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Mice infected in utero with  LCM virus  ca r ry  large amount s  of ac t ive  
virus  in the i r  b lood and  organs for m a n y  months  and  discharge con- 
s iderable  quant i t ies  of the  agent  wi th  the i r  secret ions and  excret ions (11). 
This observa t ion  indica tes  cont inuous mul t ip l i ca t ion  of the  virus  in the  
organs of such animals ,  which look l ike no rma l  ind iv idua ls  in spi te  of 
the i r  chronic infection.  I n t r au t e r i ne  infect ion leads to a s table  equi l ib r ium 
between vi rus  and  body.  I t  was also observed t h a t  mice infected in utero 
would develop p rac t i ca l ly  no specific ant ibodies ,  while the  sera of m a t u r e  
mice infected expe r imen ta l ly  or b y  contac t  a t  least  gave  pos i t ive  com- 
p lement - f ixa t ion  (CF) tes ts  (9, 14). 

At tempts  to demonstrate  neutralizing antibodies in the sera of such 
animals using customary techniques gave essentially negative results (for 
references see 13). More sensitive methods, however, have made the demon- 
strat ion of such antibodies possibl~ (7), Recent experiments have shown 
tha t  their  t i ter  is relat ively low and their  antiviral  action exceptionally 
slow (13). The failure to recognize this fact no doubt accounts for the negative 
results obtained earlier by  different investigators. For  several reasons it is still 
doubtful whether these antibodies represent the immuni ty  factor of prime 
importance in mice recovered from experimental  infection (10, 7, 13). The 
solid immuni ty  of mice infected in utero is obviously not due to antibodies, 
since none could be demonstrated with sensitive methods even after repeated 
inoculations of virus (12, 13) and since life-long persistence of large amounts 
of active virus in the body would hardly  be compatible with the ant ibody 
theory. 

Burner and .Fenner (1) have regarded the condition prevailing in mice 
infected in utero with LCM virus as immunological tolerance and all of the 
available evidence suggests tha t  this interpretat ion is correct (12). The case 
probably  is no longer unique among infections caused by  animal viruses, 
since i t  is not  unlikely tha t  similar relationships exist between certain tumor  
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304 E. Traub : 

viruses and their respective hosts (12). Moreover, the opinion has been 
expressed that  human serum hepatitis and equine infectious anemia may 
fall in this category as well (5). 

Immuno]ogical tolerance regularly arises in mice infected in the embryonic 
stage and many mice infected neonatally also become tolerant and long-time 
carriers of LCM virus (11, 5, 12), whereas this is not the case in mature mice 
infected experimentally or by contact. 

I t  was pointed out recently that  two distinct mechanisms are operative 
in embryonic infection with LCM virus (12). In tolerant mothers infection 
of the ova occurs either in the ovaries, the oviduct or the uterus, transovarian 
transmission being most likely in view of the high virus content of the ovaries. 
In  this case, all embryos become infected with great regularity. On the other 
hand, mice infected experimentally during the first week of pregnancy 
transmit the virus transplacentally to their embryos in an irregular fashion. 
Some embryos may escape infection in this case. We have had litters in which 
only 1 out of 9 or 12 embryos contained virus at birth, while in other cases 
all embryos were positive. Embryos infected in either way were tolerant 
towards LCM virus later in life. 

As long as transovarien transmission of the virus has not been proved, 
we shall refer to the former mode of transmission as congenital infection and 
to the latter mechanism as tl 'ansplacental infection. The tolerant mice used 
in this study all became infected congenitally. 

The present  paper  concerns the mechanisms of immunological  tolerance 
and  of the strong " i m m u n i t y "  of to lerant  mice in the absence of ant i-  
bodies. An a t t empt  will be made to correlate tolerance with the ant igen 
content  of the lymphat ic  system and  the " i m m u n i t y "  of to lerant  animals  
with the interference phenomenon.  

Materials and Methods 

Strains o/ virus." The tolerant mice were carriers of strain W, which was 
isolated from a naturally infected wild mouse kindly sent to us by Dr. V. H. 
Haas, National Insti tutes of Health, Bethesda, Maryland, U.S.A. Congenital 
and transplacental infections caused by this strain are usually inapparent (12). 
Females infected in this manner  will regularly transmit  the virus to their 
progeny in successive litters. Experimental neonatal infections also take a 
mild course in the majority of the animals. Mature mice inoculated intra- 
cerebrally (i. e.) show characteristic fatal convulsions with fair regularity. 
Intraperitoneal (i. p.) infection is frequently followed by serous pleuritis 
and peritonitis, while subcutaneous (s. c.) infection fails to cause definite 
symptoms. 

Strains WCC and WCP were obtained through the courtesy of Dr. W. P.  
Rowe, National Insti tutes of Health, Bethesda, Md. In  contrast to strain W, 
strain WCC is highly pathogenic for 1 to 4 day-old suckling mice inoculated i. c. 
(see Tables 5 and 6). I t  had gone through 365 i. c. passages in mice. Strain WCP, 
passed 365 times by i. p. inoculation, regularly causes disease (pleuritis and 
peritonitis, associated with marked emaciation and, sometimes, with typical 
convulsions) in adult mice infected by this route. I t  is particularly suitable 
for i .p .  neutralization tests. 

Strain WE 3, a guinea pig passage strain highly pathogenic for this species, 
was kindly provided by Professor W. Scheid, Universit~its-Nervenklinik, 
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Cologne. I t  was used for the hyperimmunization of guinea pigs following 
primary infection with the mild strain W. 

The E E E (eastern equine encephalomyelitis) virus used was strain S 18888, 
which is highly pathogenic upon i. p. inoculation in young mice just weaned. 

Mice: All experiments on LCM were carried out with animals of Breed 
No. I I I  of the Institute,  which is not pure genetically but  uniformly sus- 
ceptible to the agent under study in spite of the fact that  some animals have 
an intestinal infection with Theiler's virus. 

The tolerant mice descended from two females which became infected 
shortly after birth by contact with a wild carrier mouse and later t ransmitted 
the virus congenitally to their offsprings. Such transmission occurred regularly 
in successive generations. We are maintaining a small colony of tolerant 
white mice, from which the animals needed for the present experiments were 
derived. All animals of this stock are carriers of LCM virus. 

In]ectivity titration: l0 or 20 per cent extracts (considered as 1 :10  and 
1 : 5 dilutions, respectively) of the organs to be tested were diluted serially 
in ice-cold phosphate-buffered saline pH 7.4 and the dilutions injected i. c. 
or i. p. into mice as indicated in the text, using 3 or 5 animals per dilution. 
Surviving mice were tested for immuni ty  by i. c. inoculation of virus 
(strain W) two weeks later and immunized mice counted as infected in the 
IDs0 calculations according to the well-known method of Reed and Mueneh. 

Tests ]or CF antigen: 20 per cent organ extracts were spun in a refrigerated 
angle centrifuge at 15,000 r. p. m. for 15 minutes and the supernatant  fluids 
tested undiluted and in twofold serial dilutions against 1 :10  dilutions of 
hyperimmune and normal guinea pig serum, using the same sera in all tests. 
The immune serum was obtained from animals immunized with strains W 
(primary infection) and WE 3 (hyperimmunization). The sera were heated 
at 56 ~ C for 30 minutes prior to use. Complement was used in amounts just  
sufficient to cause complete lysis in control tubes with the respective normal 
organ extracts. For fixation and lysis the tubes were incubated in a serological 
waterbath at 37 ~ C for periods of 30 minutes. The highest dilution of an extract 
giving complete (~-~-§  fixation was recorded as its titer. 

Hemagglutination-inhibition tests: Such tests were carried out according 
to the method of Casals and Brown (2) as modified by Mussgay (6). 

Ant igen  content  o~ the organs in  tolerant  and non- to le ran t  
LCM-inbcted  mice 

I n  previous experiments  (11) the tissues of congenital ly infected 
carrier mice were found to conta in  surprisingly large amounts  of virus 
even in  animals  of advanced age. The virus content  of their  blood was 
about  as high as tha t  of exper imental ly  infected mature  mice dur ing  
the acute stage of the disease. The t i t r a t ion  method practised at  t ha t  
t ime was too inaccurate,  however, to allow a precise comparison of the 
virus content  of different organs. 

The expense involved in  accurate infect ivi ty  t i t ra t ions,  which require 
large numbers  of mice, has prompted  us to use the CF test  for the demon- 
s t ra t ion  of specific viral  an t igen  in mur ine  organs. Since there is a non-  
infectious soluble ant igen associated with this  virus (8), the CF test  does 

Archiv  f. Virusforschung,  Bd. X,  H.  3 21 



306 E. Traub: 

not accurately measure the infectivity of a tissue extract. Experience 
has shown, however, that  a rough para]lelism exists between the infectivity 
and CF titers of various organs in tolerant mice. 

The result of an experiment with mice infected i. p. with strain WCP 
at the age of 5 weeks is recorded in Table 1. The materials obtained on 
the 6th day after inoculation were tested simultaneously for infectivity 
and CF antigen. In  the infectivity titration serial five-fold dilutions of 
20 per cent organ extract were inoculated i. p. each into 5 mice. 

In  this experiment the CF test detected the most and the least in- 
fectious extracts (liver and brain, respectively), but not the difference 
in virus content between the lymph nodes and the spleen. I t  is not clear 
in this case which test gave the more accurate result. On the basis of 

Table 1. Compar i son  of i n f e c t i v i t y  and CF t i t e r s  of d i f f e r en t  
o rgans  f rom mice i n f ec t ed  i . p .  wi th  s t r a in  WCP at  the  age of 

5 weeks 

Titer  B r a i n  Spleen L y m p h  nodes  L iver  

CF --* 1:4 1:4 1:32 
IDso 10 -5.s 10-6.4 10-6.3 10-s.2 

* negative reaction with undiluted 20 per cent extract 

these and other tests not presented in detail we think that  the CF test 
can give a rough idea of the relative virus content of different organs. 

We then proceeded to a systematic study of the distribution of CF 
antigen in tolerant mice of different age and of non-tolerant animals 
infected experimentally at the age of 5 weeks. In  the latter group, those 
infected with strain W received serum from tolerant mice either i. p. 
or s. c. (see Table 2), while those infected with strain WCP (see Table 3) 
were inoculated i. p. with organ extract from the 365th serial passage. 

Table 2 shows the striking difference in antigen content between 
tolerant mice infected congenitally with strain W and non-tolerant 
mature animals infected experimentally with the same strain. I t  should 
be recalled at this point that  the latter animals can form antibodies, 
while the tolerant ones cannot. There was no decrease in the amount 
of antigen in the organs of tolerant mice in the course of time. I t  was 
greatest in the lymphatic system (spleen and lymph nodes), but several 
other organs had considerable titers as well. The results again show that  
LCM virus affects a variety of organs of different origin, structure and 
function. The salivary glands, which had a high virus content in previous 
titrations (11), did not give conclusive results in CF tests because of the 
very strong anticomplementary effect of their extracts. Of great significance 
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epidemiologically is the marked affinity of the virus for female genital 
organs. 

Compared with the large quantities of CF antigen detected in tolerant 
mice the antigen content was very meager in 5 week-old mice infected 
experimentally with the same strain. Specific antigen was demonstrated 
in the lymph nodes and in the spleen, but the titers were much lower 
than in tolerant mice. The uterus contained antigen in mice infected i. p., 
but not in those inoculated s. c. On the 7th day after inoculation all 
mice infected i.p. showed severe pleuritis and peritonitis, while s.e. 
infection failed to cause definite symptoms. The only change noted in 
the latter animals was moderate enlargement of the lymph nodes on 
the 7th day. I t  should be mentioned in this connection that swelling of 

Table 3. D i s t r i b u t i o n  of c o m p l e m e n t - f i x i n g  an t i gen  in o rgans  
of n o n - t o l e r a n t  mice in fec t ed  i . p .  wi th  s t r a in  WCP at age of 

5 weeks 

Mice 
CF titers (1 ...) 

B ILNIThl ILu I Lil  

l i  6 16 
8 

32 4 
32 8 

8 2 
2 • 

8 - -  

4 8 
4 4 
2 8 
1 2 
• ] 

I 
6 ~, sacrificed on 3rd d a y [ -  
6 ~, sacrificed on 5th day I -  
6 9,  sacrificed on 6th day I -  
4 +o, sacrificed on 8th day I -  
6 Q, sacrificed on 10th day I -  
6 ~, sacrificed on 14th day I • 
6 +, sacrificed on 21st day I -  

8 
2 4 

~ 2 16 
1 

1 

the lymph nodes is frequently seen in LCM-infected mice. The pathological 
picture is often similar to that in the beginning stage of lymphomatosis. 

I t  is evident from Table 3 that  mice injected i. p. with strain WCP 
carried much CF antigen in the spleen and lymph nodes on the 3rd day, 
but the titers fell off thereafter, while those of the liver, ovaries, and 
uterus increased. The highest titer (1:32) was reached by the liver. 
Antigen was also demonstrated in the thymus, lungs, adrenals, and 
pancreas. The antigen content of the organs of WCP-infected mice 
decreased steadily after the 8th day and was almost zero 3 weeks after 
inoculation. Very small amounts of antigen had remained in the adrenals, 
pancreas and ovaries only. 

I t  was of interest to determine whether mice infected i. p. with strain 
WCP would be capable of antibody formation in spite of the temporary 
high virus content of their organs and their poor condition. Such animals 
as a rule show severe symptoms and those which recover do so very 
slowly. Viremia persisted for more than 5 weeks in 63 per cent of the 
mice tested and for at least 9 weeks in 18 per cent. Three months after 
inoculation the organs of 16 out of 18 mice were non-infectious, while 
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those of 2 animals  s t i l l  conta ined  t races  of ac t ive  virus.  Al l  animals  had  
formed CF ant ibodies .  There was no evidence suggest ing t h a t  the i r  
c apac i ty  to  produce  such an t ibodies  had  been impai red .  

I n  ano ther  expe r imen t  concerning the  t ime  of appea rance  of CF ant i -  
bodies in WCP- in fee ted  mice no an t ibodies  were demons t rab le  in the  
serum on the  5th  d a y  af ter  i. p. inocula t ion,  bu t  the  m a j o r i t y  of the  mice 
had  fo rmed  smal l  amoun t s  of such an t ibodies  b y  the  8th  d a y  in spi te  
of the i r  ve ry  severe illness. On the  14th d a y  al l  sera t e s ted  gave s t rong ly  
pos i t ive  react ions.  

Behavior of tolerant mice towards EEE virus 
Haas (4) has shown t h a t  mice infected in utero with  LCM virus  can 

produce  neut ra l iz ing  ant ibodies  aga ins t  the  viruses of St. Louis  ence- 
pha l i t i s  and  influenza.  I n  the  present  s t u d y  the  ab i l i t y  of to le ran t  and  
norma l  mice to  form hemagglu t ina t ion- inh ib i t ing  (HAI)  an t ibodies  
aga ins t  E E E  virus  was t e s ted  quan t i t a t ive ly .  

Table4.  I n t e r f e r e n c e  of LCM w i t h  E E E  i n f e c t i o n  in  t o l e r a n t  m i c e  

Recipient  mice I Resu l t  of i. p. inocula t ion of decimal di lut ions of E E E  virus  .1 

I I (3 weeks old) 10-~ 

tolerant 
normal 

* i0 

10'~ I 10 -4 10-5 10-s 10-~ I 10 -8 

I 10/ l l*  10/10 9/10 12/21 5/20 0/16 
: : : : :  ll/ll iO/lO 9/10 18/21 12/20 7/16 

of 11 injected mice developed encephalitis 

ID,o 

0/10 I 10-6'2 
0/10 10 -7.3 

Before s t a r t i ng  the  exper imen t  an  a t t e m p t  was made  to de te rmine  
if and  to  which ex ten t  LCM virus  would interfere  wi th  i . p .  infect ion 
b y  E E E  virus  in to le ran t  mice. I f  in terference be tween the  two viruses 
d id  occur in cells of the  an t ibody- fo rming  sys tem,  one would expec t  
lower H A I  t i ters  in to le ran t  t h a n  in no rma l  mice. 

In  the interference test  EEE virus (infectious 10 per cent mouse brain 
suspension, in the endpoint calculation considered as 10 -1 dilution) was 
t i t ra ted  in 3 week-old l i t ters of tolerant and normal mice as indicated in 
Table 4. In  the dilution range in which the endpoints were expected two 
li t ters of each group were used per dilution, otherwise one large l i t ter  only. 

Table  4 shows t h a t  the  IDs0 values  differed b y  1.1 log in the  two 
groups.  This  difference is s ignif icant  in view of the  considerable  numbers  
of t es t  animals  used and  indica tes  modera t e  interference.  I t  is no t  known 
in which cell sys tem such interference occurred.  

For  the HAI test 10 tolerant  and 10 normal mice, M1 5 to 6 weeks old at  
the s tar t  of the experiment,  were immunized against EEE as follows: 

1st inoculation: 0.5 ml. formolized 20 per cent suspension of infected 
mouse brains t .p .  (the suspension contained 0.3 per cent formalin and was 
non-infectious after incubation at  37~ for 3 days);  
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2nd inoculation (2 weeks later): 0.5 ml. of the same material s. c.; 
3rd inoculation (7 days later) : 0.5 ml. 10 -1 dilution of infectious 20 per cent 

mouse brain suspension i .p .  
The animals were exsanguinated 8 days after the last injection and their 

sera tested individually for HAI antibodies. 

The indiv idual  t i ters varied between 1 : 160 and  1 : 904 in  the tolerant  
group and  between 1 : 226 and 1 : 64:0 in the normal  mice. The computed 
mean  values (1 : 394 for the to lerant  and 1 : 367 for the normal  animals)  
show tha t  to lerant  mice can produce ant ibodies  against  E E E  virus just  
as well as normal  mice. 

Exper iments  concerning the mechanism of i m m u n i t y  
in  tolerant  mice 

Tolerant  mice show nei ther  symptoms nor  lesions following i .c .  
inoculat ion with large amounts  of virus ( l l ) .  The mechanism of this 
strong " i m m u n i t y "  in the absence of ant ibodies was correlated hypo- 

Table 5. T i t r a t i o n  of b r a i n s  of t o l e r a n t  a n d  n o r m a l  m i c e  v a r i o u s  
p e r i o d s  of t i m e  a f t e r  i. e. i n o c u l a t i o n  w i t h  s t r a i n  WCC 

Time af ter  i. c. 
inoculat ion of 

s t ra in  WCC 

5 minutes . . . . .  
6 hours . . . . . . .  

12 hs . . . . . . . . . .  
24 hs . . . . . . . . . .  
48 hs . . . . . . . . . .  
72 hs . . . . . . . . . .  
96 hs . . . . . . . . . .  

120 hs . . . . . . . . . .  
144 hs . . . . . . . . . .  
no WCC virus . . .  

Mortal i ty  and average  t ime  of su rv iva l  in suckling 
mice used for i . e .  t i t ra t ion  of brains f rom 

to lerant  mice* no rma l  controls 

Morta l i ty  sm'vival  
t ime  (days) 

2/21"* 17.0 
6/20 18.5 
1/21 20.0 

11/63 18.5 
17/41 18.0 
4/41 17.2 
4/33 17.7 
2/41 14.0 

13/45 19.2 
6/45 16.5 

Mortal i ty  su rv iva l  
t ime  (days) 

22/22 12.8 
18/18 13.2 
20/21 13.5 
70/74 14.0 
40/40 14.1 
43/44 12.8 
31/31 13.8 
35/36 12.8 
32/34 13.0 

IDao 
of brains  of 

normal  
controls 

10--2.4 

10-2.o 

lO-aa 
10-4.~ 
10-5.~ 
10-~n 
10-5.6 
10-5.~ 
10-5.1 

* ID5o ranging from 10 -4.~ to 10 -6.0 ** 2 of 21 infected mice died 

thet ieal ly  with the interference phenomenon  (11). The demons t ra t ion  of 
considerable quant i t ies  of viral  ant igen in a var ie ty  of organs of to lerant  
mice is s t rongly in favor of this interpretat ion.  

Since it  is possible to differentiate s t ra in  W with some degree of cer- 
t a i n t y  from s t ra in  WCC on account  of their  different pa thogenic i ty  for 
1 to 4 day-old suckling mice, an a t t empt  was made to reinfect to lerant  
mice i. c. with s t ra in  WCC. 
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In  the first experiment recorded in Table 5 ten tolerant and 10 normal 
mice were injected i. c. with 20 per cent mouse brain suspension from the 
365th serial passage of strain WCC. The inoculated animals were sacrificed 
at intervals as indicated in the table (one tolerant and one normal mouse 
each time) and 20 per cent suspensions of their brains t i trated i. c. in one 
day-old normal mice using one litter of 9 to I1 animals per decimal dilution. 
In the 24-hour test the brains of two pairs of mice were titrated. Two tolerant 
mice not inoculated with WCC were included in the tests to check the patho- 
genicity of strain W for new-born mice. The inoculated litters were observed 
twice daily and the symptoms and time of death recorded for every animal. 
Strain WCC will kill nearly all new-born mice infected i. c. in contrast to 
strain W, for which a mortali ty rate of only 13 per cent was recorded in pre- 
vious experiments (12). Moreover, the average time of survival after inocula- 
tion is by a few days shorter in suckling mice infected with WCC. Survivors 
were tested for immuni ty  by i. c. inoculation of virus (strain W) at the ago 
of 4 weeks. It  was possible in this manner to determine the number of infantile 
mice infected with strain W. 

Table 6. A t t e m p t  to  d e t e c t  s t r a i n  WCC in  t h e  b r a i n  of a t o l e r a n t  
m o u s e  48 h o u r s  a i t e r  i . c .  i n o c u l a t i o n  

T i t r a t e d  b r a i n  o r ig ina t i ng  f rom I D ~  M o r t a l i t y  
in 2 day -o ld  suck l ing  mice  

(1) tolerant mouse injected 10_~.4 2/49 (4 per cent) 
i. c. with WCC 

(2) normal mouse injected 10_~.9 49/53 (92 p. c.) 
i. c. with WCC 

(3) tolerant mouse (litter 
mate of No. 1) 
not inoculated with 
WCC 

1 0  -5"0 3/38 (8 p. e.) 

Judging  from the rate of mor ta l i ty  and  the t ime of survival  after 
inoculat ion,  the results presented comprehensively in Table 5 suggest 
tha t  s t ra in  W interfered with s t ra in  WCC in every case. There was no 
evidence for mul t ip l ica t ion  of the la t ter  s t ra in  in  the brains  of to lerant  
mice with the possible exception of the  48-hour test  in which some baby  
mice succumbed after short  incuba t ion  periods and  the rate  of mor ta l i ty  
was 41 per cent. This tes t  was therefore repeated and  the result  given 
in Table 6 obtained.  I t  does no t  indicate mul t ip l ica t ion of s t ra in  WCC in 
the b ra in  of the respective to lerant  mouse. 

I t  is evident  from the last column in Table 5 t ha t  virus mul t ip l ica t ion  
s tar ted  in  the brains  of normal  mice after a lag period of 6 to 12 hours 
and reached its m a x i m u m  at  72 hours, slowly declining thereafter.  
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Discussion 

The mechanism underlying immunological tolerance still is unknown. 
For theories and experimental a t tempts  to explain it the reader is referred 
to a recent review by Chase (3). 

The experiments presented above have shown that  tile organs of 
mice tolerant towards LCM virus contain more viral antigen than those 
of mature mice infected experimentally with the same strain and maintain 
their high antigen titers indefinitely. The antigen content is highest in 
the lymphatic system of tolerant animals. I t  is conceivable tha t  their 
antibody-forming apparatus is clogged by specific antigen and thus 
prevented from antibody synthesis, a situation reminiscent of the 
"immunological paralysis" caused by inoculation of mature mice with 
large amounts of pneumocoeeal polysaccharide (for references see 3). 
This phenomenon is now regarded as an example of immunological 
tolerance (3). 

The quantities of specific antigen present in the organs of non-tolerant 
mice infected experimentally with strain W were surprisingly small, 
while i. p. inoculation of adult mice with strain WCP effected a transient 
high antigen content of certain organs, notably the liver. However, the 
amounts of antigen detected in the spleen and lymph nodes were inferior 
to those in tolerant mice and decreased slowly after the first week following 
inoculation. This may  be the reason why WCP-infected animals can 
produce antibodies and get rid of the virus in the course of time. 

I t  appears from the results obtained with tolerant and non-tolerant 
mice infected with strain W tha t  embryonic mouse tissues are more 
susceptible to infection with LCM virus and better suited for its multi- 
plication than those of adult mice. They maintain this quality as they 
mature,  and this may  be a decisive factor in the mechanism of immu- 
nological tolerance in this case. The cells obviously transmit  the infection 
with this non-cytocidal agent (5) to their descendents in successive 
generations. I t  is doubtful whether there are any uninfected susceptible 
cells available at  any time. Susceptibility to infection should be sharply 
differentiated, however, from susceptibility to the pathogenic action of 
the virus which, in the ease of strain W, is minimal in embryos and low 
upon neonatal infection, but high in mature mice infected experimentally. 
This is not a general rule, however, since neonatal infection with strain 
WCC is highly fatal (12). 

While tolerance of mice towards LCM virus can be satisfactorily 
explained in the same way as the "immunological paralysis" caused by 
pneumococcal polysaceharide, it is more difficult to account for the long 
duration of tolerance in animals injected in the embryonic stage or 
neonatally with antigens incapable of spontaneous replication and more 
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susceptible to enzymatic decomposition than polysaccharides. Although 
it seems probable tha t  exceedingly small amounts of antigen in sensitive 
areas can block the immunological apparatus (3), one would expect only 
such antigens to cause long-lasting tolerance whose antigenically active 
groups are highly resistant against enzymatic degradation. 

The ability of tolerant mice to form antibodies against E E E  virus 
as efficiently as normal mice may  imply either tha t  E E E  antibodies 
are produced by other cells than LC?r antibodies or tha t  cells may  be 
blocked by antigen of one virus and still be fully capable of antibody 
formation against another agent. The first alternative appears unlikely. 
I t  would be difficult to imagine tha t  a special set of antibody-producing 
cells might be available for every one of the many  antigens with which 
the body has to deal. 

Since embryonic and mature mouse tissues react differently towards 
certain strains of LCM virus and adult tolerant mice appear to behave 
like embryos in this respect, it was at first thought possible tha t  cellular 
reactivity (7) might play an important  role in the " immuni ty"  of tolerant 
mice. However, their resistance towards strain WCC, which is equally 
pathogenic for newborn and adult mice, suggested tha t  this is not the 
case. In  view of the wide distribution of virus in the organs of tolerant 
animals it is more likely that  their " immuni ty"  is due to the interference 
phenomenon. Rowe (7) has shown that  small quantities of a modified 
strain of LCM virus can interfere in non-tolerant mice with an unmodified 
strain. In  the present experiments it has not been possible to recover 
strain WCC from the brains of tolerant animals at  any t ime after i. c. 
inoculation. The failure to detect it even during the lag period (see 
5-minute and 12-hour tests in Table 5) indicates that  strain W interfered 
with strain WCC not only in the brains of the tolerant mice, but also 
in those of the infantile animals used for the brain titrations. If  there 
had been no such interference, it should have been possible in the lag 
period to demonstrate the superimposed virus which, as the results 
obtained with the normal controls show, had not yet  been inactivated 
at  that  t ime by the body temperature or other non-specific factors. 

In  a s tudy of tolerance and interference in mice infected congenitally 
with LCM virus one is tempted to consider the possibility that  both 
phenomena may  have similar fundamental  mechanisms. Special enzyme 
systems, necessary for ant ibody formation on the one hand and for viral 
synthesis on the other, may  be blocked. 

Summary and Conclusions 

In  a comparative study of the distribution of viral antigen in the 
organs of tolerant mice infected congenitally with LCM virus and of 
non-tolerant mature  animals infected experimentally the complement- 
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fixation titer was used as an indicator of the intensity of the infection. 
Preliminary tests had shown that  there is a rough parallelism between 
the complement-fixation and infectivity titers of murine organs. 

The organs of congenitally infected mice, young or old, generally 
contained more antigen than those of mature mice infected artificially. 
The very high antigen content of the lymphatic system in tolerant animals 
has been correlated with the tolerance phenomenon and the possibility 
considered that their immunological apparatus may be blocked by specific 
antigen as in mice showing "immunological paralysis" following inoculation 
with large doses of pneumococcal polysaccharide. 

Mice tolerant towards LCM virus were able to produce hemagglutina- 
tion-inhibiting antibodies against EEE virus to the same extent as normal 
mice in spite of the fact that  LCM infection interferes slightly with EEE 
infection in tolerant animals. 

The results of interference tests with distinguishable strains of LCM 
virus favor the hypothesis that  the strong "immunity" of tolerant mice 
in the absence of antibodies is due to the interference phenomenon. 
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