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ABSTRACT

Fischer 344 rats were given attenuated live vaccine strain (LVS) of

Francisella tularensis by small particle aerosol, intranasal (i.n.) instillation,

or by intraperitoneal (i.p.), intramuscular (i.m.), or subcutaneous (s.c.)

injection. All of the vaccinated rats developed subclinical infection by 3 days

after exposure, which cleared by day 28. Temporal patterns and concentrations

of the LVS organisms within the hosts were dependent upon the route of vaccination.

Pathologic alterations were limited to minimal lung lesions in aerosol-vaccinated

rats and mild splenitis in i.p. vaccinated rats. Agglutinins to LVS were detecLod

in the serum of each vaccinated animal and in the bronchoalveolor wash fluids

of 66% of the aerosol-vaccinated rats. The agglutinins appeared to be exclusively

of the immunoglobulin M class. Regardless of route of vaccine administration,

all vaccinated rats survived an aerosol challenge of 5.3 log 1 0 cells of virulent

F. tularonsis while all nonvaccinated rats died. Systemic infection did not

occur in the vaccinated rats. Pulmonary infection, however, was not prevented

in the vaccinated rats following aerosol challenge, but proliferation of the

virulent F. tularensis organisms in the lungs was significantly lower (P < 0.01

analysis of variance) than that which occurred in the control animals. These

studies demonstrate the utility of the inbred Fischer 344 rat as a model host

for further investigations of F. tularensis infection and its associated immune

response.
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The stimulation of immunity in the lungs by respiratory pathogens has been

considered an important factor in host resistance (19). Recent approaches to

research on this issue have involved depositing an immunogen in the respiratory

tract by intranasal instillation or aerosol inhalation (5, 6, 9). In our

laboratory, ditferent methods of vaccination, including inhalation of aerosols

of microbial antigens are under investigation as a means for inducing immunity

against respiratory diseases, e.g., respiratory tularensis. Several different

strains of rats have been used with varying results in previous studies on the

pathogenesis and resistance to tularemia (2, 10, 13, 17, 20). Preliminary dose-

response evaluations in our Uboratory showed the inbred Fischer 344 rat to be

consistently susceptible to infection with virulent F. tularensis, and that

immunity cotild be conferred to this rat strain with the attenuated live vaccine

strain (LVS) of F. tiilarensis. Initial studies, therefore, emphasized

characterization of the pathogenesis of F. tularensis infection in Fischer 344

rats with the ultimate goal being to elucidate the relative importance of thet

component arms of the immune response in providing protection against lethal

respiratory tularemia.

Thi& report presents the response of Fischer 344 rats to infection cause.d

6y the administration of the LVS of 7. tularensis by small particle aero,;ol, or

by the intranasal. intraperitoneal, intramuscul ar, or subcutaneous routes. Al so

evaluated was the protection afforded these LVS-vaccinated rats after chal lwngjiug

them with aerosols of virulent F. tularcn;sis, SChU S4.

&'
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MATERIALS AND METHODS

Animals. Inbred, male Fischer 344 rats {CI)F (F-344)/Crl BR) were

procured from Charles River Breeding Laboratories, Inc., Wilmington, Mass.

Rats ('200-240 g) Were housed four to six per cage and given water and commercial

feed pellets (Ralston-Purina, St. Louis, Mo.) ad libitum. After challenge with

virulent F. tularensis, SCHU S4, the! rats were maintained in total containment

biological safety cahinei s (7).

F. tularensiS cultures. Both attenuated, live vaccine and virulent SCHU

S4 strains of F. tularensi-s were culture-d in modified casein part ial-hN drolIvsate

(IMCP1I) liquid medium and stored at -600 C as previously described (3) . Frozen

cultures were th1awed just before use. Viable cell concentrations wkere estimated

by plating 10-fold serial dilutions on glucose-cysteine-blood-agar (CCBA%) plates.

Typical Colon1ies were counted after incubation for 48 to 72 h iat 37 0 C.

Vaccination~p! prcdtires. For intranasal (i.n.) vaccination, a3 20-4p volume

of LVS sus-pension Was instilled by micropiputte (Eppendorf) into the anterior

nares of rats Light ly anesthetized with halothane. Preliminary Studies using

carbon black as an indicator svstem showed that the 2() p were retained entirely

in the upper res;piratory tract (unpublished data). Other groups of anesthetized

rats were vaccinated by int raper itOneal (i.p.) , intramuILscular (i.m.) , or

stibetitari, otis (s.c. ) injeCtion With 0.5 ID] LVS suspension. Aerosol vaccination

was pt-rfcrmned by exposing unanesthetized rats in a modified Henderson aerosol.

apparatus (16() for .10 min to smnall part ile aerosols (SPA) of LITS generated

f rom a Col I kon spjray dCV ice (1 2) . The mass icd ianl d i;1anIc tr Of tue aerosol

par i i ea:a 2 Jrn. With tLhLis prmo e , the aerosol was deposi ted predominantly

it) the I lii r . (o n trol ani-ia is were shiaTli-vaccima ted by expos ing, then similar ly to

ac rosoe I of fsterile MCPII broth . INS aoolCOICen t rat ions were de term ined by

colectmi';1crosof , amples in a -ls mp illugers (8) con tai ning 20 ml of sterile



gelatin-saline and plating suitable dilutions on GCBA. The presented aerosol

dose for the exposed animals was calculated on the basis of LVS concentration

per liter of aerosol x minute respiratory volume of a 250 g rat (0.13 liters/min)

x duration of animal exposure in minutes (8).

Challenge procedures. Aerosol challenge of the vaccinated and control rats

with virulent F. tularensis, SCHU S4, and determination of aerosol challenge

dose were conducted in the same manner as described for aerosol vaccination. The

only exception being that all manipulations were performed in total containment

biological safety cabinets (8).

Assay procedures. Groups of rats were killed periodically after vaccination

or challenge. Lungs, spleens, and cervical and mediastinal lymph nodes were

aseptically excised. Sections of these tissues were processed for histological

examination and the balance of each was homogenized in gelatin saline diluent.

Appropriate dilutions of the homogenates were streaked on duplicate GCBA plates

for determination of viable organism concentrations. The plates were incubated

for 48 to 72 h at 37 0 C, and typical colonies were enumerated. Numbers of

organisms in blood and in bronchoalveolar wash (BAW) fluids were estimated by

plating 0.1 ml of undiluted samples in duplicate on CCBA. The BAW fluids were

obtained by washing the air passages of the lungs with 3 ml of sterile phosphate-

buffered saline, pH 7.2, instilled via the trachea. Gentle aspiration of the

saline two to three times in the lungs resulted in obtaining 1.5 to 2 ml fluid

with no gross signs of blood.

Antibody assays. Agglutinating antibody titers for sera and BAW fluids

were measured using microtiter procedures (11). The BAW fluids were concetrated

to 0.5 ml by filtration through 25,000-dalton ultra filters (Millipore Corp.,

Bedford, Mass.) and maintained at -20 0 C until assayed for antibody content. The

concentrations of selected classes of immunolobulins (IgG, IgA, IgM) of sera

l .. ni. . .. .Iu li I s I1 i ~ { - - ,-,- : l i ~ ill
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and BAW fluids were estimated by radial immunodiffusion procedures (14), using

specific anti-rat Ig prepared in rabbits or goats (Miles Laboratories, Inc.,

Elkhart, Ind.).

Rat strain susceptibilitv evaluation. Preliminary studies were conducted

to compare the susceptibility of inbred Fischer 344 rats procured from two

commercial sources (Charles River Breeding Laboratories and M. A. Bioproducts,

Walkersville, Md.) and that of an outbred Sprague-Dawley rat strain (Taconic

Farms, Germantown, N.Y.) to aerosol challenge and to i.p. challenge with virulent

F. tularensis, SCHU S4.

Experimental protocol. Within the three experiments reported here groups

of 50 to 70 Fischer 344 rats were vaccinated with LVS by aerosol exposure to SPA,

by i.n. instillation, or by i.p., i.m., and s.c. injections. Control animals

in each experiment were exposed to sterile broth aerosols in the same manner as

the LVS aerosol-vaccinated group. At 1, 3, 7, 10, 14, and 42 days after

vaccination, a selected number of rats were killed by exposure to lethal doses

of halothane. Sera and BAW fluids were obtained for serological assay, and

tissues were cultured for LVS organisms. The remaining control and vaccinated

rats were challenged with virulent F. tularensis aerosols 42 days after initial

exposure to broth medium or vaccination. At 2, 3, and 14 days after aerosol

challenge, 6 to 7 rats from each group were killed, tissue samples were obtained,

assayed for concentrations of challenge organisms, and examined for histologic

evidence of tularemia.

Statistical analysis. One way analyses of variances were computed on the

logarithms of organism concentrations in selected tissues from vaccinated rats,

from tissues of challenged rats, and for the serum IgM levels in vaccinated rats.
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RESULTS

Mortality response of rat strains to tularemia infection. The mortality of

Fischer 344 inbred rats and an outbred Sprague-Dawley rat strain was compared

following aerosol challenge with virulent F. tularensis, SCHIU S4 (Table 1). The

effect of aerosolization on organism virulence also was determined by comparing

the mortality of rats injected i.p. with F. tularensis collected prior to and

after aerosolization. The Fischer rats, from both sources, were highly susceptible

to lethal infection .,ith F. tularensis. More than 90% of these rats died 5 to

13 days after aerosol exposure to 5 log cells of F. tularensis and within 2 to

7 days after i.p. infection with either the pre- or postaerosolization of

organisms. Tl-e Sprague-Pawley rats were fully resistant to aerosol challenge

and a combined 56% of the rats died following both types of i.p. challenge with

F. tularensis. Based on these results, the Fischer 344 rat was selected for use

in subsequent studies on LVS vaccination and protective immunity generated

against respiratory tularemia.

LXS population dynamics as a function of method of vaccination. The

distribution and persistence of LXS in selected tissues of rats vaccinated by

different routes was determined over 28 days. The INS assay data were recorded

for lungs, spleen, and lymph nodes through day 14 only because LVS was rarely

recovered therafter (Fi1. I). None of the tissues of sham-vaccinated rats

contained IVS; these neoative data are not shown. In addition, data have not

been presented for rats vaccinated by either i.m. or s.c. injections because,

for these animals, the patterns of INS distribution, concentration and clearance

from tissues and appcarance of agglutinin titers were so similar to the patterns

doscribed for the i.n. vaccinated rats.

All of the rats vaccinatcd by aerosol exposure yielded LVS organisms

from the lung.s (Fig. i1). Si gni icantly higher concentrations of organisms

4-I



(5.0 to 7.0 log 0 ) were present in the lungs of these rats on each assay dayv,

except day 1, as compared to the rats vaccinated by the i .n. or i .p. routes;

(P < 0.01, ani 1 sis of variance). Supri-,ingly, on da\ 1 after explosure-, IXS

Organisms were cul tured from the lungs of 89/ of the rats vaccinated 1). I..p.

injection, and at concent ra tions not statistically different from those determined

for the aerosol-vaccinated rats. LVS organisms were not isol ated from,, the lungs

of i .n. vaccinated rats until day 3, with the maximum concentration not exceeding

3.0 log .0 For all Lhree geiups of rats, there was a progressive' diminution of

Viable tularunsis organisms in the lungs,- through day 14. No org anisms we-re

rccovered from any rat by day 28.

Spleens of the i .p. vaccinated rats contained more LX'S organisms (P -- 0. 01,

analysis of variance) on days 1 and 3 than did those of the SP1A and i.n.

vaccinated rats. From day 7 through 14, concentrations of IA'S organisms in the

spleen were approximately equal in all rats, and ranged from 2 to 4 log As

with the lungs, spleens had been cleared of IA'S by' 28 days.

In generalI, 3 to 4 lo-' of LX'S organfims were recovered from a pool of
l()

cerviLcul and miediastina1 lymph nodes of each rat regardless of routo of

vac C i na t i ou . The lymiph nodes; aliso were cleared of LVS organisms by% day 28.

Blood nd 11AW fluidsl,- were samlp led for tile prsneOf NS orgaZnisinIs alnd

serumn an1d BAW flIU ids were assayed for INS aggl uti nm t i tls Aaset and

I ow- eve1hc teren ':'in oCCasionallyv was observed among the aeroso I and i .n.

Vaccinated rats. Low levelis of IA'S organisms (-' 100) colony forming- units/ml

of blood) , however, were recovered from all of tlie. i .p. vaccinated rats

th Lichda 3. The i AW FlIui ds from all S PA vaccina Led rats x- v Idk Ie IA'S organi ens'.

for 1V. davs at concentrations I hat d i 110no exceed 3 log1 0  IIi' o IS a is;Owa

recovered I roni the BAI' I I u tI (11 frem out-tb rdl Of the i I. . C vac tatel ratLs bet Wee11

dav3 3 through 10. Viable INVS bacteriai were not detected in the BAI. f i iti or 0

any of the, i . n va ci naited group.



Serum: and BAW fluids wereL aSsayed for LVS ag,,lut in in t i te r.; ('I :ih 1e 2)

For all vacc inaited grouls, serumi titers were evid(ent 1wv da%- 7. .nIL rai I the'

titers peaked by day 10 and subsided to their lowest levels ( I :hf2) by dc-.' '2

The highlest serumi titers were produced by i1.1p. vaccination. Le'w.-ti tured BAW

a-cggutinins were detecte2d for about tw~o-thirds of thc SPA vacc:inated raits throu.:ii

dayv 10. Serologicallv positive BAT.' fluids were dectected only oiln dciy 7 for Onle-

third of the i *p. vaccinated rats and for one-third of the i .n. vaccinated

aimals onlv- on dciv 10.

Chaing-es in concentrations of the different classes of immunoglebulins wLer,

,toe ted en 1'.- for L.-" (F . ). Skvrui-m IgM l eve]ls in ho th aerosol and i .p.

v~ac 121 L 0( rats were sigcnif ican tly higher than those of the nonvaccincited

r-.1 raL-, ra div 7/ through dayv 14 (P " C). 05, analysis of variance) . The

Serum LMconcentration for the i .n. vaccinated rats was increase-d si gnificantlv

alv a, 11" I. gMalso was detected in the BAW fluids of san e of the SPA

vacc yis.tecl rat,, on days 7 and 10 and in one i .p. vaccinated rat on dayv 7. The

increase in 1gM levels in both serum and BAI.' fluids paralleled the increase

aind aba.'tement of the U'S cigglutiniin titers in these fluids (T'able 2)

RenneOf I,%S vaccina,-ted animjjals to aierosol chiajlne . At Z42) dc'S

after I'S vaccination, tile sham-vaccinated contraol rats and tile five groups

of vaccinatod rats were dial longed with a moan aerosol dose of 5.3 loo cells

of virtcluI e F. -t u Ia consis , SF1111 S4i. The dait~a summarized in Fig. 3, however,

art, t or *heL control, aerosol., i .n.*, and i .p. v'accinmated groups of rats onm\.

AI\ I Of the(- Cant rol rats appeared ill thlree (lays after aerosol challengoe. By

(lay / cifteor rim I I nge , concen trait jojs of CI I 11i eligeL organni sis r-anged frcom 7 1 ap1

ii in Lh s to abou t 5 lop1  in tHeL spleen and 1%,mph nodes of the cenll ocl rats

(leopi to theC pr0SLI~Co Of a hiI ll Serill ;nT2ibody t itx'r (nilain 1 :1178)). of these

rats;, 94,' d iedi between 0 and 14 (lays, leaving, only\ two for assa y. in1 tile three
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groups of vaccinated rats, the overall mean serum agglutinin titer was 1:243

(ranoe 160 to 285).

Although none of these vaccinated rats died or showed signs of clinical

illness for a period of 90 days after aerosol challenge, pulmonary infection

was not prevented (Fig. 3). After day 2, the peak concentrations of tu]arensis

organisms in the lungs of the vaccinated animals were 2 to 3 log lower than

those in the control rats (P < 0.01, analysis of variance). Histologically,

pulmonary lesions associated with F. tularensis infection were not detected. The

vaccinated rats therefore, apparently were protected against respiratory tularensis

even though significant numbers of virulent tularensis organisms were present in

the lungs. In contrast, the typical pyogranulomatous lesions of tularemia were

observcd in the lungs of the control rats.

Infection was not evidenced in the spleens of rats in each of the vaccinated

groups at 2 days after challenge. Furthermore, organisms were isolated from

only one rat in each of- these groups and only on day 7 postchallenge. The

challenge organism was isolated, however, from one-third of the control rats on

day 2 postchallenge and from all the remaining control animals on day 7 and

day 14. L,'2sions tVp ical of tul aremia were observed only in the spleens of the,

nonvaccinated control animals. Infection of the cervical and medizistinal lymph

nodes was present in all vaccinated groups of rats as well as in the control

animals up to day 14. Concentrations of challeng-e organisms in the lymph nodes

and the percentage of vaccinated rats with infected nodes approximated that

obtained for the nonvaccinated control rats.

Bacteremia was demonstrable in all of the control rats sampled from 2 to 7

days after cha]lenge. Concentrations of F'. t xlarensis approximated 3 lot, /ml
- --- 10

of blood. None of the vaccinat ,d rats yielded a pos itive blood Culture, except

for one i .p. vaccinated rat fr m which small numbers of organismsr were recove red
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on day 7. The serum agglutinin titers of the vaccinated rats wer, no higher

48 h following aerosol challenge than they were just prior to challenge. BAV;

fluid agglutinin titers were not detected after challenge at any time.

All of the rats vaccinated by i.m. or s.c. injections also survived the

aerosol challenge with no overt signs of illness. All other response parameters

of the i.m. and s.c. rats to challenge closely resembled those observed for the

i.n. rats. The data for the i.m. and s.c. rats, therefore, were not presented

in this report.

H
i.
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DISCUSSION

Vaccination of inbred Fischer 344 rats with the LVS F. tularensis via

i.p., i.m. or s.c. injection, i.n. instillation, or aerosol inhalation resulted

in temporal patterns and concentrations of the LVS organism with the vaccinated

host that were dependent on the route of administration. Regardless of the

method of vaccination, none of the rats became febrile or exhibited overt signs

of illness even though 3 to 7 log 10 of INS organisms were recovered fron lungs,

spleens and lymph nodes through 14 days. Histologically the minimal lung lesions

in the aerosol-vaccinated rats and the mild splenitis in the i.p. vaccinated

rats were analogous to previously described pathologic alterations in Fischer 344

rats infected by i.p. inoculation with INS (13). Thus, the subclinical infection

induced by the attenuated vaccine strain of F. tularensis was not altered by the

route of administration. A consistent bacterenia, indicative of the hematogenous

transport of the LVS vaccine, occurred only in the i.p. vaccinated rats between

days 1 and 3. Bacteremia rarely was observed in rats vaccinated by aerosol

inhalation or by i~n. instillation suggesting that with these methods of

vaccination, systemic spread of the vaccine strain with these two methods of

vaccination occurs early by way of the lymphatic system. The LVS organisms were

cleared from all tissues of the vaccinated rats after 24 days regardless of

vaccination method.

Serum LVS algglut nins were induced readily by all methods of vaccination

with the highes t titers being obtained by thi i.p. route. Antibodies were

detected 3 days after vaccination which reached peak levels usually by day 10.

The increase in antibody production coincidod with a gneral decrea se in

concentrntion of IVS in the tisstie! and w th the frequency of host infection.

By dav 12, antibody titers leveled off at 1:120 to 1:240. At IS months after

eithor acrosol- or i .m. vccination, serum titers of 1:20 to 1:80 still were

1 j
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detectable (unpubli.ed data). The immunog]lohul in class associated with t he

agglutinin activity was IgM which corroborates the previous observations in ha!:.ans

(1); adult male volunteers given a percutaneous vaccination with 8.0 Io- of I S

cells developed demonstrable antibody within 7 days that was predominantly Ig'.

The INS agglutinins detected in the BAW fluids of the aerosol-vaccinated rat6

also were comprised of IgM. Previous evidence indicated that IgM was not a normal

constituent of respiratory fluids (15), even though a variable number of 1gM

producing cells reside within the respiratory tract parenchyma (18). Under

appropriate stimuli, such as inhalation of an aerosolized antigen, it could b

that such cells would synthesize 1gM antibodies. It is possible also that

transudation of serum IgM across respiratory mucous membranes may have occurred,

as significant levels of IgM existed simultaneously in both serum and B:AW fluids

of the aerosol-vaccinated rats. The data available, however, do not substantiate

transudation of serum IgM into the bronchi and related spaces. Of all the rats

tested after i.p. injection or i.n. instillation of I,'S, only one i.p. vaccinited

rat exhibited detectable IgM in BAW fluids even though 1gM was demonstrable in

the serum of all these aniMal . . Thus, the presence of surface IgM within the

lungs most likely results from direct stimulation of antibody producing Cel IS.

Definition of the explicit source of the surface IgM and the role of tho;e

antibodies in respiratory tularemia requires further investigation.

All rats vaccina ted with F. tul arcna is INS regardlCss of route (;Wrosol,

I.n., i.p., i.m., :s.c.) were protected against a lethal chaillenge with the

virulent F. tuiarensi, SCIIU S4. None of the vaccinated rats, ear h po:sesi

low level antibody tIters evidenced overt clinical sinus, dovelopod lo'tot ; I

bacterorfa or dlied. By conistrast, all of the nonv-rc iiated contlrol'at ; exhibit od

de'finite sign:; of illness and became bacteremic despite tlio doe1 pment of hi. ih

titers (mean 1:11 73) Of serim igglutlnin. Of these animla, 95 died atter
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coat and lyse hacte-riii. (XilIxi ng ol tilt- pre-'xist inc. c ircilatin I gM antih-dio

withi thle hLiete riiI[ ant i ecn miaV cxmpIa in th ti Iat'k ot a hct're.Iaeie1gmnto!

Minlillal )At ho1lt', anld t Ile ahoil-ICC Of c ItaI etininl 'i na t d ri t

wil Ie I t Lr "Il inIct jotr ( occurred i n the- tul eneII ew.d (alit rol ra dect L't h.-

presence, oIf ccrucrlii lI praduced ili i'li L i t e ra a0 1erurn ant i !wl;' . Anit i 'n

ant i hIod'.'O.1 Coi I" .1 aC 011 coId CXi' 11 in1 th .I' t o a n aIn. I It-t i c r'act ion1 in1

tiji Vac..inlite.I rait -; ailter clii len c. A s iii IHr ick o: r i -; in , a: aLi;t. i bd;

t iters-- ill VWC lihiItUti %'OL)I IlitCCer:;-0 I 'iig 1W, ros ol lII L nt'eC iii ht-.ii r, iort, (

'Ilicat cullm iat ivt'. data ii".1 'I % t hat r'''i ot iclii: I I cut i !-('I i,o '; 'lI" all

important t'olul Limiltarv, role ~i ij.-;t iL i iiii I tuLii'ii ,i :1C,-i, 1-t t C
mvd ijated iuamuiii t.v , wiich hia., oenl rt'porttl.( to L) lit e t pr i :ie- i -'iur I~ i'Is

in] a remi1a ( 4) Thvse data a 1 so I cL,., LO t le I'MIc ILI' in'l t hat j . -iia I;tt t I , t

resp' IIiratory tularcinta n h Cal I e' S L, I .CL ive I: ilhukIi,. -I Iv \ eit 11, 1' .,, 1111. i

or i . i. instill at ion ()f IA'S ant i genl 1!i ty I, ill ilct ii (,: )! P":, I: I '

or -s.c. rouite.

The inhrcd F'ischier 3/44, thlt' ref ore., pn'v id 1.Ill g I 1.I 'nmtfti a

invcstii tialis of F. tiliioslict ioul .i11I it I.o it .I i7 iii).r '

to rc',liraitar-': ,ist-'ae;ca, ill 11n~i
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TABLE 1. Mortality of rats exposed to F. tularensis, SCHU S4

Challenge% Mortality (days to death)

Mode of dose MA-F a  CR-Fb  Tac-SDc

challenge (log1 0) (n = 12) (n = 8) (n = 8)

SPAd 5.04 92 (3-12) 100 (5-13) 0

i.p.e 5.5 100 (2-5) 100 (2-4) 50 (4-5)

(pre-aerosol)

i.p. 5.11 100 (3) 88 (3-7 63 (3-9)
(post-aerosol)

aMA-F: Microbiological Associates - Fischer 344

bCR-F: Charles River - Fischer 344

CTac-SD: Taconic Farms - Sprague-Dawley

dSPA: Samll particle aerosol

e i.p.: Intraperitoneal injection

.~......
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TABLE 2. Serum and BAW agglutinin titers in LVS vaccinated rats

Vaccination '% of rats with titer by days (mean titer )

routea Fluid 7 10 14 42

SPA Se rum 100 1 P] 100
( 352) (1478) (62,L) (126)

BAW 67 67 (0

( 24) ( 20)

i.n. Se rum 73 78 1 ()(i 80

(278) (452) (66,0 (226)

BAW 0 3 3 (0

( 10)

i. p. Ser um 100 100 100 1 (A)

(1574) (2030) (878) (240)

AW 33 0 0
( 20)

Geometric mean lo, vaccination dose over all routes 5.1 + 0.59.

bReciprocal of positive animals.
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FIGURE LE(;END"IS

Fig 1 Man umer(log ) of INVS organ i sms in lungs, ',plekms , and lymph

nodles of F-344 rats at vario-U-s days af ter vaccination u ithier by SF aeros ols, i ..

or i .p. routes (geometric moan loq doseo over all rot' [Os equals 5.1 + 0.39) . The
- -_ _ _ _ ~~10 -

number at the, top of each bar indicat- thu pt-rcenf of rats from which LX'S was

recovered. The asterisk above a bar i nd icu;t-,2 i LA'S concentration significanitly

hi pher (P <~ 0.01 , analNsis of var ianlC L) tLM1 othInc inl thL' same group.

Fig. 2. Relative levels of 1gM in serum-. ind IAW fluids as measured by radial-

1tilmu'unod f fusion and balsed On the (IiaMe tcl or( t~n the prec i ei tin ring. The meanl

diameter of the pro2cipitin ring, wajs Calculated onl the basis of three replicat(z

saun los per rat (in = 6) . Vic asterisk (*) above a bar for the serum samples

indicates an IgN concentration significantly higher (P < 0.05, analysis of variance)

thain the broth control . The numbers over the bars for the BAW samples indicate

the proportion of the rats with 1gM1, concentrations increased ever basel-ine val ucs *

Fig. 3. Mean leo chall-enge,, organisms in lungs, spleens, and lymph nodes
Li~zi0 -_ _ _-_ - _ _ _ _

after exposure to an aerosol contalining 10 5.3 virulent F. tularLensis. Nuiiber at

the top of each bar indicates- the percent of rats from whiich tularensis org-,anisms

were recove -red. The asterisk above a bar indicate.- an organism concentraition

s! on i fLc ant I' I o'er (11 < 0.01, analysi s o f \'airiance) than the bro t h cont rol
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