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After enteral  immunization of guinea pigs with diphtheria toxoid, the synthesis of specific 
antibodies begins in the lymphoid organs. If enteral  immunization is carr ied out daily for a 
long time (3 months), the guinea pigs develop specific immunologic paralysis  toward this 
antigen, but most of the animals under these circumstances develop partial areactivity, 
affecting predominantly the regional lymph glands relative to the site of injection of antigen. 

Recent years  have seen the intensive study of the mechanism of formation of the human automicro- 
flora. The dominant role of specific immune systems of the body in this process  has been demonstrated 
[3, 4, 6, 7]. However, the complete picture has not yet been obtained. Experimental evidence is required 
to show whether a powerful and specific immunologic reaction, or tolerance, to an antigen can be induced 
in an animal in response to the enteral  administration of living microorganisms or  their  antigens. 

The object of the present  investigation was to study the immune response to an antigen when ad- 
ministered enterally for different periods of time to an immunologically mature organism. 

EXPERIMENTAL METHOD 

Guinea pigs were fed with native concentrated diphtheria toxoid. The daily dose was 1 ml of toxoid 
(1300 Li). Guinea pigs of groups 1 and 2, starting from the 8th day after birth, received diphtheria toxoid 
enterally daily (except Saturdays and Sundays) for 3 months. Guinea pigs of groups 3 and 4 received toxoid 
starting from the 8th day after birth (four 3-day cycles at intervals of 4 days, then one 3-day cycle 2 
months later, and a 7-day cycle 3 months after birth). The animals of groups 2 and 4 were immunized with 
toxoid at 3 points 4 days after the end of enteral immunization: subcutaneously into the heel of one hind 
limb, into the submandibular region, and intraperitoneally, in a total dose of 160 Lf. Some animals of 
group 2 were immunized, in addition, with two injections of crystalline bovine serum albumin (BSA) at 
3 points: subcutaneously into the heel of a hind limb, into the submandibular region, and intraperitoneally. 
The total single dose was 20 rag. Animals of groups 5 and 6 were immunized with diphtheria toxoid sub- 
cutaneously into the heel of the hind limb once (group 6) and twice (group 5). Group 7 consisted of control 
unimmunized animals. The guinea pigs were sacrificed on the 4th and 12th days after the last immuniza- 
tion. Lymphoid tissue of the pharyngeal ring, the submandibular, cervical, popliteal, and mesenteric lymph 
glands, the spleen and the Peyer's patches were studied. The number of antibody-containing cells was 
studied in serial sections through the organs. The luminescence-serological method of staining was used 
to detect diphtheria antibodies and nonspecific immunoglobulins or diphtheria and protein antibodies simul- 
taneously (for details on the method of staining and counting the cells, see [I] and [2]). 

EXPERIMENTAL RESULTS 

In the guinea pigs receiving toxoid enterally in 3-day cycles (group 3), antibody-containing cells were 
found on the 4th day after the last immunization in all lymphoid organs studied, although in small quantities 
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(Table 1). The i r  number  was g r e a t e s t  in the submandi -  
bu la r  and ce rv i ca l  lymph glands. Antibody-containing 
ce l l s  were  found constantly in the lymphoid collect ions 
of the pharyngea l  ring. They were  fewer  in number  in 
the P e y e r ' s  pa tches ,  mesen te r i c  and popli teal  lymph 
glands, and spleen. However,  substant ia l ly  fewer  lumi -  
nescen t  ce l l s  were  obse rved  in all the o rgans  than a f te r  
double subcutaneous immunizat ion (groups 5 and 6). 

In animals  rece iv ing  diphther ia  toxoid en tera l ly  in 
3-day  cyc les ,  followed by subcutaneous and in t r ape r i to -  
nea l  inject ions of the toxoid (group 4), many antibody- 
containing ce l l s  were  found in all studied organs  on the 
4th day a f t e r  immunizat ion.  They were  no fewer  than 
af ter  double subcutaneous immunizat ion (group 5). 

These  r e su l t s  indicate the immunologica l  e f fec t ive-  
ness  of en te ra l  vaccinat ion with toxoid. The chief  po r t a l s  
of en t ry  for  antigen were  evidently the pharyngea l  l y m -  
phoid s t ruc tu re s ,  o r  P i r o g o v ' s  ring. The intensi ty  of 
the immune  r e sponse  in en te ra l  immunizat ion  was lower  
than that  obse rved  when the antigen was injected sub-  

cu taneous ly .  Despi te  weak antibody format ion  af ter  
en te ra l  vaccinat ion,  numerous  m e m o r y  cel ls  r e la t ive  to 
the antigen accumulated in the body, indicating an inten-  
s ive immune  r e sponse  to a single subcutaneous in jec -  
t ion of toxoid into an imals  p rev ious ly  vaccinated enteral ly .  
In mos t  guinea pigs rece iv ing  toxoid by mouth daily for  
3 months (group 1), no specif ic  antibody-containing cel ls  
could be found in any lymphoid organs.  Only 1-3 such 
ce l l s  were  found in all sect ions examined f r o m  the m e s e n -  
t e r i e  lymph glands of only 2 of the 8 animals .  In animals  
immunized  en te ra l ly  with toxoid by the group 1 scheme,  
and rece iv ing  toxoid subcutaneously and in t raper i tonea l ly  
fo r  4 and 12 days  be fo re  sac r i f i ce  (group 2), the following 
p ic ture  was  found. No antibody-containing cel ls  could be 
found in any lymphoid organ of 7 animals  sac r i f i ced  on 
the 4th day. In the remain ing  9 animals ,  sacr i f iced  on the 
4th and 12th days a f te r  immunizat ion,  no ant ibody-con-  
taining ce l l s  were  found in the lymphoid col lect ions of the 
pharyngea l  ring, the submandibular  o r  ce rv i ca l  lymph 
glands. Occasional  antibody-containing ce l l s  were  seen  
in the P e y e r ' s  pa tches  and m e s e n t e r i c  lymph glands, 
but in the spleen and popli teal  lymph glands these cells 
were  p re sen ted  in l a rge  numbers .  Some animals  of this 
group rece ived  BSA subcutaneously and in t raper i tonea l ly  
as well  as the toxoid. In all these animals ,  numerous  
ce l l s  producing antibodies against  BSA were  obse rved  in 
all the i r  lymphoid organs .  

These  l as t  observa t ions  indicate that during p r o -  
longed en te ra l  adminis t ra t ion  of an antigen," specif ic  
immunologic  a reac t iv i ty  a r i s e s  to it, although in mos t  
e a se s  i t  is incomplete  and affects  mainly the regional  
lymphoid organs  re la t ive  to the site of ent ry  of  the 
antigen. This  a reac t iv i ty  may a r i se  in an immunologi -  
cal ly  ma tu re  o rgan i sm,  and it  is evidently s i m i l a r  in i t s  
mechan i sm to Fe l ton ' s  p a r a l y s i s  [5]. The poss ib i l i ty  
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that partial  areactivity resembling Felton's paralysis may arise to antigens of bacterial  origin, entering 
through the wall of the digestive tract ,  removes many of the difficulties preventing our understanding of the 
regulatory action of specific immune mechanisms during the formation of the autoflora of the digestive 
tract.  It can be postulated on the basis of these findings and of others published in the l i terature that a 
true, complete tolerance or a tolerance resembling Felton's paralysis is created against only a few species 
of microorganisms. These microorganisms evidently form the true, permanent group of the autoflora. 
Partial  areactivity is formed against many species in the body. Microorganisms of this group prol iferate 
relatively well in the body, but not so freely as those of the preceding group. Species of microorganisms 
found in the human external environment enter the digestive t ract  inconstantly and infrequently, and they 
cannot induce immunologic paralysis  but, on the contrary, the body develops an immune response to them 
inhibiting their proliferation. These last microorganisms constitute the group of the autoflora, variable 
and few in their  total number. 
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