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Abstract

Mice infected with STEC 026 (2.5x10® C.F.U/ml) to study the pathological changes in
intestine due to infection. The gross pathological changes in the small and large intestine
were characterized by variable degrees of hyperemia with engorgement semisolid stool was
present in the proximal half and fully formed feces in distal colon. The histopathological
changes were characterized by, intestine with all stages of sloughed, eroded and complete
necrosis of the villi also diffusion together, necrosis the epithelial cells lining the intestinal
glands, diffuse inflammation, and crypt abscesses. Moreover, increase in the goblet cells as
well as depletion at late stage. In conclusion, The experimental mice infection with STEC
026 induced a significant pathological changes in intestine.
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Introduction
Shiga toxin-producing E. coli (STEC) infection have been described in a wide range of
both domestic and wild animal species, but their natural pathogenic role has been
demonstrated only in young calves, pigs and dogs. The cattle being recognized as the major
reservoir for human infections (1, 2, 3). Human infection with STEC usually causes serious
diseases (3, 4), such as bloody diarrhea, hemolytic uremic syndrome, hemorrhagic colitis,
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thrombotic thrombocytopenic purpura, fever, vomiting, and possible death (5, 6, 7).
Patients who develop fever usually also develop HUS at some stage of HC, several
complications may arise from STEC range from inflammation of the gastrointestinal to
gangrene with peritonitis and sepsis, to rectal prolapse, coma, hemiplegia, pancreatitis and
seizures (8, 9). STEC serotypes 026 has prime importance in causing disease in humans
(10, 11). Also it has been isolated from calves and lambs with diarrhea (1, 12, 13). This
strain is a virulent to young calves (14). It has been linked to both human and animal illness
for more than 25 years (15, 16). It was accounted for the largest proportion of infections
among STEC (17, 18), and it was ranked among the top of STEC serogroups isolated from
individuals with sporadic illness reported to the CDC between 1983 and 2002 (19).
Interestingly, STEC 026 possesses many of the similar virulent factors as STEC 0157, but
it has possess additional ability to infect animals (20, 21, 22). O26 appears to survive in
bovine intestinal tract, rather than that other food animals (11). Serotype 026 has been
reported from healthy cattle and cattle, mainly calves, with diarrhea, also outbreak accured
in Canada in cattle with HC (23, 24), and in Spain (25). Outbreaks associated with 026 in
the U.S. have been linked to lake water (Minnesota, 2001), a daycare (Nevada, 2005 and
lowa, 2007), blueberries and strawberries (Massachusetts, 2006), raw milk (Washington,
2010), and ground beef (multistate outbreak, 2010) (26). In 1997, Japan (27). In 2000, an
outbreak in Germany (28). In 2007, in Denmark (29). On 2016, the CDC announced two
outbreak in multi-state of USA, the initial, larger outbreak was first detected in 11 state in
October 2015 with the outbreak strain STEC 026 were reported from ill people were
hospitalized, and in December, 2015, a second outbreak of strain of STEC 026 was
identified in other three states (30). Shiga toxins are involved in diarrhea by Killing
absorptive villus tips on epithelial cells, resulting in an imbalance in intestinal absorption
and secretion (8, 31). The bloody diarrhea is attributed to the role of stx on endothelial
cells, thrombotic microangiopathy, and the lesions on small blood vessels in the gut (32).

Materials and Methods

- Bacteria Preparation and Harvest: STEC 026 which taken from child suffering from
diarrhea, showed positive result in PCR analyses to the fallowing genes (wzxogs, Stx1,
stx2, eaeA and EHEC hlyA) which has previously isolated in Ph.D. dissertation
program. With a sterile wire-loop, some bacteria were streaked into a petri-dish
containing MacConkey agar. A colony from harvested and cultured on an EMB agar to
confirm that the colony was Escherichia coli. Tryptic soy broth (100 ml) to calculate
bacteria according to (33).

- Mice: one hundred seventy mice ranged from 8 to 12 weeks old which obtained from
the (Iragi Center for Cancer and Medical Genetics Research), fed clean boiled water and
laboratory chow ad libitum were used in this study. After 1 day of streptomycin
treatment mice (6mg/ml) according to Krystle and Alison, (2011), mice was starved
from 18 to 24 h from food then divided randomly into two groups: "infected group” (85
mice) which were inoculated orally with infectious dose of STEC 026 (2.5x10°
C.F.U/ml) and "control group" (85 mice) which were inoculated orally with phosphate
buffer saline. Blood samples were collected and sera were separated from the infected
mice (25 mice from each group) at 3, 14 and 21 days after induced infection and kept at
(-20 °C) for immunological tests. Skin test were done on (10) mice from each groups at
21 days post infection.
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Histopathological examination: Pathological effect in intestine at 3, 7, 14, 21, and 27
days. Specimens of intestine were taken from internal organs, the tissue were fixed in
10% buffer formaldehyde solution immediately after washing with normal slain. After
72 hrs of the fixation, the specimens were washed with tap water and then processing
was routinely done with a set of upgrading alcoholic concentration from 70% to
absolute 100% for 2 hrs in each concentration to remove water from the tissues, then
clearance was done by xylol, then the specimens were infiltrated with liquid paraffin
wax at 58-60°C on two stages, 2 hrs each; blocks of specimens were made with paraffin
wax and refrigerated finally they were sectioned by rotary microtome at 4-6 um. All
tissues were stained with either one of the following stains: Mayer’s Hematoxylin and
Eosin routine stain for identification (general features) and Masson's trichrome, Congo
red, Alcian blue (ph. 2.0) and PAS (periodic acid Schiff) according to (34). Then
histopathological changes were observed under light microscope.

Result
Grossly: The intestine of control mice showed proximal colon with fully formed pellets
feces. In contrast, infected mice, showed semisolid stool which was present in the
proximal part of colon, with pellets forming in in the distal part of colon only. And
cecum was appeared to be significantly engorged in infected mice. The infected mice
intestine at days 14 showed engorgement, enlarged, edematous colon. The small
intestine was normal grossly. Fig. (1).
Microscopically
Day 3: The duodenum of infected mice showed changes include truncated villi with
fusion; proliferation with infiltration of inflammatory cells in submucosa edematous
lamina propria. Fig. (2). The cecum from infected mice revealed infiltration of lamina
propria with inflammatory cells infiltration. Fig. (3). Moreover, increase in goblet cells
of the colon with inflammatory infiltrates; with bulging mucus droplets oriented
towards the lumen and thickening of the submucosa. Fig. (4).
Day 7: Histopathological section in the intestine of infected mice at day 7 post
infectious with STEC 026; duodenum revealed presence of truncated villi fused
together with complete necrosis of their lining epithelial cells; the villi were short and
the lamina propria was edematous with infiltration of inflammatory cell; Fig. (5). The
cecum from infected mice did not show a cellular components at the lamina propria;
Fig. (6). The colonic epithelial layer of infected mice were short, thin, and irregular, and
Goblet cells at epithelial cell with inflammatory exudate of and polymorphonuclear
leucocytes, RBCs, fibrin, and mucus erupting from a small ulcer in the colonic mucosa
this picture is compatible with pseudomembranous enterocolitis. Fig. (7).
Days 14: At days 14 the major of intestinal section showed similar pathological changes
as those seen in period (7 days); duodenum showed villus sloughing or ulceration,
eroded with crypt with abscesses and sloughing of its epithelial cells. Fig. (8). The
cecum showed erosive changes and depletion of goblet cells. Fig. (9). The colon
showed erosive changes of epithelia were noticed with sever hemorrhage. Fig. (10).
Day 21 and 28: Cecum at day 21 showed epithelial layer erosive with regenerative
epithelial. Fig. (11). Colon at same period of post infection showed regenerative process
of epithelial layer with a mild inflammatory cells infiltration and submucosal
thickening. Fig. (12).
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Fig. (1) Macroscopic changes in the intestines of mice, at days 3, 7 and 14. (A) The intestine of
control mice showed proximal colon with fully formed pellets feces In contrast, infected mice,
showed semisolid stool which was present in the proximal part of colon, with pellets forming
in in the distal part of colon only. And cecum was appeared to be significantly engorged in
infected mice (B). The infected mice intestine at days 14 showed engorgement, enlarged,
edematous colon(C).
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Fig. (2) Histopathological section in duodenum of infected mouse at day 3 showed
inflammatory infiltration within villi (arrow) with fusion and edema in the lamina
propria (arrowhead) (A) H and E stain 100X (B) Alcian blue stain 200x.
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Fig. (3) Histopathological section in cecum of infected mouse at day 3 shows aggre

inflammatory cells (lymphoid tissue hyperplasia) and edema in the lamina (arrow) propria and sub
H and E stain 100X (B) Alcian blue stain 200x
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Fig. (4) Colon at day 3 with Alcian blue staining of goblet cell mucin revealed increased numbers of
goblet cells and ballooning in infected mice colon with bulging mucus droplets oriented towards the
lumen (arrow) edematous submucosa and infiltration of inflammatory cells (arrowhead) (A)H and E
stain 100X(B)Alcian blue stain 200x.
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Fig. (5) Duodenum from infected mice at day 7 shows villi fused together (atrophy of epithelial cell)
with complete necrosis of lining epithelial cells (arrow) and with increased in the numbers of intestinal
inflame cells and congestion of blood vessel (arrowhead) within lamina propria with crypt abscesses
(point). (A)H&E stain 100X (B) Masson's Trichrome stain 200X.
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Fig. (6) The cecum from infected mice at day 7 showed absence of cellular components were at
tf[le_ Ia;rcl)g;% propria of cecal epithelia (arrow). (A) H and E stain 100X (B) Masson's Trichrome
stain .
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Fig. (7) Colon at day 7; Acute inflammatory exudate of polymorphonuclear leucocytes, RBCs,
fibrin, and mucus (arrow) eruptinP from a small ulcer in the colonic mucosa of infected mice
at day 7, This picture is compatible with pseudomembranous enterocolitis (arrowhead).(A)H
and E stain 100X(B) Masson's Trichrome stain 200X.
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Fig. (8) Duodenum of infected mice at day 14 showing some villi which appeared eroded with s_Iou%hing
of its epithelial cells (arrow) with infiltration of mononuclear (lymphoid hyperplasia) cells with blood
vessels congestion (arrowhead). (A) H and E stain 100X (B) Masson's Trichrome stain 200X.
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Fig. (9) Cecum from infected mice at day 14 showing few Alcian blue-positive goblet cells
(depletion) at intestinal epithelial (arrow) with inflammatory cell infiltration (arrowhead). (A)
Alcian blue stain 100X (B) H and E stain 200X.
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Fig. (10) Erosive changes of colonic epithelia were noticed in the infected mice at day 14 with

sever hemorrhage (arrow) (A) H and E stain 100X (B) Masson's Trichrome stain 200X.
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Fig. (11) Cecum of infected mice at day 21 showed epithelial layer erosive (arrow) with
regenerative epithelial (arrowhead) (A) H and E stain 100X (B) Masson's Trichrome stain
200X.
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Fig. (12) Colon at day 21 of infected mice showed regenerative process of epithelial
layer (arrow) with a mild inflammatory cells infiltration and submucosal thickening
(arrowhead).(A) H and E stain 200X (B) Masson's Trichrome stain 400X.

Discussion

Infected mice intestine showed all stages of sloughing, erosion and complete necrosis
of the villi also fusion of some villi together, necrosis of epithelial cells lining the intestinal
glands, wide spread inflammation, including inflammatory cells infiltration and
proliferation in lamina propria and crypt abscesses. Moreover, increased in the goblet cells
as well as depletion it, were in agreement with (35, 36, 37, 38). These lesions may be
attributed to the fact that the isolates of STEC 026 produced several factors which
contribute to their virulence; Shiga like toxin 1, 2 and several proteins encoded in locus of
enterocyte effacement pathogenicity mainly endothelial cells lining the blood vessels
leading to vascular damage and haemorrhage (39, 40). These observation agreed with (41)
who reported that A/E pathogens induced cellular damage characterized by cellular
necrosis, disruption of the epithelium and occasionally bleeding, in addition it may be due
to occlusion of vascular sinusoids by thrombus and inflammatory cells. (39), mentioned
that after STEC colonization in intestine, the stx enter the circulation and transferred to
blood vessels endothelial cells and that lead to damage with fibrin deposition, stx also
causing direct damage to other tissues. (41), mention that the vascular damage by stx may
allow to lipopolysacharride and other inflammatory mediators to gain access for circulation
and initiating inflammation (42). In addition (43) reported that intravenous injection of
(Stx1) in rabbits causes lesions in the intestine (cecum). Also (44), found that severe lesions
in the duodenum, manifested by large amount of fibrin necrotic debris, sloughed epithelial
cells. Goblet cells hyperplasia as intestinal epithelial response to the process of
inflammation induced by STEC O26 infection, goblet cell hyperplasia and hypertrophy act
as a defense trial from the body against the microorganism invasion and its toxin
production. That the overproduction of mucins are commonly associated with inflammation
of intestine infected with bacterial also it play role to prevent the bacterial attachment (45,
46, 47). goblet cells hyperplasia shown in other case of injury (48, 49, 50), which leading
scientists to propose that this response make goblet cell secreted mucin to form a viscous
gel like that catch microorganisms or irritants to the epithelia that prevents their access to
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the epithelium (51). At the late stage of infection goblet cell depleted may be due to loss of
crypts and surface epithelium; these finding were in agreement with (52, 53). These
changes are happened with the intestinal inflammation which seen in humans with EPEC
(8). This study showed that a single intragastric inoculation of STEC 026 could induce
duodenitis, typhlitis and colitis in mice. This may be important ecologically since some
foods or drinks such as cow-related products are exposed to contamination with STEC
026. Our results suggested that ingestion of foods or drinks contaminated with an increased
number of STEC 026 may produce harmful effects on intestine.

Reference

1. Caprioli, A.; Morabito, S.; Brugere, H. & Oswald, E. (2005). Enterohaemorrhagic
Escherichia coli: emerging issues on virulence and modes of transmission. Vet.
Res., 36(3): 289-311.

2. Beutin, L. (2006). Comparative evaluation of the Ridascreen® Vero- toxin enzyme
immunoassay for detection of Shiga-toxin producing strains of Escherichia coli
(STEC) from food and other sources. J. Appl. Micro., 102: 630-639.

3. Wang, H. (2015). Determining the Fate of NON-O157 Shiga Toxin-Producing
Escherichia Coli in Dairy Compost during Storage using the Optimized
Detection Method. Theses, .Clemson University.

4. Stromberg, Z. R. (2015). Detection Methods and Intestinal Adherence of non-O157
Shiga Toxin-Producing Escherichia coli. Dissertations in Vet. and Bio. Sci.,
Lincoln, Nebraska.

5. Mathusa, E. C.; Chen, Y. H.; Enache, E. & Hontz, L. (2010). Non-O157 Shiga Toxin-
Producing Es- cherichia coli in Foods. J. Food Prot., 73(9):1721-1736.

6. Etcheverria, A. I. & Padola, N. L. (2013). Shiga toxin-producing Escherichia coli:
factors involved in virulence and cattle colonization. Virulence, 4: 366-372.

7. Croxen, M. A.; Law, R. J.; Scholz, R.; Keeney, K. M.; Slodarska, M. & Finlay, B. B.
(2013). Recent advances in understanding enteric pathogenic Escherichia coli.
Clin. Microbiol. Rev., 26: 822-880.

8. Nataro, J. P. & Kaper, J. B. (1998). Diarrheagenic Escherichia coli. Clin. Microbiol.
Rev., 11:142-201.

9. Cleary, J,; Lai, L. C.; Shaw, R. K.; Straatman-lwanowska, A.; Donnenberg, M. |. S;
Frankel, G. & Knutton, S. (2004). Enteropathogenic Escherichia coli (EPEC)
adhesion to intestinal epithelial cells: role of bundle-forming pili (BFP), EspA
filaments and intimin. Microbial., 150: 527-538.

10. Tozzi, A. E.; Caprioli, A.; Minelli, F.; Gianviti, A.; De Petris, L.; Edefonti, A.;
Montini, G.; Ferretti, A.; De Palo, T.; Gaido, M. & Rizzoni, G. (2003). Shiga
toxin-producing Escherichia coli infections associated with hemolytic uremic
syndrome, Italy, 1988-2000, Emerg. Infect. Dis., 9: 106-108.

11. Bettelheim, K. A. (2007). The non-O157 Shiga-toxigenic (Verocytotoxigenic)
Escherichia coli; under- rated pathogens. Critical Reviews in Microb., 33(1):
67-87.

12. De, L.; Garcia, S.; Orden, J. A.; Ruiz-quiteria, J. A.; Diez, R. & Cid, D. (2002).
Prevalence and characteristics of attaching and effacing strains of Escherichia
coli isolated from diarrheic and healthy sheep and goats. Am. J. Vet. Res., 63:
262-266.

65


http://tigerprints.clemson.edu/do/search/?q=author_lname%3A%22Wang%22%20author_fname%3A%22Hongye%22&start=0&context=4572410

Al-Anbar J. Vet. Sci., Vol.: 9 No. (1), 2016 ISSN: 1999-6527

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Blanco, M.; Blanco, J. E.; Mora, A.; Rey, J.; Alonso, J. M.; Hermosa, M.; Hermosa, J.;
Alonso, M. P.; Dahbi, G.; Gonzalez, E. A.; Bernardez, M. I. & Blanco, J.
(2003). Serotypes, virulence genes, and intimin types of Shiga toxin
(verotoxin)-producing Escherichia coli isolates from healthy sheep in Spain. J.
Clin. Micro., 41:1351-1356.

Wieler, L. H.; Schwanitz, A.; Vieler, E.; Busse, B.; Steinruck, H.; Kaper, J. B. and
Bauer, G. (1998): Virulence properties of shiga toxin-producing Escherichia
coli (STEC) strains of serogroup 0118, a major group of STEC pathogens in
calves. J. Clin. Microbiol. 36, 1604-1607.

Bettelheim, K. A. (2003). Non-O157 verotoxin-producing Escherichia coli: a problem,
paradox, and paradigm. Exper. Bio. Med., 228(4): 333-344.

Valadez, A. M. (2010). Development of a multiplex polymerase chain reaction assay
for the detection of Escherichia coli serogroups 0103, 091, 0113, 0145,
0111, 0157, and O26 in beef carcass swabs, beef trim, and ground beef. M.S.
Thesis. The Pennsylvania State University, University Park, PA, USA.

Stigi, K. A.; MacDonald, J. K.; Tellez-Marfin, A. A. & Lofy, K. H. (2012). Laboratory
practices and incidence of non-O157 Shiga toxin-producing Escherichia coli
infections. Emerg. Infect. Dis., 18: 477-479.

Gould, L. H.; Mody, R. K.; Ong, K. L.; Clogher, P.; Cronquist, A. B.; Garman, K. N.;
Lathrop, S.; Medus, C.; Spina, N. L.; Webb, T. H.; White, P. L.; Wymore, K.;
Gierke, R. E.; Mahon, B. E. & Griffin, P. M. (2013). Emerging Infections
Program FoodNet Working Group. 2013. Increased recognition of non-O157
Shiga toxin—producing Escherichia coli infections in the United States during
2000-2010: Epidemiological features and comparison with E. coli 0157
infections. Foodborne Pathog. Dis., 10: 453-460.

Brooks, J. T.; Sowers, E. G.; Wells, J. G.; Greene, K. D.; Griffin, P. M.; Hoekstra, R.
M. & Strockbine, N. A. (2005). Non-O157 Shiga toxin-producing Escherichia
coli infections in the United States, 1983-2002. J. Infect. Dis., 92: 1422-1429.

Campellone, K. G. & Leong, J. M. (2003). Tails of two Tirs: actin pedestal formation
by enteropathogenic E. coli and enterohaemorrhagic E. coli O157:H7. Curr.
Opin. Microbiol., 6: 82-90.

Caron, E.; Crepin, V. F.; Simpson, N.; Garmendia, J. & Frankel, G. (2006). Subversion
of actin dynamics by EPEC and EHEC. Curr. Opin. Microbiol., 9: 40-45.
Jenkins, C.; Evans, J.; Chart, H.; Willshaw, G. & Frankel, G. (2008). Escherichia coli

serogroup O26-a new look at an old adversary. J. Appl. Microbiol., 104:14-25.

Rahn, K.; Renwick, S. A.; Johnson, R. P.; Wilson, J. B.; Clarke, R. C.; Alves, D
McEwen, S. A.; Lior, H. & Spika, J. (1998). Follow-up study of
verocytotoxigenic Escherichia coli infection in dairy farm families. J. Infect.
Dis., 177: 1139-1140.

Leomil, L.; de Castro, A.; Krause, G.; Schmidt, H. & Beutin, L. (2005).
Characterisation of two major groups of diarrheagenic Escherichia coli 026
strains which are globally spread in human patients and domestic animals of
differ- ent species. FEMS Microbiol. Lett., 249: 335-342.

Blanco, M.; Blanco, J. E.; Blanco, J.; Mora, A.; Prado, C. & Alonso, M. P. (1997).
Distribution and characterization of faecal verotoxin-producing Escherichia
coli (VTEC) isolated from healthy cattle. Vet. Micro., 54: 309-3109.

66



Al-Anbar J. Vet. Sci., Vol.: 9 No. (1), 2016 ISSN: 1999-6527

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

USDA - FSIS. (2011). Proposed Rules-Shiga Toxin-Producing Escherichia coli in
Certain Raw Beef Products. Food Safety and Inspection Service, USDA,
Department of Agriculture. Federal Register.

Hiruta, N.; Murase, T. & Okamura, N. (2001). An outbreak of diarrhoea due to
multiple antimicrobial resistant shiga- toxin-producing Escherichia coli
026:H11 in a nursery. Epidemiol Infect., 127: 221-227.

Weber, D.; Fruth, A.; Liesegang, A.; Littmanm, M.; Buchholz, U.; Prager, R.; Karch,
H.; Breuer, T.; Tschape, H. & Ammon, A. (2002). A multi- state outbreak of
shiga toxin-producing Escherichia coli 026:H11 infections in Germany,
detected by molecular subtyping surveillance. J. Infect. Dis., 186: 419-422.

Ethelberg, S.; Smith, B.; Torpdahl, M.; Lisby, M.; Boel, J.; Jensen, T.; Nielsen, E. M.
& Molbak, K. (2009). Outbreak of non-O157 Shiga toxin-producing
Escherichia coli infection from consumption of beef sausage. Clin. Infect. Dis.,
48(8): 78-81.

CDC. (2016). Multistate Outbreaks of Shiga toxin-producing Escherichia coli 026
Infections Linked to Chipotle Mexican Grill Restaurants. (Final Update).
http://www.cdc.gov/ecoli/2015/026-11-15. (Accessed March 21, 2016).

Kandel, G.; Donohue-Rolfe, A.; Mark, D. & Gerald, T. (1989). Pathogenesis of
Shigella diarrhea. XVI. Selective targetting of Shiga toxin to villus cells of
rabbit jejunum explains the effect of the toxin on intestinal electrolyte transport.
J. Clin. Invest., 84(5): 1509-1517.

Ray, P. E. & Liu, X. H. (2001). Pathogenesis of Shiga toxin-induced hemolytic uremic
syndrome. Pediatr. Nephrol., 16(10): 823-839.

Ogiehor, 1. S. & lkenebomeh, M. J. (2006). The Effects of Different Packaging
Materials on the Shelf Stability of Garri. Afr. J. Biotech., 523: 2412-2416.

Suvarna, S.; Layton, C. & Bancroft, J. (2013). Bancroft’s Theory and Practice of
Histological Techniques. 7" ed.

Sandhu, K. S. & Gyles, C. L. (2002). Pathogenic shiga- toxin producing Escherichia
coli in the intestine of calves. Can. J. Vet. Res., 66(2): 65-72.

Horii, T. & Kobayashi, M. (2002). Histopathologic Characterization of Acute Gastritis
and Duodenitis Induced by Inoculation of Escherichia coli O157 in Mice.
Microbial Ecology in Health and Dis., 14: 247-251.

Savkovic, S. D.; Villanueva, J.; Turner, J. R.; Matkowskyj, K. A. & Hecht, G. (2005)
Mouse Model of Enteropathogenic Escherichia coli Infection, Infect. Immun.,
73(2): 1161-1170.

Karch, H.; Tarr, P. & Bielaszewska, M. (2005). Enterohaemorrhagic Escherichia coli
in human medicine. Inter. J. Med. Microbiol., 295 (6-7): 405-418.

Baker, D. R.; Moxley, R. A.; Steele, M. B.; LeJeune, J. T.; Christopher-Hennings, J.;
Chen, D.-G. & Francis, D. H. (2007). Differences in Virulence among
Escherichia coli O157:H7 Strains isolated from Humans during disease
outbreaks and from healthy Cattle. Appl. Enviro. Microbio., 73(22): 7338-7346.

Zotta, E.; Lago, N.; Ochoa F.; Repetto, H. A. & Ibarra, C. (2008). Development an
experimantal hemolytic uremic syndrom in rats. Pediater. Nephrol., 23(4): 559-
567.

Zhou, X.; Giron, J. A.; Torres, A. G.; Crawford, J. A.; Negrete, E.; Vogel, S. N. &
Kaper, J. B. (2003). Flagellin of enteropathogenic E. coli stimulates interleukin-
8 production in T84 cells. Infect. Immun., 71: 2120-2129.

67


http://www.ncbi.nlm.nih.gov/pubmed/?term=Tsch%C3%A4pe%20H%5BAuthor%5D&cauthor=true&cauthor_uid=12134240
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ammon%20A%5BAuthor%5D&cauthor=true&cauthor_uid=12134240

Al-Anbar J. Vet. Sci., Vol.: 9 No. (1), 2016 ISSN: 1999-6527

42

43

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

Boyee, T. G.; Griffin, P. M. & Swerdlow, D. L. (1995). Escherichia coli O157:H7 and
hemolytic uremic syndrome. New Eng. J. Med., 333(6): 364-368.

Gracia, A.; Bosques, C.; Wish- nok, J. S.; Feng, Y.; Karal- ius, B. J.; Butterton, J. R,;
Schauer, D. B.; Rogers, A. B. & Fox, J. G. (2006). Renal injury is a consistent
finding in dutch belted rab-bits experimentally infected with enterohemorrhagic
Escherichia coli. J. Infect. Dis., 193(8): 1125-1134.

Richardson, S. E.; Rotman, T. A.; Jay, V.; Smith, C. R.; Becker, L. E.; Petric, M.;
Olivieri, N. F. & Karmali, M. A. (1992). Experimental verocytotoxemia in
rabbits. Infect. Immun., 60: 4154-4167.

Swennes, A. G.; Ellen, M.; Nicola, M. A.; Carolyn, M.; Garcia, B.; Keith, M. & James,
G. (2012). A Enzootic Enteropathogenic Escherichia coli Infection in
Laboratory Rabbits. J. Clin. Microbial., 50(7): 2353- 2358.

Smirnova, M. G.; Guo, L.; Birchall, J. P. & Pearson, J. P. (2003). LPS up-regulates
mucin and cytokine mRNA expression and stimulates mucin and cytokine
secretion in goblet cells. Cell. Immunol., 221: 42-49.

Tenaillon, O.; Skurnik, D.; Picard, B. & Denamur, E. (2010). The population genetics
of commensal Escherichia coli. Nat. Rev. Microbiol., 8: 207-217.

Birchenough, G. M.; Johansson, M. E.; Gustafsson, J. K.; Bergstrom, J. H. & Hansson,
G. C. (2015). New developments in goblet cell mucus secretion and function.
Mucosal. Immunol., 8:712-719.

Ciacci, C., Di Vizio, D.; Seth, R.; Insabato, G.; Mazzacca, G.; Podolsky, D. K. &
Mahida. Y. R. (2002). Selective reduction of intestinal trefoil factor in untreated
coeliac disease. Clin. Exp. Immunol., 130:526-531.

Conour, J. E.; Ganessunker, Tappenden, K. A.; Donovan, S. M. & Gaskins, H. R.
(2002). Acidomucin goblet cell expansion induced by parenteral nutrition in the
small intestine of piglets. Am. J. Physiol., 283: 1185-1196.

Toward, T. J. & Broadley, K. J. (2002). Goblet cell hyperplasia, airway function, and
leukocyte infiltration after chronic lipopolysaccharide exposure in conscious
Guinea pigs: effects of rolipram and dexamethasone. J. Phar- macol. EXxp.
Ther., 302: 814-821.

Renes, I. B.; Verburg, M.; Van Nispen, D. J.; Buller, H. A.; Dekker, J. & Einerhand, A.
W. (2002). Distinct epithelial responses in experimental colitis: impli- cations
for ion uptake and mucosal protection. Am. J. Physiol., 283: 169-179.

Renes, I. B.; Boshuizen, J. A.; Van Nispen, D. J.; Bulsing, N. P.; Buller, H. A;
Dekker, J. & Einerhand, A. W. (2002). Alterations in Muc2 biosynthesis and
secretion during dextran sulfate sodium-induced colitis. Am. J. Physiol., 282:
382-389.

68



