
PATHOLOGICAL PHYSIOLOGY AND GENERAL PATHOLOGY 

E X P E R I M E N T A L  I N T E S T I N A L  I N F E C T I O N  C A U S E D  

BY E N T E R O 1 D A T H O G E N t C  S T R A I N  E s c h e r i c h i a  e o l i  O 1 2 4 : K 7 2 ,  

AN A G E N T  O F  D Y S E N T E R Y - L I K E  D I S E A S E S  

IN A D U L T S  A N D  C H I L D R E N  

Y u .  E .  P o l o t s k i i  a n d  N.  R .  V a s s e r  UDC 616.34-022.6 (0124:K72)-092.9 

Fas t ing  guineas pigs,  infected en te ra l ly  with an enteropathogenic  s t r a in  of Esche r i ch ia  coli O124 
(severa l  bi l l ions of bac te r i a l  cells) ,  i so la ted  f rom an adult pat ient  during a w a t e r - b o r n e e p i d e m i c  of O124 
en te rocol i t i s ,  developed enteroeol i t i s  with death of some  of the an imals .  Considerable  p ro l i fe ra t ion  of the 
bac t e r i a  was obse rved  in the jejunum, i leum, and cecum.  Histologically,  the infect ious p r o c e s s  connected 
with in t raepi thel ia l  pa ras i t i za t ion  of the m i c r o o r g a n i s m s  was s i m i l a r  to exper imenta l  dysen te ry .  

The s i m i l a r i t y  between d i sease  produced in adults and chi ldren by enteropathogenic  s t r a in  Esche r i ch ia  
col.~ (ESEC)O124:K72 and dysen te ry  has recen t ly  been es tab l i shed  [6, 7]. In previous  expe r imen t s  with 
in t ranasa l  infection of mice  [8-10] and conjunetival infection of guinea pigs [11], the w r i t e r s  demons t r a t ed  
the s i m i l a r i t y  between the biological  p r o p e r t i e s  of ESEC O124 and those of sh ige l las .  Like shigel las ,  ESEC 
O124 p ro l i f e ra t ed  in epithelial  cel ls ,  des t royed  them, and produced suppurat ive  and u lce ra t ive  inf lammation~ 
To make a fu r the r  compar i son  between ESEC O]24and  shigel las ,  i t  was ~important to obtain an e x p e r i -  
mental  intestinal infection by enteral inoculation. In a preliminary communication describing these experi- 
ments [12], the writers stated that by the use of Formal's dysentery model [13, 14] - enteral infection of 
guinea pigs with ESEC O124 - the animals developed enterocolitis with considerable proliferation of the 
microorganisms, accompanied by death of some of the animals. 

The object of the present investigation was to study intestinal lesions produced experimentally by 
ESECO]24:K72 and to compare them with lesions of the experimental enterocolitis produced by shigellas 
and described by Formal and co-workers [13-17, 20], which has been studied in detail by Bibinova and co- 
w o r k e r s  [1]. 

EXPERIMENTAL METHOD 

Strain ESEC O124:K72 No.5446/5559 was isola ted f rom an adult pat ient  during a w a t e r - b o r n e  ep idemic  
of O324 enterocol i t i s  desc r ibed  previous ly  [6]. Al together  39 guinea pigs weighing 300-400 g were  used,  and 
10 of them rece ived  t rypan blue instead of ESECO124 (control). In F o r m a l ' s  method [13, 14], guinea pigs 
were  depr ived  of food for  4 days,  and then a f te r  neut ra l iza t ion  of the gas t r i c  j u i ce  with a suspens ion  of chalk 
(125 mg in 5 ml wa te r  3 h before  infection), they were  given an 38 h broth  culture of ESECO124, in a volume 
of 10 ml through a gas t r i c  tube, in doses of between 0.1 �9 109 and 4- 109 bac te r ia l  ce i ls .  Af ter  1 h, I ml of 
t inc ture  of opium was injected in t raper i tonea l ly  to inhibit intest inal  p e r i s t a l s i s .  The an imals  we re  ki l led 
with ch loroform,  and at  autopsy the number  of ESEC 0 !24  cells was counted pe r  ml (or per  g ram)  of con-  
tents  of all pa r t s  of the gas t ro - in t e s t ina l  t rac t ,  and segments  of the intest ine were  fixed with 10% fo rmal in .  
F rozen  sect ions  were  stained with Sudan -- ~-naphthol by Goldman ' s  method for  leukocytes ,  and paraf f in  
sec t ions  were  s ta ined with hematoxyl in  - eosin,  with thionine, with azure ,  and by the Hotchkiss  and Brache t  
methods .  
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E X P E R I M E N T A L  RESULTS 

Infection with ESEC 0]24 in doses of 0.1 �9 103-0.65 �9 ]09 bacterial cells did not produce the disease in 
8 guinea pigs, and virtually no O124 bacteria were found in seedings taken after 24 h. 

Twenty-one guinea pigs infected with ESEC-OI24 indoses of 1.3. 109-4.4 �9 103 cells developed entero- 
colitis. Some of the animals had a severe form of the disease, and six guinea pigs died or were sacrificed 
in a terminal state after 24-72 h; the rest recovered. The jejunum, ileum, and cecum of the animals which 
died or were sacrified were filled with liquid exudate, and cultures taken from this showed marked prolifera- 
tion of ESEC O124 (from 0.2 �9 109 to 3.6 �9 109 bacterial eefls/ml). In the other animals, whose condition 

improved, the number of these organisms in the intestine gradually fell, and by 72 h after infection, some 
guinea pigs were completely cleared of ESEC O] 24. 

The histological investigation showed thatall guinea pigs infected with billions of ESE CO] 24 cells 
developed foci of inflammation in the mucous membrane of the jejunum, ileum, and cecum (after 9 h in the 
jejunum, next in the ileum, and after 24 h in the cecum), and these were particularly severe in the cecum 
48 h after infection in seriously fll or dying animals. In the affected areas of the mucous membrane small 

defects appeared in the epithelium, and the crypts, especially in the region of the Peyer's patches, were 
filled with purulent exudate, their epithelium was destroyed, the underlying tissues were infiltrated with 

leukocytes, abcesses formed (Fig. la), and the surface of the mucous membrane was covered with purulent 
exudate (Fig. lb). Large ulcers developed in the cecum of some animals (Fig. lc). In the animals which 
recovered, the inflammation subsided, especially after 48 h, and by 72 h after infection, only a few diffusely 
scattered leukocytes in the mucous membrane and small isolated areas of undifferentiated regenerating 
epithelium could be observed. Meanwhile, in one such guinea pig two large ulcers of the cecum, with their 
floor filled with granulation tissue, were found. 

A study of the fate of the inoculated bacteria showed that during the first few hours after infection 
solitary bacilli were present in some epithelial cells of the jejunum. By 24 h after infection, near loci ' 
of injury to the epithelium and crypt cells, but sometimes in intact epithelium also, isolated epithelial cells 
containing bacteria in their cytoplasm were found~ After 48 h, in seriously ill and dying animals, usually 
small collections or even complete microcolonies of bacteria could be seen at the edges of zones of epi- 
thelial destruction in the intact epithelial cells (and also in desquamated epithelial cell s among the leukocytes of 
the purulent exudate) (Fig. 2). Sometimes bacilli also were found in the epithelium of those parts of the mucous 

membrane where no inflammatory changes could yet be detected. The ESEC O124 cells evidently died 

rapidly in the cytoplasm of polyrnorphonuclear leukocytes, for only occasionally were a few half-destroyed 
bacilli found in these cells. Sometimes bacteria were found in the cytoplasm of macrophages in the mucuous 
membrane itself, close to zones of injury to the epithelium, but the bacilli in these cells appeared to be un- 
changed or even to have divided. Free microorganisms in the tuniea propria were found principally in the 
animals which died, and in these cases marked postmortem changes were present. 

In sections taken from animals which recovered, a few Gram-negative bacilli were found only in the 
lumen. Sometimes the number of Gram-positive bacilli and cocci (autoflora of the large intestine) in the 
lumen was increased in these guinea pigs, even in the jejunum, which, under normal conditions, usually 
does not contain microorganisms. 

In experimental intestinal infection with ESEC O]24, an infectious disease developed with focal lesions 
of the intest inal  epi thel ium, evidently as a r e s u l t  of in t raepi the l ia l  p ro l i f e ra t ion  of the m i c r o o r g a n i s m s .  
Numerous  exper imenta l  invest igat ions  and s tudies  of dysen te ry  in monkeys  have shown that  the v i ru lence  of 
sh ige l las  is  de te rmined  by the i r  in t raepi the l ia l  pa ras i t i za t ton  [2-5, 18, 19, 21]. Bibinova and c o - w o r k e r s  
[1] found that  in exper imenta l  en terocol i t i s  of guinea pigs caused by shigel las ,  les ions  of the intest inal  
epi thel ium developed as a r e su l t  of in t raepi thel ia l  p ro l i f e ra t ion  of shigel las  and not because  of pas sage  of 
the m i c r o o r g a n i s m s  through the epi thel ial  cel ls  and the i r  subsequent  p ro l i fe ra t ion  in the tunica p rop r i a  of 
the mucous m e m b r a n e ,  as A m e r i c a n  w o r k e r s  p rev ious ly  cons idered  [15-17, 20]. The exper imenta l  i n t e s -  
tinal infection desc r ibed  above is v e r y  s i m i l a r  to the exper imenta l  "shigel la"  enterocol i t i s  studied in 
detail  by Bibinova and her  co l l abora to r s .  At the s a m e  t ime,  in expe r imen t s  with ESEC 0]24,  many t imes  
l a r g e r  doses  of m i c r o o r g a n i s m s  were  needed  in o rde r  to reproduce  enterocol i t i s ,  ye t  the mor ta l i ty  among 
the an imals  was much lower .  The i m p r e s s i o n  was gained that ESECO124 ceils  a r e  l e s s  v i ru lent  than 
shigel las ,  and only in the case  of m a s s i v e  infection did they produce a more  violent  infection, although one 
with a rapid  course ,  in the development  of which an impor tan t  ro le  was played by in t raepi thel ia l  
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paras i t i sm of the mic roorgan i sms ,  and with a subsidiary role  of toxic action. This was demonst ra ted  by the 
more  local ized cha rac te r  of the focal lesions of the intestinal epithelium, the more  violent  and intensive 
leukocytic  response ,  the lower r e s i s t ance  of the ESEC O]24 cells to the action of leukocytes ,  the absence of 
les ions  in the colon, and the more  marked  vascu la r  dis turbances .  It should be noted that when these diseases  
a r i se  in mangO124 enterocol i t i s  develops af te r  more  mass ive  infection, and runs a more  violent but shor t e r  
course  than dysentery ,  probably on account of the lower v i ru lence  of ESEC O124 cel ls  than of shigellas [6, 
et a!.] 
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