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ABSTRACT

The present study aims to isolate and identify Escherichia coli from fecal samples of farm
animals and human, also, it aims to molecular detection of shigatoxin and intimin genes in
isolates. A total of (264) fecal samples and swabs were collected from different parts of Basrah
in the period extending from September 2018 to January 2019. These samples were composed of
(85) samples from cows, (94) samples from humanand (85) samples from sheep. Different
techniques were used in this study to detect the presence of E. coli; these techniques included
conventional microbiological assays and molecular techniques (amplification of uid4 gene by

using polymerase chain reaction).

The results of these techniques indicated 50 (18.9%) were E. coli from the tested samples.
These isolates were subjected to PCR to detect Shiga toxins and intimin genes (stx/, stx2, and
eaeA). The results of PCR confirmed all (50) isolates were harbor at least one virulence gene.
Out of 50 isolates 20 (40%) carried stx2 gene alone, the percentages of the carrier were (66.7 %,
41.7% and 23.5%) from human, sheep and cattle samples, respectively. The genes (stx/ and
stx2) were detected together in 9/50 (18%), represent (52.9%) of cattle isolates. The intimin gene
(eaeA) alone was detected in 2/50 (4%), represent (11.8%) of cattle isolates. (28%) of isolates
harbor (stx2 and eaeA) genes, the isolates belong to human and sheep isolates (33.3%) and
(45.8%), respectively.  Presence of the genes (stx/, stx2, and eaed) were discovered in (10%)

of isolates, (11.8%) of cattle and (12.5%) of sheep.
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The isolates were resistant to ampicillin, tetracycline (92%, 74%), respectively. However, the
isolates were susceptible to imipenem, gentamycin, chloramphenicol, ciprofloxacin, and

cefotaxime with a ratio of 100%, 92%, 78%, 68%, and 58%, respectively.

INTRODUCTION

Escherichia coli is a Gram-negative, facultative anaerobe, non-sporulating rod within the
family Enterobacteriaceae. It can ferment different sugars, but lactose fermentation (with the

production of acid and gas) is a characteristic of the species (1).

Shiga toxin-producing E. coli (STEC) appears to be widespread in the gastrointestinal tracts of
wild and domestic animals and, not surprisingly, meat and other animal products are the
significant sources of human infections (2). STEC has emerged as a group of foodborne
pathogens that can cause severe human disease, such as hemolytic uremic syndrome (HUS) (3).
The STEC strains are characterized by their ability to produce either one or both of these
cytotoxins, referred to as Stx1 [first described as Shiga-like toxin I], Stx2 or [first described as

Shiga-like toxin II] (4).

The STEC strains were isolated from a variety of animals. However, cattle are considered the
main reservoir (5). Other studies have indicated that small domestic ruminants, including sheep
and goats, are also key reservoirs of STEC (6 and 7). Moreover (8), stated that, the STEC
remains a significant cause of foodborne- related disease in humans.

This study aimed to isolate and identify Escherichia coli form fecal samples and swabs from
Humans and domestic animals (cattle and sheep) also, molecular detection of E. coli isolates that

carrying gene (stx/, stx2, and eaeA).

MATERIALS AND METHODS

-Samples collection
The fecal samples and swabs were collected from different parts of Basrah province. A total of
264 fecal samples and swabs were collected from Cattle, Sheep, and Human in the period extending

from September 2018 to January 2019. Table (1)
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Table (1): Source, type, and numbers of samples

Types of sample
Source of samples No. of samples
Fecal sample Swabs
Cattle 80 5 85
Human 10 84 94
Sheep 75 10 85
Total 165 99 264

Microbiological techniques

Isolation and identification of bacteria

The samples were treated according to (9). Briefly, all the collected samples were transported
immediately to the laboratory of Veterinary college by using an icebox. In the laboratory, the
samples were inoculated in nutrient broth and incubate at 37°C for overnight. The preincubated
samples were subcultured on MacConkey’s agar (Micromedia / Iran) and again incubated at 37°
C for overnight. Next day 2—3 rose pink colonies randomly picked and were subcultured on to
EMB agar (Himedia / India) followed by overnight incubation at 37° C. The colonies which
observed as a metallic sheen, single colony were subject to Gram’s stain (10), oxidase test;
indole test and methyl red ( M.R) and voges — proskauer (V.P) Tests (11), and Citrate utilization
test using Simmons citrate agar (12).

Molecular techniques

The suspected isolates of E. coli by using conventional microbiological techniques were
submitted to conformation by amplification of uid4 gene by using PCR technique. Bacterial
DNA was extracted according to the manufacturer of bacterial extraction kit (Genaid, Korea).
The primers of uidA gene (housekeeping gene of E. coli) was designed by using online software
(GenScript Online PCR Primers Designs Tool), the sequence of E. coli from NCBI, the
accession No. (CU928164.2.)
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Table (2): Sequence of primer for designed uidA with their manufacture

: Pri 5 3 P t
Primers rimer sequences (5— 3) Length Sirzoeduc Source | Manufacturer
F: 5°- CGTTGAACTGCGTGATGCGG -3" | 20 This Bioneer /
203 bp tud K
uid A R: 5°- ACTGTTCGCCCTTCACTGCC-3" |20 study orea

The reaction mixture of PCR was prepared in a total volume of 50ul for uid4 gene. 25ul of

Green master mix (Promega / USA), 2ul of each oligonucleotide primer, 10ul of DNA template

and 11pl of Nuclease-free water.

Table (3): Amplification conditions of the ds.uid A gene.

Stage Step Temperature Time | No. of cycle
I Initial denaturation 94°C 3min. |1
Denaturation 94°C 1 min.
I Annealing 56°C 40 sec.
Extension 72°C 1 min. 3
I Final extension 72°C 3min. |1

-Antimicrobial Susceptibility Test

The confirmed isolates of E. coli were subjected to antimicrobial susceptibility test. This test

was done according to the method of (13). The antibiotic disks were from (Bioanalyse/ Turkey),

including Ampicillin (10pg), Cefotaxime (30 pg), Chloramphenicol (30 pg), Ciprofloxacin (5

ng) Gentamycin (10 pg), Imipenem (10 pg) and Tetracycline (10 pg).

-Molecular detection of Shiga toxins (stx/ and s£c2) and intimin (eae A) genes
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Oligonucleotide primers for PCR amplification:

Primers used for detection of virulence genes (stx/,stx2, and eae A) in E. coli isolated from

fecal samples of farm animals and human were adopted from (14), Table (4).

Table (4): Sequences of primers for stx, stx2 and eae A genes

Primer sequences (5 — 3) Product

Primers Length size Source = Manufacturer
F: 5'- AAATCGCCATTCGTTGACTACTTCT- 25
3”
stxl 366 bp
R:5'"- 25 (14)
TGCCATTCTGGCAACTCGCGATGCA-3" Momtaz
F: 5-CGATCGTCACTCACTGGTTTCATCA - .
3 25 etal, Bioneer /
Stx2 2012 Korea
R: 5-GGATATTCTCCCCACTCTGACACC - 24 282bp
3”
eae A F: 5'-TGCGGCACAACAGGCGGCGA-3" 20
R:5'-CGGTCGCCGCACCAGGATTC -3" 20 629 bp

The Amplification conditions

Amplification conditions of the genes (stx/ and stx2) were optimized and illustrated in the table

(5). However, the optimized amplification conditions of eae 4 gene listed in the table (6).

Table (5): Optimized amplification conditions for stx/and stx2 genes

Stage | Step Temperature | Time | No. of cycle
I Initial denaturation 94°C 3min. |1
Denaturation 94°C 30 sec.
I Annealing 56°C 45 sec.
Extension 72°C 1 min. o
III Final extension 72°C S5min. |1
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Table (6): Optimized amplification conditions for eae 4 gene

Stage | Step Temperature | Time | No. of cycle
I Initial denaturation 94°C 3min. |1
Denaturation 94°C 1 min
I Annealing 57°C 45 sec.
Extension 72°C 1 min. o
I Final extension 72°C 3min. |1
RESULTS

The total number of collected samples was 264; the samples included fecal samples and swabs
from farm animals (cows, sheep) and human. The isolation rate of E. coli identified by using
conventional microbiological and molecular techniques, as shows in Table (7). The suspected
isolates were confirmed as E. coli via detection of. uid A gene by using the PCR technique, the
size of product 203 bps, Figure (1). Of 264 samples 53 (20%) were identified by using
conventional biochemical tests, however, of 53 suspected isolates 50 (94%) were confirmed as
E. coli.

Table (7): Number of E. coli isolates which Identified by using conventional microbiological and
molecular techniques.

R Confirmed isolates by using
Source of Total i g Molecular detection ds. uidA
techniques
samples No.
No. % No. %
Cattle 85 17 20 17 20
Human 94 10 10.6 9 9.6
Sheep 85 26 30.6 24 28.2
Total 264 53 20 50 18.9
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4 3 2

..... 203 bp
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Figure (1): Electropherogram of uidA4 amplification products.
The mixture was run on1.5% agarose gel, stained with ethidium bromide. M: marker, and ds.
uidA product size (203 bp).

Note: The sample in well No. 1 was negative control, and (2-11) were positive samples.

Antimicrobial susceptibility testing

The E. coli isolates were subjected to seven antimicrobials as in a table (8).
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Table (8): Antibiogram of 7 antimicrobials were tested against (50 isolates) of
Escherichia coli.

Total

Antimicrobial Cattle Humans Sheep

NO| % |NO| % | NO | %
susceptibility

R|I|S|R|I|S|[R|TI| S

Ampicillin (AM) 15102 (9(0|0|22(2]| 0|46 92| 2 |4 | 2 4
Cefotaxime (CTX) 6 |1]10|6 |1 |26 |1|18 | 18 36| 3 [6 | 29 | 58
Chloramphenicol (C) | 5 0|12 |2 (0|7 |4 [0]20 | 11 |22 O |O | 39 | 78
Ciprofloxacin (CIP) 6 1219101095 |3|16] 11 |22 5 [10]| 34 | 68
Gentamycin (Gn) 310[(14]10(0(9]1 |0] 23] 4 |38 0 [0 | 46 | 92
Imipenem (IMP) 0|10[16|/0|0|9]0|0|25] 0 |O| O | O] 50100
Tetracycline (TE) 1313 (711|173 4 |37 |74 5 |10]| 8 16

The isolates were resistant to ampicillin, tetracycline, cefotaxime, chloramphenicol, and
ciprofloxacin in percentage (92%, 74%, 36%, 22%, and 22%), respectively. Whereas the isolates
were susceptible to imipenem, gentamycin, chloramphenicol, ciprofloxacin, and cefotaxime with

a ratio of 100%, 92%, 78%, 68%, and 58%, respectively, Table (8).

Molecular detection of stx1, stx2 and eaeA genes

All isolates of E. coli were submitted to molecular detection of genes (stx/, stx2, and eaed) by

using primers. Table (10), figures (2) and (3).
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Table (10): Distribution of stx/, stx2 and eaeAd genes in E. coli isolates from different sources

Samples only only stx1 only eaeA & eaeA & eaeA,
source stxl stx2 & stx2 eae A stxl stx2 stxl &
stx2
No|% [No| % |[No| % |[No| % | No | % [ No| % |No| %
Cattle 0 | 0|4 (2359 |529| 2 |118| O 0 0 0 2 | 11.8
Human 0 | 0|6 667 0 0 0 0 0 0 3 13330 0
Sheep 0 | 0 (10 (417 0 0 0 0 0 0 11 | 458 | 3 | 125
Total 0 | 0|20 40 9 18 | 2 4 0 0 14 | 28 5 10

The total isolates which confirmed as E. coli were subjected to PCR detection of genes stx/,
stx2 and eaeA. Out of 50 isolates 20 (40%) carried szx2 gene alone, the percentages of the carrier
were (66.7 %, 41.7 and 23.5) from human, sheep and cattle samples, respectively. The genes
(stx! and stx2) were detected together in 9/50 (18%) only in cattle samples 9/17 (52.9%). The
intimin gene (eaed) alone was detected in 2/50 (4%), the gene found in cattle isolates
2/17(11.8%). Of 50 isolates 14 (28%) were found as a carrier of (stx2 and eaeA) genes, the
isolates belong to human and sheep isolates, 3/9(33.3%) and 11/24 (45.8%), respectively.
Presence of the three genes (stx/, stx2, and eaed) were discovered in 5/50 (10%) isolates,

composed of 2/17 (11.8%) and 3/24 (12.5%) in cattle and sheep isolates respectively.

Figure (2): Electropherograms of Shiga toxin (stx/ and stx2) genes amplification

The mixture was run on 1.5% agarose gel stained with ethidium bromide. Lanes: M, Marker. 1,2

and 4 have both [stx1(366 bp) and stx2 (282 bp) genes] while 3,5,6and 7 has the only stx2 gene.
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Figure (3): Electropherograms of Amplification of eaeA.

The mixture was run on 1.5% agarose gel stained with ethidium bromide. Lanes: M, Marker, 3-5

have eaed (629 bp) genes, while 1,2 were negative control.

DISCUSSION

Escherichia coli is a part of healthy enteric microbiota in humans and different animals. The
characteristics of phenotypic and genotypic allow the identification of E. coli infective strains or
pathovars (15). A source of human infection for some diarrheagenic E. coli group (DEC) strains
are animal feces, particularly those capable of producing Shiga-like toxin which have been
termed as Shiga toxin-producing E. coli (STEC) and especially EHEC which constitute the

frequent cause of severe hemorrhagic colitis (HC) and hemolytic-uremic syndrome (HUS) (16).
Isolation rates of E. coli

The conventional microbiological methods used for E. coli detection relies on the enrichment
of the sample on nutrient broth, then differentiating on MacConkey agar followed by culturing on
selective media Eosin methylene blue and submitting to biochemical confirmation and molecular

method according to (9).

The net isolation rate E. coli from total number of samples was (18.9%). The isolation rate of E.
coli of human samples was 9.6 %. This result was lower than that, reported by ('17), who found

E. coli in (21.4%) of stool culture. The isolation rate of E. coli from cattle in this study was
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20%), this rate was higher than (10.9%) which reported by (18) in Basrah province. On the other
g

hand, the isolation rate of E. coli from sheep was (28.2%).
Antimicrobial susceptibility

Antimicrobial agents have primarily been used to cure infectious diseases caused by bacteria.
The use of antibiotics is a significant risk factor for extension of resistance to these agents (19).
Multidrug resistance in Escherichia coli has become a worrying issue that is increasingly

observed in human but also in veterinary medicine worldwide (20).

By using the disc diffusion method, 50 isolates of Escherichia coli were submitted to
antimicrobial susceptibility test toward 7 antimicrobial agents. The results of the current study
clarified that E. coli isolate resistant to Ampicillin (92%), and 100% susceptible to imipenem.
Table (8), these results are in agreement with (21) who found that the resistance to ampicillin was
100% and all of E. coli isolates were susceptible to imipenem. The reported susceptibility to
gentamycin in this study was 92 %; this result is higher than 66.9% recording by (22). From the
obtained result, the rate of resistance to tetracycline was 74%; this result is lower than 84.76%
reported by (23) and the rate of resistance for chloramphenicol in this study was 22 %, this result
is lower than 33.3%, found by (24). Furthermore, in this study, the resistance against cefotaxime
and ciprofloxacin were found (36%, 22%) respectively. These results are similar to (22), who
found that the resistance against Cefotaxime and ciprofloxacin were (36.6% and 18.3%),

respectively.

The slight differences in resistance may result from the source of isolates; also, the reason
behind continuous increasing in resistance to these antibiotics may attribute to over usage of these
antibiotics. Consuming antibiotics without prescription has been assumed as one of the causes of
reducing bacterial sensitivity to the antibiotics (25), moreover, in Iraq, antibiotics can be easily
obtained without a prescription. All of the previous reasons might be responsible for such a high

prevalence of resistance.

Molecular detection of stx1, stx2, and eaeA genes
Shiga toxin-producing Escherichia coli (STEC) are globally known pathogens that cause
diarrhea, hemolytic uremic syndrome (HUS) and hemorrhagic colitis (HC) in humans. STEC are

predominately shed within the feces of healthy meat-producing animal species and aren't
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considered to be pathogens of ruminant species except once infections occur in young (pre-

weaned) animals (26).

For 50 E. coli, isolates were submitted to PCR targeting the characteristics of virulence genes
(stx1, stx2, and eaed). All isolates were potentially pathogen hence harbor at least one specific
virulence trait. This study revealed that the detection rate of stx2 gene in cattle was 23.5%. This
result is lower than 35% who found by (27), while the percentage of stx2 gene in human was
66.7 %, this result was higher than 24% reported by (28). Moreover, the s#x2 ratio in sheep was
41.7%; this result was much higher than 14% found by (29), Table (10). Furthermore, stx/, no
isolates have harbored this gene alone, this result is in agreement with (30), who has not detected
the gene (stx/) in a study in the USA.

For both stx/ and stx2 genes were detected together (52.9%) only in cattle. This result was
similar to ( 27), who noted that stx/ plus stx2 genes were harbored by 45.8%. Some studies have
suggested that strains which possessing only stx2 are potentially more virulent than strains
harboring s#x/ or even strains carrying both stx/ and stx2 (31). Moreover, in mouse models¢ Stx2
is 100 times more potent than Stx/ (32).

Regarding eaeA gene, it was detected in 4 % of isolates. This result is in agreement with (33),
who reported that eae 4 gene was 4.1% isolates. Moreover, the distribution of the stx2 and eaeA
genes of human in this study was 33.3 %; this result was higher than 14.3% reported by (34).
While in sheep, the distribution of the stx2 and eaed genes was 45.8 %, this result disagreed with
(35) who found 8.7% of fecal samples were positive for both genes.

In the present study, the presence of the three genes (stx/, stx2, and eaeA) in both cattle and
sheep was similar in percentage 11.8%,12.5 %, respectively, this result was comparable to (36),
who found the presence of three genes in cattle and sheep was (6.52% and 11.42), respectively,
Table (10).

Conclusions

All E. coli isolates were potentially pathogen; hence, harboring specific virulence genes. The
plurality of isolates were resistant to ampicillin followed by tetracycline, whereas, all the isolates

were susceptible to imipenem followed by gentamycin.

299



Bas.J).Vet.Res.Vol.18, No.2, 2019.

i ol g8l 48, 5N (B (caed) CpalY) il g (stx2 9 st ]) Badd) LS il A Jad) cadsl)
B al) Addblaa Byl g aliEY) g JAY) e BA AL Il ciliie (e A g Jaall

e e Ge gl ¥l e Qi

d\)ﬂ\c'&).\.a,ﬂ\cBM\&a\;céM\gﬁ\z\ﬂEcL’)ﬁd\cg&Y\t}

Ladal)
S 5 (ALEY T HEN ) Aliall i gl 1 s e AL Jual 2 11 LS 5N any e () Aullall 2l Cangs
Sl g Clamaa s 3 i (Y18) aan 3 3, ¥ all 6 eVl s Ll il i Sall oSl ) Coags Ll
e (A0) (e i oS lgman o Al Sliall, Y204 JBN G @lS AT Yo YA Jol) (a8 811 3 panll Aipaa (g 4dlisa
A1l LS 5 S 5a s e adSI Adliae L pladiud 3 L2 ) e die (A0 ) 5 Gl e e (3€) ¢ Y
Al pidA O piaii ) Geall Gl 5 Ay jall Slasill 5 Al daa ) 5y 58l Gl LEAY) Cled bl o3
2l Cuad Ecoli W lic) & de (% A9 ) 0+ daas I jls Glail) o34 o, (M\ 3 yeldll Jelas 4y
§ ol b | (st stx2 and ceaed ) coaiVls (Gl it Gl e Cai€U Julutdl el Jelds LI Y Sl
Jaxi ¥ all e (%E0 )Y ansdlie 00 G Ga ., aal Bl Gan JBY) e elliai (04) @Y el S ) )
Sl Jee a5 abe V) ¢ Gl Sl e (YY.0 %5 %E) . V%Y ) Joall A cailS 50 1aid gtx2 (o
o iS5 Y OV e e (01.9%) Jid (%) A) 04/ e (stxJand  stx2 Sl CalS o3 LS
eaeA ) Sl Al Y jall e (%YA) @Y G e e (% VA Bas ¢ (%E) 04/Y A san gl ((eaeA)
Ssas i€ 5 s e (%804 )5 (% TYT) ALYy ¥l Y e ) i Y el o3 ¢ (stx2, and ¢
ALY e (%Y Y.0 )5 AN e (%) VA ) Y 3l (e %)+ A (stx],stx2 and ceaeAd ) Sl

o bl iy A gl lsliaall (e Y auia il sl Kol 21325 a L) o5 5 bl Jelis aasls o5 3l ey el
o lia GV S i 0 G e (%Y £ %63 Y) oSl il GlisnaV) s cilS e g Sl
o (%O0M 5 TAOLY ALY %Y + v ) daniy apuli s 5 (sl 18 5 s ¢ sSindal ) 5ISI) ¢ auplaliiadle (arinnar)

C s

300



Bas.J).Vet.Res.Vol.18, No.2, 2019.

REFERENCES

1. Labbé, R. G. and Garcia, S. (Eds.). (2013). Guide to foodborne pathogens. Wiley
Blackwell.

2. Pradel, N, Livrelli, V., De Champs, C., Palcoux, J. B., Reynaud, A., Scheutz, F. and
Forestier, C. (2000). Prevalence and characterization of Shiga toxin-producing
Escherichia coli isolated from cattle, food, and children during a one-year
prospective study in France. Journal of Clinical Microbiology, 38(3), 1023-1031.

3. Banatvala, N., Griffin, P. M., Greene, K. D., Barrett, T.J., Bibb, W. F., Green, J. H.
and Wells, J. G. (2001). The United States national prospective hemolytic uremic
syndrome study: microbiologic, serologic, clinical, and epidemiologic findings. The
Journal of infectious diseases, 183(7), 1063-1070

4. Scheutz, F. (2014). Taxonomy meets public health: the case of Shiga toxin-producing
Escherichia coli. Microbiol Spectrum 2(3): EHEC-0019-2013.

5. Barkocy-Gallagher, G.A., Arthur, T.M., Rivera-Betancourt, M., Nou, X.,
Shackelford, S.D., Wheeler, T.L. and Koohmaraie, M. (2003). Seasonal
prevalence of Shiga toxin-producing Escherichia coli including O157: H7 and non-
O157 serotypes, and salmonella in commercial beef processing plants. Journal of
Food Prot. 66:1978-86

6. Blanco, J., Blanco, M., Blanco, JE., Mora, A., Gonzalez, EA., Bernardez, MI. ,
Alonso, M. P., Coira, A., Rodriguez, A., Rey, J., Alonso, J. M. and Usera, M.
A. (2003). Verotoxin-producing Escherichia coli in Spain: prevalence, serotypes,
and virulence genes of O157: H7 and non-O157 VTEC in ruminants, raw beef
products, and humans. Experimental Biology and Medicine (Maywood). 228:345-
51

7. Blanco, M., Blanco, J.E., Mora, A., Dhabi, G., Alonso, M.P., Gonzalez, E.A.,
Bernardez, M. 1. and Blanco, J. (2004). Serotypes, virulence genes, and intimin
types of Shiga toxin (verotoxin)- producing Escherichia coli isolates from Cattle in
Spain and identification of a new Intimin Variant Gene. Journal of Clinical

Microbiology. 42:645-51.

301



Bas.J).Vet.Res.Vol.18, No.2, 2019.

8.

10.

11.

12.

13.

14.

15.

16

Riley, L. W., Remis, R. S., Helgerson, S. D., McGee, H. B., Wells, J. G., Davis, B. R.
and Blake, P. A. (1983). Hemorrhagic colitis associated with a rare Escherichia
coli serotype. New England Journal of Medicine, 308(12), 6816.

. Mahanti, A., Samanta, 1., Bandyopadhyay, S., Joardar, S. N., Dutta, T.K.,

Batabyal, S.; Sar, T. K. and Isore, D. P. (2013): Isolation, molecular
characterization and antibiotic resistance of Shiga toxin-producing Escherichia coli
(STEC) from Buffalo in West Bengal, India. Lett. Applied Microbiology. 56, 291-
298.

Olutiola, P. O., Famurewa, O. and Sontang, H. G. (1991). An introduction to general
microbiology: a practical approach. Geneva, Switzerland: Ca. Heidelberg
verlagsanstaltund Dreuckerei GMbh., Heidelberg, Germany.

MacFaddin, J.F. (2000) Biochemical Tests for the Identification of Medical Bacteria, 3rd

ed. Philadelphia: Lippincott Williams and Wilkins.

Collins N.A. and Boitumelo, I.M. (2014) Isolation of enterohaemorrhagic
Escherichia coli O104 strains from raw meat products in the northwest province,
South Africa. Journal of Food and Nutrition Research 2: 288-29

Bauer, A., Kirby W., Sherris J. and Turk A. (1966). Antibiotic susceptibility testing
by a standardized single disk method. American Journal of Clinical Pathology., 45:
493-496.

Momtaz, H., Safarpoor Dehkordi, F., Taktaz, T., Rezvani, A. and Yarali, S. (2012).
Shiga toxin-producing Escherichia coli isolated from bovine mastitic milk:
serogroups, virulence factors, and antibiotic resistance properties. The Scientific

World Journal, 2012

Coura, F. M., Diniz, S., Silva, M. X., Mussi, J. M., Barbosa, S. M., Lage, A. P. and
Heinemann, M. B. (2015). Phylogenetic Group Determination of Escherichia
coli Isolated from Animals Samples. The Scientific World Journal, 2015, 258424.
DOI:10.1155/2015/258424

. Navarro, A., Cauich-Sanchez, P. L., Trejo, A., Gutiérrez, A., Diaz, S. P., Diaz C. M.,

Cravioto, A. and Eslava, C. (2018). Characterization of Diarrheagenic Strains of

302



Bas.J).Vet.Res.Vol.18, No.2, 2019.

Escherichia coli Isolated From Cattle Raised in Three Regions of Mexico.
Frontiers in microbiology, 9, 2373. DOI: 10. 3389 /fmicb .2018 .02373

17. Alikhani, M. Y.; Hashemi, S. H.; Aslani, M. M. and Farajnia, S. (2013). Prevalence
and antibiotic resistance patterns of diarrheagenic Escherichia coli isolated from
adolescents and adults in Hamedan, Western Iran. [ranian Journal of

microbiology, 5(1), ;

18. Sabeeh, R.A., Mousa, M.N. and Khudaier, B.Y. (2018). Prevalence and antibiotic
sensitivity of Escherichia coli and Klebsiella pneumonia from patients and animals

in Basrah province. Bas. Journal Vet. Res. 17(1): 192-208

19. George, D. F., Gbedema, S. Y., Agyare, C.; Adu, F., Boamah, V. E., Tawiah, A. A.
and Saana, S. B. B. M. (2012). Antibiotic resistance patterns of Escherichia coli
isolates from Hospitals in Kumasi, Ghana. ISRN microbiology, 2012.

20. Poirel, L.,Madec, J., Lupo, A., Schink, A., Kieffer, N., Nordmann, P. and Schwarz,
S. (2018). Antimicrobial Resistance in Escherichia coli. Microbiology Spectrum;
6 (4).DOI: 10.1128/microbiolspec. ARBA-0026-2017.

21. Aal-Aaboda, M. and Al-Notazy, M. R. (2018). Antibiotics susceptibility profile of
Escherichia coli 1solated from patients with urinary tract infection in Misan, Iraq.

Journal of Pharmaceutical Sciences and Research, 10(11), 2858-2861.

22. Ayatollahi, J., Shahcheraghi, S. H., Akhondi, R. and Soluti, S. (2013). Antibiotic
Resistance Patterns of Escherichia coli Isolated from Children in Shahid Sadoughi

Hospital of Yazd. Iranian Journal of pediatric hematology and oncology, 3(2), 78—
82

23. Zhang, T.; Wang, C. G.; Lv, J. C.; Wang, R. S. and Zhong, X. H. (2012). Survey on
tetracycline resistance and antibiotic-resistant genotype of avian Escherichia coli
in North China. Poultry Science, 91(11), 2774-2777.

24. Ng, K. H., Samuel, L., Kathleen, M. M., Leong, S. S. and Felecia, C. (2014).
Distribution and prevalence of chloramphenicol-resistance gene in Escherichia
coli isolated from aquaculture and other environment. International Food

Research Journal, 21(4), 1321.

303



Bas.J).Vet.Res.Vol.18, No.2, 2019.

25. Gobernador, M., Valdés, L., Alés, J. 1., Garcia-Rey, C., Dal-Ré, R., Garcia-de-
Lomas, J. and Spanish Surveillance Group for Urinary Pathogens. (2007).
Antimicrobial susceptibility of clinical Escherichia coli isolates from
uncomplicated cystitis in women over 1 year in Spain. Rev Esp Quimioter,
20(1), 68-76.

26. Hornitzky, M.A., Mercieca, K., Bettelheim, K.A. and Djordjevic, S.P. (2005). Bovine
feces from animals with gastrointestinal infections are a source of serologically
diverse atypical enteropathogenic Escherichia coli, and Shiga toxin-producing E.
coli strains that commonly possess intimin. It is Applied and Environmental
Microbiology 71, 3405-3412

27. Oliveira, C. F. D., Paim, T. G. D. S., Reiter, K. C., Rieger, A. and D'azevedo, P. A.

(2014). Evaluation of four different DNA extraction methods in coagulase-
negative Staphylococci clinical isolates. Revista do Instituto de Medicina
Tropical de Sdo Paulo, 56(1), 29-33

28. Chandran, A. and Mazumder, A. (2013). Prevalence of diarrhea-associated virulence
genes and genetic diversity in Escherichia coli isolates from fecal material of
various animal hosts. Applied and environmental Microbiology, 79(23), 7371—
7380. DOI:10.1128/AEM.02653-13

29. Fegan, N. and Desmarchelier, P. (1999). Shiga toxin-producing Escherichia coli in
sheep and pre-slaughter lambs in eastern Australia. Letters in Applied
Microbiology, 28(5), 335-339

30. Tahamtan, Y., Hayati, M. and Namavari, M. M. (2010). Prevalence and distribution of

the stx1, stx2 genes in Shiga toxin-producing E. coli (STEC) isolates from
cattle. Iranian Journal of microbiology, 2(1), 8.

31. Ludwig, K., Sarkim, V., Bitzan, M., Karmali, M. A., Bobrowski, C., Ruder, H., and
Miiller-Wiefel, D. E. (2002). Shiga toxin-producing Escherichia coli infection
and antibodies against Stx2 and Stx/ in household contacts of children with
enteropathic hemolytic-uremic syndrome. Journal of clinical
microbiology, 40(5), 1773-1782.

32. Tesh, V. L., Burris, J. A., Owens, J. W., Gordon, V. M., Wadolkowski, E. A.,
O'brien, A. D. and Samuel, J. E. (1993). Comparison of the relative toxicities

304



Bas.J).Vet.Res.Vol.18, No.2, 2019.

of Shiga-like toxins type I and type Il for mice. Infection and immunity, 61(8),
3392-3402

33. Oliveira, M. G., Brito, J. R. F., Gomes, T. A. T., Guth, B. E. C., Vieira, M. A. M.,
Naves, Z. V. F.and Irino, K. (2008). Diversity of virulence profiles of Shiga
toxin-producing Escherichia coli serotypes in food-producing animals in
Brazil. International journal of food microbiology, 127(1-2), 139-146.

34. Sharaf, E. F. and Shabana, I. I. (2017). Prevalence and molecular characterization of
Shiga toxin-producing Escherichia coli isolates from human and sheep in Al-
Madinah Al-Munawarah. Infection, 21(2), 81-87. Poultry Science, 91(11),
2774-2777

35. Fagan, P. K., Hornitzky, M. A., Bettelheim, K. A. and Djordjevic, S. P. (1999).
Detection of Shiga-like toxin (stxI andstx2), intimin (eaeA), and
enterohemorrhagic Escherichia coli (EHEC) hemolysin (EHEC hlyA) genes in
animal feces by multiplex PCR. Applied Environmental Microbiology, 65(2),
868-872.

36. Momtaz, H., Dehkordi, F. S., Rahimi, E., Ezadi, H., and Arab, R. (2013). Incidence

of Shiga toxin-producing Escherichia coli serogroups in ruminant's meat. Meat

science, 95(2), 381-388.

305



