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The st imulatory effect  of a tuberculosis infect ion on the production of antibodies was established long ago 
[5, 6] In experiments  on the a r t i f i c ia l  introduction of ki l led tubercle b a c i l l i  10-12 days before the antigen under 
invest igat ion or simultaneously with i t  [7] a significant act ivat ion of antibody production was also noted. 

Antibody production increased not only upon introduction of whole tubercle  bacter ia  cei ls  to rabbits and pigs 
but also upon inject ion of isolated fractions obtained from them [8, 9], during which the authors of these studies ob- 
served the development  of hyperplasia of the cel ls  of the re t icu lo-endothe l ia l  system. 

In experiments on i r radiated and nonirradiated mice  we found [1] an increase in the effectiveness of immun iza -  
tion and increase antibody production upon joint inoculations of vaccines from Gram posit ive bacter ia  a i d  BCG vac-  
c ine .  A st imulatory effect  is noted both during simultaneous introduction of both types of preparations and with their 
separate use when BCG vaccine  was in jec ted  10 days before the primary ant igen.  

In view of the wide use of vaccinat ion with BCG vaccine  among the population of the Soviet  Union and other 
countries we considered it of p rac t ica l  importance to study the effect  of this preparat ion on the immunologica l  reac-  
tivfty of the organism. It is par t icular ly  interesting to determine this effect under conditions of ionizing radiat ion 
since i t  is known (2, 3) that  vaccinat ion with BCG vaccine before irradiat ion increases the survival rate and modifies 
the c l in ica l  manifestat ions of radiat ion sickness. 

The purpose of the present work was an investigation of the effect  of BCG vaccine  on antibody production by 
normal  and i r radiated rabbits.  

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

We studied the effect  of the inject ion of k i l led  cells of BCG vaccine on antibody genesis with respect to 
Breslau's paratyphoid baci l lus in experiments  on 29 rabbits; ten of them were i r radiated with a nonlethal  dose of 
Co 6~ gamma rays in an EGO-2 apparatus with equal distribution of the radiat ion around the whole body at  high power 

(228 R/min).  In order to e l imina te  the possibil i ty of denaturation of the ant igenic  components of the BCG vaccine  
during its thermal  t reatment  we se lec ted  a method of ki l l ing the bacter ia  with phenol (2% solution, exposed for 48 h 
at  room temperature  with three subsequent washings with physiological  solution); this method is recommended  in 
several  papers on the study of the effect  of BCG vaccine on ant i - infec t ion  resistance of animals  [4]. 

In order to exclude the role of a local  depositing effect  of BCG vaccine during simultaneous inject ion of the 
antigens in the same p lace  we in jec ted  this vaccine  int raper i toneal ly  or intracutaneously in a 5 mg dose in rabbits 

weighing 2,8-3 kg, and the Breslau baci l lus vaccine in a min ima l  immuniz ing d o s e - 2 5  mi l l ion  bac te r ia l  c e i l s -  
intravenously,  Some of the animals  were vacc ina ted  with both antigens almost s imultaneously:  the BCG vaccine  
was in jec ted  first and after 3-5 rain intravenous immuniza t ion  with paratyphoid vaccine was done, Another group 
of animals  were first in jec ted  with BCG vaccine and after two weeks--with vaccine  from Breslau's baci l lus ,  At the 
site of the intracutaneous inject ion of the k i l led  bacter ia  of the BCG vaccine after 24 h there arose a dense restr icted 
inf i l t rate  with a d iameter  of 0.5 to 1 cm which disappeared only after 2-3 weeks. From the degree of this loca l  
react ion i t  was possible to judge the effect  of the inject ion of paratyphoid vacc ine  on the react ion of the organism 
with respect to BCG vacc ine .  
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Fig.  1, Dynamics of the production of agglutinins 
to Breslau's bacil lus by nonirradiated rabbits vac-  
c inated with BCG vaccine  and paratyphoid vaccine,  
and vaccinated  only with paratyphoid vaccine .  1) 
Intraperi toneal  in ject ion of BCG vaccine two weeks 

before intravenous immuniza t ion  with paratyphoid 
vaccine (6 rabbits); 2) in t raper i toneal  inject ion of 
BCG vaccine  3-6 min before intravenous inject ion 

of paratyphoid vacc ine  (S rabbits); 3) intravenous 
inject ion of BCG vaccine  two weeks before intra-  
venous inject ion of paratyphoid vaccine (9 rabbits); 
4) intracutaneous in jec t ion  of BCG vaccine 3-6 min 

before intravenous immuniza t ion  with vaccine of 
Breslau's bacil lus (3 rabbits); 6) c o n t r o l - i n j e c t i o n  
of only paratyphoid vacc ine  (5 rabbits).  

The first series of experiments  was carried out on 
nonirradiated rabbits (Fig. 1). 

As shown in Fig.  1 clear  s t imulat ion of antibody 
production was shown only in group 1 * which was injected 
with BCG vaccine  two weeks before the primary antigen.  

In spite of the signif icant  difference in the leve l  of the 
curves of exper imenta l  group 1 and the control group 

(curve 6), plot ted from average data,  s tat is t ical  t reatment  

using Student 's  cr i ter ion showed a s ta t is t ical ly  re l iable  
difference in both groups only on the 28th day after vac-  
cinat ion (P < 0.01). This is explained by the presence of 
large variations in the individual  titers of exper imenta l  
group 1 on the 7th, 14th, and 21st day which may be judged 

also from the value of the mean error (m) which varied 
during these period from i 27 to • 48.5. In the control 
group m varied from ~ 4 to * 13 which indicated the great 

uniformity of the indices obtained.  

Apparent ly  in the first three weeks after vaccinat ion 
significant individual  variations in the st imulatory effect 
prel iminary vacc ina t ion  with BCG vaccine are noted. These 
differences level  off by the 28th day when the value of the 
individual  deviations from the means are decreased which 
makes it possible to establish s ta t is t ical ly  re i iab le  dif-  
ferences between the exper imenta l  and control groups. 

A quite different result is obtained in group 2 (the 

interval  between the in ject ion of both antigens here was 
a few minutes).  Combined immuniza t ion  led to a decrease 
in antibody production with respect to the second antigen 
(see Fig.  1), that is, a concrete effect  of BCG vaccine was 
expressed, which up until now, other authors have not reported 

in their papers.  

With simultaneous immuniza t ion  of these two types 
of antigens,  apparent ly  there occurs inhibition of the reac-  
tion not only to paratyphoid vaccine but also to BCG vac-  
cine.  We could judge this from the loca l  react ion to BCG 

vaccine upon its intracutaneous in jec t ion .  In group 3 intracutaneous immuniza t ion  was carried out two weeks before 
vaccinat ion with Breslau bacil lus vacc ine .  The development  of an inf i l t rate  in the skin of the animals of this group 
showed up c lea r ly .  In group 4 (simultaneous immunizat ion)  on the first days i t  was general ly  impossible to note the 

occurrences of in f lammat ion  at the site of the vaccinat ion and even at la ter  periods the development  of only a 
slight induration of the skin was observed. In the case of intracutaneous inject ion of BCG vaccine some st imulatory 

effect  at  la ter  periods was noted only upon separate immuniza t ion  (group 3). 

In the second series of experiments  two weeks before irradiat ion 5 rabbits were vaccinated  intraper i toneal ly  
with 6 mg of BCG vaccine  and 24 h after i rradiat ion with a dose of 600 R vacc ina ted  intravenously with Breslau vac-  
c ine .  The same number of animals ,  the control group, were only i rradiated and vacc ina ted  24 h afterwards. 

The radia t ion dose which we used was usually nonlethal  for the rabbits,  but they showed in symptoms of radiat ion sick- 
ness, that is, leukopenia ,  loss of weight,  disturbance of ac t ive  immunogenesis and a change in the quali ty and quantity of 
the microbia l  auto f lora .  Combinat ion of i rradiat ion with immunizat ion  signif icant ly compl ica ted  the course of the radia-  
tion injury:  of the 5 control  rabbi ts4  d ied(on the 5th, 8th, 10th and 14th days). The average duration of their lives 
was 9.2 days. Thus, we were only able  to observe the dynamics of agglutinin buildup in the One surviving an imal .  

From this point on numbers of the groups of exper imenta l  animals correspond to the numbers of the curves. 
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Fig, 2. Dynamics of agglutinin production by i rradiated rabbits vac -  

c ina ted  with BCG vaccine  and by control  animals.  1) I r radiated ani -  
reals vacc ina ted  with BCG vaccine;  2) control  animals.  C i r c l e s - i n -  
dividual  data of animals vacc ina ted  with BCG vaccine ,  and crosses 

- con t ro l s .  

After a small  rise on the ?th day the antibody level  in the course of two weeks fell  to zero and only from the 

35th day again increased a l i t t le  (Fig. 2). Before the death of the rabbits in this group a deeper than usual leukopenia 
was noted, the weight decreased more and the number of bacter ia  on the skin and in the mouth increased sharply, 

The favorable effect  of BCG vaccine  on the course of radiat ion sickness known from our ear l ier  work and other 
data in the l i terature  [2,3]  showed up also in this exper iment .  Of five rabbits vacc ina ted  with BCG vaccine  we could 
observe the dynamics of ant ibody production in four (one died immedia t e ly  after i r radiat ion from shock). In these 
four rabbits,  as seen from Fig.  2, there was the most react ion after ? days, then the antibody titer decreased but did 
not disappear comple te ly ,  as in the control  group, and from the 35th day again increased.  The leukopenia was less 
deep and the weight decreased less. On the 15th day one of these rabbits died from pneumonia .  

The protec t ive  effect  of pre l iminary  vaccinat ion with BCG vaccine  was also expressed in fewer changes in the 
mouth and skin autoflora of the exper imentaI  rabbits in comparison with the controls. Thus, of 10 analyses of the 
mouth flora of the control animals  (3rd-Sth day) in 8 cases we observed the appearance  of a large number of E. col i  
(in 3 of t h e m - b e f o r e  uniform growth) while in the exper imenta l  rabbits of 8 analyses there were only three such 
cases (in only one of them uniform growth was observed). In rabbits of the exper imenta l  group cases of uniform 
growth at the inoculat ion sites from the surface of the skin were not recorded while in the control animals  of ten 
inoculations on the 3rd-5th day there were two such cases. From the tenth day there was observed in the animals  of 
the exper imenta l  group comple te  normal iza t ion  of the composit ion of the mouth and skin autoflera,  while in the one 

control (surviving) rabbit  normal iza t ion occurred ten days la ter .  

Thus, pre l iminary  (two weeks before irradiation) vaccinat ion with BCG vaccine decreased the disturbance of 
the immunologica l  reac t iv i ty  of the animals  usually surviving after i r radiat ion.  Consequently, under cer tain con- 
ditions (depending on the p lace  of in jec t ion  and the length of the interval)  the use of BCG vaccine in nonirradiated 
and i r radiated rabbits may  promote the ac t iva t ion  of antibody production with respect to the inject ion of other an-  

tigens. However, further investigations are necessary to clarify the nature of this effect .  
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