 'eontro:t·mce illfected witt.i the same conc~ntration 

0£ organisms· ail died within 6 days+ ·. :This is . irl: :~~e~~ent With the · resu:Lts 

pre-v-10.tislj- reported for the immunization 'experiments with the Sm strain. 



,· .. 

Res~sta_nce ot white mice . to • o}lallen&9 with virulent . 

Bacterium t,ularense !ollO?flng:i.nfection with 

theOruse str~inand. .s~p'%&ein .treatment 

Original 

inoculation 
fest .dose or Virulent ()rganisms (Sm) 

100 w~ ' .?0 ' 

7,1 x io1 6/15 

Normal mice )i0/10 



A third highly virulent. strain/ Groves, YlaS also tested £or its 

immunogenic properties. ·sixty mice ere inoculated with ,o w50 of the 
Groves strain and treated with streptomycin as previously described, !lone 

of the mice died as a result of infection. Mr. Max Moody sacrificed 20 

mice tor-·mutation studies on this strain·. Nineteen days tollowing .in-

feQtion tvm•. groups of ao mice· 'W8:te Challenged with 1000 and 100 UJ$O of 

the Sm strain respectively. The results-_sutnmarized in tabla 19 show that 

8~ per cent or the animals survived 1000 w50 while 80 per cent S,n't'\tived 

100 rn50,-- fen normal control. mice cha.llenged with 100 w50 all die~
2 

Fifteen.days after. challenge ··two- mice from ea.ch 0£ the _above 
groups·-ware sacrificed and spleen counts were done as previous]¥ d~ 
scribed. · one mouse of the group receiving 1000 w50 harbored )00 organisms 

in the spleen., -while the second mouse was··r:ree from inftction. The two 

mice of ·•the ·group receiving_ 100 LDSO had spleen counts o:r over 6000 and 

4000, respectiveJ.r. 

Ten survivors trom ea.ch of the two groups -were rechallenged with 

+ooo and. 100 LD$O of the virulent Sm s\ra.iti. All mice in both groups 

lived, while ten normal control mice infected with 100 ID$O died within 

6· days. These results indicate that the Oroves stl."ain possease.s immuno-

genic properties superiorLto those or either the s~t or_. Cruse strain of 

Bacterium · tularense·~ 

Ten days after_ recha.llenga . two ._mice from each group_ were sa.c:ri-
' ' 

£iced to ds't$rmine the. carrier state. Both mice from the group receiving · 

1000 ID.so harbored over 2000 organistnS in the spleens. The mice receiving 

100 tu50 each harbored approximately 10 organisms, 



Table ·'19 

Resistance of 'White . mice , to challenge with . virulent 
. . 

Bacterium tularens'e toll¥ng infection 

with . the Groves .· strain ·and 9treptomycin treatment 

-original 
. . . 

·:rnoculation 

. . . ' 2 .l.7 x 10 

Normal mice 

Test dc>se of Virtllent organisms . (Sm) 

1,000 LD · . . . . . . . ,:!o·· . 
' ' .;) ' ' 

3/20 

.10/10 
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the Persistence of(\rirulant Bacterium tularense in 

· white. mice .following. stre;ptomyain .therapy 

To determine the carrier sta~ in 'White mice after s.treptomyoin 

trea·tment 20 mice were .infeoted With. 7.Six lOl organisms· of the Sm strain. 

Twenty~tour thousand units or streptomycin were administered according to 

the :revised schedule1 Three mice were posted on the 16th, 30th, and. 35th 
day- £allowing in£ection. on tha 16th day two mice harbored 80 and 70 

organisms in the spleen whil<t the third· mouse was free trom. infection with 

Bacterium ·tularense. Thirty days after infection on& mouse was shown to 

be harb6ring 370 organisms in the spleen. Bacterium tularense could not 

be cultured from the other two mice,. On the 3,th day the number or 
organisms ·round in the three mice was 4340, 340 and o, respectively. 

The passive ;erotection.0£ white mica against virulent 

Bacterium tularense with. immune rat serum 

Francis and Felton (3S) have reported the use of immune rabbit 

serum for passive protection or white mice against tularemia. They-

showed that there was an· increase in survival time .following infection 

'When :imtntme serum was administered, but actual survival or the mice did 

. not occux-. The immune serum they prepared was from rabbi ts 'Which were 

immunized With formalized vaccines. It was or interest to determine 

'Whether the antibodies induced in rats by living Jap organisms would 

protect· 'White mice• 

Rats weighing approximately 200 · grams were inoculated with 

4.$ x 107 .Jap organisms ·and 14 days · la.tar were. 1:)led. from the heart. 

The serum was removed ·and ·the samples pooled.· The agglutinin titer· of 

the pooled serum £or Bacterium tularensa was 1,640. 



'?w8nty~£our normal mice ,mr,e inoculated. intra.abdominally With 

OS ml or the abQve serum. The mice vrere divided into tm, groups of 

l2 each 'Which were challenged with 10 and l LD_so respectively or the 

Sm strain. Twenty-tour· norm!\l mice t'eeeived o.; ml or normal rat serum 

and · 11ere chaUenged as described above / These mice served as the serum 
controls, ·· For nq~l controls two groups \of 6 ~ice received 10 and 1 

' ', •. . . J 

LD50 ot;},he Sm st\'afnt ; Th& fiii~ults s~ized in tab!$ 20; ' It ·llll11 
be observed ·that ,thera was little difference in the mortality between the 
innnune sex-um mice and the normal serum gro~p J 'nor was the ·survival ra.te 

significantly superior to that observed in thJ normal controls. There was 
verylittie "increase in the survival time bf ~he immuniied mice, as com• 
pared·wtth either the serum controls :or the nrirmal controls. The majori~ · 

of. the 'immunized mica died$ days at~r-c~all~nge. Most of · the mice in . • . 
. . : . . 

the other groups ·died -4-dtcy"s ·after cba:faetlge. 
A second experiment was mad~: ;i.ri o:rdeJ to ·, confirm the above re ... ' . : ' -_ ' ,•__ s 

sults, The protocol was the same exdt\pt 'that\ l.2 additional mice were 
. ····· .- . . 

itmnuniz.ed as previously- .desQi'ibed imf 1'18re c~nged with 100 :r.n50 ot 
the. Sm .strain. The results in table 21 conritjn the original findings. _ 

The survival rate is nearly the ~ame £of; each ~oup as previously de• 
' · 

scribed., and the survival time appeared to ave~age one day longer in 
\ . . 

the immunized groups than in the controJl··group~.,r -, 



Table 20 

Passive ··-rcrotection . of 'White• xnice .. against 

:Sa.otar:tum tularense with. Jap ... immune rat serum 

Inoculation 

Jap-e.ntiserum 

Dead . --- ' Tested 

10/l'}. 

4/6 

U/12 

6/6 

Passive ·· protection. of vmite · mice asa.inst 

Bacterium tularense._ With.Jap--immune,- rat serum 

Tes.t d<?se of virulent organisms (Sm) 

, . . . . 

Jap-a:ntiserum 

Normal rat serum 
Normalmice ,/6 

* Dead ·_ Mortality ratio • Tes!£ed 

10 LD ,o 

ll/12 
9/12 

6/6 

100 LD .. · ·$0 

,, 

·u/U 



The :use or ldlled·· vacdines £or . the, immunization of' 
_;~, 

wb.ite .. miC8_ against -~aCfsfrtthWJ }W:ft:rmnse 

-- · Ali;hough Coriell ' et al · (7) ·have reported ·that ldlled ·va.eri:lnes 
ptepa,~ed. .rtok·.- .highly. virulent strains ._ of- BacteriUnl ' tuia.rense .. {ailed_'~-
immunize .rtlca satisfactorily it was : decided that · killed .. vaccines of· the · 
Jap ·s.nd-_·sin :a-furain~ sho_uld be investigated· tor immunizing potency -since 

. ·:-. . 

living ·qrganisms ·.or thtse.. strains had ;been :shovm to elicit good immunity · I ' • . • - . • 

in ·mice. $evera.1 ·•-1nethoda tor prepa:r-ing --killed vaccines with both strains ' . . ' . . . . . . ., 
. .. ' , • · .. , 

were employed • . · 'the designation ot the·· V<iceines ~tudied and the me_thod 
£or the preparation of_ each _is ··given below. 

' 
. ' 

_Aqetone Extra.oted Vaccine -.No. 1 •. _ .. (A. ·E. V,#1) 

Jap cultures were grown for 48 hours in Snyder's broth (41) and ·-
. . . 

2$ ~r cent by volume 0£ Ci.P-. acetone -. -was· added and• allowed to stand over-
night at 4 ~c. ,Thia was , centrifuged 'and washed twtl.ee in 10 to l5 ~l of 
saline t After the second wash:lng the cells · ,verfJ resuspended in 0 ... 1 per 

. . Cf)nt formalized saline and placed. :1n the refrigerator . until use,d. ' ·,,~ . 

Acetone Extracted Vaccine No. ·• 2 .• . __ (A. E.• v.: #2) 
· - This vaccine wa.a prepared ~oco~d:tng to the method used in .A, E • 

v. Ill. exeept -that ·the lla.p strain was grovm in llillsi medium (46) for 24 
hours. 

Acetone Extracted Vaccine No. 3. (A, t. v. #3) 
A '24 'hour culture 9£ the Jap strain was grown. in Mills• medium · 

and the cells :-were centrifuged, washed on:ce in saline, suspended in 20 ml 
. or . 90 .per ·cent acetone -and · allo1.-ed --~ -stand overnight at room temperature. 

- ' . : ' 

The cells were again c~-~~ifuged and the. acetone decanted. · The cells 'W8re 
•---f.-r 

then washed. three . times :In •Stiline, and resuspended ·in 0.1 per cent £ormaldJ~ed 
saline. 



. . ·. · .. . \ ,. ·;.· 

·.·, _·· -_· ,, ·.· 

A t4 hour culture or the sm·:str,~iri' iown in Mills• medium was 
treated a.s . ~scribed tor the prepal'at:ton. ot A. E. v. Ill• ' .- . . -

Acetone' '~xtra?te«· Vaeeintf No, •.. S •. . (Ai. E,:v:. fS.) 
· !. 24 hour culture of the S,m $train grown· in M:t.1l.sl medium was 

treated as ·de~c:ribed fo't the pr$pari:hiot1 <of:· 4• lh v. {fJ and #4 except 
that 7>. per Cent ao~·tonef \'ttls 'il$ed f<>r tltffrii.ction, All Qt these· ~coin.es 

, ' .-.:-----_·-·.. . , . ' 

nre. £oundto be sterile vm.eri pl.at'3d dir~etl.y' on CJ9BA• !n the eltPSrimenttl 
i//'' 

1n 'Which these vaccines, wre e,mploye~ thf mice •r~r immunized with in-. . 

jection.of O.-$m1 ota standard.suspensionr:,f tht ve.ooines on each of 

three ~iterna:te days. Th~ mice -were challenged with from 10 to 10,000 · 
. . , .· ' . . . , , .:...: .... ·. ___ ..,, . ... .-~~---,-- ............ .. ';•#·.,, ..,, .. -~,... ..... .,,, •• _, .. ; ······: .:,_ ' ... ' J ;., .. -~ ; ; ,/, ; ; _. -:. , ;,·, -~' ..... ; .. : . • •·- ,~ ,-. ~, . ' • •• " :. - . ... . .. ... . .. . · •.• ,, -- . • 

m!:;
0 ·of the Sm strain. . (l'.heresults C>i' 'all or these experimentsare . 

summarizedin table 22. 
' . . . 

Sonioa~ Extracted, ·vaccinet1 

$iilce the use o,£ high frequeridt ... sound waves has been $mployed 

suceessi\tlly in extracting the labilaV! iantigen front eel~ ot Salmonel.U 
. ;ro&i it :vn1s decided to detennine vmathef this means of extraction could · 

. ' . •·: . " 

be used for the . preparation of potent B:icrterium tulirense vaccina.s. 
. . 

Sonip Extract Mo.. i~ (s. E. fl) 

The, eells or 24 hour Ja.p cu1tu.re::1 gl'own :tn Snyder-•s broth-were 
harvestE,d by·centttitugation Md were resuspended in sterilEI saline to a · 
concentration ot l. O x 'JJ:)'JJJ organisms pEir 1lll, . '?his · SU11pension ;,as sub., 
jf;lctad to sonic·vibration for So minutes ··at ·9000 cycles :l.n a Raytheon 

Sonic oscillator. Following sonic disintegration the· suspension ?llW 

filtered. 't~ough a Seitz i'ilte~ and frozen., Phte eounts showed the ' 
• . ' . r 

suepens:1.on .to be completel:r sterile at time of ·USe. •. 

twnty mi~e ware inoculated -with o.S ml of the undiluted suspension. 



-Table .22> 

Resistance: or white mice to: c~allenge w:tth v:iruµ3nt: B~cteriiim tularense-
- _ ' ·. ', . ' ., .. ·. :_-. . · . _ .. - _ _ / :_•,, ' · ··, _ .-- _ : ·:: : folloWin~ vaccination ·with acetone extracted vaccines .· 

vaccine 
· Days.· a.rter 

inoculation 

#1 (Jap) 22 

, : #2 (Jap) (a) 20 

(~J . - 16 
. , 

113 (Jap) ·15 
/lh :csm) -JS 
/IS (Sm) 17 

Normal mice 

.___. 

. 17/1.8 

* ·neaa·· __ -· · · Mortality ratio ,. 
-~ 

.10/1,0-

7/10 

'7/10 

18/19 
10110 . ..... ,. 

· 18/19· 
: ' ' ;_ .. 

1'5/1$. 

-~ · -

~ :. 

3/3, 

··-· - --- -



l. 

twenty~ne days :later the mice were di'Vided !nto two, groups of 10 mice 
' :.· ._-' • ,· ',,. < ' ' '. ·._ ·_, ,,· .:.·. ·-:·- < • --~ 

· each \'lh:toh .~ e~~~cl 1'/i th 100 ifid 3fliU>$o l)t th,e Sm $.tl'a:inj ~,.. 
.-·- •. ,., 

speetivejq,~ · Tn.e results are sumtna.r:tzeclc i,n ~le 23. :. 
Sonic) Extra.ct No. _a •. (S •. El. /12) 

r111a···va.cfo:tne··•s· .. 1,reparaa i.1-r·thEiJise-ie wmner .as s. E, #1· jxcept 
. that th~. ~r{~1 sus~nsion oonW.~d 6~5 ·* 10l0 .of ~ms; p(ll:' mlt 

l •' . ' . '. ·,.. . .·. ' 

··.·, group o:r 10 mice received o., ml ~t the .t1t1diluted extract.on 

each of three alternate days• Eigltt,een da.ys :.after the first inooule.tion 

tne··m1ce:·wore.•-Challenged with 100 Wto· ot·the -Sm strain•·· These results 

are ·alao st.tmn'JB.rized in table 23. 
' ; 

; I 

Sonic Extra.et No. ;. ($. E~ #.J) 
This. vaccine was prepared as p:reviousi,- described eRcept t.."utt 

tb.e original suspension contained 12-~o x 1010, organisms .per ·m1. 

'ten mice were inoau.J.e.ted With· 0.$ .mi of the ; undiluted extract 

on· ea.ch of •.••three· alternate_. days. f?ixteen daya 1ftei- the first in.o_oulation 

the. mice, V1Gre cnallengea: vr.ttn 100 wg8 ·or· the: Sm strain~ The results 

may :be .found in ta.bla/23• · 

Son:tc;;.;Ex'Wact No. li.• (s. E .• /14) 
. : Thia va.cci,ne was ,prepare~ as previously described e,xcept that 

the cells 'Were grown .. in Mi11s •I· medium :ana· the: or~ginal ~uspension eont,a:tned 
.. . 10 •.·.·.·, .· .· . . .' · . · ·•·•·.· ·•· • .. · ·. . :,: .:: 2.4 x 10. ··. Jap organisms. Living organisms of the. aviru1ent: 38 strain 

wart· ·then added to give a concentration of 2,9 x 109 cells pe:r ml and 

allowed .to stand at room.temperature to:rone hour. Foll.owing the ab-

sorption procedure 2$. mice we,re each inoculated l'd th o., ml of the sue--

pension. Ten days: later the tnioe were: chaµenged with 100 m,0 of +,.ne 

Jril!Ulent Sm strain. These :results'; are ~eluded .in table 23. 



Resisiiarlce ot ~ite ~iee •·t<, ·_ :<lha.llen~ .W"lth ::~e~t Bacterium tul.arense 

, -;:;· .. ,-, :_ .. -·., .. . 
; -; , ,; --' , .. . 

S.· E. 14 
. -+ . 

, l'J.Ving ft.35~ 

· Normal mice 

j 

follO'V'f.ing . vaccination 14th. sonic extra.ct$ 

21 

18 

. :16 

10 

Test dQse ot vir.ulen.t or~isJ:nS (Sm) 
;o m,0 . ;, 100, tnto_ 

6/10 

8/iO 

9/10 

. 18/20 

I 



Sodiuni Fluoride Killecl tracoine . . . . 

.- . '' '·.·., 

Sodium£lu.oride is knom to inhibit the action otthe oyt(,ehrornes 
without denaturing cellular protein. ·•·tt was thought that by the use or 

this cell poisop it ._might be possible to prepare· a· killed vaccine that 

~d not lost it~ antigenic propertieEi.: .}1.ccordingly a 24 hour Ja.p culture 

grown in M:ttis I medium ·us.· centrifuged arid. the cells :resuspended :i.n. one 
' ' ' 

per esnt sodium fluoridEt for 24 hours. ··111e cells were then ca11t.t-ifuged 

and washed 4 t:unes with ph;ysiolo•gioal saline~ They were then resuspended 

in o.~per .cent formalized salioo. Plate counts showed that the vaccine 

-was sterile t Nineteen mice each received o.~ ml Qf a standard suspension 

of the··vaccine on each or·,; e.lterna.te_ .da,-si The mice were challenged 22 

days after the first inoculation with 100 w,0 of the Sin strain, The :re-. 

e1ults a.re sumtnarfzed in table 24, · 
Stre}?;t?&ein ·;Killed· Vaccin_e, · 

,,,\'•;• 

it 11a;s been shown that streptbmyc.in eXE:lrts a baeterieida.:l ei'fect 

.on .. Baeterium tularense •. Th~ exact mechanism or its action. is not known, 
but it seema probable that the ce1l~protein iS not denatured by con• 

tact with· streptomycin, Assumin~ t~is '1:1 be . true it seemed possible that 
' : >.· .... ·· '.·., ; 

po~nt ki.iied vaccines might be prepared. A:. 24.· ·hour Jap culture g:rovm in 
···. .· . 

Mills• medillltl ,ms centri£uge<i ~d the cells ·were. resuspended to a qoncen• 
tration or . approxUnjtelj-·•··3·;·0·· x:·-io9 ··qr·gafl:tsms•·par. · ml · in : ea.line -·containing · 

. 201000· units ·. 0£ .streptomyo:1.n per ml. ·· The: suspension· was .$3.lomd to ineU• 

bate at room. temperature ov~:rnight. The cells were .centrifuged and washed 

thr~e times · and· resuspended in 0.1 ·· per cent forme.lized saline. The. vaccine 
. ; ··'. · , 

fl$·£ound.tobe sterile a.a de'lierminedbypla.te count. 

ta11e·m1ca we:re each inoculated With O-,ntl of the standard .$\1$• 

penid.on ot the o:rganisms on each 0£ l alternate days. 1\Vanty-;two days 



Table.·.•2h 

Resistance· ot ~ite mi.O$ to challenge .with :virulent Bacterium tu!arense 
' - • . : : . . ~ . ' . . ' . ' ' , . ' ' . -· . , ' . . ' . : .- _· . . .. : ·.: : _, 

* 

tollow:ing -vaocinationw±th sodium :Cluori~and 

stre,etorwein.killedvaccine.s 

Na -F 22 

Streptomycin 

Norniai · m1ce· 

Jlo:rtallty ratio • Dead 
· . 'l'ested 

Test dose of virulent · 
organisms ($n) 

100 L1)$0 

9/9 



:, 
~, 
;~ .. · . '. •.-· .~n-

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

j 
l : -~ 

~ter the·~irst inoculation -they·re~e,iyedlOO to,~ of the virulent $:m 

$train, fhe.se ··. results a.re shown in ~bl.a ·?4. 
Tissue_ Extra~t ·Ant:t~ns 

'fha predOlilimlnt~ ;negative re_sulr~ obtained in 'trying to .. I#e• 
. . . ' - . 

pare ~ . potent killed culture' vaccine •as~ittst J3acterium '.bularenae suggested 

the po.ssib:t:u. ty : that tha orga.nisma do noit produce the immunizing ract<:>r 
. -

v,hen gro,m .. in the usua.1 culture media, btHr that . they. may p:r;-oduce this 

antigen in-vivo. 
'. ·.- ~ -~ · , 

· Eight guinea pigs ~re inoc1il.ated With 4.4. x 1J Jap organisms , 

.-.nd three da.~ later were sacrificed. The peritoneal cavity of each pig 

was washed w.ith _10 ml of saline,- The washings were combined ·and· filtered 

through a. Seitt filter~ '1le number Qf organisms prior to filtration -was 
i'ound to be· appro,cimately 340,000 per ml.• Ten mice were in()culated wi:th 

o., ml or the sterile undiluted filtrate on eaQh of .3 -.lternate days+ 

-eavetittef after the fir13t inocW4tion tlle mice received 100 LP~o 
of the Sm strain~ The results· are sho-wn :in table 2$~ 

The spleene of the 8 guinea p:i.gswere removed and imnlediateli 

frozea over "dry' ice• The7 11ere thtn macerated with chilled m<;>r~ and 
pestl.tJ and suspended in tee cold $aline. ~e brei wa$. centrifuged and 

., " , ·-. ·- '' --· . . 

th~ superntttant fiiiered ·through a chilled Seitz tilter, The filtered 

material was .froz~n in the 002 box until used, Plate counts made prior 

to use slio-wed ·. the filtrate to be sterile, Ten -mice were inoculated with 

o.; ml .of _the spenio extract on each of .4 alternate days. ~nty days 

after the fir.st inoculation the 1!11-ca were c~lle_nged with 100 :tn,0 of the 

Sm strain of. l:3acterium tularense, These results w.ay be found in tabla 2$. 
. - , 

Front an e~tion, of tabletJ 22, 23.; 24 and 2S it ma:r be seen 

that none, .or ,the . methods for preparing ld11ed . vaccines gave sa tisfa.otory . 



Res:i.stance : ot white Jnice r to. ohaJ.1enga with .Virulent. 

·.· · Bacterium tularense fol.l.mting vaccination ,,, . 

rtith:;tis~ue ,extracts ·or gllinaa pi1as ··.fu,fectad. ··with. ·the ·Jap ··.strain 

vaccine . 

I.P. 
Wa.shings 

Splenie . 
extracts 

Normal 
mice 

nays. af'ter 
inoculation 

. 17 -

20 

* Mortality ratio • Dead . -'.fasted 

· Test· dose · •ot· 
virulent · 

Organisms (Sm) 

ioo wso 

' ' * 10/10 

10/10 

20/20· 

', ' . ... , ' 



results. Mice :tmm.unized with these vaccines i,ere resistant to only 

very low concentrations of the· Sm organisms or showed no resistance 

other than a small increase in survival time f'ollowing infection. ..The. 

survival rates of these mice -were discouragingly low as compared to 

the survival rates obtained using living Jap or Russ organi$11$• 

The longest survival time was obse:rved in the mice immunized 

with the sodium nuoride killed cells.. The majority of these mice did 

not die until the eighth or ninth day following challeng~. It should. 

also be mentioned that these mice did not show any of the usual signs 

or illness until just before death. These observations indicate that 

this method for preparing vaccines would bear further study~ However, 

neither or the vaccines prepared using methods das;gned to prevent the 

denaturation of cellular protein ,vere satisfactory. 

The results obtained using tissue extracts ere completely 

negative. Nevertheless, further work should be done befor'=l eliminating 

tissue extracts or infected animals as apossible source of potent ' 

Bacterium tularense antigen. 



DISCUSSION OF RESULTS 

The results of this inVestigation have shown that certain marked 

differenC$~ exist among the strains or .Bacterium tularense studied. They 

disclose the.tact that living organisms or some of the strains elicit good 

immunegt3nic respon~e in 'White mi:ce while others do not do so. An in..-
. . . . ;~ 

spect:t.on of ·~bles 2) 3, $ and 7 reveals that the immunogenic properties 
. \ 

for -white inice ot the Jap and Rus·s _ strains are far superior to those or . . ; . . ;,'\ 

' ' 

oi' the$tl ·litter strairis·-:tif :less 'than];hat of th;· .Jap ·and· Russ ·strains. 

The completely avh'ulent strain 38 exhibits the least immunogenio 
potency~ ~ra, 26:, and Max areendo.md with slightly greater immunizing 

capacity, 'While the Russ and Ja.p strains both appear to be highly immuno-

genict The observation that living cells or some strains or lowered 

'\tl.rulenceelicit good immunologic response in mice somnhat parallels 

the findings of Jawatz and Meyer {20) ,wllo demonstrated that living aviru-

lent organisms of Pasteruella E!stis would immunize guinea pigs against 
' ' 

bubonic plague 'While killed vaccines would not do so. The unsuccessful 

use of ldllad vaccines for immunizing 'White mice against Bacterium tularense 

'Will ·be discussed later •. 

From tables 111 13 ,µid 14 it may be observed that differences 

also exist among the highly .immunogenic strains. Initial doses con-

sisting 0£ large concentrations of the Russ and Depue organisms are 

necessary .to elicit good inununologica.l response in mice 'While relativezy 
few Jap and RI cells are required to protect these animals against in-

fection with the virulent Sm strain. The Carr strain, l1hich had been 

shown by- other workers in this laboratory to b~ highly ~ogenic 'When 

large numbers of organisms were inoculated into mice, did not provide 



.. . . . . , . . .. . 

good protectioh ,men· onlt 2 .o · x--104 · or·ganis~s wertf injected. · 
A comparison of figures 1; 3, 4·$ and 6 with tables S, l) ·and 

14 serves to emphasize the close relationship between the ability of a. 
strain to multiply in the animal body and ·its :tmmunogenic power •. ·1'he 
Jap and RI strains multiplied freely in ·mice at all concentrations 'While 
the Russ strain multiplied to a much lesser degree or not at.ail depending 
upon the original concentration of cells injected. The Depue Strain ap-

• 
peared to lack completely any ability to multiply in mice. fhe number 0£ 

organisms in the spleen was always round ·to be less than the infeet:tng 

concentration 'When this .strain ,.-as studied. '!'his strain is slightly ·more 

virulent than strain 38 and is show.n to elicit a greater immunologiere--
sp·onse in -nhite mice. 

The three tables show that the Jap and RI strain$ elicit good. 
immunity in mice. even when low concentrations of organisms are used £6r 
inoculation. The Russ and Depue strains elicit good immunologic resp~nse 

it extremely high concentrations or organisms are used for vaccination. 

When small numbers or these organisms are used little or no mu1tiplica.tion 
occurs and little immunity is produced. However, Russ ns shown to be 

slightly' more virulent a.nd to . possess someVihat greater immunoganic powar 

than the Depue strain. Strain 38 elicits the least immunogenio response 

or the five strains even 'When a series of inoculations with large numbers 

or this organism is employed. This strain is totally unable to establish 

itself in mica and has been shown to ~isappear . !rom the animal body vr:tthin 

6 days following the inoculation or 1.5 x 109 organi~s. 
These results emphasize that a direct relationship exists .between 

virulence and the ability or the strains to multiply in mice, With the 

immunogenic properties ot these strains. They also present indirect . 



,l 

evidence that·the dU'fe~ences inan~igenicity are of a quantitative nature 

and that q~litative antigenic differences between the strains. have·· not 
' ' .~ l 

bean dEh11onstrated •. 

Other :im.portan~ data .have been :obtained from studies of the Jap 
' .. _; _ ' . -·, _-_ .. · ... ,:, , .. -· .... , ·, · .. . =·~ ···· •c':.~ .. ;--__ .. • .... .. ~.~-_. .. ,:~ .. --. ,· ·-- ~'· . . , t:, .. . ... ., . . . ... · ·- . .., 

culture. The original. discovery of the iminunogenic power of living 
. ' ' 

' ' . ' . . 

organisms was ma~e with this _strain and for this reason it was selected 

£or extens:t:ve study. ·. 

The immunity- .elicited following inoculation with the Jap strain 
. . . ' ·. . . . . . 

appears to last for at least 4 months. ,- As shown in table 8 the mice 

~eemed to be ffl:311 protected during and at the expiration of this period. 

There is nothing to suggest that this immunity ever disappears compleu,zy., 

although further studies were not made. Bucbele and Downs (23) have 

· shown that . re.ts exhibit resistance to infection with virulent Bacterium 

tularense up to 9 months after immunization. The immunity elicited by 

the Jap strain appears to be quite solid since Jap :Immunized mi~e are 

highly resistant to rechal.lenga With the v:trulent Sm strain as may be 

-~Q?eF8d in tabie 6. ' Similar results have been obtained with rats by 
:·:, , 

Buchale and Downs (2?)* It was not possibl.$ measure the cumulative 

effecto.fthe cpallei:ige and :1:'eohallenge doses .on the degree or immunity 

in . the vaccinated mice. 
' . 

Jlice :immunized by living. organisms or the Jap strain are re-

sistant to :Lfifection w.1. th more than one virulent strain as shown by the 

rE3sults summarized in table4~ ·The mice were able to resist infection with 

tremendo~ concentrations of the Grove~, . Cruse and Ince strains 1' These 

findings are in accord with the con<?lusions drawn by Foshay (4). It is 

his contention that upon recovery from tularemia, humans are immune to 

aubsequ.ent inrection with any strain or Bacterium tularense. 



. These ret>u1ts strongly' suggest that tllere 'is v~rylittle qualita:tiw 
,mtigenic ··•dirtert1nce. $.tttong the varioUS: strains. 

It is 0£ inte~est to ne>te. tha.t OorieJl. et al (7) could not 
. - ·. 

' 

demonstrate solid immunity ·to tularemia :tn mice which -ware immunized 
with kiil.<3d vaccines.. Thay· observed ~hat the rew surviv-or.s 0£ a challenge 

dose of virulent Bacterium tularense iarila:tned susceptible to tularemia 
' ··_··,. ' ' ·- _· __ ·_·· : · .. . ,., : . , , . - . .,.. '·•: ,, :_· .. 

and usually succumbed when reehallen~d. · · 
. • The appeJtarance ot immunity :fu lihi te mice. is extremely rapid an.cf 

- ' ' ' ' 

it was shown :that an exeell.$nt degree ·oi immunity could be demonstrated 

as early as 4 days atte:r vaccination ·.with·_: the Jap strain. Some evidence . 

0£ immunologic .response was observed tis early as the .~nd .and ):rd .day 
after ·inoeula.tion· (tabl~ 9).. :rt is ,r ill.terest to note that the multi.-.. 
plication or tl'ap organisms U$ually r<4ached a peak between the 3rd and 
S-tb day after iri£ection. In contrast to this, it was not possible to 

' ' ,,._. . 
demonstra.teagglu.tin:lns. 1n vaccinated mice earlier than the 7th ox- 8th 
day attar inocula:tion. As . few as 20· living Jap organisms provided mice 

with a ~a.ir degree o.r immunity and any number or cells between 200 and 
200,000 insured a high degree of protection against infection with 'the 
Sm s~ain.{ As has been previously mentioned, the Jap strain multiplies 
tree~ in mice. Other .. imun.ufogenic Eltra.ins have not elicited such good 

immunologic response 'Whell amall numbet:'.sof organisms were inoculated 
into :miC8i 

' ., -, · . . . 

A.<i~itional evidence.for the ·solidimmunity provided byvaeoination 
' . ' • ' 

1tlth ·the Jap strain is presented in 'tabl~ 12 and figure 2. These results 
indicate th~t immunized mice are able to rid themselves· :rapidly and 
ett:1.ciently" ot virulent organisms· . followi,ng infection. Saline SllSpensions 

prepared mtl:1 the spleens or inmrllnited, . ~d. subsequently ehallenged1 . 



mice wre . generally non-infective f'or· normal mice as early :as h day's · 
following challenge. Since a single · Virulent, organism can cause a 

. fatal infect.ion in normal mic~,, this · supports the conclusion. that the 

Jap stra.inprovided these animals.with a solid immunity to.infection with 
,•.·_, . . • '1.. ' ·, 

. ' ' . . . 

Bacteritiin. tularense •. In contraut to normal mice, Jap immunized animals 

•re able to limit the multiplication of virulent organisms and. eventually 

rid themselves of these organisms, as shown by- bacterial counts or the 

heart blood,· ·spleen and liver. 

Foshay (24) has suggested that immunity to tularemia is dependent 

upon the•· oontim.1.ous presence of living organisms in ttie body, The carriEtr 

state in rats and mice has been determined frequently· and it is known ttu1t 

highly virulent. organisms mq pers~ij~ :1l1 · the recovered animals £qr long 
,- . . ' ' ' f./{;-.::i:>1 

periods· of time. on the other hand, it has not been possible to demonstr~te 

the presen~e ?£ livin~ ?ap Ol."ga.nisms in mice lQ:nger than 18 days after 

inoculation. Since. Jap immuni~d .animais· are resistant to ratt:il infection 

with . viruJ.ant Bacterium .. tularense for ·• severµ months th~s may indie~te 

that immunity is independtnt or the carrier ,tate~ However, the poss:t.i. 

bilityexists that the pl.ai:.ing tecbnieused to determine carriers is not 

sufficiently delicate to detect verr. small number.a of living Jap cells .. 

If this is trus one should not eliminata·tb.e carrier state as a possible 

mechanism . by Which immunity to tul.al"end.a ·.· is · maintained, 

!t has been possible to correlate the amount or agglutinin 

production in mica .following· the :tn.oculation of strains of lowered 
• . , ; ! 

virulence with their Virulane$ and :tmmunogenic properties. .strains Jap, 

Russ~. 26, and 38. were selected for a.ggluti:Qin st,udies and it ma.7 be ob~ 
served in figures 7, 8, 9 and 10 that only the highly immunogenio Jap 

and Russ cultures elicited an appreciable ~gglutinin rt• sponGe.. Strains 



26 and j8fa.:Ued-·to-do so. In all easeur)however, the agglutinin titer~ -
•... ti. 

r~ma.ined low in ·contrast to the relatively high titers that may· be ob.-

.. . tained 1.n.rats and · other laboratory anitna.l.s. These results· indicate that 

tha. _agglutinin :' ti tar of ttl.OUS8 serum is .not a satisfactory index _ of , imtnum.ty 
. ; ., - .. :. :_ . . ·, -· . ,,. ' -: -, ; :.. . . ' 
. . -: -_·' __ -:>.-.:·:_.J·:· .::;_--: ' 

. against : ·tula.remia-•· , . 
..- , .-:·: .. ·, 

:r:t .wa.$ •oonsidered nec~asary-to -dE!~rmine -tbe innnunogenie capacity 
' . ' . . . . 

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

<>t the highly virulent st:rain~ ·that werE} available• Streptomycin ,:treatment 
•• . . ' • ' ' f ' . • • ·.' . . • • ' 

. ., : : . .. _. , .· . ' ' - _- ' -~ 

infection ciould be controlled after mf :l.n:i.tial period ot oell multipli• 

cation ·1n· the mi~e. Challen~ 9r · thessmice ·•with the_Srn strain-demons.tra.ted 

that they had davelopad _some degree· ot _llWtlunitr_rQllo.ving inf'eation -du:ring 

the cotit"se . of -streptomycin . therapy·~ ;Upon ¥ecb8.lle"nge -the _ mice appeared 

to be even more · resista.nt · to £ata1 irifect:i.on. Onca again the. cumulative 
r ·:,; . ., • , . . · _ '.· ·, ·• ', '. · .. ,_;·_ • ' , 

eltect ot the challengEJ doses .on thedegreeo£ immunity could not be 
, . ,, , ' . . . . . . ... ' . ' ' ' 

evaluated~ 

S~eptt?myoin was ~hown to . aid. in.. riddin~ the moµ~e _ ·or infection 

(f:t~ 11). initial ettect .appearad to be bactariostatic character, 

ancf a ~4 h~ur period during which the organisms in_ th~ animals re~:i.ned 

. conatant.t -'neither increJsing ne>r decreasing in numbe~, was observed. This 

. waa tollowed :by a 3:apid and_ re~: de'tire~se, .f~r $ days following the initi-

. ation ot $treptomyoin treatment after ~:tch the number of' residual organisms 
t . . . • • 

levale~ oft and remained relatively constant until the.animals were ch~nged. 

19 daysatter· inf~ctio?• It is :important to note that. the mioevre:re .able 

t9 l~t l!nlltiplioation 0£ the orgciniSms fo:U.owing challenge,· the average 
. - . • . •· . . I . • ' 

number ot organisms, never reaching a · concentration equal to· the log. 4. 
Th~ · 1a also true. upon re challenge ot the survivors• Moticea~le · .nuctu• 

' ' - -



but they all. fell within .tit . . low ·and predictable range.if 

'fhe two accessory curves (b). and · (c) . shown in figur~ ll -were 
plotted to dsmonstra:te that a single mouse harboring from ;,ooo to 

l0,000 organisms may mask; or distortf.ithe results obtained t'rom the . 
. . , ·--:·;• : '_ :, .· _.'. . 

other individuals examined at any given timth · The curve plotted for the 

average number 0£ organisms in 3 mice: .a.t eaoh stated interval does not 
differ greatfy £I-om curve (b), yet 1i·•·.:1s obvious that marked discrepancies 

. . , ., __ -. 

4ld.st betlveen curve-a (A) and .(B) on the <one band, and curve (~) Q~r1t.be· 
. ,. . . . ' ··;,.·"·/: 

~ther. These results Are mentioned in · order to bring out the f'a~t(;.tha.t, 
genera.'l:ty, one mous~ ot every three 'dhallen~d with 100 w50 <>f the Sm 

strainharbored ·rela.tively large numbers ot ·virulent Bacterium tularense 

:organ:l$111S. -nus :rs.tio al.so held true ' for ·the number ot d~aths and sur-
vivals following challenge with 100 w50, as may be seen in tables 1, and 

16. A slightly better survival rate ro1lowing challenge was observed 

when tp.e CrusE3 strain was tested £or its imnnmogenic properties~ Hovrover., 

the Groves strain elicited th, bast immunogenie response of all the highly 

virulent strains .. A comparison or ta.blast lS tb19ough l9 will. short that 

some immunogenic differences may exist ~ve.n $Illong highly Virulent strains 

whose ·'V'irulerice is not significantly dif'fe:rent. 

Upon rechallenge .all mice immilrii.zed with the 3 strains ·11ere 

highly resistant to fatal infection, .• The' survi~al rate in each case 

was from 80 to 100 per cent. !t .must be emphasized again that the · ewnu-. 

lati'V$ e£f~ct, or these successiv~ infecting doses on the immunity of the 

animals cannot be measured. 

It is ~p:>SS:ible ±o evaluate· the effect that streptomycin therapy 

might have had in dapr~ssing the immunologic response 0£ the mice. Pre• 

smnably,_ the various groups Qt mica employed may have reacted differently 



{ 

.Sl~ 

to the -known toxic e££ecte.of the strapt~c:1n, or they may have re~ 

sp,ndeddit:f~rentl.y to tht, immunogenicst:imuli in the presence or this 

antibiotic• ·An of these •. fae.tors · should be con$idered before c.oncluding 

that ·these·stra:tns are not as bighl.1 ilmnunoganio as the Japstra:tn, or 
that they l<H.,frer among tham$elves in ·th~ ·- respect. 

· The streptomycin schedule. that ,~~, ultimately a.dopted as standard. 

procedurEvappea.red to bet quite satie£actdey for tho protection of the mice 

from fatal in.faction~ s:tnee i survival rate of appro:-cinla.tely 90 percent 

was obtained consistently f .• Too great a concentration ·o.t streptomyc:i.n 

evoke$ nauro.;toxio $ym.ptomsJ and otten de.a.th, in the mice. Also, higher 

coneeritrations -0£ this -drug rnayredueetha infection too rapidly in .which 

oasa the organisms might not multiply enough to elicit good immunity in 

the a.rrl.mais -~-

Following-.streptofflYCin. treatment the-mice --were shown to harbor 

the Virulent organisms up to 30 days. )> Apparently, ill the carrier sta.te, ~· 

satisfactory balance had b$en reached and•s maintained indefinitely be• 

~en•·tne ·mice and the ··intedt:ing -agent~ 

The · :results of the experimeri,ts · on• the pc1S$iV8 protection in mice . 

· sh:owri 'in· tables 20 and 21 indicate that 're_l~tively high• agglutinin ·titers· 

of immune serum are not an index of poteD:tprotactiva capacity ot the 

sermn~ f.roteetbte antibodies ~re not a.pparent in the· rat serum employed. 

It should be rtieptioned that this .. serum ms obtained from rats recovered 

from L"lfection .with the Jap atra:!n of 'Baotariilin .. tularense· and .did n()t 

_ constitt1.te ·a ·· hyper-d.nmrune $arum, A slight delay in the death of· the mice 

treated ·,nth .the immune rat serum was ._observed, averaging approximately 

one day; over that of the control groups. -~e death :t'&.te was approXimate~ 

the same in • the teat and control groups. 'l'hese· results are · in accord 



with those ot Francia and Felton (;~) ,n.10 demonstrated a short .delily fol• 
lowing infection : in the time ot death 0£ m:toe · treated With itnmune serum .. 
The death rate was identical with that 0£ th~ control ard.mals. · 

Ex,per:lments ·mth kiU$d cul.ture·va.ceines using strains of ,, .low 

virlllenee., .and£ully virulent strains indicate that such vaccines produce 
little· .immunity in the whita tnouse. These vaccines, ho~vex-, are ~ffective 

· in the white rat as shown 'by Downs ·et·a.f·(6h They are also partially 

suecess£ul immunizing agents 1n man arl indicated by the reports Q.t Foshay 

(4), and Kadul et .·a.l ($). , However, :immunization of rats .and man with 

ld.llad eulturtls · does not e.ppear to. ~ortrer. as .solid an imm,mity as ·th8;t 

!ollovti.nS infection •. · Infection w.1.ti1 the living organisms appaara to be 

. , · nace_ssary to the· production of hnmu4ity in :the. mouse~ 1rhis may indicate~ 

a$ Ja11etz .and Meyer (20) have propo~ed ,v:tth regard to :Pasteurella 1'!$tis, 

t.1lat there is a very labile immuno~ri1-c~ constituent pl'esemt in· the. living 

culture · llhich is denatur€3d wholly 0{ ·1n·.patt bY mathodS used ror killing 
· • . ··. ' .' ' , . . . ;"·_ _:•:', : .. : . ~:':: i·. ' ' :.' :,· .' ' ' 

the otgall:tsmar On the other hand, tl1~re miit be '1n. affective immtmogertia .. 
' .·: , ' . . . 

subs Wice· ~oduced in the animal .. whioh . i~ . not pres~nt in artificial culture, - . ' . . 
' -', ·,' ,·: . . . . ,· ' 

In mo.ra :~esistallt animals as in man arid r~ts, killed. vaccines may be et- · 
£ectiV8 ;icause the13e an:i.ma.ls res:pol)Jto Slllall amounts 0£ the denat\lred 
antigen or .be'cause ·the ldlled vaccines icontain antigenic· constituents .· to 

which the mouse .. does not · react. 

The vaccine~ prepared by :the v¢-iousmethods of aeetona ·ektraction 
··us~g both: •the Jap ·a.r1d Sm strains did .no.t el:,ioit good inlntun:Lty in •.·mice 

(table i;} • · . Th~ ; preparation of vacctrit~~--wi th· sonically troat~d ~gan:i.sms 

of thtf Jap strain was prompted by the work,of' Chambers and JrlQrsdor.f (32) 

·who r·eported · tha. t t.liey could suooessfuiiy- a."ttract the highly labile V:t . · 
, ' '.-:: · ... :· ... --:,_,· 

antigen 0£ 3almonena· !@hosa., · Unfort~tely such a technic does not 



appear practicable £or Bacterium tul.a.rense. The vaccines which were pre~ 

pa.red. in.• this .manner failed to protect\mice satisfactorily as may be .ob~ 

served 1.n·tab1e ·23. 
·Tha use of enzyme .inhibitor$ that do not denature cell protein 

was investigated since it was tbougntthatposaibly the meth¢ds ofaeetone 

extraction.and sonic disinwgration might disrupt and damage the antigenic 

constituent o.t tha organisms. Streptomycin was used as the ldll.ing agent 
in the preparation of one of these vaccines and sodium fluoride in another. 

It was. :not possible to prepare a potent va.ecine for immunizing mice·. using 

these teobn:tcs. fables 24 and 2S record th~ unsuccessful attempts wi~ 

these vaccines, Wht mice that tmre imntunized 'With the sodium fluoride• 

killed cells .. llhowed··a significantly prolonged s~,ral .. time and never 
::-._-•-,. ... ::".,,- • • ··::- ', . t 

appeared 111 until just prior -to death~ It would··~eem that thl preparation 
; •- . , 

@d · use·.· or· tn.iif ·vacei.n?r··snoul.d · be ···1nwstige:tea.· 'at·•' greater•·· 1en(tbh. , 

. ···.· Since .none. c,f the killed .vaccines· prepared by. these· various methods 

were potent immunid.ng agents for mice;, . the possibility axi~ted. thn.t the 

immuniiing antigen ot Bacterium. tularense was not prQduced by the organisms 

when grmm in. the usual culture media. bu.tf.nnigb.t be produced in the tissues 
' . .. . 

ot the animals they infect. Some basiS ·for . this view may be derived from 
. ' . . : ' ' . . - . . 

the wo~k o:t Cromartie ~t al (27) who feported the production or an·immunii-

d.ng, substance. /by Bacillus anth:racis :u1 animal tis$ue which 1ras not observed 

when the.organismff&S grown in o~a.r1, culture media. 

'l.'heuse of splenic extracts and filtered per~tonea1 washings from 
if' 

guinea pigs• infected nth the Jap strain of Baoterilltt1 tula.rense for im-

munizing mice ,m.s not suocassful. . There may- be aeveta.1 factors responsible 

£or this. ·. First., . the number or Qrgan:tsms in the extract$ did not :reach 

the concentration desired; secondly, tlte antigen may have been removed in 



large part ,man the $pleen suspemsions and peritoneal washings ,rer$ 

.tiltered .. tbrough Seitz .filtersJ thirdly,.the antigen could conceivably' 

be destroyed by the action of body enzymes,· proteina.ses or carbohydrases., 

•present in the extracts before they were used for vaccination.· '.t'he prepa-

ration of tissue extracts shoui.dbeinvestigated more thoroughly-before 
' .. , ' . , .. 

discarding this method as unsatisfactory. 

:tn general, the results ot this inveatigati<>n have emphasized 

the la.ck or any qualitative antigenic•. difference among th$ various strains 

of Bacterium tularensa. The differences that do exist are· probably.quanti ... 

tative. The results ot the infectivity experiments, e.nd the immunization 

of, 1iliite mice vii.th living and killed organisms bear out such a conclusion. 

It is quite apparent that the virulence., and consequently the ability or 
• the strains to multiply in. mice., is d~~ctl;y raspQnsible for.:bha, imtnuno-

. genie quality of.ant· given strain_, All·.gradations or vfrulence $11d immuno-

genie po1rer "are represented by the strains studied i.11 this investigation• 

Because or its .high ~usceptibil.ity to tule.remia the 'White mouse 

vras chosen as the test animal :tn this .study.. The results have suggested 

·tha.t it is a delicate indicator tor deterntlning antigenic d:tf£ereneea 
. among various · strains of· Bacterium .. tul.arense. Some laboratory· animals 

are rela.tive:cy- resistant to, and easily inlttrunited against, tule.remia as 

in the case ot the white rat. Others such as the rabbit and guinea pig 

are highly susceptible and are not protected by- either living or killed 

Bacterium tularense vaccines. 

Al though the · Tihi te mouse does·. not respond immunologically· to . 

killed Bacterium tularenae it appears to·be highly responsive to antigenic • 

di£ferences or living organisms. Accordingly, the white JnOU$e appears to 

be the most satisfactory- laboratory animal tor this study. 



1 • . I.iving '<)rganisms '0£ certain strains of Bacterium tul.aren$e Yft:lre 
' . 

found to elicit 'a high degree ot imrnun:ttY .in white mice 'when· :lnoeu.-
lated' in sub;J.etha,l concentrations. 

2. lt,, waa possible to detect innnunogenic differences £or White mice ' 

·among the variou$ strains teswct. 
. . . 

3. The . immunogenio difi'ere~ce$ ~ou.ld btFdorrelated directly with the 

1'irulence of the strains and their ability to multiply in micej · 

. 4. · Th~ vaccination 0£ 'White mic$ With living organisms ot the Jap strain 

· produced a high degree 0£ immuniti ,ti.thin three days following inocu..: 

la.tiori. 

S1 _As few as 20 living cells :of the ·s~ightly virulent strain, Jap., 

elicited -good immunity when inocula:ted into · mic$,1 Moreover, . this 

strain of Bacwrium _tule.rense ·pro:v±dedwhite mice with an .innnunity 
' .· ,_ ' 

against rnore than Qne highlf virulent ~train. 

6, Mice immunized with living orgallisms 1 of the Jap· strain were tound ·1i<? 

possess a high degree ot immuriity 4 months after vaccination+ - · 

7~ tiv:ing organisms of the Jap strain .could not be recovered £rom the 
. ' ' ) .•·. ' ' 

spleens -- of· mice JQnger thqn 16 · days--. after inoculation. 

8~ ·. White ,miee !mmuni.zed ·nth living: J'ap otganiSms were shown, upon 
. . 

challenge» to rid themselves quickly arid efficiently of highly- viru-

lant-Bacteriwn tularense. 

9~ · S~ai:hs, ot high and •moderate Virulence were sho'W?l to multiply freely 
'· .·::: ·, . .'·' : . . 

in normal mice while strains .of ~ry low· vir'ldence showed a greatly 

~edueeda.bility -to-establish the111Selvas in mice. 

10. .It ·Jtas P<>ssible to show a correlation between the production of 

agglutinins in m.ica and the imrmmogen:i£ properties or strains Jap, 



Russ, . 26 and 38 for these animals•· 

11. It vms not possible to protect mice passively against high:J.1 VirUle~t 

Ba6teriutn.tu.la:rense 'With the serum of rats recovered. from Japin£ections. 

12. Organisms ot the highly virulent strains could be recovered from im-

munized 'mica .up to 24 days after challenge. 
13, ICillad. culture vaccines did not elicit . good immunologic response in 

1hi ta. miee, 

14,i, 'rhe antigen responsible for the production or :immunity in mice was 

either destroyed during•the preparation of the killed vaccines or it 

,ms not produced in vitro. ----
1,. :tt was not possible .to isolate a.n immunizing antigen. from the ·tissues 

of guinea pigs infected With t+he Jap strain of BactariU111 tula.rense, 

16~ By protecting mica Yd.th streptomycin .from fatal infection it was 

possible to demonstrate that·highly·virulent strains or ·Bacterium 

tularensa elicit· good immunity in white mice,, 

17. The irmnunity elicited in mice· by living organisms of the innmmogenie 

strains appears to b~ .quite solid as evidenced by a high survival 

'rate· following rechallenge o.f the· immunized anil1lals •• 

18 · White mice were shown to be highly' satisfactory test animals for the 

purposes of this study. 
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