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Acute and subacute infection of Macaca  rhesus  with L - f o r m s  of hemolyt ic  s t rep tococcus  and 
i ts  bac t e r i a l  fo rm,  followed by penicil l in therapy,  lead to the appearance  of antibodies to the 
L - f o r m  in the an i m a l s '  s e r u m  which p e r s i s t  for  a long t ime.  The inc rease  in t i t e r s  of anti-  
bodies  against  L - f o r m s  during infection with hemolyt ic  s t rep tococc i  m a y  se rve  to r e f l ec t  the 
possible  induction of L - f o r m s  in vivo under the influence of penicillin. 

A model  of expe r imen ta l  tonsi l l i t is  in monkeys  (Macaca rhesus) ,  infected with L - f o r m s  of group A 
s t rep tococcus ,  was developed previous ly .  Seedings of organ homogenates  at  var ious  t imes  a f t e r  infection 
showed that the L - f o r m s  a re  excre ted  e x t r e m e l y  r a r e l y  [1-4]. Never the less ,  the pathological  r e sponse  
evoked by infection with L - f o r m s  was dist inguished by its prolonged course .  

I t  was the re fo re  decided to invest igate  whether  this p ro t r ac ted  infectious p r o c e s s  is accompanied  by 
the onset  of an immunologic  response .  The poss ib i l i ty  of antibody format ion,  in r e sponse  to infection with 
L - f o r m s  of hemolyt ic  s t r ep tococcus ,has  been demons t ra ted  in pr inciple  by a few invest igat ions [5-7]. Anti-  
bodies  were  demons t ra ted  by means  of the agglutination, gel-diffusion and complement- f ixa t ion  tes t s .  Re-  
cently,  a pass ive  hemagglut inat ion tes t  (PHT) has  been descr ibed  [8] for  demons t ra t ing  antibodies against  
L - f o r m s  of P ro t eus  mi rab i l i s ,  Esche r i ch ia  coli ,  and Streptococcus  haemolyt icus .  Observa t ions  by the 
p re sen t  w r i t e r s  have shown that this t es t  is specif ic ,  highly sensi t ive,  and capable of detecting even very  
sma l l  amounts  of antibodies agains t  L - f o r m s  of hemolyt ic  s t rep tococcus .  

EXPERIMENTAL METHOD 

Two series of experiments were carried out (1968, 1970). In series I, sera obtained from monkeys at 
var ious  t imes  a f t e r  infection with L - fo rms  and intact  f o r m s  of group A hemolyt ic  s t r ep tococcus  of types 49 
and 19 (GL-8) were  tested;  infection of some monkeys  was subacute and of the o thers  acute.  

In s e r i e s  I, with both subacute and acute infection (1968), the monkeys  were  divided into three  groups:  
1) r ece iv ing  L - f o r m s  of s t reptococci ;  2) r ece iv ing  L - f o r m s  heated  to 60~ for 1 h; 3) r ece iv ing  s t r a ins  o f  
intact  s t rep tococc i  fo l lowedby  penicil l in therapy (for an account  of the method of infecting the monkeys  and 
for  a descr ip t ion  of the s t r a ins  and expe r imen ta l  groups,  see [1-3]). 

In s e r i e s  II, s e r a  obtained f rom monkeys  at va r ious  t imes  a f t e r  r epea ted  infection in 1970 with L-  
f o r m s  of group A hemolyt ic  s t rep tococcus  were  tes ted  [4]. The p re sence  of antibodies in the s e r a  of the 
infected monkeys  was de te rmined  by the PHT. A supernatant  f rom a suspension of homologous s t ra ins  of 
L - f o r m s  sonicated for 20 min  in a type MSE dis in tegra tor  (100 W, 18 kHz) was used as the antigen. 
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T A B L E  1, D y n a m i c s  of A n t i b o d y  T i t e r s  in  S e r a  of  M. r h e s u s  a f t e r  

S u b a c u t e  I n f e c t i o n  w i th  G r o u p  A H e m o l y t i c  S t r e p t o c o c c i  a n d  T h e i r  

L -  F o r m s  

Material administered 

L- forms of hemolytic 
streptococcus 

Heated L-forms of 
hemolytic strepto- 

c o c c u s  

Group A hemolytic 
streptococci + peni- 
cillin 

Time of I 
obtainingl No. of 
sera (in sera 
days) �9 

0 1 I 

5--7 2 1 
10--t4 1 0 
20--21 3 0 
27028 21 Ol 

5--7 I I 
10--14 1 0 
20--21 1 0 
27--28 I 0 

0 l 1 

5--7 5 3 
10--14 6 0 
20--21 7 0 
28--28 I 0 

Antibody titers (i~l log 2) 

under3,3 ' 3,3--5,3 6 . . . .  3--8 3 9 3--11 3 12.3andover 

Note .  I n f e c t i o n  w a s  r e p e a t e d  4 t i m e s  a t  i n t e r v a l s  of 5-7 days .  S e r -  
u m  w a s  o b t a i n e d  on  the day  of  i n f e c t i o n  a n d  7 d a y s  a f t e r  the l a s t  
i n f e c t i o n .  

T A B L E  2. D y n a m i c s  of A n t i b o d y  T i t e r s  i n  S e r a  of  M. r h e s u s  a f t e r  
A c u t e  I n f e c t i o n  wi th  G r o u p  A H e m o l y t i c  S t r e p t o c o c c i  a n d  T h e i r  L -  
F o r m s  

Material administered 

L- forms of hemolytic 
streptococcus 

Heated L-forms of 
hemolytic strepto- 

coccus 

Group A hemolytic 
~reptococci +peni- 

cillin 

Time of. 
obtaining 
sera (in: 
days) 

No. o f  . 

s e r a  

Antibody titers (in log~) 

3 , 3  I 3 ,3--5,3 6,3--8,3 9,3--11,3 12.3 and 
over 

0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 

0 

Note .  I n f e c t i o n  c a r r i e d  ou t  4 d a y s  in  s u c c e s s i o n .  S e r u m  w a s  ob -  
t a i n e d  on  the  day  of i n f e c t i o n ,  

EXPERIMENTAL RESULTS 

Antibodies against L-forms of streptococci were absent in the sera obtained before infection. Con- 
sequently, the increase in antibody titers after infection was evidence of an immune response evoked by an 
antigen of the L-forms. 

Analysis of the results in Table I shows that subacute infection with L-forms of streptococcus causes 
the appearance of antibodies with maximal titers (log 2 = 13.2) in the period from the 10th to the 28th day. 

Antibodies also were found in a monkey infected with a heated culture of L-forms, but in a comparatively 
low titer. Heating under these conditions evidently did not completely abolish the antigenicity of the in- 
jected L-culture. 

In monkeys infected with the bacterial form of streptococcus and subsequently treated with penicillin, 
antibodies against L-forms were found in the PHT starting from the 5th-7th day after infection. Their 
titer gradually increased on the 10th, 14th, and 28th days. 
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TABLE 3. Dynamics of Antibody Ti te rs  in Sera of M. rhesus  af ter  
Reinfection with L - F o r m s  of Group A Hemolytic Streptococcus 

Time of .~ntibody titers (in log~) 
Material administered obtaining No. of under ] - 11.3 

seraflays)(in sera 3,3 3,3-5,3] 6,3.8,3 9,3 12,3andover 

L-forms of hemolytic 
streptococcus 

H e a t e d  L - f o r m s  o f  
hemolytic ~rept~ 

COCCUS 

Broth 

0 
7 

14 
21 
28 
0 
7 

14 
21 
28 
0 
7 

14 
21 
28 

16 
16 

9 
8 
8 
4 
3 
2 
1 
1 
1 
t 
1 

lo 

0 
1 
0 
8 
8 
2 
1 
1 
1 
0 
1 
1 
1 

0 0 
5 0 
4 3 
3 0 
3 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

Note. The monkeys were infected 4 t imes at intervals of 6-7 days. 
Blood was taken on the day of infection and 7 days af ter  the last  in- 
fection. 

In the case of acute infection of the monkeys with L - f o r m s  (Table2), antibodies were found after  2-3 
days and the maximal t i ters  were reached by the 7th d a y .  

The appearance of antibodies, in the wr i te rs  ~ view, can be attributed to the fact  that the L- fo rm,  
lacking a cell  wall, and also s t reptococci  exposed to penicillin in vivo, induce the formation of antibodies 
against  antigenic components of L - f o r m s  localized outside the cell  wall. 

Antibody formation against  L - f o r m s  following s t reptococcal  infection and subsequent penicillin ther-  
apy may evidently be an indirect  indicator of the induction of L - fo rms  in vivo. 

On reinfect ion of monkeys with L - f o r m s  of s t reptococcus  (experiments of se r ies  II), antibody forma-  
tion was found in some monkeys on the f i rs t  days af ter  administrat ion of the culture.  This was probably 
because the monkeys used in the experiments  had previously (1968) been infected with L - f o r m s  of hemolytic 
s t reptococcus.  Starting on the 7th and continuing until the 28th day (end of observations) af ter  infection, 
pract ical ly  all the monkeys contained antibodies against L - fo rms  (Table 3). 

After injection of the control  group with heated L - fo rms  of s t reptococcus  only sol i tary  monkeys 
showed antibodies in low t i ters  at these t imes.  

Antibody-formation against  L - f o r m s  thus takes place both in monkeys infected with the L- fo rm itself  
and also in monkeys infected with the bacter ia l  form of s t reptococcus and subsequently t reated with peni- 
cillin. 

Reinfection with L - fo rms  of hemolytic s t reptococcus  leads to the ea r ly  appearance and prolonged 
preserva t ion  of antibodies in the monkeys '  sera.  
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