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It is known that ionizing radiation causes a lowering of the resistance of the body to pathogenic microorga- 
nisms. There are also indications that during irradiation the virulence of the pathogenic and nonpathogenic or- 
ganisms present in the body may be increased [i, 2]. The problem accordingly arises of the influence of ioniz- 
ing radiation on the course of infections caused by the administration of live vaccines: may not aggravation of 
a vaccinal infection take place during radiation sickness and, in particular, may reversion of a vaecinal strain 
occur? This question is one of great urgency. 

For the experimental study of this problem, a suitable model is vaceinal tularemic infection. A vaccinal 
strain of B. tularense, injected into white mice, is known to posses residual virulence, whereas in guinea pigs and 
rabbits, as in man, it causes a benign infectious disease. We have previously shown [3] that irradiation of white 
mice with x-rays causes a sharp lowering of their resistance to the vaceinal strain of B. tularense. A similar 
lowering is observed as a result of the action of even sublethal doses of x-rays, which becomes more marked with 
increase of the dose of radiation, and this effect may be noted, moreover, whether the animals are irradiated 

before or after vaccination. 

In the present investigation,we attempted to discover if the development of radiation sickness causes 
aggravation of a vaccinal tularemic infection in guinea pi~s, which are less susceptible to the vaccine strain of 

B. tularense. 

We made parallel studies of the characteristics of vaeeinal tularemic infection in response to the action 

of different doses of ionizing radiation. 

E X P E R I M E N T A L  M E T H O D  

Guinea pigs were given a single total irradiation from an RUM-8 x-ray apparatus. Conditions of irradiation: 
voltage 100 kv, current 10 ma; filtres 0.5 mm Cu and 1 mm AI; distance from the anode of the tube 40 cm; 

dosage rate of radiation on the body surface of the animals 88-84 r/rain. 

Altogether,4 series of experiments were carried out. In the different series, the dose of radiation varied from 
170 to 380 r, and the dose of the vaccinal strain from 10,000 to 109 organisms. Irradiation was carried out either 
24 hours before the subcutaneous or intradermal (4th experiment) injection of the bacteria or 24 hours after in- 
jection. The vaccinal strain of B. tularense was isolated from dry tularemia vaccine from the N. F. Gamaleya 
Institute of Epidemiology and Microbiology of the AMN SSSR (series No. 458, control No. 782). In experiment 
No. 3, the guinea pigs were immunized with a restored vaccinal strain Gaiskii No. 15, generously made available 

to us by Prof. N. G. Olsuf'ev. 
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Studies were made of the mortality of the animals, the white blood changes, the specific agglutinin titer, 
the allergic reaction to tularin, the reaction of the regional lymphatic glands and the weight changes. All animals 
which died were examined post mortem, including morbid anatomical studies of the cadaver, microscopic ex- 
amination if impressions of organs for the presence of bacteria, and cultures of the spleen on agar and on solid 
yolk medium. 

E X P E R I M E N T A L  RESULTS 

Irradiation did not aggravate the vaccinal infection in any experiment. In subcultures from the dying 
animals on a solid yolk medium, no strains of B. tularense couId be isolated; at autopsy no changes characteristic 
of tularemia were found. Hence, none of the doses of radiation given (from 170 to 380 r) gave rise to aggrava- 
tion of the vaccinal tularemic infection resulting from injection of various doses of the vaccinal strain. The re- 
sults of the three experiments are summarized in Table 1. 

The animals died as a rule from radiation sickness. With a dose of radiation of 380 r, causing death of 
50-70% of guinea pigs, and after injection of 100,000 organisms of a vaccinal strain of B. tularense, nearly all 
the animals died on the 8th day after irradiation, showing the characteristic picture: the peritoneal cavity was 
engorged with blood, multiple hemorrhages were observed in the mucous and serous membranes,and in the 
surviving animals, focal or diffuse epilation was observed. 

TABLE 2 

The Effect of Vaccinal Tularemic Infection on the Leucocyte Count of Guinea Pigs during Radi- 
ation Sickness (experiment No. 3; dose of vaccinal strain, 10 s organisms) 

Conditions of the 
experiments 

Irradiation with 290 r 
24 hours after inocu- 
lation 

Irradiation with 290 r 
24 hours before 
inoculation 

Irradiation with 290 r 
(control) 

Irradiation with ,170 r 

Irradiation with 170 r 
(control) 

Inoculation without 
irradiation (control) 

~0 

6 �84 

6 
6 

Mean leucocyte count 

after irradiation 

10 14 
days days 

2.550 5,250 

3.683 4,450 

3,700 4,575 

6.987 6,OOO 

0 

t~ 

3-5 1 7 
hours day days 

, [2 8,577 5,200 2,400 

15 6,162 3,800 2,875 

, 15 6,712 4,175 1,980 

8,075 18,950 6.675 3,900 
15,610 

21 31 
days days 

8,700 

8,175 

8,300 

9,525 

7188 

9,582 

7,750 

6,875 

9,800 
8,475 

9,500 

7,950 

Note. In the vaccinated unirradiated guinea pigs,the results were determined on days cor- 
responding to those for the irradiated animals. 

With a radiation dose of 290 r, causing the death of 20-30% of animals, and after injection of l0 s organisms 
of the vaccine strain, hemorrhagic manifestations were also observed at autopsy of the majority of the dying 
animals; in 2 guinea pigs, enlargement of the spleen was found, togetl~er with necrotic foci in the liver and 
hepatization of the lungs, which was evidently associated with aggravation of some form of latent infection as a 

result of the irradiation. 
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In the case  of i r radia t ion with a dose of 220 r and an infect ing dose of 10,000 organisms, the guinea pigs 

also died as a rule showing marked hemorrhagic  features (b lood-s ta ined  fluid in the per i toneal  cavi ty ,  massive 

hemorrhages in the subcutaneous ce l lu la r  tissue, and the mucous and serous membranes) .  

In the 4th series of exper iments , the  guinea pigs were inocula ted  in t radermal ly  with 109 organisms of the 

vacc ina l  strain 24 hours after i r radia t ion  with a dose of 290 r. As a control,  animals  were used which rece ived  

the same infect ing dose of bac ter ia  but were not i r radiated,  and also noninfected animals  i r radia ted with a dose 

of 290 r. 5 guinea pigs were k i l led  on the 2nd, 4th, 6th, 8th, l l t h ,  15th, 22nd and 32rid days after i r radiat ion (one 

i r radia ted but not infected,  and two each from the remaining  two groups). In this exper iment ,  no morbid ana to-  

mica l  signs charac ter i s t ic  of tu la remia  in guinea pigs were found in a single dying or k i l led  an imal .  It was not 
possible to isola te  a strain of B. tularense from the spleen of these animals .  

Inoculat ion with the vacc ina l  strain had no marked effect  on the l eucocy te  count of the i r radia ted  animals .  

In both the control  i r radia ted  and the inocula ted  i r radia ted  animals,  an obious leukopenia  was observed (Tab le  2). 

A less marked leukopenia  as a result of inocula t ion  of the i r radia ted animals ,  was observed only on the 7 th  day 

after i r radia t ion in case  of inocula t ion  24 hours after i r radia t ion with a dose of 290 and 170 r. 

The charac te r  of the act ion of the radia t ion on the immunolog ica l  reactions after inocula t ion  with a vacc ine  
strain of B. tularense, differed according to the dose of radia t ion and of infect ing ma te r i a l  used. As may be seen 

from Table  1, an obvious depression of agglut inin format ion was observed only when min ima l  doses of the vacc ina l  

strain (10,000 organisms) and a la rge  dose of radia t ion  - of the  order of 50-70/a0 LD, Even under these conditions,  

however, c lea r  depression of ant ibody format ion was observed only in animals  inocula ted  24 hours after i r radiat ion.  
In the guinea pigs inocula ted  with vace ina l  strain 24 hours before i r radiat ion,  obvious depression of agglut inin 
format ion was not observed in any exper iment .  

The process of a l l e rg ic  reorganiza t ion  of the an imal  was found to be more l a b i l e .  Some degree of depres-  

sion and re tardat ion of this process as a result of i r radia t ion was observed in a l l  three experiments ,  most c lea r ly  

after inocula t ion  with the min imum dose of infect ing ma te r i a l  used (10,000 organisms). 

Some degree  of depression of the a l le rg ic  reac t ion  to tular in  was also found in the guinea pigs inocula ted  
24 hours before i r rad ia t iom this process was, however,  most c lea r ly  seen in case of inocula t ion  24 hours after 
i r radia t ion (see Tab le  1). 

I r radia t ion caused de lay  in the reac t ion  of the regional  lympha t i c  glands to in jec t ion  of the vac:cinal strain, 
which we de tec ted  by the method of pa lpa t ion .  

From 33 to 37 days after in jec t ion  of the vacc ina l  strain, when the agglut in  in t i ter  fel l  to 1:20-1:40,  i r rad i -  
a t ion with a dose of 380 r fa i led  to e l i c i t  any anamnes t ie  increase  in antibody t i ter  ( the  agglut in in  t i ter  was de te r -  

mined 6 hours and 1o 2, 8, 6 and 7 days after i r radiat ion);  i t  e i ther  was unchanged or s l ightly decreased.  

The resulrs obta ined showed that,  during inocula t ion  with l iving bac ter ia  of a vacc ina l  strain of B. tularense, 

i r radia t ion  has a more demonst rable  act ion on the a l le rg ic  reorganiza t ion  of the an imal  than on at ibody produc-  
t ion.  Evidently after inocula t ion  with l iving bac te r ia ,  the mechanisms responsible for the a l l e rg ic  reorganizat ion 
are more radiosensi t ive than those responsible for the  product ion of ant ibodies.  Although depression of the process 

of deve lopment  of in fec t ive  a l le rgy  is more marked in case of i r rad ia t ion  given 24 hours before inoculat ion,  i t  is, 
nevertheless,  observed also when i r radia t ion  is given 24 hours after inocula t ion  with the vacc ina l  strain.  At  the 

same t ime,  ioniz ing radia t ion has absolutely no effect  on ant ibody format ion when i r radia t ion  is given 24 hours 
after inoculat ion,  and only in spec ia l  condit ions does i t  cause a sl ight  depression of ant ibody format ion when 
i r radia t ion  is given 24 hours before inocula t ion.  

S U M M A R Y  

Different  doses of x - r a y s  (from sublethal  to 50-70 LD)adminls tered 24 hours before the vacc ina t ion  or 24 
hours after  i t  do not cause exacerba t ion  o f  the vacc ina l  t u l a remic  infect ion in guinea pigs immun ized  with l ive  

microbes of vacc iua l  B. tularense strain.  As shown, no reversion of the vacc ina l  B. tularense strain is possible 
in these condi t ions.  In our exper iments  i r r ad ia t ion  had a more pronounced effect  on the  a l le rg ic  reconstruction 
of the  body than on the format ion of the antibodies,  and this is probably due to a more pronounced radiosensi t ivi ty 
of the mechanisms effect ing the process of a l l e rg iza t ion  of the body as compared  to those of ant ibody formation.  
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