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Relations between Vibrio cholerae and certain representat ives  of the normal human intestinal 
microf lora  which, in experiments in vitro were found to be act ive antagonists, were studied. 
Experiments were carr ied out on germfree  ra t s  of the F isher  strain. When different combina- 
tions and o rders  of administration of the microorganisms were used, no antagonistic relations 
were found between V. cholerae E1-Tor and E scherichia coli M-17, Lactobacillus fermenti,  and 
Lactobacillus plantarum. Rats infected with E1-Tor vibrio were completely cured of the vibrio 
c a r r i e r  state through population of their  intestinal t rac t  with the fetal microf lora  of healthy ra t s .  
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The problem of the res is tance  of the human body to Vibrio cholerae has for a long time attracted the 
attention of epidemiologists and clinicians. Many workers [1, 2, 4-6] have demonstrated the role  of the gastric 
juice as a factor in res is tance to this infection, but in certain situations V. cholerae can overcome this ba r r i e r  
and penetrate into the intestine, where the principal pathological process develops and where the vibrio is 
exposed to the action of the normal intestinal microf lora .  Many workers  attach great  importance to the in- 
testinal microf lora  as a factor  in res is tance  against enteric infections [7, 11-13]. There  is evidence to show 
that successful infection takes place when the intestinal microf lora  is artificaUy depressed or has not been 
formed (for example, during infection of unweaned animals). Germfree  animals a re  easily infected with V_~. 
cholerae and remain vibrio c a r r i e r s  for a long t ime without apparent harm, whereas ordinary animals, under 
the same conditions, a re  res is tant  to infection per os [3, 15]. 

The object of the present  investigation was to study relations between V. cholerae and certain r ep r e -  
sentatives of the normal intestinal microf lora  (Escherichia coli M-17, Lactobacillus plantarum 8RA3, and 
Lactobacillus fermenti  90-TS4), which a re  antagonists Of V. cholerae and some agents of intestinal infections. 

Antagonism between the chosen strains of lactic acid bacteria and V. cholerae also was demonstrated by 
prel iminary experiments [8, 10] in vitro.  However, during combined culture of E. coli M-17 and the strain 
of V_~. cholerae used in these experiments,  growth of the la t ter  was inhibited only by half compared with the 
control, and on solid medium no zones of inhibition of growth were found. 

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

Germf~ee albino ra ts  of the F isher  strain, grown in isolators of the Trex le r  type in the Laboratory of 
Gnotobiology, N. F.  Gamaleya Institute of Epidemiology and Microbiology, were used. The E1-Tor strain of 
Vibrio cholerae, Ogawa serotype, isolated from the feces of ra t s  infected with cholera on the 40th day of the 
ca r r i e r  state [3], was used for  the experiments.  To infect the animals a suspension of cells in physiological 
saline was prepared and given in a dose of 2 x 109 cells per animal. The number of living V__~. cholerae, E_~. co l i  
and LactobaciUus cells isolated from the feces of the experimental animals was determined by the usual serial 
dilution method and by counting colonies growing on alkaline agar (pH 8.0), on TCBS differential medium on 
Endo's  medium, and also on MPC medium, which is selective for lactobacilli.  

Considering that the outcome of competitive relat ions between microorganisms frequently depends on 
the order  of their  introduction into the intestinal t ract ,  the animals were infected in two variants. Rats of 
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T A B L E  I. S c h e m e  o f  E~l~er iments  to  Study Compe t i t i ve  Re l a t i ons  be tween  M i c r o o r g a n -  
i s m s  in  Ge~n~[zee P~ 

t ,Intervals Experi. Group Num- Microorganisms and order of their administration - - Ddse of ]ibetween 
ofani- bet of [adminis-., ment I micro- I tration:, 

No. reals malsani- I 2 3 ] organisms llt.~y.~_..-- 
1 

l 3 V. cholerae EI-Tor E. coli AI-17 -- [ 2• 10 ~ 6 
I 4 E. coli /~-17 V. cholerae El-Tot 1 2X 10 9 6 

V. cholerae EI-Tor 2X 10 a 10 
1 4 L. plantarum 8RA3 V. cholerae E1-Tor 2• 10 a 7 

L, [ermenti 90-TS4 
E. coli M-17 2• 10 g 70 2 2 4 Lactobacillus 

V. cholerae El-Tot L plantarurn 8RA3 
3 4 V. cholerae EbTor LI termenti 9O-TS4 2• 109 7 

T A B L E  2. N u m b e r  of M i c r o o r g a n i s m s  in In t e s t ine  of  R a t s  When O b s e r v e d  at Di f fe ren t  T i m e s  

Ex- GroupL.~ Species of Order Of Day of raking samples 
peri-ofani4 o ~ micro- 2 [ 6 l 7 [ 8  [ 14 1 2 l  [27 l 35 142 mendmals / ~.~1 infection 
.No. [ ]2:~1 organisms Number of microorganism-~[n l g teces,', 

} I 'Not Not 904 N~ I V. cholerae 1 8,9 9,1 I seeded 8,3 8,4 seeded I ' seeded -- 
3 E. coli M-17 2 Not infected I Not 9,4 9,1 t 9,1 

1 E. coli M-17 1 9,5 [ 8,9 / seeded 9,3 9,05 8,8 I 9,1 9,2 -- 
2 4 ] V. cholerae 2 Not infected 0 0 6,3 / 6,9 6,9 

I 
Lactobacillus 1 7,8 I 7,7 ~otseede( 7,2 6,8 I 7,0 6,7 7,6 

1 4 V. cholerae 2 Not infected Notseeded 9,0 I 9,0 / 9,0 9,1 8,9 
2 2 4 V. cholerae Simultaneously 9,3 |Not %9 Notseeded 9,05 8,9 ~ 9,0 8,6 9,0 

V. cholerae 1 8,97 9,2 Notseeded 9 2 8,4 / 9,0 9,0 9,1 
3 4 Lactobacillus 2 Not infected 716 7,3 ] 6,8 7,1 6,2 

* N u m b e r  of  m i c r o o r g a n i s m s  e x p r e s s e d  in loglo of absolu te  n u m b e r .  

g r o u p  1 w e r e  infec ted  with V_~. cho l e r ae ,  t h o s e  o f  g roup  2 with E .  col i  M-17 .  I~  t h e  c o u r s e  of  6 days ,  a cu l tu re  
of  V. c h o l e r a e  in a di lut ion of  108 was  i so la t ed  f r o m  2 con t ro l  seed ings  of  f e c e s  f r o m  the  a n i m a l s  of g roup  1, 
w h e r e a s  E .  co l i .was  i so l a t ed  both t i m e s  f r o m  the  an ima l s  of g roup  2. T h e r e a f t e r  group 1 was  a s s o c i a t e d  with 
E .  col i  and group  2 with Y_t c h o l e r a e  (Table 1). 

A n a l y s i s  of  the  r e s u l t s  of the  e x p e r i m e n t s  to s tudy the  r e l a t i o n s  be tween E .  col i  M - 1 7  and V. c h o l e r a e  
in the  g e r m f x e e  r a t s  showed tha t  when E .  col i  was  in jec ted  aga ins t  the  background  of  a c a r r i e r  s ta te  of  V. 
c h o l e r a e  f o r  7 and 30 days  th i s  did not  c a u s e  the  supplant ing of  V.  c h o l e r a e  f r o m  the  r a t s '  in tes t ine  (Tab-ie 2). 
T h e  n u m b e r  of  v i b r i o s  in the  f eces  r e m a i n e d  unchanged  th roughou t  the pe r iod  of  o b s e r v a t i o n  (35 days) .  T h e  
content  of E .  col i  s eeded  f r o m  the  f e c e s  a l so  r e m a i n e d  at v i r tua l ly  the  s a m e  leve l  (Table 2, e x p e r i m e n t  1, 
g r o u p  2). When  s t e r i l e  r a t s  w e r e  a s s o c i a t e d  in i t ia l ly  with E .  col i  and l a t e r  with V_~. cho le rae ,  the l a t t e r  could 
no t  be  found in seed ings  f r o m  the  f e c e s  dur ing  the  7 days  a f t e r  the  f i r s t  infect ion,  however ,  i ts  n u m b e r  was  
only ha l f  of  tha t  in the  a n i m a l s  of  g r o u p  1, the  infect ing doses  being the  s a m e  (Table 2, e x p e r i m e n t  1). 

In  e x p e r i m e n t s  to s tudy compe t i t i ve  r e l a t i o n s  be tween  V_: cho l e r ae ,  Lac tobac i l l u s ,  and E .  col i  M - 1 7  t h r e e  
g r o u p s  of  a n i m a l s  w e r e  u s e d  (Table 1). In  all t h r e e  v a r i a n t s  a m i x t u r e  of  two spec i e s  was  u s e d  (Lac tobac i l lus  
p l a n t a r u m  8RA3 and L a c t o b a c i l l u s  f e r m e n t i  90-TS4) in equal n u m b e r s  (1 x 109 b a c t e r i a l  ce i l s  in 1 ml  in each  
ca se ) .  A n i m a l s  of  g roup  1 w e r e  a s s o c i a t e d  with the  m i x t u r e  o f  l a c t i c  ac id  b a c t e r i a ,  the  an ima l s  of  g roup  2 
r e c e i v e d  V__~. c h o l e r a e  and a m ~ e  of  lac tobacs  in equal p ropo r t i ons ;  the  a n i m a l s  of  g roup  3 w e r e  infected 
with a cu l tu re  of  V_~. c h o ! e r a e .  

Seven days  a f t e r  it had twice  been  c o n f i r m e d  tha t  the  b a c t e r i a  in t roduced  had s u r v i v e d  in the  in tes t ine ,  
a cu l tu re  o f  V.  c h o l e r a e  was  in jec ted  into the  a n i m a l s  of  g roup  1, E_~. col i  into t hose  of  g roup  2, and a m ~ e  
of  l ac t i c  ac id  b a c t e r i a  into t hose  of  g roup  3. 

D u r i n g  the ana lys i s  of  the r e s u l t s ,  when l ac t i c  ac id  b a c t e r i a  w e r e  t aken  a s  the  n o r m a l  m i c r f l o r a ,  in no 
v a r i a n t  of  the  e x p e r i m e n t  w e r e  an tagon i s t i c  r e l a t i o n s  found be tween  V. c h o l e r a e  and the l ac tobac i l l i  dur ing  
the  6 weeks  o f  o b s e r v a t i o n  (Table  2, e x p e r i m e n t  2). S imi l a r  r e s u l t s  w e r e  obta ined  by infec t ion  of  non inbred  
g e r m f r e e  m i c e  with the  s a m e  s t r a i n s  of l ac tobac i l l i  and with Vibr io  c h o l e r a e  a s i n t i c a e  s t r a i n  154. 

When E .  co l i  M - 1 7  wa s  in t roduced  10 weeks  a f t e r  the  f o r m a t i o n  of  a m i x e d  c a r r i e r  s ta te  (Lac tobac i l lus  
and V. cho le rae ) ,  i t  l ikewise  did no t  d i sp l ace  t h e s e  l a t t e r  m i c r o o r g a n i s m s  f r o m  the  in tes t ine  of  the  r a t s .  F o r  
i n s t ance ,  t he  content  o f  E .  col i  seeded  f r o m  1 g o f  f e c e s  was  8.63, of  Vibr io  e h o l e r a e  8.01, and of  the  l a c t i c  
ac id  b a c t e r i a  8.1 l o g a r i t h m i c  un i t s .  
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These data agree with the results  of other experiments [14] to study antagonistic relations between 
certain representatives of the intestinal microflora: Streptococcus faecalis~ E__~. coli~, and Proteus ~ l g a r i s  with 
V. cholerae El-Tot  in gernffree mice and rabbits. 

The experiments of series I~ were carried out on 9 rats,  3 of which were monofloral carr iers  of V ,  
cholerae and 6 were car r ie rs  of V. cholerae and of E. coli M-17. These animals received a suspension of 
feces in physiological saline taken from healthy rats  kept under ordinary animal house conditions. The suspen- 
sions of feces was poured into the feeding bowls and the rats  drank it in the course of 2-3 h. The number of 
cholera vibrios grown 24 h after population of the intestine of the experimental animals with normal microflora 
was reduced to single figures in a dilution of 106. On the 5th day no V. cholerae could be found in any dilution. 

The results  showed that the activity of V___~. cholerae can be suppressed by the normal intestinal micro- 
flora of the healthy animal. These results  show that among representatives of the normal intestinal micro- 
flora of ra ts  there exist microorganisms (individual species or communities) which possess antagonistic 
properties against V. cholerae. 

To sum up the results  of the series of experiments to study relations between certain representatives 
of the normal intestinal microflora and V, cholerae it must again be pointed out that in the experiments in vivo 
no antagonistic relations could be found between V. cholerae, E. coli M-17, Lactobacillus plantarum, and 
Lactobacillus fermenti,  whereas in experiments in vitro these microorganisms exhibited marked antagonistic 
relations. 

Rats infected with E1-Tor vibrio were completely cured of their vibrio carr ier  state by population of 
their intestinal t ract  with fecal microflora from healthy ra ts .  
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