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ABSTRACT

rveme 13 ey

Viable attenuated tularemis vaccines have bheen shown to be effective
in inmunizing mice and other animala against challenge with highly virulent
Pasteurella tularensis., Nonviable preparations, however, induced little ov
no resistance to challenge with even small numbers of virulent organisms,
It seemed reasonable to axpect that antigenicity would be retained to a
greater extent if the organisme were killed by drradiation rather than by
chemicals or heat,

Vaccines rendered nonviable by the action of X-radiation produced
levels of {mmunity such that 20 to 30 per cent of immunized mice survived
intraperitoneal challenge with moderate doses of the highly virulent
8CHU S84 strain, Cysteamine at & concentration of (.02 M was added to the
bacterial suspension prior to irradiation to minimize the indirect effects
of irradiation. Vaccines contailned approximately 10° nonviable organioms
per milliliter. Proof of nonviaebility of irradiated vaccines was based on
(a) abeence of colonies vhen irradiated vaccines wore plated on solid
medium, (b) failure to isolate P. Lularensis from sacrificed fmmunized
animals, and (c¢) the inability of treatment with streptomycin during
immunization to interfere with the development of lmmunity.




Timnunization of susceptlble aniwals with nonviable tularemis vaccines
hag falled to cvoke levels of immunity such that the animals suyvive chal~
lenge with eppreclable uuwbers of fully virvulent ovganisms. Accordingly,
it has been necessary to utilize less demanding eriteria of protection for
demonstration of the immunizing activity of such preparations.”” Vaccines
consisting of viable attenuated ovganlsma, howevar, eveoke appreclable
fmmunity against challenge with fully virulent organisms even in sumceptible
animals such as white mice.a Bvidently the agents employed to render vacs
cines nonviable destroy the protectdive antigenicity azsociated with viable
organigns .,

Tt meemed pessible that this antigenicity might be vetained to a greatex
extent 1f the organisms were killed by the actlon of fonlzing radiation
racher than by heat or chemicals., This supposition is based on the hypothe-
gdy that under conditions that inhiblt indirvect effects of ivradiation,
organiems are rendered incapable of reproduction primarily by damage to
genetic material rather than by degradation of other structures of the
cell,” Evidence had been obtained that irradiated vaccines were in fact
more ¢ffective in immunization against Ehrlich's ascites carcinoma than
were vaccinas prepared in other waya.a' Thig report describes experiments
testing the antigendcity of Pasteurelld tularensis rendered nonviable by
exposure to lonizing radiation.

1T, MATERIALS AND METHODS

A. BURAINS ¢

lenge. Vaccine prepavations were ususlly derived from this strain. &
strain of reduced virulence dasignated 1vs® war used in some of the atudies
ag lndicated, Stock cultures were maintained at $°C on 5B agarg modlfied

by the omisaion of glutamic acid and N-acetyl glucosamine. Twenty~four-
hour cultures were employed for all vaccine and challeupe preparations. The
SCRU 84 strain wes tested for virulence in rabbits and guinen pigs and was
consildered satisfactory for challenge I1f an Iintraperitonesl iujection of

ten or less organisms was fatal for these animals in less than ten days.*

* In conducting the vesgearvch reportad here, the investigators adherec
"Principles of Laboratory Animal Care' as cstablished by the Ma.ional
Society for Madical Resesarch.
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PARATION

urface prowth from a Zé-hour agar cnlture was washed with 0.1 per
¥ tin in physiotogical saline., Waless stared otherwise, the gone
centration of bactevia in the suspending fluid was approximately LO
orpanisms per millillter, PR-Mercaptostbylamine hydrochloride {(cysteamine)
wag addad at a £inal concentyation of .02 M to the bacterial suspension
prior to irvadiacion.

A General Electric Maxitron X-ray machlone operating at one mllilion
clectron volts and three milllamperes (no added filtration; half-value
layer cqual to 3.6 millimeters of lead) waw uged ro ifvradiate 2.0 or 4.0
miililicers of bacterial suspensjion in 35-mm-diameteyr Carrel flasks, Four
flasks were placed one on top of another In the nose cone of the Xeray
mechine. Yrradiation was periodlically interrupted to change the sequence
of flasks., Consequently, the distance from the target to the bacterial
suspension varied from 10 to 13 centimeters and the doses rate from 8700
roentgens to 5150 roentgens per minute; however, the total dose of irradia-
tion to each flask was 10" roentgens. The irvadiated suspensions were
diluted 1:10 in gelatin-galine, plated on SB agar to test for viability,
and injected into mice within two hours after irradiation.

C. TMMUNIZATION AND CHALLENGE SCHEDULES

Tomunlzing injections of 1.0 milliliter containing approximately 10°
organisms were administerad intraperitoneally to 15~ to 20-gram white mice.
Mice were challenged intraperitoneally two weeks later with approximately
200 8CHYU 84 strain organisms suspended in gelatin-saline, Foshay vacaine,
prepaved by Dr. Lee Foshay, was & whole-call suspensnlon of strain SCHU 84,
coneentrated by centrifugation, stavilized by 0.25 per cent phenol and 0,1
per ceat thimerosal, and lyophilized. When reconstituted with 0,25 per
cent aqueous phenol, the vaccine conbalved approximately 7.5 x 107 killed
organisms per milliliter,

111, RESULLS

Tnitial experimenis were deglguared to alucidate the intervrelationships
among the dogse of irradiation, cell viability, virulence, and antigenicity.
Several conceuvtrations of attenunated LVS organisms and virulent SCHU S84

nisms wore exposed to graded doges of X-deradiation ip the sbsence of
yotesaine.  The vesults of several eczperimenis that were congldered bhasic
to further siudies ave ceonpiled in Table 1,




S

Viable Cells/ml Viable Cells/mi

Immnnlzing  X-Ray Dese, Before Aftexr Mouge Responses o2/ i

Strain roentgens Trradiation Irradiation

o, o ; -

LYS 20, 000 1,03 % 107 790 Tumunized? ﬁ
Lvs 30,000 1.03 x 10° 0 Not immunim@ﬂ%/
" . . 18 ; , d/

CHU 84 30,000 4.0 & 10 320 Death=- %
SCHY 84 40,000 4.0 % 10° 0 Not immunized
SCHU §4 300,000 1.67 x 10*° 160 Death %
SCHU 84 600,000 167 % 10%° 0 Tromund rod

a. Groups of 10 mice were injected intraperitonesally with 1.0 milliliter
of a 1:10 dilution of the lrradisted suspeusions; survivors were
challenged intrapavitomeally two wecka later with approximately 100
BOHU 54 organdlems,

b. Immunized: Challenged mice demonstrated a higher per cent sutrvival
and increasoed Average Day of Death (ADD) over unimmumized contwol mice,

¢. Yot imomunized: No differences weve observed between experimental and
control mice.

d. Death: Mles succumbed during the fmmunization peritod.

As ithe concentration of bacteria wes inereased, the dose of lvvadiation

requlred for atevilizatdion incressed. This nbuexvatiuu is compatible with
irradiatiou gtudies in which the Dgy¥ has been measured.'®  The increased
amount of irradistion required to kill bacteria as the cell concentration
is ioveressed hag been attwibuted Lo a decreased oxypen tension resuliing
from an imbalance betwesn the endogencus vespiration of the cells and fhv
d1ffusion of vuygen into the suspenston.’’ Althougl less than 1 in 10°
V8 organismy survived 20,000 roentgens, the surviving organiems, aven at
2 110 dilution, dodoeced active lmmunlty (Fable T, line l). Futhermore,
irvadiated SCHU S84 stradn orpanisme killed mice in low cooeentrations when
teas than 1 in 107 organdswms survived Irradiation, These two observations
indieated that the immunogenicity and the virulence of the suxviving
ovganisms wera not appraciably alteved by irradiation., The requiramant
for a high concentxation of conviable ¥, rularensfs orgapisms for immunization

B

bDose of iryadiation that permits survival of 37 per cent of the orgaviswma,
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cear mortality wag altered io challenged wice after lomunization with le
than 160 irradiated orpganisng., The resulis recorded in the lagi line of
Fable I were the fivey lndication that frrsdiaced bacteria could dnduce
active Imnunlty to tulareada.

AL, EFFECT OF CYSTEAMINE ON IMMUNOGENIC CAPACITY OF IRRADTATED ORCGANYSMS

]pThe dose of X-ifrradiation required to sterilize a saline suspension of
1077 Lacteria per milliliter is of such magnitude that the indivect effects
of vadiation due to formation of free radicals are of importance.’® 7Tn an
attempt to minimize chemical alteratlons of antigenic components by free
wadicals, bactevia were lrradiated in the presence of cysteamine. This com-
pound was selected because of its protective effect on bacteria against the
indirvect effects of ifonizing radiation.l Suspensions of BCHU 84 mgtrain
organisms were exposed to X-rays in the presence of 0.02 M cysteamine to
determine the effect on the antigenicity of irradiated cells. An irradia-
tion dose of 10° roentgens sterillized all bacterial suspensions. ‘The
immmogenicity of irradisted bacteria was greater if cysteaming was present
during irrvadiation (Figure 1); higher concentration of cysteamine appeared
ko be no more effective than 0.02 M (Table II). The toxlc dose of cysteamine
for mice was between 4.5 milligrams and 9.0 milligrams,

Seven replicate sxperiments were carried out in which cells were exposed
to 10° roeutgens In the presence of 0.02 M cysteamine. Groups of 10 to 20
mice were lmmunized intraperitoheally with 1.0 miliiliter of & tenfold dilu~
Lion of the frradiated vaccine, and challenged two weeks later with approxi-
mately 200 SCHU 84 otganisms., Table LIT pregents the combined results of
these experiments,

B, HONVIABILITY OF IRRADIATED PREPARATIONS

The nonviability of frradiated hacteria has specilal gsignificance because
mice can be effectively immunized with viable attenuated strains of P.
tularensis.® "***®  proof thst the irradisted bacteria employed in theae
experiments were nonviable is based on the following ohservationz. Ho
colonies developed when irradiated suspensions were plated on 8B agar. Iif
ag few ap one to ten viable SCHU &4 strain organlsms remsined {n a 1:10
dilution of the irradisted vaceine, mice would have succumbed prior to
challenge. This did not occur., Viable P. tulsrensis could not be isolated
from the liver, lung, or spleen of mice sscrificed on Day 1, 2, 3, &, or 10
following immunizacion with irradiated suspensions, Furthermore, daily
sdmivnistrat fon of 400 mleroprams of streptomycin to mice starting one day
before and ending six days after a single fmmunizing injection of Irvadiated
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TABLE T1,  RFFECT OF CYSTEAMINE CONCENTRATION
ON ANTTCENICLTY

Cyrteamina Mortalits Average lay

Concentrationd Ratiob/ Movtality,% of Death
0.02 M g/10 80 1.1
0.05 M 10/10 100 8.8
0.10 M /8 a8 10.6
0.20 M 16/ 19 B4 11.4
0.80 M Towic for mice

No tzziﬁziz&ion 10710 100 3.9

a, COysteamine concentration during irradiation, Prepara-
tions were diluted 1:10 prior te injection,

b. HNumber of mice guccumbing to challenge,
Number of wice challenged.

TABLE IIT. ITMMUNOGENICITY OF TRRADIATED VACCINESQ/

Mortaltyy ' Average Day

Rat{o2 Mortality,% of Death
1rradiated 71/89 80 11L.8
vacoine (50~95)E/ (9,9 - 15.2)
None 68/68 100 4.4

(4.0 « 4.7)

a, Combined resulte of seven replicate experiments.

b. Number of mice suceumbing to clhallenge,
Numbeyr of mice challenged.

c¢. Nuwbers in parenthescs refer to range of individual
experiments,
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arpaniaems did oot ienrerfeve with the development of  Lomue!
we i treatment bhas boey shown to inbhibit the developmeur of twmnicy
1t inn of viable srtenuated organismsg,®

Ly, Such osirope

porm2 Lty £ollows adminis

A vacnine preparation that contaived no presevvative retained lwwunlziog
activity for seven days at 5°C, bub dmmunogenicity was lost by the fiftieth

day of storage (Table 1V).

TABLE V. LFFECT OF STORAGE ON IMMUNOGEN ICTTY
OF TRRADTATED VACCINE

Time of Storage Per Cent Averapge Day
ar. 5°C Moxtality of Pealth

2 hours ‘ 80 12.9
1 day 89 10.0
7 days 70 12.6

50 days 100 8.7

Cottrol,

0o imnunization 100 4.2

a. Vaceine prepared by irradiation with 10° roentgens
in-the pregence of 0.02 M cysteamine., Mice were
fmisunized with 1.0 milliliter Intraperitoneally
containlug approximately 1.5 x 10° organisms and
challenged two weaks later with SCHU 84 strain
organisms.

& Gordon, M., U.8. Army Biological Laboratoriass: unpublished vesults.




CTTVENESS OF CHEMICALLY RILLED ABD VIARLE VACCINES

The immsmogeniclty of two other Lypes of P, tularw 913 VACCANes ware
evaluated. The Poshay vaccine contained approximately 7.5 % 107 killad
SCHU 84 etrain ovganisms per milliliter. Viable vaccine was prepared from
a Za~hour-grown 8B agar slant of LVS organisms. Cells weve removed from \
the alant with gelatio-~saline and diluted to countain 227 organisms per
milliliter. Groups of 36 to 39 wmice were injected with 1,0 milliliter
fntraperitoneally of one of the vaceine preparationsa. Fourteen days later
sach of the groups wae divided into four subgroups and challenged intya-
pevitoneally with 20,000, 2,000, 200, or 20 viable SCHU 84. stvain organisms,

Mice injected with the Foshay vaccine were not protected against an intra-
peritoneal challenge with even small challenge doses; one animal of ten
survived challenge with 20 SCHU $4 gtvain organisms, These results agree
with previous results of Ruchman and FoxhayF with an almost siwmilsr phenol-
killed vaccive. All animals injected with viable vaecaing survived challenge
with from 20 te 20,000 SCHU 84 strailn organisms, These rasults agree with
those reported by Eigelsbach and Downs. ‘ e

1V, DISCUSSION

Evaluation of the imnunizing activity of the irradiated vaccine prepara-
tion requires cowparlison with previous nonviable vaccines and with attenuated
viable vaccines. The antigenicity of previous nonvisble vaccines wap demon-
strated in animals less susceptible to tularemla than white mice® by challenge
with strains of less than full virulence,” or with extremely small challenge
doses.*’®  These vaccines usually failed to immunize susceptible animals to
the degree that they could survive challenge with appreciable numbers of
fully virulent organisms. Results obtained with the vaccine of Foshay in
the present study were In agreement with those In previous veports,

The ether-extracied vaccine descyibad by Bell and colleagues has been
evaluated almost entirely by challenge of lmmunized animals with strvain 425
of P. tularensis.” Although this strain is highly virvlent for mlice, 1t is
assentig ll] v avirulent for rabbits; mice are readily protected against 1 by
various nonviable antigens, The demonstration of ifmmunizacion against this
straln by the ether-extyacted vaccines provides no lodicatlon that the vac-
cine would also protect against fully virulent strains such as S5CHU 84. In
Uimited experiments, three injections of the vaccine were sghown to confer
datectable lmmunity ageinst subcutaneous challenge with strain 14, stated
to be fully virulent. 1t 18 probable that ethexr-extracted vaccine had
greater protective activiry than Foghay vaccines,
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Bvidoently the dowmunity against challenge with £ully virulenl organisus
that is aveoked by the present ivradiated preparations is of a bigher ovder
than thait evoked by Foshay vaceine. The immunity mey aleo be greafer than
that avoked by the ethev-extracted vaccine of Bell and associates, although
no dirvect comparlson has been moade, The present ixradlated preparations
are lesg effcerive than viable vaccines, however, at least in the domundzo-
tion of mice.” Many variables that say Influvence the antigenicity of the
irradiated preparations have not been investigated, and it seews probable
that considevable increass iIn antigenicity may be antlcipated ap a result
of further study. Doubtless the protection may also be increased by use
of multiple twmunizing injections and by administration of the challenge
dose by routes that vepresent a less severae test of fumunity than the
intraperitoneal,

Tovising radiation has been shown to be a superier killing agent in
preparation of other vaccines. Polley Y demonstrated the induction of
active immunity with gamma-irradiaced influenza virus. It was reported
by Carpeiter et al"LhaL'irradiated tubercle bactlli were as effective
as BOQ vamninn Tl protecting mice against tubarculosis. Donaldson and
Mitchell® showed that the adminigtration of X-irrvadiated preparations of

Ehilich's asclies carcinoms protected mice againet a subsequent transplant
of thig tumor, whereas preparations killed by deaicca&iun, fre zing and
'thawing or by meuhankfa] grinding were ineffecrive

IV, SUMMARY

Pasteurella tularensis strain SCHU S4 rendered nounviable by exposure
to X-irradiation was shown to i{mmunize mice as determined by increaged
resistance to Intraperitoneal challenge with several hundred virulent
organisma, The mean survival time of the ilmmunized animale way increased
mirkedly as compared with controls and a portion, ranglag from 5 to 50
per cent im differont experimenty, survived challenge. Injection of
approximately 10° organiems was necessary to stimalate a minimal lumune
response. The anbtigeniclty was increased when (.02 M cysteamine wan added
to the bactorlal suspension prior to irradiation to minimize the indirvect
effects of fvradiation, Nonviability of the irradisted vaccines was
established by culture, by vepeated failure to detect viable organisms
in tisgues of Immumnized mice, and by persistence of the protective effect
of the vaccine when the anlmals received streptomycin for sevaeral days
following fmmunization,
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