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After  immunizat ion of mice  with sheep 's  red  ce l ls  in the last  third of pregnancy,  the antigen 
passes  through the placenta and is retained in the bone mar row of the fetuses.  The passage  
of ant ibody-forming cei ls  through the placenta is not observed.  Meanwhile, antibodies a re  
found in the se ra  of newborn mice  af ter  d isappearance  of the antigen. The immunologic r e -  
sponse of the progeny of immunized mice  is weaker  than that of the progeny of normal  mice  
of the same  age. 
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During pregnancy various antigens as well as antibodies can penetra te  into the t issues  of the fetus 
[2-4]. The study of the penetrat ion of antigens and their  effect on the subsequent response  of the progeny is 
of great  in teres t  in connection with the infectious pathology of childhood [1], and also in the study of the the-  
oret ical  aspects  of the development of immunologic tolerance.  

The passage  of antigen, antibodies, and ant ibody-forming cel ls  (AFCs) through the placenta and changes 
in the response  of the progeny to the antigen, through which the mother  was immunized, were  investigated. 

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

Exper iments  were ca r r i ed  out on female CBA mice .  In the last  third of pregnancy (16th-17th day), 
an intravenous injection of 109 sheep ' s  red  cel ls  was given, and in some exper iments  0.5 mg hyaluronidase 
(Reanal) was given at the same t ime.  At var ious  t imes  after  immunizat ion of the mice  their  young were 
exsanguinated and the following invest igations were  ca r r i ed  out: the number  of AFCs by J e r n e ' s  method, 
the antibody t i te r  by hemolys is  and hemagglutination tes ts ,  and the antigen t i te r  by the inhibition of hemag-  
glutination test .  Usually the se rum and spleen of the mother  mice  and the serum,  l iver,  spleen and bone 
m a r r o w  of the progeny were investigated; in each test ,  o rgans  f rom three or  four fetuses  o r  newborn mice  
were  combined. Altogether 67 females  and thei r  progeny were used.  

To investigate the immune response  of the progeny of immunized mothers ,  the young mice were 
tested at the age of 30-45 days by intravenous injection of 109 sheep 's  red  cells,  On the third day af ter  the 
tes t  injection they were  exsanguinated, the number  of AFCs  in the spleen was counted, and hemolysins ,  
agglutinins, and e ry throcyt ic  antigen were determined in the serum.  

In the exper iment  in wMch AFCs were  transplanted,  the pregnant mice  in the last  th i rd  of pregnancy 
rece ived  an in t raper i toneal  injection of a suspension of spleen cel ls  containing 1050 AFCs obtained f rom 
a donor on the third day after  immunizat ion.  Immediate ly  af ter  transplantat ion,  the animals  received an 
intravenous injection of 0.5 mg hyaluronidase  in isotonic solution. The progeny of the mice  receiving 
AFCs  were tes ted at the age of 45 days,  just  as in the other  exper iments .  

For  s tat is t ical  analysis  of the numer ica l  r esu l t s  the geometr ic  means  were calculated.  
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EXPERIMENTAL RESULTS 

The results of investigations to detect AFCs, antigen, and antibodies in the progeny of the immunized 
mothers are shown in Tables I, 2, and 3, respectively. 

As Table 1 shows, AFCs did not pass from the mother to the fetus and were not formed in newborn 
mice during the first five days after birth (duration of the experiment), although the peak of AFCs in the 
mother occurred on the 4th-Sth day after immunization, i.e., actually before parturition. 

Large quantities of antigen passed through the placenta. 

T A B L E  I .  Number  of A F C s  in 
I m m u n i z e d  F e m a l e s  and t h e i r  
P r o g e n y  (log X g e o m  ~: l og  J~5) 

' . Females Progeny 

o ~"~.  pla- liver spleen bone- E ~ ' ~  ~- spleen centa ~ ~ . ~  marrow 

1 0 
3 1,4+0,3 0 0 0 0 0 

5 2,0+0,01 --  
l0 0,2-----0,5 0 0 0 0 

L e g e n d :  H e r e  and in  o t h e r  Ta-  
b l e s ,  n u m b e r  of A F C s  i s  g iven  
p e r  10 6 l e u k o e y t e s .  

A s  T a b l e  2 shows ,  24 h a f t e r  i n j e c t i o n  i t  w a s  found in the  m o t h -  
e r ' s  s p l e e n ,  t he  p l a c e n t a ,  and  the  bone  m a r r o w  of the  f e t u s e s .  T h e  
fe t a l  s e r u m  a t  t h i s  t i m e  was  not  t e s t e d  b e c a u s e  of i t s  s m a l l  quant i ty .  
On the  t h i r d  day  the  quant i ty  of a n t i ge n  in the  m a t e r n a l  s p l e e n  and 
p l a c e n t a  fe l l  s h a r p l y .  The  t i t e r  of a n t i ge n  in the  f e t a l  s e r u m  w a s  
a p p r o x i m a t e l y  fou r  l e v e l s  of d i l u t i on  h i g h e r  than  in t he  m a t e r n a l  
s p l e e n  ( m u l t i p l i c i t y  of d i lu t ion  2). The  t i t e r  of a n t i ge n  in t he  f e t a l  
bone  m a r r o w  fe l l  m o r e  s lowly  than  in the  p l a c e n t a .  On the  fif th day, 
a f t e r  b i r t h  of the  young,  an t igen  cou ld  not  l o n g e r  be  found in the  m a -  
t e r n a l  sp l e e n .  I t s  t i t e r  in the  n e o n a t a l  s e r u m  w a s  s ix  l e v e l s  of d i l u -  
t ion l o w e r  and was  a l m o s t  down to z e r o .  I t  p e r s i s t e d  l o n g e r  in t he  
neona t a l  bone  m a r r o w .  On the  10th day  a f t e r  i m m u n i z a t i o n  no a n t i -  
gen  was  found in e i t h e r  the  m o t h e r s  o r  the  p r o g e n y .  

T A B L E  2. 
and  T h e i r  P r o g e n y  

D e t e c t i o n  of E r y t h r o c y t i c  An t igen  in I m m u n i z e d  M i c e  and 

Progeny 

placenta serum liver spleen bone marm~ 

8,3~6,7 
5,1"-4,6 

1,1--3,1 
0 0 

'=j ! 
, ~ = Females 

1 0* 9,6"-7 3** 
3 0 3,7~4,4 
5 0 

10 0 0 

7,3---5,5 
5,7---3,2 
4,3---2,6 

0 

* T i t e r  of i nh ib i t i on  of h e m a g g l u t i n a t i o n  t e s t  be low 10. 
X • S E, c a l c u l a t e d  f r o m  log  z of t i t e r s  of i nh ib i t i on  of h e m a g g l u t i -  

na t ion  t e s t ;  the  s a m e  in o t h e r  t a b l e s  fo r  t i t e r s  of h e m a g g l u t i n a t i o n  

t e s t .  

T A B L E  3. 
P r o g e n y  

! ! 

t a . ~  I 

1 

3 

5 

10 

D e t e c t i o n  of A n t i b o d i e s  in I m m u n i z e d  F e m a l e s  and T h e i r  

Antibodies 

Hemolysins 
H emagglutinirts 
Hemolysins 
Hemagglutirdns 
Hemolysins 
Hemagglutirtins 
Hemolysim 
Hemagglutinins 

serum 

Females 

s e r u m  

0 
0 

1,3+__1,3 
3,3~2,6 
9,3~4,4 
9,1-----4,7 
4,2"-3,5 

10,3-----7,3 

Progeny 
�9 bone 

liver rp'een t marrow spleen 

0 
0 
0 
0 
0 
0 
0 

0,2 "+" 1,1 

0 
0 
0 
0 
0 
0 

2,9-----2,4 
7,7-'-3,9 

' 0  
0 
0 
0 
0 
0 
0 
0 

A n t i b o d i e s  (Tab l e  3) w e r e  found only  in the  m o t h e r s  un t i l  the  f i f th  day .  On the  10th day  c o m p a r a -  
t i v e l y  h igh  t i t e r s  of  h e m a g g l u t i n i n s  and l o w e r  t i t e r s  of h e m o l y s i n s  w e r e  found in the  s e r a  of  the  young 
m i c e .  At  th i s  t i m e  the  h e m o l y s i n  t i t e r s  of the  m o t h e r  w e r e  l o w e r  (4.2 * 3.5) bu t  the  h e m a g g l u t i n i n  t i t e r s  
w e r e  s t i l l  h i g h e r  (10.3 • 7.3).  T h e s e  r e s u l t s  show tha t  a f t e r  b i r t h ,  when  the  only  c onne c t i on  with  the  m o t h e r  
was  th rough  the m i l k ,  the  con ten t  of a n t i b o d i e s  in the  young m i c e  con t inued  to  r i s e  and n e u t r a l i z a t i o n  of  
an t igen  could  p o s s i b l y  be  t ak ing  p l a c e .  
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TABLE 4. Immunologic Response  of P rogeny  of Immunized  and 
Norma l  Mice to Tes t  Inject ion of Ant igen 

Treatment of mothers 
Age of Number 
progeny AFCs of Hemag- 
when tested glutinins 
(in days) 

109 sheep's red cells+ 0.5 mg 
hyaluronidase 

10~sheep's red cells 
10 ~ sheeb's red cells 
1_050 AFUs+ 0.5 mg hyaluronidase 
No treatment 

30 
30 
45 
45 
30 
45 

0,3~_0,1 
0,4-+-0,1 
1,2---0,2 
1,5---0,1 
1,0-+-0,2 
1,6~0,2 

4,9---2,3 
2,5-+- 1,2 

0 
5,1~-3,0 
4,2--- 1,9 
4,6~-2,8 

The next s t age  of the work  was  to study the r e s p o n s e  of the progeny of immunized  and norma l  fe -  
m a l e s  to the antigen with which the mo the r  was immunized  (Table 4). 

As  Tab le  4 shows, the c e l l u l a r  r e s p o n s e  of the young of the immunized  m o t he r s  was s igni f icant ly  
l ower  than the r e s p o n s e  of the progeny of the n o r m a l  mice .  This  was obse rved  when the progeny  was t e s t ed  
at the age of both 30 and 45 days .  D i f f e r ences  in the ant ibody t i t e r  w e r e  l e s s  demons t r a t i ve ,  fo r  on the 
th i rd  day a f t e r  immuniza t ion  ant ibodies  w e r e  only jus t  beginning to appea r .  No ant igen could be found in 
the  s e r u m  of the progeny.  The r e s p o n s e  of the progeny  of m o t he r s  r ece iv ing  A F C s ,  t e s t ed  at the age of 45 
days,  did not d i f fe r  s igni f icant ly  f rom the r e s p o n s e  of no rma l  young mice  of the s a m e  age. 

The r e s u l t s  thus showed that a f t e r  immuniza t ion  of m ice  in the l a s t  th i rd  of p regnancy  the e r y t h r o -  
cyt ic  ant igen p a s s e s  through the p l a c e n t a a n d  is r e t a i n e d  i n t h e  fetal  bone m a r r o w .  No A F C s  pas s  through 
the p lacen ta  under  these  c i r c u m s t a n c e s .  Meanwhile,  an t ibodies  a r e  found in the s e r u m  of newborn m i c e  fed 
by immunized  mo the r s  a f t e r  d i s a p p e a r a n c e  of the antigen.  The immunologic  r e s p o n s e  of the progeny of 
immunized  m i c e  is  lower  than the r e s p o n s e  of the progeny of n o r m a l  m i c e  of the s a m e  age.  
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