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ABSTRACT
Mice were exposed to contimious low dose rate (1.% R/nr) y radiation.
Immediately after accumulating 1000 R, 2000 R, or 3000 R, they received
a subcutanecus injection of the live vaceirne strain (LVS) of Pasteuiella
tularensis. Although the avirulent strain caused¢ no effect in normal
mice, a fulminating infection occurred in irradjated mice. As the total

radiation dose increased the LD__. of the organism decreased.

20 _

Animals surviving irradiation amd immunization were subjected to an
aerosol challenge of either the avirulent LVS or the virulent SCHU S-5
strain of P. tularensis. The LVS strain is virulent for mice when ad-
ministered as an aerosol, but not wken injected subcutaneously. Although
an aerosol of avirulent organisms was lethal for normal mice, immune mice,
both non-irradiatea and irradiated, survived an aerosol infection with
the avirulent organism. Irradiated, immunized mice challenged with an
aerosol of the virulent SCHU S-5 strain showed a decrease in immnity,
especially at tnhe higher levels of radiation.

Bacterial counts of the lungs, liver, spleen, amd lymph nodes of non-
irmunized mice exposed to a lethal aerosol dose of the avirulent P.
tularensis (LVS) showed increasing mmbers of bacteria after the 2nd post-
infection day. This increase contimied until the death of the animal on
abcut the 10th day. Immune animals, however, were able to clear the lungs
5 days after infection with no involvement of the other tissues.

Although contimious low dose rate y radiation does not produce the
gross radiation pathology that one sees following acute radiation, exposure

to a live avirulent Pasteurella tularensis vaccine produces an infection

and an impaired immunity.
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NON-TECHKNICAL SUMMARY
The Probler.

There is consideranle military interest regarding the possibility
that exposure to low dose rate gamma radiation, such as might be en-
countered in a radiation iallout field following the use of a nuclear
weapon, ma; decrease the individual's resistance to live, avirulent
bacterial vaccines. Live bacterial vaccines are of an additional interest
since they provide a greater degree of immune protection than do killed
vaccines. This also poses the question as to whether the individuals’
ability to acquire immunity might be impaired after radiation exposure.
The Findings

Mice exposed to continmuous low dose rate radiation became increas-
ingly susceptible to an inoculation of the avirulent live vaccine strain

(LVS) of organisms caus.ng tularemia, Pasteurella tularensis. As the

total radiation dose increased the per cent mortality of the infected
mice increased. Non-irradiated mice were not affected, even after infec-
tion with high bacterial doses.

Animals surviving the radiation and the inmunization were subjected
to an aerosol challenge with either the avirulent live vaccine strain or
the virulent SCHU S-5 etrain of the tularemie organism. Although an aerosol
of the avirulent organism was lethal for normal mice, there was no de-
crease in the immunity of irradiated, immunized mice compared with non-

irradjated, immunized mice. Irradiated, immunized mice challenged with
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an aerosol of the highly virulent SCHU S-5 strain however, showed a ae-
crease in the immune response, especially at the higher radiation levels.

Studies on the growth of the organisms in the lung, liver, spleen,
and lymph nodes of non-immunized mice infected with the avirulent aerosol,
showed increasing numbers of bacteria. Immune anirals, whether irradiated
cr not, were able to clear the lungs of the invading bacteria within

days after infecti~sn with no involvement of the other orgens
N A
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INTRODUCTION
It nas been shown that acute whole-body X-irradiation lowers tne

resistance of mice to infection with avirulent Pasteurella tularensis

(Live Vaccine 3train LVS) (Hodge and Silverman, 19683). However, tne
effect of continuous exposure to low uose-rate gamma radiation has not
been studied as thoroughly. It is essential to obtain such information
in order to make reasonavle estimates on the riedical and epidemioloiical
problems that might be encountered by both military and civilian popula-
tions who must carry out their tasks in fallout areas. There is consiuer-
able military interest regarding the possibility that exposure to low dose
rate gamma radiation may decrease the individuel's resistance to a live
avirulent immunizing agent to the extent that seriosus illness or death
might result from the immunization its«1f. Also, the question has been
raised as to vwhether the ability to acguire immunity might be impaired
by exposure to low dose rate gamma radiation such as might be encountered
in a radiation fallout field following the use of a nuclear weapon.
Previous studies in this laboratory have shown that mice exposed
continuously to Co60 gamma irrediation delivered at 1.0 to 1.5 R per hour
resulted in a marked increase in susceptibility to infection with airborne

Listeria monocytogenes (Stewart, et al 1965) and decreased their immunity

at nigher radiation doses (Stewart, et al 1966). The importance of these
findings in situations where living avirulent strains of organisms are
used for immunization has led to an emphasis on this problem using the

avirulent Live Vaccine 3train of Pasteurella tularensis as a model. The




progosed use of this organism for immunization of military and eivilian
populations has posed the question of whether the general increased
susceptibility to infection following exposure to either acute whole body
or contimuous low dose rate radiation renders the administration of the
vaccine inadvieable under such comditions. In addition, the quesiion cf
whetoer the irradiated individual will develop an immune response tc the
vaccine mugt be determined.
MATERIALS AND METHODS

In these experiments, mice were exposed to contimuous low aose rate

gamma radiatior from a Co60 source followed by subcutaneous injections

with varying doses of the live vaccine strains of Pasteurella tularensis.

Immunized survivors were subsegquently challenged 3C days later with an
airhorne infection of either the LVS strain cr the virulent SCHU S-5
strain of P. tularenais.
MICE®

Mele LAF, (€STL @ X A/HeJ &) mice from our laborstory colony were
used in the experiments. The mice were 10 to 12 weeks old and the average
weight was 25 grams at the time they were exposed to the Co60 source,
IRRADIATION

Mice were exposed to continuous 7 radiation from a 0060 gource at a

dose rate of 1.4 R/hour until the desired accumulated doses were obtained.

Plastic ceges housing ten mice each were placed on curved wooden racks

#In conducting the research described in thls report, the investigators
adhered to the "Principles of Laboratory Animal Care" as established by
the Netional Society for Medical Research.
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so that the center of each was equidistant from the Co source. Doses
were measured with thermcluminescent dosimeters (LiF), Victoreen R-

X . e . 60 .
chamber, and Jupont films (No. 555 and 1290). The Co = source was in
continuous operation except for 20 minutes per wee:. when the cages were
charged. Fresh food pellets and water werc alsc cuppiied at this time.
No deaths cccurred arcrg the mice during the rac.ation exposure period

. A R . . 60
or among animals hela as long as sixiy days aiter remdval from the Cc
source.

IMUNIZATION

Lyophilized Pasteurella tulerensis, Live Vaccine Strain (LVS) was

obtainec from Fort Detrick, Frederick, Marylandi. Tnis strain, although
avirulent for guinea pigs, monxeys ard man, is virulent for mice when
administered as an aerosol. The lyophilized organisms were resuspended
ina 0.1% gelatin and 0.85% saline solution and cultured or Difco-Civil
Defense Agar enriched with Difco-hemoglobin. After incubation at 37°C
$3r 72-9€ hcurs, the organisms were washed from ihe agar plages, con-
centrated by centrifugation at 5000 RPM ror 20 mirutes and resuspended
in gelatin-saiine.

The mice were injected subcutaneously with 0.2 ml suspensions of
the organisms at concentrations varying frow 7.0 to & x 109 within one
hour after removal from the Co60 source. Plate counts were made for each
experiment in order to establish the concentration of the organisms in-

Jected. Mice were checked daily for illness and deaths. Sick or moribund

mice were periodically sacrificed and cultures made of the lung, liver,
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spleen, l1.T7h node, ani heart bload to uetermine the presence of

Pasteurella tularensis.

CHALLZNGE

AVIRULENT A3SROSOL

In order to test the immune response, surviving mice were challenged
20 dars ailter irmunization with a respiratory infection of Pasteurella
tularensis (LVS) given as an aerosol generated by & modified Henderson
arparatus Jescribed by Pribnow and Silverman (1963). Media anu growth
conditicns used in the cultivation of P. tularensis (LVS) for the aerosol
was identical with that used for the immunization procedures with the
exception of the addition of 0.1% antifoam (Dow Corning antifoam B) to
the final bacterial suspension in the atomizer. The aerosol was sampled
with AGI-30 glass impingers and the inhaled dose calculated by use of
Guyton's formula (Guyton, 1947). Animals were periodically sacrificec
immediately after an aerosol exposure, the lungs removed, homogenized,
and plate counts made to check the inhaled dose. In all cases, the number
of bacteria in the lung and the calculated inhaled dose were within % 10%
of each other.

VIRULENT AEROSOL

For these experiments, surviving mice were exposed 20 days after
imrunization to a bacterial aerosol of the virulent SCHU S-5 strain of

Pasteurella tularensis at the Naval Biological Laboratory, Oakland,

California. The P. tularensis (SCHU S-5) wes grown in a blood free (SB)

broth (Won, 1953) for 24 hours, centrifiged, and resuspended in fresh




SB brotr. An aerosol expusure unit (ABX) was employed to generate the
aerosol. The apparatus and procecure was essentially tne same as that
described by Axers, et al, 106€. Infected animals were ouserved for 30
dars and ippression cultures on SB agar were maude of neart, lung, liver,
ana spleen [ror. sore ot trhe survivins animals.

BACUERIOLOGICAL STUDIES

Bacterial enumeration o! the organisr in the lung, liver, spleen,
and lymph nodes was determined in anirals infected with an eerosol of the
aviru.ent strains. Mice were sacrificed vy cervical dislocation, the
organs removec, homogenized in sterile nortar and pestle with sterile
sand, and gelatin-saline added in amounts equal to the displacement
vzlures of each organ. The tissue homogenates were diluted with gel-
saline ami plated on Civil Defense Agar. Colony counts were made after
72 nours incubation (27°C) and the results expressed as number of viable

organisms per ml of tissue homogenate.

CALCULATION OF LDgo

In all cases, the LD was calculated either by the method of Litch-

50
fiela ard Wilcoxin {1949) or with the aid of a UNIVAC 1108 computer pro-
gramrea for Quantal Response.

RESULTS

The Live Vaccine Strain (LVS) of Pasteurella tularensis was foumd

to ve totally avirulent when administered to normal mice via the sub-
cutaneous route. No deaths were observed in mice that received doses

6 .
ranging from 7.0 x 16° to 4 x 10° bacteria/mouse. Only 28% cf the mice



injected with 4.0 x 107

9

organisms died and 33% died after the administra-
tion of 4.0 x 107 cells. From this, the LDSO for normal mice subcutaneously
injected with P. tularensis (LVS), was estimated to be in the range of

1012,

Contimuiously irradiated mice, however, proved to be much more sus-
ceptible to infection after subcutaneous injections of P. tularensis (Lvs).
As shown in Figure 1, the susceptibility to infection increased as the
total amount of radiition increased. For comparison, the LDSO of each
radiation group is plotted against the total radiation received in Figure
2. Here the LDSO decreased as the radiation dose increased.

Eigelsbach, et al (1961) have reported that guinea pigs and monkeys
vaccinated with live tularemia vaccine by the respiratory route showed
higher levels of antibody and comparable or greater protection against
virulent challenge than did animals vaccinated dermally. Attempts to
make such comparisons using mice were not possible, since the live vaccine
strain was found to be quite virulent in mice when administered as an

aerosol. From the data in Table I, the LD_. for normal mice exposed to

50
an aerosol of P. tularensis (LVS) was determined to be 1.5 x 10° inhaled
bacteria per mouse. Only one exper.ment involving irradiated mice yielded
satigfactory results, that is, enough immunized survivors for later
challenge experiments. The inhaled dose was 9.4 x 10l organisms/mouse.
The results for these immunizaiion exposures are shown in Table II.

Bacterial emumeration of the lungs, liver, spleen, ani lymph nodes

of normal mice exposed to a lethal aerosol of P. tularensis (LVS) is
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Figure 1. Susceptibility of irradiated mice to in-
fection from subcutaneous injections with the avirulent
Live Vaccine Strains of Pasteurella tularersis.
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? TABLE I
: MORTALITY OF :ON-IRRADIATED MICE EXPOSED Tv AN AEROSOL OF THE
! AVIRULENT LIVE VACCINE STRAIN OF PASTEURELLA TULARENSIS.
} IVS Inhaled 55% Conf.
: Dose Dead /Total % Dead Limits
; S.h x 10t 0/20 0 0.00-16.84
2.6 x 10° 3/35 8.6 1.80-23.06
8.2 x 10° 10/35 28.6 ilk.64-16.320
3.6 x 103 25/33 76.0 57.74-88.91
3.8 x 10° 15/19 79.0 | 54.42-93.95
% 1.6 x 10)* 33/33 100.0 89.42-100.00
{
;
&
$
{
1
9




TABLE II

MORTALITY OF IRRADIATED MICE EXPOSED TO AN AEROSOL OF THE
AVIRULENT LIVE VACCINE STRAIN OF PASTEURELLA TULARENSIS#*

Radiation Dose** | # Dead/Total |% Mortality| Conf. Limits
1000 R 3/20 15% 3.21-37.89
1500 R 10/20 50% 27.20-72.80
2000 R 13/20 65% 40.78-84.61
None 0/20 0% 0.00-16.84

#Inhaled dose: 9.4 x 10! organisms/mouse.
#*Radiation dose rate: 1.4 R/hour.
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tabulated in Table III. The lungs were the f{irst tc become infected
followed on the 2nd day post-aerosol by the liver and spleen. The re-
gional lymph nodes did not appear infected until the 4th day after ex-
posure. Irradiated non-immune mice (Table IV) showed essentially the
same bacterial growth in all the tissues examined. 1In all cases, the
bacterial mumber increased until the animal died at an average of 10 days
after infection.

Both irradiated immune and normal immune animals (Table IV), however,
were able to clear the lungs of bacteria by the 5th dey after aerosol
exposure. Involvement of the liver, spleen, or lymph nodes was not
obgserved 1.2 any of the immune animals examined.

As shown in Table V, the only immune mice that did not survive
respiratory challenge with an aerosol of P. tularensis (LVS) were tnose
that received a low subcutaneous immunization dose of the LVS. Those
immune and non-immune animels that did succumb began dying on the 83&
day and were all dead by the lhEE.day after the aerosol challenge. No
difference was noted in time of death after infection in irradiated
animals and non-irradiated mice.

S8ince irradiated mice immunized with a subcutaneous injection of
LVS were found to be immune to subsequent respiratory infection with LVS.
Additional groups were challenged with the virulent strain (SCHU $-5) of
P. tularensis. The LD50 of SCHU S-5 for non-irradiated, non-immune mice
was found to be 8.0 x 10

inhaled bacteria/mouse and 3.5 x 103 for non-

irradiated immune mice (Figure 2). In challenging the irradiated immune

11




TABLE III

RECOVERY OF PASTEURELLA TULARENSIS (LVS)(l) FROM NORMAL wzce()
EXPOSED TO A LETHAL AERoSoL'3)

Day Post Lung Liver Spleen Axillary Lymph
Infection (3 ml) (6 m1) (2 ml) Nodes (1 ml)
1 b x lOu 0 0 0
3 3
2 >1lx ].05 2.1 x 107 2.3 x 10~ 0
3 TNC(E) 1.7 x I_Ol+ 1.0 x lOb' 0
N ™G > 1x10° |> 1x10°| 5x210°
™C NG NG >1 x 107
T TNC TNC TNC TNC
1} Counts are organisms/ml of homogenized tissue.
(2) TNC = Too numercus to count.
(3) Aerogol dose = 1.7 x 105 inhaled LVS cells.
(4) Five animals autopsied each day.
12
] - e ———
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mice with the virulent SCHU S-5, it was not possible to use the same
culture of SCHU S-5 for all experiments, consequently there is a con-
siderable variation in the results. However, a representative experiment
is shown in Table VI. 1In this experiment, the immunity is decreased as
the total amount of radiation is increased. Other experiments showed
less depression of the immune response and some showed more. However,
when the data from all the experiments were compiled, irregardless of
immunizing dose or challenge dose, the trend toward an impaired immunity
at the higher radiation doses becomes obvious (Table VI). This compiled
data is shown graphicelly in Figure 4. The immunizing doses ranged from
2 x 102 to 3.6 x 103 LVS cells injected per mouse and the challenge doses
varied from a low of 8.5 x 10l to a high of 9 x :LO3 SCHU S-5 cells in-
haled per mouse.

Normal mice given an immunizing dose of 3.6 x 103 LVS subcutaneously
and challenged 30 days later with the virulent SCHU S-5 strain were
sacrificed 30 days after challenge. Although these animals showed no
obvious imdications of infection, SCHU 8-5 was isolated from the heart
blood, lungs, liver, and spleen (Table VII). Positive identification of
the organism wes confirmed by agglutination and virulence in normal mice
as well ag the normal bacteriological procedures for identification.

DISCUSSION

The data presented, revealed that Pasteurells tularensis (LvS) 1in-

Jected subcutaneously into normal non-irradiated mice did not cause an

1€
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Figure 4. Mortality of irradiated, immunized mice
exposed to an aerosol challenge with the virulent
8CHU 8-5 strain of Pasteurella tularensis.
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HECOVERY OF PASTEURELLA TULARENSIS (SCHU S-5) FROM IRRADIATED AND NON-IRRADIATED IMMUN.:

TABLE VII

FICE =2XPOSED TO AN AEROSOL CHALLENGE OF SCHU S-5

| Number of Animals wita
Total Amount of]Total Number of Positive Cultures
Immunizing { Challenge |Radiation Rec'd| Animals 40 Days Post-|50 Days Post-
Dose¥* Doge ¥ (in R)¥er Sacrificed Challenge Challenge
5.8 x 10 | 2 x 108 0 8 2 0
. 2 . -] .
4.8 x 10 2 x 10 1000 8 2 2
b8 x10° | 2y 10° 0 10 3 2
: 2 - 2 [s o ~
Lo x 10 2% 10 2000 g 2 0
4.8 x 10° 2 x 10° 0 6 3 3
2 2
L.,& x 10 2 x 10 3000 K 0 1
L.b x lO2 2 x 103 0 1 1 -
2 3
bL,o x 10 2 x 10” 2000 1 0 -
P}
L.B x 102 2 x 10” o] 2 1 -
1.6 x 103 3 x 10° 0 15 4 -
1.6 x 103 1.9 x 103 0 9 6 -
*Irpression smears of the tissue on agar plates.
#xSubcutsneous injection with the Live Vaccine Strainsg of P. tularensis.

**#Inhajed SCHU S-S5 strain of r. tularensis.

+###Radjation Dose Rate:

1.4 R7hour.




active intection but acted as an immunizing vaccine as was shown by
Eigelsbach and Downs (1961). Animals exposed to low dose rate y radiu-
tion, however, proved to be much more susceptible to the same organism.
Although animals that received 1000 R did not show an appreciable in-
crease in susceptibility to infection, any increase becomes significant
(P = 0.05) since non-irradiated mice injectea with a similer number cof
organisms survived the injections (Fig. 1). The increase in per cent
mortality from tulsremia was greater at 2000 R, and at 2500 R and 3000 R
obviously increased. There was no significant difference between 2500 &
and 3000 R. Hammond, et al (1959) found that mice exposed to continuous
v irradiation from 0060 at dose rates ranging from 34 to 130 R per day

were more susceptible to infection with Pseudomonas geruginosa, but that

the increase in susceptibility wes dependent upon dose rate rather than
the total amount accumulated. The dose rate in our experiments was kept
constant at 33.6 R per day. Therefore, the effects of radiation must be
assumed to be due to the total dose received since the susceptibility to
infection with tularemia increased as the total radiation dose increased.
This premise was also found to be true for acutely x-irradiated mice in-
fected with P. tularensis vaccine (Hodge and Silvermen, 1968).
Chamberlain (1965S) found that one of the characteristics of live
tularemia vaccine was that it shows some virulence for mice. This fact
mey explain why the LVS was so virulent for mice when administered as
an aerosol. Both irradiated and non-irradiated immune mice, however,

vere able to survive high aerosol doses of inhaled LVS cells. This
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ser.cneilrates @ £004¢ specific immure resmensc. Tre onl, irmmunized animals,
votn irraciated and normals thut ¢id nol show LUT% survival after respira-

2
tory challerge were those tnat receives 2 12w irmunization Jose (< 2 x 10 ).
e cerosnl cxrerirernts witr. the vaccine straln provideu an excellent

means Ior siudyi

tre bacteriolog aw peinclogy of tne tularemia in-
ifectinon., 'Tne findirmgs {ror. tne uocterial enurarations were similar to

trnose fourw ©V Otner WoOrders i UL€ puinez pi. vy lutter anc Iigelsbach

), ang in tne nonkey v, Eire_cwsch, et al {1s2) end by White, et al

In the irra.istec irmure nice crallenge: Witz wne viru.ent SCHU S-5
strain, there was an increase ir rcrtuality 3c tne total radiation dose
incresses. As shown in Figjure 4, inmune animals that receiveu raaiation
coses of 1CULC - 200C R survivec aerosol challenge as well as non-irradiatec
anirals. KEowever, avove 2000 3, tne survival was not significantly aif-
ferent irom non-irrsciated, non-imrune controls. Stoner and Hale (14C3)
state inat active end passive irmunity to preunwcoccal injections were
severel, uepressed in pathocen-Iiree Swiss alvino rice exposed to continuous
low ievel 7y radiation at 1 or & i/houc.  They zonclucea that the re-
pression of active and passive inmunity resultec Irom uanapge o the
cellnlar ictlense mecranisn oo the post. Our tfinuings are in conceri with
this nypothesis. Experivents involving acute sublethal x-irradlation ofl

mice anu [uinea pigs immunizes witn a vaccine strain or F. wularensis

showed only a moderate reduct.cn in intensity of irmunity (Sneveiev anu
Frudnikova, 1€ ), (Nutter ani Eigelstach, 1 &7), an: (Mutter and Guss,

1367 ) .

n
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It is interesting to note that it was possible to culture the
virulent SCH' S-S5 organisem fron immune mice that had apparently recovered
fram the virulent challenge. A speculative explanation for this is that
there is a "toxic factor" present in the virulent challenge organisr
against which the vaccine strain protects, leaving the virulent organism
itgelf a relatively inocuous parasite in the host. U0z(194O) suggested
the presence of an endotoxin in tularemia organisms and Nicholes am
Manilla (1954) reported a "toxin" or toxic substance isoclated from the
cell soma of the organism.

It is our conelusion that although contimous low dose rate y-
radiation does not produce cvert illness even at high total doses, any
further insult, such as a live bacterial vaccine will result in serious
illness. Should animals survive the immunization after irradiation,

some ippairment of immunity may occur.

22

e et it e v 2o




REFERENCES

Akers, T. G., 5. B. Bond, C. Papke, and W. R. Leif. 1966. Virulence
and Immunogenicity in Mice of A_rborne Encephalomyocarditis Viruses
ard their Infectious Mucleic Acids. J. Immunol. 97: 379-385.

Chamberlain, R. E. 1965. Evaluation of Live Tularemia Vaccine Prepared
in a8 Chemically Defined Medium. Applied Microbiol. 13: 232-235.

Eigelsbach, H. T. and C. M. Downs. 1961. Prophylactic Effectiveness
of Live and Killed Tularemia Vaccines. I. Production of vaccine
and evaluation in the white mouse ani guinea pig. J. Immnol. 87:
L15-425.

Eigelsbach, H. T., J. J. Tulis, E. L. Overholt, and W. R. Griffith.
1961. Aerogenic Immnization of the Monkey and Guinea Pig with
Live Tularemia Vaccine. Proc. Soc. Exptl. Biol. Med. 108: 732-73%4.

Bigelsbach, H. T., J. J. Tulis, M. H. McGoveran, and J. D. White. 1962.
Live Tularemia Vaccine. I. Host parasite relationship in monkeys
vaccinated intracutaneously or aerogenically. J. Bacteriol. Bk:
1020-1027.

Guyton, A. C. 1947. Measurement of the Respiratory Volumes of Labora-
tory Animals. Amer. J. Physiol. 150: 70-77.

Hammord, C. W., 8. K. Anderle, and C. P. Miller. 1959. Effect of
Contimious Gemme Irradiation of Mice on their Leukocyte Counts and
Susceptibility to Bacterial Infection. Rad. Res. 11l: 2L2.252,

Hodge, F. A. and M. S. Silverman. 1968. The Effects of Radioprotective

Drug, WR-1607E, on Susceptibility to Infection with Live Pasteurella

o 23



ST o v et 8 o

tularensis Vaccine. UBRRDL-TR-68-72. (In press).

Litchfield, J. T. and F. Wilcoxin. 1949. A Simplified Method of
Bvaluating Dose-Bffect Bxperiments. J. Pharmacol. and Exptl.
Therapeutics 95: 99-113.

Nagle, 8. C., R. B. Anderson, and N. D. Gary. 1960. Chemically De-
fined Medium for the Growth of Pasteurella tularensis. J. Bacteriol.
79: 566-5711.

Richoles, P. 8. amd G. T. Manilla. 195k, Third Quarterly Progress

Report to Fort Detrick, Maryland for Period Ending 30 December 195k.
University of Utah, Salt Leke City, Utah.

Butter, J. B. ani H. T. Eigelsbach. 1967. Response of Guinea Pig to
Sublethal X-Irradiation and Live Tularemia Vaccine. Proc. Soc.
Exptl. Biol. Med. 12h: 1227-1230.

Butter, J. B. and M. L. Guss. 1967. Influence of Sublethal X-Irradiation
on Immunity of Guinea Pigs Administered Live Tularemia Vaccine.
Proc. Soc. Exptl. Biol. Med. 126: L50-452,

Gz, T. V. 1940. Tulsremia Bnlotoxin. Science 92: 113.

Priboow, J. F. and M. 8. Silverman. 1963. Construction of Modified
Henderson Apparatus. USNRDL-TR-629.

Shevelev, A. 8. and M. N. Prudnikova. 1960. Effect of Ionizing Radia-
tion on the Development of Immuinity by Immunization with Live
Tularemia Vaccine. Bull. Exptl. Biol. Med. 49: SOk-S07.

Stewart, R. E., J. P. Pribnov, and M. 8. Silverman. 1965. Rffect of
Chronic Gamw Radiation on Airborne Infectic.i of Mice with Listeria

2l




monocytogenes. Rediation Res. 24: 96-107.
Stewart, R. H., F. A. Hodge, and M. 8. Silvermar. 1967. BREffects of
Contimious Irradiation of Mice on the Immune Response to Live

Listeria monocytogenes. J. Infect. Dis. 117: 109-115.

Stoner, R. D. and W. M. Hale. 1963. Radiation Effects on Immune
Mechanisms. N. Y. State J. Med. 63: 691-698.

White, J. D., M. H. McGovran, P. A. Prickett, J. J. Tulis, and H. T.
Bigelsbach. 1962. Morphologic and Immnohistochemical Studies of
the Pathogenesis of Infection amd Antibody Formation Subsequent to
Vaccipation of Macaca irus with an Attemated Strain of Pasteurelles
tularensis. II. Aerogenic vaccination. Amer. J. Pathol. 4l:
Lo5-413.

Won, W. D. 1958. New Medium for the Cultivation of Pagteurella

tularensis. J. Bacteriol. 75: 237-239.

25




4 —— —— e e raem
T R e e — —— i e

UNCLASSIFIED
bcuml Classification

DOCUMENY CONTROL DATA-R&D
(Security claasilication of title, body of sbstrect and indexing annotation must be entered when the overall repori {8 classilied)
Fom.mnnn. ACTiVITY (Corporate author) 8. REPORY SECURITY CLASSIFICATION
Naval Radiological Defense Laboratory UNCIASSIFIED
L San Prancisco, California 94135 8. amour
]

. AEPOAY TITLE

SUSCEPTIBILITY TO INFECTION WITH PASTEURELLA TULARENSIS AND THE IMMUNE RESPONSE
OF MICE EXPOSED TO CONTINUOUS LOW DOSE RATE y RADIATION

4 DESCRIPTIVE NOTRS (Type of repert and inclusive dates)

S, AUTHOR(S) (Firet name, middie initial, last nome)

Prederick A. Hodge, Lieutenant U. S. Navy

W. R. Leif
Myron S. Silverman
h. REPoRY oartl DYSTYI uﬂ;lon) 78. TOTAL NO. OF PAGES 7b. NO. OF REFS
17 October 1968 35 21
[5e. CONTRACT OR SRANT NO. Army Research Con- %a. ORIGINATOR'S REPORT NUMBERIS)
JSract No. 3A014501 B71-P-09 NRDL-TR-68-85
BUMED Ml’12 52k, 010-0005
.. b, 3"?:1'!.:.!"0'7 NOIS) (Any other numbere that may be sssigned
4

19. ISTRIBUTION STATEMENT
This document has been approved for public release and sale; its distribution
is unlimited.

11. SUPPLEMENTARY HOTES 12. SPONSORING MILITARY ACTIVITY
U. S. Army Med-

ical Research and Develop. Command, and
Bureau of Medicine and Surgery, Washington,
‘ D. €, 20390

m“'—n{ce were exposed to contiruous low dose rate {1.T R/br) 7 radiation.
Immediately after accumulating 1000 R, 2000 R, or 3000 R, they received a subcutan-
eocus injection of the live vaccine strain (ILVS) of Pasteurella tularensis. Although
the avirulent strain caused no effect in normal mice, a fulminating infection occurred
in irradiated mice, As the total radiation dose increased the LDgq of the organism
decreased,

Animals surviving irradiation and immunization were subjected to an aerosol
challenge of either the avirulent LVS or the virulent SCHU S-5 strain of P. tularensis
The IVS strain is virulent for mice when administered as an aerosol, but not when in-
Jected subcutaneously. Although an aserosol of avirulent organisms was lethal for
normal mice, immune mice, both non-irradiated and irradiated, survived an aerosol in-
fection with the avirulent organism, Irradiated, immunized mice challenged with an
aerosol of the virulent SCHU S-5 strain showed a decrease in immunity, especially at
the higher levels of radiation.

Bacterial counts of the lungs, liver, spleen, and lymph nodes of non-immuni-
zed mice exposed to a lethal aerosol dose of the avirulent P. tularensis (1VS) showed
increasing numbers of bacteria after the 2nd post-infection “day. This increase con-
tinued until the death of the animal on abouth the 10th day. Immune animals, however,
were able to clear the lungs 5 days after infection with no involvement of the other

tissues,

Al*hough continuous low dose rate y radiation does not produce the gross
radiation pathology that one gsees following acute radiation, exposre to a live aviru-
1ent Pasteurella tularensis vaccine produces an infection and an imparied immunity.

DD Jom 473 (Pace 1) UNCLASSIFIED
S/N 0101.807.6801 Security Classification




UNCLASSIFIED

Becurlty Classilication

NEKY WORADS

LiNK

[ LiNK ®

LiNR C

ROLE

LAJ ROLE wrY

nOLE

Pasteurella tularensis

Immune-response
Susceptibility
Infection

Continuous gamma radiation

DD 2*.1473 (sacx)

(PAGE 2)

UNCLASSIFIED

Security Classificetion




