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INTRODUCTION

It has been the primary purpose of this investigation to de-
termine whether any antigenic dii‘fe‘r‘encés exist among various strains of

Bacterium tularense and to evaluate the ability of these strains to elicit
an molcgical response in white micé; "v‘{s:xcept for a compérison of four

strains by reciprocal agglutinin absorption tests performed by Franecis "
and Evans ’(1) the literaturs does not report any attempt ta differantiaie

strains of Bac‘terimﬁ tuléranse by serological or immunological methods.
Fashé.y (2) and Downs (3) in unpublished experiments could not
demonstrate antigenic &ifferancés in several s*brains of t;his oi-gé.ﬁism
using serological methods. An’oigeziic: homogeneity in any .grqup of
organisms is the exception rather than the rule and since tﬁe strains of
Bacteriun tularense differ in virulence this raises the question of the

relation ai’ virulence to an&:iganic structure and whether the usual sero-
logical tea-&slara adequate to measure antigenic dif:f.’érencea’ in this
organism.

The host response to killed Bacterium tularense vaccines varies

with the species of animal involved. These vaccines elicit good immunity
in humans and in rats, and it is possible to produce high agglutinin |
titers in rabbits although these animals show little immmnity to tularemia
following v&ccination . Guineé pigs and mice, on the other hand; do nét
develop significant agglutinin\ titers, c:i' any apiareciablé inmunity‘ as a
result of vaccination.‘ It may be possible to explain this variation by
assuming that the ﬁxet.hods 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 of the immunizing fraction or develop



jmmunity through the influence of the denatured antigen. It is also
possible that they are immmized by certain cellular constituents to
which the other animals do not respond.

The immunogenic properties of killed Bacterium tularense vaccines

have been demonstrated in man by Foshay (ls) and Kadull et.al. (5) but
these vaccines do not produce as solid 1m:mmity as that observed following

:mfect.ion with this brganism. Killed vaccmes protect rats against as

much as 1,000,000 LD; of fully virulent Bac’oerium tularense, Downs et
al (6). Inmnnogenic‘dlfferences have not ‘been shown to exist between
gtrains and it must be assumed that most of the strains are suificiently
similar to protect against subsequent infection, Foshay (L).

On the other hand, it has been demonstrated that white mice are
highly susceptible %o tularemia and are protected only to a slight de-
gree by the injection of killed vaccines ,_xné-.ide fram a viruwlent strain 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 satisfactofy animal

on which to test the potency of vaccines. It was felt that the study of
strains of low virulence would provide an opportunity to observe the
immunologic response of white mice to inoculation of sublethal concenw

trations of living organisms of various strains of Bacterium tularense.

By this means it might be possible to detect ahtigenic and immunogenic
differences as indicated by the; ability of these strains to immunize the
mice,

A study was also made of the behavior of the 1iving organisms
of these strains in mice during the course of infection since it was
thought that the rate and extent of 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 dii‘ferenca in the metabolic activity of each strain in
relation to the specific host, in this case the white mouse.

A review of streptomycin studies with Bacterium tularense per-

formed by Chapman et al (8) indicated that an extension of that work was
necessary in order to elucidate the host-parasite relationship that exists
between mice and highly virulent Bacterium tularense during and following

‘streptomycin therapy. Accordingly, investigation was directed toward the .
determination of the immunogenic properties of these strains, as well as
- their ini‘ectivity for untréated 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

v:;rulence. - The vaccines tested include phenolized; acetone extracted,
sonically extracted, streptomycin killed and sodiwm fluoride killed
preparations, Thq p;'oduction of immmizing antigen in ani:mal tissues
was also investigated.
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REVIEW OF LITERATURE

Relatively few éntigfanic stﬁﬁies of Bacf.éri*um tularense are
reported in the literature. Francis and Evans (1) have demonstrated
the close semlogical cross reiationshi?s existing between ﬁhis organism.
and those of the genus Brucella, and as previously mentioned, have re- “
ported that no differences weré observed aniong four strains of Bacterium
ﬁularehsa as demenstrated by reciprocal' égglutinin‘ absérption technics '
Bond and Downs (9) on the other hand showed that no serological relatione

ship existed between Bacterium tularense and the Pasteurella group, al-
‘though this organism has been classified as a member of the genus Pasteur-
ella on the basis of the ¢linical symptoms and histophathological lesions

it evokes in infected rodents, |
Differentiation of Bacterium tularense by means of cultural

characteristics has been shomn-to be smpracticable by Francis (10) and
Downs and Bond (11)., They _réport thé,t nearly all straiﬁs forment inost
of the usual sugars; Other cultural characmris-bics such as st PLro-
duction in média containing peptone and blood or serum, or in medis con-
taining cystine do not serve as a saﬁsi‘acﬁory basis for classification,
Downs and Bond (11).

Other differences such as that of lowered virulence have been
observed in freshly isolated strains of Bacterium tularense, Green (12)

has isolated strains of low virulence from ruffed w."ouse; "These cultures
produced infections in guinea pigs which caused death ai‘ter. an average
duration of 15 days, in contrast to the ixsual average of 6 days when the
guinea pigs were infected with highly virulent strains isolated from
rabbits. Also, Davis et al (13) have found strains of Bacterium tulavense

~ of low virulence in the Rocky Mountain wood tick (Dermacentor andersoni).




The cultures were observed to havé a lowered virulence for rabbits and
guinea pigs. ,

Experimentally induced ;a.virulénée has been reported by Foshé.y
(1) ﬁho refrigerated for ten weeks sifncultwes of two virulent straing
grovn on baagulated egg yolk medium. He was then able to demonstrate
that these cultiures were almost completely avirulent for guinea pigs and
white mice, | | | |

. Much 61‘ the above work has laid a foundation for the investigation
of the host~parasite re]ationships that exist betwsen Bacterium tularense

and the class Mammalia. The incidence of tularemia among humans is rela-
tively high in certain areas of the United States, and it is even higher
in the rabbit and hare populations and in many other rodents, Jellison
and Parker (15). Consequently it has been of interest to determine the
relationships existing between Bacterimm tularense and various laboratory
Iillie and Francis (16) found that white rats were less sus-

ceptible to tuleremia than were rabbits. In addition, Downs (17) and
I1illie and Francis (16) showed that rabbits wcould not be immunized with
killed or attenuated vaccines of Bacterium tulsrense. More recently

powms et al (18) have made a study of the comparative susceptibility of
laboratory animals. They observed a wide range of susceptibility to
tularemia in the'Species testad. Rabbits, mice, guinea pigs, hamsters
and cotton rats rarely recovered i‘rom an infective dose. The number of °
virulent organisma constimting an infective dose varied according to
species. The mouse apparently succumbed to infection with one organism,
The white rat was found to bé susceptible to infection but recovered more
often than did the previously meﬂtioned animals. Monkeys were easily



infected but showed a high percentage of recovery. Chicks and dags'
appeared to be the Vieast_ susceptible fef ‘the animals that were tested.
Almas't.s}imultaneously ’Iarsonu ('19') and Downs et al (6) determined
that vzh:z.te rats were easily immmized with killed culture vaccines of highly
virulent Bacterium tularense, and fu‘rther observed that tharesis‘canca of

normal rats to infection with this orgamsm closely’ parallaled tha% of
Immans‘ ’ﬂzese findings ind:lca‘beci that tha whita rat might be quite
satisi‘actommfor conducting extensive mvastlgaﬁicns of the host-parasite
ralationship gince it was now passibié to foncé; the course of infection
in large nurbers of normal and i:mma animals. - In direct contrast to
these findings Coriell et al (7) showad that only.a slight degree of
dmmunity was elicited in white mica»imunized with killed vaccines of

- highly virulent Bactorium tularense. It 1s of considerable ;ﬁrberesf to
nate‘ that Jawetz and Meyer (20) cauici imunize mice against plagne with

killed vaccines of Pasteuram pesi;ia while guinea pigs were not immunized

by this method., On the oﬂaer hand, a small number of living avz.rulent

Pasteurena pestis organisms elicited good immunological response in guinea
plgs. |

‘ Extending the original inves*bigations carried out with white rats
Downs et al (21) wers able to follmv the course of infection in thesa |
animals subsequent +to intradermal and mﬁraabdcminal inocunlation of

Baeteﬁm tularense. It appe’arad thai: "i;he general pathway of invasion in
normal animals was through the regional an&.maaenteric lymph nodes into °
the blood,s'tream, the organisms quickly becoming localized in two major
foci, the spleen and liver. Studies of infection in immunized rats or -
rats recovered from infection showed *that after an ;fg.nitial‘ spread ‘ho ‘the
above matnianed tissues multiplicatioﬁ was brought to a halt'midvtha rats
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were able to rid themselves of the. 'iﬁvaﬁiing organisms quite efficiently,

‘ ‘i’:r'ze'drgénisﬁzs spread through the badymth much greater rapidity in normal
than in i'eéis’sén‘urats; mey also demnnstraﬁed that strains of lowered
v:.rulance mvaded ‘the rat: by the same paﬂmays as did virulent strains

buk their rate of spread through tha animal was greatly reduced 85 Come

pared to the highly virulent strainsg‘ }eerking with Pasteurella postis
Jawetz" zmd Heyer (22) ’reapart almost émcﬁly the samé sequence of Iymphatic
and hemtgganic invasion of the virulen'h organisms in wu:mea pigs and rats.
They a'lso o‘bsewad that invasion by a.virulent strains follows the ‘Same
pattem, but at a. ‘slowsr rate than tzaat of the virulent strains.

" Buchele and Dowms (23) ée’aemine& the agglutinm titers in white
rats féllo’.mg irnfection with living Baeterium tularense a'nd- after A

mmnization with killed culture vaczc:.nesa %ey found that the rise in .
agglutinin titer closoly parallels the development of munity to tularemia.
"fhs'f'agglutinin titer reached “a,peak_béi:ween 7 and 1 days ‘folloﬁing va;cm; 3
'cination'and mcededfgradua.lly until 99 days following Vécéination the h
titers averaged 1:20. - Inmmity to challenge doses of virulent organisms
'persmbed for as leng as 99 days in vaccmated, and 114 daya in recovered
rats. They also were able to demonstraw that normal rats, vaccinated rats,
and rats reca»vered from ini‘echon harbora& t-he nrganisms from 33 to L6 |
days af’oer mfec‘bien; It is thought by some mvest:.gators that immmnity

to tularemia is dependen'b upon the conﬁmued presence of viable organisms

in the. ammal body. Fosha:y (24) has isalatea Bacterium tularense from the

bursal flu::.«i of humans as 1ong as five months following imection, COT'=
responc’:ing to three months after cessation of all disability due to the
diseasey .

Both Dowms (25) and Foshay et al {26) have emphasized the value
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of vaccinating laboratory personnel e‘ngaged in tularemia research. It

has been their experience that Vacdimtion provides a fair degree of pro-
tection a@,inat tu]aremiaf. Those wnrksrs who beemne infected suffer
relatively milder infections than do unﬁmunizaa individuals, Kafiull ot
. al ) sub%antiate this viewpoint. |

,,,,,

C?nsewing that heat killed and fomalized B&ctarium mlm'anse

vaccinesceausaa severe local and sysﬁemmc reactions upon initial injection
into apparently normal individuals, Fashay et al (26) prapared vaccines
oxidized by the action of acetic acid ,in 4 sodium nitrate solution in which
the organisms were suspended, They "xiépbz:‘tea that antigenicity was not
impaired while the toxicity of the vaccim was greatly reduced. Other
refinements were made in preparing vaccﬁms for use at Camp netrick during
the war.v The human vaccine now in use on this project and at Camp Detrick
was prepared ‘by Foshay and is one tha-b rotains good immmizing qualities
while the factors causing mdeairabla Jocal and systemic reactions have
been élimjnated to a large degree.

' mher vaceines for the m&ﬁization of laboratory animals have
been prepared by Downs et a‘l (6) and'coriell et al (7). ‘fhese include
acetone extracted vaccines, phenalized, 'ultraviolet irradiated and chloro-»
form killed preparations from broth culhrc'e s and embryonated eggs. As
previousl;sr noted (6, 19) the whita rat gives good immunological response
to all of ’sha vaccines, while vhite mit:a are immunized only to a very
slight degrem In this regaxfd mantion should be made of Jawetz and Meyers
theory (20) that the antigenic constituent present in living avirulent
Pasteurella pestis responsible for immnizing guinea pigs may be destroyed

by killing the organisms. In this case mice ei‘bher do not require this
constituent or respond satisfactorily to extremely small amounts of the



antigen that persist in the killed vaccme.
Elbar‘l; 27 ‘and Elbert and Gaa,sldi (28) report the successful
imuna‘:zamen of guinea pigs and ra‘bbi‘bs 'asing cultures of 1owered vi;vu-
| lence.  They do na't give -bhe mSD of the stram used nor da they state
- what s*‘wam was userl for challenveg They state that ‘the use- ef dead
. vaccinea was not successfu’l‘ 'Ifhey a.lso repart on the use of 1iving strains
of lweared virulenea aa a successful m@ans ni: mmunizing man,
Investigations by Gromartie et al (29) have demons’cm'bed that

Bacn.l}.us anthracis ‘produces an izmmm:.zmg antigen in the tissues of

- rabbits which is not damqnstxgble vhen the organism is grown in ordinary

| eultui'e: media. 'Supplementing ﬂm‘sa finai‘ngs is the work of Gladstone ‘(30)
”whe was able to :;.solate this same constiﬁnen‘b from anthrax culturea con
taining plasma or serum The immnnizing aubs'oance was found to be a
’pclypeptide ai“ deglutamic acid wh,ic}; ccnatitutes ‘the capsular material

surroundﬂng the’ Bacillus anthracis c’éli. it is temp’aiﬁg to visualize a
pamllal mechanism ex:isting fer Bacterim tularense,

While discussmg 1ab:i.le antlgeme constituents it is par'binent
to mention tha Vi antigen of Salmoneua typh::. dascribed by Felix (31) who
demonstrated its presence ’by agglutinin absorpticn bests; It appears to
elicit gocd inmmnavenic _response m whita mice but is quite easily de-

stroyad by the usual methods for preparing vaecims. _
| In order ‘bo extract the Vi antigen from Salmonella typhi without

o ‘dastroying or denaturing it Chambers and Plosdrof (32) described a method

‘pf.uonic dia;ntegration. The organisms were subjected to high frequency
sound waves in a sonic oaciilator‘ for 45 minutes. Centrifugation removed
the bacterial debris and the resulting supernatant }wés; shown té contain

| antigen that pracipitated Vi antibody in sera _fram‘ whicb the H and 0
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antigens had been absorbeds
| z‘here are several reports in the literature concerning the

treatment of tularemia with specific antiserun. Foshay (33) (3L) pre=
sented the first evidence that serum‘.ﬁmvament' might be effective i'n‘ treate
“ing. tularemm in man, He prepared a poﬁant anti~-tularense serun from goats
and damonstraﬁed prompt m.provement in 1 out ef.’ 15 tnlaramxa pa'bien'bs.
Treatment with antiserum resulbed in’'a marked- shortening of the period
| of disability and coufse of the disease, Francis and Felton (35) repar'hé&
that the h*eatment of sevet‘al severe r:asas of tularemia with convalescent
human serum proved to be of no value in relieving the patiants' condition.

,f'*may also 'prepared anti~tularense sem :E‘z'om hcraa.s s Sheep and rabbits '
' and could not demonstraie the pre-senéé ‘éf’: significant amounts of protecﬁve

 antibody as messured in white mice. A definite increase in the survival
time of tu].aremic mice was observed as cempared with "narmal controls,
However, the actual survival rate was no better than that of the control

The discovery of streptemcin has presented the medical sciences

with another tcwl with which to combat tularemia. Poshay and Pasternack
(36) and Foshgy (3?, 38) treated swe:al y.‘tularem patients with stm'eptc-
© mycin and found that the clinical symptoms of headache, chills and nausea

were strikingly relieved as early as ;%v’:evdéys after strep}tomycin therapy
' was begun. They cémpared this h-éahﬁent with serun theré.py and were of
the opmian tha'b it was far suparior to; and would eventually rep?ace,
Fr—— serum therapy. Heilman (39) has shovn that streptomycin has a
potent protective effect for vmite mice mi‘ected with tularemis when ad«
m:miswrad in divided doses totalihg 1600 units per day for 10 days. Upon
-re:mﬂeetion with 1000 lethal doses of ‘Bacteritmx tularense  the mice were




shomn %o have very slight immunity since almost all died as a result of
the infection. S

Additional studies on streptomycin therapy in tularemia were
made by Chapman et al (L0, L1, L42) dur:s.ng the war., There it was shown
+that mankeyé s rats and mice were all"?fétected against tularemia by
jStrep{;ongrcin‘ 'tharapy if bagzm soon enngh following infection of the animals
Mice that’surviwd infection with Bacterium tularense as a result of

streptomycin treatment, were not resistant to re-infection with these

organisms, The mice were shown to harbor Bacterium tularense in the

spleen for as long as 50 days unless streptomycin treatment was continued
10 to 1L deys. Extended treatment with streptcmycin appeared to reduce
the cam:'ier rate significantly.
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 MATERTALS AND METHODS

The strains of Bacterium tularensa s’c.udiadwéra from various
sources and of varying degrees of virﬁience; A mouse titration was made
before xisé of the straiﬁs as. ﬁmmuniziﬁg agéﬁts@ The LDSQ was caicm'beﬁ
by the Reed and Yuench method (L3). All cultures were made on glucose
cysteine blood agar (GGBA) Downs et al (Eh) except that Snyderts bro-bh
(b5) and Hillst liquid medium (L6) mre employad in the preparation of
the iul}.ed vaceines, The fcllcmng prc'hecol was observed as standard
procedure in all mouse titrations. - |

A ’211', hour-slant culture of e"aéh ;,;» the strains was emulsified
in saline and adjusted to a turbmdity pem.tting 2l per cent lipht trans—
mittance when tested in the Coleman ﬁOa 3.1 Universal Spectrophotometer
at wave-ﬁﬁngth 600, Ten-—fold serial dilutions were made and plate comts
and mouse titmtions were carried outs Six mice were used for each
dilution tested. The mice were cbse‘rvéd} for a period of 10 to 1k days.
The dea&fmice were antopsied and apléens and heart blood cultured to
racbvg;* Bacterium tularense as confirmation of infection: The range of

dilutions used was determined by the results of previous titrations of
 these cultures. All mice wereiriocuié‘béd intraabdominally. Virulence
titrationsy ﬁade inmediat‘.ely before these present ‘tests show sli‘rzlat vari-

~ ations in virulence from the ’titra%i‘o‘ri‘s madein 19kk. With the exception
of the strain "Jrice" no significent éhangess had occurred. The Ince strain
when isolatéd in 19hh was fully viwlé*rb and has since undergoné”& slig&t
pragrsssive decrease in viz'ulence. ~The hzgh]y virulent Sm strain a8
~used ta challenge the vaccinated mﬂea in all cases except one in which

- the Ince, Groves and Cruse strains were used to challenga a group of

mice immunized with organisms of the Jap strain. The original source and



‘ mouse LDS of the strains used in this mvestigation are given in
) The mica used in these expermants ware approx:mately 2{} grams

- :111 weigh'b and mra abtained fmm the haple Grave Rabbitry, Spr:!.ngfield,

'Missm:ri. Gu,;maa pigs of hSO gcams ir: vmight were obtaine& from ‘I‘mn'blea
| ;braok Farms s Nw Yark.. !i‘wo-hundred g;cam hooded rats were ebtainad from
Grant’ﬁ Pet Bhop, Iawrence, Kanaaa. ; : "

| The straptemycin used :Ln. 'this mrk was Streptomycin sulfate

B ‘manufacturecl by- Herck and cmany, Rahmy, rzaw J’ersey‘ |

Necessary details oi‘ ‘c.echnicme are g:!.ven mdei the separate
experinﬁznw’ :
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EXPERTMENTAL

The first experiments were conducted in an attempt to determine
whether the inoculation of a sub-lethal concentration of living organisms

from our stock strains 61‘ Bacterium tularense would confer any immunity

on white niice.,

House immunization stﬁdies with the

Jap strain of Bacterium tularense

A group of mice were inoculated with living organisms of the
Jap strain of Bacterium tularense., The dosage was 0.5 ml of a m‘h

dilution of a stendard snSpanSion of the organisms, This was calculated
%o be just- below the ‘ms o Of this culture. " Twenty-seven days following
inoculation the mice were challenged with the following concentrations
of the highly virulen't. Sm strain. Twelve mice received approximately
100 IDS s 6 mice received 10 ID 5 y and 6 mice received one- mEO' A |
summary of the rvesults obtained is presented in table 2.

Since the 24 mica chauanged survived and the normal mice all
died these results appeamd to be of signlficance with regard to the
immunogenic properties. .of the Jap strain. Accordmg]y, attempts wore
;made to repeat them in order to demonstrate conclus:.vely the’ immunogenio
nature of the Jap strain.k In addition to the immunization of mice with
a 10“!* dilution of the Jap organisms other groups were immunized wim Jap
dilutioné at 10'“S which represented approximatels 20,000 organisms pe'r |
~mouse. It may be observcd in table 3 tha‘b a high degree of :im'mnity was .
elici'bed in the mice vmich was independen‘b of the concentration of Jap
organisms employed. The mortality among the mlcye‘ following immunization
| ; ﬁm 20,000 Jép cells was nearly zero as compared with a 20 to 4O per cent
mortality among mice recaiving 200,000 organisms (Ja;} 10’4‘); It is.
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obvious that immunization with only 26,000 Jap cells elicited good
immunity vhile assuring a high percentage of survivors and for this
reason may be preferable to the higher concentration for immunity |

. studies. A total of 304 mice were vaccinated with the Jap organisms in
the experiments summarized in table 2 and 34. only 19 mice died as a

result of infection with Bacterium tulavense following challenge with.
the higﬁly virulent Sm strain, giving a mortality of 6.5 per cent as
compared with a mortality of 100 per ceni‘; observed in the normal control
mice.

Since' vaceination with living Jap organisms protected white

mice against the highly virulent Sm strain of Bacterium tularense it was

of interest to determine whether this iz%ﬁnunity was effective against other
highly w;rulént strains. To determine this, a group of mice were inoaulated
with appromately 2. 8 X 10” Jap orga,nxsms and were challenged 1h da.ys
later with I0,0QO LDSO’ 1,000 mSO’ anleO I‘DSO of the Cruse, Grove_s ‘

and Ince s*Lrains. ‘Ten mice were challengfeci with 100 mSO of the Sm “
strain for comparison. Faur"~'gi’oups -oi‘_si:x‘, ixdmml mice served as controls
for the i‘our challenge organism They each received' an infecting dbsa
“of 10 I‘DSO The results are presentaé in table Le It may be o‘oserved

that immunization with living Jap organisms elicits a high degree of

immunity to more than one fully virulent strain of Bacterium tularense.

In their work on the immmization of vaite mice Coriell et al (7) re-
ported that the few animals which survived a challenge dose of Sm following
imunization showed 1little resistance to rechallenge withv the virulent
strain. To determine whether mice inmmized with living Jap were resistant
to rechallenge with highly virulent Sm the i‘ollovdng experiment was per-
formed. Twenty-five mice were immunized with the Jap strain and challenged
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, Eeaistance of mice ta cballenge with virulent
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with lf)ﬂ msg of the Sm atra.:!n 28 daya'-latar, then rechallenged 30 days :
after challgnge, The results are shmm in tabla 5. o

I‘b may be observed that tha mice exhihitad a high degree af \
' resistame w tha second inoculatian wiﬁh the Sm strain, These resul-bs o
are in d:im% aantraat to those obtainad ‘by Coriell et al (7) using m:l.ee R
imnunized mﬁz ki?!J.ed aultnm vaccﬁnés o ’ X

Ba.samry of the immogenic praperties of living Jap arganismsf '
ameumgad the investigatian of other stmirxa of lowered vﬁrulame; : Thei,"

campletely avimlent strain 38 was tes’wti for immunogenic propertisss
Tbree gxmps aif whi.te mice were inwum‘wa with iving 38 arganisms as

fﬁlm up l receivad 0.5 ml of’ a m“ smpensian rapresenting approxiﬂ
mately 3.0 % 107 cellss group 2 received 3,0 x 10° colls on each of two
a‘l{.emam daysg g*aup 3 reeeiv«ad 3..0;: 169 organisms on each éf threa :
alterna*ca days consequently group. 2 reoei#ed twice, and youp 3 re-- o

aai.ved ﬂwea timas the ccnoentraﬁion afh‘cens given to the mice :m g:(*oup
o mney«-ﬁw daya fouows.ng 'Ehe ﬁrs% injection the mice waw -
chaﬁanged wim 100 mgg, 10 ZLDSQ, anei 3. msa of the Sm a'tmin. 'me re-
sults ara ammrized in table 6. It ma:y* 'ba obsemd tha*b strain 36 aid

not elicit a good :mnmlogical reesponaé in wihite mice. Even the mice ﬁxx}_ .
g‘wp 3 which recaived three times the mmbar of organisms given the m:iae |
in graup 1 mre not woll pwotacted. ()n f:he other hand, a minimm of 200 3
uving Jap cella has been shown to pwovida ‘good pro‘baction againa-b hi.ghl,v
virulent Bacterim tularensag (tabla 10)«;

It appeared that in the case of tha Jap and 38 strains 'thare waa
a ﬁeaidad diffarenca in immunizing ability. In view of this, it was do=
cidad -bo investigaw saveral other s’&'aina of lowered virulence in order
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.. Resistanee of Jap~iomunised mice ‘o Techsllengs
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latimship in %h:ts reapeeﬁ ta thatr v ané:’a‘ The following cﬁitm's
were mm& fm* ﬁ.nnnunagen:m pwoparti» *éiliﬁa micet cmara s 26, ﬁax,
@Wu?ﬁ of mice mm m&uzaﬁed wim dc:saa just be‘.{w the 1@56 e

‘uf i;hesa swam and mm Gﬂﬁlﬁﬁg@d;ﬁrﬁm lﬁ ta 28 days htar, 'rhe re--
| e abaemd that only the Russ
| 'strain alicﬁ:bs am munalogical mspansa aamparable to that of the Jay i

‘ sulta ara mm:msad in tabié Ts 3:’5 may ,

) strain ﬁf Baeterium tularensa; !‘:.‘hare appears ﬁo ba little irmnmogenic

Hdiffemnce amcmg the strains Oham, 26, and La:e: - However, a comparisan o

- af table 7 with table 5 sems to stress ma fact ‘that these strains are

. mare a.etive Mnunoiogically than is ‘hhe av:{rulent 3tram 38. o



- Table 7 | |
Resistance of mice to challenge with virulent Bacterimm tularense

é;fter ’inccuigﬁion with various st:c'aixis of lowered virulence

test dose of virulent organisms

= o | 1w wm, 1001, 100 I,
| 50 50 50 50

' inoculation

G

waom,

Chara
26

Russ '
‘Russ .

Normal
mice

11z w00 udt sp0 7/
. 5.9X107 | 10{'10(} : | h/lO 3/1{} , 6/10
?.Pé’”x :;cfe:? w00 010 . 6/10 80

R s

| f’%’rx 107 v ,;Qf‘,'l.'7 - 6/10 saAe 710

17x10% w0 Yo 0/10 - 1/10m

3.3 x18° 10720 . 0/10 0/10
22/30  28/30

¥ portality ratio*%i—%&
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5/10
oho
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The duration of immmity ‘o Bacterium tularense

in white mice vaccinated wi-thl:wing Jap t;orga.nisms;

~Bince the Eap straiiz of Bac%mm tularensé was highly immuno=

genic it was of in*berast ’co dabermine how lzmg mice remained {rmmune
following incculation with hving organim of' this strain. Forty mice
were ini‘eated with 2.7 x 105 Ja'n organisms and m m:.ca of this grgup
were ehallenged at 30 day in’wrvals far i‘mm months with 3.00 LB50 af
virulent Sm. Ten normal contral mice wera infected at aach ﬁma :inﬁervali, }
The resnl‘bu are preaenﬁed in tabla 8, xt is seen that the mice rstamed
good mmmity as tumg as four months ﬁallowmg v*accma‘bicn

~ The que of appsarance c»i' azmrmnity £ollmving the

Yaccination of white m-hh the Jag

'+ strein of Bactorim tulavense

 The follcming experiment was dasigaed to determ;ma ths ’cima
necassary to praduce immuni*by in whi.m mlce inaculated with 't.ha Jap
strain of Baaberim tularanse. A gmmp of 50 mice re::eivad 0. 5 ml of
a Jap auspension containing 1‘6 x :wl‘ arganisms. Ten mice from %he
group vmre chauenged each day for 5 days with 100 mgo of *hhe Sm sfx'a:hl
The reaulta are given in table 9. 'me results show that imunity appears

as aarly as 72 hours fcllmﬁng an inoculaﬁlon of. tha Jap strain. o

,mvelopment d‘f immunity in wmw mice after .

the inocula-hion of &ecreasing doses oi‘

the Jap strain of Bacterimn tularenae

Stnce the Jap strain had boen shown to be 'hg:ghly immunogenic



Table 8

' Raai‘stame of mice to cﬁéﬁlenge with virulenﬁ

Bacterium tularensa ewr a periad of

faur mnths aftar ﬁmeu}aticn m*l:h the Jap strain

. Time of challenge b ; restfiose of virulent organisms (Sm)

following
: ':Imculation 2

- 100 mSO

Jap imc.u-o

hted mee :
Loontn n/io"} .

L months 0

Dead
Tested

Mortality ratio =

Normal con~
t.rel mice

W
10/10
10/10 .

10/10




Table 9

Appearance of immunity in white mice

following inoculation with living Jap strain

Days after inoculation . Test dose of virulent Sm, 100 1D
of Jap strain , S - 50

idap ﬁhocu-« ~ Normal cnzi- -
lated mice trol mice

2  7/10 Y
s 3w 1w
L | 10 10/20

5 - 1/10 ~ 10/10

v )
Mortality ratio = ,%.g% 4




an initial doaa of the living Jap cells wou}.d immunize mice. Sixty |
mice were divided into six g‘roﬁps ‘oi“:i?}.{) each. The six groups were inocus -
lmaci Wi‘l‘h decimally decreasing nmnbérs bi‘" Jap organi;ms from 200,000 to

2 a8 ‘sh‘dwn in table 10.. These. mice mre challenged 28 days later wlth

100 ms of thes virulent Sm strain af Bac‘terium ‘bularense. Ix would ap-

@
pear that from 200 to 200,000 ‘cells as the initial dcse served to confer -

a aolici inmmnity to infect"am Less *than this mnnber tended to give less
{mmunity. ‘ As few as 20 Jap cells as an initial inoeulation were sufficient
to eliam a. fair degres of :immunity in the white mouse against virulent

strains.

comparativa studies of the :!nmnity produced in

vwhite mice by the Jap, Russ and Garr

strains pf Bac*ber:um fbu‘.larense

The widely varying results do‘bained using strains of lowered
virulence indicated that their :lxmuncgenic properties might be related
to the sme of the original inoculum admnistered to the mice, It was
lmovn that as few as 200 living Jap organisms elicited a good immmnity.
Large fni:‘rﬁbers of living Russ and Carr organisms elicited gooed immunity
in mice but 1t was not known how few oi‘ these cells would do so., The
highly izmnunogenic properties of the Carr strain had been determined by
other\workers in this laboratory. To detemine the properties of these
gtrains wsing immanizing doses con’oaming approximately the same number
of organisms s three groups of 30 mice were inoculated with 0.5 ml of a
1075 dilution of a standard suspension of the Jap, Russ and Carr organisms ,

respectively. Thirteen days later 10 mice in each group were challenged



. Table 10

| Tmmuni ty ﬁeveléping af'herthe innnuiatian

ef, dec‘:fea.s_ing d@ses,;,bi",, ﬂ;é,,};.‘fap sﬁram

of Bacteriun tulavense

Dilution, of éusmnsien
0.5 ml intraidbdominally

. organisms
per mouse

Test dose of virulent
organisms (Sm) 100 :{3‘;}5

;’-)@7

0

' '_‘;16"‘1‘ |

1077

2078

*

: aw,cco |
eao

Infection with Sm 28 days after

inoculation with the Jap strain,

W Dead
JMortality ratlo = ogted

6}/1

Com

- 0/
110

20
9/10




with 1,000, 100, and 10 I&)E of the virulent Sm strain of Bacterium
. éulareﬁse. 'ﬁm rasults of thio exparim@ni; are presemed in tabla 11.
It m&y'bé ebsemd that the Jap strai.n elicits a much greater deg-;rea
‘of immunity in mice than do the other tws strains when 8 relativaly

low cmcentration of arganisms is used fcr vaccination.

The disposal of virulent Bact;erim tu:larensa

:in mica ,izmnnnized with' hving Jap organisms ‘

o

'I‘ha maderity of mice immunizsd with living Jap organisms and |
other imum:genis strains of 1owared virmnce and subsequently challenged
with viruleni, Bacteriwn tularense m:«t only survived, but also failed to

exhibit any signs of illness such as roughening of the coat, 1ethaz'gy s
and anorem ‘rhis m&ica'bed. that the virulent m'ganisms were disposed -
of vary rapidly fsllawﬂng iuaculation inta the immune mice. Te datermine '
how rapidily the organiams were kills& a gmup of 15 mice was inaeulated
with a aub~3.etha1 dose of living Jap strain and 27 days later each was '
challenged w:x.’t.h 100 I’DSO of 'virulant organisms (Sm). On the Lth, 9th, |
and 15th day}af‘oer challenge S mice were killed and autopsied. The
spleens were méeeratad’ individﬁally‘ in 2 .ml of salirie-. Five—ten’ohs ml |
‘of each spleen suspension was inoculated into each of :E‘aur mica. It was
assumed that a ver;y small number of virulen’o organisms remainmg in the '
spleen could be detacted since 1 ‘bo LL cells are sufficient %o cause tha
death of a nornal mouse, ALl mioe tha‘b died were autopsied and spleen
impression culturea were made for the recovery of virulent Bacterium
tnlarenae. Table 12 shows that as soon as ki days following challenge

the mice had disposed of the virulent organisms quite efficiently. |
B“ourt}eeri‘daya af{;er ché.llénge one mouse appeared to be infected iritﬁ ‘thé
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Table 12

Rate of disposal of virulent

Bacterium tularense by Jap-immunized mice

| ‘}}éyay af?ﬁér Jap

iz’:baulatim

with 100 Ip

Mice challenged

Mice inoculated with
-Bpleen suspensions
- from challenged mice

*

Mox?taiity ratio =

R e T R Y o PO T :

wvi & W

Dead
Tested

Bacterium tularense not recovered from spleen impression
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virulent Sm strain. This is not inconsisten‘b with previous results
which have shown that the immmity of any given group of dJap inoculateé
mice is no’c always complets s Since a small pereentage of deaths dus to
Bacterium tularense may occur in the group following challeng,a. Four

mic.e died app;xrently from non--specifis, Ac;ausas and virulent Sm orgaxiisma; v

could not be recovered from impression cultures on GOBA.

The multiplication in white mice of strains

va‘f Bacteriun tularense of lowsred virulence

| Since living cells of the Jap strain had been shown to be highly

' immunﬁgenic, for micey it was of interest_to;detamine the rate of multipli-
catian of the Jap organisms and to cons:mér this as a factor in the pro=
ductien of izmmmity in whitd' mica. Two groups of mice were inoculate&
with (a) 1,000 organisms and (b) 226,006 organisms intraabdominam

A third ngoup aif mice (c) raceivad 2.2. x 109 organisms of the "38% strain,
Five ﬁzice' from grdﬁp "a" wers sacrificed'and autbpsiea 12 hours, 1, 25

L, and 7 days after mfecta.on. Appropriate decimal dilutions of the

heart blood werse prepared and plate counta were made on GCBA. The splaena
and: livers were individuany macerated :Ln 2 and 10 ml of salina reapective-—
ly. Serial ten»fold dilutions of the suspensiena were made and. plate |
counts mre done as above., The 1oaam*t:hm of the averaga of the combined
fnumber of organisms in the spleen, 1iver and heart blood on the deys :

. the. mice were kllled is presented in i‘igux‘e 1. Five mlce from grmzp

L (b) wcre sacr:.flced 1, 2, 3, Ly and 7 days after infeation, and pla‘be

: -'counts of the ‘heart blaod, liver and Spleen were done as described above.
Five mice i‘rom group (0) wers treated in a similar manner on me 1913,

2nd, Brd, h‘bh, and 6’6}1 day following inoeu]at:.on with strain 38. These



The multiplication of the Jap and 38 strains
of Bacterium tularense in white mice after

iﬁfgction uaing (a) 1L.L x 101‘, (bi)‘ 2,2 x 105

Jap organisms and (c) 2.1 x‘logloz?ganisms of

étrain 38, intraabdominally. Tha;humbér of

| orgénim is expressed as the log of the combined

mmber in the heart blood, spleen and liver.
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results are éiao presented in figure 1. I‘h is quite obvious that the
organisms of the Jap strain multiplied -'B.’gji.‘ a great extent following
‘bheir ‘entranda into the animal body. k' Dmt'mg the course of the experiw
ments it was possible to‘recw_"er much"greiater concentrations of Jap

organisms from the éscof the ‘inféat;ed' mice than were present in the

original inoculations. On the other ,ma; organisms of the 38 strain

- were v;“eebvered in decrea‘siﬂgj@bnc’ériti‘éﬁi«;sﬁé”ﬁntil it was not possible
%o d@éﬁﬂr&t@ the presence of fhe‘searganxm in the mice 6 days after
| inoculaﬁion. . While this does not constitute proof that the 38 s’crain
did not multiply at all in mice it daes indi::ate that this strain is not
able to establish itself in these ‘animals. The difference in size of the
inoculm in groups (a) and (b) appeared ‘o have little influence cn ‘bha
ultimate number of cells that could be reeovered from the mice.

The sux'vival of 'ﬁiévr Jap strain

of Bacteriinn tuiaréﬁée in white mice

While 1t was apparent that :f!.iving Jap 6rganisms multiplied
freely in mice and could be recovered in large numbera for several days
\ following 'hhe moculation of relatively small concentrations of calls s
it was not Imown how long the orga.niams parsisted‘ in the animal body.
To determine this s 21 mice were inocniaféd with 3.0 x ‘;}.Oh Jap organisms,
Five mice vaa:éé ‘aacrifiggd on the 10th dayat’ter inoculation and four
mice were killed on the sth, 16th, 18th, 20th and 30th day. Spleen
counts wére made on each mouse as previously described. On the 10th :
day two mice did not harbor Jap organisnié; The spleen counts of the :
three reinaining mice showed 30, 20,060_’ and 86 Jap organisms, respectively.

On the 1lhth day one mouse harbored 50 Jap orgenisms in the spleen. The
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other three mice were negative. On ﬁia iéth day one mouse was shown
to be harboring 680 organisnms in the spleam . The other mice were free
from izzfectiam On the 184h, 26%.1'1,’ and 3(3{11 day ‘all nice were shown to
be free frcam infection with the Jap s’cz*ain of Bactarimn tularense. |

- It is avparent that the Jap r}rganisms do not persist i‘or more
than *&vfo or three weeks foliowing mfaction, as detemimd by spleen

counts.,

The disposal of virulent Bacterium tularensa

:&n mice vaccinated wi‘t.h 3 shranns of lowsred virulence

In this e@erimantag'aups of mice wore inoculated with sub- |
lethal dcses of the follovﬁng strains of lowered virulencez Garf, RI,
and D@pue. Ai‘tar 27 days a ccntrol group and the :tmmmzized mice were
challenged with 1,000 L}}S of the virulent Sm strain. The prog‘ess of the
in;‘eci;ian vms followed as befora' by quantitative studiesg Four of the
immune mice and one control mouse wera 'sé;crﬂiéed»‘at AT h&y,y 72 hours
and on the 5& day aftaf infection. ﬁmé 2 shows graphically that the |
immuna mice wara a‘bla to limit the mul‘b plication of the virulent arganiams
much more effactivaly than . ﬁhe narmal micm A:*.l of the normal control mice
 wore dead by tha 5th day whereas the :ixmmme mice, as shown by cownts, were
rapidw riddmg themselves of the organwns* The . remaining immune mice
survived unti.l 15 to 21 days after. inoculation when they were killed to
detact possi‘ole carriers. . Of the eig.h‘c mice ‘sacrificed 15 days ai'ter |

challange ﬂuree wara carriers. Only two carriers were, found among the

five mice sacrifica& 21 days after ahal’.!xsnga. k



Fig. 2

Quanﬁitative vsiuaies eh mice rédovéréd from

a smﬂsalethal dose of arganisma of fm:ered

vﬁrulence and challenged with 1 6 b4 103

- ﬁrganisms of a virulent strain (351)5
'nwnber of organisms is exprasseﬁ as the |
':mg of -hhe eombined mnu’ber in the heart.

lblocd, splaen and liver.
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A comparison af the ﬁmmagvenm preper'bies :

, of.' si;mins of varying v:wulenea with their a’bility
‘ 'bn multiply in whlﬁe mic:e S

‘I‘h@ results thus far obtained :mdicatad ’c.hat the inmunog&nic
.pmnermas of strains of 1owered virulenca migﬁ; ba e&ireatly inflnsnce&
‘o‘y ‘bheir abilﬁ‘ty to multiply in v:hite mic:es | To da’wrmina thisg, four
stra:!ns mre seleated on t&m basis of their high munogenie activity
.and f;he:ir dii‘ferenee in virulence. ?ihi'be m:;.ca were infected with gt'aded
concentrations cf ea.ch oi‘ ’the cultures follevmd by ahallenge mth graded
concentraticns of t.he Sm s‘brain.

Stra.ina RI, Japs Russ and De;me were seleeted ,for study. Iﬁ'méy
be ¢bse;-ved in table 1 that the ID,

| o | 50 |
- 4n the case of RI to 10° in the case of the Depue strain, Groups of mice

pi’r_these stra:lna ranged from 410“'5’9

wefe then infected with the follwing concentrations of organisms from the
four 'atf'aﬁs; .
Strain RI
| Group 1 l.h x 103 ergamsms
Group 2 lhx 102 erm:sms
| Growp 3 Ll x 103‘ arganisms
ill,..m.EStra .
 mowl ,2,‘6'::: B.Oy fbifgahisms
Group 2 2.6 x 103 : orgamsms
Grow 3 2.6 x 10% organioms
- Growp b 2.6 x 10° organimns
‘Strain Russ T
 Growpl 5.5 x.lﬂs organiams
Group 2 5.5 x 10h organisma
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Group 3 5.5 x 103 organisms
Growp I 8.5 x 10° organisms
Group 5 5.5 x 10% organisms
Strain Depus .

Group 1 ?.6 x 3.97 organisms

Group 2 ?.O x 1()6 organisms

Group 3 7.0 x ILfZ)S organisms
Group Lk 7.0 x 10% o
Group 5 7.0x 10° organismsv
Group 6 Y7.0x 102 organisms
Group 7 7.0 x 191 organisms

Cm the lst, 2nd, 3rd, l;th, S‘bh, Tthy and 9th day following

érganisms

.’moeu.‘iatmn, mice from each group were sacrificed and spleen counts
were made as previously describsd« The ;g;amainder were saved for a
"'atudy"éi‘"'thé "surviyal rate following thllénge. The groups saved for
aurvival" studies were sub-divided into 3 &éups each and the mice wers
chaneﬁgéd 11 days after inoc&i!aticn»ﬁ wi*bh iOOG,~, 100 and 10 mSO of the
Sm strain, respectively o

The course of infect&.on mﬁh the Btrains of lowered virulence is
shown graphically in figures 3, h, 5 s and 6 The survival rates of the
mice following challenge with the Sm strain are presented in tables 13
and lhs | | | |

~ An inspection of the figures shows that the ability of the strains

to mul’c.iply in the animals can be correlated directly with their virulence.
Also, 5.1; ma.y be observed that the degree of immunity produced by the strains
is in direct relationahip to ‘bheir ability to multiply in the mice.

All of the groupa inoculated with the Jap strain appeared to have



Fige 3 The multiplication of the RI strain of
Bacterium tularense in white mice using

Lk x 10" organtsms intrasbdominally. -

The number of organisms is expressed -

~ as the log of the number in the spleen.
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Fig. h

The multiplication of the Jap strain of

Bac'berium tu]arenae.in white mice using

(a) 2.6 x 10", (6) 2,6 x 103 (@) 26 x

102 and (d) 2,6 x 101 organisms intran-

.:a‘bdcminally The mzmber of organisms

s ezpressed as the log of the number

in the spleen., |
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Fig. 5 The multiplication of the Russ strain of
Bacterium tularense in white micey,using
(2) 5.5 %107, () 5.5 x 10%, () 5.5 x
10°, (@) 5.5 x 0%, and (e) 5.5 x 10*
organisms intraabdominally. The number

of organisms is expressed as the log of

the number in the splelen.
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Fig, 6

The multiplication of the Depue strain
of Bacterium tularense in white mice

using (a) 7.0 x 107, (b) 7.0 x 106,

(°), 7.0 x 105', (d)’ 7.0 x 101‘;-_ (e) 7.0 x
103,; (£) 7.0 x 102, and (g) 7.0 x 1 N
organisms intraabdominally. The mmber

- of organisms 1s expressed as the log of

the number in the spleen,
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| Table 13

Resistance of white mice to éhallenge with virulent Bacterium tuvlarense

following inoculation with the RI and Jap strains |

v Original Test dose af’ﬁrulent organisms - - - fotal Daaths | Per “’2{
, - v L o SUrviv.

Strain inoculation | 10 Ip 100 ID. 0 T
| o o 100 I, 1000 1D,

R w0’ - o op o5 w0

R T T B S A 3
RI | Tkt 3103“ » | 6/10 6[1(} : 3/10 v 15/30 e -
Nornal o 1010 10/10 10/10 30/30 | G
o om % ;12
Jop 2,6::10 3/ 3510 i | | 7/38' | - 81.5
Jap '256‘"1{ O | ; O/lh | 0/13. S 6/11 . 0/36 E 180

Jap 26x10° L sm /11 w36 12.2

Wommal - /10 . 840  10/10 28/30 6.6

&
i
Lal
L‘_,‘

Jap , -2,6 x 10

= N W

nice

# . g = Dead

—en=




Table 1}4‘ ‘
Resistance of white mice to challenge with virulent Bacterium tularense

following inoculation with the Russ and Depue strains

o i)rigim-l Test dose oi‘ virulent organismsy ' ' B Per cent
Strain inoculation ms 100 1D 1000 1D, - Total deaths | survival
| | 0 5o 50 | |

Russ 5,5 x 10° 2/1 11 310 632 81.2
Russ 5,5 x 104 5/11 e 1/ 22/36 38.8
Russ 5.5 x 10° 8A1 1/l 10/10 29/32 9.3
Russ 5.5 x 107 10/11 10/11 11/13 31/% 1.k
Russ 5.5 x 10 2/12 10/11 10/12 22/35 37.1
prioaliag | 10/10 8/10 100 28/30 6.6
Dopue 7.0 x 107 110 110 3/15 5/38 8.7
Depue . 7.0 x 108 1/10 s/0  9/15 15/35 57:1
Depue 7.0 x 100 6/10 1/10 14/16 21/36 25.0
Depue = 7.0x ml* 9/10 10/10 15/15 - 34/35 2.8
Depue 7.0 x 10° 8/10 10/10 16/16 34/36 5.5
Depue 7.0 x 10° 9/10 10/10 15/15 3h/35 2.8
Depue 7.0 x 10 9/10 10/10 9/9 28/29 3.L
Normal | 10/10 10/10 10/10 30/30 0

controls




a relé'bivelyhjﬁ.gh degres of immnity. ‘The same holds true for the mice
inacxﬁ.af@d vﬁth RI. - On the other hand, only the’_,g;;o'up 1 Rﬁas mice were
highly mmﬁm to infection with: :théisﬁl‘étfa/in. ‘Significantly lower
resiétézic:e} was ncted for the other feﬁiﬁ*" Russ g:roups»i Similar results may
be cbsefvé& in the case of the mico inbbamﬁea wi‘th,hépum |

E 'l‘he Pmduction of agglutmina by white mice infacted

wi*bh stmins of Bac-berimn tuilarense of 3.owared vﬁrulence

; kn at.'hezrpt was mda to detemdm ‘oha agglutinin tz.ters produced
by the incculation of 1:‘Lving orgam.sms af the Jap, Russ, 26 a.nd 38 strains
into whi’be micaa Fovr gruups of mice each racexved a sub-«lathal inoauu
laﬁion with one oi‘ the above strai.nsa Five mice from each yuup were
killed by bleeding from the heart on ﬁw Qnd, 7‘!;h, 121‘21, 17th and 22nd
day after ino&ulation. Agglutinatmn testa were perfamed ‘on aach blood
samplé as folimz A 1:10 diluticn of serum wag made and from this
serial two~fold dilutions were preparad in 9.2 ml of ﬁ.ﬁS per eemt saline
To the ﬁllutians was added 0.2 ml of a s‘oandard suspans:mn of i’ormalized
aggluﬁmtion antigen prepared with m'ganisms ai‘ stra:m 38, The tubes
were then placed in a 37‘0 water bath for—lé t::: 18 hmms s and read, The
dilutions used were 1120, 13110, 1:80 and 1&160.. 'rhis éncpex?imént was re- |
paatad in nearly the same manner, exceut. that enly three mica from each
group were bled on the 6th, Bth, 101;11, mm, 1hth, 16t,h, and 18th day.

The average agglutmin titar was detemined for each group and is shmm |
graphical]:,y' in figures 7, 8, 9 and 10. Tt may be observed that the Jap
and Russ s'brains produced higher' agglutmin titers than did strains 26
and 38. Mice vaccinated with atrain 38 Shcwed; thapmsence of agglutinins
only on the 7th and §th day. The agglutinin titer produced by each strain



Fig, 7  Development of agglutinins in mice following
infect&an with the‘Jap strain of Bacterium

tularense.
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Pigq. 8 I}aveloment af agglutinins. in mice failowfhig e
infection with the Russ strain of Dscteriun

tularense.
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Fig. 9  Development of agglutinins in mice following
infection with the 26 strain of Bacterim E

{ularense,
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Fig. 10 Eavelopment of agglutinins in mice £ollerwing
infection with the 38 strain of Bacterim

tulsrense.
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appeared to be directly related to the degres of immunity elicited in
mice by the gulture employed,

Streptomyein treatment of white mice following

5;5&“"?1‘?“, with virulent strains of Bacterium tularense

f Althaugh living arganiéms af the various strains of lowered
vimlenca had been shown to elieit good :lmunologic response in white

~ mice, :L’c was not knmm whether highly virulent strains possessed this

inmunogenic prcperty» A major obstacle 'to the investigation of this
problem was hha fact that a single fully virulent organism would cause a
fatal ini‘ection in a mouse, To circmvent this difficulty it was decided

to infect & group of white mice with approxinately 50 ID, of the Sn stratn
and follow this with the adminis*bra,t‘ioh of streptomycin at designated inber-;-
vals, Originally the mice were 'infechéd ﬁiﬁh approximately 62 Sm organisms
and the schedule for streptomycin therapy wes arranged as follows:

im‘e of streptonyoin = Time of administration
' m;eoa wits . 48 hrs, after infection

f :lo,OGO units ~ 6l hrs. after infection
.  "“’2300(} units 96 hrs. after infection
2,000 wnits 168 hrs/ after infection

Total 24,000 wnits
Hmmver; following the administration of the first 20,000 units
17 mice out of 60 uxider test died non-specific deaths, apparently as a
result of streptomycin sensitivif.yd ’I‘h’e remaining mice appeared to be
in a highly nervous state and were not in gj:':od physical condi‘biép at any
time during the experiment. Fifteen mice were sacrificed by Mr. :'E'E;a.x Moody



for mutatmn studies on the Sm atrain. The rema:ming mice were dividsrl
into two gruups’ of 13 and 15 mice. Theae ware challenged 19 days :E’ollw—-
ing the original inoculation with 1,00() and 10010,

50
reapec‘bivalm The rasults are sm&rized in table 15, It is apparant

of the Sm strain,

the micex developed ‘A moderate degrse oi’ izmmmity follawing infection and

treptmnyeﬁn‘traahnent. The fact that tha mice mra not in good ph‘ysicali
conﬁitmn befors “challenge indmates 'hhat thia may have contributed to
the mnrfality in the group. |

A saecnd attempt was made ’c.o damonstrate that the Sm strain waa

highly jnmmogenic. In this axpemment mice were infected with approxi- :
nately 50 ms of the 5m strain, In order %o minimize the toxic ei‘i‘eot |
of a'breptomycm for the mice the dofsages oi‘ streptomycin were reduced
and the schedule of treatment was reviseql as follows: |

Boss __0__% streptomyein -:1:" © Time of administration

55000 units 48 hours after infection
2,000 units 55 hours after infection
2,000 wnits 72 hours after infection
' é,ooo units 80 hours after infaétion
2,000 units | 96 hours after infection
25000 units 120 hours after infection
2,000 wnits 1Lk hours after infection
2,000 units 168 hours after infection
- 5,000 units ,288 hours after infection

total 21,000 units

In addition to immunity studies quantitative counts of the nunber of
organisms in the mice were determined as previously described, except
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Table 15

kl Resistance of white mice to chalienge with virulent

‘Bacterium tularense‘fallémg infection with.

the Sm strain and stfeptongcin troatment

Original inoculation | Test dbée of virulent organisms (Sm)
O | | 100 1D 1,000
% M-

| 62 x 101 | '.5/35* | - 7/13

j‘i»ksrxzza:l, mice 10/10 |

Mortality ratio = esg.g
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that the spleen alone was used as the ‘index of ‘infeetion., It is known'
that the organisms persist in this organ longer than in any other part
of the body. This procedure eimpiifie&‘ izhe task of falicm:ing the 'course'

- of in:f.‘ection without reducing ﬁhe val:.dmty of the results, by eliminating

the extra time and materials that wnuld ba rsquired if the liver and heart ’
blood vmre‘also examined, Three mice ,ywere sacrificed and spleen counts

were made according to the following éj(‘:hédulat

3 mica - 18 hours after infection and ‘juat‘ before
‘ streptomycin therapy was begun |

3 mica < 1 day after first streptomycin trea’tmenb

3 mice wz days after first streptomycin ta:'eatment
3. mica - 3 days after fira'b streptonwcin treatment
3 mica -l days after first streptomycin ‘hreatment
3 mice = 5 days after first streptomyain treatment
3 mice - 10 déﬁra after first streptbmycin treaﬁnent
3 mice - 11 days after first strepiomin treatment

The 1as’b streptamycin treatment was giv"ran ten days éfter therapy was
begun., One group of infectad mice Was not given streptcmyein treatment

and three p:a ‘$iese mice were sacrificed on the 2nd, 3rd, and hth day
,fallmmxg :’mfeetion. All untrea*hed mice that. were not sacrificed died

on the i‘ou:r‘bh day from infection with mulent Bacterium tuls.rense.

Ninetaen days ai‘ter infec:tionv three miee were sacrificed and quantltamve '
counts were made on the 8pleen. Thga remainix;g mice were challenge;l at
that t:.me mth 100 LDSO of the Sm strain‘ } Spiean counts were made for
three mir:e on the. 1st, 2nd, 3rd, Lth, Si:.h, ‘Tthy 9th, 1lth, 1hth, and 16th

day fcllomg challenge. The _remainmg nice were saved for survival studies.



On the 16th day;after challenge thé mice were rechallenged with 100
n 50 of the vimlent Sm strain. '.!:m mlce from this group wera sacriw |
ficed and quantitative splean counts ware made on the 1st, an, 3rd, hth,
‘?‘ch and 101-,1: day follcwing rechallenge» 'I'he remaining mice were saved
for $urviva1 atudies. |
’l'he rasults of the quantitative s‘budiea are ahorwn graphically
| in :ﬁ’igu.re 11. The results of the survival studias following chalienge
~ and rec:nallange are shown in tables 16 and 17.
| It may be pbsarved that the streptmmycin treatment cguses 4 marked

’ decrease of t‘ne organisms :i.n the mme and protacts them from death due

| to ini‘ectlon with Bac%erimn tularansa. O:t‘ 9? mice saved for Burvival

studies i’ollomng streptomyein traatment 87 survived and were used in
*bhe subsequent challenge and rechallengé experimentm This represan‘bs :
a survival rete of 89.6 per cent as a :‘esul‘bmof streptomycin thefapy
following iﬁfeétion. ‘The streptomycin treatment did not suffice to rid

the mice completely of Bacterium tuldarense, However, the mice appeared
to be in good physical condition upon éompleﬁion of the treatment. Tt
may be seen that the multiplication of the organisms following challenge
wés rsi@iﬁcantly lower than that observeé'following the original ine
fectirig dose. This would indicate t.hat the mice had devaloped considerable
immunity tn infeotion.
It may be seen’ tha‘t:. i‘ollowing rechallenge there was a sharp

decrease in the number of organisms follawed by a highly Airregular

fluctuation in the number of organ:xsms prasent in the mice at any of
| the given t:une intewalm The expermant was discontinued 10 days fol-
3.own,ng x‘echa}.lenge since the remaining animals were. to be savad for

survival stuciiea .



Fig, 11 “Quanmtative studms on mice infaci;ad mth
| '1.35 x 10 organiama of the Sm si;rain of ‘
Bacmrim tularense followed by sizraptmcin

- ‘draatment, challenge and rachallenge w:ith
' ,‘h‘ne Sm strain. - 'i‘he nmnber ai‘ argmisms is
| _;e@ressad in curve (a) as the lgg of the
averaga numver fomd in the 3plaens of bhreev ‘ |
. mice ab each interval Gurve (b) represegxta )
~ the log of the nunber of organisms i’ound in
t_he; s;alaan of one ;nouse. Curve (c) rapmsents
théj‘ing of the average hﬁmber fonnd :‘m the
fsplaens cf twa mica' Gurve (c‘i) respresnts
“bhe 3.og of the average number ai‘ organisms |
| vfmmd in tha spleens of mice ini‘ected with
Sm but not regaiving suseptomycina ,
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| Table 16

nesistangzaﬂ,qi’ white mice to #hallanggwit&jvimlent Bagterium tularense

mmmg infection with the Sm strain and straptbnwcin mamnﬁ |

: Griginal
Inaculation

Te% dose nf virulent organisms {-Sm)
100 Lﬁs ‘ 1,000 IJ)SO

'. 1.35;5: 10°

' Hortality ratio

%

1/1h 10/20

10/10

m |

Tes’oed

Table 3.‘ |

Resistance ei‘ whi*te m:'me to rechanenge mth virulent Bacteriwn tuffarer:se

i‘ollawing original infec:tion wi'bh Sm, straptomycin

treamzent and challemge w:v:hh Sm orgamsms

Origina,l —Ghaliengs T Test 055 of vireisnt o ganisne (Sm)
Inoculat:mn g Inoculation ' 100 LDSO 1,000 I'DSO ,

1;35 .‘K 1@2

: ﬂomal mice;g

' *

lch % 103

1.35 % 10 1.!4 x 102

Mortality ratio ‘a

/10

Dead
Tes ta&
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It is of interest to note that foliowing challenge only one
mouse of each three sxamined harbored relatively large mzmbers of
org,anisms, the average being between 1,000 and 9,000 per mouse. The
other tm mice in aaah group were shown to ‘have from less than 10 to
only 500 erganisms » 28 demonstrated by the qaantitative plate counts.
The curve shum in figure 11 following ehallenge s although representing
the average of all three mice at each interval, doss not represent ac- |
curately"thes indiv:.dual coumnts, To shcsw’ more clearly the actual distrie
bution .oi‘ infection two accessory supves hiave been plotted to represent
the spleen c(’mnt for the one highly .*I.nfeéfed mouse in each group (curve
b) and the averaga count of ‘the two mice which harbored relatively few
erganisms (¢urve c)¢ It is evident from curve (b) that the counts ob-
tained from the single mouse in each grcmp served to distort the picture
of the actual infection that existed among the three individuals. Curve
(c) serves to emphasize the discrepaﬁéiés in spleen counts that wers cbe
gerved during the‘ period following challenge and prior to reehallenge.'

From table 16 it may be seen ',i'.hé&.‘ the survival rate of these
mice is nearly identical with that observed in the previous exgeriment.
This may el:xmina’ce the possibility that the toxic effect of the att‘eptow
mycin played a role in lowering the resist.anca of the mice to infec:tion

with Bacterium tularenae in the pracedmg experimsnt.

Tabla 17 shmm that a large percentage of the mice were resistant
to rechallenge with 100 and 1000 I;BS of the Sm strain, indicating ﬂ:at
the micé which survived the challenge dose possessed a high degree of
imnunity to subsequent infection with virulent Bacterium tularense,

The highly virulent Cruse strain of Bacterium tularense was also

investigated for its immunogenic properties. Sixty mice were inoculated
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| with 50 mSO af this atrain and the ravised schedule of streptomycin

‘treahnent was followed, as described a’om* Six mice died as a result
| 'of‘iinfec.‘ai‘nn during the course of tmea‘tmentev ‘Nineteen mice were sacrie
‘.ficsd'bji EI‘- Max Moody for mutation.émdiaa of the Cruse strain. fhe
remaining 35 nice were divided into o groups of 15 and 20 mice. The
'mi.ce in each group wers challenged m.th 1000 and 100 mgo of %,hé‘ Sm s'ﬁ‘ain,
respec’oively, 18 days fcllowing the crn.gmal inoculation. Quéxntitativ‘e
studies were not done. The results are smnnarized in table 18. The Cruse
organisms appeared to elicit slightly better immunologic response than did |
the Sm s‘brain. Sixty per eent of tha am.mals survived 1000 LDSO and 75 |
per cont -survived 1000 mSO of the cha.lleng& strain as compared with 50

and 65 par cent survival in mica immunizad Wwith the Sm strain. Mﬂ. norma.lk

o ccntro!. mice died as & result of mi‘sctmn with Bacterium tularense.

o de survivors from the group challenged with 1000 mso‘wsra‘
sacrificed 2l days after challengs to determine whether they were still -
Miers;~ Spleen counts made as baforéf were negative for Bacterium
tularense. Two more mice from this g?oﬁp and two from the group receiving
100 msgwera sacrificed on the LiB8th day af*aer.chal}enge. The aple'er‘z‘
count for one mouse in the former group was over 20,000, Bacterimm .
. tu]arénsé ‘conld not be isolated mm%hg other three mice, These resﬁl-bs
indicateé‘ ‘that inﬁiﬁ&ual differences :m the mice majr determine whether

or not the carrier stat.e persists for any length of time. - |

| Twen’c.yufour days after challange, ten mice of the group receiving ’

100 mge were rechallenged with 100 LDS ef the Sm strain. Only one mouse
died whi.la ten nomal control mice mfected with the same concentration

of orga.msms all died within 6 days, This is in agreement with the results

pravious:r.yreported for the immunization experiments with the Sm strain.,
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 Resistance of white mice to challenge with virulent

~ Bacterium tularense fe}.lmﬁng infection with :

- the Cruse strain snd streptonycin treatment

original  Test dose of virulent organisms (Sn)

inoculation . w0y 1,000 1D,

 Tormal mice 10/10

#* | o
. Mortality ratio = D¢ad
Mo ity ratio = TosTed
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A third highly virulent strain, Groves, was also tested for its
immumogsnic properties. Sixty iuice weré inoculated ﬁth 50 IDgq of the
Oroves a’:.i‘ain and treated with streptoﬁwc:m as previousw desceribed. Hanéf
of the mice died as a ‘res{xlt of ini‘edﬁién;  Mr, Max Moody sacriﬁaed; 20
mice for'muta*bibn studies on this str’aiin‘u’ Nineteen days following ine
fectian tvm groups of 20 mice were chaltiﬁnged with 1000 and 100 mge of
the Sm strain respectively. The rasulta smmnarized in table 19 show that
85 per cent of the animals survived 1000 LDS while 80 per cent s\mu:veci

100 1D

50 “fen normal control mice challengad with 100 IBSO all died..,

Fifteen days after challenge tm mice from esach of the abm
groups were sacrificed and spleen counts were done as previocusly de-
scribed; One mouse of {:he‘ group recdiﬁ:ﬁg 1000 I‘DSO harbored 300 organisms
in the 'spleen, while the second mouse was’" free from infection.», The two
mice of the group rece:tving 100 1D s 0 had spleen counts of over 6000 and
hOOO, respectively.

Ten survivors from each of the -bvm groups were rechallenged with
33.000 and 100 1D, of tha virulent Sm s*brain 411 mice in both groups

50

' 1ived, whila ten normal control mice :ini‘ected with 100 ‘.!::Ei5 died within

6 days. These results indicate that ‘i:&xe arowa atrain possesses mmuno»
genic properties superior to 'hhose of ei‘bher the Sm or Cruse strain of

Bactermm ttﬁarensa, i

Ten days after reahallenge ﬁwo mice from each group mre sacr1- ’
ficed te detirming the carrier staté. Boi'h mice from the g'oup receiving o
1000 mso harbcred over 2000 organisms :in the spleens. The mice raceiving
100 I.I}go each harbored approximately 10 brganisms. :
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» ‘I;able 19

Resistance of white mics to challenge with virulent

- Bacterium tularenéé following infection

with the Groves strain and streptomycin treatment

Original | Test dpse of virulent organisms (Sm) |

;Inaéﬁlation o . 3—002‘550 : ,AI’QQQ mgé ‘

R wo* 30

© Normal mice 11010

#* L «
Mortality ratio  Dead

® Tested




“The persistence oi‘:;?l;r‘:imle;{nt Bacterium tularense in

' white mice following s{reptmngcin “therapy

~ To determine the carrier state"in white mice after streptomycin
tréa'tmént 20 mice were infected with 7.5 % iol organisms of the Sm ,étx-a:m. ,
Twenty~four thpusand units of étreptonwcjn ﬁere administered according to
the raﬁsed schedule, Three mice were posted on the 16th, 30th, and 35th :
day following infection. On the 16th day two mice harbored 80 and 70
organisms in the spleen whil: the thn.rd mouse was free from infection with

Bacterium tularense. Thirty days after infaction one mouse was shown to

ve harboring 370 organisms in the spleen. Bacterium tularense could not

be cultured from the other two mice. On the 35th day the number ofl
organis‘ins found in the three mice was hBl_sO, 3.0 and 0, respectively. |

The passive protection of white mica against virulent

Bacterium tularense with immune rat serum

~ Francis and Felton (35) have reported the use of immune rabbit
serum for passivé protection of white mice against tul,ar;xﬁia. They
showed that there was an increa‘se in survival time fonowihg infection
when immune serum was administeréd, bu{; actual survival of thé mice did
not occur. The immune serun tiﬁsey' prepai‘ed was from rabbits which were
:bmnunizad with formaln.zed vaccines. It was of interest to determine
mhether 'bhe antmbodies :’mduced in rats by liv:.ng Jap organisms would
protect white mice. ' ‘
 Rats mighing approximately 200 grams were inoculated with
LS x 107 Jap organisms and b days later were bled from the heart,
The sem:m was removed and the samples pooled. The agg).utinin titer of

the pooled serum for Bacterium tularansa was 1640,
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‘ ’fﬁanty%four normal mice ware inocnlated,intrﬁfébdominally with
0,5 ml of the above serums The mice wera 'divided into two groups of
12 aachiwhich were challenged with 10 and 1 I‘DSO respectively of the
Sm stiain; Twanty«»four normal mice rece:wed 0,5 ml of normal rat serum
and were challenged as described above. ‘These mice served as the serum
controls, For norma}. controls two groups of 6 mme received 10 and 1
mSO of the Sm smm ‘The resul’os are summarizad in table 20." It mayv
be observed ‘that there was little difference in the mortality between the
immune serum mice and the normal serum group 3 nor was the survival rate
si@ﬁicantly superior to that observed in the normal controls.n There was
very little increase in the survival t.ime of the immunized mice, as comw
pared with eihher the serum controls or the nomal controls. The majority
of the immunized mice d:.ed 5 days after challenga. Most of the mice in
the cther groups died h days after challenge. g

| ' A ‘second experimant was made in order to'confirm the above re~

sults, The protocol was the same except that 12 additional mice were
immnnizad as previously described and were challenged with 100 m§0 of
the Sm strain. The results in table 21 confirm the original findingS._’
The survival rate is nearly the same for' each group as previously de«-
scribed, and the survival time appeared to average one day 1onger in
the immunized groups than in the control groups.
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.?QSsiva ‘protection of white mice against

Bacterium tn‘lareﬁse ,ﬁ“‘"fh Jap-immune rat serum
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Pass::.ve protection oi‘ vm:x.‘c-e mice against
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‘I‘he nse of killed vaccines i‘or tha immunizat:icn of

white mico agatnst Bactertn tularencs

Althou@l Coriell et al (7) have repcrte& that killed vaceines

prepared from highly virulent strains of Bacterium Jularense failed to

immunme mice satisfactorn.ly it was ciecs:.d:ad that killed vaceines of the

: Jap and Sm atx‘ams should be investigated for :anmxizing yotency since
ﬁma orgamsms oi‘ these strains had been shovm to elicit gaod mmmzity
in mca. Se\reral methods for preparinw killed vaccines mth both strains
were emplayed., Th_e designation of the vacqﬁnes ‘stu‘dyie_d and the method |
v.for tha prépafation of each is given bélow-.-‘v | | | k

Acetone Extracted Vaccine Wo. 1. (A, E. V. #1)

Jap cultures were grown for ua hou:rs in Snyder's broth (41) and -
25 per cent by volume of CuP. acetone was added and allowed to stand over-
night at LG, This was centrifuged and washed tw;i.ce‘ in 10 to 15 ml of
saline, After the second washing the calls‘:wera fasuspended in 0.1 per
.cent. formalized saline and placed in the refrigerator. until used.
'Acetoné Extracted Vaceine No. .2.‘ (A;"E. A #2)

- This vaceine was prepared aecgrding to the method used in A. E.
V. #1 except that the Vap strain was grovm in Mills® medium (L6) for 2L
hours, .

Acetone Extracted Vaceine No. 3‘ (A. z,. V. #3)

A 21; hour culture of the Jap strain was grovn in Millsl medium -
and the cells were centrifuged, washed once in saline s Suspended in 20 ml
.0f 90 per cent acetone and allowed to stamd cvernight at room tamperatura.
The cells were again centrii‘uged and the acatone decanted. 'rhe cells wars
+then wasn.ed three ’o:!mes in -saling, and rasuspended in 0.1 per cent i‘omalmzed
saline,
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Acetana Ex:tra.ated Vaceine Na- h‘ (A. B v. f;_)

A 2l hour culture of the Sm stmin gromn in ¥ills! medixm was
treate& as dascribad for the prepamtion of Av E. Vs #3.
Acettme Emacted Vaccine No, 5. (A. E. Y. #5)

21; houx' aulture of the Sm stmm grown in Mills! mediwm was
treated as described fox- the px-eparatien n:t’ A« Be Ve #3 and #l except
that 75 per cent aaetone was uged for extracmon. A1l of these 'vaccinas
were found to be sterile *when plated directly on GGBA,. In the e::weriments
in which these vaccines were emplaye& the ‘mice were immmized with :ln-‘
3action of 0. 5 ml of a standard euspansion of the vaccines on each of
thres altermate days. The mice wre challengsd with from 10 to 10,000
oi‘ the Sm strain, T’he‘ results afan of these experiments é.re :

5
3marised :i.n table 22,

Sonically _nxt,ractgd Vaccines

| ‘Since the uge of high frequency sound waves has been employed
successfully in axﬁracting tpa Mbileﬁfv_'ijantigen from cellé of Sal‘m'opem;
dyphi iif;waé decided to determine whether “this means of extraction could

be used for the preparation of potent Bacterium ‘tularense vaccines.
Sonic Extract No. 1. (S. E. 1)

m‘cens of 2l hour Jap culiwés grown in Snyder's broth were
harvested vy centrifugation and were resuspended in sterils saline to &
aoncantrai,mn of 2;0 X 1010 argéniamsf per‘ml' . Thia suspension ws auh--
3acted to aemc vibraticn for 50 minu‘bes at 9000 cycles in a Raytheon :
Scxnic Qscillator‘ Followmg smic disin%agration the suspension was
filtered through a Seitz i‘il‘ber and i‘rezen.» Plate ~counts showed the
suzapension £7.3 be completely sterile at *bima of use.

Twenty mice were inoculated with 0.5 ml of the undiluted suspension.



. Rasistance of vhite mice ‘ba challenge with v:.rulsnt. Bacter:mm tularense

Table 22

i'allovdng vaccinatmn with acetone axtracted vaccmes '

Vaccine

T Days a.fber
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Test dose of virulent organz.sms
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Twan*t.y-one ﬁays 1a‘t.ar the m:;.ca wers élvidad mto two. groups of 10 mice

- each which were challenged with 100 aﬁd :m LBS

ap«ectxvaly. The resultav are smmari ec‘i m table 231»

of *the Sm strain, ree

Sonic Extract. Iﬁm 2. {S. Bw #2)

?his vaceine was prep.amd :m *bhe same manner 23 S E. #1 except

A that i;he origmal suspension cantained 6.5 % 3.019 crganisms per ml.
A grwp of 10 mica received 0&5 ml oi’ ‘ehe undiluted extrac‘h on .

eaeh af three al‘barnata ﬂays; Eighwen ﬁays after ’ahe f:xrst. imculatzon

the mice: mre chananmd with 100 mSO of the Sm stra:i.n. 'Ihese results

are also aumarized in table 23.

Sonic Emact No. 3. (8. E. #3)

’l‘hi:s vaccine was prepared as previously described e¥cept that

the origﬁ.nal suspansion ‘contained 12,0 x 101

'Ifen mica were inaculated with O, 5 ml of the \mdiluted extract

organisma per ml‘ |

on each of throe alternste days. Sixteen days ai‘tar the f£irst incoulation
the mice’ were chaillengad with' 100 m5 of tha Sm strain, The ‘resul{;s

may be i’ound M-table,ﬁ}s

Sanic ,z;v,m»act No. k. (5. B. )

- This vaccine was mepared as previously describsd except that
the colls were grovm in }&ills' medium and ‘t.he original suspensi.on contained
2. x 1010 Jap organisms. Living organisms of the avirulent 38 strain
were: t.hen addea to glve a concentration of 2.9 x 109 cells per ml and
allwed to stand at room temperature i‘cr, one hour, »Efellawing “the ab-»
sarptioﬁ‘g;;‘ggcadnre 25 mice were each mocula‘bed Aw,i{;h ’0.5 nl of the ,Sué-u

penaién.; Ten days later the mice faére? 'chéilehged with 100 1D, of the

, 0
wirnlent Sn strain, These résults are included in table 23
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Resistanca of.’ White mice to challenge with vimlent Bacterium tularense

folluwing vaacina.t:mn m*th sonic extracts

,D‘ayg afwr T Test, dose af virulent Qrganlama (Sm)

Rl  tnooulation | . 1 wso Lo o,

5. Ee f1 A wact L e/o
S.E.f2 18 - 8j0
8. B, #3 " ! T ---- - 9/10

Se¢ E, #h

| | 10 e 01820
Limg, ﬁssn,_ . S | o

 Normal mice - 22/2 L e

‘Mortality ratic = %:_‘ée 4
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Sodium Flmmﬂe Killed Vaccine R

5ad:v.m fluor:ida is known to :mhibrb the aotian nf the cytcchrcmea
mthout denatur:mg ce}.lular pro{;sini I’L was *hhought that by 'the use of
this cell po:e.son it might be peasible to prepare a killea vaccine that
,had not 1ost its antigenio properties,.~ Accordingly a 2, haur Jap culture
‘ @cmm :in Eé:t.lls’ medium was cantmi‘uged and the cells reauspendad in one
per cent sodium ﬂuorxde for 2l hours, The cells were then centrhugad
and washed h timas with phyaialogical salma. They ware then resuspended
in 0¢5 per cen‘c. formahzed salins. Plate cmmts showed that the vaccine
was 51;91'11&. Iﬁneﬁeen mice each rece:’mad 0;5 ml of & standard suspena:mn
of’the‘v.‘édciﬁe on each of 3 raltarna*ha ‘daysfy The mice wera chalienged 22
days ‘gfﬁér the first inoculation with 100 13350 of "ohe Sm strain. The re-.
sults are smnarimd in tabls 2h. |
Streptomrcin Killed Vaccina

It has been shorm that streptomcm exerts a bactericidal effect

IOn',Baéterium; tularense. The exact mechanism of its dction 18 nob Imown,
'but it S’e}ems probable that the ceiluléf protein is not denatured by con= |
tact with Btreptomycin* Assmng ’ahis ‘w be -brne it seemed posaible that
potent k:i.lled vaccines might be preparad. A2y hour Jap culi;ura grown in
Mills? medimn was centrifuged and the ceus were resus;:ended tc» a cancen- ’
tration of approﬁma'te]y 3.0 x 109 orgam.sms ‘per ml in saline: contaming
. 20,000 units of a’creptowcin per ml. fﬂm ~suspension was allomd to incn-
bate at room temperature ovem:.ght. »T'ne cells were centrifuged and m‘ashed
thraa ’w.mes a.nd resuspended in 0.1 per cen'b formalizad saline, The vaccine
. was fmmd to be sterile as detemined ’by plate count. |

I Nine mice were each :moculated with 0.5 ml of the standard suge -
‘iajenjsiéh of the organisms on eat:h of 3 alternate days.. Twantqu daya :
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fable 2l

Resiata’:néeﬁ of white mice to challenge with virulent Bacterium tularense

fanmng#accinamon with sodium fluoride and

streptomyedn killed vaccines

Lo Days after . “fest dose of virulent
Vaccine inoe ulation organisms (Sm) L

100 1Dy,
NaF 2 16/19
Streptomycin e 9/9

Norma micé - | - B

8 '
Mortality ratie = Dead
; ‘ Tested




after the first inoculation they raeeived 100 mBO of the virulen’a Sm
strain, These results are shown in ’t.abls 2. |

Tmaue Extract Antigens ‘
-~ The predemﬁmntly nevative resulhs obtainad ixx tr;sring to pro=~ |
pa;re a potent killed culture mccims against Bacterimn tularense sugpested

the posaibil:.ty that the erganisma do ne*ﬁ produce the inmmnizing i‘actor
when gr‘mm in the usual culture med.ia, but that they may praduce ‘bhia ”
ant:.gen in vivm o S
Eight guinea pigs were inoculamd with bl x 105 Jap organisms .

and three days later were sacrificed. The peritoneal cavity of each pig
was méhéd with 10 ml of aa}.:me;- The washings were combined and filterad
torough a Seita filter, The number of organisms prior to filtration was
found to be approximately 310,000 par ml. Ten mice were inoculated with
0.5 mi of '!'.ha 5terile wndiluted fil’ora:be on each of 3 alternate days.
, Eeventeen &ays after the first inoculation the mice received 100 LBS
of the Sm strain. The resulis ars shcm 4n table 25,

 The spleens of the 8 guinea pigé’ were removed and immediately
frozeu direr‘ dry jce. The&' wore then macei‘ated with chilled mortar an&
pestle zmd suspanded in ica cold sal:meﬁ The ‘brei was centrifuged and
the superna,tant Filtered through a chilled Seits filter, The filtered
materisl was frozen in the CO, box nnti‘l used, Plate counts made prior
to use showed the filtrate to be ster;lé»g fen mice were inoculated with
0.5 nil'af thé spenic extract on each oi" L alternate days. Twenty days |
after the first inoculation the mice were challenged with 100 mSG of the
sm s’sraﬂn of Bacﬁerium tularense, ';‘.'heae :_t‘esu':!.ta may be found in table 25.

 From an examination of tables 22, 23, 2l and 25 it may be seen
that none of the methods for preparing killed vaccines gave satisfactory.
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Resisﬁance of white mice to challenga with virnlent

' Bacterium tularense fcallmg va.ccinatmn :

with ’{.is'sue extracts _of gu:ima pigsl ini‘actad 'evith the Jap strain |
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results. Mice immunized with these Vaécines were vesistant to only
very low concentrations of the Sm organisms or showed no resistance
other than a small increase in 8urvivéi time following infection. 'ihe
survival rates of these mice were discouragingly low as compared to
the survival rates obtained using living Jap or Russ organisms,.

The longest survival time wa:_s' observed in the mice immunized
with the sodium fluoride killed cells. The majority of these mice did
not die until the eighth or ninth day following challenge, It shauid
also be mentioned that these mice did not kshow any of the usuval signs
of illness until Just before death. "‘Ihesék’ebservations indicate that
this method for preparing vaccines woui'd ‘bear further study. ﬁowever,
neither of the vaccines prepared using zmathods designed to preven‘b the
denaturation of cellular protein were satisfactory.

The results obtained using tissue extracts were completely
negative., Nevertheless, further work should be done bafore eliminating
| tissue extracts of infected animala as a possible source of potent |

Bacterium tularense an’cigen.
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DISCUSSION OF RESULIS

“The results of this imvestipation have shown that certain marked
differences exist among the strains of Bacterium tulavense studied, Thoy

disclose ﬁhe fact that 1iving organiéms ‘Of some of the strains elicit good
immmogenic reapcnse in white mice while others do not do so. An in-
spection of tables 2, 3, 5 and 7 reveals that the immunogenic properties
for white mice of the Jap and Russ strains are far superlor to those of
Chara, 26,— Yax and 388 It is also oi’ mpc;rtance to note that the LD50

of these la'stex' atrains 15 less ‘than that of the Jap and Russ strains.

' The cogxpletely avirulent strain 38 exhibits the least immunogenic
pote’:icy;’ Charay 26, and L{ax» are endowed ﬁth slightly greater immunizing
capacity, while the Russ and Jap strains both appear to be highly immuno-
genic, The observation that living cells ’o,f some strains of lowered
virulence elicit good immunologic respohsa in mice somswhat parallsls
the findings of Jawetz and Meyer (20) who demonstrated that living aviru~
- lent organisms of Pasteruella pestis would immumnize guinea pigs against |

bubonic plague while killed vaccines would not do se. The wnsuccessful
use of killed vaccines for immunizing white mice against Bacterium tularense

will be discussed :Ue.ter.

. From tables 11, 13 and 1h it may be observed that differences
also exist among the highly immunogenic strains. Initial doses con-
sisting of large concentrations of the Russ and Depue organisms are
necessary to elicit good iuhzmxiolcgical :;esponse in mice while relatively
few Jap and RI cells are required to protect these anima.ls against ine
i‘ec’oion with the virulent Sm strain, ‘l‘he Carr strain, which had been
shown by ather workers in this laboratory to be highly immunogenic when
large mmbers of orgsnisms were inoculated inte mice, did not provide
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good protection wheri‘ only 2.0'x"1oh organ:lsms were injected.

A comparison of figures 1, 3, k 5 and 6 with tables 5, 13 and
1 serves to emphasize the close relationship between the ability of a
strain to multiply in the animal body and_ its immunogenic power. - The
Jap and RI strains multiplied freely in mice at all concentrations while
the Russ strain multiplied to a much l'esséi* degree or not at all depending
upon the original concentration of cells injected. The Depue strain ap-
peared to lack completely any ability to multiply in mice. The number of
organisms in ﬁhe spleen was always found to be less than the infeeﬁing
concentration when this strain was studied: This strain is slightly more
virulent than strain 38 and is shown to elicit a greater immunologic re-
sponse in white mice. ; _ : |

The three tables show that the Jap and RI strains elicit good
immunity in mice even when low conceﬁﬁrations of organisms are used for
inoculation. The Russ and Depue straiﬁs elicit good immunologic respbnsa ' ,
if extremely high concentrations of organisras é.re used for véccina-bion.- |
When small numbers of these organisms are used little or no multiﬁiicatioﬁ
occurs and little immmity is produced. However, Russ was shown to be
slightly more virulent and to possess somevhat greater immunogenic power
than the Depue strain. Strain 38 elicits the least innm;nogenic response
of the five strains even when a series of inoculations with" iarge numbers
of this organism is employed. This étrain is totally unable to esiablish
itself in mice and has been shomn to diséppear from ’the animal body within

6 days following the inoculation of 1.5 x 109

organisms.
These results emphasize that a direct relationahip exists between
virulence and the ability of the strains to multiply in mice, with the

immunogenic properties of these strains. They also present indirect
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evidence that the differences in am-fig;anicity are of a quantitative nature
and that qualitative antigenic d:.fferances between the strains have not
been denonstrated'
| cher important data have been ob’cained from studies of the Jap
| culture‘ The ariginal dxscmry of the :mmunogenic pomr of living
organisma was mada with 'thia s*brain and for this reason it was selected
for exbensive st.udy.
- The immunlty elicited follomng inoculation with the Jap strain
appeérs to Last for at least h months. - AS shown in table 8 the mice
seemed to be well protected dur:mg and at the expiration of this period.
There is nothing to suggest that this innnumty ever disappears completely,
although ‘furi;her studies were not made« Buchele and Downs (23) have
shown that rats exhibit resistance to infaction with #irulent Bacterium
tularense up to 9 months after immunization. The immunity elicited by
~ the Jap strain appears to be quite solid since Jap immunized mice are
5igiﬂy i'asisté.nt to réchallenge with the viruient Sm strain as may be
ahsemd in table 6, Similar results have been o‘b‘cained with rats by
Buchele and Downs (23). It was nob possible to measure the cumulative
" effect of the challange and’ rechallenge doses on the degree of immunity
in. the Vaccinated mica. '
| Mice immunizad by 1iving organisms oi’ the Jap strain are re-
sistant 'bc :mfec’cmn with more than one virulent strain as shown by the
results summarlzed in table L. The mice were able to resist infection with
tremendoua concentr&tions of the Grovas s Cruse and Ince strains, These

i‘indings are in accor& with the conclusions dravm by Foshay (L), It is

‘ his con‘bention that upon recovery from. *lmlarema, humans are immumne to

subsequent infection wit.h any strain of Bacterium tularensa;
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These rasults strongly suggest. that there is very little qualitative
ant;igenic difference among the variaua strains.

It is of interest to note that Coriell et al (7) could not
demons'brate solid immunity to tularamm .’m mice which were .ﬁmunized
with killed vaccines. They obsarved tha*b the few survivors of a cha?llenga
dose of virulent Bacterium tularansa remainad susceptible to tularemia

and uiauauy sucmbed when r_echallengedg ‘

ﬁze appearance of immunity in"jrfhite mice is extremely rapid and
it was Shéﬂ‘m‘ "bhat an excellent degreé ‘z‘sf ‘inmunity could be demonsgtrated
as early as l days after vaccinatian wi‘bh the Japstrain. Some evidence
af immunalogic response was obaerved as early as the 2nd and 3rd day
after ‘inwulaﬁmn (tabla 9),5 It is of intareet to note that the multi-
piicéhidn of Jap organisms usually ?éia,ched‘ & peak between the 3rd and
Sth day after infection, In contrast vvi‘idE this, it was not possible to
demonstrate agglutinins in vaccinated mice earlder than the 7th or Gth
day after inocuﬁatium ,‘As}j faw‘as 20 ﬁ.wing Jap organisms provided mice
with a i‘éir de‘g*ee of immumity and any number of cells ‘between 200 and
200,000 insured a high degres of prowction against infection with the
Sm strain. As has been previously menﬁioned, the Jap strain multiplzes
freely in micez. Other immmogenic strains have not elicited such good
| immmalogic respcmse when small mzmbers o:k‘ organisms were inoculated
into mices '

Addi'bional evidence i‘or the sclid immunity provided by vacc:mation
with the. Jap strain is presented in table 12 and figure 2. These results
indica‘be tha-b immnized mice are zble to rid themselves rapidly and
efficieniiy of virulent organisms foiib‘rﬂng infection. Saline suspensions
prepareci wi‘&h the sP.laens of :lzmnunmed, and s"ubsequently cha‘ilengad, .



mice were génerally non-infective for normal mice as early .as L days
follcwing-challange. Since a sixigla v:.ruhnt organism can .c'ausa a

- fatal infection in normal mice, this sup;mrts the conclusicn tha‘b the
Jap s’c.rain provided these animals with a solid imunity to :Lnfecticn with
Bacterimn tularense. In contrast- to nc:mal mice Jap immmized animals

were ab}.a te ﬁmit the multiplicatian of virulent organisms and emrztually
rid themsalvas of these organisms, as shmm by bactarial counts of the
.heart blood, spleen and liver.

Foshay (2h) has suggested that ::.xmnmlity to tularamia is &ependent
upon the continuous presence of liv:x.ng iarganisms in the body, The carrier
state in rats and mice has b'ean datémined fraquanﬁly’and it is known that

» highly virulen“h organisms may persm“’b in the reocwerad animals for long

par:’wds of tim@ v On the other hand, ‘it has not been possible to demonstra%a
~ the presance of living Jap arganisms in mica longer than 18 days after
inoculaﬁian, Since Jap immunized animala are resistant to fa'oal infection |
vwith virulent Bac’ber:hmx ’sularense for sa'veral months this may 1ndica“ta :

that ixmnuni*hy is independent of the caz-rier state. However, the ppssi*
bility exists that the plating teqmg used to determine carriers is not
sufficientjy delicate m detect'vm;y amall numbaré of Zivzmg Jap c’ells,"
~ If this is true ans should nct elmﬂnate the carrier gtate as a posm.ble‘
mechanism by which immun:}.ty to tnlaremm is maintained.

I‘b has been possible tc correlate the amount of agglutinin
production in mica following the inoculation oi’ gtrains of lowered
vz.rulence with their virulence and ir:munooenic prapertias. strains Jap,
Russ s 26, and 38 wers selacted for aggluﬁmin studies anci it may be ob~
served in fzguras 7, 8, 9 and 10 that only the highly immunogenic Jap
and Russ t;ultms elicitad an apprea;a‘blrs‘ agglutﬁ.nin response, Si;raina



26 and 38 faﬁ,ied’ to do so. In all aééés,*éhmvar, the agglutinin titers

| mamea low in contrast to the mmm high titers that may be ob-
tained in rats and other laboratory anmals. These results indicate that
the agglutinin ‘biter of mm:sa serum iu nct a satisfactory fmdax of ﬁxmmmity

. agains’a tularsmia

Ii; ms considared neca%ary %0 de'bsrmxm the imuunegenic aapacity
¢£‘ the hig;hly virulent. stz'ains t.hat mra avai.lable. Smptamycin treament
following i.ni‘action with the Sm, Gx'use and Groves strains showed that the
infect:lon could be controlled after an :Lnitial period of cell multiphu«
cation in ’ehe mice. Challenge cf t,hese mice with the Sm s’c.rain demanatmted
that tﬁa‘y had developed some degree qf immunity following infection &uring
the cqn;-séf of é“brap‘boxnyci;:. tharapy. Upon mchallenge ‘the mice appeared
to be \evx‘vjén' more resistant to fatal imféctiqn. Once again the gmﬁnlative
effect of the ’challex‘zge‘, doses on the éég#fiee :of‘ immunity could not be
| fevaluatedq | L

, Strep‘bonwcin was shown to aid 3.11 ridding the mousa of infection
(ﬁgura 11) The initial effect. appearsd; to be baateriostatic in character,
and a 2h hcur period during wh;tch the organisms in the animals remained

: constan’f., ne:}:bher ‘increasing nor d:eereasmg in number, was obsewed. This

. was i'oLowed by a rapid and regular ﬁacmase for 5 days follcming the :Lniti-

’ ,ata_on ai‘ atreptomycin treatment after which the number of residual organisms

leva1$d ofi‘ and remained relatively constant until the animals were chaJJ.en@d

19 days af‘fﬂlf inf@ctian. It is impnxftant to note that the mice were ‘abls
to 1imit muitiplicaticn of :i‘t;lrxe orga‘misms'yi‘gllomg:(:hgnenge s the average
nmaber" éf 'afganisms. never reaching a ébﬁcentration equal to the log. L. .
This is also true upon rechallengs of the..}'survivors, Noticesble fluctu-

ation in *cha numbexr oif organisms. £mmd in the individual mica'_wer@ pbéervad :



but they all fell within a low a.nd predictable range. |

The two accessory curves (b) and (¢) shown in figure 11 were
plotted to damonstrata tha’c. a single mouse harboring from 3,000 to
10,000 arganisms may mask, or distort, the results obtained from the
other individuals examined at any given‘ t:imea The curve plotted for the
a'varagek number of organisms in 3 mice at each stated interval does not
differ greatly from curve (b), yot it is cbvious that marked discrepancies
exist beﬁ'éeen curves (A) 'and {B) on the one hand, and curve (c) on’the
other. Thasé results are mentioned iriibrdar to bring out the fac‘bthat, '
generally, one mouse of every three dhallenged with '3;00 wﬁa of the Sm )
strain harhcred relatively large nmbé"z?s c’x’E‘ virulent éacteriwn tulare'nsé

organisms. This ratio also held trus i’or the number of deaths and sur~
vivals following challenge with 3.00 w59, as may be seen in tables 15 and
16. A slightly better gurvival rate following challenge was observed
when the Cruse strain was tested for its immunogenic properties. Homver;
the Groves strain elicited the best immunogenic response of all the highly
virulent strains. A comparison of taﬁlés:.;ls through 19 will show that
some 'imunagenic differences may axis‘t"évenamong highly virulent strains
whose v:.rulence is not aignii'icant.ly different..

Upon rachallenga all mice izmnunized with the 3 strains were
highly resistant to fatal infection, ‘Ihe survival rate in each case
was from 80 to 100 per cent, It must bé"amghasized again that the cumu-
lative effect of these successive infecting cioses on the immunity oi‘ the
animals cannot be mea.sured.

It is not possible to evaluate t.he effect that streptomyein therapy
might have had in depressing the immunologic response of the mice. Pre-
sunably, the various groups of mice employed may have reacted differently
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to the mﬁwn toxic effacts of the atraptmycin, or they may have re~
sp:mded dn.ffemntly to the imunagenic Btimuli in the presence of this
;anti‘biotim All of these‘fac’oors shauld- be considered before conclnamg
that Vtheée’»s-hrainé are not as highly 'ﬁnmméganie as the Jap strain, or

. that they dii’fer among themselves in this ‘respect,

The sﬁreptomycm schedule tha*b was ultimately adcp’oed as standarci
: pracedu;'e appeamd to be qnita satisfactory_for the protection of the mice
from fafal,iﬁfsctions since a survivéi rate of approximately 90 per cent
was obéaim&‘ consistently. Too gx-aais a aencentration of atraptomycm
evokes neuro»toxic symploms, and often dea:bh, in the mics. Alsoy higher ,
concentrations of this drug may reduce the, infection %00 rapidly in which
. case the organisms might not multiply enough to elicit good immunity in
the animals. |

Follcming streptomycin traa’anent the m:.ce were shown to ha:‘bar
the mulen-b organisms up to 30 days.» Apparently, in the carrier state, a
aatisi‘acﬁory balance had been reached and was maintained indefinitely be-
. %tween 'Ehe mce and the infedting agant,
Tha results of the experﬁments on- ’che passive protection in mice
~ shown .in,’ tebles 20 anﬁ 21 indicate that relatively high agglutinin titers
“of inmune sex"um’ are not an index of pcteﬁt protective capacity of the
serum. Frotective ant:_bodies were not apparent in the rat serum employed,
It should 'be mentioned that this serum ms obtained from rats recovered

from infe»::’cion with the Jap strain of Bactarium tularense and did not

. const:.t ute a hyper—»imnune aerum, A slight dalay in the death of the mce

: -'breat.ed with 'the immme rat serum was o‘bserved, averaging approxima'be]y
one day over tha'b of the control groups. The death rate was appromawly
the same in the test and control groups. ',Ihese'results. are in accord
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with %hose of Francis and Felﬁbn (35) ﬁim demonstrated a short delay fol=
lowing infection in the time of daath of mice treated with immune serum.
The death rate was identical with 'c.hat of the control animals.

Exyeriments with killed cultwa va¢cines using strains of low :
‘virulence s and fully virulent strains indicate that. such vaccines produce |
littls dmmunity in the wh:i’ba mouse .« These vaceines ’ howsver, are effective
~in the whi’oe rat as shown by Downs et al (6). They are also partially |
auccas.;fu‘l immnizing agents in man as indicated by the reports of Foshay
(L), and Kadul et al (S). However, mmmzation of rats and man with
Icilled cul‘bm'es does not appear to cmnfer as solid an immanity as tha’b o
:i‘ollowing infection, Imecticm wit-h the living organisms appears -bo be
-vxecassary to the production of ﬁxmnunz.ty m the mouse. This may indicate ’

as Jawetz and Meyer (20) have proposea m‘th regard to Pasteurella pastis §

that there is a very labile mnunogemc congtituant present in the nving
cul‘bure Wh:.ch is denatured whclly cr in part by methods used for killing
the orgam.sms. On the other hand, thare may be an effective. iummogem.c
subatance produced in the animal vrhiah is not presant in artificial culture;
In mora res:.stant animals as in man and rats, killed vaccines may be afn =
f.‘eet:me becauSe these animals respond to small amounts of the ciena{mred |
: antigen or hecause the killed vaccines contain antipenic constituents to
which the mouse does not raact. R e e
Tna vaccinaa preparsd by the various methods of acetone ex‘cractmn

“using both the Jap and Sm strains did not elicit good immunity in mice .
("cable 23) 'the preparation of va.ccz.nes with sonically treated organmms
of the Jap strain was prompted by ‘cha work of Chambers and Florsdorf (32)
who reported that they couls:i successfully ex’orac‘b the highly labile ‘Ji
antigen of Salmonells typhosa. Unfor’cunate]y such a technic does nnt |
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- appear pra‘c‘:ﬁicabie for Bacterium tulé.r‘ense. The vaccines which were pre-

v pared in this manner failed to pratact mice satisfactorily as may be ob=
served :m table 23,

The use of enzyie inhibiﬁors tha'b do not denature cell protein
was :tnvaatiga*bed 85:13@ it was ’ohcugh‘b tha'b yoasibly the methods of gcetons
extracticnand sonic diaintagvation mi;ghﬁ‘ disrupt and damage the antigenic
constifc.ﬁan’t' of the organismsii., Streptoﬁmrcm was used as the killing agent
in the preparation of one of these vaccines and sodium fluoride in another;
It was not poasible to prepare a potent vaecine for innnum.zing mice using
these technies:. Tables 2L and 25 recard the wsuccessful attempts with
these *sraccims. ’.I‘he mica that were immunized mth the sodium fluoriﬁe~
k:illed cells shomd 8 si@ﬂicantly pralonged survi:vaii: time and never
appeared 111 until just prior to death. It would seem that tha preparation
and use oz’.’ thia vadeine sheuld be” inms‘t;igated at greater 1ength.

Since none of the killed vacminea prepared by these various meﬁhods
were potent immunising agents for mice, tha possibility existed that the
imnunizing antigen of Bacﬁerizm vtu]arense*waa not produced by the organisms.

when grmm in the usual culturs med:‘ui“ b{i‘b‘:miiglmb be produced in the tissuves
of the aniinalea they infect. Some basis for this view may be dera.ved from
 the wnrk of Gromartie et al 27 who rapor‘ced the production of an- dnmumiz-
:lng subs'bance by Bacillus anthracis in am.mal tissue which was not cbserved

when the crganismk-was growm in ordinary cuiture media.
The use of splenic extracts and i‘il-bered peritoneal washings from
guinea nigs infec’oed with the Jap s%ra:m of Bacter:imu tularense for ime

mnnizing mice was not successﬁalp There may be several factors responsi’ola
for this. 7*5'5.1'3’3,F the mumber of organisms in the extracts did not reach
the cancen%ration desired; secondly, the antigen may have been removed in
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large part vhen the spleen suspensieﬁé' and peritoneal wésshinga were
filtered through Seitz filters; thirdly, the antigen could conceivably
be destroyed by the action of bedy enzmasg proteinases or carbohydrases,
-prasant in the extracts bei‘ora they wera used for vaccination. The prepa=
" ration ‘of tissue extracts should be invast:e.gated more t.horoug‘niy before
: ’discardmg ‘this method a8 unsatiafactozm o

In genaral, the results of this imestigation have amphas:.zed
the lack of any qualitative antigenic 'difference among the various strains
of Bac'befimn tularense, The differenc‘es‘ that cio éxist are probably quanti-

~tative, The results of the infactivity expariments, and the immunization
of. vm:i'ba mice with living and killed -organisms bear out such a conclusion.
It is quite apparent that the virulenca » and consequently the ability of

- the strains to multiply in mice ’ is chrecﬁly responsibla for the immumno~
.genic qual:.ty of any given strain, ALl gradations of virulence and immunos~
genic power ‘are reprasented hy the. s*brmns studied in this investigatmnv

Becausa of its hi.}x snscepmbility to tularemia the white mause

was c’nosen as the test animal in',tms a‘:,m:l;)r.f The results have suggast.ed

" that it is a delicate indicator for ﬁeﬁeﬁﬁiﬁﬁng antigenic differencés
\among miéixs’ strains of Baéterium tr;lérenée. Some la.bératory animals

are relatively resistant to, and easily mmunized against, tularemia. as
in the ca.sa of the white rat, Others such as the rabbit and gumea pig :
are hig‘rily susceptible and are not proteated by either living or killed

Bacterim tularense vaccines,

Althaugh the white mouse does not respond iumunclogically to

: killﬂd‘Bac,terium tularense it appears to be highly responsive to antigenic |
differences of living organisms. Accordingly, the white mouse appears to
be the most satisfactory laboratory animal for this study.



1. I.iving ;6rgariiéms -efvaaftatin 3tr§iﬁé | 6£' Bacterium tularense were
| ' found tc: elicit a high degree of imn‘uni‘hy in white mice when inocuu'
Iated in subilethal concentrationsa. | - SRS
2. It was possible to detect immunogania dlffarencaa for white mice
‘ _}among the various straina tested,
3', Tha dmmunogenic diffarences could be correlated dn.rectly w:t*hh the
e virulence of the strains and the:.r abila.ty i:o multiply in mice.
‘L The vaccination of white mice with living organisms of the Jap strain
| ""tproducad a high degaa of immmity within three days following inocu~
| 1&’t101’16 | T
5‘;.' As few as 20 nving cells of the sl:.ght]y virulent strain, Jap,
o elicited good imminity when inoculated into mice., Moreover, this

strain of.*Bactar:wm tularénse prbvid‘ad white mice with an immunity
| against mora than one h:,ghly vixulenﬁ strain. |
6. Mice immmized with living organisms of the Jap stram were found to
o poesess a high, degree of immity ! ,months after vaccinatiom
7. Iiving organisms of the Jap strain could not be recovered from the
 spleens of mice longer than 18 days after inoculation. |
8. 'White‘miee innﬁunizéd with nviﬁg' 3&9 organisms were shown, upon
o challsnge , to rid themselves qulckly and eff:.ciently of highly viru-»
lent Bacterimn tularense, |

9 Stra&m of high and moderate viéuléﬁce were shown to multiply freely
in normal mice wnile strains cf very low virulence shomad a graa'hly
*o reduced ability to establish thenselves in mice. |
‘16. It was possible to show a carrelat:.on between the production of
agglutinins in mice and the immunogenic properties of strains Jap,
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17,

18,
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Russ, 26 and 38 for thase animals.

.I‘

It was not pessible 'ha prntect mice passively against high:ly virulent

Eacterium tnlarense with the serum of rats recovered from Jap infections.

Organisms of the highly vlrulent s’ora:ins could be recovered i‘rom '.un-

_munizad mice up to 2L days after challenge. :
- Killed cul*’a\n'e vaccines did not ellc:rb good inmunologic response in
~ white mme, , - |
© The antigen responsible for the production of immunity in mice was
either destroyed during the pre'{jaraﬁibn of the killed vaccines or it
was not produced in vitro. |

Tt was not possible to n.solate an munizing antigen from 'tha tissues

of gxﬁnea pigs infected with the Jap strain of Bacterium tularense.

' By protecting mice with streptomyc;;n from fatal infection it was
‘possible to demonstrate thé.’o highly virulent strains of Bacterium

tularense elicit good immunity in white miéee“

The immnity elicited in mice'by living organisms of the immmogenic

strains appears to be qui*be sulid as evidenced by a high survival

‘rate following rechallenge of the imxmized animals,

White mice were shown to be highly satisfactory test animals for the
purposes of this study. | |
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