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After Ashkinass and Kaspari(!) aemonztrated the b,-: er iCi c a2")ower of icniz..ingr ,aitons in 1901, a{lor.g series of sIu±es, have

.ade it nozsible to orove that the -radiosterili•'ing -echanism
greatly differs from that of regular st'erilizing agents such as
haeat and antitcs.

According to these studiess the action of i onizing raQiaons
upon live cells seems, in fact, to be much finer and more s o iist.i-
cated and, to nut i- in Lacassagne 's(2) words, the irradiation
constitutes "sort of microdissection leading to a dissociation of
the cellular functions'. The first visible property is the ab•lity
to multiply w.hich is considered one of the main factors of irulence.

,u:ipnZ a ..ro-.r.a. -:sorbed doses, i-is possible to destroy -.his
power in a baccteria! popoulation. Unable to continue orolifera-ing in
the 'regular environent,• the nopulation finds it'elf compiete y
and definitively sterilized in a bacteriological sense of thewrord.

'.'e havu show:.(3), however, that cultures thus sterilized,
:hile dep.rived of their virulence via-a--vis ,est animals, continue
to 'nossess most of the properties of live bacteria and in'-particuiar
their -,resr,-oo , " -r i "on, and antigenic p" w< " h,5). '

Radiosterilizat-4or, annears to be a. particularly i'ýteres-tingStnrocezs
for nreoar ing vaccines whose imaunizing pow.er =us- Ibe very. close to
thnt of the live germzs. (The l.tter constitute,'in principle, an
efficient vaccine once their virulence has been su7pressed'.)

Thizs disoociation of cellu"ar functions seoms to be,
general property of ionizing radiations and we have .found't -to be
true for very diiffrent types of radiations: alpha raySwjsaonj,
..- rays (210 KV), grma .ays ( 6 Co) ,'totalK radiation of a i-eactor
(gaam=a and neutrons), boron fission rays and 150' ,eV -rotons..



The target theory, which attributes to each ceLuiar\'
-`,zctt..on a characteristic effective section vis-a-viý radiation,

vffords a fairly satisfactory in terretation o- theL-facto observed.

,uala itative differenceo be:tween sterilization1 by irradiat-c on
and sterilization by heat or antiseptics, also a~pea~r on a q'u~nt_,
.ative level. Radiosterilization generally takes place acco-rdin-

. aeponenal 10-..., i.e.,.the number .N of germs suruivnga doce

Is given by the formula .ir o .
, .. :•NO =ni-,T~er of ger~minz

S/'i :�e and Log N -(Lo- N k)D for D 0
k porooOrt`onal facetor

_,is ex-oonential is only an individual exaiple of the &eneral la,! of'
Poisson utilized in the ta.ret. theory,.and in certain cases ýMore
conpOlex laws corresponding to Poisson curves of an order aboie, 1
can be observed. Radiosterilization.is not -an "aallo ornoth'irg'l
nhenomenon which takes olace berinninc with a c retr-dn dosea"s
heat sterilization is aoove certain temperatures or: chemic:
sterilization for certain concentrations. An absorbed dose' n a
bacteriz.lJ suspension corresponds to a reduction of surviving ger=z,
i.e., to a sterilization probability "which leads. us to a notion of
relative, statistical sterilization, a bit out of tune with:o6ur old,
deeply-rooted concepts"(7). Each microorgarnism has. a characteristic
radiosensitivity which nevertheless varies according to the; ecium

where it is irradiated and the type of irradiation utilized. 7f

inactivation is exponlential, this radiosensitivity is generally
expressed by dose DI0 reducing the bacteria concentration by a
factor of 10, i.e., leaving 10% alive; this DlO dose varies, with
the nature of the medium, which may afford a certain degree of
protection against radiation.

In preparing vaccines, it is necessary to accurately-.
determine the :rinimm sterilizing dose (MSD) insuring a regular
sterilization of a bacterial suspensionwith a safety coefficient
of the same order as that for heat or chemical st-erilization. In
order to keen the immunizing power of radioinactive Germs ina Vc,
it is best to utilize the exact dose needed to insure a.reguiar
sterilization of the suspension. in practice, a:safety margin of
2 or 3 DIO has aopeared to be generally satisfact0oy, so that,-the
sterilization dose of a me_;i. containing 109 -erms/cm3 will obe
approximately 9 + 3 = 12 D10; for exwn-ple, the radios terili ation by
ga.ma rays of a 109 germ/cm3 suspension of S. Tynhi in physiological
serum (DlO = 10,000 rad) will require approximately 0.12 Mlra•d,,

We have studied the radiosensitivity with respect to the
various radiations of a certain numriber of pathogenic germs,. and
after determining the minimal sterilization dose (DSM) we have
pre-ared radiovaccines whose immunizing effects have been compared
by some to those of the corresponding thermovaccines.'



i. VIRU 2<<

Te antigecnic properties anid structure of vi ruses a'e very
differont fr.... th-os. o bacteria and much. less favorable to•o t "e
dIsassocijation of virulence and antigenic po.er by ioniz' r<g
radi ations.

h.owovur, research on the irradiation of vir'.seszwiLt a yew

o deter'minsing their size and structure by ta'e ultra-m crorcttry
si-tistica -.et'-,od(6) has led us to radiozterilize certai';•patho-
genie viru:nez and we have taken advantage of the-occasion to :test
their protective -power on the t"-rget anirpi.

Irradiation has beesn ircticed on bulverized cells in
.. orma salt Water and the titre, determined on the animal by i:L. 3ng
statiz~tical methods(6), was usually on the order of 05 to ,0'd virions/cm

1.1. Vaccine and anhthous fever viruses

inactivation curves (fig. 1 and 2) show that the DSI %for the
ainhthous fever dermotronh (0. Vallee strain) is 5',Mrad fortA• ala
.articles (of Rn) and 7 Mrad for X-rays (200 keV). For tane
the DSV is 0. 5 Mrad in alpha narticles and 12 Mrad in X-rays. The
immunizing power for these two viruses on the target anirnal~ apnears
to be oractically nil.

1.2. Polio7e*ltis virus -.

The nosSibility of obtaining by irradiation a vaccine retaining
anl antigernic power close to that of the live virus led us to study
z'he radiosensitivity of this virus for various ionizing radiations.

A serieLs of experimerits with the total radiation of •t:e first

-?enc• Z0E rea tor allowed us to determine the dose-effect-curve
for t.is radiation composed of neutrons and ga:z.a; rays3 (fig•" 3)

Oter!ization of a culture medium was •obtained wi~th *a particular
flow of 2.5 1016 n/cm2, or approximately 25'Mrad of tofa;• al diation.
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ahthous fever viruses with fever viruses with X-rays.,
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the tOE reactor.E

To reduce this dose the virulent suspen-ion has been s, ,:7,p.e-
mented -With 55 boron (so0ia.m bozate)• ,;he presence of the " ro•on,
while not changing the titre of the virus I.increases the.efficacy
of the radiation, since the fast-movin-gneutron.s cause theoro
sp!it, I resulting in a high pro.uction of linear energy trars-:fer
radiations (TLE). The DSM is thus reduced to 6 Mrad, or by a,
factor of 4 (Pig. 3). ...

1,Xhile the total radiation of a reactor makes it possible
to sterilize large quantities of vaccines, with a•high TLE2 •adiation,
it has ithe disadvantage of producing artificial radioelement-s in
the vaccine, some of whi ch have a high radiotoxicity. Wejrepeated
zhese e.xperiments' with 0C6. gar.-- rays-which do,.not preseiit th'is
disadva'ntage, and determined the radioinactivation-curve (zig. 4I);
a DS1., of 4 Mrad ,appeared.to be satisfactory for$ the •preparation of
a radiovaccine...........................

An initial immunization test on anizmals uino-

vaccine, revealed that virulence was com 'lezely eliminated b' uý -hat
the antigenic properties were very weak. . ,

2. B3ACTERIA

To obtain injectable vaccines, bacterial slspensions were
prepared in a normal saline solution, using aiconcentration on the
order O' 109. germslcm3 . irradiation. was first ieffected uning-alpha
particles (Rn), and subsequ'ently,. usinS 60Co ga•=.a rays fo--ý, 1 n
800 C1 1irraria.oro). a -o r .

1. Thedetails of these:biological and-immunization tests rn ade w, -h
poliomyelitis virus subjected to various, doses of neuxron'_ and
gan.ma rays is related by P. Llpine. in a report° addre-ssed on !i Doc
1962 to the International Atomic Bnerl Comnmission in n Vienna, in
fulfillment of research contract. No. 17.
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-or a patho-enic strain, using mice, the D1O dose is ;"-
of aPha narticles. Sterility of a culture medium is usually

obtained with 50 Mrad.

Virulence in the mice is completely e!imin ted, bu.tine
radiosterilizel bacilli retain their' mobilihy in the s.-ne manner
t'hat live bacilli do, and their' respiration, me-asured with a WarburG
rosoiro0eter, continues to show. vaiues slightly below those of the
controls (fig. 5). After a dose of 0.6 !raa, or 10 DSMof.X-ray~,
rerniration still remains at a ouarzer of that ;of the cont•-ols (k).
An identical heat" -steri .. ized susp-ens.. ion shows neither mobility nor
respiratory "

A test injection of 109 live bacilli suanlemented'wiith mucin
zriggers a :.orziaN.tzy rate of 67,' among non-vaccinated controls.
Among the ;accinatte, the r-ortality. rate is h3% for thermovaccine
un(i 22% "or radiovaccine(5). -

Although the reduced virulence of I co1  'takes it:unsuitable
-or a comIarative study of immunizi r-,•*oWe1 the r-adiovacc6ine sh-ow"'s
very clearly certain special properties--i-etention of mo:bility and
respiration, and an immunizing power. eoal 1o or _greater4 t-han ta

"of thermovaccine.

T-he efficacy of ICG, an avirulent live vaccine, made us
beiieve(9) that a radiovaccine prepared from a virulenz.3K strain
might have comparable properties.



irradiation by alpha pirticles of a normal saline solution
suspension containing 1 mg/cm3 of fresh bacilli reveals that 48,000
rad are necessary to completely eliminate the power of prolifecration
in a Lwenstein 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
show any spe,'al resistance to the ionizing radiations.

We prepared, using 0.1 Mrad alpha particles, a radiovtc~cinrý
based on a virulent strain isolated of tuberculosis. This vaccine
proved, as a 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

. of the controls for 4 days, while the respiration for the heat-
sterilized bacilli was nil.

The immunizing power was tested on guinea pigs and a
vaccination test resulted in a survival rate of 133 days _+ 3- =nr.•
the controls and of 250 days t 40 among the radiovaccinated sub.ects.

2.3. aaguebacill~s and Malassez and Vignal bacillus.

.. We studied the radiosensitivity of the plague bacillus, es
well as that of the Malasuez and Vignal bacilii. The latter is
avirulent, has a does resemblance to the plague bacillus, and appears
to lend itself to classification in the same genus, Yers.inia, of
which it would be a species(10).

Irradiation with alpha particles of the Malassez and Viga.
bacillus (strain 51-) reveals a regular elimination of proliferation
in peptonized water for doses greater than 0.2 Mrad.

The plague bacillus (virulent strain H 111-50) shows a
radiosensitivity of the same order, with a slightly smaller DSM of
0.18 Mrad.

2.4. Vibrio choleras

-.xperiments 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 Urad of alpha particles 'overcomes the
reproductive power in a culture medium, while mobility is clearly
restrained.

With I norm saline suspension containing 2 - 109 vibrion.;
Inaba per cm- and the same numLer of vibrions Ogawa, a thermova.2cci.e
(two heatings of one hour at 560 C) and a radiovaccine (0.15 Mrad)
wa prepared. The toxicity test on mice shoved the same innocuity
for the vaccines.



A comparison of the immunizing effects was made as follows:

Four groups of 22 mice received in intra-peritonaeal injection
of vacci6 e contaiging, in the same 0.5 cm volume, 3.2 !05,
1.6 • 10 , 8 ' 10 and 4 a 10 vibrions. Fourteen days after the
vaccination, the mice received a test injection of 1,000 DL5O, either
of the Inaba vibrion or of the Ogawa vibrion.

As morte-lity among the mice during the immunization period
curpassed the permissible maximum, the DL50 was not determined by the
W.ilson and Worcester mathod. Rather, the log-probit(l0) graph
method was used. The immunizing paver of the two vaccines was
shown to be practicaiiy identical.

2.5. Salmonella typhi

We used principally(ll) the TY2 (form V) strain; an 18--.our
culture is put into suspension, in various mediums, with a con-
centration of 109 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 7.5% glucose medium (chosen "n
view of the dry irradiation of the lyophilized germ)(12), the DM:.:
is 0.25 Mrad. Similar results are produced by using a 15% lactose
medium, 1.25% saccharose, and a 1.25% sodium glutamate medium.

- . 3TYPW*.Tyt
V'. in 9% N&Cl medium

:60cograyr,

150 MeV .protons

•1 
I•'-" •*

/ 0

Exposure doses in red

Fig. 6. Irradiation of S. tyvhi with gamma rays and
150 NeV protons.
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The germs remain completely mobiJe, even at domes which ,a-c
greatly in excess of the sterilizing dose; at 2 Mrad, mobility
appears to be even greater than that of the controls(13). w;hilc
the heated bacteria remain immcbile, taking Brownian movement into
consideration.

The Warburg respirometer again shovs the continuation o'
respiration in proliferating and non-proliferating media for c'ultuuc
radiosterilized at 0.6 Mrad (fig. 7). The disappearance of the
power to reproduce va controlled at several moments during the
experiment.

3.TYPHI
I

30. pro- no~n- /
lifera-L/ p

Fig. T. Respbrayion of 5. X3hi sterilized by gamma rays
o.6 itad).

4,4

.4J ,. //

"• ¥•'i / I

., 0 .

Fig. 8. Production of antibodies Fig. 9. Comparison of i••n.izin.&
in rabbits. Average titre of serum power, for mice, of heated •±nd
in Vi agglutinines, irradiated vaccine in a 7.5i

glucose medium.
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