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To reproduce the local Schwartzmann phenomenon, heat-kil led cells of Citrobacter  or E scher i -  
chin coli were injected in t radermal ly  and intravenously into 11 germfree  guinea pigs, two 
guinea pigs monoassociated with Citrobacter ,  and 25 control  guinea pigs. All the ge rmfree  
animals were r e f r ac to ry  to the phenomenon, whereas  20 of the 25 control  animals gave a pos i -  
tive reaction.  A zone of infiltration at the site of in t radermal  injection was present  in all the 
control  guinea pigs but in none of the germfree  animals.  The possible p r ima ry  and secondary 
mechanisms of suppression of the Schwartzmann phenomenon in the absence of the normal  
microf lo ra  are  discussed.  
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Investigation of the Schwartzmann phenomenon is neces sa ry  pr imar i ly  because of its s imilar i ty  with 
hemorrhag ic -necro t i c  t issue lesions in var ious  infectious d iseases  [4, 12]. 

"The d iscovery  of this phenomenon led immunologists  into a blind alley; although very s imilar  to r e -  
actions of increased sensitivity, it c lear ly  was not immunological in nature" [5]. However, experimental  
evidence of the immunological  nature of the t r igger  mechanisms of the phenomenon was obtained in some 
labora tor ies .*  It was shown that the Schwartzmann phenomenon is completely absent in rabbits  if a mix-  
ture of purified endotoxin and monospecific se rum is used for the react ing injection [14]. A similar  effect 
was obtained with guinea pigs injected with ant i -gamma-globul in  serum before the react ing injection of E s -  
cher ichia  coli l ipopolysaccharide [11]. The phenomenon could also be prevented by passive immunization 
with O-ant i serum (19S-immunoglobulin), c lear ing the blood rapidly from circulat ing endotoxin. The "non- 
specific" nature of the Schwartzmann phenomenon, as was previously considered,  was shown to be apparent 
and due to the presence  of common antigens between unrelated species of bac ter ia  [6]. 

After  inducing the Schwartzmann phenomenon by chemical  haptens (neoarsphenamine, etc.} after preU 
l iminary  sensi t izat ion of animals, F r e y  et al. [7] concluded that the mechanisms of delayed hypersensi t ivi ty 
and of the Schwartzmann phenomenon are  very  similar .  

The hypothesis was put forward that sensit ivity to the Schwartzmann phenomenon is the resu l t  of sen-  
sit ization of the organism by the symbiotic microf lo ra  [13]. In this connection it is interest ing that g e r m -  
free mice proved more  r e s i s t an t  to the lethal action of E. coli endotoxin of routine origin than ord inary  ani-  
mals  of the same genetic line [8]. 

The information given above, on the one hand shows the immunologic nature of the Schwartzmann phe- 
nomenon, and on the other hand it conf i rms  the view that increased sensitivity to endotoxins of g r a m - n e g a -  
tive bac ter ia  is the resu l t  of prolonged sensit ization of the organism by antigens of bacter ia  of the normal  

* The external manifestation of the react ion and the pathophysiological changes of the phenomenon are su r -  
veyed in [1]. 
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T A B L E  1. 
G e r m ~ e e ,  M o n o a s s o c i a t e d ,  and O r d i n a r y  Guinea  P i g s  

L o c a l  Skin R e a c t i o n  and S e h w a r t z m a n n  P h e n o m e n o n  in 

Group of animals 

Germ free 
Germfroe 
Monoassociated 
Ordinary, or control, same 

age as experimental 
animals 

Age. (in 
days) 

34--42 
26--38 
26--32 

34 
34 
33 

21 --28 
31-.-41 
31--41 

102 
> 180 
> 180 
> 180 

Bacteria 
adminis,- 
tered 

0-77 
Vi-strain 
Vi-strain 

0-77 
0-77 
0-77 

Vi-strain 
Vi-strain 
Vi-strain 
Vi-strain 
Vi-strain 
Vi-strain 
Vi-strain 

Skin reaction* 

I H N 

i 

T + 
i 

+ 

Ordinary, not correspond- 
ing in age to other two 
groups of animals 

suR :*]Total 
0/4 
o/7 
0/2 0/13 
0/1 
1/1 
1/1 
0/3 14/18 
3/3 
9/9 
2/2 
3/3 
l/l 6/7 
0/l 

* I - f i r m  i n f i l t r a t i o n  e a s i l y  d e t e c t e d  by  pa lpa t i ng  skin;  H - h e m o r -  
r h a g e s  in skin;  N - n e c r o s i s  of  sk in .  

N u m e r a t o r  g i v e s  n u m b e r  of  gu inea  p i g s  wi th  S c h w a r t z m a n n  p h e -  
nomenon;  d e n o m i n a t o r  g i v e s  t o t a l  n u m b e r  of  gu inea  p igs .  

m i c r o f l o r a  [8, 13]. 

The o b j e c t  of  t h i s  i n v e s t i g a t i o n  w a s  to s tudy  the l o c a l  S c h w a r t z m a n n  phenomenon  in e x p e r i m e n t s  on 
g e r m f r e e  and o r d i n a r y  a n i m a l s .  

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

G e r m f r e e  gu inea  p i g s  w e r e  ob ta ined  and r e a r e d ,  and t h e i r  g e r m f r e e  s t a t u s  was  e s t a b l i s h e d  a s  d e -  
s c r i b e d  p r e v i o u s l y  [2]. M o n o a s s o c i a t e d  gu inea  p ig s  w e r e  ob ta ined  by a s s o c i a t i n g  g e r m f r e e  ne w born  a n i m a l s  
wi th  C i t r o b a c t e r ,  s t r a i n  No. 5396/38,  con t a in ing  V i - a n t i g e n  (10 �9 107 b a c t e r i a l  c e l l s  p e r  gu inea  pig ,  one dose  
g iven  wi th  the  food).  To r e p r o d u c e  the S c h w a r t z m a n n  phenomenon ,  h e a t - k i l l e d  (70 ~ C, 1 h) s u s p e n s i o n s  of 
the  a b o v e - m e n t i o n e d  b a c t e r i a  o r  of E.  col i  s e r o t y p e  0-77 ,  i s o l a t e d  by the w r i t e r s  f r o m  f e c e s  of  o r d i n a r y  
gu inea  p i g s ,  w e r e  u sed .  F o r  the p r e p a r a t o r y  in j ec t ion  0.05 ml  (4" 10 s) of  a s u s p e n s i o n  of  b a c t e r i a l  c e l l s  w a s  
i n j e c t e d  i n t r a d e r m a l l y ,  and 24 h l a t e r  the r e a c t i n g  i n j ec t i on  w a s  g iven  - 0.5 m l  ( 4 . 1 0  ~) of  a s u s p e n s i o n  of  
b a c t e r i a l  c e l l s  i n t r a v e n o u s l y .  T h e  r e a c t i o n  was  r e a d  24 h a f t e r  the  s econd  in j ec t ion  and w a s  r e g a r d e d  a s  
p o s i t i v e  i f  h e m o r r h a g e s  and (or) n e c r o s i s  of  the sk in  a p p e a r e d  at  the s i t e  of the i n t r a d e r m a l  i n j ec t ion  a f t e r  
i n t r a v e n o u s  in j ec t ion  of  the  s a m e  b a c t e r i a  [6]. The  p r e s e n c e  of  e r y t h e m a  and of  a p a l p a b l e  zone of i n f i l t r a -  
t ion with e d e m a  a lone  was  r e g a r d e d  a s  a b s e n c e  of the phenomenon ,  for  c h a n g e s  of such  a n a t u r e  can take  
p l a c e  even  b e f o r e  the i n t r a v e n o u s  r e a c t i n g  in j ec t ion .  

EXPERIMENTAL RESULTS 

The results of experiments in which attempts were made to reproduce the Schwartzmann phenomenon 

by the use of a suspension of killed bacteria as the antigens are summarized in Table i. Altogether 13 gno- 
tobiotic animals (ii germfree and two monoassociated) ~vere used. The number of Citrobacter cells per 

gram of feces from the latter reached 109-1011. As Table 1 shows, none of the 13 experimental guinea pigs 

gave a cutaneous reaction: not only the basic features of the phenomenon, namely hemorrhages and necro- 
sis, were absent, but no infiltration was found at the site of the intradermal injection. The absence of the 
phenomenon in the monoassociated animals can be attributed to the fact that the monoflora usually does not 

exert a strong enough sensitizing action on gnotobiotic animals [8]. 

Of the 25 control guinea pigs, the phenomenon was reproduced in 20 and infiltration and edema at the 

site of the intradermal injection occurred in all control animals even if the phenomenon was negative. In 

this connection it is important to note that a local reaction after the preparatory injection is regarded as an 

i m m u n o l o g i c a l l y  s p e c i f i c  c o m p o n e n t  of  the  S c h w a r t z m a n n  phenomenon  [13]. 

It i s  i n t e r e s t i n g  to note  tha t  a l l  the gno tob io t i c  a n i m a l s  r e a c t e d  to the p r o c e d u r e  i d e n t i c a l l y  (nega -  
t ive ly ) ,  w h e r e a s  among  o r d i n a r y  a n i m a l s  i nd iv idua l  v a r i a t i o n s  in the  m a n i f e s t a t i o n  of  the  l o c a l  skin  r e a c -  

t ion  and the phenomenon  a s  a whole  w e r e  o b s e r v e d .  
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When these facts  a re  d iscussed  it mus t  be r e m e m b e r e d  that g e r m f r e e  an imals  differ  f rom ord inary  
not only in the absence of a no rm a l  mic ro f lo ra :  microb io log ica l  s te r i l i ty  evokes  a number  of p r i m a r y  and 
secondary  interconnected changes in va r ious  o rgans  and s y s t e m s  of the gnotobiotic animal  [3]. Some of 
these  changes,  for e x a m p l e , h y p e r c o r t i c i s m  and hyperp las ia  of lymphatic  t issue,  may pe rhaps  have played a 
ro le  of cons iderable  s ignif icance in the cutaneous a reac t iv i ty  of the exper imenta l  guinea pigs.  The blood- 
clotting sys tem,  to which some w o r k e r s  have at tached dec is ive  impor tance  in the rea l iza t ion  of the Schwar tz-  
mann phenomenon [1], functions pe r fec t ly  normal ly  in g e r m f r e e  an imals  kept on a balanced diet [10]. 

Whatever  the d i rec t  mechan i sm of the phenomenon now revealed ,  it is c l ea r  that the p r i m a r y  cause of 
the r e f r a c t o r i n e s s  of the g e r m f r e e  guinea pigs to the Schwartzmann phenomenon is absence of in teract ion 
between the o r g a n i s m  as a whole and the no rma l  mic ro f lo ra .  Fo r  the same  reason ,  evidently,  the reac t ion  
o[ delayed hypersens i t iv i ty  is  d e p r e s s e d  in g e r m f r e e  an imals  [9]. 
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