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INTRODUCTION 
 
Shiga toxin-producing enterohemorrahgic Escherichia coli (STEC) 
strains of serogroup O157:H7 and non O157:H7 STEC serogroups 
cause hemorrhagic colitis, which is may be followed by hemolytic
uremic syndrome (HUS) and/or acute encephalopathy (Paton and 
Paton 2004 and Wani et al., 2003). Shiga toxin, encoded by either the 
stx1 or stx2 genes, plays a critical role in the pathogenesis of diarrhea 
caused by E. coli O157:H7 (Sheng et al., 2004). However, the 
pathogenesis of these diseases is not well understood. B
experimental findings (Fujii et al., 1993), a possible mechanism for 
the development of these diseases following an O157:H7 infection 
has been proposed: shiga toxin hematogenously disseminates from 
the gut to the kidney or the brain (Eijikita et al.,
tissue damage. E. coli (STEC) or Verotoxigenic Vero toxin producing 
E. coli) is usually acquired by consuming contaminated food or water, 
although person-to person transmission has not been ruled out (Gal
Mor and Finlay 2006). Most individuals infected with EHEC recover 
from the infection without further complications. However, 8
patients, primarily children and the elderly, may go on to develop 
complications such as HUS, characterized by acute renal failure, 
thrombocytopenia and hemolytic anemia (Tarr et al.,
EHEC is not invasive and is restricted to the lumen of the gut 
 
*Corresponding author: Amira. M. Zakaria 
Biotechnology institute, Suez Canal University, Ismailia, Egypt
 

 

ISSN: 0975-833X 

 

Article History: 
 

Received 24th May, 2013 
Received in revised form 
11th June, 2013 
Accepted 16th July, 2013 
Published online 23 rd  August, 2013 
 
Key words: 
 

Enterohemorrahgic EHEC Escherichia coli 
PFGE, Biotype,  
Serogroup, Virulence Genes,  
Molecular Profiles,  
Antibiotic Resistance, 
Shiga toxin. 

 

                                                  

 

 

RESEARCH ARTICLE 
 

 

COMPARATIVE PATHOGENICITY, TOXICITY AND PULSE TYPES OF O157 AND 
NON -O157 Escherichia coli 

 

Salwa F. Ahmed, 1Samy. A. Selim, 1Mohamed.
Amira. M. Zakaria, and 2John. D. Klena 

 

Microbiology Section, Botany Department, Faculty of Sciences, Suez Canal University, Ismailia, 
Naval Medical Research Unit No.3 (NAMRU - 3) Cairo, Egypt

Biotechnology institute, Suez Canal University, Ismailia, Egypt
 

 

ABSTRACT 

Shiga toxin producing Escherichia coli (STEC) are recognized as an important foodborne pathogen, responsible 
for sporadic cases to serious outbreaks worldwide (Wani et al., 2003). The morbidity and mortality associated with 
several recent outbreaks due to STEC have highlighted the threat this organism poses to global public health.
present study describes the molecular characterization of STEC expressing five different serotypes (O157, O158, 
O114, O125 and O26) isolated from different sources in Egypt and investigates their clonal relations
present study investigated the ability of each Shiga toxin producing strains with different genetic backgrounds to 
induce disease in vivo using a rat model. STEC strains were identified and characterized by PCR and DNA 
sequencing analysis; clonality was determined by comparing pulsetypes generated during pulsed field gel 
electrophoresis. Ten STEC isolates (three from human stool, four from animal stool, two from meat products and 
one from untreated water) were positive for a combination of stx genes; three were positive for both 
the remaining were only positive for stx1.  Two of the STEC isolates contained 
enterohemorrhagic E. coli (EHEC) hemolysin gene, hlyA. All STEC isolates exhibited 
inoculation of STEC bacterial broth or their respective purified toxin to experimental rats. Subtyping of the ten 
STEC isolates by pulsed-field gel electrophoresis (PFGE) revealed three distinct restriction patterns. Sixty percent 
(6/10) of the isolates shared the same PFGE (mrp1) pattern, representing the most common profile; and 30% (3/10) 
shared a second common (mrp II) pattern. Only one strain (10%) showed a distinct and unique mrp III PFGE 
profile. In vivo challenge experiments with O157 and non O157 STEC induced disease in rats, including 
pronounced epithelial lesions and severe vascular damage. This study identified STEC O157 from human cases 
with diarrhea, and demonstrated that meats and untreated water available in Egypt were contaminated

O157 STEC strains. This finding is of concern due to the potential of these organisms to cause human disease.
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(Acheson et al., 1996) in some circumstances Stx produced within the 
intestinal tract is able to cross the epithelial barrier and enter the 
blood stream. Stx targets the endothelium of susceptible tissues, 
resulting in intestinal as well as systemic dysfunction (Ochoa and 
Cleary 2003). Despite progress made during recent years regarding 
the involvement of inflammatory response in HUS pathogenesis, 
relatively little is known about EHEC
intestinal tract and its association with systemic disease. In order to 
define these changes adequately, an animal model of EHEC oral 
infection is needed. In rabbits, EHEC induces gastrointestinal 
symptoms similar to humans (Ritchie 
absence of renal injury by Stx and the paucity of genetic and 
immunological resources are important limitations for the use of this 
animal model. The ability of STEC to cause serious disease in 
humans is related to the production of one or more Shiga
(Stx1, Stx2, or variants), which inhibits protein synthesis of h
leading to cell death (Djordjevic 
investigation of STEC is complicated by the ubiquitous nature and 
lack of heterogeneity between clonal strains. The discriminatory 
capacity of many methods used to subtype isolates
enterohemorrhagic disease is insufficient to resolve differences 
between clonal members. Therefore phenotypic and genotypic 
methods that are highly discriminatory are particularly useful in this 
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circumstances Stx produced within the 
intestinal tract is able to cross the epithelial barrier and enter the 
blood stream. Stx targets the endothelium of susceptible tissues, 
resulting in intestinal as well as systemic dysfunction (Ochoa and 

Despite progress made during recent years regarding 
the involvement of inflammatory response in HUS pathogenesis, 
relatively little is known about EHEC-induced local changes in the 
intestinal tract and its association with systemic disease. In order to 

ine these changes adequately, an animal model of EHEC oral 
infection is needed. In rabbits, EHEC induces gastrointestinal 
symptoms similar to humans (Ritchie et al., 2003), however the 
absence of renal injury by Stx and the paucity of genetic and 

ical resources are important limitations for the use of this 
animal model. The ability of STEC to cause serious disease in 
humans is related to the production of one or more Shiga-like toxins 
(Stx1, Stx2, or variants), which inhibits protein synthesis of host cells, 
leading to cell death (Djordjevic et al., 2003). Epidemiological 
investigation of STEC is complicated by the ubiquitous nature and 
lack of heterogeneity between clonal strains. The discriminatory 
capacity of many methods used to subtype isolates of E. coli causing 
enterohemorrhagic disease is insufficient to resolve differences 
between clonal members. Therefore phenotypic and genotypic 
methods that are highly discriminatory are particularly useful in this 
context, maximizing the likelihood of detecting the often minimal 
amount of variation between strains (Putnam et al., 2004). These 
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typing methods are of great use to identify the sources and routes of 
transmission of organisms and make intervention strategies. 
 

MATERIALS AND METHODS 
 

STEC strains    
 

Ten serologically confirmed STEC isolates (Sahar et al in press 2013) 
isolated from different human/environmental sources are subjects of 
the current study. The ten isolates belonged to five different 
serogroups (O157 (n=2), O158 (n=3), O114 (n=2), O125 (n=1) and 
O26 (n=2). 
 

Antimicrobial susceptibility testing of STEC isolates 
 

Antimicrobial susceptibility was determined using the Kirby-Bauer 
disk diffusion technique with Mueller Hinton agar medium, as 
described by the Swedish Reference Group for Antibiotics (CLSI, 
2010).  Antibiotics (Oxoid, KS.USA) used are listed in Table 1.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
Break points for sensitivity (S), intermediate (I) and resistance (R) to 
any given antibiotic was determined by measuring the easily visible 
and clear zone of each antimicrobial agents and results were 
interpreted according to the guidelines set by the Clinical and 
Laboratory Standards Institute (CLSI, 2010). 
   
PFGE 
 

Macrorestriction analysis of DNA resolved by pulsed-field gel 
electrophoresis was performed following a standardized protocol 
established for PulseNet USA, US Centers for Disease Control and 
Prevention (CDC 2010 and Ribot et al., 2006) for Escherichia coli 
O157:H7, Salmonella, and Shigella rods. Briefly, bacterial 
suspensions were prepared by harvesting bacterial colonies directly 
from overnight growth of isolates on Trypticase Soy Agar; organsims 
were diluted to a concentration of 109 colony forming units per /mL 

(=1:1.3Nephelometric turbidity units (NTU). Bacterial cells were 
embedded in 1% SeaKem Gold: agarose (Cambrex Bio Sciences 
Rockland, Inc, Charles city, IA, USA) in TE buffer (10 mM Tris:1 
mM EDTA, pH 8.0). The bacteria in each of two plugs from each 
isolate were lysed in a 50-ml tube containing 5 ml Cell Lysis Buffer 
(50 mM Tris: 50 mM EDTA, pH 8.0 + 1% Sarcosyl) in the presence 
of 25 μl Proteinase K stock solution (20 mg/ml; Sigma, St. Louis, 
MO, USA). In a 54ºC shaker incubator for a minimum of 12 h, with 
constant and vigorous agitation (150-175 rpm). DNA embedded in 
agarose was washed 3x with water then with 1x TE buffer. For 
restriction digestion, a 2.0 -2.5 mm agarose slice containing DNA 
representing one isolate or the Salmonella, enterica serovar. 
Braenderup H9812 standard (Bio-Rad Laboratories)  was incubated 
with 40 units of XbaI, a restriction enzyme, at 37ºC for a minimum of 
16 h. Restricted plugs were loaded into a 1% agarose gel and 
fragments of DNA were were separated by PFGE using a CHEF DR 
III electrophoresis apparatus (Bio-Rad, Richmond, CA, USA). The 
initial switch time was 2.2 s and the final switch timewas 54.6 s, at 6 
V, with an included angle of 120° for 18 h. Gels were stained with  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ethidium bromide (Bio-Rad Laboratories) and images were 
documented using a Gel Doc 1000 system.  
 

Virulence determinace 
 

This work was conducted in the Anatomy and Histology Unit, Faculty 
of Medicine and Surgery Suez Canal University. All ten STEC 
isolates with different serogroups and genetic characteristics were 
tested for their pathogenicity and toxicity using male rats according to 
the method described by (Gyles, 1992). Animals: 104 healthy male 
rats (68-80 gm) were purchased from (Animal House- Abu-Rawash 
region (Giza, Egypt, serving all Universities and National Academy 
of Science institute in Egypt and housed in micro isolator cages.  Rats 
were maintained at an ambient temperature of 23 ± 2ºC and provided 
with food and water. Research was conducted in compliance with the 
U. S. Animal Welfare Act and other U. S. federal regulations relating  
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Table 1. Antibiogram, Serotypes and origin of STEC strains by virulence genes 
 

Isolate: origin Virulence genes Serotype Resistance Profile  Non- Resistance Profile 
EC255: 

Urine (Female) 
 

 
stx 1/ stx2hlyA 

 
O157 

Am 10, E 15,  P10 
SPT,  F300, TE30, 

TP 30, VA 30 DA 2, 
RA 5 IPM 20 

 
CIP 5, NOR 10 

EC94: 
Child stool 

 

Stx 1 O157 Am 10,  P 10,  SPT, 
AMC 30, IPM 20, CN 120, 

CZ 30 ,VA 30 

F 300, TE 30, CIP 5, 
NOR 10- TP 30 DA 2, 

EC306: 
Meat (Kofta) 

 

 
 -Stx 1/ Stx2 

 

 
O158 

Am 10,  E 15,  P 10, 
TE 30, RA 5,  DA 2, 

AMC 30, IPM 20,  CN 120, 
NOR 10,  CZ 30,  TP 30, 

VA 30 

 
CIP 5 

EC294: 
Calf stool 

 Stx 1 O158 Am10, E15,  P10, 
SPT,  F 300,  TE 30, CIP 5 , TP 30 

RA 5,  DA 2 , AMC 30, 
CN 120, NOR 10,  CZ 30 

EC158: 
Urine (Male) 

-Stx 1 
 

O158 Am 10,  E 15,  P 10,  TE 30, 
RA 5,  DA 2, AMC 30,  CN 120, CIP 5,  

NOR 10, CZ 30, TP 30, 
VA 30 

SPT,  F 300,   IPM 20 
RA 5 

EC322: 
Sheep (stool) 

 

 -Stx 1/ Stx2 
 
 

O114 E 15,  SPT,  F 300, 
TE 30,  IPM 20,  CN 120, 

CIP 5, NOR10, TP 30, 
VA 30 

Am 10, RA 5, DA 2, 
AMC 30 

 

EC357: 
Raw water 

 

-Stx 1-eae 
 

O114 Am10, E15, SPT,  F 300, 
TE 30, RA 5,  DA 2, 

CN 120, TP 30, VA 30 

CIP 5, NOR 10 

 
EC150: 

Meat (Sausage) 
 

 
Stx 1 

 
 

O125 

Am 10,  E 15, P 10, 
TE 30,  RA 5,  DA 2, 

CN 120, NOR 10, CZ 30, 
TP 30,VA 30 

 
IPM 20,  SPT, F300 

EC0111: 
Chicken (stool) 

 

-Stx 1-eae O26 Am10,  E15, P10, SPT , F300 
TE 30,  RA 5, DA 2,  AMC 30, 

CIP 5 

IPM 20, TP 30,   VA 30 

EC291: 
Cattle (stool) 

 

-Stx 1- eae O26 Am 10,  SPT,  CN 120, 
VA 30 

E 15,  F 300, RA 5 
DA 2 , AMC 30,  IPM 20, 
NOR 10,  CZ 30, TP 30 

The investigated antibiotics in the current study were as follows: Amoxicillin/Clavulanic Acid AMC 30, Ampicillin AM 10, Cefazolin CZ 30, Ciprofloxacin CIP 5, Clindamycin 
DA, Erythromycin E 15 , Gentamicin CN 120, Imipenem IPM 20, Nitrofurantion F 300, Nitrofloxacin NOR 10, Penicillin P 10, Rifampin RA 5 , Spectinomycin SPT 100, 
Tetracycline TE 30, Thiampinicol TP 30 and Vancomycin VA 30. 



to animals and experiments involving animals and all research 
adhered to principles stated in the Guide for the Care and Use of 
Laboratory Animals, National Research Council. 
  

Bacterial inocula 
 
For each STEC isolate three flasks (250 ml capacity), each containing 
50 ml Trypticase Soya broth supplemented with 0.6% yeast extract, 
were prepared. Flasks were inoculated with 5 ml of each E. coli 
isolate, and incubated at 37°C in a shaking incubator (180 rpm) for 
three days. Cultures were serially diluted to determine the 
concentration and the sub lethal dose (SLD) (Raife et al., 2006). 
Extraction and purification of exotoxins: After three days incubation 
time, the medium of each isolate was centrifuged at 15000 rpm for 20 
min and cell free medium containing crude exotoxins was prepared 
by filtration through 0.22μm membrane filter glass fiber filter paper, 
(Whatman, Germany). Sterile, crude toxin preparations were 
precipitated using cold acetone for 18 h. An equal amount of acetone 
(1:1 volume) as that of the broth was used for the precipitation. After 
precipitation the mixture was centrifuged at 16000 rpm min at 4ºC. 
The filtrate was discarded and the residue was dissolved in 5 ml of 25 
mM phosphate buffer at pH 7.0 to obtain the purified toxins which 
were stored at 4ºC until biological assessment (Hesham et al., 2010). 
 

Intraperitoneal STEC animal studies 
 

Rats used in these experiments were grouped into two categories: the 
first group (I) was challenged with the isolates grown in broth 
cultures and the second group (II) was challenged with the 
corresponding purified toxin mixture from each isolate. Both groups 
were injected through an intraperitoneal (i.p.) route with respect to 
animal body mass. Test doses were determined to be 0.2 µl/gm for 
each tested fluid from each toxin and whole bacterial each separately) 
(Siegler and Oakes 2005.). Each isolate was tested separately using 
four rats housed in separate cages. Four additional rats per set were 
unexposed to any challenge and used as a negative control. Rats were 
examined daily for any physical or clinical changes through the 
duration of the study; this included changes in fur texture, skin 
consistency, eyes, mucus membranes, orifices, and clinical signs of 
respiratory behavior changes. Results were recorded after 24 and 48 h 
for diarrhea and after 5 days for mortality (Hesham et al., 2010).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Acute toxicity was determined and evaluated as described elsewhere. 
Animals showing signs of morbidity were sacrificed and organs were 
processed for further histopathological studies (Hosler et al., 2003). 
 
Histopathological studies 
 
Histopathological sections of tissue samples from liver, kidney, and 
the gastrointestinal tract of rats challenged with the ten STEC isolates 
and their corresponding toxins were investigated. These organs were 
removed from sacrificed rats and prepared for histopathological 
examination according to (Lillic and Fullmen, 1976). Rat tissue from 
the organs were collected, excised, and fixed in 10% neutral buffered 
formalin.  Ground tissues were passed through ascending grades of 
alcohol in the following step tissues while they were embedded in 
paraffin wax, then sectioned blocks were persued into sections each 
of thickness 4-5mm this section is not fluid and should be reworded 
to be more clear. Sections from each experimental animal were 
loaded on to clean glass slides, stained with haematoxylin and eosin, 
and examined microscopically. 
 

RESULTS 
 

PFGE and antibiogram 
 
The 10 STEC strains belonged to different serotypes and with varied 
virulence genes (Stx1-Stx2, eae, and hlyA) were subjected to finger 
printing by PFGE after digestion of their genomic DNA with Xba1 
restriction enzyme. A total of 3 macrorestriction patterns (MRPs) 
were identified among the 10 strains (the patterns are very similar; the 
PFGE needs to be analyzed via a dendrogram). PFGE MRPs were 
recorded as mrp I, II, and III. Sixty percent (6/10) of the total 
examined strains shared the same (mrp1) PFGE pattern which 
represents the most homogenous profile; and 30% (3/10) shared the 
second common (mrp II) pattern, while one strain (10%) showed a 
distinct mrp III PFGE profile. PFGE with mrp I included six STEC 
strains belong to four serotypes (O157 (n=2), O158 (n= 2), O114 
(n=1), O26 (n=1), PFGE with mrp II included three strains belong to 
O26 (n=1), O114 (n=1) and O158 (n=1).  While PFGE with mrp III 
included one strain with unique serotype O125 (n=1) (Figure: 1). It 
was found that STEC isolates with different antibiogram pattern and  
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Fig. 1. Macro- Restriction patterns MRPs of Xba1-digested genomic DNA STEC from Egypt background 

 



with different virulence characteristics displayed the same PFGE mrp. 
In addition, STEC strains belonging to different serotypes and 
isolated from human and animal source share the same PFGE profile.  
 

PFGE MRP I 
 

All six isolates with mrp I were shiga toxin producers. Three isolates 
(O157:EC255 – O158:EC306 – O114:EC322) were stx1 and stx2 
producers, while the other three isolates (O158:EC158 – O26:EC291–
O157:EC94) were producers of stx1 only.  Intimin eae genes were 
absent in all isolate belonging to this pattern, except for one 
(O26:EC291). Only one isolate (O157:EC255) produced 
enterohaemolysin hlyA. Isolates with mrpI included STEC from 
different origins: two isolates were isolated from two patients with 
urinary tract infections (UTI); one isolate was collected from the stool 
of child with diarrhea, two isolates each obtained from the stool of a 
sheep, and cattle with diarrhea, and one strain isolated from raw meat 
(kofta) Fig (1). The antibiogram for E. coli isolates carrying different 
virulence genes is demonstrated in Table 1.  All isolates with PFGE 
mrp I demonstrated multi-drug resistant (MDR) to at least four 
antibiotics belong to different classes: erythromycin, gentamicin, 
cefazolin, thiampinicol, vancomycin, ciprofloxacin, and ampicillin.  
Isolates belonging to serotype O157 were sensitive to ciprofloxacin 
(CIP) and norfloxacin (NOR). However, 30% of isolates expressing 
non-O157 serotypes were resistant to CIP, and 90% were MDR to at 
least three antibiotics. Three isolates were resistant to spectinomycin 
(O114:EC322 – O157:EC94 – O157:EC255), three isolates (O114:EC 
322–O158:EC306–O158:EC158) were resistant to nitrofloxacin, four 
isolates (O157:EC255 – O114:EC322 –O158:EC 306–O158:EC158) 
were resistant to tetracycline, three isolates (O157:EC255 – O158: 
EC306 – O158:EC158) were resistant to rifampin, three  isolates 
(O157:EC255–O158:EC306–O158:EC158) were resistant to 
clindamycin, four isolates were resistant to amoxicillin/clalvulanic 
acid (O158:EC306 – O158:EC158 –O157:EC94) and three isolates 
(O157:EC255– O158:EC306– O157:EC94) were resistant to 
imipenem. It is of particular interest to identify resistance to imipenim 
(IPM) in two non-O157 strains isolated each from urine and stool of 
two children with gastroenteritis.  
 

PFGE MRP II 
 
This pattern included three strains characterized as shiga toxins 1 
producer. Two out of the three strains (O26:EC0111– O114:EC357) 
were proved to produce Intimin eae gene, while the third strain 
O158:EC294 was negative for eae gene. hlya gene was absent in all 
strains belonged to this pattern. PFGE MRP II included STEC 
isolated from Chicken, Calf and untreatedwater. All strains of this 
PFGE pattern showed resistance to Ampicillin, Erythromycin, 
Penicillin, spectinomycin, Nitrofurantion, Tetracycline. While each 
strain of this pattern had its own characteristic antibiotics profile for 
other antibiotics groups; O158:EC294 was resistant to Ciprofloxacin, 
Thiampinicol, and was sensitive to Amoxicillin/ Calvulanic Acid, 
Gentamicin, Nitrofloxacin, Cefazolin. O26:EC0111 strain was 
resistant to Ciprofloxacin and was sensitive to Nitrofurantion, 
Imipenem, Thiampinicol and Vancomycin. O114:EC357 strain was 
resistant to Rifampin, Clindamycin, Gentamicin, Thiampinicol and 
Vancomycin, while was sensitive to Ciprofloxacin Nitrofloxacin. All 
strains belonged to this pattern were typed as non O157 
 

PFGE MRP III 
 
Only one STEC strain included in this pattern: O125:EC150 was 
positive to Stx 1, and negative for both Intimin eae and. hlyA genes. 
The strain was isolated from meat product and was resistant to all 
antibiotics except Spectinomycin 100 Nitrofurantion 300 and 
Imipenem 20. 
 

Pathogenicity 
 

Clinical signs of CNS (Central Nervous system) were the most 
striking clinical observation in rats inoculated with STEC. As shown  

in Tables (2, 3) both bacterial fluids and purified toxins gave 
comparable pre-mortem CNS signs such as decreased appetite, 
abdominal cramps, back legs paralyzation, convulsion and comma. 
These signs were recorded within 2-4 hours after ip injection. While 
rats challenged with purified toxins demonstrated more severe signs 
(paralyzation and rapid morbidity) when compared to those 
challenged with the bacterial broth. All of the previous clinical 
findings were observed in 100% of the injected animals, while 
gastrointestinal signs (GTI) such as diarrhea was observed in 66% of 
the rats injected by bacterial broth as opposed to 42% injected with 
the purified toxins. Mortality within 24 hours Tables (2, 3) was 
recorded in all investigated groups. Microscopic lesions: Histological 
lesions were frequently found in intestinal, kidney and liver tissues of 
animals inoculated by STEC, eae producing E. coli and hly producing 
EHEC, while control rats had no morphological lesions in any of 
organs sampled. The findings for specific anatomical sites Table               
(4, 5, and 6) were as below:  
 
Intestine (Colon) 
 
Histologic signs were evident in the intestine of all rats inoculated 
with all pathogenic strains, such lesion were more common in caecum 
and colon than in ileum. Within the inoculated groups, the degree and 
intensity of the lesions were differed from animal to another and with 
the duration of the exposure. Intestinal lesions were seen as early as 
24 hour PI (post injection) but were more pronounced in rats 
necropsied at later time after injection. Table (4): the clearest findings 
were the shift of goblet cells, irregular distribution of goblet cells in 
mid crypts and replacement by immature cells with large nuclei in 
addition to extensive dilatation, infiltration of lamina proportion with 
occasional eosinophils, intraepithelial cells and Neutrophils. 
Dilatation of some goblet cells in mid-crypt areas and accumulation 
of mucus and bulging mucus droplets toward the lumen, crypts 
contained intensively stained immature cells were obviously  
observed in  strains produce the two type of toxins Stx1 and stx2  
with a serotype O157 and O114  and   some other serotype ( O26)  
which produce only stx1.  
 
Kidney 
 
The severity and intensity of signs of the examined tissues varied 
according to the type of inoculate since animal injected with strains 
O157:EC255 and O114:EC322 with two types of shiga toxins 
displayed a more pronounced necrosis as compared to the control 
group. (Table: 5, Figure: 3). Animals inoculated by purified toxins 
demonstrated more severe and marked lesions. Tubules: suffered 
from epithelial vacuolization and necrosis, hyaline casts and 
interstitial edema. Vascular damage: was recorded as fibrin thrombi, 
focal hyaline deposits, intimal thickening in addition to diffuse 
hyaline deposits and fibrin thrombi. 
  
Liver  
 
Histological signs were restricted to liver steatosis and ballooning 
with portal and lobular inflammation in the majority of sampled 
organs (Table 6). 
 

DISCUSSION 
 
Enterohemorrhagic Escherichia coli (EHEC) O157 and non O157 
infections are considered a public health problem in both developed 
and developing countries because of their increasing incidence and 
the severity of clinical presentation. In Egypt there is no sufficient 
surveillance data about outbreaks or infections induced by STEC 
although of the high incidence of diarrheic outbreaks among 
preschool children.  Data Collected during the last ten years indicated 
that Epidemiological studies in Egypt were restricted to livestock 
particularly dairy and beef cattle as a natural reservoirs of these 
organisms (Hassanain and Zaabal 2004). Previous Egyptian Studies 
carried out on cattle by products, poultry and diarrheic individuals  
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Table 2. Pre-mortem signs recorded from experimental rats inoculated with live STEC isolates 
 

Isolate Source Serotypes Diarrhea Decreased appetite Abdominal cramps Back legs paralyzation Convulsions and coma 

 24hrs 24hrs 2-4 hrs 2-4hrs Mortality 1- 7 days 
EC255: Urine 

(Female) 
O157 

Stx 1/ stx2 +hly ( A) 
 

┼ 
 

┼ 
 

┼ 
 

┼ 
 

3\4 
EC94:Child 

( stool) 
O157 
Stx 1 

┼ ┼ ┼ ┼ 2\4 

EC306 : Meat 
(Kofta) 

O158 
Stx 1/ stx2 

− ┼ ┼ ┼ 3\4 

EC294:Calf 
(stool) 

O158 
Stx 1 

┼ ┼ ┼ ┼ 1\4 

EC158:Urine 
(male) 

O158 
Stx 1 

┼ ┼ ┼ ┼ 3\4 

EC322 : Sheep 
( stool) 

O114 
Stx 1/ stx2 

− ┼ ┼ ┼ 3\4 

EC357: Raw 
water 

O114 
Stx 1+   eae 

┼ ┼ ┼ ┼ 3\4 

EC150:Meat 
(Sausage) 

O125 
Stx 1 

− ┼ ┼ ┼ 2\4 

ECO111:Chicken 
(stool) 

O26 
Stx 1  +   eae 

− ┼ ┼ ┼ 3\4 

EC291 : Cattle 
(stool) 

O26 
Stx 1+   eae 

┼ ┼ ┼ ┼ 3\4 

 
Table 3. Pre-mortem signs recorder from experimental rats inoculated with purified toxin from STEC isolates 

 

Isolate Source Serotypes Diarrhea Decreased appetite Abdominal cramps Back legs paralyzation Convulsions and coma 

 24 hrs     24hrs 2-4 hrs 2-4hrs   Mortality 1- 3 days 
EC255: Urine 

 (Female) 
O157 

  Stx 1/ stx2 +hly( A) 
 

┼ 
 

┼ 
 

┼ 
 

┼ 
 

4\4 
EC94:Child  

( stool) 
O157 
Stx 1 

┼ ┼ ┼ ┼ 4\4 

EC306 : Meat 
 (Kofta) 

O158  
 Stx 1/ stx2 

− ┼ ┼ ┼ 4\4 

EC294:Calf 
(stool) 

O158  
Stx 1 

− ┼ ┼ ┼ 4\4 

EC158:Urine  
(male) 

O158 
    Stx 1 

− ┼ ┼ ┼ 4\4 

EC322 : Sheep 
( stool) 

O114 
   Stx 1/ stx2 

− ┼ ┼ ┼ 4\4 

EC357: Raw  
water 

O114 
   Stx 1+ eae 

− ┼ ┼ ┼ 4\4 

EC150:Meat 
 (Sausage) 

O125 
  Stx 1 

− ┼ ┼ ┼ 4\4 

ECO111:Chicken  
(stool) 

O26 
   Stx 1  +  eae 

− ┼ ┼ ┼ 4\4 

EC291 : Cattle  
(stool) 

O26 
  Stx 1+   eae 

┼ ┼ ┼ ┼ 4\4 

 +: positive result   ـــ : negative result 

 
Table 4. Post-mortem results s for the examined Colon for whole bacteria (B.B.) and purified toxin (P.T.) 

 

Isolate Source Serotypes Shift of goblet cells Infiltration of lamia proporia Eosinophillic Necrosis 

 B.B P.T B.B P.T B.B P.T B.B P.T 
EC255: Urine 

 (Female) 
O157  

 Stx 1/ stx2 +hly A 
┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ 

EC94:Child  
( stool) 

O157 
  Stx 1 

┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ 

EC306 : Meat 
 (Kofta) 

O158  
 Stx 1/ stx2 

┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ 

EC294:Calf 
(stool) 

O158  
Stx 1 

┼  ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ 

EC158:Urine  
(male) 

O158 
    Stx 1 

┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ 

EC322 : Sheep 
( stool) 

O114 
   Stx 1/ stx2 

 
┼ ┼ ┼ 

 
┼ ┼ ┼ 

 
┼ ┼ ┼ 

 
┼ ┼ ┼ 

 
┼ ┼ ┼ 

 
┼ ┼ ┼ 

 
┼ ┼ ┼ 

 
┼ ┼ ┼ 

EC357: Raw  
water 

O114 
   Stx 1+   eae 

┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ 

EC150:Meat 
 (Sausage) 

O125 
   Stx 1 

┼  ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ 

ECO111:Chicken  
(stool) 

O26  
 Stx 1  +   eae 

┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ 

EC291 : Cattle  
(stool) 

O26  
 Stx 1+   eae 

┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ 
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Table 5. Post-mortem results s for the examined Kidney for whole bacteria (B.B.) and purified toxin (P.T.) 
 

Isolate Source Serotypes Tubular Epithelial vacuolization Necrosis Vascular damage Interstitial edema 

 B.B P.T B.B P.T B.B P.T B.B P.T 
EC255: Urine 

 (Female) 
O157  

Stx 1/ stx2 +hly ( A) 
┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ 

EC94:Child  
( stool) 

O157  
Stx 1 

┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼  ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ 

EC306 : Meat 
 (Kofta) 

O158   
Stx 1/ stx2 

┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ 

EC294:Calf 
(stool) 

O158  
Stx 1 

┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼  ┼ ┼ ┼ 

EC158:Urine  
(male) 

O158     
Stx 1 

┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼  ┼ ┼ ┼ ┼ 

EC322 : Sheep 
( stool) 

O114    
Stx 1/ stx2 

┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ 

EC357: Raw  
water 

O114    
Stx 1+   eae 

┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ 

EC150:Meat 
 (Sausage) 

O125  
 Stx 1 

┼ ┼  ┼ ┼  ┼ ┼ ┼ ┼ ┼  ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ 

ECO111:Chicken  
(stool) 

O26  
Stx 1  +   eae 

┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ 

EC291 : Cattle  
(stool) 

O26  
Stx 1+   eae 

┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ 

 +: mild lesion     ++ moderate lesion       +++  Sever lesion      ++++ very sever  ( acute ) 
  

Table 6. Post-mortem results s for the examined Liver for whole bacteria (B.B.) and purified toxin (P.T.) 
 

Isolate Source Serotypes  Steatosis Ballooning Portal inflammation lobular inflammation 

 B.B P.T B.B P.T B.B P.T B.B P.T 
EC255: Urine 

 (Female) 
O157 

Stx 1/ stx2 +hly ( A) 
┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ 

EC94:Child  
( stool) 

O157 
Stx 1 

┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ 

EC306 : Meat 
 (Kofta) 

O158 
Stx 1/ stx2 

┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ 

EC294:Calf 
(stool) 

O158 
Stx 1 

┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ 

EC158:Urine  
(male) 

O158 
Stx 1 

┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ 

EC322 : Sheep 
( stool) 

O114 
Stx 1/ stx2 

┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ 

EC357: Raw  
water 

O114 
Stx 1+   eae 

┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ 

EC150:Meat 
 (Sausage) 

O125 
Stx 1 

┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ 

ECO111:Chicken  
(stool) 

O26 
Stx 1  +  eae 

┼  ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ 

EC291 : Cattle  
(stool) 

O26 
Stx 1+   eae 

┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼ ┼   ┼ ┼   ┼ ┼   ┼ ┼  ┼ ┼ ┼ ┼ 

+         : mild lesion     ++ moderate lesion       +++  Sever lesion         ++++ very sever  ( acute ) 
 

 
 

Fig. 2. Six histological cases of haematoxylin-eosin stained sections of examined colon from rats necropised 24 hours after injection.  (1, 2, 3, 4, 5. 6): 
(1): control (no injection) showing normal goblet cell, (2.3): A case of colon necrosis with clear lesions due to I.P by STEC O157 strain, (4): colonic 
eosinophils. Neutrophils by I.P of O125 strains (5,6): represented upnormality and shifting of the goblet cells of the colonic epithelial tissues and 
replacement by immature cells with large nuclei. Do you have a positive control, a known STEC isolate? Do you have a negative control? These are 
important for comparative analyses 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(Iman et al., 2010) had illustrated the prevalence’s of variant 
pathogenic E. coli pathovar that do not belong to STEC serogroup  
This study is the first study from Egypt that characterizes at the 
molecular level strains of shiga-toxin E.coli producers isolated from 
different sources using the PFGE Diversity observed among the 
strains was explored to further assess their ability to cause disease in 
vivo. The present study demonstrates that non-O157 STEC comprises 
60% of the STEC strains causing infections and were identified from 
a diverse and separate source, either from human stool and urine 
specimens collected from diarrheic patient, or from food products 
such as unprocessed meat products, or from environmental sample 
(water).   
 
PFGE macrorestriction pattern of XbaI digested DNA from STEC 
strains was applied to determine the genetic clonal relatedness among 
the identified STEC strains.  A total of 3 macrorestriction PFGE 
patterns were detected among the non-O157 STEC strains with one 
pattern shared with the O157 group. The present study concluded that 
STEC strains with undistinguishable mrp PFGE pattern demonstrated 
a remarkable variation in their genetic characteristics, serotypes, 
source as well as their phenotypic resistance profile; a  conclusion 
which corroborate with that reported in  (Dean-Nystrom et al.,1998) 
who used PFGE to study clonal  diversity among strains with 
different genetic background and isolated from  a cohort of 48 
newborn calves, although 97% of isolates belonging to just only two 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

different PFGE patterns, yet, a clear phenotypic and genotypic 
diversity was noticed  among the tested isolates.  In the current study, 
six out of the 10 investigated strains including O157 and non-O157 
serotypes shared the same mrp (type I). Sixteen types of antibiotics 
were tested to examine their resistance profile, and their antibiogram 
indicated that all 6 STEC strains developed a multi- drug resistance 
(MDR) pattern to at least four classes of antibiotics including 
Amoxicillin/Clavulanic Acid 30, Penicillin 10. Spectinomycin 
Erythromycin 15, Gentamicin 120, Cefazolin 30, Thiampinicol 30, 
Vancomycin 30, Ciprofloxacin 10.  Our study indicated that  MDR 
patterns were more pronounced in STEC isolated from clinical  
samples such as UTI (O157:EC255,O158:EC158), as well as from 
meat product (O158:EC306) where resistance to 13 types of 
antibiotics were noted among these strains, a finding alarm to a 
serious impact in limiting the selection of treatment drug. This finding 
corroborated with the study reported in (Mubita et al., 2008), who 
reported that both clinical and environmental strains displayed MDR  
phenotype to most of the previously mentioned antibiotics. Many 
authors documented that the use of antibiotics is strongly associated 
with the prevalence of antimicrobial resistance in E. coli isolates in 
food-producing animals (Kang et al., 2005). Similar finding has been 
reported in other E. coli pathovar in many other studies from Egypt 
(Putnam et al., 2004, Shaheen et al., 2004) and different parts of the 
world (Hoge et al.,1998, Okeke et al.,2000, Shapiro et al., 2001, 
Turner et al., 1988) There is an increasing isolation rate of MDR 
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Fig. 3. Four histological cases haematoxylin-eosin stained sections of examined kidneys from rats necropised 24 hours after injection                                       
(7, 8, 9,10,11): (7): control (no injection)   (8) :Showing Acute  kidney tubular necrosis ◌ِresulted from I.P of O157 and O26 strain, ( 9): Showing 
vacuolization  in kidney tubules from I.P of O114 STEC strain  (10): representing  

 

 
 

Fig. 4. Six histological cases haematoxylin eosin, mathon stained sections of examined liver from rats necropised 48 hours after injection.               
(12, 13, 14, 15, 16, 17) (12): control (no injection), (13): Portal inflammation caused by O157 strain, (14): liver necrosis caused by STEC O157             
strain,  (13,14) represent clear liver steatosis  caused by O114 and O125, (17) damaged tissue caused by O157 strain  

 



strains belonged to Enteropathogenic E. coli in Nigeria (Okeke                  
et al., 2000), Thailand (Hoge et al., 1998), Kenya (Shapiro et al., 
2001) and Israel (Turner et al.,1988). Despite the MDR pattern 
reported in other studies involving traveler's diarrhea, yet 
susceptibility to ciprofloxacin was noted among the E.coli strains 
which makes it remain as te drug of choice for the treatment of 
(Dupont, 2006 and Ericsson, 2003).  In the present study there is an 
increasing incidence of infections caused by non O157 STEC 
belonged to different serotypes (O25, O114, and O158) which  
demonstrated a strong association with severe disease upon in vivo 
challenge of experimental animals. Most studies investigate the 
systemic disease and the severity of clinical presentation caused by 
STEC O157, where approximately 10% of infected patients develop 
complications such as hemolytic uremic syndrome (HUS) 
characterized by acute renal failure, thrombocytopenia and hemolytic 
anemia (Djordjevic et al.,2003).  
 

The precise sequence of events leading to HUS is still understood 
incompletely. Because of the lack of a reproducible small animal 
model for STEC infections, in vivo studies examining STEC–host 
early interactions are limited and insufficient. We have utilized rat as 
experimental model to test the abilities of the different STEC O157 
and non-O157 serotypes (with different virulence genes: shiga toxins 
Stx1 and Stx2 in addition to Enteroheamolysin hly (A) and Intimin 
eae) to induce in vivo toxicity and systemic disease.and death. The 
data presented herein demonstrate that tested male rat show enhanced 
susceptibility upon exposure to E. coli O157 and non-O157 strains 
owning different virulence genes (shiga toxin 1and 2 in addition to 
Enteroheamolysin and Intimin),  which has lead to systemic disease 
and death in a percentage of rats i.p injected with either toxin or 
whole cell bacterial extracts.  The rapid lethality of the examined 
STEC strains was more likely due to STEC strains that are lacking 
intimin eae (non-invasive) gene. Stx1 is required to induce disease 
and causing death but eae was not necessary involved in such 
outcome (Evelyn et al., 2003).  The involvement of Shiga toxin in the 
development of HUS is suggested by the close association of the 
syndrome with Shiga toxin-producing strains of S. dysenteriae and 
enterohemorrhagic E. coli (Gunzer et al., 2002). Shiga toxins are 
responsible for the vascular component of such HUS disease. In 
support of this concept is a report that Shiga-like toxin caused colonic 
hemorrhage when presented intravenously to rabbits (Teel et al., 
2002).  A similar conclusion was drawn by a study that demonstrated 
that Shiga toxin was required by Shigella. Dysenteriae 1 for colonic 
vascular damage but was not necessary for S. dysenteriae 
1colonization, invasion of colonic epithelium, or production of 
diarrhea in primates (Dean-Nystrom et al., 1998). It is also known 
that human endothelial cells, including renal cells, express the 
glycolipid receptor for Shiga toxins and respond in a cytotoxic 
manner to these agents (Melton-Celsa et al., 2002). Thus, it appears 
that hemorrhagic colitis may be required for the development of HUS 
in allowing entry of Shiga toxin (or Shiga-like toxin into the 
circulation) (Brando et al., 2008).   
 

Histopathological results of the examined animals in the current study 
indicated that Intimin is not required for the pathogenicity of non-
O157 STEC, disease was evident in all groups of animals inoculated 
with STEC whether the isolate had intimin or not. This conclusion 
agrees with others (Evelyn et al., 2003). Who compared the 
pathogenicity of intimin-negative non-O157:H7 Shiga toxin (Stx)-
producing Escherichia coli (STEC) O91:H21 and O104:H21 strains 
with the pathogenicity of intimin-positive O157:H7 and 
O157:H_strains in neonatal pigs. Our results indicated that the 
combination between the two shiga toxins together enhanced the 
susceptibility of rats and increased the pronounced systemic lesions in 
three target organs especially in the examined kidneys. This 
observation was recorded in group of rats injected with strains 
carrying the two stx (1,2) genes (such as O157:EC255, O114:EC322 
isolated from UTI and Sheep stool samples, respectively) where a  
higher degree of vascular damage and tubular necrosis was noticed as 
compared to those rats  challenged with STEC  strains carrying one 
shiga toxin gene (stx1); a conclusion which agrees with the 

hypothesis in (Melton-Celsa et al.,2002) on the  direct correlation 
between the degree of vascular damage and the quantity of Shiga 
toxin or Shiga-like toxin produced by these pathogens which reflects 
the synergistic cytotoxicity between Shiga toxin 1 and 2. Another 
conclusion is that mucosal lesions were seen in the large intestines of 
all rats inoculated with either eae negative or eae STEC strains. These 
lesions occurred both in cells on the surface of the intestine and in 
crypts in the cecum and colon. A similar absence of goblet cells and 
discharge of mucus has been seen in STEC-inoculated ligated colonic 
loops in calves (Schmidt et al., 2000). The presence of STEC-induced 
changes in porcine intestinal mucus suggests that porcine mucus, like 
human mucus and mouse mucus (Melton-Celsa et al., 2002, Melton-
Celsa et al., 1996). Clear shifting in the goblet cells of the intestine 
and their replacement with immature cells with large nuclei suggests 
that shiga toxins may play a role in alternation of goblet cells 
expressing mechanism.  No evident difference was observed between 
the in vivo damage caused by the O157 STEC and the non O157 
STEC, the equivalent intestinal tissues damage caused by non-O157 
strains and the O157 strains is a consequence of a balance of the 
virulence factors produced by the two types of STEC strains (Evelyn 
et al., 2003). It was also evident that the severity of systemic damage 
and lesions formation were time dependant, more severe and obvious 
damage were recorded in later investigations than in the earlier stages 
of the experiment. An important conclusion is that all types of Styx 1 
and Stx2 produced by the strains used in this study cause similar 
systemic disease and CNS signs in the examined rats. Premortem 
signs of CNS in all examined animals during the current study merits 
further investigation of shiga toxins on rats with a special concern to 
the brain as a vital organ. 
 

REFERENCES  
 

Acheson D.W., Moore R., De Breucker S. et al. 1996. Translocation 
of Shiga toxin across polarized intestinal cells in tissue culture. 
Infect Immun; 64:3294–300. 

Brando R.J., Miliwebsky E., entancor, L., Deza N., Baschkier A., 
Ramos M.V., Fernández G.C., Meiss R, and Palermo M.S. 2008. 
Renal damage and death in weaned mice after oral infection with 
Shiga toxin 2-producing Escherichia coli strains. J Transitional 
Immunol 153:297-306.  

Center of Disease control CDC 2010. Standardized laboratory 
protocol for molecular subtyping of Escherichia coli O157:H7, 
non-typhoidal Salmonella serotypes, and Shigella sonnei by 
pulsed field gel electrophoresis .Pulse Net USA. 

Clinical and Laboratory Standards Institute CLSI, 2003. Performance 
standards.for  antimicrobial susceptibility testing. document 
M100-S14, Wayne, PA 

Dean-Nystrom, E.A., Bosworth B.T., Moon H.W. and O’Brien A.D. 
1998. Escherichia coli O157:H7 requires intimin for 
enteropathogenicity in calves.Infect Immun 66:4560–4563. 

Deborah V., Hoyle C.M., Yates M.E., Chase-Topping, Turner Sarah 
EJ, Davies E.,   Chris L.J., George J.,  Gunn, Mark E. J.,  
Woolhouse,  and Sebastian G.B. 2005. Molecular Epidemiology 
of Antimicrobial-Resistant Commensal Escherichia coli Strains in 
a Cohort of Newborn Calves. J App Environmental Micro 3: 
6680–6688. 

Djordjevic S. P., Hornitzky M.A., Bailey G.P., Gill B., Vanselow K., 
Walker, and Bettelheim K. 2003. Virulence properties and 
serotypes of Shiga toxin-producing Escherichia coli from healthy 
Australian slaughter-age sheep. J Clin Microbiol 39:2017-2021. 

Dupont, H.L. 2006. Travellers' diarrhoea: Contemporary approaches 
to therapy and  prevention Drugs, 66: 303-314. 

Eijikita, Y.Y., Takaaki K., Hiroko H., Shinji Y., Keiichi M., And 
Nobutaka H. 2000. Pathogenic mechanism of mouse brain 
damage caused by oral infection with Shiga toxin-producing 
Escherichia coli O157:H7. Infect Immun 4:1207–1214. 

El Sayed El Sayed Zaki, M. and El Adrosy, H. 2007. Diagnosis of 
Shiga toxin  producing Escherichia coli infection, contribution of 
genetic amplification technique. Microbes and Infection / Institut 
Pasteur 92:200-203.  

2050                    Amira. M. Zakaria et al., Comparative pathogenicity, toxicity and pulse types of O157 and non -O157 Escherichia coli 

 



Ericsson, C.D., 2003. Travellers' diarrhoea. Int J Antimicrob Agents, 
21:116-124. 

Evelyn A., Dean-Nystrom, Angela R., Melton-Celsa, Joachim F.L., 
Pohlenz, Harley W., Moon, and Alison D., O’Brien. 2003.  
Comparative pathogenicity of Escherichia coli O157 and intimin-
negative non-O157 Shiga toxin-producing E coli strains in 
neonatal pigs. Infect Immun, 7111: 6526–6533.  

Fernandez G.C., Lopez M.F., Gomez S.A. et al. 2006. Relevance of 
neutrophils in the murine model of haemolytic uraemic syndrome: 
mechanisms involved in Shiga toxin type 2-induced neutrophilia. 
Clin Exp Immuno146:76–84. 

Fujii, J., Kita T., Yoshida S., Takeda T. H., Kobayashi N., Nakata, 
Ohsato K. and Mizuguchi Y. 1993. Direct evidence of neuron 
impairment by oral infection with verotoxin-producing 
Escherichia coli O157:H- in mitomycin- treated mice. Infect 
Immun 62:3447–3453. 

Gal-Mor O. and Finlay B.B. 2006. Pathogenicity islands: a molecular 
toolbox for bacterial virulence. Cell Microbiol 8:1707–19. 

Guide for the Care and Use of Laboratory Animals National Research 
Council, National Academy Press, Washington dc, 1996- page 46 
grantsnihgov/ grants/ OLAW/ guide_excerptdoc. 

Gyles, C.L. 1992. Escherichia coli cytotoxins and enterotoxins.                    
J Microbiol, 38: 734-46. 

Gunzer F. I., Hennig-Pauk K.H. Waldmann R, Sandhoff H. J., Grone 
H. H., Kreipe, A.,  Matussek and Mengel M. 2002. Gnotobiotic 
piglets develop thrombotic microangiopathy after oral infection 
with enterohemorrhagic Escherichia coli. Am J Clin Pathol 
118:364–375. 

Hassanain N.A. and Zaabal M.M. 2004. Some microbiological and 
genetical studies on subclinical mastitis in baladi goats with 
emphasis on gene marker. J Egyptian Veterinary Medical 
Association, 64: 235-245. 

Hesham M., Mahdy Mohamed A, Fareid, Moustafa E. and Negm. 
2010. Toxin of Enterotoxigenic E coli causing gastroenteritis in 
children. Journal of Applied Sciences Research, 66: 756-776, 
2010 INSInet Publication. 

Hoge, C.W., Gambel J.M., Srijan A., Pitarangsi C. and Echeverria P. 
1998. Trends in antibiotic resistance among diarrheal pathogens 
isolated in Thailand over 15 years. Clin Infect Dis, 26: 341-345. 

HoslerG.A.,CusumanoAM,HutchinsG.M.2003.Thromboticthrombocy
topenic purpura and hemolytic uremic syndrome are distinct 
pathologic entities. A review of 56 autopsy cases Arch Pathol Lab 
Med 127: 834–839.  

Iman K.B., Emad A.A., Entsar A.A., and Rania S.L. 2010. 
Enteropathogenic Escherichia coli Associated with Diarrhea in 
Children in Cairo, Egypt. J. Scientific World. 11: 2613–2619 

Kang, H.Y., Jeong Y.S., Oh, J.Y., Tae, S.H., Choi C.H., Moon D.C., 
Lee, W.K., Y.C., Soel, S.Y., and Cho D.T. 2005. Characterization 
of antimicrobial  resistance and class I integrons found in E coli  
isolates from human and animals in Korea. J Antimicro 
Chemother 55:639-644. 

Lillic, R.D. and Fullmen, H.M. 1976. Histopathologic technique and 
paractical histochemistry. Mceraw-Hill Book Coppany A 
Blakiston publication New York, St Louis, Sanfraneisco and 
London. 

Melton-Celsa, A.R., Kokai-Kun H.F., and O’Brien A.D. 2002. Al two 
amino acids of the A2 peptide in the context of the appropriate B 
pentamer. Mol  Microbiol 43:207–215. 

Melton-Celsa, A.R., Darnell S.C., and O’Brien A.D. 1996. Activation 
of Shiga-like toxins by mouse and human intestinal mucus 
correlates with virulence of enterohemorrhagic Escherichia coli 
O91:H21 isolates in orally infected, streptomycin-treated mice. 
Infect Immun 64:1569–1576. 

Mubita C., M. Syakalima C., Chisenga M., Munyeme and Bwalya M. 
et al. 2008. Antibiograms of faecal Escherichia coli and 
Enterococci species isolated from pastoralist cattle in the interface 
areas of the Kafue basin in Zambia-short communication. 
Veterinarski Arhiv, 78: 179-185.   

Ochoa, T.J. and Cleary T.G., 2003. Epidemiology and spectrum of 
disease of Escherichia coli O157. Curr Opin Infect Dis,                  
16:259-263 

Okeke, I.N., Lamikanra A., Steinrck H. and Kaper J.B., 2000. 
Characterization of Escherichia coli strains from cases of 
childhood diarrhea in provincial Southwest Nigeria. J Clin 
Microbiol, 38: 7-12. 

Paton J.C., and Paton. A.W. 2004. Pathogenesis and diagnosis of 
Shiga toxin-producing Escherichia coli infections. Clin Microbiol 
Rev 11:450–479 

Pradel N.K., Boukhors Y., Bertin C., Forestier C., Martin, and 
Livrelli V. 2001. Heterogeneity of Shiga toxin-producing 
Escherichia coli strains isolated from hemolytic-uremic syndrome 
patients, cattle, and food samples in central France. Appl Environ 
Microbiol 67:2460-2468. 

Putnam, S.D., Riddle M.S., Wierzba T.F., Pittner B.T. and Elyazeed 
R.A. et al, 2004. Antimicrobial susceptibility trends among 
Escherichia coli and Shigella spp isolated from rural Egyptian 
paediatric populations with diarrhoea between 1995 and 2000. 
Clin Microbiol Infect, 10: 804-810. 

Raife T., Friedman K.D., Fenwick B., Lepirudin J.A. and  Nephrol. 
2006. A Murine model of HUS 3413 lethal effects of Shiga toxin 
in a canine model. Thromb Haemost 92: 387–393. 

Ribot et al., 2006.  Foodborne pathogens and disease. 31:59-67. 
Ritchie J.M., Thorpe CM, Rogers AB, Waldor MK. 2003. Critical 

roles for stx2, eae, and tir in enterohemorrhagic Escherichia coli-
induced diarrhea and intestinal inflammation in infant rabbits. 
Infect Immun; 71:7129–39. 

Sandhu K.S., and Gyles C.L. 2002. Pathogenic Shiga toxin-producing  
Escherichia coli in the intestine of calves. Can J Vet Res                
66:65–72. 

Schmidt, H., Scheef J., S. Morabito, Caprioli A., Wieler LH, and 
Karch H. 2000. A new Shiga toxin 2 variant Stx2f from 
Escherichia coli isolated from pigeons. Appl Environ Microbiol 
66:1205–1208 

Shaheen, H.I., Khalil S.B., Rao M.R., Abu Elyazeed R and Wierzba 
TF et al, 2004. Phenotypic profiles of enterotoxigenic Escherichia 
coli associated with early childhood diarrhea in rural Egypt.                    
J Clin Microbiol, 42: 5588-5595. 

Shapiro, R.L, Kumar L., Phillips-Howard P., Wells J.G. and P. 
Adcock et al, 2001 Antimicrobial- resistant bacterial diarrhea in 
rural Western Kenya. J Infect Dis, 183: 1701-1704. 

Sheng, H., Davis M.A., Knecht H.J., and Hovde C. J. 2004. Rectal 
administration of Escherichia coli O157:H7: novel model for 
colonization of ruminants. Appl Environ Microbiol                        
70:4588–4595. 

Siegler R., Oakes R. 2005. Hemolytic uremic syndrome; 
pathogenesis, treatment, and outcome. Curr Opin Pediatr17:               
200–204. 

Tarr P.I., Gordon C.A. and Chandler W.L. 2005. Shiga-toxin-
producing Escherichia coli and haemolytic uraemic syndrome. 
Review Lancet; 365:1073–86. 

Teel, L.D., Schmitt C.K., Melton-Celsa A.R., and O’Brien A.D.  
2002. One of two copies of the gene for the activatable Shiga 
toxin type 2d in Escherichia coli O91:H21 strain B2F1 is 
associated with an inducible bacteriophage. Infect Immun 
70:4282–4291. 

Turner D., Porat N., Cohen D., Yavzori M., Fraser D., Peled N., 
Ohama O. and Dagan R. 1988. Antibiotic resistance pattern of 
enterotoxigenic E coli isolated from infants and young adults in 
Israel. Eur J Clin Microbiol Infect Dis, 17: 666-669. 

Wani, S.A.,  Bhat  M.A., Samanta I., Nishikawa Y., and Buchh, A.S. 
2003. Isolation and characterization of Shiga toxin-producing 
Escherichia coli STEC and enteropathogenic Escherichia coli 
EPEC from calves and lambs with diarrhoea in India. Lett Appl 
Microbiol 37, 121–126. 

 
 

 ******* 

2051        International Journal of Current Research, Vol. 5, Issue, 8, pp.2043-2051, August, 2013 
 


