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PREPARATION AKD T?ST;XG'ur RADIOVACC 'E :
2. Eone aur; a.d H.R.
After Ashkiness and
vovwer of icnizing :adiations in *901 fl g'serle 5ofng.u
made it possible wo prove that the *adlostcrlllz‘ﬂ
greatly differs from'that O;‘“egdluYFSoefllLZl ‘égants.suc :
neat and antiseptics. L e LT
According to these studies, t%e aCblon Of,loanln ations
upon live cells seems, in fect, to be much finer and mor opristi-
cated and, to pui it in Lacassagne' 3(2) words,»the 1r“ dﬁavlon
constitutes "a cort of microdissec ;
ine celluler functions’ The firs .
to muliiply wiich is 1 3 f} 2.
Zy using appropriate ebsorbed doses, it-is 3055107e to deat oy tais
vower in a bacterial population. Unable to con 1tinue nzollfe,au:n; in
the rezular environment, the nonulatlon ;1vds“‘;seWI comm
and definitively sterilized in a vacter 'Olog*ca*,Su“se of. word. .
We have showa(3), nowever, that!
vhile deprived of %heir virulence vis- ueSV'un*n“l
TO DO3sess most o the propervies of lle bacteria and Ay
taeir mobility, respiration, and ant enlc now»*s(h 5).
Radiosterilization appears to be a pa
for prevaring voecines whose immuniz
nat of th :

e live germs. - (The latter constit
erficient vaccine once their virulenc:V

Thiz diconciation of cellul

meneral property of ionizing radie tions “we nave ou
true fovr Vu“y dlzfe“cnt types orf ”aclatlors. alnna rajs
Y-rays (210 kV), gamma roys (50Co), itotal radiation of a
(gamma’ and neutrons), boron fission’ rays ‘and ;50 MeV n*otows"‘

v




2viributes to esch celiular
fradiat

‘ colhie varget theory, which
Junctlion a cha e '

.
Aade.

oy - i

alferds a fair

o
‘Tective section vis-a~vis
terpretation of

wualitative differences
and sterilization by heat or an
2tive 1evel 7 QlOSuCrllL zation
w0 an exponential law, i
-

. o

is given: Oj ‘the formula

p”onortio al-facicr

This exponential is only an individual-es
Poisson utilized in the tar-et.theo‘y,”
complex lawg corre sponding %o Doxscon,”

can be ovserved. Radiosterilizaticn: is not
0nenowenon which takes olace oeﬂlnnlngi‘

neat sterlll 1on ws aoove certaln uenpe*a*nrcsfo* cne 1ca

1.e., toja sterl«f"atlon po¥ Ooaul*luy "whlch lcads us to & notion of
: welative‘,” statistical SuErlllzaﬁlOﬁ e’ Dlu out of t ture with
deeply-rcoted concepts"(T7). L¢C; microorganism has. a characteéristic
radiosensitivity which neverthelasss variés according to theimediunm
wnere it is irradiated and the type of irradiation utilized. IZF
iractivation is exponential, this radiosensitiviiy is generally
e“o*cgsea oy dose D10 reducing the bactevla concenuratlon bj a-.
actor of 10, i.e., leaving 10% alive; this D10 dose var ies:with
the nature o the medium, which may afford a certaln derree of
protection against radiation.

In pre ring vaccines, it is necessary to gccurately o
deuermlne the minimum sterili=ing dose (MSD) i nsu.lng a regular
sterilization of a bacterial s Lspen51on ‘with a safety uoe191c1e“u

c

of the same order as that for heat or chemical sterilizati
-crder to keep the immunizing powver O¢‘r&i1011aCulve germs. nukcu,
it is best to utilize the exact dose needed to 1nsu.e a. regula“
sterilization of the suspension. In practice, sa fety: rargin’ol
2 or 3 D10 has appeared to be generally satis? cvory,=uo tr
sterilization dose of a medium containing 109 oerms/cm wil
aon“ozlmatelj 9 + 3 =12 DlO for exumple, the radiosteril
garma rays of a 109 germ/cn suspension-of S. Tyvhi- in phys 10lOSlCJ;
serum (D10 = 10,000 rad) w1ll require Lnnroxlm¢tely 0 19 Mragd: -

We have studied the radiosensitivity with'?@épectft
arious ‘radiations of a certain number of pathogenic germs,.
after determining the minimel sterilization dose- (DSM, we Have
prepared radiovaccines whose immunizing effects have been com pared
oy some to those of the corresponu;ng-uhe“rovacc1nea.
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virulent dilution 50;:

L5

“viruses

of

The antigenic properiies end structure
; el

different from thosc of bacﬁéria an ¢uch less ?avorabl
disessociation of virulence and z
radiations.,

Lowever, reseurc

Sae: the ir adlaulon of vi
T cizc and structure by tne'ultra-mlcro
5 led vs to radlo"ter;ll e ce“tul
genie viruses and we heve taken auv&nuace of" th
treir protective power on the tur zet’ unlmmi.

-~ ] . Py ey
Lo daetermining the

siatistical

o

frradiation has been pructic'* on”bulvcrizé
rormel salt water and the titre,: determined on the aninzl .
statistical methods(6

), was usuully on the order ‘of 107 %

1.1. Veccine and sznathous Tever viruses‘

Znactivation curves (fig.” 1and 2) show that the DS the
phthous fever dermotroph (O. Vallee strain) is: ‘Mred for
perticles (of Ra) and 7 Mrad for X-rays (200 KGV) For *n' cine,
thei DSM is 0.5 Mrad in alpha particles and 12 urac in h-*a The
immunizing power for these two viruses

3
to be practically nil

o
n
M

olicmvelitis virus

The wocsibility of cbtaining Dj irradiation & vacci
an,antiganic pc"ef clooe to tnau of the 1iv viru; led us ..

allowcc s to auterm‘ne *1@ dose efTect
compo"cd of neut*ono and garzia rayg;(”'

».u.

culture mediun was oo alned with a nart
n/cmz; or appro: 1mately 2% Mrad of to~al

on 59037
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. 3. Irradiation o?

O as
mo reduce th1° dos e, thL v1ru¢e
boron . (soalun oo"aue) £

of the

spl it, ‘
radiatie ( un) mpe DSM 1s thus “ecuced o 6 N“
factor h (115 3) - -

i
to-sterili
it hes the disa
the vaccine, some of whaich have & high::
uqese exnerlmeﬂus w1t1 E Co gammu;rayc

2. ‘.CTaRIA

lO oota*n injectable vacc1ne°,'
prenared in a normal saline soldtlon,*

order of 107 germs/em>. .Irradistion vaséf*rsu ‘et ecue
varticles (Rn), and subseqaent Vs uo}nb - Co garma rays
800 Ciirraliator{d). 7 [t R »

1.
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scherichia coli

Yoy & patacgenic s:raid,'using micé ne DWO doae Mrad.
of =zlpha pariicles. Sierility of a culiure medlum is. Lsualx" .
chtained with 50 Mrad. ' : '

Virulence in the mice i e 1
radiosterilized bzcilli retain ", e :;;aut;- :

20 1ive bacilli do, and thel iration; ired with a Wardurg

respirometer, continues to show values-slightly below thcséfof the
controls {Fig. 5). After & dese of 0.6 Mrad, or 10 DSM of. X-rays,
respireiion still remains at & quarter of that of the control
Ln iceatical heat-sterilized suspension shows neither o
respira ; " ' ’ ’ :

u-:;~ers & 0
Among the vace
ané 22% for r:

te of 67% w..one, non—vacc1n_ced c
1e mortality: *aue is: hg%-

Tor & compurativ tudy of immunizing: er, diovacc ne’shOWS"
very ¢c0“ly certal tie retentic '

The efl QCJ of BCG, an avirulent live‘vééciné, maae us
believe(9) that a radicvaccine prepered from'a v;rule V‘B& rain
might have comp asle properties. - : S '




irradiation by alpha pgrticles of a normal saline solution
suspension containing 1 mg/cm” of fresh bacilli reveals that 48,000
rad are necessary to completely eliminate the power of proiiferation
in a Livenstein medium. But to destroy virulence in guinea pigs,
the sterilization dose must be increased to 85,000 rad. This
radiosensitivity corresponds to a D10 of 8,000 rad, on the order of
that of bacteria of the same size, and the BK does not appear to
shov any spe. 'al resistance to the ionizing radiations.

We prepared, using 0.1 Mrad alpha particles, a radiovaccire
based on a virulent strair isoclated of tuberculesis. This vaocine
proved, as & general rule, to be void of any virulence whatsoever
for the guinea pig. We verified, using the Warburg respironeter,
a remarkable persistance in the respiration of the radiosterilized
bacilli, for the latter showed a respiration equal to 20% of tnat

sterilized bacilli was nil.

- The immunizing power was tested on guinea pigs and a

. vaccination test resulted in a survival rate of 133 days + 3C omong
" the controls and of 250 days ! LO among the radiovaccinated subjects.

2.3. Raguebacillis and Malagssez and Vignal bacillus.

e We studied the radiosensitivity of the plague bacillus, &s

well as that of the Malassez and Vignal bacillia. The latter is
avirulent, hes a dose resemblance to the plague bacillus, and appears
to lend itself to classification in the same genus, Yersinia, of

" which it would be a species(10).

Irradiation with alpha particles of the Malassez and Vignel
bacillus (strain 5-I) reveals a regular elimination of proliferation
in peptonized water for doses greater than 0.2 Mrad.

The plague bacillus {virulent strain H III-S50) shkows a
radiosensitivity of the same order, with a slightly smaller DSM of
0.18 Mrad.

2.4, Vibrio cholerae

Lxperiments have been carried out on Ogawa and Inaba strains
coming from the National Institute of Health (Bethesda). For these
two strains, a dose of 0.15 Mrad of alpha particles overcomes the
reproductive pover in & culture medium, while mobility is clearly
restrained. )

With @ normal saline suspension containing 2 ° 109 vibrions
Inaba per c¢m” and the same numler of vibrions Ogavwa, a thermovaccine
(two heatings of one hour at 56° C) and & radiovaccine (0.15 Mrad)
was prepared. The toxicity test on mice showed the same innocuity
for the vaccines.




il

A comparison of the immunizing effects was made as follows:

Four groups of 22 mice received in_intra-peritonaeal injection
of vacciee contaigins. in the_same 0.5 cm” volume, 3.2 ° 105,
1.6 107, 8 * 10° and U * 10! vivrions. Fourteen days after the
vaccination, the mice received a test injection of 1,000 DL30, either
of the Inaba vibrion or of the Ogawa vibrion.

As mortelity among the mice during the immunization periocd
curpassed the permissible maximum, the DL50 was not determined by the
¥ilson and Worcester m.thod, Rather, the log-probit(l0) graph
method was used. The immunizing power of the two vaccines was
shown t0 be practically identical. :

2.5. Ssalmonella typhi

. We used principally(1l) the TY2 (form V) strain; an 18-nour
culture is put into suspension, in various mediums, with a con-
centration of 107 germs/cm3.

The DSM varies with the medium. For alpha particles (and 150
MeV protons), it is 90 Mrad (fig. 6) in normal saline solution, but
in bouillon it is 0.5 Mrad. In a T7.5% glucose medium (chosen ir
view of the dry irradiation of the lyophilized germ)(1lz), the DS
is 0.25 Mrad. BSimilar results are produced by using a 15% iactose
medium, 1.25% saccharose, and a 1.25% sodium glutamate mediuxm.

]

Ko. of surviving germs

"""" S TYPHLTY. . :

in 9% NaCl medium

« J°Co gamma rays
150 MeV protons

A LXK N1

Exposure doses in red

Fig. 6. Irradiation of S. typhi with gamma rays and
150 MeV protons.
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The germs remain completely mobile, even at doses which ure
greatly in excess of the sterilieing dose; at 2 Mrad, mobility
appears to be even greater than ihat of the controls(13), whilc
the heated bactaria remain immcbile, taking Brownian movement into
consideration.

The Warburg respirometer again shows the continuation of
respiration in proliferating and non-proliferating media for culturcs
radicsterilized at 0.6 Mrad (fig. 7). The disappearance of the
power to reproduce was controlled at several moments during the

experiment.
S s
S.TYPHI !
’ ! !
00} ! !
] A [
o d F““*'.‘ i o
8%t  { pro- | non- $
2 ‘llifers- pro- |
o :
~
)
b
ol
hours
Fig. 7. Respiration of 8. typhi sterilized by gamma rays
0.6 Mrad).
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Fig. 8. Production of antibodies Fig. 9. Comparison of immunizing
in rabbits, Average titre of serum power, for mice, of heated and
in Vi sgglutinines, irradiated vaccine in a 7.5%

glucose medium.
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