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In con-ducting the research, repiorted here, the investigators
adhered to "Principles of Lzbcr~tory AnWi&I C.4ral' Z3 ewitab-
iished by the atoa Sociaty f6= HtOcal U#awch.

The m'aterial in this manuscript vaa submitted by John M.
Nutter in pnari~l fulfillment of the requiremants for th Ph. D,
degree to the flepartzient. of Micrco-,oloay, 'uidviersity of Virginia,I
Charlottesville. This work wss raIt~lally supp~orted¶ by Research
Grant AX-05667 from the National Inotitutes of Henl~.b and a
reaearch V-sut from the North Caerlina Tubercukilss Association.
Quentin F. Myrvik in chairman oal the Depart~ent of M'crobiology,.
The Bowman Cray School of MNAdicinc., Winaton-WaLm,, North
Carolina.

Rabbit al~veolar macrophages Vero successfully employed
in a study of host cell - Faeteurella tularensts interactions
in vitro. Under cell culture couditions in which inhibitory
antibiotics were not erployed 2nd small infection ratios
were used., the relative in vivo virulence of twco strains
of P. tularengsi was duplicated. As a consequence of intra-
celflular multiplication, normal macrophages were killed in
relation to the virulence of the strain employed. Alveolar
macrophages were also collected from immurne rabbits andI macrophage mortality and bacterial growth were significantly
suppressed kelow levels observed with normal macrophaige
preparations. The-effect cf iwamne serum could only be
&scribed a miner role in the observed reactions. A marked

intravenous toxicity of ~.tularEgsis for the rabb~it was
observed with both virulent and attenuated strains. The

-~ toxicity was possessed only by viable preparatA.Qns and

could be elicited in animals iznei to virulant challange.
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f~re; to ascribe major inortaoce to cell-associated factors whan consid~er-~
ing the riechainism of WimufAty to tularemia.

It wos reported that peritaneal macrophages obtained fromi i~xune white
r ats had szn -ahenced abtlity to ingett P. ty~uanis in comparison with

Similar findings were reported with rabbit and guinea pig MacrophaGges. 5

*AdditionAl evidence for the avztive participation of microphage; in the
imnnune response was obtained in passive transfer studies./9  These studiesI
demonstratfd the capacity of macrophages obtained from iwumme animals to
confer on normal recipients £',7rea~ed resistance to challenge, The
iunuwity possessed by recipients was pro~portional to the number of 4i"~e
cells they received but was not correlatid with the administration of
imaumm serum. In addition, transfers between inbred animals resulted
in ~i longer lasting Lumunity than those made between genetically dia-
s imilar individuals."J'The potential prob-les associated with irritant-induced cells are
exemplifieOd by the work of investigators who demonstrated that when
irritants v=~o employed to stimilate rat peritoneal exudates., the
results obtfi.ued £ollcaing infection of these cells varied with the
different; elictna ts Similar resuLtB were obtained with otherIexperimintel, -dl.-6

Pul~monary alveolar sacropheges ran be praocwed without an elivitizg
substance and thereby represent a population of phr-gocytic rmoils that

j ~closely approxivate the norma Invv brilgclstt ~~ e-
~e~~x~te iaebeen utilizei4 ovctenuively for tuleremzic chall5.-age

aud, in addition, t s- romta h*; beer, employed sucetsefullyaa &so

vaccinating rEmkeyx and mat1'- Mhe reapirata~ný-4o-o were theI
primary cites of lodgement in the lungs-of zon~keys where. the bacteriaI were shown to be within nacrophages. Therefore,. as apportuuity existed
for the study of ths early stagas of puizxnnary tularemic infecti-.n.

I Th objectives of this stud., were- to develop An in-vitro model for
studyin i-ntracellular infections and to detezzine by thir weaans ay

~~ j hosts to P. tglerenhs.
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NewZeUndAfe -abitswethig h-ewen IA.and 2.5 1k,,V Or used

Rabbits -were -atifice by *n- cir eumbolti or -vith an ov~rdote'.bf
-Ptntothal sodium. The thoracl r cavity -was opened) the up.xpart of- the F m
"t~aiAhea cletad sLut vitb a hemostat, an'd the'lungs insuff1ated with four
23-211J aliquotcc of2 Haukak balauced sal t solution _(BB). 'SS8 Vag introduced
and wi.thdrawn w-ith a Byrin~ge -and needle follming puncture -of the tracheal
tml. Teprocsdurte described by X~yrvikcl -was al.so employod wiith one modi-
ficst-ion, namely, the ohd-1tion of 100 unilts of penicillin-p-r ml of 385.

The viability of maorophtates vus detemined by emplloyiiý a trypan -blueI:exclusiou t-ehop±ua pox the test 0.2 -til Of, A mAcV1zhN~ge su~spension in
the culvare v.ad~iu gime wt -0,1 MI of -0-P tryrm lbliue ?acrorhage
i&uepensioixs ware exazlAu-.1 -mithin 15 Ptinutes as "lwtt -mountal' -in a standar~d
hevacyc.omuter and cello -that excluded tihe dye-were considered viable.

D. TTSSUE CULTURE

lKadium 19SO -p 7,2 ta 7.4, -with 100 -units of -penj~illin per ml 'Fnd 20% J[ Ip~io;ed rabbit ser um was emploayed for izaintemance -of macrophages. Tmo-rm
a.igue-te of suspension# containin~g 2: %iU macrctpagee per ml were &iatzi-
buted ino~s io~rscrew-cap test tubeg and incubated at 36 C in
in AtinospiitýT -0i -5% Co2 ir IT

E.BACTERIAL 6TflINS MMO0Y

Strain $ ;S4 4 -.tularensic Ise a fully 1i Ilet torttb~~-

straLft -with at detral 1550 -for mice,, guinea -jigc sand ;~abbitA of fiewer thm
10 vrit"ept4  The live -vaccine xtral# (MS) ii a xttale eclonigl vai lant
Aerived fi'm a hoierogftaouz Soviet vaccine Btrain and zerially- passe* -1A

*ia~esitnvr"2its iTei ce -And I==c ii. S UU lL M SL



- -

'A F. BCCTMAIAL dULlTVATION

Liquid cultures were p rpared in peptone cysteine broth (P.OE) as I
describeO by Snyder et aLý 7 Inocula for the PCB -cultures consisted ýof
5-I by volum of a -ulture gramniz a moll~fiad ~caseirt hydrolyzate medium
S imilar to that described by Hiills et al.- I POB-cultureax were i~ncubared
at 37C for 12 to 1-6 hr with agitation. Cultures w'ere also prepared -on
glucose cysteine blood agar (GCBM) with incubation for 12 to 16 hr at 37 C
inl screw-cap tubes. GCMA was prepared from a dehydrated medium obtained
from the Baltimore Biological !aboratories. Organisms were suspended in
gel-salirne 2luent -"0-85% sodium chloride and 0.1% gelat'l.n) and adjusted
-to the desired -concentration turbidi~met'rically. Stock cultures maintained

on GCB were stored at 5 C-and transferred every 4 weeks.

G. BMCTERMAL MNMERATIOt

Vialble numbers of P. tularenuis were estimuted bycliaino

aporaedilutionsor CAmdu.Dltos were prepared in fgel-salfte

average mumber of colouies aifter 7to9hur'incubation at37 C.

I ~H. MACR0P11&0! INMETION

Bacterial suspensions were diluted with medium 199 to contain the
desired number of bacteris i-n the 0.l1-ml inoculum routitnely employed

-fo~r each tube.

I. VAGCC1M1ION VITR LIVE TULAREWIA VACCINE (LVS)

Rabbits were vaccinated with 1.0 x UP~ or 1.0 x I& viable cells of
MY, employig :4 vingle subcutaneous Injectioni in the flank of the animal

itith the crganista contained in 0.2 tal of gel-saliue -diluent. Antmals
-were also vaccinated by placing a drop of a suspension contining 1.0 x I0?
viable V-16 ceIv per ml on the flank and utilizing the acupuncture tech-
nique for inoculation.

j. ThHUnmZAow~ TgcEmqQuE DAPLoyIG STRAIN -scm; FýI Ubbits -were infected by the subcutaneous route with 1.0 .x lop cells of
strain -ZCW, -4. The infection was allowed to proceed until the xabbits

days4
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llabbits ýwez'e -b1Al 1-rom the -nmxg~in~ -ear -vein or -by -cardiac _*uture at
th~tin ~o ~ri-±~e~az ,utin~ite'tsts were -p rfom -with t era

accordluzg -to the tezlrnique -of ýBri itam.a 0

tansous xr-oute, Asberved ~a~aly for 30 -daysý, and the survivall, irtvals

ýrefsuce;-,f -tbttwre-awful.creenedd toIodzln wt
Z'L7 -zftih Icidece f tronc Tllmoary-Wet-ins ue to nwobers of -ti

___-___t___.?_ re tan9%-o acohge cllce from cetle

-ture,-:O !up &0 -

tnurimg ea~ suis-,)-detevmine .the leasiili4ty of -eployUS~ z'vaoilar
ýMcrlphV* to =_etigte '- II-arnsia izifectiono ini Vitro, -both P.ptici11in

an #.rpo&ri erInlddIn the tiasue cidtt-,e vad:.=. At -a -ruio of
1.0 Ubcterls 1,mr -macro- h~e 2 the -f indins -ethe same as thiose -with -_'.n-

7 Anfected cantrol ~ciiitures, izdlatJJig an Imhibitory action of the ~anti% to-itca.
The zesus .isf lurther .emper-tvants -are presenited -in 71gutre 1. -Norwai l acro-

Th-ages ývete lftod at -a -rotia 4f 1: 1 -irth stral-a SCH 9S_; .2 'hou" lator
stýdtelaz -,vas-added Ao -that -the cancentratleins ludizated were _ahite? -,d

__f t-"t- Muos'f- k' i _30,t-nl "O zi'crograis -per :ol .of zstraqptonmyciii -wqrv.
ltetbal 4t Ubth 24 ~and ;A8 -1m, but: -.m -ýt rops Ver-ml -gave equivioaz& m-4ulta.- -- -

In-dditiLf, zomparabia -renulta --wrex o~btained1 --hem experliments wvere :p-r-

formedwi.th 1.S. T~he Alhibtor~y -eftect ~of zstvptawyzin on intrcace11ular
T;ru-an~i -mwat further Avlenc iby sý &ecreaaeld ;percentage of ~dead -mcrc, - 1

lpibj leii~U~ trv~~ rallec~tIng the -zedmi-tion lm bactetial

iubau~n W, "aIut vu.x pofoirmed--ith ýmay .Teiic1ixin -added to -the

_ -~.- t4
Miil i~i "no Af cAh i'rcl
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Figure 1. Effect of Various Concentrations of Streptomycin
on the Intracellular Viability of Streptomycin-
"Sensitive Pasteurella tularensis. Streptomycin
was added to the culture -ium 2 hours after
alveolar macrophages were infected at a ratio of
one bacterium per macrophage. Numbers at righc
indicate the micrograms of streptomycin per
-ailliliter of culture medium.

C. RESPONSE OF NORMAL ALVEOLAR MACROPHAGES TO INFECTION

"The mortality response of alveolar macrophages following infection with
8 to 14 organisms per alveolar macrophage is shown in Figure 2. Each point
indicates the mean value of replicate experiments and, at the 36- and 48-hr
sampling times. the range of one standard deviation -&s presented. At 36 hr,
777. of the madrophages infected with fully virulent organisms were nonviable.

Those cells infected with LVS exhibited a 25% mortality, but uninfected con-
trol cultures exhibited only a 3'. mortality. Similar ratios were observed
at 48 hours; however, che percentage of nonviable macrophages had increased.
The pre.ence of viable bacteria was required for the induction of the macro-
phage mortality response. Preparations containing heat-killed SCHU S4 pro-
duced no increase in mortaiity over that present in uninfected control
cultures. The mortality response of normal alveolar macrophages, infected
in vitro., reflected the response generally observed in the intact animal.

Fully virulent strains of P. tularensis repeatedly caused the death of a
greater percentage of alveolar macrophages than that caused by the attenu-
ated live vaccine strain at comparable intervals.2!~;:~> vtro, refleced the resonsegarablly observediateitatanml
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100-

so-

ALVEOLAR 60-
MACROPHAGES

DFAD, %' 40-

1012 24 36 48
9 TIME, HOURS

Figure 2. The in vitro Mortalit- Respouse of Alveolar
Macraphages Fullcuing Infection with
Fasteurella tularensis. Virulent straitc
SCHUl 84, *; live vaccine strain, LYS, 0;

uninfected control, X. I
D. IIOIUNIZATION STUDIES

The mortality response of rabbits vaccinated with UVS and subsequently
challenged with strain SCHU 84 is presrttid inl Table 1. The administration
of LVS by acupuncture or by the subcutaneous route failed to engender signifi-
cant protection against a subcutaneous SCHU 84 challenge. Although a alighit
increase in the survival timo of the vaccinated groups was evident, all

vaccinated animals succumbed to an acute progressive infection not unlikeI ~that seen in control animals. Table I alsa' contains the results of imiwniz-'
ing rabbits by the SCHU S4-streptomycin treatment technique. All rabbits
that had recovered from a previous virulent infection with the aid of strep-
touiycin therapy survived the challenge with strain SCHL S4. The imuunity

produced by the SCMJU S4-streptomycin procedure persisted for at least 120
I days and was demonstratcA in other studies when the animals were challenged

with SCHU. S4 contained in a small-particle aerosol.

4
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TABLE 1. MORTALITY RESPONSE OF VACCINATED RABBITS
FMLLOJIMG SUBCUTANEOUS CHALLMEH

WITH PA8TML2&EL~ TUTIENSIS SCHU S4

Vaccination. No. Dead/ Average Day of Death
Procedure No. Challengedal (range)

l.0Ox le9 LV S 5/5 8.6
by acupuncture (6-12)

l. 0x i(9 LV S 5/5 8.2
subsutaneously (6-10)

1.O0xl1(fLV S 5/5 7.6
subcutaneously (7-9)

SGEV S4-vtzeptomycin 0/5
30 days prior to challenge

SCHU S4-streptomycin 0/5
120 days prior to challenge

Nonvaccinated 10/10 5.6
(4-8)

a. Challenge dose, 1.0 x 102 organisms.

Hightest agglutiniui titers were observed 2 weeks following initiation of
the infection among SCEU S4-streptozycin treated animals with an average
peak titer of 1:1280. Subcutaneous vacciuation with 1.0 x 10P LVS ceils
caused only a minimal agglutinin response with an average peak titer of
1:7. Vaccination-with 1.0 x 10P viable LVS organisms by the subcutaneous
route or by acupuncture produced average peak titers of 1.:416 and 1:120
respectively I week after vaccination.

One possible reason for the failure of LVS to im.nize by the routes
employed could be the inability to become disseminated from the original,
sites. A technique employed for overcoming this was the intravenous injec-
tion of large numbers of bacteria; the results are presented in Table 2.
The injection of 1.0 x 10L0 to 1.0 x 101 viable attenuated organisms con-
sistently caused rapid death of the rabbits. When 1.0 x e( viab le
orgavis"-.of the virulent SCEU A4 strain were injected and streptomycin
tharapy was started 2 hours later,, death resulted but was somewhat delayed.

~ Injection of 1.0 x 1CP viable LVS cells followed by strsptoinycin therapy
did not result In the death of any of the test animals. When cells of

4~,2$the virulent atrain. were killed by formalin, their lethal action was
abolished, even 4hen the dose was increased 10 times the DI of living
organisms.

1; -4
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TABLE~ 2. IThTRAVENOUS TOXICITY OF PASTEURELLA TULARESIS
PREP'ARATIONS FOR TP' RABBIT

No. Dead/ Average Time of Death.,
Preparation No. Treated hours

l.0Ox 1.010 5!6 9
viable WVS

1.0 X 0 5/5 10
viable UVS

1.0 X 1W1 5/5 12
viable SCHU Si-ll

1. 0X lop 5/5 24
viab le SCMtT S4
wuith streptomycin therapy

1. 0 x 1O& 0/5
viable LVS with
streptow~ycin therapy*

1.0 x 1010 0/2

SCHTJS4

1.0 1W1 0/2

:fo liniz ed

I .0'x 1026701
/ viable LVS injected 671

into itmmue animals

/It was impossible to imaunize rabbits by the intravenous injection of
large numbers-of attenuated organisms because of the lethal n~ture of this
procedure. The precise mechanism of this rapid death is unknown. At

V ~necropsy, pathological findings consisted of extensive diffusze~ he*.orrhagia
lesions in the lungs and thymus gland. Microscopically, evidence of extra-

'a ~ ~ vasated- erythrocytes was also observed throughout most of the other i:'s
Collectively., theme obser~vations suggest that the primary damage was ioceal-
ixed-in the vascular endothelium.

-Z --: 2-
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E. IN VITRO INFECTION STUDIES

Experiments were performed in which the bacteria:macrephage ratios were
varied to increase the sensitivity of the assay system for detecting cellu-
lar immunity to P. tularensis. Macrophages were infected at 5 ratios rang-
ing from 100 bacteria per macrophage to I bacterium per 100 macrophages,
and the viability of the macrophages was determined daily for 3 days. The
mortality response of the macrophages, with respect to per cent dead plot-
ted against time, was proportional to the multiplicity of infection.
Macrophage mortality was greater with the virulent organisms, but the
response was still proportional to the bacteria:macrophage ratio. The
relative virulence of LVS and SCHU S4 wa6 readily discernible. The approxi-
mate ratios (bacteria:macrophage) required to kill 50% of the macrophages
at 48 hr was 1:1 for LVS and only 1:10 for the virulent SCHU S4. When
normal macrophages were infected with either the attenuated or virulent
strain, maximum separation of values in response to the different ratios
occurred 48 hr after infection.

When immune (RCHU S4-streptomycin) rabbits were used as a source of
macrcphages, the cesults of in vitro infections were markedly different.
Forty-eight hours after infection, the initial LVS:macrophage ratio of
10:1 had produced a mortality of 62% of the immune macrophages compared
with 90% in normal macrophages. Immune macrophages were almost completely
resistant to LVS for 72 hr when 1:1 and 1:10 ratios were employed. In
contrast, these ratios produced a mortality of 70 to 907. in normal macro-
phage& at that time. Similar results were obtained with the virulent
SCHU S4 organisms, although the degree of suppression was not as marked.

An inhibitory action of alveolar macrophages from immune rabbits on
the intracellular growth of P. tularensis was also demonstrated. The
interaction of normal and immune macrophages with LVS and strain SCHU S4,
each at two multiplicities, is presented in graphic form in Figures 3 and
4. The figures contain the range of values as well as mean values for both
macrophage mortality and viable bacterial counts. Infected immune suspen-
sions consistently had fewer dead macrophages at 48 hours than did compar-
able populations of normal macrophages. The effectiveness of immune macro-
phages was also demonstrated by the differential in viable organisms present
in the immine and normal macrophage cultures. Viable coun.Ls in the immune
macrophage cultures were always 2 to 4 logs below those in normal macro-
phage cultures.

F. ROLE OF IMMUNE SERUM

When serum - medium 199 mixtures were inoculated with SCHU S4, the
organisms multiplied slightly (<l log) during the 4f,-hour observation
period when either normal or immune serum was emplcyed. In contrast,
similar experiments with LVS showed that the viable count of this strain

Li.
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80-
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MACRO- 60
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DEAD, % 40-

20t1

NORMAL IMMUNE NORMAL IMMUNE NORMAL IMMUNE NORMAL IMMUNE
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LVS SCHU $4 I
Figure 3. Alveolar Macrophage Mortality 48 Hours after in vitro

Infection with Two Strains of Pasteurella tularensis
each at Two Bacteria:Macrophage Ratios.
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Figure. 4. Viable Numbers oZ Two Strains of Pasteurella tularensis
48 Hours after in vitro Infection of Alveolar Macrophages

at Two Bacteris:Macrophage Ratios.
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decreased approximately 1 log during the same period in the presence of
either normal or immune serum. These results indicate rt.at immune serum
did not exhibit enhanced bactericidal properties in comparison with normal
serum. On the other hand, 20% serum in tissue culture tdedium 199 did not
supply the cultural conditions necessary for optimum growth of either
strain.

Experiments were also performed in which normal macrophages were sus-
pended in medium 199 with immune serum and i-•=jne macrophages were suspended
in medium 199 with normal serum. Results of an experiment with LVS, presented
in Table 3, indicate that normal macrophages in concert with immune serum
may be able to reduce the viable bacterial count. However, the reduction
is less than that 'observed with immune macrophages suspended in immune serum
and cannot account for the cellular immunity observed in this study. Immune
macrophages suspended in normal serum were as active as the fully immune
system, i.e., both macrophages and serum from SCHU S4-streptomycin treated
rabbits.

TABLE 3. THE EFFECT OF DIFFERENT MACROPHAGE-SERUM
COMBIN&TIONS ON THE GROWTH

OF P TULAENSIS LVS

Type of Type of Organisms per 1
Macrophage Serum at 48 Hour

Normal Normal 1.8 x 10s

Normal lImune 7.5 x 10'

Immune Immne 1.8 x 1OP

Immune Normal 3.8 x 102

a. 2.0 x 10' organisms per ml initially.

I~
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IV. DISCUSSION

The events tiat occur during the early stages of infection are dIffi-
cult to study in the intact animal because the mass of tLe infecting organ-
isms is usually relatively small. These events, hoever, probably determine
whether or not the infecting agent can become established and cause overt
disease. The availability of alveolar macrophages has provided an oppor-
tunity to study P, tularensia-macrophage relationships in vitro, simulating
at least in part the in vivo conditions during the early postphagocytic
period following aerosol challenge.

The observation thst low levels of streptomycin were effective in
inhibiting intracellular growth of P. tularensis in alveolar macrophages
maintained in tissue culttve is not in agreement with several reports in
the literature and with usual experimental methods. Tularemia is classi-
cally an intracellular infection and in order for the drug to produce its
rapid and profound effect in this disease, some of it must enter the cells
that harbor organisms. Indeed, it is not surprising that streptomycin can
enter metabolically stimulated alveolar macrophages. Normally, they are
carrying out active pinocytosis and phagocytosis, which would allow extra-i cellular components to enter nonspecifically the intracellular milieu.

The findings by Hunt and Myrvik•I that alveolar macrophages can take up
appreciable quantities of preformed antibody illustrate that active uptake
of even large protein molecules is apparently a normal process and strengthen
this viewpoint.

The observation that live tularemia vaccine failed to immunize rabbits
against challenge with fully virulent P. tularensis is In marked contrast
to the results obtained with other animals. 'he mouse and guinea pies and
the monkey 3 as well as manus'4"s have responded to LVS vaccination with a
high level of immunity. In this regard, it was shown in tbe present investli-
gation that rabbits were capable of developing immunity to tularemic chal-
lenge, provided that they were infected with virulent organisms: and then
cured with streptomycin. Although LVS-vaccinated rabbits were not appreci-
ably more resitt;nt to challenge than nonvaccinated animals, they did pro-
duce agglutinins. The production of antibody without develoement of signifi-
cant resistance to challenge is comparable to the course if eventa in other
species following vaccination with killed tularemia vaccines.

During attempts to immunize rabbits with large numbers of P. tularensis
a marked systemic toxicity was encountered. Moody and DownsPs referred to
this phenomenon in a study of the iinmogenicity of various strains for the
white mouse. They found that when mice were injected with living suspen-
sions the majority of animals succumbed within 48 hours. In contrast,
killed preparations failed to elicit the response and the toxicity resem-
bled a rickettsial toxemia. We also found that killed suspensions failed
to elicit toxic death. The observation that P. tularensis is capable of
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producing lethal toxic reactions ir the rabbit initially suggested that
acquired immunity might involve antitoxic mechanisms. However, immunized
rabbits were just as susceptible as normal rabbits to the toxic properties
of viable suspensions. Clearly these data rule out antitoxic i=lmnity as
a dominant factor in acquired immunity to tularemia.

The data indicated that the mortality' response of infected normal
alveolar macrophages was proportional to the in vivo virulence of the
strain of P. tularensis employed. Immun macrophages exhibited a lower
mortality th&n normal macrophages when infected with either ettenuated
or fully virulent organisms. The validity of employing a decreas4 in
macrophage mortality as a parameter of acquired immunity is suppor.ted
by the evidence, which demonstrated an inhibition of bacterial growth by
i'mmune macrophages. Pulmonary alveolar macrophages collected from immune
rabbits were more effective in suppressing the growth of P. tularenuis than
were equivalent numbers of normal macrophages. These observations estab-
lished that acquired immunity to tularemia can be demonstrated in vitro
employing alveolar macrophages maintained in a tissue culture system.

It was observed that immunity to P. tularensis. demonstrated in vivo,
had no demonstrable antitoxic component. This same situation existed when
mpcrophages were infected in vitro. Neither strain exerted an immediate
toxic effect on normal macrophages but this effect followed intracellular
multiplication of the organisms. The expression of iumnunity by macro-
phages from immunized animals was dependent on a suppression of intra-
cellular bacterial growth preventing the intracellular population from
exceeding the toxic threshold.

&

The results of supplying normal macropha-ges with immune serum yielded
the same results in this study as reported by others. 4 'e Our studieb
showed that normal macrophages in concezt with immune serum could limit
the growth of LVS. However, the level of immunity was le4 than that of
immune cells with either immine or normal serum. In contrast, immune
macrophages suspended in normal serum did not demonstrate a diminution
in activity. These results demonstrate the dominant role played by cell-
associated factors in immunity to tularemia.

I!
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