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FOREWORD -
During tne years of Soviet rule a great deal of data has Leen

amassed in studying the effect of various types of vaccines on the

i o B

body. Sclentists attempted to develop vaccines which would no*t have
3 detrimental influence on the organism and wculd ensure a maximum
level of immunity. It was found that parenteral or enteral adminil-

stration of foreign microbial products causes substantial changes Iin
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reactivity. This forced the development of special contraindlcations

for a number of vaccines.
It was established that administration of antigens nct only

- promotes the development of‘specific Immunity to the microbe in gques-
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tlon, but also considerably alters the activity of many physiologicai

systems, causes prcliferation of speclal cellular elements, and

~changes the reaction of the organism to various external agents.'It %

¥
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was found that a vacclnated organism reacts not only to inoculation

with the causitive agent of the disease in question, but also to 1in-

fection with other microorganlisms, to the influence of a number of

physicochemical agents, and, especlally interesting, to exposure to

ST N

tonizing radiation.
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Reports appeared ever more frequently'in'the literature that 1if

vaccinated animals were irradiated a portion of them survived with-

i gl

out any treatment, despite the fact that all unvaccinated animals died;j

however, no explanation of this phenomenon was glven.

Az part of the Jolnt work of our laboratory and that headed by
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Professor P.D, Gorizontov a special study was méde of the lncrease 1n
radioresiétanée which occurs on inoculation with bacterial yaccines.
The role of the dosage and type of vaccine, the 1nterval between 1noc-
ulation and irradiation, and the other factors which cause a very
large increase in the radioresistance of vaccinated organisms was
established.

Research in thils direction has now moved out of our ;aboratory.

That an increase in radioresistanicé occurs in vacclnated animals
has been confirmed by the work of the laboratories of the Kursk and
Vovonezh Medlcal InStitutes, as well as by the Institute imeni Acad.
- N.F. Gamaleya. The expanslon of research in this field has enabled
Investigators to discover many Interesting facts which further our
understanding of this phenomenon and has consequently made it pos-
sible to direct th;s research toward the desiréd end.

However, there 1s already a rather large amount of data, system-
atization of which would maké i1t possible for our sclentiflc col-
leagues to avold repeating experiments which have been performed, so
that they can move further toward 561ving this problem, which is of
theoretical and practical interest.

Our opinion on the nature of this phenomenon will undoubtedly
- glve riée to controversy, which will result in the appearance of
new views; this will be useful fop an ultimate understanding of the
essence of the facts presehted. In additlon, general practitioners,
who make wlde use of prophylactic immunization, are frequently un-
fam;liar with radiobilology and many of them are scarcely acquainted
at all with the facp.that radiorésistance increases in vaccinated
organisms (this was_confirmed,by our dealings with physicians at. the
Central Institute for Advanced Training). As a result of the ever-

increasing use of 1on}zing radlation bpth for therapeutic purposes
K —2->
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and in vavrlons beanches oft the national ceonomy Uhe number off plr-
{ sont cominge tnto contact wlith 1t 1o incrcasime. They may includo nolh =
vaee inated and unvacelnated individuals, the crtent ol Leradintion

vary ing within each catepmory and frequently producing opponing ] =

j A1l ot thig impelled us Lo publich this monairaph, in wich an
aitemp.  is made ©'0 draw theorctical implicatlionz {frum Lhe availzole
diata o the agtion of antlbacterial lmmuniivy onr radioreniabanee andg

1

Lo present certain conslderations about Lhe nature of Lhin phonomernor

€3]

and the posairllities for its practical utilization. Hnpubllconao anis

ctligingly furnished by T.V. Kalyayeva, M.F. Svitnevye, L.il, Unuachevi,

3.4. 8nal'nova, and 0.V. Smlrnova are used in this monograph and Lnc

authors extend their deep thanks to these Indlviduals.
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Chapter 1
REACTION OF THE ORGANISM TO ADMINISTRATION OF BACTERIAL ANTIGENS
AND SIGNIFICANCE OF INDIVIDUAL MANIFESTATIONS OF THIS REACTICN
'FOR THE ACCOMPANYING INCREASE IN RADIORESISTANCE

It was established in studying,the influence of radiation on
“actlve artificial immunity that the effectiveness of the immuniza-
tion depends on its temporal conjunction with the irradiation. If the
vacclnation was carried‘out first and then the irradiation (within
1—2&rhours) developmenteof immnnity and antibody production were ob-
served. Conversely,-ifvthe animal was irradiated first, vaccinaticn
.was not sufficiently effective, even when performed within 15 minutes
to 1 hour. These experiments revealed peculiarities in the course
' of radiation sickness in vaccinated animals. A number of works¥* con-
tained descriptions of‘curious facts whieh indicatea that animals
vaccinated before irradiation withstood radiation sickness better
than unvaccinated subjects and frequently survived without any treat-
ment. We conducted special investigations which confirmed that this
is so.

In order to understand correctly the reason for the favorable
influence of preliminary immunization on radioresistance 1t is first
necessary to analyze the characteristics of the phenomenon which
develop in the bodyrafter administration of antigens.

-In this case we must evaluate the significance of the changes

observed not only from the participation of certain tissue or physio-
-4 .
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logleal esystoms in them, but also from thcelr “uration, since the
protective Influcnce of vaccination with recpect to irradiation ic
nbt limited to hours or days, but lastis for several weeks or montho.
Immunologists were interested 1n studylng the reactive changen
which occur after administration of antigenlic substancers, primarily
from the standpoint of the actual process of immunily {formaticn. Do-
tailed examination of the blood serum and organ extractic a2t various
intervals after immunization showed that the accumulation of znil-
bodies is assoclated with definite organs and tiscues. It wac nztsent
that the cellular structure of these organs should we cuvecciled L0 %

.

similar study; it was found that there are charactcristic change:
which indicate a system-wide reaction of the endothelial tisous, o
addition to signs of a nonspecific reaction (Grabar, 1959).

It is impossible to make a detailed study of the reaction ¢ ine
body to administration of antigens without a histologlcal investie
gation of the cellular changes in the antibody-producing organs ang
the tlssues at the vacclnatlon site.

In numerous works on the morphology of immunogenesis (Yz.L.
Rapoport, 1957; G.A. Gurvich, 1960; etal.) the qualitative and quan-
titative changes observed in the cellular composition of various cr-
gans (the spleen and lymph nodes) were compared with data ottained
Ly measuring the antibody‘concentratiCns in these tissues serological-
1y, with data obtained in studles of the microchemical characteristics
of tissue components, and with the results of the direct display of

antivodies in cells by means of adsorption of tagged antigens {ihe

tagging being done with a radiocactive tracer or fluorescent stains)
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(Ruth et al., 1957; Coons et al., 1955, and others). It was established,%

that endema develdped at the site of microbial-antigen administration;
with subsequent leucocytic Infiltration and a slight proliferation of
- 5 -




local tissue elements. Sipgns of lymphadenitis (an increasc in the :

number of pseudoecoslnophills, lymphoblasts, and basophllic 1ymphocyte$)

rd Ry«

arc observed iIn the reglonal 1ymph nodes
The majority of authors characterize the responce of the or-

ganism to antigenic stimulation as a pluricellular reaction In which

A B R R Ll
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various types of cells (macrophages,‘plasma cells, rcticnlar elements,
and lymphocytes) participaté (M.P.’Pokrovskaya and L.S3. Kaganova;
1947; M.P. Pokrovskaya and M.S. Makarov, 1942; MacNell, 1950; Wiszler;
etal., 1957; Makinodan, Ruth, and Wolf, ‘1954).

The development of a characteristic cellular reaction in thes

“spleen and lymph nodes precedes the appearance of antibodles in these
organs and in the peripheral blood. Witch and his colleagues (1956)
observed that exposure to lonizing radlation (which is known to de-

press antibody production) on the MEQ day after immunization does not

bl
¢
&
£
:
‘3

affect the typlcal development of the cellular reactlion and antilbody
formation. Cells which are already in a state of active antibodyfpro— ,vé
aductlon are apparently more stable to unfavorable influences than E

resting elements.

RS P R A

It was thus established that immunizatlon with various antigens
causes a prolonged speclfic activation of certain cellular elements

of the lymph nodes, spleen, bone marrow, and connective tissue {pri-

E T R AT 1

marily at the site of administration). Types of cells were detected
whose appearance was extfemely closely related to the formation of
immunity (plasma cells and lymphoid elements).

However, thils narrow study of the morphology of immunogenesis
at the site of antibody formation alone somewhat reduéed the amount
of attention pald to morphological investigation of the changes in
important systems which participate in immunization, e.g., of the g
state of the hematogenlc system. The matter consists not only in ;

-6 -




studyling the accumulation of plasma and lymphold cells in thnvsySQ_
tem, but also 1In cvaluating its functional capacity for préﬁucing '
blood cells. The prolonged proliferation of the cells which actively
produce antibodles cannot help butl affeect the continuocus processes
Involved In the multiplication of cells assoclaled with the repro-
duction of the cellular elements of the hlood.

Another problem, on which little light has been shed in the
literature, is that of the charactéristics of the cellular reactlon
to various types of antlgens. The state of hematogenesis iIn inécu%”
lated organisms, the.proliferation 6f‘certain cells, and the quail-
tatively unique reactionskto Indlvidual types of antigens are of _'
great importance in analyzing the mechanism by which-vacéinatibn écts
on radioresistance. RS

TABLE 1

- Dynamics of Changes in the Cellular Composition of the Peripheral

Blood, Spleen, and Bone Marrow ia Rats

Days "~ After administration of bone- After inoculation with
marrow cells ‘ . a vaccine prepared from
Baclllus Breslaviensis

3rd Slight increase in reticulo- Increase in number of
endothelial cells in the spleen reticuloendothelial ceils
alone (from 5 to 8%). Depres- in the bone marrow (to
sion of myelopoiesis, decrease 10%) =n* spleen (to 7%).
In total quantity of myeloid Inhibt " "2 of myelopolesis
elements in the bone marrow to in th: ..one marrow and
35% from a normal level of 55% decre: :e in total number
and marked reduction in con- of myeloid elements (to
tent of regenerative myeloid Lb4% from 55%). Reduction
forms. Sharp (from 0.5 to 1.8%) in number of leucocytes
increase in number of cells : in the peripheral blood.

with chromatinolyzed nuclei.
Dcercase in total number of
leucocytes in the peripheral
blood.
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L | 'ffvated quantity of reticuloendo-j
"thelial cells in the splecn and-
“sharp. increase (from 5 ‘to 13%)

Maintenance of somewhat ele-
o tent of retlculoendothe-
: lial elements In the

(to 12%). Decrease in the

in the number of these cells in

the bone marrow. Slight increase
“in- number of regenerative mye-w
loid forms-.and’ considerable

r;fchromatinolysis (l 6%)

Further decrease in total

- number- of leucocytes ‘and@’ sharp
.viincrease in number of monocytesu
. in the peripheral blood.f S

Further‘increase in con-
spleen

numher of these clements

in the bone marrow (to 4%).
“Inhibition of myelopol=-

esis (total number of mye-
loid elements was 41%).

?tNormalization of leucocyte

~count 1in- the peripheral

;blood._

~12th

_“tion of my.
~in number of cells ‘with’ chro-]fi

Increased content of reti-.

n-culoendothelial cells in the
| spleen and especially 1in the

bone marrow (to 14%), increaseﬁfﬂ
" in number- of monocytes and*re-
ticuloendothelial cells ihfthen'u
, peripheral blood.i, RN
Tendency toward normaliza-{ﬁf;;
Decrease;

,3poiesis.

matinolyzed nuclei. Reversion
to normal of total number of

leucocytes in the peripheral

blood. ‘ :

Maintenance of retlcu-

‘YlOendothelial elements at
- a'high level in the spleer
25(14 5%) and bone marrow
*7jf(10%) ‘Considerable de=
‘“}crease (36%) in the total
~*fnumber of myeloid elements
in the- bone marrow, at
vthe expense of mature .

fforms.‘Considerable reduc-

'étion in percentage content

' for iymphocytes in the
‘spleen (to 68% from a nor-
“mal level of 84-88%).
' siderable increase in num-

Cone

ber of monocytes in the-

peripheral blood and siight

iincrease in the total num-

'ﬁber of 1eucocytes.

g,

12th

Maintenance of number of .
'reticuloendothelial elements
at an elevated level in the‘
spleen and a very high level
(15%)'invthe-bone(marrow;"Con-

- ‘- 8 -

'Considerable increase
(by a factor of more than

3'in“comparison with the
_normal level, 16.5%) in

the number of reticulo-
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tinucd rcduced content of mye-
lold elements in the bone mar-
row (38.4%). Continucd cleva-~
tion of the tolal number of
loucbcytes,,monocytes, and rc-
tlculoendothellal cells in the
perlpherai blood.

cndothellal cells In the
cpleen and malntenance of
a somewhat elpvatedvleveli
In the bone marrow (9%).
Contlnucd reduced total

“number of myelolid clements

(38%). Decrcase in number.
of monocytes and normallo
zation of {tolal numter of
leucocytles in the peripher-

al blood.

30th

Myelopolesis not completely
restored. Second increase in
number of cells with chroma-
tinolyzed nuclei (1.3%). Num-
ber of reticuloendothelial
elements in the spleen within
normal limits, but somewhat
increased (10%)_from.the;nore .

‘mal level of 5.2% in the bone

marrow. Total quantity of leu-
cocytes and monocyteé in the
peripheral blood somewhat ele-
vated. |

Below-ncrmal number of
reticuloendothelial celin
in the bone marrow, but
maintenance of a consilder-
ably increased content of
these cells In the spleen
(14%). Myelopoiesis re-
mained at a reduced level
(45.0%). Normalization of

number of monocytes in the

peripheral blood.

45th

Number of reticuloendothe-
1ial cells in bone marrow and
spleen reverted to normal.
Myelopolesis remained at a re-
duced level (41.5%). Total num-
ber of leucocytes and percen-
tage of monocytes in the peri-
pheral blood were somewhat ele-
vated. )

Quantity of reticuloerido-
thelial cells in the spleen
reverted to normal. Theé
uontent of these cells iz
the bone marrcw remalrcd
somewhat elevated (9 %).

A slight inhibition of
myelopoiesis (49.2%) per-
sisted; the composition of
the peripheral blood was
normalized. ‘

4n order to study the functional properties of the hematogenic

-9 -

organs on immunization and the: reactlons to different types of antigens
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N N‘"Kiemparskaya, M.F.. Sbitncva o, v. Kalyaycva, and T.A. Fedorova

\cal and biochemical research methods.

: dv They compared the reactions to a microbial an1LLen and Lo homo=-
;illogous cellular antigens.;al_ 'M‘ | | o

: The experiments were conducted on 100 male rats wcighlnv 160-
‘3225 g 35 of these animals were immunized by intramuscular injectiOn'
jof X billion microbial bodies in the form of heated vaccine prepared
ﬂfrom Bacillus breslaviensis. Another group of animals (52 ratg) wacg
ﬁgiven a single intravenous inJection of a suspension of bone marrov
?cells from the femora and tibiae of healthy rats from the same batch

'*:fin Tyrode's solution (1 00108 - 1. 7o108

nucleate elements) In or-

_U“the peripheral blood rats were killed with ether at intervals of A
s, 7, 12, 21, 30, and 45 days after administration of the antigens.

”f of the peripheral blood, spleen, and bone marrow.

It was found that both types of antigen treatment caused the
typlcal response to immunizational_stimulation, a,proliferation of
reticular elements_in the'bone’marrow_and spleen accompaniled by an
increase in the number of monocytes‘in‘the:peripheral blood. However,
the'intensity‘of this proliferation‘in indiVidual organs differed
after administration of the microbial and tissue antigens.

Treatment with the microbial antigen caused an extremely marked

nlc tissue, while administration of the homologous bone-marrow cel’ =

caused a similar reaction. on the'part‘oflanother_organ, the bone~

ably elevated only during the first few days).
| -10 -

onducted a series of expcriments involving immunological hematologi~

“*"fder to study the reactions of the hematogenic organs and the state of

fﬁTable l and Figs. 1l and 2 show the changes in. the. cellular compesition

reactlion. on the part of the reticuloendothelial elements of the sple~

marrow tissue (the splenic contentiof_reticular cells belng consider-
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During the perlod of maximal clevation bf the number of reticulc=

: endotheliai‘olcments in the spleen thc rats inoculated with the micrc-

bial vaceine cxhibited a considerable (by 20%) decrease in the lymphos-

cyte count df Lhe splenic tissue. A similar phenbmenon ﬁas beenvdeﬁé
cribed in the literature. It 1is very.impoftant Lo note that both typez
of antigen caused a marked and prolonged 1nh1b1tion of myelopoiésis.
Special attention should be paid to,this'faCt in cdnducting cpeclal
investigations on immunization with various types of bacterial aﬁti-z
gens in order to wbrk out mOre'précisely,the_ihdidations and contra-
indications for vaceilnation. This_is 1mp6rtant for developing a ra-
tlional system of periatric vacciﬁafion prophylaxis. | ' |

“» .,
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Fig. 1l. Change in the percentage content of reticuloendothelial ele-
ments in impressions made from the bone marrow and spleen and in the
peripheral blood (average data). a) After a single inJection of bone
marrow; b) after immunization with vaccine prepared from Bacillus
breslaviensis; 1) Percentage content of reticuloendothelial cells in
the bone marrow; 2) the same, in the spleen; 3) percentage content of
monocytes in the peripheral blood; 4) percentage content of reticulo-
endothelial cells in the peripheral blood (from the data of M.F. ’
Sbitneva and T.V. Kalyayeva). A) Start; B) days after administration
of bone marrow; C) days after immunization. -

The depression of myelopoiesis wag more marked after injectlion
of the homologous cells than after vaccination with the microbial
antigen. Theré was a disturbance of both the formation and maturaiior

- 1)l -
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percentage ‘dontent of
nyeloid elements:and - -
‘the: number of cells
- =with chromatinolyzed :
© . nuclei in. Impressions
2 of ‘rat bone marrow af-
. tep administration of
.- " bone.marrow and immu-
. .nization (average. data).
#. 1) Percentage constitu-
... ted by total number of
<. myelold elements after .
.- administration of bone
o 'marrow; 2) the same;,’ "
_ after immunization;. 3)"
.. percentageé of cells -
- fwith: chromatinolyzed
7 nuclel after administra-
" .tion ‘of bone marrow .
. (from the .data of M.F.
" Sbitneva and T.V. Kal-
. yayeva). A) Start; B)
Z days.

Flg. 2.xChange in the'  _.a

“%,of;myeloidjcellularlelements, primarily
:‘ﬂ@utheglattervbeingtdisruptcd;under.the acs
,,tion of;therparatyphoid vaccine. Another
'-;peculiarity,noted}afteritreatment»with the
v.f*],homologouS“cellular‘antigens was a sharp
.fincrease ‘in. the number of cells wlth

r;chromatinolyzed nuclel (on the 3rd, 7th,

and 30th days after administration of the

',antigens)

From the data cited it follows thac

wfthe rapidly-developing proliferation of
‘ureticuloendothelial elements has a sub=- _
,-stantial inhibiting influence on the furc-
'-tioning of hematogenic tissue over a lorg

f?beriod At the same time, myelopoiesis is

at a reduced level this probably playlag

‘a definite role in the development of radio-

1f»resistance, since it is known that myeloid
ﬁtissue is highly radioresistant and that

» ‘depressing its functioning before irraoia—

"tion may contribute to its sustaining somewhat less damage.

“The proliferation of plasma cells and other elements of the
reticuloendothelial system may be important in retaining the capacity
of irradiated animals for immunogenesis with respect to heteroveneoas
antigens (M.I. Ravich-Shcherbo and L.G. Prokopenko, 1960). In addi-
tion, it is impossible to exclude the nonspecific intensification of
the phagocytic reaction observed after vaccination. Activation of
this function should also be of positive value during radiation sick=-

ness, although it lasts only a. short time, disappearing within 2<3
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weeks. It 1is consequently lmpossible to eaplain the increase in
radloresistance observed over a period of 1-2 months arter.vaccinaf

tion as belng due Lo this factor alone.

In analyzing»the possible mechanisms for the rise in radloresis-

tance which occurs in vaccilnated organisms we cannot overlook:the
considerable change Which takes place in the general condition'of ‘
the organism and the activities of a number of 1lts yitally-importaAt
physiological systems. o - : ).
Immunologists and epidemiologists working in the field of puba
lic health knew during the first few years ‘when prophylactic vacciue»

(against smallpox, typhoid, cholera,;etc.) were being given that 4

;vaccination causes certain painful symptoms; however, these dilsap-

pear within several days. A reactlion to vaccination was consldered
inevitable during the 19th century (Pfeiffer, 1897) and certain au-
thors even asserted that active immunity developed better as this
reaction became more intense (Friedberger, 1920). However, subsequent
epldemlological practice and the scientific ihvestigations which were
conducted showed that an intense’post—vaccination reaction is not at
all necessary to the development of immunity (N.F. Gamaleya, 1939)
and may even be detrimental (F.N. Berngof, 1928} Meyer, 1943).

Thus, for example, V.A. Snopkova'(1959) established that actlve
immunity to infectlion with live paratyphoid bacteria developed iﬁv
rabbits only if they exhibited no marked reaction (hypothermia, loss’
of weight) to vaccination. Small doses of vaccine (50-800 million
microbial bodies) ylelded better results than immunization with 500~
1500 million microbial bodies, which led to an intense post-vaccina-
tion reaction. '

The entire history of the development of vaccine production is

a story of the struggle for high effectiveness and low "reactivity."
-~ 13 =
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- There gradually accumulatcd a number of 'data on serlous complication:

and cven death occurring after vaccination in-certain cases (N.S.

*=755Kheyfets, 19,6 Robinson, 1937, Bannwarth, 1948; Love and Driscoll,

7'1943, Peacher and- Robertson, 1945, Lindsag, 1905). This forced the
“.development of a 1llst of contraindications for vaccination (which
tsjpasted onto the ampules containing the vaccines, together with the

‘ 1nstructionS'for.vaccination)rand an attempt was made to reduce the

o post-vaccination reaction by means’ of ‘drugs (N V Sergeyev, 1952).

fﬁA medical examination before 1mmunization and ‘a check on the tempera-
 'tures of vaccinated persons arevobligatory. In order to prevent the

' distribution7of vaccinestwhich mightrcauSe'an intensifieo reaction
each batch Is checked on a limited group of healthy persons after
laboratory testing and, if. reactions occur in no more than 5-7% of
the vaccinated 1ndiv1duals,,1s released for distribution.

All of thils indicates the marked:general influence of vacclna-
tion on the state of‘human health;}the change in radlioresistance 1s
apparently assoclated nith this.. How does thls general effect of
vaccination manifest itself?.

It 1s first necessary to polnt out that this reaction of the body
1s nonspecific and displays the same general tralts and symptoms when
vaccines prepared from different microbes are administered.

The post-vaccination reaction manifests itself clinically* in
complaints of chills, headaches, weakness, and nausea 2-3 hours after
vaccination. A rise in body temperature, intestinal disturbances,
and vomiting may be observed.aftef 3-6 hours. The tissues at the site
of the injection become edemic, hyperemic, and painful and the re-
gional lymph nodes are‘occasionally enlarged (S.I. Zlatog.urov, 1915,
1928; L. Falin, 1930; I. Itskovich, 1937; . G.I. Besedin, 1940; G.I.
Grennaus and T.K. Guseva, 194Q; L.A. Shvartsman and A.R. Kroytmar,

- 14 -
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1942). The large number of investigatlons directed at reducing and "
completely climinating thesc undesirable symptoms made 1t possible
to establish the importance of a number of faétors in the development
of the post-vaccination reaction (a detailled analysis of these fac-
tors is given in the dissertation of N.N. Klemparskaya, 1948]).

It was found that the toxicity of the bacterial strains from
which the vaccines are prepared and the preparation method (for heat-
killed, formalin-killed, AD, and delayed-action vaccines etc.) are
significant. No less important is the method of administration (aoral
immunization is the least reactive), the season of the year, and th@(
condition of the macroorganism (age, character of diet, existence of
avitaminosls, state of nerves, endocrine, and cardiovascular systems,
conditions encountered at work and during llesure time, previous ill-
nesses, etc.). The presence of specific immunity is of special im-
portance in the development of unpleasant post-vaccination symptoins.
The first vaccination is usually the most reactogenic, although it
usually involves a lower dose than subsequent vaccinations (I.M.
Malyy, N.N. Chalyy, and T.A. Margolin, 1942). Howéver, cases have
been described of an unusual sensitization to subsequent administra-
tion of a glven antigen, in the form of an intensification of the
post-vaccination reaction (V.A. Yaroslavskiy and A.V. Fedorova, 1945,
L.I. Aleksandrina, 1944).

In the production of vaccines certain tests have been developed
for evaluating their toxicity. This evaluation is based on the mor=~
tality among animals undergoing experimental immunization with a gi-
ven batch of vacclne, the temperature reaction and variation (de-
crease) in weilght which occur, and the changes in the general condil-
tion of the animals. In addition, methods which make it possible to
evalﬁate the intensity of the :local tissue reaction to administration

- 15 =




of toxic vaccine products werc tested. These 1lnclude, for example,
the 1ntracutaneous 1lnjecction of vaccines into rabbits., The size of

the Inflammatory infllirations which develop and the presnnéo of
hemorrhages and necroses are used to Jjudge the toxlcity of the vac-
cine. v

N.N. Klemparskaya (1948) established the followlng phases in
the development of the local reaction by studying the cellular com-
position of preparations from the inflammatory focus produced at the
site of intracutaneous inJectlon of vaccines produced from gram-nege
tive bacteria (typhoid, dysenteric, paratyphoid).

1. A stage of edema accompanied by the formation of a hemorr-
hagic exudate (30 minutes to 1-3 hours). The number of erythrocytes
in the specimens increased continuously (to 100 in the microscopic
field of view); petechia appeared, usually being of large size when
toxlc vaccines were administered. When the tissue was compressed the
number of petechla increased, this indicating brittleness of the ves~
sels,

2. A stage of local tissue leucocytosis (from 3 to 6 hours) with
a prevalence of neutrophils. Leucocytosls appeared earlier in bleaod
taken from the injJection site than in other regions of the body. Leu-
copenla was observed in the peripheral blood during this period, being
replaced by leucocytosis after 5-6 hours.

3. A stage of involution of the local symptoms (from 24 to 72
hours). At this time the edema disappeared, the petechia resorbed,the
local leucpcytosis disappeared, and there was aimost no proliferatisn
of tissue elements at the injection site.

The local symptoms which develop in response to injection of the
killed vaccines generally used for human immunization disappear within
2-3 days. The tilasue reaction .to injection of live microbes is natural-
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~delayed-action vaccines (mixtures of antigens with slowly-resorbed

ly morc severe and more pbolonged than that o Injcction of killed
vaccines. According to our observations (1956, 1961; the data from
these investilpations is given in Chaptler 2), intracutaneous injection
of 200-500 million-one billion cells from a live culpure of Racter-
ium coll causes the development of an inflammatory focus, which under-
goes involutlion over a period of 7-10 days. In this case culturing
the blood of healthy animals does nol show the development. of a pro-
longed bacteriemia, while the bacteria introduced into the cutaneous
tissue dle rather than multiply. However, dissemination of bacteria
from the focus of inflammation apparently oceurs all the same, since
N.N. Klemparskaya performed experiments involving intramuscular and
subcutaneous injection of 100 million cells from a live culture of
Bacterium coll on 48 mice and detected these bacteria in the liver,

spleen, and kidneys during the first 3-5 days. The considerable

quantity of Bacterium coll found in the urine of these animals when

their bladders were opened indicates that the kidneys play an impﬂin

e SRR e i o ehind T AT TN B S At T €A AR e Ve R YT e, M bt B0 T R ke

tant role 1n purifylng the 1nternai environmentvof the organlsm f

these bacteria.

R

What significance does the local inflammatory reaction have in

the development of subsequent radloresistance? In our opinion it is

T Lok

of very great lmportance.
It 1s known that the development of a local inflammatory fozus

can activate the process of immunogenesis. The action of the so-called

substances) is based on this principle. Besides oils and mineral anti- £ ;

gen adsorbants (calcium and aluminum phosphates and_alum), whose zac-

tion on tissue has been studied in detail in a nﬁmber of works (Hglt,

1950; Yu.B. Volgin,»l955; etal.), the stimulator developed by Friend

(1954-1955)'has now come 1nto-wide use; this preparation includes
-1l7 =
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mycobacterial cell components in addition to olls and an cmulsif}er.
As histologlcal investigations hévc shown (Weiglé, Dixon, gnd Delch=
miller, 1960; Mckinney and Davenport, 1961; Laufer, Tal Chloec, and
Bohar; 1959), Friend's stimulator causes a prolonged inflammation
not only in the tissue at the 1njection glte,-but also in the 1iver,
‘spleen, and lungs. It ensures a contlnuous flow of antigen inpo th=s |
organlsm, the concentration of antigen in the tissues rather'fhan 108
total quantity being important. The presence of an inflammatofy fQ;v
cus has a conslderable influénce!on‘reflex activity, metabolism, ali-~
mentary excitability (P.N. Aleksandrov, 1956); the functiloning of the
reticuloendothelial system, and phagocytosls, causing nonspeclfic
activation of the latter two (P.A. Vershilova and M.I. Chernjﬁheva;
1960; A.I. Chuchukalo, 1957). It may be assumed that an organism -
having such an 1nf1ammétory focus will react differently to expoSurg
to lonizing radiation. |

. In our first experiments on'ﬁhe inf1uence of vaccinatlon on
radioreslstance we nbted_that 1t was primarlly those animals in which
local inflammation developed in response to vaccination-whichvsar-»
vived. In order to 1nténsify thls reaction, in'our later experiments
we turned from injecttng kiiled vaccines to immunization with a 1live
microbial culture.

The research which has been done on tlssue changes at vaccina=
tion sites and the datavin.tne literature indicate that some cellu-
lar elements die in the 1nflammatory»focus, this resulting in a change
in the vital activity of the tissue and the formation of bilologicaliy
active substances, the so-called endogenous agents (Kh.Kh. Planel 'yes,
1955). In our opinion, the action'of these agents may be of great 1lm-
portance in increasing (or deéreasing, under certain conditions) the
radioresistance of the organism. Thus, for example, tissue decomposl«
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tion products dehatured by the action of microblal toxins absorbed
from the local focus of inflammation participate in the unusual pro-
cess of autolmmunization, whose role in the development of radiorzsis-
tance has not as‘yet been studled at all'and 1s apparently very large.
In addition, as T.A. Fedorova's observations have showed, during the
period when antlbodles are appearing-(12§15 days after the first
vaccination) depqumerization of deoiyribonucleic compounds 1is con-
siderably intensified. This leads to an increase in the amount of
their decomposition products (deoxycytidin) in the urine -and indi-
cates that the iiggration of ahtibodies from the cells 1is accompanieé

to some extent by symptoms of cellular decomposition (Fig. 3).

. "..- ."" 7] 5 % 2|1
A (ymey

Flg. 3. Dynamics of changes in the quantity of deoxyeytidin in the
urine of rats inoculated with a vaccine prepared from Baclllus bres- B
laviensis Ssolid line) and after injection of live bone marrow cells :
(dash line) (from data obtained by T.A. Fedorova). A) Days.

S g 150 Tt
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As a result of this autoimmunization by decomposition products
the body begins to develop autoantibodies to the natural tissue pro=-
ducts released during the compliment;bonding reaction. The investi
gations of P.N. Kiselev and his colleagues (1953) showed that after

vacclnation inoculation with staphylococcus or paratyphoid bacteria

s e et el S T

and autohemotherapy causes antibodies to denatured (with alcohol or
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lt&rneatlnéjisreteln frem:the same ofganism 0 appear in the‘blocit

| In 1960 Hackett and Becch published a work in which tney re-
'ported that;seVen girls subjected to prophylactic immunization a-
'gainst'poliomyelitis, tetanus, and typhoid-paratyphold produced auto-
antibodles to their hepatic and renal tlssues and tlhe thyroglobulin
‘pf their lungs. The produétionsef these antibodles reached a maxi-
mum during the«2§§A4§EQWeek and dropped Lo zero during the 5th week.
Fresh‘tissue from-aghuman;Cadavér rather than denatured tlssue was

: used as the antigen.:

‘In our 1nvestigations (NJNs Klemparskaya and N.V. Rayeva, 1963}

on- the formation of antibodies to tlssue proteins in vacclnatec dcgs"
we also employed no additional denaturation of the tissue antigens.l
Physiological-solution extracts (30 minutes at room ‘temperature) from
: healthy,animal tissue were used as' the antigens. In our experiments
we ‘and P.N. Kiselev compared theﬂfermatibn ofeantibodies to natural
tissue decompesltion‘produCts'after inoculatlenéwith microbial vac-

- cines with data on the serelogical;reactlonsyts‘these-same antigens
1n_irrad1ated animals. Irradiation7eauses cellular destructlon in
many»organs and, 1ncreaSing‘the_permeability of the blood vessels,
facllitates absbrption of tissue substanCes into the blood strear,

'I.I. Mishchenko and M.M. Fomenko in 1‘934‘and P.N. Kiselev and

e Fr e
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his colleagues in 1955-56 proved that whole-body and local irradiation,ﬁ

leads to the appearance 1n the blood of antibodies to denatured homo-
logous proteln and autoprotein. With the aid of the reaction by which
complement 1s bonded to tissue antigens 1t was found possible to
clarify the general characteristics of the action of vaceinatior zné
lrradiation on the body.. | |

In addition to establishing‘this similarity, we attempted in ocur

investigations to reveal differences, which are of defilnite practical
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‘gens we (N.N. Klemparskaya and N.V. Rayeva) used the complement~bor.-

'pared from it with physiological solution and dlliuted to 1:100 served

importance. ‘

The data which we have obtalned In recent years have enabledrasv
to recognize the important role of autosensitization in the develop- 3
ment of radlation sickness. It is possible that the favorable effe t“

which vaccination with. bacterial antligens before irradiation has or.”

% I N Y ARSI Y AN

the course of radiation sickness results from the autoimmunizing inr
fluence of vaccination wlth respect to tissue products. -
‘In order to study the similarities and differences among dhe

reactions of sera from vaccinated and irradiated dogs with tlssue aniiu

ding reaction and our'modificationwoflﬁan*ie's method (1955). After’ :
a number of preliminary experiments on denatured and fresh exuracts ‘%
of homologous organs and blood serum we selected fresh tissue from Y
the mucous membrane of the small intestine of a healthy dog as the ;
antlgen for the complement-bonding reaction. This antigen had a ninﬁ-_é

mal anticomplement activity and yielded the greatest number cf posi~ B

tive results. The tissue: was stored in:a frozen state; an extra ,t preai B

as the antigen. The complement-bonding reaction was carried out withﬂ,*

dog sera taken before the beg ning of the eXperiment 15-20 days

g it

after vaccination, and 3, 10, and 15-20 days after irradiation.
The following modification of Uan'ye's method, which he used
for establishing the presence of drug allergles, was employed te zhgw =

autosensitization. Distilled-water lysates of washed erythrocytes*

MR o

in dilutions of 1:30 to 1:15,360 was used as the antigen. At intervals |
of 2 minutes 0.1 ml portions of the erythrocyte lysate, beginning ’ %
with the greatest dilution (1~15 360), were added to a plasma specimené
(1.7 ml). After each addition the optical density of the mixturs was i
measured with the ald of a Soviet-made FEKN-57 photoelectronephelc~
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- Fig. U4, Curves showing- the

change in the optical density

~'s(D) of-plasma -from dog No. -
. 951 ‘after addition of erythro-
--cyte—-autolysate (the animal

died on the 16th day after ir-
radiation). 1) Before irradia-

;‘fqtion, 2)-3 days after lrradla-

“tion; 3) 10 days after irradia- .
" -tion (positive reaction); A)
- *Dilution of erythrocyte autoly-

.. sate.

- ~terilum coli, strain M

meter. The addition of the clear
antigen solution to the plasma
causes a progressive decrecase 1in
the optilcal denslty of the mixture.
In the poslitive rcactlon, which

occurs only al the oplimal allergen

~dilution, the optlcal density re-

:; mains at its prior level (plateau)

or even somewhat 1lncreases rather

‘than decreasing (Fig. 4). Positive

reactions were obtained from 3 days

after 1rrad1ation onward, The se-

'rum]Was_investigated by this mehe?
~ at the same intervals used for The

~ complement-bonding reaction. Serum

from 43 dogs’ was studied, both me-

thods being employed simultanesusly

for 21 of the subjects.

20 dogs were vaccinated by means of two intracutaneous injectio

of a suspension of living cells from a day-old agar culture of Bac-

17’

in physiological solution (dogs welghing

6-14 kg received 500 million cells and dogs weighing more than 14 kg

1 billion cells). The local inflammatory focus underwent involution

after 7-10 days. The interval between vaccinatlons was 14 days, while

18 days elapsed between the last vaccination and the irradiation. ‘ine

latter was carried out on the speclal EGO-~2 apparatus and involved a

lethal dose of v-rays from 0060

. For dogs, thils y-ray dose from the

source indicated has a blologlcal effect cquivalent to that of a dese

of 600 r of x-rays. All of the control dogs (irradiated only) died
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between the 15th and 20th days. ‘ ‘

A conslderable decrease in the severity of radiation slckness
was observed among the vacclnated animals‘and a number of them zur-
vived. An analysis of thesc clinical peculiarities is given‘in Gh&g-
ter 2. Of the 20 vaccinated dogs, 8 received antibiotics after 1rré-
diation. Since the basic observations were made before irradiaticn
and, Judging from their serological reactions, the sera of these
dogs did hot differ from those of the remaining 12 animals, we 1&mped
them into one group in analyzing the results,

The data obtained with the aid of the complément~bonding resc -
tion are shown 1n Table 2, from thch it may be seen that the number
and intensity of the positive reactions with the tissue antigen in=
creased considerably (by a factor of approximately 3 according to the
summed data) after vaccination énd remained at this level after ir-
radiation (increasing slightly). Whole body irradiation did nct cause
any increase in the number of positivevreactions.

TABLE 2

Influence of Vaccination and Irradiation on
the Results of the Complement-bonding Reac-
‘tion (summed data 1s given for the reactions
on the 3gg, 10th, 15th, and 20th days after
irradiation)

s . ow das

] ]llo.lm:ut.-.n.uﬁ peanittn e plwe et Obulee wHotw
!
;

' - T T e Fi00aate
' ‘- : : : i Hr U 17} KUH
Tpynna coGax § iz.c — .- - ':" "
RN -8 8 . [romwed
LY R IR
T v | ’
H1. Henpupntue o ‘ | b
Heolayuckue (31:451 5 11 3, 66 (O 0 | B 175
I2 Toabko npn- b : ,
Buthet L . 20 2.2 9 3136 - 5. N7 10 454

J3. Toamko ofay- i ! ) :
YeHunte © . . i 11°33 2 6 |3 9 ' 0;
K4 Mpusitwe o P ' :
obayuctiue 120 G4 4

|

P ;
| U 5 151
!
T KU T

G614 219 T,

*These same dogs were included in group No.
4 for the investigation conducted after irra-
‘diation.
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Bacterium coli-Mi7.used.fdr vaédination.%lt’was found that, poszibly

A) Group of dogs; B; number of dogs; C) num-
ber of reactions; D) positive reactions to
following dilutions; E) number; F) total num-
ber of positive reactions; G) number; H) un-
vaccinated and unirradiated; I) vaccinated on-
1ly; J) irradiated only; K) vaccinated and 1rra-
dliated.

The difference between our data and those of P.N. Kiselev aaf
I.I. Mishchenko may be explained by the differcnt character of “he

antigen which we used, fresh~frozenjh0mologous tigsue rather than

“denatured autoserum.-It is’poss1ble'tﬁat our antigen showed changes

.‘.in the bldbd'serum which resultéd‘fromvthe actlve reaction in 4h-=

surviving. animals and werelnot présent-1n'the ahimals which undé-

'wént ipradiation alone. When we used this method to examine the g of

of dogs which survived single, tWofbld, and even threefold irradie -

. tion without treatment we found that three of the 7 animals exhibi:

positive reactions. on repeated examination over -a perlod of 5=8 mot
At the same-timejthét‘the'complement-fixation reaction was pe-

formed we determined the amount of agglutinins to the llve cultura

[h

as a result of the rapidly-developing‘local'1nf1ammatory process, vl

immunization methcd did not produée-any-substantial Increase in “le
titre of agglutinins QVef‘the level of norﬁal antibodies to this ri-
crobe (1/40-1/160). There was only a temporary increase in the =iltre
of agglutinins in 1 or 2 cultures, but this disappeared at the in-
stant of 1rradiation. In addition, 1t must be noted that the majority
of autostralns of Bacterium coli (multiplication of which leads to
an indogenous infection in irradiated dogs) have no antigens in com-
mon with strain M7 [sic], which ﬁas used in the vgccination. Thet -
effectiveness consequently cannot be explained as resulting fru:
development of 1mmun1ty7to.Bacterihm;colif

Table 3 gilves the results of an 1nvestigation of the serological
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characteristics of the blood of the vaccinated and irradiated dogs
by a modification or n'x 's method.'

It may be seen thut negatlve serological reactions predominated
'(90.6%) in the healthy dogs.‘The number of such reactions was con-
siderably-reducedl(Q 3%) afterwirradiation, i.e., the blood plasma :
acqulred a new property, the ability to preclpitate soluble &ubsvar¢e°i
produced from its own erythrocytes. A single vaccination caused a |
similar change, althoughstheldecrease was not as great in extent (to'
7.7%). It 1s mostainterestihg that there was no furiher decrease Ln
the number of negativerreactions‘in these vaccinated dogs after 1rre- g
- diatlion, Just as many‘occurring'as previously.

Using both methods in Qonjunctionl with the aforementlonc ! data
from the literature 1t was thus established that intracutaneous im=-
munization with a live cultﬁre of Bacterium coll leads to a changefin‘
the body's reactivity both to the microbe in question and to tis ssue
antigens. This change appears as an ability of ‘the blood serum to
react with antigen from the;intestinal mucosa (the complement-fizae
tion reaction) or with lysates ef the erythrocytes themselves (by
Uan'ye's method). The similarity between the reaction caused by vac-
cination and that produced by 1rradiation is demonstrated especially
graphically by Uan'ye's method, since both factors cause positive
reactions and one, as 1t were, "lmmunizes" against the other. £ gif-
ference was discovered when the-complement-fixation reaction was per-
formed with a tlssue antigen; vaccination with a live culture of Bac- -
terium coli} accompanied: by the formation of a local Iinflammatcry f;mi
cus, caused positilve reactiens,.which somewhat 1lncreased 1n number on.
der the influence of irradiatien. A single irradiation fatal to the )
animals 1n the contre;;grqﬁﬁkﬁid net have thls effect on the vaccinaw ﬂ}
ted subjects, but the'serviv6r5'51so exhibited positive reacticns on
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repeated irradiation.

Organisms inoculated with bacterlal vaccines consequently deve-,;
lop antibodies to tissue products as well as to the microbes in ques;h
tion. It may be assumed that when such animals or persons are irra-
dlated these antibodies fix the tissue-decomposition products which
develop and thus keep them from acting on the organism; in our opinau
ion, this latter is of great importance in the pathogenesis of radia-
tlon sickness.

The results of R.V. Petrov's experiments (1961) are a direct
proof of the important role of tissue antigens and antitissue anti-
bodies in the development of radiation affections; Petrov found that
the survival rate among irradiated rats may lncrease after they are
given antiserum to their intestinal tissue. The serum was adminste»s:
in a dose of 0.1-0.5 ml 18 hours before irradiation and 6 hours after-
ward. Its effectiveness depended on the titre of the antibody to the
1ntestihal tissue. Of the rats which received the serum 52% survivéd:
90% of the animals in the control group died. However, administraticn
of large doses of serum aggravated the course of the radiation sieck-
ness.

All of the data cilted above consequently enable us to conclude
that autoimmunization lncreases the%radioresistance of a vaccinated
organism. One might suppose that the more intense the autolmmunizing
influence, the higher will the radioresistance which develops be.
However, thils was not found to be so. There is apparently a definite
optimum influence and exceeding i1t (hyperimmunization with tissue pro-~
dﬁcts) may even lead to the converse phenomenon, an increase in sen-
sitivity to the action of radiétion. In analyzing these very compiex
processes it is impossible to overlook the fact that in this case the
antibodies are directed not at microbes, but at tissue substances and
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formation of a large quantity of them may causce an undecirablce cyto-
toxie influcnee on the tissucs, which onhancos the action of radla- :
tton, | o |

In the experiments of N.N. Klemparskaya and N.V. Rayeva (1960)

an attempt was made to intensify the formatlon of the local inflam-

':".matory focus by increasing the number of cutaneous injectlion citec

- for a live culture of Bacterium COli 1n'rabbits and dogc (Lhese data
are given in detall in Chapter 2). In addition to increasing t.he
radiorésistance observed when a'given dosage was Injected at one point
"on the skin, there was a cléér increase:Ln'sehsiﬁivity to radlaticn,

thls taking the form of a curtallment of survival time and an in-

~ crease in the severity of radlation sickness. Ainsworth and Chase

(1959) note tﬁat multiple vaccinations are less effective than singls
" vaccinations with respect to the survival rate among irradiated mice.
~P.N. Kiselev_and his colleagues (1956, 1959) obtéined similar resuits
in experiments on the éffect of preliminary x-irradiation'in srall
doses. If they subjected mice to single 1rradiations in doses of 11¢ =,
thelr survival rate increased on subsequent lethal irradiation., If
the same low-dosage irradiations were repeated three times (and ths
action of tissue-deCompbsition products consequently increased) the
survival rate dropped rather than increasing after exposure to lethsl
doses. In experiments involving antigens prepared from denatured pro-
telr P.N. Kiselev was able to establish that the effect of single and
vriple preliminary irradiation in small doses varies as a function of
the titres of the antibodies to the dehatured‘serum protein.
Discovery of the antibodies to tissue éubstances, the quantita«~
Live laws governing their accumulation, aﬁd the <Copendence of {he
development of radicresistance oh thelr formation s «f thecr.itanl
and, doubly so, practical interest. This wooid make possible a direct
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evaluation of the effectiveness of indlvidual types of 1mmunizatyon
in increasing radioresistance. Thls possibility began to appear_ini ‘
the experimental data cited above, when antigens prepared from freéﬁw
tissue from healthy animals was used, since the vacclnated dogs reaq}
ted to it differently than the 1lrradlated animals. Further investiééF.
tion is necessary for a final solution to this problem. £§LXR’;
It must be noted that in analyzing the changes which vaqcination
produces in the body 1t is necessary to take into account thelr ef=
fect as an active stimulus which alters the functions of many impo@—

tant physiological systems. In 1952 A.D. Ado published hls monograph

"Antigens as Extreme Stimuli for the Body) in which he cited numercus

data obtained in studylng the effects of antligens on the activity of
various organs and systems. It was established that administraticnrcf‘
antigens alters the actlvity of the central nervous system, causes an.
increase in the pulse and respiration rates;'and affects the metaboli§‘§
rate (for example, 1t causes a substantial temporary increase 1n*the 
blood sugar level, a decrease in the quantity of calcium 1n thc lood, ;
and a change in the K/Ca'ratio). The excitabllity ‘of the vascule:r -
chemoreceptors and the ratio among the proteln fractions of the blood
are altered (L. Olitskily, etal., 1942; Loonely, 1945; I.A. Cheresi-
iyev, V.G. Boreyko, and A.S. Nechayeva, 1959).

The reaction which develops during the first few days after im=-
munization may be characterized as a stress reaction (H. Selye. 1360).
However, all of these changes in the vital activity of the organism
usually disappear wlthin 1-2 weeks and it is thus interesting to stu=
dy their effect on radloresistance only when irradiation is carried
out during the first 2 weeks after vacclnation, but never later {when
the effectiveness of the actlon of vaccination on radioresistanc: 1is
frequently even more marked). ‘The Importance of the tachyphylaxis

- 29




which develops aftcr parcnteral administration of a number of foreigr

ﬁésubstances must be Judged in similar fashion. As 1s well known, the

term tachyphylaxis is used to refer to the rapid increase in the '€=
;isistance of the organism to protein and infectious agents which oc-
3fcurs after administration of foreign proteins and microbial vaccines.
‘_ In 1894 V.I. Isayev described the rapid development of resistance
'to administration of VibriOacomma in pigs after injections of milk
°'urine, bouillon, and tuh‘r"ulin. B V.,Polushkina's ‘book (1960 gjves

- a’detailed survey‘df theyliteratu";on tachyphylaxis.

/It is interesting that the“vaccine dosage is of great Importance
in producing this rapid increase in resistance after injectlion of mi-

’crobial preparations‘fAs T A. Levina noted (1960), increasing thc dos-

_ag "of a_streptococcal antigen 1eads to a decrease rather than an in=-

} '°“'_in'the resistanc: of‘the organism.ﬂAccording to V.V. Skoro-
fdinskiy and N.E. Shchastniy (1960), the nonspecific increase which
!occurs in the resistance of the organism after administration of

;gmedicinal sera results not from the action of their protein fractions,.

labut from the thermostable substances of the proteinless dialysate.

It is thus possible to alter the reactivity of‘the organism con-
siderably by injecting microbial preparations and foreign protein and
this cannot help ‘but affect ‘the characteristics of 1ts reaction to
iionizing+radiation. Howevei,,che-tachyphylaxis‘is very short, being.
limited to a few hours or, at most, 2-7 days. Thls phenomenon con-
4sequentlyfplays no role in explaining the survival of‘irradiated'ani-
mals vaccinated 2-8 weeks’0r~morerbefore irradiation. |

Finally, in:analyzing thefchanges which occur in the body after

‘vaccination we believe it necessary to take ‘Into account still another
phenomenon which usually accompanies administration of various vac~=
cines. We are speaking of the ‘variations in the number of leucocytes
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in the peripherai blood. A numbef of authors (Robertson, and You,
1938; 0litzki, Avinery, and Bendersky, 1941; V.L. Troitskiyﬂand‘R.A.
Veger, 1944; N.N. Klemparskaya, 1946) established that a marked leuco-
penia develops within 1-4 hours after administration of varioﬁs vac =
cines, peptone solutions, and foreign proteins; thils is replaéed by%
leucocytosis and subsequent normalization of the leucocyte count (oﬁer
a period of 1-2 days). It was also established that this phenomenon
had a 'threshold,' since it 1s produced only when the vaccline dosage
exceeds a certain levelQ In studying the leucopenic reaction to re.
peated vaccination it was found that leucopenia does not_develop in
this case. This was termed antileucopenic immunity (Olitzki, etale,'
1941; N.N, Klemparskaya, 1952). In 1948 N.N. Klemparskaya conducted
investigations directed at the use of this phenomenon as a test for
evaluating the toxicity of vaccilnes (the minimum 1eucopenic dose de=
creases as toclelty incréases) and for measuring the specific rasls-
tance of the inoculated organism (it was found possible to determir=s
the intensity of antileuéopenio immunity from the number of mlinimum
leucopenic doses of vaccine which the organism can withstand without
developing leunopenia).

) This same author established that the time required for leucc.
penia to develop as a manlfestation of a redistribution of leucocytzs
depends on the vacclne dosage and the manner in which 1t 1s admini-
stered. Leucopenia resulting from enteral administration of microves
was the first to be described; 1t was found that this mode of im=
munizatlon creates an antlleucopenic immunity to parenteral but not
enteral administration of microbilal products (the same being true of
subcutaneous vaccination). The specific characteristics ‘'of the leuco-
penlc reaction 1n rabbits, pigs, cats, and humans were studied. It
was shown that man 1s the most sensitive to the leucopenic action of
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vaccines prepared from typhold, dyscnterlc, and paratyphoid btacterisa.

~Finally, this work cstablished the important role of vaccine-soluble
| bacteriolysis products and the rate at which they are absorbed in
the development of leucopenia (the kllled microbial bodies‘of Vag -
cine and precipitated vaccines do not cauge 1eucopenia, but the il-
quiad component of suéh a preparation 1s very active)
The relationship between the- toxicity oP a vaccine and the in-
tensity of its 1eucopenic action enables us to consider thls test to
vqbe suitable for evaluating the toxic influence_of a vaceine on man
- and}animals.and,iin'additon-to itsninterest for the vaccine Industry
‘(ih»ChOOSing strains of low toxicity and selecting a method for pre-
fparing'an'areactive vaccine), may be of great importance in deter-
,miningftheieffect:of vacclnation on radioresistance. The toxlc action
t?of'a‘vaccine results from destruction of'a‘number of cellular ele-
?Uments, possible denaturation of tissue antigens, conversion of the
1.1atter to autoantigens, ete. 7
The comparative action of vaccines of high and low toxiclty on
diradioresistance must be investigated, on the: basis of calculatlion of
thelr leucopenic action on primary immunization.»
As N.TI. l.(rugia's,investigations‘(_1959) shqwed, the leucolytic
properties ofithe blood serum and~the'phagocytic activity of the
leucocytes increase as the leucopenic reaction develops. I.I. Mech=-
nikov showed that leucocyte-decomposition products play an important
role in stimulating the functions of these cells. However, despite
the great importance of this problem;, very little research has been
donne on the role and nature ofithe leucolytice substances in the blood.
They have.attgacted a great deal of interest in-recentnyears as a re-
sult of the discovery of leucolysins in certain autoimmune blood di-

seases (J. Dosse, 1959), in radiation sickness, and in homosensitiza~
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Fig. 5. Dynamics of the cytolytic
activity of the blood and organs of
‘a rat after administration of homo-
~ logous bone-marrow cells (a) and a
_ bacterial antigen (b). 1) Blood;
~.2) ‘bone ‘marrow; 3) spleen; A) Ly-
sis; 'B) days.

tion (N.N. Klemparskaya, 1957).
It has beenvestablishednthatAan increase in leucolytic activicy
is regularly observed,after,exposure of the organism to mlcroblal and

tissue antigens (heterologous antigens; homologous antigens, and auto-

“antigens). N.N. Klemparskaya¢dis¢overed that they appear (in defi-

nite amounts) not onlylln.the blood plasma of healthy unvaccinates
animals, but also 1n extracts of thelr organs. A speclal study cf

the dynamics of the change which occurs in cytolytic activity'in rats

‘after administration of. tissue and microbial antigens, conducted by

N.N. Klemparskaya (by the method developed by the author in 1957)

Ain conjunction with the hematologlsts M.F. Sbitneva and T.V. Kalya-

yeva,'andfthe;bibcheﬁtﬁﬁuT.t;¢Fedbrbva made it possible to determine
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vthe qharacteristlcs‘of the appearance of lcucolysins and their dis-
‘, £ribut1on in various organc. |
‘It was found that there are threc periods durlng which the ;eq-
-'c'vo‘ly'tic activity of the blood and organs increases after administra-
“tion of antigens:

1. The early reactlon, the first 1-3 days after lmmunization;

2. The intensification of leucolytlc activity durling the seccnd
week (during the period when‘antimicrobial‘immune bodlies are ap-
| pearing); |
L 3.<Tne 1ate~readt1§n, enéoﬁpassing the U5th-60th days (the per-
iod of,autoimmune cbmplications following‘AQministration of tissue
 antigens). ‘ b
|  Administration of a vacclne preparéd'from Bacillus breslaviensis
to rats caused ah increase inlthe”cytolytig activity of thelir biood
vplasma and bbne'marrow during ali three‘bf:these periods., It 1s 1n-
teresting that‘the leucolytic activity of sblenic exfracts remained
~ within the limits of normal variation over a period of 60 days (Fig.
5). | |
- Intravenous injectlon of homologous bone-marrow cells (1-1.761@8
nucleate elements) Ied to another type of reaction; after a slight
rise in leucolytic activity in the blood plasmé no. in¢rease in the
quantlty of leucolysins in the blood or organ extracts was noted for
an extended period. However, a considerable increase in the quantity
of leucblysins in the spleen and bone marrow was deteetzd on the 30tn
day; this index reverted to normal toward the-45£§ day. Thls late ‘
reaction colncides wlth the development of autoimmune complicaticns
produced b, the:therapy employed;‘these'probabiy resultéd from the
production of leucolysins by the transfused bone-marrow cells, which
are known to be capable of forming antibodies to the proteins of the
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reclpient. Observations of the dynamics of leucolytlc activity cone-
sequently make 1t possible to detect certaln pecullarities in the
reaction of the organism to antigenic substances of different na-
tures. i

According to our data, there 1s a considerable increase in the
cytolytic actlvity of the plasma and organs during'the first'3-7;qaye
in animals irradiated with lethal doses of x-rays or v=-rays from
0060. This lnecrease in the quantity of leucolysins present precedes
the development of the leucopenia which is so characteristic of
radlation affectlons.

What value can these data have in studying the effect of vac=
cinatlion on radloresistance? It seems to us that studying the leuf
colytic activity of the blood and organs of vaccinated and irradiatad
animals shows the common charactef'of these two agents; which are
antigenic stimuli. Tissue autoantigens, whose existence was discse
vered by a number of authors (R.V. Petrov and L.I. Il'ina, 195%;

L.A. Z11'ber, V.A. Artamonova, G.M. Frank, and A.D. Snezhko, 195¢),
become the antigens on irradiation; this role is played by the mi-
croblal substances on lmmunization and by thevtransplantéd tissues cn
transplantation.

In addition, observation of leucolysin dynamics makes it pos=-
slble to evaluate the duration of the reaction of the organism to
the antigens used and the predominance of the participation of cer-
tain organs in this reaction. The nature of leucolytilc substancas
requires further study, but it is now clear that they play an impor-
tant role in autolmmune diseases and radiation affections. The pre-
sence of a definite quantity of these substances in the blood plasma
before the development of leucopenia indicates their relationship teo
leucocyte déstruction, not only in vitro, but also in vivo.
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The dynamlcs 0fzthc~cytolytic reactions which oceur in vaceina-

ted and irradlated animals consequently show that there 1s a definite

' fsimilarity between the action of vacclnation and that of lrradiaticii,

" This 1is also indicated by the actlive participation of certain phycio-
; logical systems (reticuloendothelial nervous, endocrine) Taking into

“account the mutual attenuating influence of vaccination and irradia-

'tion, we can assume the presence~of known concurrent relationships

'»7as -a function of their- temporal sequence, since 1t 1s well knovirn that

RS & ¥ the body 1s actively reacting to a given antigen adminiutration of

=another.antigen (in the case of‘irradiation after vaccination these
"later antigens are the tissue antigens) may be ineffective and no

reaction may develop to it. It 1s possible that this 1s also the es-

~ sence of the. favorable influence of vacclnatlion on radlation sicknes

‘a phenomenon which we(N.N. Klemparskaya, O.G. Alekseyeva R.V. Petrov,
'-and V.F. Sosova, 1958) feel to be based on the development of an autc=
,immune reaction to«the tissue antigens.

‘. There are now a great many works devoted to studles of antige:
. concurrency. Inhibitionvof'the immunologicaléreactionvafter sensitlza-

‘jtion to another protein antigen has been described by P.F. Zdrodove
_VSkiy.(1947), A.A, Kiimentova, (1949), and I.Ye. Alatyrtseva and S.A.

f Usmanova (1955). F.“Adler_(1957) has pointed out the special impor-
tance of the dosage and quallty of tnefantigens, as well as of the
exlstence of an anamnestic reaction to one of them. V.I. Ioffe, and
A.P. Kopytovskaya (1957,>1958) made a detail%dastudy of the charac-
teristics of the intensity of antigenic stimulation in cross-sen-
sitizatlion and desensitizatlon. The works of M.A. Frolova, etal.(1958,
1960)‘show the possibility of.completely snppressing the development
of eensitization'tota "second" allergen by altering cholinergic pro-

cesses. Concurrent suppression of allergic processes by immunizat lon
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with bacterial vaccines has been used to prevent and treat bronchial
asthma and hemolytic anemia in newborn infants (Kemmerer, 1936; 0.
Gunter, 1955). The article by P. Abramov (1960) gives an exhaustilve
survey of a number of works on antigen concurrency.

A number of data which are analyzed in detall in this article
show that not all antigens énter into concurrent relationships (strong
and weak antigens); it was discovered that the vaccination dosage and
the intervals between injections play an important role, a numcer of
other factors also having thelr effect. Tissue autoantigens and Fomo-
logous artigens for a given organismeuwaweak antigenic stimuli and
thelr action on the body, whish leads to autointoxicatlion and autc-
sensitization and plays an important role 1n the development of ra-
diation sickness, may apparently be suppressed by preliminary zd-
ninistration of "strong'" microbial antigens.

The exlstence of concurrent relationships between tissue and
microbial antlgens 1s also conflrmed by the fact that concurrency 1é
cbserved when the situation is reversed. It is well known that if
irradiafion precedes immdnization a reaction (fadiation sicknezs)
develops to the formey while the reacticn to the microbial antigen
1s suppressed and immunogenesis is disrupted. '

Many of the processes which occur in the organism after admini-
stration of antigenlc substances are brief in character and revert to
a normal level after 5-15 days. Others such as the cellular react’on
and the suppression of antibodies to tissue antigens last for a
long time. The nonspecific activation of immunological reactivity
which occurs under the influence of vaccination may be very prolonge:d
and, as the observations of a number of authors (G.G. Karapetyzan,
1957; Palesi and Vannucchi, 1958) have shown, manifests itself in the
fact that vaccinated (with BCG vaccine) children grow and develop
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better, are 1lecos sickly, and havce lowcl mortallty.
Administration of mlceroblal antigens congequently may have a

substantial and froquently a long-lasting influcnce on the vital

activity of Lhe orpanism, altering various of 1ts functlons. The spe-

cific importance of these changes in‘the development of reclstance

to irradiation ls still unclear in many respects, bul there are now

: data which make it possible to deduce from all of the facts whilch
. we have noteo that the local reactlon 1s of greatl significance, ts-

| cause of 1its autoimmunizing influence and 1ts ability to cause tne

formation of antibodies against tissue antigens, and that antilgen

concurrency, the mechaniem of which requires further study, also

“participates. Familiarity with the materials glven above indicates

the’importancelof further study'of various types of post-vaccination

reactions in solving & numberlof immunological and radiobicloglcal

problems of both theoretical and practical significance.

- Manu- . . . . o
- script : ‘ [Footnotes]
- Page , o :
- No.
h Iiterature data on this problem are given in Chapter 2.
14 Here we are concerned with vaccines prepared from granmn-
negative bacteria and antitoxins.

21 Distilled water is -added to the erythrocyte sediment to
v restore the original volume of the blood.
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Chapter 2
REACTION OF THE IMMUNIZED ORGANISM
TO IRRADIATION

All data gilven in this monograph on radiation affectlons re-
late to only one type of reaction to radiation, acute radiation slicke
ness with its typlcal symptomatology, which 1s characterized by sta=-
ges of development and a definite prolonged course. We will not dwgli
here on the well-knhown characteristics of the four periods of acute
radiation sickness (the period of initlal reactions, the latent per-
iod, the helght of the illness, and convalescence or death), lu® =111
only remark that the specific radloresistance of animals is f«r ; m
uniform; guinea pigs are the most sensltive in this respect, dyin.
after whole-body lrradlation in doses of 200-300 r. Mice, dogs, and
monkeys dle after exposure to 400-600 r. Rabbits are the most resis-
tant, dylng after receiving'doses of 800-1000 r. The age and weight «
the animal are of great importance. As a rule, the larger the animal
the greater 1s 1ts resistance. The conditions under which the znimsi
1s kept (diet, vitamins, isolation) and th- presence or absence cf
diseases and traumatic agents play an ilmportant role. All of thic
makes 1t necessary to use different species of animals in studying
the actlion of any agent on radloresistance, carefully selecting the
subjJects by welght, sex, and age and carefully watching control ani-
mals, l.e., 1rradiated animals from the same batch which have not
been subjecfed to the agent inm question, over an equal perlod of time.
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It has now becen cstabliched that the actlon of the active 1lons
ffwhich develop in tissuc on irradiation causes complex physicochemical-

"processes (in partilcular, depoliymerizatlion of high-molccular-welght

““ﬁcompounds), alters tlssuc permeabllity and metabolle reactionz, and

' disrupts the activity ol the nervous, cndocrine, and cardiovaocular
“systems. The destructlon of a larpre number of cclls (for example,

'; lYmphoid‘tissue, the cpothellum‘or the Inteotine and gonads, etc, end
‘change in permeability which occur on irradiatlion are, in our ooinioei
” theVmost important factor In the pathovcneoio of radiation sickness. v
’7Absorption of autotissue-decompositlon products into the blood stoezn
leads to the development of primary toxemia, which can also be 1nudced
without lrradiation, by 1ntravenous Injection of tlssue homogenatez
or cellular organelle fractions (N. N Klemparskaya, R.V. Petrov, e%d
L.I. Il'ina, 1958). The action of these products on the general chemo-
: feceptor fields later (after the latent period) leads to the develsn:-
ment of an_autoallergy, l.e., an increase in sensitlvity to aut-wis~--
’vproducts and formation of cytotoxic antibodies, which disrupt the

mal functioning of the organism.

The increased sensltivity of irradiaoed‘animals to autotissue pin-
ducts may eppear during the latent period. In order to induce this it
1s sufficient to inject 0.1-0.5 ml of sterile distilled water into cer-
taln areas of the skin; thls causes local decomposition of the tissue
cells. When an autoallergy 1s present such a "reacting" stimulus czuses
a local hypererglc reaction of a hemorrhagic character, which deve ~
lops 6-24 hours after injection rather than immediately. A hyperergic
reaction may be induced in the tissue of the upper lip by injecticn
of a suspension of homologous tiésue, as well as by 1njeotion cf dis-
tilled water (N.N. Klemparskaya, N.A. Krayevskiy, and V.V. Shikhodyrov,
1958). Autoimmunological processes, l.e., reactions to tissue products
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which generally do notienter the 1lymph and blood streams, consequently

play an important role in the development of radlatlion slckness. It

s interesting that the antigenic“prOpertiGS'of these'products may vary, .

' thu° facilitating the development of autosensitization (R,V. Pctrqy

 .course of acute radiation sickness, since many of its symptoms - i
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| injection of distilled water are sharply positive If the animai re=-

and L.I. Il'lna, 1956; L. A, Zil'ber, etal., 1956).. Autosensitization_

is especially marked during the height of radidtion sickness. Duringf

Lhis period the blood has intense cytotoxic properties and autoanti~ -

bodies to tissue antigens may. appear 1in it, the dermal reactiors to

~,

covers the intensity of these phenomena gradually decreases, but the.

aforementioned reactions persist considerably longer than the’ clinical

symptoms of the disease. In our opinion, investigation of immunologica1

'processes is extremely important in searching for a way to alter the

3

hemorrhagic syndrome, leucopenia, and:affection of thevgastrointeetinﬁ:

tract - remind one of an allergy. It isﬂnot'accidenta17that desensi-

tizing substances (dimedrol, calcium chloride, hormones, etc ). aro

_effective in radiatlon sickness. However,‘we believe that in additior

to medicinal desensitization, employment of measures which reduce the
reaction of the organism-to thevperception of tissue antigens may’ alsc
affect the development of autosensitization. These methods include pre -
liminary vaccination, an. analysis of whose action on the course o7 ram
diation sickness 1is the,subject of this discussion.,-

A study of the charaCteristics of the course of radiation sickness

in animals vaccinated before irradiation was undertaken by immunolog Stw

engaged in investigating the development_of specific immunity under the

action of ionlzing radiation. Numerous investigations Showed that 1irf

an antigen 1s administered before irradiation (even several hours bef:::-

exposure) an active immunity develops, its intensity decreasing durir-
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éwere carried out. Thef

che appearance of the clinical symptoms ot radiation sickness. If vac=-

ttfﬁcination is carried“out aftcr irradiation (even 12 hours later) the

'v',formation of active immunity is considerably disrupted (M. Hazek and
“ '7A Lengerova, 1960 N N. Klemparskaya, O.G. Alekseyeva, R.V. Petrov,
wand-V, F. Sosova, 1958 V.L. Troitskiy and M. A. Tumanyan, 1958; N.n.

*Kiemparskaya, 1956 V.L. Troitskiy, 0. V.‘Chakhava, and N.L. Koslova,

¢:956&5eta1 ) ‘It was noted that some of the animals vaccinated before

! diation surv; pt‘any additional treatment (L. Hectgen,

“%organism to irradiation was the attempt made by certain authors (F.

.Smith, U. Smith, L. Gonshery, and M. Grenan, 1 54) to protect their

E"ubJects fromithe bacteremia which regularly develops during radiation

ﬁand%protei;fSingle and sixfoldi(over a period of 21 days) vaccinations

,resence of immunity was checked by inoculatin5

‘ithe animals with a live culture of the microbe in question, but nc¢
icorrelation was found between the titre of antibodies ‘and the survival
frate of the animals. No increase in survival rate was noted after
TLDEO 90/30 ~irradiation, but the number of cases in which bacteria
cultured from the’ irradiated animals was smaller among the subjects

which were vaccinated first.
- F. Smith, U. Smith H. Andrews, and M. Grenan (1955) establiszhed

that parenteral adminilstration of_inorganic substances pulverized tc
b4-177 p (pyrex glass, quartz, limestone, calcite) to mice during the

first hour or two after'irradiation in a dose ofv600 r has a favorable

effect. The development of a local inflammatory process promoted an in-

crease in the survival rate, a decrease in the intensity of bacteremia,

- b2 -

Another:approachf’ov bservation of the reactions of ‘the vaccinated

N }‘{Kir;ﬁu;..l.&dé'mﬁ\. Faan
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and an 1increase 1in the effectiveness with respect to inoculation with
live protel of prcliminary {mmunization wiph vacclines prepared from |
¢olon commensals. | e |

Aseptic Inflammatory processes induced by'injection of turpentine
were observed to have a positive effect in animals poisoned with po=
lonium in the laboratory headedvby Prof. I.A. Pigalev. According to

the data of A.I. Chuchukalo (1957),'survival time increased, there

was less damage to the blood system, and reticuloendothelial functi o*in~,

was activated in animals.with inflammatory focl. V.V. Vasilyevskaya

~observed a more favorable.course'of”radiatibn sickness on subcutaneoas;

injection of 0.1-0.03 ucuries of polonium in rabbits vaccinated with

typhold vaccine or diphtheria toxoid than in unvaccinated animal " For .

example, the mean survival time among the vaccinated rabblts was 2;=39k

days, while that among the unimmunized animals was 19 days; the loz= in'

welght for the animals in the first'group was 3513%, while that for Lis

‘animals in the second group was | 21% The 1eucopenic reaction was alSG

less marked among the vaccinated rabbits.v v

In their investigations Rowan,,Moosi“andgsamter;f(1955) showed.
that the resistance of various species'of animals to radiation differs:
and 1is correlated with their sensitivity to histamine; In their ex;‘
perlments,injecting mice with pertussis vacecine 5 days before irra-
dlation 1in a dose of 300 r increased not only the subjects! sensitivity

to histamine, but also the mortality among them; 75-85% of the vac=

cinated mice dled, as against 12% of the unvaccinated animals, Vace o

cinatlon with diptheria toxoid and typhoid vaccine at the same inter=-
val did not have a favorable influence elther; 25-30% of the mice died.
Conversely, D.R. Kaulen noted an‘increase 1n survival rate among sigs
vaccinated with diptheria toxold one month before irradiation in & dusz
cf 300 r,
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H“iﬁimmunity in irradiated animals by conjoining preliminary immunlzation k.

A”;',animals. The vaccinated mice continued to grow and gain weight main

‘v»;the effectiveness of antityphoid immunization at various times before

rvand after irradiation showed that it s possible to increase speecific 3

‘ff(flrst vaccination) before irradiation with' revaccination after expo-r 3

ﬂf‘typhoid-paratyphoid tetravaccine 15-20 days before irradiation in &
o dose of 300 r differs considerably from that of irradiated unvaccinated
‘”"tained a good appetite, exhibited no disturbances of intestlnal func-

y,tioning, andgdid not dle on exposure to,ionizingyradiation. Thess dats

u;force usvto.assume that. preliminarylvaccination not only promoteg an

, parskaya, V.F. ‘Sosova, O.R. Nemirovich-Danchenko, and G M. L'vitsyn,

colon, and dysenteric bacteria and BCG) 2-4 weeks before irradlation.

The experiments which: N N. Klemparskaya (1957) conducted to study

BRSO g B

sure. These experiments were the first in which attention was called’

to the fact that the external appearance of mice vaccinated once with

£
H
3
%

erincrease in the effectiveness of specific immunization, but also af

" fects the radioresistance of the organism.vg .,”

In order to verify this hypothesis a group of authors (N. N. Kleme

1957) conducted special experiments on mice -and rabbits, which Were

- glven various bacterial vaccines (prepared from typhoid, paratyphoid

The data obtained in these experiments showed that preliminary vac-
cination increases the resistance of mice ‘and rabbits to x—rays and 5

polonium~induced affections.

The protective effect of immunization was confirmed by the re-

search of E. Alnsworth and H. Chase (1959). Thus, these authors traced

the influence of preliminary Immunization. with heat-ailled vaccines

prepared from various types of micrObes on the survival rate among

mice irradiated in a dose of 700-600 r. When 100% of the controi,ani- .

mals died (at a dose of 700 r) 5.5% of the animals vaccinated with :
- 4l -
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véccines preparcd from Lybhold and paratyphoié.typcs A and B microbes
died. Vacclnes precparcd from colon bacllli, protei, and capsular bac-
teria protected 46-50% of the mice to which they were administered, .
while injectidn of heat-killed vaccines prepared from streptococci,
staphylococci, and a zymose preparation proved to be ineffective. Both
corpuscular vaccines (prepared from whole microbial cells) and endo-
toxin preparations extracted from these bacteria were found to have

a protectlve action. The authors note that it 1s possible for 16-27%
of the surviving mice to die later (after 180-200 days). It is in-

teresting that intensifyling the ilmmunizing stimulus by increasing the

vacclne dosage for the number of injections did not lncrease the sur-

vival rate. Preliminary immunization at varilous times (from 24 hours
to 7 days 1nclusive) was also studled in thils work, vaccination 24
hours before irradiation in a dose of 600 r being found to be moét ef-
fective (all of the immunized mice survived; 63% of the control mice
dled).

An intensification~of Immunogenesls under the influence of vac=
clnatlion wilth homologous and heterologous antigens before irradiztion
was observed in the experiments on rabbits conducted by M. I. Ravich=-
Shcherbo and L.G. Prokopenko (1960) and A.P. Duplishcheva and 0.V.
Chakhava (1960). They also noted a considerable decrease in the severi-
ty of radiation sickness in vaccinated animals.

The works of different authors consequently conflrm the tact that
administration of bacterial vaccines has a protective influence with
respect to suvsequent irradiation. There 1s also an intensification of
immunogenesis 1in response to administration of antigens (of the sams
or a different type) to an irradiated animal, this indicating the non-
specific character of preliminary immunization.

An increase in radioresistance may also be achleved by employing
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protective-prophylactic measures, of which there are many (sulphur-
containing amino acids and amilnes, sulphides, cyanlde compounds, poly-
saccharides, methemoglobln producers, hormones, vitamins, carbon mono-
xlde, and narcptics). The most effective chemical protective agents
are derivatives of l-cystelne and cystamln and bacterlal polyszaccha-
rides. Many of these drugs are quite toxic and cause symptoms of an-
oxemia soon after they are adminlstered; certaln authors (Ye.F. Roman-
tev and A.Ye. Savich, 1958) believe this anoxemla to be basic to¢ the
mechanism by which fhey act.

How can the fa?éfablevinfluencé on the lrradiated organism of
such chemically differént substances be explalned from the immunologi-
cal standpolnt? -

It was found that, despite differences in theilr natures, all of
these substances haye one pommon property, which we feel to govern thelr
radiation-protectidn effect. This common property is their ability to
alter and occasionally even completeiy halt the functioning of the
chemoreceptors, primarily in the vascular network (L.N. Bogatskayza,
and Yu. S. Kogan, 1953; G.I. Smorodintseva, 1955; M.A. Frolova, 1951;
[sic]). It may be remembered that the protective effect of these zuv-
stances 1s usually manifested only when they are administered 15 mi-
nutes to 4 hours before irradiation. An organism protected by these
agents 1s consequently exposed to the action of radiation with its
chemoreceptor apparatus considerably depressed. This dJdecrease in the
sensltlvity of the chemoreceptors reduces the effect of the toxlc ine-
fluence of the tissue-decomposition products formed in the irradiated
tissues and absorbed into the blood stream, alleviating the symptoms
of the primary reaction. The bldcking of the chemoreceptors makes 1t
lmpessible for the tissue products to have an autosensitizing influence

and the subsequent radlatlon sickness is consequently less severe.
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Many investigators have occupled themselves 1n studylng effectlve
protective agents. However, chemical protection against the action cf
radiation has serlous drawbacks. These include the necessity for pa-
renteral administration and the toxic ~ffect of such chemlcals on the
body , which limits the usable dosage, as well as the brevity of thelr
action, since they are eilther excreted from the organism comparatively
rapldly or are soon destroyed in it. The brief duration of their pro-'
tective effect requires that such substances be administered as close
as possible to the time of irradiation (from-15-30 minutes to several
hours beforehand) and this is very difficult in certain cases.

Considering these substantial drawbacks on the part of chemical
protectlon, we must note the advantages of increasing radioresistancé
by administering vaceclnes, the principal galn being the duration of
thelr protective 1influence, whlch is measured in months rather than
hours. Modern vacclnes have a very slight toxic influence and theilr
protective effect may be intensified by repeated immunization (revar -
cination). It 1s understood that there are cases in which the act! -
chemlcal protective agents 1s more intense than that of vacclnatio:
this connection vacclnation can be recommended for protection agalnst
moderate doses of radiation (for example, for workers handling radlo-
active substances or in the therapeutic use of ionizing radiation).

In addition to its practical significance, studying the acticn 7
’ vaccination on radloresistance is important in investigating the pzainio-
2 genesls of radiation sickness. The fact that there are concurrent »
| lationships between the antigenic influence of microbial substances anc
i the effect produced by 1irradiation. indicates thét immunoclogical proces-
; ses participate in the development of radiation sickness and shows ¢
épaths which we should take in searching for improved therapeutic-pro-

- phylactlc measures.
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Different vaccines, animals (mice, pigs, and rabbits), and irra-
~dilation doses have been used in experiments conducted to study the

~action of Vaccination on radlation sickness, since these involve dif-

" ferent goals'and dirferent problems. The greatest number of experi-

‘ments have been performed by administering vaccines several days be-
fore irradiation, 1l.e., during the period when the specific reaction to
the antigen administered is still far from developed and there are only
nonspecific changes in a number of physiological systems. There is nocw
a need for one author to conduct a detailed investigation of the pro-
tective action of immunization befpre Irradlation, studylng the influ-
ence of.various immunization conditlons, e. g., vacclne dosage, number
of injections, interval between vaccination and irradiation, type cf
preparation, etc.

Our work began with experiments on shall laboratory animals, which
~made 1t possible to elucidate a large number of basic mechanisms (be-
fore using vaccines in experiments on larger animals).

The vacclne dosages ordinarily employed to obtain a high-level
antibacterial immunity were employedvin our Investigations. We paid
less attention to studylng the action of small vaccine doses (exper: ~
ments of thils type were conducted only with EV antlplague vaccine),
since use of such doses in epidemiological practlce 1is prohibited by
the fact that they have a sensitizing rather than an Immunizing effect.
In order to investigate the action of bacterial vaccines on radioresig~
tance we consequently gave our subjects the immunizing doses normally
employed for anlmals of thelr species.

In N.N. Klemparskaya's experiments the influence of Immunization
before irradiation with various'bacterial vaccines made from live and
kliled microbes and endotoxins on radioresistance was studied in 1186

male white mlce weighing 16-25 g. _
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The mice were irradiated in a RUM-3 x-ray apparatus under standard
conditions: 180 kv, 15 ma, skin-focus distanco-50 cm,'dose rate 22=23
r/min, filter — 1 mm Al + 0.5 mm Cu. Wlth the cxcepﬁion of the first
experiments, which involved lmmunizatlion with a tetrave ceine (irradia-
tion in a dose of 400 r), a dosc of 00 r was used in all of the other
experiments, thils being the LD5O-8O after 30 days, depending on the
subject 's age. The vaccines were admlnistered subcutaneously, intra-
cutaneously, intraperitoneally, and enterally at intervals of from
15 minutes to 2 months before irradiation. Sterillzed cream was used as

a control to determine the specificity of the action of the Lacterilal

vaccines.
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Fig. 6. Percentage survival among mice vac-
cinated wlth various vacclnes before irra-
diation in a dose of 500 r. A) Interval be-
tween vaccination and 1irradiatlon, 1ln days;
B) min; C) tetravaceine; D) BCG; E) NIISI
polyvaccine; F) killled vaccine prepared

from colon bacilli; G) enterally-administer-
ed vaccine from colon bacilli; H) cream; I)
vaccinated animals; J) unvacclnated animals
from the same batch; K) ml.

Since the experiments were not conducted on anlimals of pure lin-
eage and because the role of the Ilnterval between vacclnation and irra-
diation was studied in mice of different weights (from 16 to 25 g),
each experiment was necessarlly accompanied by controlled 1lrradiatliocn
of unvaccinated mice from the batch in question. The total number of

control animals (477) was less than the number oi' subjects (709), since
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mlce tfrom one batch tnoculated with different vacclines or with differ-
ont dosﬁs ol the same vacelne were lrradiated simultaneously{ which
made 1t poacible Lo use a olngle control grroup. |

As the kllled vacclnes we used a tetra&accine (prepared from'ty—
phold and paratypnoid A and B bacteria and Flexner bacllli), NIIOT
polyvaccine prepared from endotoxins of pathogenice colbn’bactcria, a

vaccline prepared from Bacterlum coll M17 killed by 600,000-r irradia-

et R o S T G S e i L A B i

tion or by heat, and a live culture of the same sirailn. Livc_vaccines

P
S
S

(BCG and EV) were also tested. Sterilized cream was used as th non-

microblal antigen.

The animals withstood vaccinatlon well, continulng to gain welght

s

and having a godd appearance and appetite. After 2 weeks to 1 month

the cxperimental animals had gained 0.8-2g more than the uﬁanCinated

=
¥
&
i
i

control animals. ’

‘Before éonddcting experiments involving immunizationVWiEh-a live
culture of Bacterium coll we madg a special study of the propagation of
this mlcrobe -throughout a mousefs body from an intracutaneous focus in-
to whilch 100-200 million cells from a day-old agar culture of strailn

I was injJected. Cultures made of the blood, organs (site of Iinjection,

7
spleen, liver, and kidneys), and prine from the bladder showed that
the body cleanses itself of the injJected bacteria within 6-7 days; the
number ‘of bacteria decreases continuously rather than inéreasing (theée
‘ éxperiments wére pericrmed on 62 mice). V.F. Sosova came to the same
conclusiong in studying the dissemination of a 1ive culture of Bacter-
lum coll in the tissues of a dermal focus in rabbits inJected with it
and thé Quantity of‘livé bhcteriaftherin.

The 1mmuhity created by vaécin&tion was evaluated’by Inoculating
the vacclnated animals with'typhofﬁiénd paratyphold bacteria, usiﬁg
the generally employed methods. fn!order to determine the 1ntensityvof»

D =50 -
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SUlve Trmaasit e prooctueed by ovoacelnattion o wlth Bactorium coll the

ub Soctr were lnoculated Interamuseularly with 1= billlon ecilo of

st My (1 DCToos 1 billion cells). No speeial chock was made on the 3

bt

Intengtty off the actlive Immunity crecated by lmmunizatlior with BCC vac-
cine. An entirely sufficlient deprce of opecifilc immunity (complete ro-

slstonee to LD 4 And a survival rate of 30-90% at 1D was noted
AN .

IOO)
within /=10 davs after a single immunization.

=
®
[
H
2
4
;Y
%

In additlon, the dynamlcs of antibody (agglutinin) formation were :
determined, (except in the experiments on BCG vaccine). An increase in‘
the agplutinin titres was noted after 7-10 days, with the maximum iﬁ-
creagse occurring at 15 days and a decrease begilnning during L%e srd or
4k week.

Irradiation was thus carried out during the period when the deve-:
lopment of speciflc immunity was ending and it was beginﬁing £9 fade
avay (Judging from the titre of antibodies). In this book we:ﬁiil'not
cive any speclal analysis of the results obtained in calculating the
Intensity of speclfic Immunity for each series of vaccines, since'this
does not enter‘into the tasks which_we set outselves. Accordiqé.to the
mean data shown in Table 4. the percentage survival amonc fh@:mice
vaccinated befbre trradiation was 55.5%, while that among the unvac-
cinated mice wés 33.9%. However, 1t must be taken into.éccount that

'thése are mean déta otitalned for different preparafions administered
at varlous times to different groups, which included mice from differ-+
ent strains and of varylng age and weight.

A comparison of the data from each experiment with that from the
corresponding‘controlwgroup is far more precise. As may be seen from
Table 4 and Fig. 6, all of the bacterial vaccilnes tested and the ste-
rile cream increased the survival rate amOng mice contracting radia-
tion sickness when they were administered before irradiation, i.e.,
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A) dyre of vacclne, docase, and mode of adminlstratlon; L) vaccl-ated
animals; C) control (unvaccinated) animals; D) interval before irra-
dlation; E) treadiation dose, in r; F) total number of mice; G) of which;
) survived; I) dicd; J) % survival; K) TADF tcetravacelne administercd
subcutancously and Intrapcretonially in oimgtle injeetlons of 0.2 mlj;

1.} the came; M) BCC admlinlstered Intracutancounly In a single Injcetion
o 1 my; N) NIISY polyvaceine administercd subcutancously in threc in-
Jeetions of 0.1 ml at intervals of 14 days; ) heat-killed vaccinc pre-
parcd from RBacterium coll and administerced subcutancously In a oingzle
injection ot @00 million cells; P) vacceine preparcd {rom Bacterium coll
kllled by irradiation in a dose of 600,000 r and adminlstercd scubcut-
aneously in one injecction of 250 million cells; Q) live culturce of Bac-
terium coll administercd subcutaneously in two injectionc of 100-200
millton cells; R) vaccine prepared from Bacterium coll killed by irra-
diation in a dose of (600,000 r and administered In three injections of
10 billlon cells at intervals of 7 days; S) cream adminlstered subcut-
ancously in two injections of 0.25 ml at an interval ot 2 weeks; 7T)
cream adminlstered subcutaneously 1n two Injectlones of 1 ml at an Inter-
val of 2 weeks; U) total for all groups; V) minutes; W) weeks; X) days;

V) months; Z) days.

they had a nonspeclific action. X-irradiatlon In a dose‘of 500 r cauced
50-80% of the mize to dic, primarily during the period.extending from
10 to 16 d ys after irradiation. The animals became dirty and lay pas-
slvely 1in one spot'with their eyes closed, huddlé& agalnst one another;
thelr coats Qere disheveled and‘they did not eat., Dilarrhea and loss of
welght were frequently observed. The remaining animals died later, te-
tween the 20th and 30ty days.

When 1inoculation was effective the vaccinated animals had an en-
tirely different external appearance. They retained their cleanliness,
good zppetites, and adtive behavior. If the vaccinated mice dled 1t”
was somewhat later than wés the case for the control animals. In analy-
zing the results given in Table 4 it may be seen that the ef}ectiveness
of the protectlve actlon of certaln preparations (BCG vaccines) depended
directly on the time of vacclnation, i.e., on the interval between inoc-
ulation ahd irradlation. Thus, vaccination 3-7 days before 1irradiation
dld not materilally increase the survival rate among the irradiated mice,
while vaccination 14-30 days before irradiation produced a considerable
difference inrradioresistance between the vacclnated and unvaccinated
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antmals,

vihien admt -

There are aloo vacelnes whileh incereanc adloresintanse b
Nnictered shortly betore irradiation and have no offcet whern ndminiotoercd f
2

= weeks betorchand. Thug, our experiments and the auta In bhe Titcera- jg
ture showed that preparations of pgram-nevat iy vacteria had o probec- %

ac 1 minutes betfore irra-

tive influence whern administercd as 1ittle

diat.on. The llve LV antiplague vacclne 1o an examplce of juct: & prepara- 4

tion. 0.V, Smirno ., a graduate student in our laboratory, ow.taincd an
increase in survival rate among pigs vacclnated subculancoucly in

dose of 1.5 million microbial bodies 3 days before y-irradiatlon witn

'COOO (in a dose of 250 r). The survival rate among the vacclnated ani-

mals was 41.6%, whille that among the unvaccinated animals wis only 16,054

.

Administratlion of the same or larger doses of EV vaccine 7 and 14 dayc

[

before irradlation did not have a favorable effect, even aggravating
the course of the radiatlon affection in certain cases (when a lycate %

of the vacecine strain or killed cells were administered). . .

An increase in survival rate was also ob<ained in expefiméhts 1
white mice vaccinated 3 days before irradiation in a dose of :500 r. The
survival .ate among the vacclnated mice was 639 and thatlamong the un-
vacclnated mice 34%. Large‘(lo million cells) and small (2.5 million,

500 thousand, 50 thousand, and 50 cells) dose.. of vaccine did not a

favorable influence when adminlstered 3-7-30 days before irradiation.

Immunization with a toxic lysate of the vaccine strain aggravated the

course of radiation sickness and rcduced the survival rate among the

irradiated animals. 1
O0.V. Smlrnova observed an aggravating effect 'n experiments on %

rabbite Inoculated with increasing doses of v: :clne (from 1.5 to 20

billicn cells) and irradiated in a dose of 900 r with y-rays from Cobo.

Enteral vaccination with a killed vacclne prepared from colon ba-
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cbiol provee to b completely Ineffectlive, cven lonvdlng Lg{fnx Ingpga:f
nomertallty unenc the Trradiated mico, posesibly because o a sensl-
ticineg offect witis vregpect Lo the Inteotinal flora, which 1o tho hapﬁc
sotiree of Indorenous infection In radiafion Cickncﬁu.

I order to lnvosrlgafo the mechun®om by which preliminary e
manizatiton affects fhe cﬁupsc o' radint.lon slickneos NJ.N. Klocmparokaya
used experiments on mice to study the‘inhonslty of auloallerslic renc-
tions, employing a hign modlfiable‘test»involvlng dictillcd watcr., Tf

1

0.1 ml of sterile distilled water is injected into Lhe:skln ot L up-
per 1ip of a mouse 3 days after x-irradiation in a dose of 500-600 r,
ccllular decompesition procducts are formed under the inflﬁcﬁcc ol the
osmotlc trauma at the Injection slte; these cause a local hypdgc ric
reactlon to develop in the autosensitized organism (within 24~4% hourc).
Tnis reactlon takes the form of edema of the 1ip and heﬁorrhégic ne -
crosis, This test was performed on 37 nilce vacéinated beforé irradla-
tion (with vaccine prepared from heat-killed colon bacilli) and'kgf
unvaccinated anlmals 3 days after irraulation in a dose of 500‘14.',s
Sharply positive reactions were noted in cnly 10% of the vacciﬁgééd
mice and in 40% of the unvaccinated mice. . :

Preliminary Immunization consequently had an inhibiting influence
on the development of autoallergies after irradiation. o

The experiments on mice confirmed the wisdom of studyving this pro-
vlem in different speciles bf animcis. For thls purpose .the changé‘jn
radloresistance under the influence of preliminary vaceination wag"
traced in 46 guinea pigs. The results of the experiment are set forth
in Table 5. They are of double value as a gulde line, since they were
preliminary expecsiments on the use of two types of antigen: a live cul-
ture of Bacterium colli and heat-killed vaccine prepared from Bacillus

breslaviensis.
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Y KOANO, OTHORPUTHO) . . .'lx. 4 (30, ;s) 1 - :
K Bropaw it KVILIVDY RMUICuHoit ' ' F
>Hu1UQKH(H()M2.!L(thIH) Cod .
:‘ 200 M B h1m1\m10ﬂh\) O 2 200 T a6 f
;o Tpevesn  Vontaw pakwtuwa - Bpecaay! Co
P 200 Man+#IBAR KYALTVDY | | i
| KmmenHoil natonki (200 |
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‘CyMMapio no poesM npirpn- | I _ 3
THM o v v v v o oo . o |30] B |B(266%) 220 11 (266 E
M Yeisep- jRourpoavusic—uenpitsutwe | 16) 4 | B (70 ))l: al |2 3
129 1% l [ :
Note: The plgs welghed 250-300 g. i
A) Group number; B) type of vaccine and method of vacciﬂation,*c) num- i
ber of pigs; D) number surviving; E) number dying; F) before the 10th 4
day, G) total; H) mean survival time of animals which died; in days; Z
I) % survival; J) first; K) second; L) third; M) fourth; N$ 1ive cul- E
ture of Bacterlum coli (200 million cells aaminlstered in one “intra- i
cutancous injection); 0) live culture of Bacterium coll {(administered ;
at € places on the skin in doses of 200 mlllion cells); P) killed Eacll- &
lus breslaviensls vaccine in a dose of 200 million cells and a live E

culture of Bacterium coll (administered in a dose of 200 million cell.
at one place on the skin); Q) total for all vaccinated animals; R) con-

trol animals, unvaccineoted.

The total data for the vaccinated animals showed that thethwas a

3
k)
3
2
i:2

very sllght increcase In survival rate and mean survival time gnd'P
marked decrease in mortality during the first 10 days after irfgdlatlon
(26.67 in comparison with 50% among the unirradiated guinea pigs). How-
ever, the increase in radioresistance was qulite marked in indlvidual

groups (the third group) and this indicates that it is possible to work

e s D D s, e g st 4

oul. modes of Immunization for a given specles of animal which will in- %
sure a conslderable percentage survival after irradiation. ~§
Rabblits were a third specles of animal in which the influence or §
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TABLE 6
Influcnce of Preliminuary Immunizatjon on Sur- . 3
vival Rate Amonp; Rabbits z-lrradliatced 1n v Dose !
OfI )\OO r : v 4{
T S s Ty B
) B E s _“.' t“_'_‘l S Cprinee wncaro f

\; i = el i |2 1 aefAnountes %
] AR — &

I'.-;HHH Bt man it o ctecol npnaet | 8 sy, § v € 7 - z
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LoD | | Lol | %

Teflep- s myvantope Mt itog K &
B enRe (200 L 8 o ] v L

P Mectu Rai) L, L o L S '2;’ 13,56 344 1' a05 ..

MBro- ARmwad avanrnpa auicnkon! o |y : ' r
pa [ wdaoinit (u b 1ones pnnp ; H : 3
Pono 2000 M M3 Kak 2 0] [ ¢ 4
T A g0 | sl ol8) o 12 | 13 : 1

Fpetin  KOBTpOILHL C—HenpiBi e 200 8121 400 LR} 32
N
Note: The rabbits welghed 2.7-3 kg. . v;

A) Group number; B) type of vaccine and method of vaccination, C) tn- &
t.rval between vaccination and irradiation; D) total number of ;rabblts;
E) of which; F) survived; G) died; H) % survival; I) mean leucocyte
count; J) 9th 11th days; K) 15th day, L) first; M) second; N) third;
0) 1ive culfure of Bacterium coll (200 million cells administered at 5
one place on the skin); P) live culture of Bacterium .coll (administered S
in doses of 200 million cells at 6 polnts on the skin); Q) control ani-
mals, unvacclnated.

o Pt

Fsratnd RS,

preliminary immunization on radioresistance was lnvestigated.

In the experiments of N.N. Klemparskaya (Table 6) rabblts were

P S IU L S
et S T LS e S

vacclnated before 1rradlation with a llve day-old agar'culture.of Bac-

terlum coll, strailn M17 administered Intracutaneously on the iateral
surface of the body in a dose of 200 million cells suspen@ed in 0.2

ml of physiological solution. A mild hyperemid 1ﬁfiltratibn‘abﬁ%oxi-_

mately 2-3 cm in diameter formed at the injectilon sife; i1t resorbed
over a period of 6-8 days. This vaccination had no effec£ on the anl-
mals' general condition; the young rabbits continued to gain weight andfi
had a good external appearance and appetlte. A slight leucocytosls was
not.ed during the first two dayé after vacclnation.

In order to study the effect produced by increasing the antigen
dosage ¢ employed (in addition to single vaccinations) injections of
200 million microbes at 6 points on the skin, 3 on each side 3-4 cm :
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TABLE 7

Influence of Preliminary (fourfold) lmmunizu -
tion With Killed Vaceines on the Survival Rate
Amon;;, Rabbits Irradiated in a dose of 600 r
(Teraplks or RUM-3 apparatus, at a dosec rate
of 10-15 r/min)

T
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¥
X
F
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*
X
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1

.y 115 nuy ngao i
Tl s
- . - 1
Fpynaa . (58] e | 2
AUBETHLC Bavunna cea by ol ix
5 " G g " o sy
o 39 a2 ¥3 | /3
H 1 Henpugitue K 3_"» 7 12 | 65,7
T 2 Bakuunrepo- | Kuweunaw maaouwwa . . | 17 2 3 |83
BaHHLY -
J3 To we J3entepiiinas nazotka 5 1 4
4 » » Mapamgosnan b M i 3 3 |27
S » » flaaouka nepppiirencl 1 1 i

Note: Vacclnatlon was carried out intravenously . g
Tn doses of 0.2-0.4-0.8-1 million microbial bo- * .. ;
‘dies, at intervals of 4 days. The animals were
irradiated on the 9th day after the last injec-
tion. )

A) Group of animals; B) vaccine; C) number of animals in group; D)
number which died; E) during first 10 days; F) total after 30 days;

G) % survival; H) unvaccilnated; I) vaccilnated; J) the same; K) Bacter-
ium coll; L) Shigella dysenteriae; M) paratyphoid B; N) €lostridium
perfringens. "

apart. Such "multiple" vaccination caused a slight (30-50 g) loss of

S S R SR st 91 3

welght during the first 24-U48 hours and leucocytosis (12,000-16,000

leucocytes per mm3), which lasted 2-3 days longer than that which occurt-

%

LR

red on injection of a single dose.

-

Unvaccinated animals were used as the control. All of the animals

R

p:
7

o

et

QL

were lrradlated on the RUM-3 apparatus in a dose of 800 r 20-30 days

after vacclnation. As may be seen from Table 6, the survival rate among

1
2
£

the rabbits vaccinated at one polnt was twlce that among the unvacci-

nated animals. Another sigh which indicated that radiation sickness

took a mllder course in these animals was the lesser severity of the

N S e

leucopenia and the more rapid reestablishment of the leucocyte count.

Increasing the antigen dosage and the number of injections not only

AR P v

S

falled to produce an Increase 1n effectiveness, but even causcd radio-
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resistance te drop below the level observed tn the control animals.

TVl ol A e v PR

We observed a simllar negatlve influence when we incrcased the dosage

of the antigens glven to pulnea plgs (sce Table 4); 1t hac also been

described In a work by E. Alnsworth and i. Chase (1959). Detalled stu-

dy of this interesting phenomenon requlres furtber experlments on

R
£
e
b3
3

various specles of animals.,

St

LTS N

The action of heat-kllled vaccines on the radloresistance of rabt-

1%

bits recelving the same irradiation dose has been studled by V.F. So-

sova. As may be seen from Table 7, an Increase ia survival rate was

BT LA G R

noted after vaccinatlion with vaccines prepared from Bacterium coll,

LTSN

paratyphold bacteria B, and Clostridium perfringens. A dysenteria vac-

*

B

¢lne did not have the same Influence, but the ekperiments must be.re- %

peated on a larger number of animals before a final Jjudgement is ren-

AR R T

dered.
The influence of preliminary vaccination on the rate of early
death (Quring the first few hours after irradiation) among rabtbits was

clearly revealed at the higher irradiation dose (1100 r) used in So-

s A e S

sova's experiments. Of the 6 control rabbits in this batch 3 diedgﬁu_

ke

B B

ring the first day after irradiation and one during the secohd!déy;
none of the preliminarily immunized rabbits died during the first 3
days. .

However, experiments on small animals can be used only for ob-

A i o B

SRy

taining gulde 1ine data. It is possible to study the clinical charac-

terlstics of the reaction of the organism tc vaccination and the course
of radlatlion sickness 1n vaccinated animals quite thoroughly in ex-
periments on large animals such as dogs.

Experiments have been condﬁcted on 89 dogs, male and female, 2 to
6 years old and weighing §—25 kg. The reactions to administration of
variovs antigens and subsequent ‘y-irradlation with 0060 were traced.
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The majority of Lhe ecxperiments involved ilmmunization of the
dops with a live culture of Bacterium coli. Washings from a day-old

agar culture of this baclerium were administered to 29 dogs intracu-

&
®
ks
ks
%
%

taneously on the lateral surface of the body. This antigen was selec-
ted 1n accordance with the results of préliminary experimehtsﬁon_rab-

bits and dogs in which we observed that radloresistance increased when

a local inflammatory reaction developed at the injection site. :Since
such a reaction rarely'occurs in dogs in response to subcutaneous in-
Jectlon of killed vaccines we were obllged to change the mode of ad-

ministration (injecting the vaccine intracutaneously) and fo replace

Ly R e o
AR LI IR e el S ek

the killled vaccine with a llve culture of Bacterium colil M17; Expefi—

A N

ments on mice and rabblts convinced us of the safety of adminlistering

Wi Lgndinnd

the aforementloned doses of thls microbe. When injected in certain do-

ses 1nto the skin of a healthy animal (the inoculations were élways

BAEEA e

glven before irradiation) colon bacilli begin to die and never cause g
a generalized infection. Involution of the local inflammatory focus,
which 1s a soft or dense hyperemic infiltration 2-3 cm in diameter, k|

occurs between the 5th and 7th days in dogs. In some cases, administra-

B Y A

tion of ablarge dose of thils culture to light -welght dogs caused ne-
crosis of the center of the infiltration and hemorrhaging. -

In addition to intracutaneous injection of live Bacterium coli,
ve tested subcutaneous 1InJjectlon of a polyvaccine and diphtheriatoxold
for preliminary immunization in 6 dogs, intracutaneous immunization
with a BCG vaccine in 3 dogs, and intramuscular injectlion of sterile
milk in 8 dogs. There were 41 animals in the control groups. All of
the animals recelved a careful clinical examination (daily observation
of behavior, appetiﬁe, body temperature, character of stool, weight,
and state of visible mucosae). The leucocyte, erythrocyte, hemoglobin,
thrombocyte, and reticulocyte counts cof the blood were investigated.
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The sedimentation ratc and lcucocyte ratio were determined. The hone
marrow was examined in individual cases. Agglutinatlion react;ons wilth
a live culturc of the same strain My o used for immunization and with

a number of autostrains of Bacterium colil cultured from the feces of
the vaccinated dogs were used to determine the extent of antibody pro=-
duction. In ofder to clarify the autosensitlizing influence of the lo-
cal inflammatory focus blood serum from the vaccinated dogs was reac-
ted wlth tissue antigens before and after immunizatlon. One reacﬁion,
the ordinary complement-fixation reaction, was performed With an ex-
tract from fresh organs from e healthy dog, while another (performed
by a modification of Uan'xe's,methed) involved measurement of the anti-
gen-antibody reaction in a photdelectronephelometer (see p. 21).

The extent of the local reactlion was determined by palpiteting
the Injection site and measuring the infiltration aloné two mutually-
perpendicular diameters. Sinee the animals differed in weight We were
forced to employ different dpsgges of the live Bacterium coll culture.
Thils dosage amounted to 500 miliien cells for dogs weighing froﬁ 6 to
14 kg and 1 billion cells for animals welghing from 14 to 21 kg. jhe
BCG vaccine‘was tested both in a large dosage, 2.5 mg, and in a dose
of 0.05 mg. It is well known that the effectiveness of antimicrobial
Immunizatlon depends to a considerable extent on the number of vaccina-
tions and the intervals between them. In order to Investigate the pos-
sibility of extending thié rule to the development of radioresistance
we condueted experiments to study immunization with Bacterium coli and
by repeated injection of this antigen with revaceination after 1-3
months. |

In addition, in order to intensify the immunizing effect intra-
cutaneous injectlons were given both at one point on the skin and at
6 points (three points on each side) 10-15 cm apart, depending on the
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silzc of the animal. In this case 100 or 200 million microbes weré in-
Jected at each of the six polnts. The dogs thus recelved approximately
the same total number ot microbes as in single vaccination.

In this case the local reactilon manifested 1tself in the forma-
tion of infiltrations 0.5-1 cm in diamcter at all six Injection sites.

N.V. Rayeva observed the development of the general and local recaction

of dogs to vaccination over the entire immunization period, until
subsequent 1irradiation. There was not a single case in which any mar-

ked deviation from normal could be observed. The anlmals had a good

e TR B SRTE o JUCEE

appetite, a healthy external appearance, and a normal stool. The va-

riations in temperature and body welght remained within normal limits.

Changes 1n the peripheral blood indlcated the presence of a general ;

reaction. As a rule, after intracutaneous injectioun of colon bacilli

the dogs developed leucocytbsis involving an Increase in the absolute

1eucocyte count to a level l.5-2lt1mes the initial level.  Thls reactlon
<&

developed within 3 hours after vacclnatlion and increased in extéﬁt for

2448 hours; the leucocyte count then dropped to normal (it waéfbnly

when BCG vacclne was adminlstered that there were no marked changes

in the leucocyte count). The sedimentation rate was frequently accelera-:

ted during the first two days after vaccination.

The dogs thus well wlthstood intracutaneous injection of the llve

S
%

culture of Bacterium coll, developing no 1llnesses. After 7-14 days
the only sign>that a vaccination had been performed was a slight thick=-
ening of the blood at the injection site, At the time of irradiation
the animals' condition exhibited no deviatlions from normal and all
traces of the effect of the local inflammatory process on the organismv
had dlisappeared. —

Formation of antlbodies to Bacterium coli was noted in all of the
vaccinated animals wilthin 5-7 days after inoculatirn, but the titre of
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agglutining was not particularly'high (above normal in only one or

two cultures); Thls 1s explalned by the fact thaﬁ’absorption.of the
ant igen from the rapldly-formed enolosedyinflammatory focus 1n the g
skin is difficult, The antibody level rcverted Lo normal wlthin 2-7
weeks, In addition, the strailn of Bacterium coll Ml? which we used for ¥

inoculation differed considerably in antlpgen structure from tLhe colon

bacilll which inhabit the Intestlnes of mlce, rabbits, guinea'plvo, and

dows. Thils was shown 1n experiments involving immunlzation of ‘rabbith i
and mice, serologlcal cross-reactions, and tnoculation with various ~§
strains of colon bacillt. ' S 7

We consequently feel that the lncrezse in survival rate which oc-

curs among animals Iirradlated and vacclnated with thils strain of tac-

terlia cannot be attributed to the development of immunity to colon bacila ?

B
s
E

}

;% 14, Flrstly, with the vaccination method in quost;on this 1mmun;ty is fg
: not of great extent and, secondly,'ﬁhe nonuniformity of the antiwenic §

compositton of color. bacilll makes such attempts unsuccessful. Howe*er, %
3 in addition to antibodies to the microbe administered, vacc;na ion.;1+h g
% a 1we culture of colon bacilll causes the organism to d°velop antne E
“ type »f antibody. These are antibodies to the t*gsue aptlgens formed é

as a result of autoimmunization with the tipsue-dpcomposition nroducts ‘é

s
g
i

absurbed from the inflammatory focus (see Chapter 1). This.gaot makes

1t possible for us vo explain the mechanism by wnich vaccinaticr. belore

irradiation affects radioresistance in the following manrer: th: anti- :
fissue immune bodies whlch develop after vaccination may comcine with ';
and neutralize the tissue antlgens and decomposition products which : 7%

eniter the blood stream during irradiation and the first few days aftevw
ward. ‘ | : ' ' '. i

In addition to thelr experiments on dogs, N,N. Klemparskaya and

N.V. Rayeva studied the reaction of 12 male nonkeys (rhesus) welghing
- 64 - o




R.0=5.5 kg to 1 Jection of 1live colon bacil!i and BCG vacclnes. In :
addition to careful dailly clinical observatlon and moasurements of :
body temperaturc and galn in welght, the animals!' blood was investlpga-
ted (general analys's, dctermination of'" Iintensity of lcucocytle luml~

nescence, and mlerochemlical glycogen tests) and the titre of agglutin-

ins to Bacterium coll was followed.
A suspenslon of 1llve colon bacilli was irijected into the ckin of
the lateral surfice of the body in the same doses used for the dogs

(500 million or 1 billion microbial bodies from a day-old agar culture

of Bacterium coll M17). From 1 to three injections were given. In a
number of cases vacclnation was carried out in the same fashlon as for

the dogs, injectlions being given at 6 polnts on the skin of the lateral

surface of the trunk (three on each side, 5-7 cm apart).

It mus£ be noted that the reactivlity of a monkev's skin to this
mlcrobe 1s far .ess than that of a dog's skin. As a rule, no reéction
whatsoever, not even an infiltration, was obrerved in the médkéyé at
doses of 100-500 milllion cells. Injection ..U large quantitiQs'of micro-fg
blal btodies caused a soft; nonhyperemlc Infiltration which disappeared :

within 2-3 days. There was not a single case of elevated‘body tempera-

ture. The change in body weight took the form of a slight (1-3%) de-
crease during the Cirst Lwo days, especilally after the first vaccina- gg
tion. Another sign of the general reaction were the changes in the periéﬁ

phecral blood. Each injection of the live culture of Bacﬁefium coll

£ e i

cavsed the leucocyte count to increase by 30-94% in comparison with its‘z

inltial level.

Tne leucocytosis persisted for 2-3 days and was succeeded by a

ST

drop in leucocyte count to a normal or subnormal’ level.

e

The lncrease in leucocyte count occurred at the cxpense of neutro-

phils,the lymphocyte count decreasing. No marked changes were noted in
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any of the other formed elcments.

Injection of 5 mg of BCG vaccine caused a local rcaction‘lnrphe
monkeys, but this was less marked than iIn Lho dogri, Thﬁs, the fgrmer
developed a nodular densc infiltration approximatcely the sizo‘o; & 2
small pea, bul there was no necrotization or hypercemla and the In-

flammation persisted for 1-2 months. The axiltiary and Inguinz lymph

nodes were not enlarged; 1in the dogs a dense hyperemic infiltration

with a necrotic crnter developed a' a far lower dosc (2.5mg) anq 140 - fg
ted for 1-1.5 months. %

N.V. Paveva made her basic observations on the character;;tics <a'j§
the symptomatology of radlation sickness in vaccinated and unvaccinahed?%
animals In experiments on dogs. Except for special diet, Lhe animale i
were glven no therapy whatsoever. Just as in trecating alleréic'illneg_ i?
ses, meat and fish were excluded from thelr diet and 20-40 g bf'gﬁfter,.é
1 or 2 eggs, and milk were substituted for them. In the control experi 1

ments use of this diet dild not cause any increase in survival among

irradiated dogs. .

MR F4G

The lrradiation was carried out on an experimentai EGO-2 appara-
tus, with y~rays from Coéo; the 1rradiation dosé was‘3OO r for dogs
welghlng up to 14 kg (this belng equivalent-té 600 r of x—réys)i The
dose was Increased 50 r for animals welghing more than 14 kg. in the
majority of cxperiments irradlation was performed 3-4 weeks after the
iast vaccination. ) |

All of the animals were examined daily and their temberatures were"yf?t
taken. Every 5 days after irradlation they were weighed, their blood |

was 1nvestigated, and serological analysis were made. Autopsies were

performed on the animals which died, in order {o show the typilcal chan-

ges characteristic of radiation sickness.
The first group was composed of dogs which were vaccinated with
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a live culture of Bacterium coli‘M17 at one pointlon the Sk?n$}8‘32
days before y-irradiation with 0060 in a lethal dose‘(Table'B). 2 of
the 18 animals in this group (i.e., 11%) survived, all of the unvac-
cinated animals dying. Thé mean survival time for the vaccinated{éni-
mals which died, with the exceppion‘of those which recelved thréé in-
Jectiqns, was 3-5 days longer than for the dogs in the contirol group.
As may be seen from the data cited,‘incfeasing the vacclne dosage and
the number of injections did not léad to any rise In the effectiveness
of the influence of preliminary immunization onkradioresistance: We
have already notéd a simlilar regularity in discussing the resulté}ob—
-fained 1in experiments on mice.

The second group was composed of dogs vaccinated at six‘points
on the skin with a live culture of Bacterium coll (Table 9). The sur-
| “vival rate in this group (18.1% or 2 of 11 dogs) was slightly higher
‘than in the preceding group. It 1is 1nteresting that one of the dogs
which was vacclnated only 3 days béfore 1rradiétion survived.

In the other variants of preliminaryrimmunization (Table 10) the
‘only survival occurred amohg the dogs which received injections of
sterlle milk; one of these animals survived.

It was thus shown 1n the experiments on dogs that, in certain cas-
es, animals whilch have Been preliminarily immunized can withstand an

- 1rradiation dose absolutely lethal for the control (unvacecinated) dogs

without any additional treatment.

However, the survival rate 1is not the only}criterion fér evaluating =

the influence of immunization on radioresistance. We believe that.analy- x

gls of the clinical symptoms of radidtion sickness is very important.
The vaccilnated and control dogs developed a typical radiation éickness,
which began after a latent period of 7-15 dayé; the animals became
slUggish and dirty, thelr appetites decreased, there were bloody dis-
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charges from the mouth, thelr stools were liquld and frequently blood-
tinged, there was blood in the urine, and hemorrhasing occurred 1n the
skin and mucosae. Thelr body. temperatures rose tokudéulofaﬁd dropped

© just before death. | | _ o

These symptoms may also appear at the end of the firsg week after
lrradiation in severe cases. Since the time at which the tipicaL symp -~
toms develop plays a great role in characterizing the severity of ra-
diatlon slckness, an analysls of the clinical course of thé disease in

vaccinated and unvaccinated dogs was carried out from this standpoint

(Table 11). It must filrst be noted that the radilation sickness not only’%
was no more severe in the vaccinated animals, but their syhptoms deve -
loped later and less frequently than In the unvacclnated dogs énd were
less marked. | “

This was especlally clearly shown in the dogs whiéh were 1hocu-
lated with a live culture of colon bacilli 1n small doses at 6" points
on the skin (100-200 million cells at each point). Thus, duriﬁé the

period from the 6§g to the 9th days, when the unvaccinated dogs were

e kg

dalready exhiblting a deterioration of thelr general condlition, loss of
appetite, fever, and hemorrhaging, the vacclnated subJjects displayed

no signs whatsoever of radiation sickness. Thelr symptoms developed

from the second half of the second week onward, or 2-3 times more slow- =&

ly than in the unvaccinated animals.

Symptoms of radiation sickness appeared on the 6th-9th day in the

dogs 1mmunized Iintracutaneously with a live culture of Bacterium coll

at one point, althbugh they appeared somewhat less freguently than in
the unvaccinated subjects. The difference 1n the times at whlch the sympw

toms appeared in the vaccinated and unvaccinated animals was least Zor

the development of hemorrhaglc diathesis. Hemorrhages occurred in al-
most the same percentage of both groups, but were more diverse and wide-
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TABLE 11 ) | 3
Time of Appearance of Clinical Symptoms of Ra- - i
diation Sickness in Vacclnated and Unvaccinated 2
Irradiated Dogs (the percentage of subjects with %
a given symptom is shown) ' i
e e e e R i
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Ag Group of animals; B) character of symptoms; C) vaccinated (29 dogs);

D) period required for symptoms to appear, in days; E) unvacclnated

(26 dogs); F) 18 dogs vacclnated with a live culture of Bacterium coll
at one point on the skin; G) deterloration of general condition; HJ.
loss of appetite; I) rise in temperature; J) diarrhea; K) hemorrhaging;
L) 11 dogs vacclnated at 6 points on the skin with a live culture of

Bacterium coli.

spread in the unvaccinated dogs. In addition to hemorrhages in the skin

and mucosae, there was frequently blood 1n the urine and feces and

bloody discharges from the mouth.

Table 11 is based on an analysis of the clinical course of radla-
tion slckness in all of the vacclnated dogs whlch died and survived g
and the unvaacinated animals which dled. However, 1t must be polnted

out that 5 of the immunized animals survived and the course of the ra-

diation sickness which they incurred differed considerably from that

observed for the other éhimals in this group. Throughout the entire

period (60 days) after 1réaétatlon, the surviving animals had a good
external appearance, exhiblted no.symptomé of hemorrhaglc dlathesis,
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| 797 (whlch was vacclnated twlce with a live culfure of Bacterium coli

small to enable us to assume that a moderate reaction to intracutaneoué:

-the peripheral blood it must be noted that leucopenia developed among

remalned alert and clean, ate well, and had normal stools. Thelr body

temperature remained within the limits of normal fluctuation. Dog No.

at one polnt on the skin) was the only exception, exhibiting a soft
stool and an elevated body temperature over a prerlod of one week,' he-~

morrhaging in the skin of the 1lnguilnal region, and, on the 25th day,

b b T e R R i

bloody dlscharges from the nose and edema of one paw It is 1nterestlng

that In all of the dogs which survived 1rrad1ation as a result. Gf ‘im-

e

munization wlth a live culture of Bacterlum colil the_loqal reaction to

vaccination was moderate and manifested itself primarily'inathe forma-~ ;

(

tion of a coft hyperemlc jnfiltration with no necroses or hemorrhages.

All of the dogs whlch reacted to vaccination with a’. severe 1nf1am~§

‘*'.

matory process dled. The number of observations 1s naturally still too 2

LnJection of colon bacilll 1s a prognostic sign which makes it possibl
to evaluate the subsequent course of radiation slckness. However, these
facts do 1ndicate the important role which the characteristics of the
1mmunobiologica1 reactivity of the organism play in the development of
its reactlon to lonlzing radiation.

In analyzing the data which N.V. Rayeva obtained in investigating,;

both the inoculated and the control animals, but that it was somewhat
less severe in the vacclnated animals. Thebchanges in the sedimentatio
rate, thrombocyte count, and erothrocyte count had the sameféynamics 1
both groups. | |

All of the animals which diled were subjected to pathologoana - “%5

tomical examination. No substantial differences were noted between
the dead vaccinated and dead unvaccinated dogs when the macroscopic .
changes were studled. The symptoms of hemorrhagic diathesis were most

- 73 =




marked; coplous hemorrhaging was observed in the lungs, stomach large
and small intestines, and subcutaneous cellular tissue. v U:
The observations cited above, although few, thus Indicate that y
preliminary vacuination with bacterial antigens increased the radlo-
- resistance of the dogs even when they were exposéd to doses}of radla -
tion sufficient to cause éll of the control and unvaccinated dogs'to ;
die. Our attention 1s: struck by the unusual course of the radiatisn
sickness incurred by the vaccinated dogs which survived; they 6is~
played no clinical symptoms, exhibiting only the characteristic chanves
in their blood cells.,
In our opinion, vaccination may serve as a method of creating a
very favorable "background” for the action of other drugs and com;;_

plexes of drugs. We became convinced of the effectiveness of conjoi-"

ning immunization before irradiation with subsequent administration ﬁ_gi

of medicinal drugs in experiments on dogs and monkeys.

The six dogs in the first group were vaccinated with 10 mg of
a_BCG-vaccine 3~7 weeks before y-irradiation with 0060 in a lethal
dose. During the first few days aftervirradiation the animals re—"-)
celved a complex of antibliotics orally twice daily, in'accordance with
the scheme workéd out by N.V. Rayeva (200,000 units of stfeptomycin,
oxytetracycline, phenoxymethylpenicillin, and vitamins c, Bl’ and BQ,
over a period of 25 days); The slx 1rradlated dogs in *he second group
recelved only antiblotics and 7 animals were used as the control group.
The control dogs all died of radiation’sickness (their mean survival
time was 14.7 days). Half of the dogs in the first and second groups
survived. However, the course cf the radiation sickness which they
incurred was not uniform. While‘the animals treated only with the com-
’plex’of antibliotics exhibited marked symptoms of an acute radiation,
syndrome (adynsmia, diarrhea, loss of appetite, and hemsrrhaging),
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in the animals which were both vaccinated and treated these syﬁptoms
were elther entlirely lacking or quite weak and brief (lasting only
one-half to one-fourth as long as in the unvaccinated subjects). The

vacclnated dogs which died had'a survival time 4 days lenger than the

x{x;v,,.t;j}':&‘.; '{k&-#;u‘i}i“ 2l g

dogs treated with antibiotics alone.

The advantage of conjoining vaccinatlon with oral administration :

i ke

of antlblotlcs after lrradiation appeared especilally clearly in ex- -4
perlments on monkeys. In this case we obtained a grecater effect from

single vaccinations than in the experiments on dogs. A total of 16

RS

rhesus monkeys welghlng 2.5-3 kg were used in the experimentg six of Z

them were vacclnated 1ntracutaneously with live BCG vaccine 3'weeks

before irradlatlion, three receilving a dose of 0. Ob mg and no ;drther E

Lreatment, while the other three received a dose of 5 mg and were gl-
ven antiblotics and vitamins orally after lrradiation accordinb Lo

he scheme described above, the only difference belrg that Lhe anti-
blotic dosages were halved. Five animals were treated only with the

antibiotlcs and five constituted the control group.

. ~ K3
The anlmals were subjected to whole-body vy-irradiation with Cooo %

on an apparatus with a uniform irradiation field (EGO- 2)' receiving

a minimum lethal dose of 300 r, which 1s equivalent 1in biological
effect to 600 r of X-rays. : T .

Of the flve control monkeys four dled between the 7th and légg
days after irradiatioﬁ.vThey exhibited typilcal clinical«symptoms and
characteristic changes in the blood. One monkey survived. All of the

anlmals treated with antibiotics alone contracted a severe form of -

b )

radiation sickness, displaying marked clinical symptoms. Two animals

were in serlous condition on the 52§g day, since they deyeloped in-
fectious complications.
Of the 3 monkeys whilch received 0.05'mg of vaccine and no addi-
- 75 =




- tional treatment one. survived and two died on the 24th and 34£hjdays,
having conclderably outlived the control animals. The’clinical symp -
‘toms of radiation sickness which they displayed were less marked. They

.dled as a result of diplococcal sepsis; while the control monke&s de-

veloped an endogenous infectlon caused by colon and paracolon bacilli.

i

It 1s interesting that the character of the body flora also.

3

_ changed inthe anlimals which survived, a pheromenon which was disco-

LR B A G

vered by culturing mucus from the oral cavity (data compiled by G A.

Shal'nova) Thus, 1n the control monkeys the flora of the mouth on

‘the‘17tg day consisted of 99.3% Bacterium colt; in the animals ino-
culated with BCG vaccine these bacterla constituted 6.3% of the oral :
flora,'in which diplococci predominated whilerin the subjects trea- |

ted with antiblotlcs colon bacilli comprised 96% of the bacteria in

the oral cavity.

Preliminary immunization thus somewhat increased the monkeys'!

resistance to radiation and caused a change in the character of the
-’endogenous infection which ordinarily develops. It may e assumed that

supplemental prescription of antibilotics to halt the development of

the endogenous diploccccal infection can prevent death. Thls 1is ¢con-
firmed by experiments conducted on 3 male monkeys vacclnated With 5

mg of BCG vaccine and treated after‘irradiation‘by,oral‘administra;

EESL RN

tion of antlblotlics. These monkeys not only all'survived,_but general-~
ly were not 111 and exhibited no clinical\symptoms of radiation sick-
ness, if we do not count the development of 1eucopenia and thrombo-
' penlia between the 15th and 25th days after irradiation However, these
changes were less severe than in the control animals and restoration

occurred earlier and more rapidly than 1n the single control monkey

which survived. Even during the height of radiation sickness all three
experimental monkeys had a good external appearance and appetite, were
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lively, and dild not lose welght.
It may consequently be seen, even from these few data, that the¢

changes in reactivity caused by preliminary immunlzation promote an

increase 1n the effectiveness of therapeutlc measures during radlatlion

sickness. We are able to attribute the effect wﬁlch we obtalned to
the vaccination, since the monkeys treated with antlblotilcs a%onc de -
veloped marked clinical symptoms of radlation sickness, in contfast
to the vaccinated animals. ‘

The majority of investigations conducted to study the effects of
vaccination involved external irradiation with x-rays or v-rays from
0060.

At present}there are stlll very few data availlable on the actlon
of vaccination on the course of radlatlon silckness produced by enb%y
of radioactlve substances into the body. However, observations{made
in our laboratory indicate that in this type of affectlon preliminary
vacclnation lncreases radioresistance. In experiments»on mlce which
received 0.1y curle of polcnium per kg of body weight it wés esta-
blished that animals preliminarlily immunized with tetra§éccine had a
mean survival time of 24 days, while the control animals iivéd only
14 days. Triple‘vaccinatlon was less effective in this case than*gin-
gle or double inoculatlon. There is no doubt'that further researc; is
necessary to studyvthe influence of vaccinatidn in the presencé'bf
affectlons caused by radloactive substances.

Analysis of the data 1in the literature and the experiﬁental data
cited 1in thls chapter enable us to conclude that it is possible.to in-
crease radioresistance by preliminary vaccination wlth bacterial anti-
gens. Research on thils aspect of the actlon of vaccines involved the
use of lethal irradiation doses and no additional therapy whatsoever.

Since the animals were observed to survive and incur a less severe ra-
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diation sickness in this case, 1t may be assumed that theAqfﬂééf 6%
preliminary immunlization will be far greater when smaller irradiation
doses are encountered (as occurs in working with lonizing radiation

and using 1t for therapeutic purposes). Timely Immunization (before'
contact wlth ionizing radiation) of the personnel of therapeuﬁicv%n;
stitutions and laboratories may prevent the development of pathéiééi-
cal condltlions resulting from irradiation. Since the changé (1n¢ré;ée)
in radioresistance occurs soon after vaccination, it 1is quité poé;lble
that the latter can be used to alleviate the reaction of a sub ject
undergoing radlation therapy. We androther investigators have naturally
studied only a small number or vacclnes. A great deal of further work
must be done in stadying the chdnge in radioresistance which occurs
under the influence of varilous bacterial preparations and we belieyg

that vaccines will be found which will ensure the survival of a'ma-:

Jority of irradiated organisms, ‘even though they receive lethal doses.
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| Chapter 3 §

REACTION OF IRRADIATED ORGANISMS TO’ADMINISTRATIOﬁ B fé

OF BACTERIAL VACCINES I 5

There are several aspects to be consldered in studying @hé'im— 4
munological reactivity to vaccination of an lrradiated organism?ﬂWe
are able to make certaln basic observations about one of these'éé-‘
pects, clarification of the role whilch disruﬁtion of immunogeneSis}

plays in the development of bacteremia on massive 1lrradiation.

Many works on the blological effect of ionizing radiation 5n
the living organism contain references to a depression of ilmmunogen=
esls as one of the causes of bacteremlia. Unfortunately, we encounter &
this widely-held notion in immunological works of redent years. Thus,

M.I. Ravish~Shcherbo and G.L. Prokopenko (1960) write:'"death caused

by x-ilrradlation in sublethal and mdderate lethal doses most frequently '
results from bacteremia, whose development is promoted by a depres-

sion of immunogenesis."

Here, Just as 1n other works, no account 1s taken of the sequence

of phenomena, i1.e., that the potential capacity of the organism to form

antibodies (its capacity for immunogenesis)‘is realized in the pre-

sence of a general infe:tlous process only as a consequence of bac-
teremla, which results from the aétion of microbial antligens entéring
the blood stream on the organism.
Let us take typhold fevef as an example. The causlitive agent can g
be 1solated from the blood during the first few days of 1llness. It é
- 79 -




is only from the second week of illness onward, when antibodieslage
pear in the patient's blood, that the Widal serclogical reactiondcan
be used for dlagnostlc purposes. m

It 15 quite obvious that, even in unirradiated animals, antl-~
body formation lags conslderably behind the development of bacteremia
and, as a result, regardless of the state of the immunogenetiC'mech-
anisms they cannot be included among the causes of the bacteremia

Even if an irradiated organism does develop specific antibodies
as a result of bacteremia, theirrole in the struggle with this con-
dition is slight, since they cannot act on the microbes. Antigens
such as onsonins;and-bacteriotropins1act only'in~collaboration with
phagocytes,;Whose'number is eharpiy;reduced during radiation sickness,
whileebacteriolysins cannot destroy the microbes because of a lack
of complement in the blood of the- irradiated organism. |
» Experiments performed on vaccinated irradiated animals confirm
the correctness of thls evaluatlon of the’antibodiee. A test of im-
munity in mice vaccinated againet typhold fever before irradiation and
sub Jects inoculated with the, same culture after irradiation showed
that a considerably 1arger number of irradiated mice ‘dled (experiments
conducted by N.N. Klemparskaya and R.V. Petrov, 1958).

M.A. Tumanyan and A.V. Izvekova (1956) were able to obtaln a
rather high tltre of antibodies 1n mice vacelnated after irradiation
in a dose of 400 r. However, when the intensity of immunity as eval-
uated from the antibody level was the same the irradiated Immunized
animals were less resistant to infection than the unirradiated im-
munized subjects. | | |

Analyzing the data obtained by his colleagues, Prof V.L. Troit-
skiy (1958) concluded that when natural protective mechanisms are de-
pressed or damaged under the influence of ionizing radiation anti-
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bodles do not determine the state of immuuity to infection. Tris ex-
plains the low effectiveness of passive Immunization, l.e., admin- }%
istracion of prepared antibodles, in the irradiated organism. 1%

Study of the role of antibodies in producing immunity in the :

presence of a radiation affection thus confirmed an important hypo-

thesls of general immunology, that such natural mechanisms'of im-
munity as the undisrupted permeability of the cell membranés of the é

barrier structures, the bactericidal properties of body flulds and

e A S

tissues, and full-valued phagocytosis play the principal role in pro-

tecting the organism from infectlon. It is damage to these protective

mechanisms rather than disruption of immunogenesis which' promotes B4

D

AR AL

the development of bacteremia.

In our opinion, an essential link in this process is~the early

N A

disruption of the ability of an irradiated organism to limit?the

multiplication of commensal microbes in the mucosae of the gastroin-

o ekl

testinal tract and respiratory passages and in the dermal tegmina.

In her experiments, N. N. Klemparskaya (1955) traced the increase =
in the number of microbeQ In the intestinal mucosa of white mice du-~

ring the perlod extending from 3 to 144 hours after irradiation in

a dose of 750 r (LD100/6)' She found that the normal microbial level
was malntalned for only the first 24 hours after irradlation. Some of
the animals exhibited a marked'increase in the number of bacteria in";
the intestinal flora at the end of the first day, thils nhennmenon
being observed in all of the subjects between the 48th and 144th hour
This increase in the number of bacteria in the intestine causes
them to enter the lymph and blood streams continuously, the maJority‘
of them beilng retained in the 1ymph ricdes, iiver, and spleen at first !
1t is only when the barrier capacity of these organs 1is exhausted that}
bacteremia develops (R.V. Petrov, 1957).
- 81 -




N.N. Klemparskaya-(1959) also showed that the absorption of -mi-

thy animals. If a healthy mouse is given a large dose_of microbes
(3=5 billion coi'r“haoilli) orally, they may be detected in its inter-
nal organs within an hour:«Indeed, “he body 1s eventually eleansed of
these microbes, a considerable number. of them _,ing excreted through
"rthe dneys. The threshold of impermeability for bacteria 1s conse-
quently easlly exceeded, even in healthy animals, if the number of
_~"'f”microorganisms,isuincreased. In. 1rr=d ted animals this phenomenon
" _is-promoted by’a”ﬁ nsiderable“rise in the permeability. of the;mucosae

and a spontaneous lincrease in the number of milcroorganisms.

The procesa which leads to the endogenous Infection 1s tnus based

‘ cumulation of commensal bacteria and an increase in the permeability
“of the mucosae and vessels. This makes it possible for a considerable

) numbei_of microbes to enter the biood and iymph continuously. The mi-

1"?‘

“Tirst absorbed by organs having barrier functlions, but

m

- _erobes -

5

|

mfoontinnedmetress exhausts this type of protection and the bacteria

|
i
i
| ste th: |
§§ begin to circulate in the blood. The destruction of bacteria in the
gg‘ blood and organs 1is disrupted at the same time, as a result of depres-
éﬁ, sion ofaphegocrtic functioning and a decrease in the bactericidal

é%, prceperties of the blood plasma. |

These are, in our opinion, the bases of the mechanism by which
the endogenous infection develops in en irradiated organism,

The principles of the prevention ofeinfectioue complications 1n
the presence of radiation affectione have now been determined. They
consist in using specifie measureé,vinvthe form‘of a complex of anti-
blotics with a rather wide spectrum of.ection,'and nonspecific'mea-
sures ofdthe'type employed in replécement and stimulétion therapy,
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on an eariy disruption of the. ability of the organism to limit the ac- -
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which accelerate the regeneration of varlous systems, including natural

protectlve mechanicms. . ‘;‘

In coming to this conclusion we are by no means disparaginé %he
role- of microblologists and immunologists in the further study of
radlation affections. Quite the contrary, we belleve that thelr parti-
cipation must be expanded. This bellef 1is baéed?b; materials clted in
Chapter 2, which conclusively show that immunoiégical reorientation
of the organism by vaccination before irradiation favorably affegts
the course of the radiatlion-induced process. The essential role Qf:
immuhological processes in the pathogenesis of radiation sickﬁess is
thus proved. |

There .s another branch of radlation immunology which we coné}der
to be no less important and Interesting, 1l.e., study of thefphenoména
observed when vaccination after irradiation 1is employed.

Surveys of works on thils subject are given in the articles by

‘I.X. Tallaferro and L.G. Taliaferro (1951), I.A. Pigalev (1955), and

V.L. Troitskily (1958) and in the books by N.N. Klemparskaya etalh
(1958) and V.L. Troitskiy and M.A. Tumanyan (1958).
What problems of radilation immunology can be solved by vacecinating

irradiated animals?

In the course of research 1t was found that these problems are

rather wide ih scope and pass far beyond the study of radlation af-

fections.

Vaccination after irradiation was perhaps employed at first only
to determine the characteristics of the reactivity of the irradiated
organlsm. Changes in the capaclty for antibody formation after whole-
body irradiatioh always took the form of a decrease, whose extent de-
pended on the radlation dose and the stage of radiation sickness. In
essence, the vacclne test was used as one method of studylng radiaiion
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Filg. 7. Dyanamlcs of the change 1n precipltin titres in irradiated

and control rabbits (according to data compiled by M.I. Ravish-Shcher-
bo and L.G. Prokopenko). A; Single immunization with two antigens 24
hours after Ilrradiation; B) preliminary immunization with vaccine.

The solid lines represent lrradlated rabblts and the dash lines con-
trol rabbits. (the arrows designate times of immunization). C) preci-
pitin titres; D) days of experiment.

in experimental animals. However, this trend did not recelve the re-
quisite development, although tests to evaluate the effectivenessl

of various prophylactic drugs and measures used in the experimental
therapy of radlation affections could successfully augment indices of
Immunogenetic éapacity, which reflects the state of reactlvity.

One investigation conducted on irradiated animals in which indices

of Immunogenesis on vaccination‘were used to augment clinical, hema-

tological, and histologlcal data is the work of M.Iy Ravich-Shcherbo
and L.G. Prokopenko (1960).

The results of thils work confilrm our assertion that bacterial
vaccination may prevent the serious aftgr effects of irradiation. It
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was found that not only did the hematologlcal plcture improve and

survival increase among animals vaccinated and then lrradlated, pheno-

4 o G e e S

mena which we also observed, but also that the subjects! capacity for

ETEL R RIS

immunogenesis was retained to a greater extent.

We will now describe the method used 1n and the data obtained from

(Figs. 7 and 8) 1s noteworthy work. Rabblts were vaccinated with E

three subcutaneous injections of paratyphold B vaccine (500 million, ;
1 billion, and 1 billion cells) or human blood serum (0.5, 1, and 1 ml)
at intervals of 10 days and were irradlated in a dose of 600 r 10 ?
days later. 24 hours after irradiation the same antlgens were admini- é
stered 1n accordance with a cross-version of the‘same scheme, i;e., %
the rabbits which had preliminarily been vacclnated with paratyphoid %
baclllus recelved serum and the subjects which had been 1nocu1ated with
serum recelved paratyphoid»vaccine. The antibody (agglutinins;and pre-é
cipitins) titres were compared with data obtained from nonirradiated g
and lrradlated animals which had been given the two antigens simultan-#
eously 24 hours after irradiation. Using thls experimental setuo it
was conclusively shown with the aid of the vaccine test that the me-
thod which we have recommended, vacclnation before lrradlation, en-
sures maintenance of a level of reactivity so hlgh that the deprés-
silon of 1mmunogenesis characteristic of radiation affedtfons does not
occur after irradiation. | |

Vacclnation after irradlation may conséquently be used as a dlag

nostic test in conducting experimental work on radiation sickness.

Numerous bacteriological investigations have confirmed the im-

portant role of the microblal factor in the etlology of radiation
affections, which was established by C. Miller, C. Hammond, and M. """
Tompkins (1951). The susceptibility of irradiated organisms to in-

fectlon was demonstrated ty lnoculatlon with various microorganisms,
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Fig. 8. D&namics of the change in agglutenin titres in irradiated

and control rabbits (according to data compiled by M.I. Ravich-Shcher-
" bo and L.G. Prokopenko). A) Preliminary immunization with blood serum;

the other symbols are the same as in Fig. 7. C) agglutenin titres;
D) days of experiment. ~ o

. As a result, 1t naturally became necessary to elucidate the Qapééity
of Irradlated animals for generating artificial immﬁhity. Stud& of
thls problem was in accord with epidemiologicaf‘goals.

Ther: :8 no necesslity to describe here‘the,large-number of works
whose general results reduced to the fact that there 1s a period in
any acute radiation afféction, lasting from approximately the 3rd to
the 20th ¥ . when vaccination does not pfoduce 1mmun1ty or this im-
munlty 1s considerably attenuated. It 1s consequently clear that un-
der unfavorable epidemiological‘conditions there 1s no sénse in re-
sorting to vaccination during'the acute period of fadiation sickness.

St111 another important fact ﬁas discovered during the course of
research. It is widely known thét there exlists among immunologists the
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concept of "vaccination reactivity." Thie term is used to define the
reaction of' the organism to vaccination, as manifested in clinical and

hematological changes. This reactlon depends both on the properties of

& A A e e A b et A S,
# SRRy Do T B

the vacclne itself and on the characteristics of the organism. Vac-

cination is contraindicated under certain conditions. In addition, a

WA R

postvacclination reaction 1s not necessary for active immunity to deve=~

lop. It might be expected that vaccination durlng acute radiapﬁon sick-é
ness would be accompanied by unfavorable symptoms. Such was found to

be the case; vaccination reactivity in a number of 1rradiatediénimals

was very high, reaching a level sufficient to cause death.

According to the data of G.A. Shal'nova, a colleague 1n"0ufflab—

&
LiE
3
5%
5

oratory, almost half of mice x-irradiated in a dose of 300 r (Lﬁio/ao)
and vacclnated intracutaneously one day after 1lrradiation died within

three days after vaccination (Table 12).
Mortality also increased as a result of triple vaccination, which =

was begun on the first day with simultaneocus administratiohfof_para~

DF TR [P B Y A S AT L RN

typhold formalin vaccine and human serum; 5-of 12 rabbits di@d}within

3
g

25 lays after irradiation in a dose of 600 r (M.I. Ravich-Shcherbo
and L.G. Prokopenko, 1960). ' '
In Z.V. Shevtsova's experiments (1960) gulnea pigs were vaccina-

ted subcutaneously with live brucellosis vaccine before and after ir-

radlation in a dose of 200 r (at a dose rate of 37 r/min). When the
vaccine was administered 3 days after irradiation mortality was 3 timesé
as great as in the animals subjected to irradiation alone, while when :
the vaccine was administered after 10 days it was twice as great.
A.I. Maslov and G.N. Krivenkov (1961) carried out aerogenic im-
munization and reimmunization with live brucellosis vaccilne against
a background of exposure‘to lonizlng radlation. Guinea pigs were ir-
radiated In a dose of 250 r (21.3 r/min) 5 hours before administration
- 87 =~




TABLE 12 ) 5
- Mortality Resulting from Vaccination Among ' i
Irradlated Male Mice, During First Three ¥
Days After Vaccination (data complled by 3
G.A. Shal'nova) :
B ST Lt [ T P e ;
el 0 10 3
F B-Breslau 200 san, _—20 ~ _.5"._A~ 3
D Mouosaktunu G bUX 1 3 13
' W BN
. o 3 8
H B.coli d\llll.'li-l- 109 man. 20” 720.-"
B-Breslau 200 man. R Y
dnsarwm ! +DLK 1 wr 45 bitde
B HB KL B: Breslau 200 wan.-«- ; 1 1
J B-coll ausas 100 man, ) )

Note: The mice were immunized during the first
day after irradiation in a dose of 300 r. The
numerator shows the number of mice which died
and the denominator the total number of mice.

A) Type and dosage of vaccine; B) unirradiated mice; C) irradiated
mice; D) monovaccines; E) divaccines; F) Bacillus breslaviensis, 200
million cells; G) BCG, 1 mg; H) Bacterium coli, live, 100 mlllion
cells; I) Bacillus breslaviensis, 200 million cells + BCG, 1 mg; -

J) Bacillus breslaviensis, 200 million cells + Bacterium coli, live,
100 miliion cells.
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of the vacclne aerosol. A group of animals lrradlated and vaccinated
subcﬁtaneously was used for purposes of comparison. The authors ob-

served a substantlal increase 1in mortality among the gulnea plgs vac-

cinated by the aerogenic method; 60% of these animals died, as against =
10% of those vaccinated subcutaneousiy or subjected to irradiation
alone. Revaccination did not cause death. However, this aggravating
effect produced by adminlstration of live vaccines is easily explained
from ahother standpoint. It 1s well known that both pathogenic and

commensal microbes multiply intensively in the tissues of the irradia-

g iR Y T

ted organism (V.F. Sosova, 1956; B.G. Avetikyan and A.G. Artemova,

o Hea

1956). As a result, brucellosis'microbes of the vaccine strain may
cause u rather severe process to develop (Z.V. Shevtsova, 1959).
It was shown in Chapter 2 (see,TabLe 7) that quadruple vaccination
- 88 -
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- after irradiation in a dose of 800 r he observed precisely the op-

with Bacterium coll (administered intravenously) before‘irraqi%tion

1

had a favorable effect on the course of radlatlon sickness. Howévér,
when V.F. Sosova carrled out quadruple vaccination (with 1 ml of a

one-million-cell suspension) with rabbits during the first few hours

posite effect; the animals soon died, exhiblting symptoms of shock,

while 1in those which survived this serious state the numper of leuco
cytes in the blood dropped to a leucopenic level (3OOQ,ber 1 mm~),

during the first day, which confirms that shock devélopéd.

%
3
3
25
-
Ed

A severe reaction in which the rabbits rapildly diéd:of-éﬁOck
was also noted on intravenous Injectlon of 2 ml of a filtrateifrom
a slx-day bouilllon culture of Bacterium coli 25 hours after'eradia-

tion in a dose of 1100 r, the Shwartzman phenomenon belng ihdpced

(V.F. Sosova, 1956). The irradiated organism thus becomes extremely

sensitive to bacterial products during the initial perilod. of fadiatio@

sickness. In Sosova's'opinion, thils sensitivity gradually decréases

G e
R Ty R

during the followlng days, until the animal 1s completely areactive
during the helght of the 1llness.

We may also conclude that this areactive state 1s present from
the fact that rabblts do not die after belng injected intravenously
with a filtrate from a bouillon culture of Bacterium coli 3-4-5 days

after irradiation in a dose of 1100 r (V.F. Sosova, 1956), from the

attenuation of the Shwartzman (Becker, 1948; V.F. Sosova, 1956) and

Sanarelli-Zdrodovskly (Ye.P. Sidorik, 1957) phenomena, and from the

inflammatory reactlion to lntracutaneous injection of a 1argé quantity

AR dGe

(3.5 billion cells) of killed colon bacilli. Finally, the areactivity :
of the organism 1s also shown by the necrotic-hemorrhagic character
of the reaction to dermal administration of live mlcrobes; the des-
tructlive processes 1In the focus are conslderably stronger than the %
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protective inflammatory processes.

It is well known that stimull become extreme or subthreghold
in accordance with the state of certain links in the nervous system.
In 1896 Acad. I.R. Tarkhanov was the first to show the role of‘“théf'
nervous system 1n the pathogenesis of radilation affections. He noted
that the time required for the acid reflex of an x-irradlated frog
was prolonged, amounting to 30-100 metronome beats, as agaiqst 5-7
beats before irradlatlion. Irradlation carried out after administratioh 
of strychnine kept frogs from having,convulsions. A decrease in re-

flex excitabllity was observed by D. Lapltskiy (1935); the greater the

dose of x-rays the frog recelved before administration of the strych-
nine, the later convulslons set in. Ye.I. Bakin (1951), expressea the

same oplnion, assigning specilal importance to the afferent poﬁtfén

of the perlpheral nervous system, on the basis of “heﬁfact that iransec-g

A

tion of the sensory nerveAtfunks of an 1rradlated segment of the spi-
nal cord prevents the convulsive selzures usually bbserved on radium
ifradiation of thils organ. Ih studying the state of neural receptipn
in irradiated areas of the skin M.N. Livanov and N.S. Delitsyna uséd
records of the actibn currénts which develop in a sensory nef&e trunk
on tactile stimulation through the skin to establish that ifrédiation
causes a weakenlng of the receptor reaction. (depending on the irradia-

tion dose and the time at which the investigation is conducted). N.N.
Garvey (1956) observed morphological changes in the exteroreceptors

of the skin on whole-body 1lrradiation of rats.

B.B. Moroz (1952) showed that sensitivity to tetanus toxin de-
creases under the speclal conditions created by the action of the
Incorporated radinractlive nabﬂtahce in polonium poisoning; while the
mean survival time feor rats which recaiwed a lethal dose of this toxin
was 6.5 days, rats simultaneously pueizoned with polonium lived twice
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as long.
The investigations of M.I. Nemenov and V.V. Yakovleva (1940);

Z.A. Yanson (1956), A.A. Grafov (1958), and others have shown that

the conditioned-reflex activity of the cerebral cortex is attenuated

by irradiation.

In the opinion of the Bulgarian researchers(G;Tencheva;'S..Ba-

luyeva, and A. Sakhatchiyeva (1955), the decrease in tisSué-colld%d

" dispersion, increase in the permeability of cell membranes, acidééts,

depression of the aerobic phase of cellular respiration, and proloﬁ-
gation of chronaxia (especially that of the afferent links of reflex

arcs) observed onrwhole-body irradiation Indicate that inhibition of

PR A e e

the parabiotic type develops. H. Yamashita and T. Miyasaka (1952)

¥

used physiologlcal methods to show that exposure to penetrating $a -

S o Cled e
B C R P T SV

diation leads to a state of parablosis. Recording the blocurrents of

%

the cerebral cortex made 1t possible to discover that the procésseé

which occur in the central nervous system have a phase-like activity

A A R i

W

during radlation sickness; at the beginning of a radiation éffection : f
the bloelectric effect 1s Increased, but during the peridd-of acute |

symptoms 1t decreaseg, this indicating the development of severe in-

hibition (M.N. Livanov, 1962).
It follows from these obgervations that one might expect dif-

ferent reactlons on vaccination of én irradiated animal, depending

on the character of the perception of this stimulus during a gilven 5

phase of raaiation sickness.

The problem of why vaccination aggravates the course of radia-~

tion sickness 1s still far from solution. Even in our laboratofy contra~
dictory observations have been made when vaccines were administeféd

at the height of radlation sickness, i.e., during the period when the

areactivity of the organism is at its greatest. We do not exclude the

-0l = ; ‘ g




possibility thaf the results were affected by use of microbial SuUS=¢
~pensions which differed in theilr cohtent of toxlc substances and by
the fact that different species of animals were employed.

Thus; N.N. Klemparskaya (1958) noted an increased mortallty among
mice irradiated in a dose of 300 r and then vaécinated with heat- or
formalin-killed typhoid badillus. It was found:that while a total of
7% of the mice died after irradiation, triple subcutaneous vaccilnation
between the 1st and 15th days after irradiation increased mortallty
to 81.8%. Single intraperitoneal vaccinatioh during the first day
after irradiation caused 10.6% of the mice to die. while vacclnation
during the second week produced 83.4% mortality and inoculation during
the 3rd-ith weeks 57.3% mortality.

‘ ‘V.F. Sosova obtained different déta in experiments on}pabbits to
which he administered a suspenslon of Baclllus breslaviénsfé_ki%led
with formalin‘vapbrs and carefﬁlly purified of toxic substéncééf;?he
rabblts were inJected 1n£ravenously wilth the vaécine onefhoquéﬁé?B
days after irradiation in a dose of 800 r; nonirradiated animélé were
also immunized in the same manner. A very large vacclne dosage (25.
‘billion microbes in 5 ml of physiological solution) was emplbyed.€Vac-
cination of 4 rabbits one hour after irradlation caused a typlcal
state of shock characterlzed by dyspnea, adynamia, conﬁulsions, screa-
ming, and severe 1eucopen1a (2000;3000 leucocytes per mm3 of blood);
all of the animals died within several hours.

The reaction of the rabbits vaccinated 3 days after irradlation
was entirely different. Some of them exhlbited only a slight depres-
sion. Not one of the 16 animals died, even though‘this'vaccine‘dosage
occaslionally caused deéth among'the nonirradiated rabbits (3 of 12
rabbits died over a period of one day). However, there is apparently
a tolerance limit in this case. In one series,df experiments three
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daily Injections of this vaccine dosage 3-4-5 days after irradiation

did not cause acute shock in 4 rabbits irradiated in a dose of 800 r,

but their general condition deterlorated and all of them died within
8-11 days after irradiation. One of the three control (unirradiaged)
rabbits used in this experiment died soon after the third vacclnatlon.
Whole-body irradiation of rabbits in rather high doses (1100 r)
frequently Qaused lethal shock to develop soon after exposure. How-
ever, "spontaneous” shock 1s very rarely encountered after irradiation
in a dose of 800 r. As our experiments showed, the provoking factoﬂ.
at this irradlation dose may be the additional stimulus provided(by
the forelgn proteins of the intravenously-administered vaccine. The
reliability of this observation was confirmed later, during aﬁqphef‘

season of the year, when 4 radbits were vaccinated one hour'afﬁer.if-

radiation. The same effect was agaln obtalned: all of the an;mals“died
of shock. |
Wishing to check how another species of animal would react to

the same vaccine, we conducted experiments on mice irradiated in do-

ses of 500, 600, 700, 800, 900, and 1000 r. Twenty to 24 mice were

used for each irradlation dose., Half of them were glven washed Bacillus

breslaviensis vaccine (2.5 billion cells in 0.5 ml of physiological

solution) by injection into the caudal vein 1-2 hours after irradiation.é

The mice withstood this procedure quite satisfactorily; shock did not

develop in a single'case, even after 1irradiation in a dose of 1000 r.
Moreover, early vaccination of irradiated mice with‘the washed vac- 3
clne did not have any detrlmental influence on thelr survival time.
Specific differences 1n the reactivity of organisms to the action bf
these two factors, lrradlation and antigen stress, clearly appeared

in these experiments.

el

In making a more thorough investigation of the réaction of the '%
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organism to vaccinatlion in the presence of an acute radiation affec-

tion 1t is very important to study the effectiveness and safety.éf

vaccination during chronic forms of radlation sickness. The ;;té?ﬁture

contains no materlal on experimental work in thils direction, probably

because of the difficultles created by keeplng experimental animals

for extended periods. Our laboratory has avallable certain data rela-

ting to this important problem. o

V.F. Sosova, I.K.}Petrovich, and’BaA. Markelov (1961) cohdug%ed
a complex investigation of the cliﬁical, serological; and hématﬁiogim _%
cal data which characterized the reactions of animals with chronic E
radiation sickness to vaccination and revaccination.

The experimental animals were 12 dogs aged 5-6% yeafs which were
suffering from an acute radiation affection reéulting fromva single 5
“intravenous (8 dogs) or inhalation (4 dogs) administrationwof radio- é
actlve strontium. Four dogs of the same age were used as the ‘tdntrol.
The animals were injected with 0.1-0, 25 meuries/kg of Sr90 or*gimix-

. ture of Sr89+90 intravenously. In inhalation the dogs breathed air
containing a mist made up of a mixture of 1sotopes in a concentration

of 0.17-0.08 mcurieS/l for 15 minutes.

The dogs were satisfactorily sensitive 3-4% years after admini-

- stration of the strontium, il.e., at the beginning of vaccination. Their

blood was characterized by a normal erythrocyte count a 1eucocyte
count reduced by 50%, and a lowered thrombocyte count. |
Immunization was carried out with Bacillus breslaviensis formalin
vacclne administered subcutaneously. The suspehéion contained 1 bil=
lion microbes per ml. A dose of 1 ml of vaccine for each 10 kg of body
weight was used for the first 1ﬁjection (vaccination), while a dose of

1.5 ml per 10 kg was used for the second 1njection (revaccination). The
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%

interval betﬁeen vaccinations was 4 months. The total observation time
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was 8 months.
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Fig. 9. Antibody formation in dogs as a function of doéage of ngo
administered intravenously 3-4 years before vaccination. The time be-

fore and after vaccination and revaccination with Bacillus breslavien-

sis is shown along the abscissa; the extent of blood-serum dllutlons
is shown along the ordilnate. 1) Mean agglutinin titres in lmmunized
control dogs; 2) the same, in dogs which received 0.1-0.15 mcuries/kg

of Sr2° (individual data are indicated by circles); 3) the same,-in

dogs which received 0.2-0.25 mcuries/kg of sr0 (individual data“are
indicated by crosses). A) Vaccination; B) revaccination; C) days; D)
months; E) after vacclnation; F) after revaccilnation. “ -
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Filg. 10. Dynamics of agglutinins to Bacillus breslaviensis in dogs
immunized 3-U4 years after administration of radioactive strontium by
inhalation. 1) Mean antibody titres in immunized control dogs (in-
dividual data are represented by crosses); 2) the same, in immunized
irradiated dogs (individual data are represented by circles). A) Vac~
cination; B) revaccination; C) days; D) months; E) after vaccination;
F) after revaccination. '

The extent of antibody formation was determined from the titre

of agglutinins in the blood serum 7, 14, and 21 days and 1, 2, 3, and 4 =

- 95 =

N ]

2 LR

g e

i S F e e e e Rae s
P SR e B Sl e A m

TSRO S b

S




4
£

months after vaccinatlion and revaccination. The leucocyte ratio, leuco=-
cyte count, thrombocyte count and erythrocyte count were determined at
the same intervals and the sedimentation rate was measured. In add%—
tion, the leucocyte count was determined and temperafure and body
weight measured dally during the first week after vaceination and re-
vacclnation. | | 'x : |

The observations showed that both the control and radiostrontium-
irradiated dogs withstood the initial and repeated vaccinations well.
Their body temperature increased by 0.5-1 and reverted to its ini-.
tial level within 2-4 days;,there were no substantial-changes in;weight

or behavior.
In processing the data obtained from thelaggiutination reaction
it was found that at the height of the immunizing reaction (during the

first three weeks after vaccination) some of the animals with chronic

radlation sickness exhibited agglutinin titres markedly below those

of the control animals (F1g. 9). The majority of»low agglutinin titres
were obtained from the 4 dogs which were injected intravenously with
radioactive strontium in large doses;(0.25-0.2 mecuries/kg). The mini-
mum antibody titre in these animals was equal to a serum dilution of
1:200 and the maximum tltre was equivalent to a dilution of 1:3200.

At the same time, the corresponding titres in the immunized control

animals were equlvalent to serum dilutions of 1: 3200 and 1: 12 800, i €.,

the immunizing reaction 1n the lrradilated animals‘was less intense by

a factor of 4-8, This difference persisted until the 3rd or Lth month.

s de it it S T,

Antibody production wasvalso slightly reduced'after revaccination, «
being almost identical in all of the animals,'regardiess of the radia-
tor dose. administered.vThe animals which were‘poiSoned intravenously
with small doses of the. 6~radiator (0. -0.15 mcuries/kg) or were gi-
ven the preparation by inhalation (Fig.-lo) exhibited no great dif-
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ferences in the extent of the rises in agglutinin titres after vac-
cination; however, they reacted to repeated administration Of'thefantl-
gen with a reduced antibody production.

Evaluating the general state of immunogenesis at long intervails

R SR D B E el fo T AR R vk et

after entry of radiocactive strontium into the body in doses of O.l-
0.25 mecuries/Xg, it may be concluded that, under the condlitlons of
chronic radiation sickness, animals react to vaccination and revac-
cination (with a bacterial antigen) by actlve prbduction of antlbodles.

However, at doses of 0.2-0.25 mcuries/kg antibody formation{proceeds'

more slowly.
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Filg. 1l. Leucocyte co§8t in vacclnated and unvaccinated dogs polsoned Z
intravenously with Sr9¥ in doses of 0.1-0.2 mc¢uries/kg. 1) Two un- ki
vaccinated irradiated dogs; 2) three3vaccinated irradiated dogs. A)
Leucocyte count, in thousands per mm~ of blood; B) vaccination; C)
rivagiination; D) before vaccination; E) days; F) months after vac-
cination. '

As for the data obtained in hematological investigations, it is
first important to note the absence of any unfavorable effect on hema-
togenesis resultinhg from vaccination and revaccination during chronic
radiation slckness. No pathological forms of white or red blood cells
were detected; nuclear pyknosis, chromatinolysis, and hypersegmenta-
tion were encountered no more frequently than in unvaccinated animals
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which received the same dosage of radiostrontium and were examlned
at the same time. In all of the animals the leucocyte count lncreased
sharply 1-5 days after vaccination (Fig. 11), a phenomenon which nor-

mally occurs in humang after vacclnation. The lncrease in the white

- cell count was accounted for primarily by neutrophlls ,and amounted

to 100-200% or more. Revaccination ylelded approximately the ssﬁe

type of leuvcocytosis; in a number ofvanimals the leucocyte_cdunt gé-
mained 8¢ a high level, approximating the initlal level, for as long
as 4 months after revaccination. Thesthrohbocyte and erythfocyte counts
did not change materially during immunization. The sedimentation rate
was somewhat accelerated for 2-3 days after revacclnation, rising to
15-30 mm/hr in 2 dogs.

Development of an intense neutrophilic leucocytosls was also ob-
served in x-irradiated rabbits suffering from acute radiation sickness.
The rabbits were given 0.2 ml of a one-blllion-cell suspension of
paratyphold B vaccine intravenously 40 days after irradiation in a
dose of,BOOsr.an_the fqllowing day their 1eucecyte counts reached
48,000-50,000, 6-8 times as great as the counts before vaccination.

A second injection given after 15 days agaln caused a simllar leuco-
cytosis.

Experiments involving vaccination have shown that the hematogenlc
tissues of animals which survive acuterradiation slckness are in a
lablle state. As a result, perlods of stable 1eucopenia apparently
frequently alternate with periods of temporarysleucocytosis during
chronic radlatlon sickness. Thls may be caused by,infection, trsuma,
or changes in diet. , ,

The Japanese authors Yaci,:Negata,;etal. (1957) feund that the
disruption of the hematogenilc funcﬁiqning of the bene mafrow produced
in mice by injection of the 1sosope P3?4(4 micérocuries) into the ab-
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dominal cavity can be eliminated to a considerable extent by sUbéutan-
eous injJection of smallpox vaccine. According to our data, vgccination
and revaccination long after irradlation with radioactive strontium

also promote a slight increase in leucocyte count in the blood of dogs.

Antibody production 1s thus maintained at a rather high level
during chronic radlation sickness caused by Iincorporated radiostrontium; f
vaccination and revaccination do not make the hematological plcture or ;
the clinlcal course of the affection worse. '

A simllar Investlgation, using the same vaccine and vaécinatian
scheme, was carried out on dogs which had survived a normally-fatal
affectlon resulting from subcutaneous injection of the a-radiator
polonium in a dose of 00,0025 meurie/kg (data compiled by V;F: Sosova,
A.G. Izergina, and I.K. Petrovich). As a result of the speciél gréat-
ment method employed the animals did not die and were vaccinatéd.after
one year (2 dogs) and one year 9 months (6 dogs). They withstcod vac-
cinatién'wgll,.responding with a'completely satisfactory agglutinin
production (Fig. 12) and a marked leucocytosis (Fig. 13). Vaccination
dld not have any unfavorable influence on hematogenesis and the?élini-

cal condition of the animals.
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Flg. 12. Antibody formation in dogs poisoned with polonium. 1) Agglu-
tinin titres in two unirradiated vaccinated control dogs; 2) mean ti-
tres in elght vaccinated irradiated dogs. A) Serum dilutions; B) vac-
cination with Bacillus breslaviensis; C) revaccination with Bacillus
breslaviensis; ») before; E) days; F5 months; G) after vaccination;

H) after revaccination.
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Flg. 13. Leucocytic reactlon to vaccination and revaccination in dogc
given polonium (averaged data). The arrows indicate vaccination. 1)
Vaccinated dogs not irradiated with polonium; 2) dogs vaccinated 365
days after administration of polonium; 3) dogs vaccilnated 650 days
after administration of polonlum; 4) dogs revacclnated 775 days after
recelving polonium; 5) dogs revaccinated 1062 days after admintstr%
tion of polonium, A) Leucocyte count, in thousands of cells per mm

of blood; B) vaccination; C revaccination, D) days.

We also had -at our disposal 5 dogs whlch had survived double
or triple x~ or y-irradiation (data compiled by V.F. Sosova and N.V..

Rayeva, Table 13). These animals were vaccinated with'BacilluégEre-

. 8laviensis (by the same»method) 1 year 3 months to 3 yes 's 2 moriths

after thelr first irradiation or 1 year 1 month after sdbsequent ir-

Yadiation. Thelr conditlon was completely satisfactory at this time;

" they behaved actively, ate well, and exhibited no material deviations

in thelr hematolegical indices. However, these dogs differed gréatly
in appearance {rom the others used, large areaé of their coafs having
turned gray (Fig. 14). Vaccinating them also provoked a temporary in-
crease In the number of leucocytes in the peripheral blood (F;g; 15),
but did not lead to any unfavorable clinical or hematological'symbtoms.é
Antibody formation proceeded more slowly (Table 14) in thé"aegs {
- 101 -




Fig. 14. Large areas of coat tur-
ning gray in a dog after triple
external irradiation. A) Before
irradiation; B) after irradiation.

of this group than 1n the animals of the control group or the unirra-
diated and 1rradiated dogs used in other experiments. In addition, no
material differences were observed to result from the multipie irra-

diation, this indicating that the lndivldual reactlvity of the ani-

mals themselves plays a definlite role. In essence, this group of dogs
was made up of animals wlth an unusual resistance to irradiation, since ;
the doses which they recelved were lethal. It 1s consequently still T
difficult to answer the question of what caused the depression of im-
ﬁunogenesis in these animals. It is possible that the multiple irra-
diation prevented the immunogenetlc mechanisms from having their full
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effect. However, we should not exclude the possibility that these
animals, which were resistant to irradiétion, also had aAhighntpresa

o,

hold to the actlion of antigens.

There 1s still another important area in which vacclnes can be

used after 1rradiation, as hematogenic stimulators. : "
T.V. Kalyayeva (1958) made a detailed study of hemoﬁoieéis in
x-irradlated rabbits which were subsequently injected intravenously
with killed microbilal suspensions. The rabblts were irradiated in a
dose of 450 r, which did not cause death although 1t substantlally é
altered the hematological pilcture. ‘ ' .
Ty
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Flg. 15. Leucccytic reaction to vaccination in dogs which survived
multiple external irradiation. The arrow indicates vaceination with

~ Bacillus breslaviensis; 1, 2, 3, 4, 5, and 6) Vaccinated irradiated

dogs; 7 and 8) vaccinated3unirrad1ated dogs. A) Leucocyte count, in
thousands of cells per mm® of blood; B) vaccination; C) days.

InjJection of the experimental and control animals with B. mesen-
tericus caused a brief toxic reaction, which manifested itself éIi-
nically ;n the development of adynamia and hematologlcally in the

| - | - 103 -
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appearance of degenerative forms of granulopolesis and a slight de -
pression of erythropolesis and thrombopolesis. At the'same‘time;“the
hematological indlces showed that it is possible for hema?ogengéis

to be activated by killed microbes even during the perilod ngits most
severe depression after irradiation. L

This stimulating influence on hemopolesis took the fofm‘oﬁ an
Increase in the relative and absolute neutrophil )counts, thé:ﬁptal
number of leucocytes 1in the peripheral blood, the tbtal_hﬁmbéf.bf
cellular elements, and the number of hemohistoblasts, cells in variousé
stages of mltosls, and regeneratlve erythroblast elements (especially
of the myelold series) in the bone marrow.and the spleen.

Signs of hematogenic stimulation were obseréed most cléérly in :
irradiated rabbits inoculated with a killled culture of B. mesentericus?
in a small dose (0.5 ml) 7 times over a period of 12 days alter ir- ;
radiation, as well as in rabblts injected with 3 ml of a k;lled pneu=- ;
mococcus culture over a period of 3 days after irradlation. - i

Comparing the hematologlcal shifts observed in the an%maisrwhich é
received the killed microbial suspensions (vaccines) wilth thosé which §
occurred in animals infected after irradiation, T.V. Kalyayeva (1958):1
found a number of 1lndices to be similar. In cases of spontaneous in- ‘i
fection (plague in dogs) or artificial infection with diluted cultureS?
of Bacterium coll and Clostridium perfringens hematogenic functioningvf

was less dilsrupted by irradiation.
The author concludes that certain microbial products may be used,f
as hemopoletic stimulators in the irradiated organism (provided that ~
their toxicity is reduced);
These data indlcate that, in additlon to the use of bone-marrow
cells and other hemostimulators, attempts to utilize microbilal stimu-_i

lants for thls purpose also present good prospects. It might follow




| “to combine inJéction-of killed microbes with administration of pro-
“tein stimulators such as blood serum. ‘

In this connection we might point out the experimenté_con§u¢ted.
- by V.F. Sosova. Both unirradiated rabbits and ratbits irradiated in
a dose of 800 r were given Bacillus breslaviensis vaccine intrave-
nously 8 days after the beginning of the experiment and then injected
with rabbit anti-Bacillus breslaviengis serum by the same method oné

~ hour or 24 hours later (methodological details are given on page 110).

- ‘Both the experimental and control animals developed a very severe

leucocytosis as a result of this treatment; the number of leucocytes
per mm3'of peripheral blood reachéd 13,700-38,700 in the irradiated
rabbits and 53,700-178,000 in the unirradiated rabbits.

‘Fﬁactional administration of the vaccine'and‘the serum'caused a
comparatively slight rise in leucocyte count in all of the animals.

This was the first timekin,all of our-many years of work’wifﬁ:

- irradiated animais that we encountéred the astounding phenomeﬁdg,ofj
an animal's passlng out of a.state-of severe leucopenia at the héigét
of radiation sickness without blood transfusions, essentlally iﬁdepéh—
dently, albelt temporarily (for 2-3 days). If the filgures gilven are
expressed as percentages of the initial (before vaccindtion) leuco-
cyte count, 1t turns out that thz number of white cells increased
after injection of the vaccine and serum by_a'factor of 7-15 in the
irradiated animals and a factor 6f 4-12 1n the unirradiated animals,
i.e., to approximately the same extent (Fig. 16).

This experiment enabled us to discover that leucocytosis may de-
velop in an irradlated organism. It 1s not clear whether thls leuco-
cytosis results from redistribution or from a stimulation of hemato-
genesis,

Comparing cur cbservations with the data cited in the work of
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M.I. Ravich-Shcherbo and L.G. Prokopenko (1960), who essen;ially com-
blned vaccination with administration of serum and obtained very fa-
vorable leucocyte counts (no lower than 4200 leucocytes per mm3 of
blood among the experimental animals and an average of 2000 leuco-
cytes per mm3 among the 1irradlated control animals), we are inclined
to belleve that they have a common basis.

Our attention is struck by V.M. Alekseyeva's observation (1960)
that Injection of bacterial lipopolysaccharlides causes leucocytosis
in irradiated rabbits.

Thus, while vacclnation of an irradiated animal is unwise pe-
cause 1t 1s lImpossible to ensure complete resistance to infection by
this method during acute radiation sickness, we feel that the use of
vacclnes as hematogenic stimulators merits further research. Thié pro-
blem is closely connected with the study of radloresistance.

Finally, we will dwell on research in which 1rrad1ated‘anima%s
were uced as models of damaged immunogenetic mechanisms in ofder’éo
study a number of unsolved Immunological problems. | .M

Varying the time at which the antlgen was administered (before
or after irradiation), Dlxon and Talmage (1952) concluded that the
mechanisms which participate in antlbody formation do not remain the
same over the entire period for which antibodies are produced. They
based thils conclusion on the fact that the initial phase of immuno-
genesls proved to be very radiosensitive. If the 1lmmune reacition had
already begun subsequent irradiation did not prevent antibody forma-
tion. It follows from this that antlibody production itself isc effected
by different mechanisms, which are resistant to the action of radiation.%
The 1nltlal phase was found to be brief in these experiments, being |
limlited to several hours, while the radioresistant phase occuplied the
entire remaining period of antibody formation.
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Fig. 16. Leucocytosis in rabbits in response to intravenous injection
of vaccine and 1mumune serum 3 days after irradlation in a dose of
800 r. The lower scales show the initial absolute leucocyte counts

ir the unirradiated (n/o) and irradiated (800 r) rabbits before vac-
citation. The zircles indicate the leucocyte counts 1n the irradiated
rebbits which preliminarily recelved vaccine and serum, the squares
stiow the same :"or the nonirradiated rabbits, the dots the same fcr
administration of serum alone, and the circle-and-dot comblnation for
edministration of the vaceine alone. A) Leucocyte count (thousands of
cells per mm3 of blood); B) leucocyte count after injections, as a

percentage of the initial level; C) n/o; D) r.

As will be shown later, their relationshlips to irradiation are
not the only characteristics of these phases. In particular, the pre-
sence of pas: ‘ve immunity during the 1nitial phase materlally affects
antibody production.

It seemed possible to discover a more definite role for the spleen
in immunogenr~is in the irradisted organism. Jacobson, Robion, and
Marks (1950) screened the spleen during irradiation and concluded that
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1t 15 the principal cite of antibody formation in responsz to intra-
venous injection of cellular antigens. However, a thorough analysis
made with the ald of subsequent exreriments (Jacohson and Robson, 1952)
In which sheep corpuscles were administered 24 hours after removal of
the screcned spleen (the splenectomy was performed one day after ir-
radiation) showed that this operation does not prevent antibody forma-
tion and that just as many antlbodies are produced outside the spleen.
The speclfic characterlstlics of the subjects and the mode of antigen
administration are important in this case (Wissler etal., 1953).

Many investigators came to a hasty conclusion about the possi-
vlility of complete suppression of lmmunogenesls by lonizing radiation.
This conclusion was supported by sclentists who were dealing

with tissue transplants and were consequently interested in methods

£ ~uppreqsing Immunogeneslis. However, dlisappolntment soon occurred,
especlally when it was foung that transplantation of bone-marrow cells
strikingly successful during\the acute perlod of radiation sickness,
1tself causes a severe immunological reaction which results in death
| after long intervals (Makinodan, 1957).

Recent works (N. Gengozian and T. Makinodan, 1958; 0.P. Peterson
and I.A. Kozlova, 1958) and our observations (V.F. Sosova, 1961) have
shown that 1t is. impossible to suppress antibody formation completely
by sublethal irradiation. The error which was made can be explained
by the brief time for which the lrradiated and vaccinated experimental
animals were observed and the use of small antigen doses (administered
subcutaneously or intraperitoneally) and several vaccinations.

We may speak of attenuation of antibody formation after sublethal
irradiation only for a certain period of time.

We belleve that in orédzr to solve the problem of lmmunogenesis
it is necessary to select the most favorable conditions for obtaining
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a direct antigenic stimulus, which would facilitate subsequent proces-
sing of the data.

These conditlons must include:

1) intravenous injection of the antigen so that a measured dose
comes into'contact with the cellular immunogenetic mechanisms im-
medlately after 1t 1s diluted in the biood;

2) a single injection of the antigen, since repeated lnjections
may have an inhibiting effect even on healthy animals, especlally
when gliven at short intervals.

Observing these conditions experimentally confirmed that irra-
diatlion in doses which make 1t possible to prolong survival time con-
slderably does not suppress antibody formation completely.

Theve are flelds of mediclne which are concerned not with methods
of stimulating imm inogenesls, but with methods of depressing 1t. This
is primarily true of tlssue-transplantation problems. It 1s well known
that depression of the capaclty for actlive antibody formation may be
produced'in a healthy animal if it 1s vaccinated soon after an injec-
tion of the corresponding immune serum (Ya.R. Kovalenko, 1958-1959;
A.I. Kazran etal.;(1959); Popovici and Gogoasa, 1956). Assuming that
irradiation and administration of an immune serum may have a summed
depressive effect, V.F. Sosova attempted to trace the action of a com-
bination of passive immunity and irradiation on immunogenesis, using
a corpuscular microbial antigen.

The experiments were conducted on rabbits weighing 2800-3000 g,
which were subjected to whole-body irradiation in a dose of 800 r with
a three-tube field of a l2-tube x-ray apparatus (180 kv, 14 ma,

0.5 mm Cu + 1 mm Al filter, dose rate — 30-34 r/min). This dose is the

*P30/30°
The animals were vaccinated during the acute period of their
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radlation sickness, i.e., 3 days after irradiation. Unirradiated rabe
bits of the same welght were used as the controls.

Passive immunity was created in the rabbits by single intrave-
nous 1injections of 10 ml of rabbit anti-Bacillus breslaviensis serum,
after which (1-24 hours later) agglutenins to Bacillus breslaviensis
in titres of 1:400-1:1600 were detected in their blood. The immune
sera were kept under refrigeration, no preservatives beilng added. Thelr
titres were from 1:12,800 to 1:51,200. Serum (o a mixture of sera)
of the same titre (from the same flask) was naturally taken for each
serles of experiments.

The vaccine was an agar culture of Bacillus breslaviensis killed
with formalin vapor and suspended in physlologlcal solution. On the
day of the experiments the initial dense microbilal suspension was washed
flve times in order to purlfy it of dissolved toxic substances and
centrifuged (3000 revolutions over a period of 30 minutes). 5 ml of
a five-billion-cell washed suspension was used for the intravenous
Injections. Such a large antigen dose was used because the antibody-
formation reaction to a single inJection of a small dosage could not
be detected 'n the presence of passive immunity.

| Preliminary examination of the rabblts showed that the majority
'of them exhiblted normal antibodies to Baclllus breslaviensis at a
serum dllution of 1:25, although a dilution of 1:50-1:100 was requlred
for some.

The extent of passive immunity and antibody formation was eval-
uated from the change in the titres of aggluteuins to Bacillus bresla-
viensis in serum taken from the rabbits' pinnal veins. Blood was taken
dally for 10-15 days after immunization and at intervals of 3-5 days
for a further 50-60 days.

In the first version of the experiments a group of rabbits re-
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Fig. 17. Change 1n agglutlnin titres in rabbits irradiated in a dose
of 800 r and unirradiated rabbits recelving Bacillus breslaviensis
vacclne only, as well as control data obtained on injection of 10 ml
of normal serum cne hour before vaccination. 1; Antibody titres in
rabbits vaccinated 3 days after irradlation; 2) the same, in unirra-
diated vaccinated rabbits; 3) the same, in rabbits which received nor-
mal rabblit serum before vaccination; 45 the same, in unlrradiated
rabbits. A) Serum dilution; B) days after vaccination; C) before.

L1 ISTS R B A B N B aE
¢ B Lymay nocae 8Sederus cvbopemey v basyms

Fig. 18. Influence of administration of immune serum one hour before
vaccination on active antibody formation in rabbits irradiated in a
dose of 800 r. 1) Agglutinin titres in rabbits which received immune
antl-Bacillus breslaviensis serum 3 days after irradiation and were
then vaccinated with Bacillus breslaviensis; 2) the same, in an irra-
diated rabbit which received only immune serum; 3) the same, in an
unirradlated rabbit vaccinated after administration of immune serum.
A) Serum dilution; B) days after administration of serum and vaccine;

C) before.;
celved immune serum one hour before vaccination, 1.e., the.rate of
antibody formation was 1nvest15§ted against a background of paasive

immunity. In the second version the animals were vaccinated and then

received immune serum one or 24 hours lgter. This clarified the role
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which passive antibodles play after antibody formation has already
begun,

The data obtained In these two baslc serles of experiments are
glven below.

Vacclination in the absence of passive immunity yielded the fol-
lowing results (Fig. 17).

A conslderable accumulation of antibodles was noted 23-4 day: af-
ter vaccination in the unlrradiated rabbits. The maximum titres werc
reached on the 15th—20ih day.

Antlvody formation was only inhibilted, not completely suppressed
in the animals irradlated in a dose of 800 r and vaccinated with Bacll-
lus breslavliensis 3 days later. A marked increase in the agglutinin
titres was detected only at the end of the secénd week after vacclna-~
tion; as 1is shown by the trend of the curves, the maximum titres were
no lower than in the unirradliated vaccinated rabblts.

Administration of 10 ml of normal rabblt serum one hour before
vaccination did not materlally affect the course of the agglutinin-
content curves for either the irradiated or unirradiated animals.

A completely different plcture was observed when immurie serum
was lnjected an hour before vaccination (Fig. 18). During the first
week all of the rabbits (irradiated and nonirradiated) maintained an
almost 1dentlcal quantity of passively-produced antibodies, the titres
of which gradually decreased to a dilution of 1:200 on the 12th-18th
day. However, the antibody curves diverged sharply at this time. While
the quantity of antibcdies remalned at a low level in the irradilaved
animals until the end of the 2nd month (as in the control after ad-
ministration of immune serum alone), in the unirradiated rabbits the
antibody content increased 8 fold. This considerable rise in the quan-
tity of agglutinins indicated the presence of active antibody produc-
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tion. However, comparison with the control data (see Fig. 17) showed-
that the antibody titres in this case did not reach the levels obtained

on administration of the vaccine alone.
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Filg. 19. Influence of administration of immune serum after vaccination
on active antibody formation in irradiated and unirradiated rabbits.
1) Agglutinin titres in an unirradiated rabbit which received the vac-
cine alone; 2) the same, in an unirradiated rabbit which received the
immune serum alone; 3) the same, in a group of unirradiated rabbits
whilch received both the vaccine and the immune serum; &) the same, in
rabbits irradlated in a dose of 800 r. A) Days.

The presence of finlshed antibodies in the blood at the instant
of exposure to the antigen thus had an important effect on antibody
formation. Administration of immune serum before vaccinatlon completely
prevented active antibody formation in the irradiated organism. Accor-
ding to data in the literature this treatment slows down antibody for-
mation and reduces the quantity of antlbodles produced when used on
a healthy unirradiated organism.

In the other experimental setup, i.e., when the immune serum was
inJected after vaccination, the passive antlbodles also prevented ac-
tive antibody production in the irradlated animals.

Flgure 19 shows curves representing the quantity of agglutenins
in 10 rabbits, which were experimented on simultaneously. Each pailr
of irradiated and unirradiated rabbits was given immune serum one or
24 hours after vaccination; the two unirradiated éontrol ratbits re-
celved vaccine (1) or immune sevum (2) in fractionated doses. It may

be seen from the graph that the passive immunity which develop in all

of the nine rabbits injected with serum was characterized by titres of
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1:600-1:800. This antibody level was maintalned for 3-4 days. The
curves then dilverged sharpiy, regardless of when the serum was ad-
mialstered. The curves for the unilrradlated animals are grouﬁcd in
the upper portion of the graph; thelr antibody titres increased four-
fold, this 1Indicating active production of antibodlcs to the vacclne

. admir lstered. The curves“for the irradlated rabbits at firct dropped

;. in the same fashion as that for the second control, thuc pointing to
a gradual depletion of passive lmmunity. The antlbody levels 1In the
Irradlated animals remalned within the limits of normal varlation thence-
forth, untll the 60th day of observatlon.

The goals of this investigation did not include a detalled study
of the reactlon of the unirradiated animals, whlch were used only to
obtain comparative data. Nevertheless, some ac:cunt should be taken
of the fact that the rise in antibody level reached a second peak i
these anlmals on the 25th day. From the character of the curves we
may hypothesize that the superimposition oi cpecific passive Immunity
on vaccination may céuse an unusual antlbody-production reaction ha-
ving two stampes: the first involves discharge of antibodies 1lnto the
blood stream on the 3£g-h§g_day and the second a 'similar discharge
one month after vaccination.

It may not be fortulitous that two of the 4 irracdiated rabbits
exhlbited a slight second peak in the antlbody curves after 30 days.
It 1s possible that we were dealing 1n these cases with the secondary
antibody response observed in the experiments of Uhr and Baumann
(1961), who studied antibody formation induced by administration of
a precipitate of diphtheria toxold and antiserum.

The essence of our experiments lies in the fact that we were able
to find a method of augmenting the blocking action of irrédiation on

Immunogenesis. The results of these experiments reduced to the fact




that administratlon of immune serum to irradiated animals before or
shortly after vacclnation may completely prevent active antibody pro-
duction. Combining two factors, irradiation and passive immunity, which
depress active antibody formation may completely suppress immunogen-
esis.

" The effectiveness of conjolning irradiation and passive 1mmuni£y
to depress antibody formation indicates one possible direction in
which research on methods of overcoming the Immunologlcal obstacles to
'tissue transplantatlon should proceed. Actually, great difflcultiles
may be encountered here, if we take into account the cytotoxic pro=-
pertlies of antitissue sera.

The data cilted agree with those of S. Hollingsworth (1950) and
D.R. Kaulen (1957) on the fact that passive aﬁtibodies persist for
a long time in an irradiated organism, gradually decreasing in number
in the same fashlion as in an unirradiated animal. However, as our ex-
periments showed, passive antibodies may serve as an agent which al-
ters the conditions under which the antigen and the antibody-forming
cells normmally interact.

The mechenisms underlying the depressive effect of irradiation
and that of immune serum on the immunologlcal process arcz completely
different. As the observations of I.Ya. Uchitel!, E.L. Khasman, and
A.S. Konikova (1961) showed, the healthy organism responds to vac;
cination with an intensification of protein synthesis in the liver
and adrenal glands during the inductive phase, l.e., when 1t is still
impossible to detect antibodles in the blood. These authors suggest
that there 18 a stage of the 1lnductive phase during which a serological-
ly inactive protein, a predecessbr of the antibodies, 1s formed. Since
protein synthesis 1s disrupted in the presence of a radiation inJjury,
we cannot discount the possibility that the basic cause of the tempo-
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rary depresslon of antibody formation may be dlocruption of the oyne-
thetle ecapaclty of the antibody-forming cells.

Ae a result of the excess of antlbodlcs passlve lmmunlity ercates
untavorable condltlons for immunogencels, This 1s apparently crzplalned
by the fact that the antibodies (l.e., the Incrcascd quantitles of
v-ylobulin) prevent contact between the antligen and the cells, prevent
ant lbody formatlion In the cells, or keep the antibodles from velng dlc-
charged r'rom the cells into the bloodstream. Passlve immunlity lnduced
in a healthy organism prior to vacclnatlon consequently often deprcc-
ses actlive antlbody productlon, prolonging the time required for it
to develop and reducing the rate at which it proceeds. The death of
a large number of cells and the dlsruption of cellular functioning
which occur in the 1lrradlated organism contribute to the complete sup-
pression by the passive antlibodles of the production of new antlbodiec.

Cn the basls of these data, we must include among the fundamen-
tal conditions for immunogenesis (in addition to healthy reticuloenco-
thelial cells and a definite antigen concentration) the presence of
favorable immunological conditions in the medium In which the antlgen
comes into contact with the cells. The presence of passive antibodies
has a negative effect on lmmunogenesis.

The data of Leskowitz (1960) testify to the inhibiting effect of
the excess of antlibodles created by vaccination. This author studied
the Iimmune response of rabbits to vaccination wlth a specific preci-
pitate prepared from bovine serum albumin and the corresponding rabbit
éntiserum. On adminlstration of the precipitate antibodies developed
to the bovine albumin only when it and the antiserum were given in
equivalent quantities; if there was an excess of antise:.m no antibo-
dies vere formed. Terres and Wolings (1661) also pointed out the ma-
terial importance pf the antigen dosage in the precipltate for active
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antibody production.

Prepared antibodles consequently have a depressive effect on anti-
body formatlon when varlous antigens are used, be they cellular or
simply protein.

In contrast to our experiments, In the work described above the
antigen-antibody complex was prepared in vitro, for intravenous in-
Jection. We apparently produced a similar complex consisting of Bacll-
lus breslaviensis and the correspogding antibodies in vivo in our rab-
bits, the prolonged passive immunity noted in these arilmals 1lndicating
an excess of antibodies. In addition, control ekperiments on the ad-
sorption in vitro of anti-Bacillus breslaviensis serum by a suspension
of Bacillus breslaviensis (in the dbses used in our experiments) did
not show any material change in the immune titre of the serum, l.e.,
an excess of passive antibodies was set up in the rabblt's body.

By Injecting immune serum after vaccinatlon we were able to limit
the period of free contact between the antigen and the cells to a de-
finite time interval. This method makes 1t possible to clarify cer-
tain characteristics of the initial period of immunogenesls.

Judging from the results of the experiments involving injection
of immune serum one or 24 hours after vaccination, we may conclude
that one hour (or less) of free contact between the antigen and the
cells is sufficient to cause immunogenesis to begin in the healthy
organism. However, a time this short (and even 24 hours) 1s clearly
insufficient for the antigen to be effective in the irradiated or-
ganism; administration of immune sefum after vaccination consequently
had the same depressive effect which we observed for vaccination
against a background of passive.immunity.

We are correct in speaking’qr a diéruption of the antigenic ef-

fect, since 1f the antigen were fixed in the tissues of the 1irradiated
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rabbits for 24 hours we would observe a delayed lmmune responce some-
what slmllar to that detected in the 1irradiated rabbits which received
the vacelne alone (see Fig. 17). One gets the lmpression thaé an intra-
vcnously-adminlstered corpuscular antigen contlinues to circulate in
the blood of the irradiated organism for at least 24 hours or more. The
presence of an excess of the prepared antibodlecs administered with the
lmmune serum prevents 1t from coming into further contact with the cells
and 11 is gradually eliminated, before cellular functioning is restored.
Studying the state of lmmunogenesis in irradiated rabbits by in-
vestigating the elimination of an isotope-tagged antigen from the blood,
Talmage, Dixon, etal., (1951) concluded that the antigen circulates
for an extended period in the blood, because of the absence of anti-
bodies. Negative serologlcal tests served as the basis for this conclu-
sion.
The brief period for which the experimental animals were cbserved

did not make 1t possible to detect the later appearance of antibodies.

In our opinion, the value of these experiments lies in the fact that

they showed that an administered antigen circulates for a long time in
the blood of an irradlated apimal, as well as that the fixation of the
antigen in the animal's tlssues 1is diérupted.

However, 1t must be noted that M.V. Tikhomirova (1958) injected
gulnea plgs irradiated in a dose of 500 r with normal horse serum ana
established that the fixatlion of this antigen by the tissues of the
liver and intestines 1s intensified. |

We atiempted to produce speciflc agglutinins in mice, inJjecting
them intraperltoneally with the blood of rabblts vaccinated intra-
venously with a bacterial vaccine. We 1ﬂ€éhded to determine at intervals
the time et which the antigen circulated in the blood of irradiated
and unirradiated animals. However, no data which clearly indicate any
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difference have as yet been obtalned.
Summing up the material presented in thls chapter, it may be con-
cluded that vaccination after irradiation may be used to solve a num-

ber of practical and theoretical problems in radiation and general im-

munology.
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CONCLUSION

The dlscovery and wlde introduction of prophylactic immunizatilon
In addition to the other measures employed in the Soviet Union made 1t
possible to completely eliminate or conslderably reduce the lncldence
ol' many Infectlous diseases. However, as 1s shown by the data gilven
in this book, the importance of vacclnatlon is not limited to this
alone. Experimental investlgations carrlied out by blologlsts have choun
that vaccines have still another noteworthy property; under certailn
conditions, they are able to lncrease radloresistance.

Ionizing radlation destroys =ellular elements and ilncreases the
permeabllity of vessels and tissues. Favoréble condltions are set up
for cellular decomposition products'to be absorbed and act on the body,
this leading to autointoxication during the first few hours after 1r->
radiation and later to autosensitizatlon of the irradlated organism.

Immunologlical mechanlsms, therreaction to autoantligenic substances,
thus play an important role in the deveiopment of radiation sickness.

It 1s possible to prevent the development of this reactlon by
immunological methods, one of which is vaccination.

Administration of foreign antlgens causes a complex reaction, in
which the nervbus and endocrine systems participate. After the initilal
symptoms of stress, Selye's "alarm reaction," a prolonged characteristic
reaction develops on the part of certaln cellular elements, primarily
the cells of the reticuloendothellal system and the plasmatic and
lympholid elements. The phagocytic functioning of the milcrophages and
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macrophages ig¢ activated. Ac

a result of the specific change 1n globu-
lin ‘

gynthesis immune bodies begln to develop not only to the antigen

In questlon, the microbe, but also to tissue decompocition products,

as recent investigations have snown.

Since the increase in radioresistance is observed months after
vaccination 1t must be assumed that the most important factors in thic
process are the prolonged changes which affect the functioning of the
reticuloendothellal system. '

Study of the nature of the action of vaccination on the reaction
of the organlsm to radiation has only Just begun and is now attracting
the attention of an ever wlder circle of scientists. There is no doubt
that the data obtained in various laboratories will aid in gaining a
deeper understanding of this phenomenon and declphering the detaills
of the mechanlsms on which it is based.

In contrast to forelgn sclentists, research workers in the Soviet
Unilon have not only gathered data on the action of certain vaccines
on radioreslstance, but have also trled to explain thls phenomenon and
used it in practlce, to improve the health of persons who come 1nto
contact with ionizing radiation.

At the level of our present knowledge, we may note two possible
ways 1in which prophylactic vaccination may influence radioresistance.

The first is based on the phenomenon of antigen concurrency, which
is well known in immunology. In this case "strong" microbial antigens
(those having an active immunizing influence) administered before ir-
radiation suppress the stimulating effect of "weak" tissue antigens.

The second 1s assoclated with the destruction of cells in the
focus of local inflammation which develops as a result of microbial
vaccination and with the resultant formation of antibodies to the tis-
sue antigens. These antibodles are retained in the body for a long time
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and may combinc with and neutralize the tlicuc products formed ags a
resull of Irradiation. Many acpeets of the action of these antibodlecs
are 8till unknown. There ls come definlte optimum n thelr férmation »
glhece excesslve hyoerimmunization with autoliscue products decrcasces
rather than increases radioresistance. Since different antijpens have
different capaclties for acting on tissue cellular elements (the lo-
cal Inflammatory reaction 1s of varying intensity) and actlvitles In
concurrent relationships a wide fleld of activity has been opened up
for various investigators in searching for vaccilnes having the most
active influence in Iincreasing radloresistance. In our oplnion, vac-
¢cines prepared from living microbes present the best prospects in this
respect.

In studying the action of any vaccine specilal attentlon must be
pald to the dosage, the mode of administration, the number of injec-
tions, and the duration of the interval between vaccination and irrca-
dlation. Very little research has been done on the influence of vac-
cination on animals poisoned with radiocactive substances.

As the data clted in this work show, the effect of vaccination
on the 1lrradlated organism varies 1n accordance with the nature of the
agent to which the animal was first exposed. It 1is in thls fact that
the concurrent character of immunization with microblal antigens and
autoimmunization with tissue products appears most clearly.

If vaceination is carried out before irradiation immunity to the
agent in question 1s not only maintained after exposure to ionizing
radiation, but the course of the radiation sickness contracted is con-
slderably altergd. The survival rate 1s increased, fewer of the sub-
Jects show signs of damage to the gastrointestinal tract, symptoms of
hemorrhagic diathesis are almost entirely lacking, the animals lose
less weight, and active behavior and good appetite are maintained.
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Vaceilnation conducted after irradlation docs not have this effect
on radloresistancce.

Immunogenesis with respect to the microbiul antigen adminiztered
le almost completely suppressed in this case. The toxic effect of the
vaccine 1s especlally strong; the vaccinatlon makes the radiation-
induced leucopenia more severe, increases the lous of welght, and in-
tehsirles the symptoms of hemorrhaglc dlatheslis. A hemorrhagic inflam-
matory focus 1is formed at the site of injection of a vaccine prepared
from 1ive microbes and the number of microbes in this focus conslder-
ably exceeds the number of bacteria in the tissues of corresponding
focl 1in unirradiated animals. Irradiated animals are regularly ob-
served to dle during the first two days after vacclnation, this being
especially marked When vacclnation 1is carried out during the second
week after 1rradiation. All of these facts indicate that irradiated
animalsvmust be vacclnated with special care and that contraindica-
tions must be worked out. Vacclnation is apparently completely imper-
missible during certaln periods after irradiation.

It 1s well known that after irradiation there is a considerable
increase in the sensltivity of the organism to bacterial endotoxins
and exotoxins, a depression of the phagocytlc reaction and antibody
production, destruction of the cellular e 'ements of a number of organs ,
and a change in metabollism and the activity of the nervous system.

Against the background of such a severe disruption of vital ac-
tivity any additional functional stress (and vaccination is a very se-
vere stress) seriously affects the condition of the organism.

However, if the animal survives the radiation-induced affection
] a period of convalescence begins; general condition and external ap-

pearance improve, there is a gain in welght and appetite, the leucocyte

count reverts to normal, the symptoms of hemorrhagic diathesis disap-
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pear, body temperature 1s normalized, and the capacity for immunogene-
sls 1s rectored. Active immunization is possible during this period,
although 1lts effect 1 conslderably less at first than in herlthy ani-
mals,

Vacclnatlions conducted long after y-irradiation with 0060 or pol-
soning wlth radioactive substances showed a sufficient lmmunological

reactivity to be

o

present, although complete restoration of this reac-
tivity does not occur for 3-4 years after exposure to large doses of
radiation.

A further amassing of data on the effectiveness of prophylactic
vaccination at various intervals before and after irradlation will
Amake it possible,to select the most sultable immunization conditions
and types of preparations which will ensure a maximum increase in ra-
dioresistance; 1t will also enable us to develop indlcations and con-
traindicatlons for vaccination of irradlated animals.

It 1s impossible in this book to mention the large number of
epldemiologists and Immunologlists who have studled vayious methods of
carrying out active immunization of the populace. The effect of vac-
cinétion on radioresistance 1s of interest to general practitioners
and research workers as a proof of the immunologlical nature of the
processes which occur during irradiation and as a possible method of
safe and effective ﬁreventign of the development of radlation sickness
in persons and animals who'come Into contact with lonizing radiation.

The authors of this work will be very satisfied if it contributes
to an expansion of research in this fleld and 1f the results of this
research are of use in public health work, in the preservation of hu-

man life and health.
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