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It is known that certain doses of ionizing radiation considerably suppress the immune response, and many inves- 
tigators have sought for methods of compensating these disturbances. One attempt has been to combine immunization 
for irradiation with further immunization afterwards [1, 3, 4, 7]; repeated injection of antigen after irradiation has also 
been tried [6, 7], and so has treatment by injections of homologous spleen or bone-marrow cells, or yeast cultures [8, 
12, 13, 14]. 

We have turned our attention to increasing the effectiveness of immunization by a combination of Gram-posi- 
tive bacterial antigens, and mycobacterial cells. 

It is known that the injection of the BCG vaccine or certain components of tuberculosis bacteria increases non- 
specific resistance to infection [2, 9, 15, 16, 17]. The addition of mycobacteria to Freund's "stimulator" [10, 11] is 
widely used in experiments with tissue antigens to activate immunogenesis. We have found no reports of combined 
immunization with various vaccines and simultaneous injection of BCG. 

The object of the present work has been to study the effectiveness of immunization by vaccines of Gram-posi- 
tive bacteria and BCG vaccine; the experiments were made on 1,474 irradiated and nonirradiated white male mice 
weighing 18-20 g. 

E X P E R I M E N T A L  METHOD 
A single injection was given containing three kinds of antigen: 1) a live culture of B. coli containing 25 or 

100 million cells; it was given subcutaneously to 220 mice; 2) a vaccine consisting only of 200 million Breslau para- 
typhus bacilli cells No. 2503, killed and heated to 56-58* for one hour; the injection was given subcutaneously to 
439 mice, of which 80 were used subsequently for tests; 3) the tetravaccine from the Ufimskii Institute of Vaccines and 
Sera (anti-typhoid, paratyphoid B, and Flexner and Sonne dysenteries) the vaccine contained 2 or 25 million cells in 
0.25 ml, and was given subcutaneously to 760 mice, of which 184 were used subsequently for examination. 

The BCG vaccine was obtained from the N. F. Gamalei Institute of Epidemiology and Microbiology, AMN SSSR, 
as a dry preparation. A solution of 1 mg per 0.1 ml was made up with physiological saline, and was added to the vac- 
cine to be tested immediately before injection. The BCG vaccine was used either as supplied, or after it had been 
autoclaved. 

For each experiment, the following groups of mice were used: 1) mice which received one test antigen; 2) mice 
injected with a mixture of the given antigen with 1 mg of BCG vaccine; 3) mice which received only 1 mg of BCG 
vaccine; 4) a control group which received an injection of the same volume of physiological saline as was given in 
the injection. 

Irradiation was by x-rays from a RUM-3 apparatus (voltage 180 kv, current 15 ma, filters 1 mm A1 +0.5 mm Cu, 
focusing distance 5 cm, dose 20-22 r/minute); 300 r were administered to 12 mice at a time. 

For immunity tests, the animals were infected with bacterial cultures. In the experiments with B_ coli, 10 days 
after injection of the vaccines, the animals received intramuscularly one million bacterial cells, and the percentage 
of mortality was then determined. In the experiments with pathogenic bacteria, the injection was made after 14 to 
28 days with various doses, to determine the LDs0 by the method of Reed and Mench, and the index of resistance (ratio 
of the LDs0 of the experimental group to the LDs0 of the controls [8]) was determined. In animals which received the 
tetra-vaccine, immunity only to the typhoid bacillus was determined. 
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Effectiveness of Immunizat ion of Nonirradlated and Irradiated Animals with Various Vaccines in Combina-  

tion with the BCG Vaccine 
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Note. Experiments with the vaccine  from the Breslau bacillus were carried out with the addition of l ive  

B C G  vaccine,  while those with the te t ravaccine  were made with the addition of an autoclaved suspension 

of the BCG vaccine .  

E X P E R I M E N T A L  R E S U L T S  

The combined immuniza t ion  was wel l  tolerated by the nonirradiated animals,  They gained as much weight as 

those which had not been vaccinated (7-9% of the in i t ia l  weight gained in 14 days), their appearance was good, and 

they ate a l l  the food given. There was no death from immuniza t ion  itself. Of the irradiated mice ,  al l  of which re-  

ce ived  the vaccines 24 hours after irradiation, there was a 5-10% mortal i ty  among both the animals receiving a single 

antigen, and in those immunized  with a mixture of the antigen with the BCG vaccine .  The gain in weight was less 

in the animals rece iv ing  the BCG vacc ine  alone or together with the preparations tested. 

In a l l  experiments  the results obtained were uniform and indicated a wel l -marked  st imulat ing effect  from the 

addition of BCG cells to the vaccines received by both the nonirradiated and the irradiated groups. 
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In the experiments  with vaccines of pathogenic  bacter ia ,  before the main  experiments were carried out, 
246 white mice  were used for the select ion of the op t imal  doses and methods of inject ion.  The table  shows the r e -  

sults of the  main experiments  on the nonirradiated and i r radiated mice  (935 mice)  immunized  with two kinds of v a c -  
cine,  given ei ther  separately,  or in combinat ion with the BCG vaccine .  

As judged from the LDs0 of the index of resistance, in a l l  the experiments the effectiveness of immuniza t ion  of 
the combined vaccine  was twice as great  or more as that due to the inject ion of the normal  vaccines.  Part icularly 
striking results were obtained in the i r radia ted groups of animals .  St imulat ion of immunogenesis  was shown not only 
in the increased resistance of the animals  to infection,  but also in the 2-  to 3-fold  increase in the t i ter  of the agglu-  
tinins obtained from the animals  receiving the combined vaccine,  as compared with those receiving normal  i m m u n i -  
zat ion;  the sera were taken from 3-5  mice  together of each group. 

It is interesting that in our experiments,  and in agreement  with published reports, the in ject ion of the BCG v a c -  

c ine  alone also induced a nonspecific increase  of the  resistance of mice  to pathogens, and this effect  was par t icular ly  
wel l  shown in nonirradiated animals  receiving in t raper i toneal  BCG inject ions.  

Besides the BCG vaccine,  we also a t tempted  to use a l iving culture of B. col i  as a s t imulator  (see table) .  How- 
ever, this combinat ion did not increase,  but ac tua l ly  reduced the effectiveness of the immuni ty .  

It was found that the s t imulat ing effect  of the addit ion of the BCG vaccine  was not restricted to vaccines of 
pathogenic  bacter ia .  

In exper iments  on 220 mice ,  we tried the effect  of immuniza t ion  with nothing but a suspension of cel ls  of a 

24-hour agar culture of B. ce l l  M17, and with the same culture in combinat ion with an autoclaved suspension of BCG 
vacc ine .  Of the noninoculated animals,  10-13% survived; of those which received the inject ion orB.  ce l l ,  41-45% 
survived; and of the animals  treated with the combined vaccine ,  72-86% remained al ive.  I t  is interest ing that the 
s t imula t ing  act ion was observed also with separate immuniza t ion ,  when the BCG vaccine  was in jec ted  10 days before 
the B. cel l  culture.  

N. N. Klemparskaya and V. M. Zemskov immunized  55 mice  against tetanus with a combined anti toxin and 
an autoclaved BCG vaccine ,  and found an increased immuni ty  to the toxin. After intramuscular  in jec t ion  with a l ive 
tetanus culture di luted 1 : 50 with physiological  sal ine mixed with ca lc ium chloride,  a l l  the control  animals  died.  In 
the group which had received anti toxin only, 20~ died,  and marked local  tetanus occurred in half  of the survivors. In 

the group rece iv ing  the combined in ject ion,  not a single mouse died, and in only 16010 of the animals  were there 
slight signs of tetanus poisoning. 

Therefore,  the addit ion of a suspension of mycobac te r i a l  cells  of a BCG vaccine  to vaccines prepared from 
Gram-nega t ive  bac ter ia ,  or to anatoxins, great ly increased the effectiveness of immuniza t ion  of both nonirradiated 
and i r radia ted animals,  a result which is of theore t ica l  and prac t ica l  impor tance .  We shall  carry out further inves t i -  
gations on various aspects of the mechanism of this inf luence.  

S U M M A R Y  
Experiments on 1474 white mice  showed that the addit ion of l ive or ki l led cells of the BCG vaccine  to antigens 

from Gram-nega t ive  bacter ia  (B. cel l ,  Breslau bac i l l i ,  and typhoid bac i l l i )  considerably increased the effectiveness of 
immuniza t ion  both of animals  i r radia ted with 300 r, and of nonirradiated animals .  

The  inoculat ions were made 24 hours after  i rradiat ion.  The s t imulat ing effect  of the BCG vaccine  was also 

marked when the two immuniza t ions  were made separate ly;  in this case the BCG vaccine  was given first, and the 
other vacc ine  3-10 days later .  

As a result of the combined immuniza t ion ,  not only did more of the animals  infected with l iving bacter ia  sur- 
vive, but, in addit ion,  ant ibody formation was augmented.  
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All abbreviations of periodicals in the above bibliography are letter-by-letter transliter- 
at.ions of the abbreviations as given in the original Russian journal Some  or al l  o f  t h i s  per i -  

o d i c a l  l i t e ra tu re  m ay  we l l  be  a v a i l a b l e  in E n g l i s h  t r a n s l a t i o n .  A c o m p l e t e  l i s t  o f  the  c o v e r - t o -  

c o v e r  E n g l i s h  t r a n s l a t i o n s  appears  at the  back  of  t h i s  i s s u e .  
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