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F r o g s  (Rana t empora r i a ) ,  kept under  hypothermic  condit ions c lose  to anab ios i s ,  were  infected 
with NAG v ibr ios  and subjected to c l in ica l ,  h i s to logica l ,  bac t e r io log i ca l ,  and e l e c t r o n - m i c r o -  
scopic  investigation. Peroral infection of hypothermic frogs with NAG vibrios was shown to 
cause the development after 18-24 h of an acute NAG infection resembling the cholera-like 
syndrome characterized by general toxemia and local enteropathogenic action. After the acute 
illness the vibrios persisted for a long time in the frogs' gastrointestinal tracts. 
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Among the c h o l e r a - l i k e  v i b r i o s ,  the mos t  i n t e r e s t i ng  at  the moment  a r e  those which a r e  not agglu t ina t -  
ed by O-ch lo rea  s e rum (NAG vibr ios ) ,  and which a re  capable  of caus ing  infection in man. 

Data in the l i t e r a t u r e  show that hydrobionts  can be v ibr io  c a r r i e r s  for a long t ime [2, 4 -7 ] .  However,  
no inves t iga to r  has ye t  e s t ab l i shed  conc lus ive ly  whether  f rogs  develop the d i s e a s e  when infected with v ib r ios .  

The object  of this inves t iga t ion  was to de t e rmine  whether  f rogs  (Rana t e m p o r a r i a )  can develop an ex-  
pe r imen t a l  NAG infection when kePt under  var ious  condit ions and to a t tempt  to use them as a model  with which 
to study the pa thogenes is  of this  infection. 

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

Al toge ther  680 g r a s s  f rogs  weighing 25-40 g were  used.  Before the expe r imen t s  the an imals  were  kept 
for  1-3 months in a r e f r i g e r a t o r  at 4~ i .e . ,  under  condi t ions of hypothermia  c lose  to anabios is ;  no food was 
given to them but they were  washed dai ly  with tap water .  The an imals  were  infected with two museum s t r a i n s  
of NAG v ib r io s :  4616/p, i so la ted  in 1970 in Tb i l i s i  f rom the feces  of a patient;  and 318/g, i so la ted  in 1965 
f rom an open r e s e r v o i r .  The f rogs  were  infected through the mouth by means  of a ga s t r i c  tube. The dose for  
infect ion was 500 mi l l ion  b a c t e r i a l  c e l l s  in 0.5 ml  phys io log ica l  sa l ine  or  0.5 ml  Hht t inger ' s  broth.  Control  
an imals  r ece ived  0.5 ml of phys io log ica l  sa l ine  or  0.5 ml  of Hihttinger 's  bro th  in the same way. The e x p e r i -  
menta l  and control  f rogs ,  15 to 20 at a t ime ,  were  kept  in tal l  g lass  j a r s  with 100 ml  tap water .  All the j a r s  
were  covered  with i ron wi re  gauze. 

The expe r imen t a l  and cont ro l  an ima l s  were  kept  at d i f ferent  t e m p e r a t u r e s :  hypothermia ,  c lose  to 
anab ios i s  (4~ and 20-24~ 

The expe r imen ta l  f rogs  were  subjec ted  to ba c t e r i o l og i c a l  examinat ion,  for which purpose  they were  
autopsied in groups of 3 to 5 an ima l s  at a t ime 30 rain and 18, 48, and 72 h af te r  infection and then eve ry  2-3 
days throughout the per iod of obse rva t ion  (until 27 days).  Blood was seeded f rom the hear t ,  eggs,  bi le ,  and 
l ive r ,  and the contents  of the s tomach  and sma l l  and l a rge  in tes t ine ,  on se lec t ive  and d i f fe ren t ia l  d iagnost ic  
m e d i a  (alkaline agar ,  TCBS, Endo ' s  and Lev in ' s  media) ,  and a lso  on Hht t inger ' s  broth.  The intes t ine  a lso  was 
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Fig. 1. Cholera- l ike  syndrome in frog 18 h after  infection with broth 
culture of NAG vibrio 318/g: a) experimental ,  b) control.  

examined histologically and electron microscopica l ly  [1].  The reaction of the gast r ic  contents and the anti- 
bacterial  (against Escher ich ia  coli and against NAG vibrios) and lysozyme activit ies of theblood serum (by 
Vas i l ' ev ' s  method [3]) were tested in 50 frogs in a state of hypothermia and in another 30 frogs kept under 
natural conditions. 

EXPERIMENTAL RESULTS 

The antibacterial and lysozyme activity of the blood serum of the frogs kept in a state of hypothermia 
was zero, and the reaction of the gastric contents was neutral or weakly alkaline (pH 7-7.4). In frogs kept 

under natural conditions the titer of lysozyme activity was equivalent to a dilution of the serum of 1:64, the 
antibacterial activity was zero, and the pH of the gastric contents was 4.6-5.0. 

At autopsy on the experimental frogs 30 rain after infection, vibrios were cultured from the stomach and 
small and large intestines. After 18-48 h bacteriemia was observed in 12 frogs kept in a state of hypothermia 

and infected with a broth culture. Vibrios also were seeded from all organs tested. At all other times NAG 

vibrios were isolated from the stomach and small and large intestines of the experimental frogs; in addition, 

they were also isolated from the gall bladders and livers of some animals. A well-marked cholera-like effect 
with a local enteropathogenic action and with evidence of general toxemia, manifested as static congestion of 

the liver, spleen, and kidneys, was observed in frogs kept in a state of hypothermia 18 h after infection, espe- 

ciallyifinfectedwith a 24-h broth culture of NAG vibrio 318/g. The stomach was enlarged. Its vessels and 

those of the mesentery were dilated. The small intestine was increased in volume, atonic, thin-walled, and 

filled with serous fluid containing floccules and gas bubbles; the large intestine was distended (Fig. I). On 

the second day the cholera-like effect was less severe: The parenchymatous organs were changed and congest- 

ed, the stomach dilated, the duodenum more often hyperemic, the small intestine contained serous contents 
and in places it was dilated. On the third tofourthday no clinicalchanges or changes in the internal organs 

could be seen in any of the animals. Features of poisoning were ill-defined in the experimental frogs kept at 
20-24~ 

The histological investigations showed that the relief of the mucous membrane of the small intestine was 

smoothed out after 24 h in the frogs kept in a state of hypothermia: The invaginations and villus-like projec- 

tions which were clearly visible in the intact animals had disappeared (Fig. 2a, b). In solitary enterocytes 
or groups of them karyorrhexis was observed (Fig. 2c). The mitotic index (MI) of the epithelial ceils 24 h 
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Fig. 2. NAG infection in Rana t emporar ia  kept under hypothermia:  a) small  intestine of 
intact frog; invaginations and vil lus-l ike project ions are c lear ly  visible. Hematoxylin-  
eosin, 120• b) small  intestine of frog 24 h after  infection with NAG vibrios; rel ief  of 
mucous membrane  sharply al tered:  Invaginations and vil lus-l ike project ions have dis-  
appeared. Hematoxylin-eosin,  120x; c) karyor rhex is  in group of epithelial ceils  of frog 
small  intestine 24 h after  infection with NAG vibrios.  Hematoxylin-eosin,  1100• 
d) res tora t ion  of normal  s t ruc ture  of mucous membrane  of f rog small  intestine 48 h 
after  infection with NAG vibrios; many desquamated ceils  visible in lumen. Hematoxy- 
l in-eosin,  120• 

after  infection was 90/oo (about 2O/oo in intact frogs in a state of hypothermia).  Invaginations of the epithelium 
and vil lus-l ike formations were again observed 48 h after infection in the small  intestine (Fig. 2d). Ceils with 
pycnotic nuclei were arranged mainly at the apices of the vi l lus- l ike project ions or  in their upper third. The 
number of these cel ls  reached 1.3% (normally about 0.2%). Many desquamated cells  were present  in the lumen 
of the intestine. The number of mi toses  in the epithelium of the invaginations was increased (7 ~ Pathologi-  
cal mi toses  were found. 

E lec t ron -mic roscop ic  investigation revealed focal lesions of the epithelial cells of the small  intestine. 
On the f i rs t  day after  infection considerable  vesiculation of the cytoplasm of the enterocytes ,  dilatation of the 
c i s te rns  of the granular  and agranular  endoptasmic ret iculum, edema and homogenization of the matr ix  of the 
mitochondria,  and local edema of the cytoplasm were observed (Fig. 3a, b). On the following days an increased 
number of lysosomes  was observed visually in individual enterocytes ,  evidently in connection with intracel lutar  
destruct ive p rocesses  developing during NAG infection. The normal  submicroscopic  picture of the epithelium 
of the small  intestine was res tored  on about the 14th day after infection. 

It can be concluded f rom these r e su l t s  that f rogs  kept under hy-pothermie conditions can develop a NAG 
infection accompanied by a marked cholera- l ike  syndrome.  The following fac tors  evidently facilitate the de- 
velopment of the infection: a reduction of microbial  competition in the gastrointest inal  t ract ,  a change in pH 
of the gas t r ic  contents, and weakening of the immunobiological react ivi ty of the animals. One index of the last 
of these factors  is lysozyme,  which part ic ipates  in combined nonspecific immune responses  of the body and, in 
par t icular ,  in the regulation of permeabi l i ty  of the tissue b a r r i e r s  and in local immunity of the mucous m e m -  
brane. The neutral  or  weakly alkaline react ion of the gast r ic  contents in frogs kept under hypothermia cannot 
be regarded as a b a r r i e r  preventing vibrios f rom penetrat ing into the small  intestine. 
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Fig. 3. Epithelial cell of small intestine of control frog (a)and after infection with 
NAG vibrios (b); 12,O00x. 

The results of the clinical, bacteriological, histological, and electron-microscopic investigations indicate 
that frogs kept under hypothermic conditions close to those of anabiosis can develop and recover from an 
acute NAG infection during the first 2 days after infection. Vibrios persist for a long time thereafter in their 
bodies. 

The suggested model of NAG infection can be used to study the dynamics of the pathogenesis of the infec- 
tious process in the acute period, going on to a prolonged vibrio carr ier  state. 
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