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The phagocytic  act ivi ty  of the pe r iphe ra l  blood leukocytes  aga ins t  Escher ich ia  coli was in- 
ves t iga ted  in expe r imen t s  on rabb i t s  immunized  with DPT,  smal lpox ,  BCG and an t i rab ies  
vacc ines .  The phagocyt ic  index of the leukocytes and the index of comple te  phagocytosis  
we re  de te rmined  a t  var ious  t imes  a f t e r  immunizat ion.  In eve ry  case  a s ta t i s t i ca l ly  s ignif i -  
cant d e c r e a s e  in both indices was found, on the ave rage  for 14 days ( f rom the 7th to the 21st 
day a f t e r  vaccination).  Toward the end of the per iod of obse rva t ion  (28th day) normal  phago- 
cytic ac t iv i ty  was r e s t o r e d .  

P rev ious  inves t iga t ions ,  the r e s u l t s  of which a r e  s u m m a r i z e d  by Ple ts i ty i  [8], showed that  the hu- 
m o r a l  m e c h a n i s m s  of natural  immuni ty  (the bac te r id ica l  p rope r t i e s  of the s e r u m ,  the s e r u m  properd in ,  ly- 
sozyme ,  and complemen t  leve ls ,  the lyric act ivi ty  of the sa l iva)  a r e  t e m p o r a r i l y  dep re s sed  by var ious  
types of vaccinat ion.  Invest igat ion of the ef fec t  of vaccinat ion on the ce l lu la r  m e c h a n i s m  of nonspecif ic r e -  
s i s tance ,  r e f l ec ted  in the phagocytic  act ivi ty  of the pe r iphe ra l  blood leukocytes ,  is of g r e a t  in te res t .  It was 
decided to study nonspecif ic  phagocytos is  d i rec ted  aga ins t  m i c r o o r g a n i s m s  which differ  ant igenical ly  f rom 
the vacc ines  used for  immuniza t ion .  

Although the l i t e r a tu re  on this p rob l em is not extensive [2-7, 10-12] and despite  subs tant ia l  d i f fe r -  
ences  in the techniques used to obtain the obse rva t ions ,  an unambiguous conclusion can be drawn: the 
changes in nonspecif ic  phagocytic  act ivi ty  a r e  phasic  in c h a r a c t e r ,  with c l ea r  p redominance  of the stage of 
inhibition of phagocytos is .  A disadvantage of the invest igat ions cited above is that in mos t  c a se s  no con- 
s ide ra t ion  was paid to the comple teness  of phagocytosis  as an index of its e f fec t iveness .  

The object  of this inves t igat ion was to study, in expe r imen t s  on an ima l s ,  the effect  of immuniza t ion  
on nonspecif ic phagocytic  act ivi ty  of the leukocytes ,  using vaccines  widely admin i s t e r ed  in p rac t i ce :  com-  
b inedd iph the r ia -pe r tuss in - t e t anus  (DPT), smal lpox ,  BCG, and an t i r ab ies  vacc ines .  

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

Obse rva t ions  were  made on 60 g ray  r abb i t s  weighing 2.5-3 kg. The act ion of each vaccine was tes ted 
on 8-10 r abb i t s ,  and each de te rmina t ion  of phagocytosis  was accompanied  by a control  t e s t  on unimmunized 
an ima l s .  DPT vaccine was given to the rabb i t s  as  a single i n t r amuscu la r  injection in a dose of 0.7 ml.  
The an ima l s  we re  immunized  with smal lpox  vaccine by a single i n t r a d e r m a l  inject ion in a volume of 0.1 ml .  
BCG vaccine was given as  a single i n t r a d e r m a l  injection into the rabbi t s  in a dose of 0.1 ml .  Ant i rabies  
vaccine  (Fe rmi  type) was injected subcutaneously  into the rabbi t s  in a dose of i ml  daily for  12 days .  Ordi -  
nary  product ion ba tches  of all  the vacc ines  were  used to immunize  the rabb i t s .  

The phagocyt ic  act ivi ty  of the leukocytes  was de te rmined  by a modified method of B e r m a n  and Slav- 
skaya  [1]. The t e s t  o r g a n i s m  was Escher i ch ia  coli__. The phagocytic index (percentage of leukocytes  with 
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TABLE 1. Changes in Index of Nonspecific Phagocytic Activity of 
Leukocytes in Rabbits Immunized with DPT, Smallpox, BCG, and An- 
t i rabies Vaccines 

Vaccine 

DPT . . . . . . .  
P 

Smallpox . . . . .  
P 

BCG . . . . . . . .  
P 

Antirabies . . . .  
P 

before vac- 
cination 

52-+-2,2 
<0,5 
49----- t,5 
<0,01 
50m 1,3 
<0,01 
48---+0,7 
<0,001 

Phagocytic index 
after vaccination (time in days) 

14 

47,9+--0,7 
<0,00l 
51~0,8 

<0,001 
46,8---+2,0 
< 0,02 
52-----0,7 

<0,01 

55~0,9 

56-+-0,7 

56,6----- 1,0 

55,8~0,45 

47,7 -+- 1,4 
<0,01 
48 -+- 1,8 

<0,01 
45,5-4-1,3 
<0,001 
45~ 1,2 

<0,001 

28 

53~ 1,0 
<0,1 

53,7• 
<0,1 

56,8~Q,56 

54---0,9 

ingested bacter ia)  and the index of complete phagocytosis  (percentage of leukocytes having completely di- 
gested mic roorgan i sms)  were determined.  The c r i t e r ion  of death of the mic roorgan i sms  ingested by the 
leukocytes was the ability (or otherwise) of the phagocytosed organisms to grow, The tes ts  were ca r r i ed  out 
as follows. 

To a tes t  tube containing 0.1 ml sodium ci trate 0.2 ml of the blood for testing was added, the contents 
were s t i r red ,  and 0.1 ml of a 2 x 109 emuls ion of Escher ich ia  coli was then added; the tube and its contents 
were incubated at 37~ for 30 min. One drop of the mixture was then spread uniformly over  the surface of 
a plain agar  plate. When the film was dry, the f i r s t  impress ion  was made on a slide. After incubation of 
the Pet r i  dish for 2 h a second impress ion  was taken. The impress ions  were fixed for 3-5 min in methyl 
alcohol and stained by the Romanowsky-Giemsa  method. The slides with the impress ions  were  dr ied and 
counts of 100 neutrophils were made.  

The phagocytic activity of the per ipheral  blood leukocytes was investigated for each animal separa te ly  
before immunizat ion and on the 7th, 14th, 21st, and 28th days af ter  vaccination (in the case of rabies  vac-  
cine, after  the f i r s t  injection). Statistical analysis  of the resul ts  was ca r r i ed  out with the aid of Student 's 
tables.  

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

Spontaneous changes in the mechanism of natural  res i s tance  were found to be negligible. Immuniza-  
tion with all the vaccines used induced s imi la r  changes in the nonspecific phagocytic activity of the leuko- 
cytes of the experimental  animals:  their  ability both to ingest  and to digest  was distinctly weakened (Tables 
1 and 2). 

A substantial  decrease  in the phagocytic index (number) was observed mostly for 14 days, the grea t -  
es t  fall being found 2 weeks af ter  vaccination. Toward the end of the period of observat ion the phagocytic 
activity of the leukocytes was r e s to red  vir tually to its original level, but not above it. Only for rabbits  
immunized with DPT vaccine was the decrease  in the phagocytic index s ta t is t ical ly  significant 7 days af ter  
vaccination. In that case ,  however,  this function was inhibited most  s t rongly on the 21st day, i .e. ,  at a t ime 
when af ter  the other types of vaccination the phagocytic index had s tar ted  to r e tu rn  to normal .  

The dynamics of the index of complete phagocytosis was s imi lar ,  and the s imi lar i ty  extended not only 
to the t imes of the decrease  in this index and its r e tu rn  to normal  and the corresponding t imes for the phag- 
ocytic index, but also to their  absolute values.  I r respec t ive  of the proper t ies  of the vaccines used for im- 
munization, the pat tern  of changes was in general  s tandard.  In all groups of animals the index of complete 
phagocytosis was low on the 7th, 14th, and 21st days af ter  vaccination, re turning completely (or part ly,  in 
the case of rabbi ts  receiving DPT vaccine) to normal  by the 28th day. 

Two features  a t t rac t  attention when these resul ts  are  analyzed. Fi rs t ,  the very shor t  t imes taken for 
the initial and final phases of the observed changes to develop. Since in most  cases  there was a l ready a 
significant decrease  in the phagocytic activi ty of the leukocytes 7 days af ter  vaccination, it is reasonable 
to assume that this react ion began very  ear ly ,  perhaps immediately af ter  immunization. 2he opposite r e -  
a c t i on - - r e s to ra t i on  of the normal  phagocytic activity of the l e u k o c y t e s - t o o k  place equally rapidly,  for in 
mos t  eases  it was complete in not more  than 7 days.  
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TABLE 2. Changes in Index of Complete Phagocytosis  of Leukocytes 
in Rabbits Immunized with DPT, Smallpox, BCG, and Antirabies Vac- 
cines 

Vaccine 

DPT . . . . . . .  
P 

Smallpox . . . . .  
P 

BCG . . . . . . .  
P 

Antirabies . . . . .  
P 

Index of complete phagocytosis 
before vac- after vaccination (time in days) 
cination 7 14 21 2 s 

52,8 -~ 1.2 
<0,01 
49 ~- 1,4 
<0,01 
48+-0,8 
<0,001 
46-+0,7 
<o,ool 

48,7+- 1,4 
<0,001 
52 +- 1,0 
<0,02 
47----- 1,2 
<0,001 

44,5+-0,7 
<0,001 

48--+-0,4 
<0,O01 
52 -+- 1,0 
< 0,02 
50 +- 1,0 
<0,01 
53-----0,5 
<0,01 

59,4----- 1,3 

55• 

58,6m0,8 

56+---0,35 

53,5-----0,8 
<0,02 

55,8-----0,9 

58,5--0,7 

54,5• 
<0,i 

The second feature is connected with the more  marked effect  of vaccination with antirabies and BCG 
vaccines  on the phagocytic activity of the leukocytes.  Whereas in the f i rs t  case this can be explained by 
the prolonged adminis t ra t ion of mass ive  doses of the vaccine,  in the second case ei ther  some especial ly 
s t rong p r ima r y  effect  of the BCG vaccine or  a rapid prol i ferat ion of the attenuated mic roorgan i sms  in the 
immunized animal must  be assumed.  

The mechanism of the phenomenon observed in those experiments  is evidently composed of severa l  
fac tors .  The f i r s t  and most  important  is the action of the vaccine preparat ions  as ex t raord inary  stimuli of 
the nervous sys tem,  causing a disturbance of the normal  activity of the higher  v i sce ra l  centers ,  which must  
inevitably lead ult imately to a change in the functional state of the autonomic nervous sys tem,  with a f i rmly 
established role in the regulat ion of phagocytosis  [9]. 

The second probable component is connected with the possible depress ion  during vaccination of the 
synthesis  of opsonins,  one type of what are  descr ibed as normal  antibodies, with the proper ty  of increas ing 
the phagocytic activity of leukocytes.  However,  special  investigations will be required  to solve these 
problems.  

These investigations thus showed that immunization of animals with the vaccines in large-scale  p rac -  
t ical use leads to a t empora ry ,  yet  definite, inhibition of the nonspecifie phagocytic activity of the per i -  
pheral  blood leukocytes actually during the stage of energet ic  development of specific immunological  t rans -  
formation.  This "negative" phase coincides with the time of inhibition of the humoral  mechanisms of nat- 
ural  immunity (nonspecific res is tance)  by vaccination. 
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