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ABSTRACT

higa toxin (Stx)-producing E. coli (STEC) is one of the most im-

portant pathogens that infected broiler chickens and cause large eco-

nomic loses in Egypt broiler farms. The present study was designed to
determine the prevalence and identification of Non — O157 Shiga toxin (Stx)
-producing E. coli in broiler chickens as a hazard in broiler farms. For that a
total of 200 cases of broiler chicken samples (lung, liver, heart and gall
bladder) were collected from100 freshly dead birds and 100 diseased birds
suffering from chronic respiratory disease (CRD) or colibacillosis, from 10
broiler farms showing high mortality ratesin Bohera Governorate, and ana-
lyzed in bacteriology laboratory by cultured in some different bacteriologi-
cal media followed by gram’s staining, biochemical tests, serological tests
and Polymerase Chain reaction (PCR). The PCR was performed by target-
ing Shiga toxin producing genes (Stx), (Stx1 and Stx2) in E. coli. E. coli
was isolated from 40 (40%) cases in diseased birds, 66 (66%) cases in fresh-
ly dead birds, and 106 (53%) cases in both diseased and freshly dead birds.
The E. coli prevalence was higher in freshly dead broiler chickens than dis-
eased broiler chickens. In both diseased and freshly dead broiler chickens,
the E. coli prevalence was higher in lung samples 41/200 (20.5%), followed
by liver samples 30/200 (15%), then heart samples 20/200 (10%), and the
gall bladder samples were the lowest prevalence15/200 (7.5%). Serodiagno-
sis of 10 random selected E. coli strains resulted in ; 2 serotypes O119: H6,
1 serotypeO1:H7, 3 serotypes O146:H21 and 4 serotypes O78. These 10
serotyped strains were further detected by PCR for the (Stx) genes and re-
vealed that, only one strain O146:H21 was positive for the(Stx1)gene, and
two strains O78 were positive for the (Stx2)gene. Our current study con-
cluded that, broiler chickens may act as a source of Shiga toxin-producing
E. coli (STEC) infection (Stx1 and Stx2), which may leading to mortalities in
broiler chickens and cause large economic loses.
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INTRODUCTION:

Escherichia coli is one of the most com-
mon pathogens responsible for colibacillosis in
broiler chickens leading to cost-effective losses
among poultry production around the world, as
it causes poor performance and high death
rates. Avian pathogenic E. coli causes chronic
respiratory illness, omphalitis, synovitis, co-
ligranulomatosis and salpingitis. Colibacillosis
is diagnosed primarily through clinical symp-
toms, polyserocytis lesions, and pathogen iso-
lation and identification. Colibacillosis is a
major cause of death in broiler chickens of all
ages.

Although chickens of all ages are susceptible,
younger chickens have a more severe type of
sickness than older chickens (Waffa and
Aqeel. 2023). E.coli isolated from different
breeding stages of a broiler chicken flocks, and
it was the most prevalent subtype in the broiler
chicken farms and persisted throughout layer
breeding (Liao et al. 2023). A recent study
(Pais et al. 2023) revealed that E. coli causes
a major risk on the broiler chickens which
leading to large economic losses in broiler in-
dustry. Avian pathogenic E. coli cause serious
disease in broiler chickens, which mainly char-
acterized by perihepatitis, airsaculitis and peri-
carditis resulting in large economic losses in
broiler industry worldwide.

E. coli is harmful bacteria that consists of sev-

eral strains as enterohaemorrahgic (EHEC),
enteropathogenic  (EPEC), enterotoxigenic
(ETEC), enteroinvasive (EIEC), Shiga toxin-
secreting (STEC), diarrhea-associated hemo-
lytic (DHEC), enter aggregative (EAAggEC)
and cytolethal distending toxin recreating
(CDTEC) that have side effects on the health,
infections with (Stx1) and (Stx2) producing E.
coli leads to hemorrhagic colitis (Butler.
2012).

Elsayed et al. (2021) reported that STEC iso-
lates were confirmed in broiler chickens, and
revealed that the Shiga toxin-producing E. coli
(STEC) represented a great risk to public
health.

Sokolovic et al. (2022) revealed that Shiga-

toxin producing E. coli produces one or more
toxins that are known as Shiga toxins. E. coli
Shiga toxins (Stx) constitute a family of sever-
al related cytotoxins, at least two of them,
(Stx1) and (Stx2), which are encoded by (Stx1)
and (Stx2)genes, respectively (Kiandokht et
al. 2021).

Ray and Singh. (2022) also concluded that
the main virulence factor of STEC is the Shiga
toxin (Stx) genes encoded on temperate bacte-
riophages (Stx phages). The major virulence
factors involved in STEC infection are the
powerful Shiga toxins, which are classified in-
to 2 main groups: (Stx1) and (Stx2). Shiga tox-
in 2 (Stx2) reported as one of the most power-
ful toxin, and the toxin producing strains are
usually associated with more severe infections
and illness (Gyles. 2007).

Femi et al. (2021) said that Shiga toxins bind
to the surface of eukaryotic cells, inhibit pro-
tein synthesis, thereby causing the death of
their hosts as broiler chickens. they also report-
ed that Shiga toxin is the major factor inviru-
lence of E. coli and there are two toxin forms,
(Stx1) and (Stx2) encoded by (Stx1) and (Stx2)
genes.. also, Brito et al. 2003 have reported
that E. coli isolated from chickens may harbor
Shiga toxin-encoding genes .

Non — 157 Shiga toxin—producing E. coli
(STEC) are emerging pathogens (Scallan et al.
2011), but are under recognized because rela-
tively few clinical laboratories routinely use
culture-independent testing methods necessary
for their prevalence and identification (Kaspar
et al. 2011).

This study was adopted on analysis and detec-
tion of Non — 157 Shiga toxin (Stx)-producing
E. coli (Stx] and Stx2) in broiler chickens due
to their hazard, which may leading to mortali-
ties in broiler chickens and cause large eco-
nomic loses.

MATERIALS and METHODS

Collection of samples& Transportation:

A total of 200 cases of broiler chicken sam-
ples (lung, liver, heart and gall bladder) were
collected from 100 freshly dead birds and 100
diseased birds suffering from chronic respirato-
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ry disease (CRD) or colibacillosis, from 10
broiler farms showing high mortality rates in
Bohera Governorate, as shown in table (1), and

Table 1. Number of broiler chicken cases:

kept in ice box then immediately transported to
the laboratory.

Broiler chicken cases Samples

No. %
Diseased 100 50
Freshly dead 100 50
Total 200 100

No= number of broiler chicken cases. %= percent of broiler chicken cases.

Isolation and Identification of E. coli:

Tissue samples were inoculated onto Mac-
Conkey agar and incubated for 24 hrs at 37°C.
Lactose fermenting colonies were subcultured
onto Eosin Methylene blue agar and blood agar
and incubated at 37°C for 24 hours according
to Quinn et al. (2002). Suspected E. coli colo-
nies with metallic sheen were subjected to bio-
chemical tests.

Biochemical identification:

Suspected E. coli colonies were tested bio-
chemically by applying the following tests:
(Oxidase, Catalase, Urease, Methyl Red,
Vogues Proskaur, Citrate utilization, Nitrate
reduction, Indole and TSI) according to Kreig
et al. (1984).

Serotyping of E. coli:

10 random selected isolates proved biochemi-
cally as E.coli were subjected to serological
identification by using rapid diagnostic E. coli
antisera sets (DENKA SEIKEN Co., Japan)
according to Kok et al. (1996).

Detection of the (Stx1) and (Stx2) genes by
using PCR:

DNA extraction:

DNA extraction from samples was performed
using the QIAamp DNA Mini kit (Qiagen,
Germany, GmbH) with modifications from the
manufacturer’s recommendations. Briefly, 200
ul of the sample suspension was incubated

with 10 pl of proteinase K and 200 pl of lysis
buffer at 56°C for 10 min. After incubation,
200 pl of 100% ethanol was added to the ly-
sate. The sample was then washed and centri-
fuged following the manufacturer’s recommen-
dations. Nucleic acid was eluted with 100 pul of
elution buffer provided in the kit.

Oligonucleotide Primers:
Primers used were supplied from Metabion
(Germany), which are listed in table (2).

PCR amplification:

Primers were utilized in a 25 pl reaction con-
taining 12.5 pl of EmeraldAmp Max PCR
Master Mix (Takara, Japan), 1 pl of each pri-
mer of 20 pmol concentration, 5.5 pul of water,
and 5 pl of DNA template. The reaction was
performed in an Applied biosystem 2720 ther-
mal cycler.

Analysis of the PCR Products:

The products of PCR were separated by elec-
trophoresis on 1.5% agarose gel (Applichem,
Germany, GmbH) in 1x TBE buffer at room
temperature using gradients of 5V/cm. For gel
analysis, 20 pl of the products was loaded in
each gel slot. A generuler 100 bp ladder
(Fermentas, Germany) was used to determine
the fragment sizes. The gel was photographed
by a gel documentation system (Alpha
Innotech, Biometra) and the data was analyzed
through computer software.
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Table 2. Target genes, primers sequences, amplicon sizes and cycling conditions (Dipineto et al. 2006):

Target Primers sequences Amplified Primer Amplification (35 cycles) Final
gene segment Den. exten-
(bp) Sec. Ann. Ext. sion
den.
Stx1 ACACTGGATGATCTCAGTGG 94°C 94°C 58°C  72°C 72°C
614 Smin. 30sec. 40sec. 45sec. 10 min.
CTGAATCCCCCTCCATTATG
Stx2 CCATGACAACGGACAGCAGTT 94°C 94°C 8°C  72°C 72°C
779 5min. 30sec. 40sec. 45sec. 10 min.
CCTGTCAACTGAGCAGCAC-
TTTG

Stx1=Shiga toxin 1, Stx2=Shiga toxin 2, Den., denaturation, Sec. den., secondary denaturation, Ann., anneal-
ing & Ext., extension.

RESULTS (40%) cases in diseased birds, 66 (66%) cases
Among 200 cases of broiler chickens in freshly dead birds, and 106 (53%) cases in
(100diseased and 100 freshly dead) tested bac- both diseased and freshly dead birds, as shown

teriologic ally, E. coli was isolated from 40 in table (3).

Table 3. Incidence of detected E. coli in diseased and freshly dead broiler chicken cases:

Broiler chicken cases Broiler chickens No. E. coli isolates

No. %
Diseased 100 40 40
Freshly dead 100 66 66
Total 200 106 53

No.=number of broiler chickens samples. %= percent of broiler chickens samples.

Among 200 cases of broiler chickens (100 dis- (41/200), 15% (30/200), 10% (20/200) and
easedand100 freshly dead) samples (lung, liv- 7.5% (15/200) from lung, liver, heart and gall
er, heart and gall bladder), the prevalence of E. bladder, respectively, as shown in table (4).

coli was recorded with a percent of 20.5%

Table 4. Incidence of detected E. coli in organs of both diseased and freshly dead broiler chickens:

Broiler chicken Broiler chickens E. coliisolates from organs Total isolates
cases No.

Lung Liver Heart Gall bladder

No. % No. % No. % No. % No. %
Diseased 100 15 15 12 12 8 8 5 5 40 40
Freshly dead 100 26 26 18 18 12 12 10 10 66 66
Total 200 41 20.5 30 15 20 10 15 7.5 106 53

No.= number of E. coli isolates. %= percent of E. coli isolates.

14



Saad and Ahlam

Egyptian Journal of Animal Health 3, 1 (2023), 11-20

Serodiagnosis of 10 random selected E. coli
strains revealed that: 2 serotypes O119:H6, 1
serotypeO1:H7,3 serotypes O146:H21 and 4

Table 5. Serodiagnosis of 10 E. coli strains:

serotypes O78, as shown in table (5).

E. coli serotype Number
O119:H6 2
O1:H7 1
0146:H21 3

078 4

Total 10

The 10 serotyped strains were further detected
by PCR for Shiga toxin genes (Stx1 and Stx2),
as shown in table (6), and resulted in only one
strain (O146:H21) was positive for the Shiga

toxin 1 (Stx1)gene with a percent of 10%, as
shown in figure (1), and two strains (O78)
were positive for the Shiga toxin 2 (Stx2)gene
with a percent of 20%, as shown in figure (2).

Table 6. Incidence of virulence genes of Shiga toxin-producing E. coli (STEC), (Stx1 & Stx2) in 10 E. coli

serotypes in Broiler chickens:

E. coli NO.

Serodiagnosis Stx1 Stx2

— O 003N L AW~

0

0119: H6 - -
078 - -
O1: H7 - -
0146: H21 - -
0146: H21 + -
078 - -
078 - +
0119: H6 - -
078 - +
0146: H21 - -

Stx1=Shiga toxin 1, Stx2= Shiga toxin 2. += Positive. -= Negative.

Figure (1):Agarose gel electrophoresis patterns showing PCR amplification products forStx1gene of E.coli

serogroups.

Lane L: 100-1000bp DNA Ladder.
Lane P: Positive control.

Lane N: Negative control.

Lane 1, 2, 3, 4, 6, 7, 8, 9 & 10: E. coli O119:H6, O78, O1:H7, O146:H21, O78, O78, O119:H6,

078&0146:H21(Negative).
Lane 5: O146:H21(Positive).
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Figure (2): Agarose gel electrophoresis patterns showing PCR amplification products for Stx 2 gene of E.

coli serogroups.
Lane L: 100-1000bp DNA Ladder.
Lane P: Positive control.
Lane N: Negative control.

Lane 1, 2, 3, 4, 5, 6, 8 & 10: E. coli O119:H6, O78, Ol:H7, O146:H21,0146:H21, O78, O119:H6

&0146:H21(Negative).
Lane 7 & 9: 078& 078 (Positive).

DISCUSSION

E. coli is recognized as a common inhabitant
of the broiler chickens intestinal tract which
frequently causes contamination and infection
and recorded among clinically important path-
ogens in broiler chickens (Hossain et al. 2023).
E. coli is considered a member of the normal
microflora of the broiler chickens intestine but
certain strains designated as avian pathogenic
E. coli (APEC) spread into various internal
organs and cause colibacillosis which charac-
terized by systematic fatal disease in broiler
chickens (Someya et al. 2007). E. coli infec-
tions in broiler chickens cause many clinical
manifestations which characterized by a respir-
atory disease that is frequently followed by a
generalized infection which end by death, avi-
an pathogenic E. coli (APEC) strains fall under
the category of extra intestinal pathogenic F.
coli, which are characterized by the possession
of virulence factors that enable to live extra
intestinal life (Johnson et al. 2006).The STEC
strains such as Non — OI57E. coli have ac-
quired genetic traits that made them potential
risk (Luna-Gierke et al. 2014).

In the current study E. coli isolated from
broiler chickens with a percent of 53% which

was nearly similar to published results of
(Adzitey et al. 2012) which confirmed isolated
E. coli from 50% of the broilers. Higher rates
were recorded by (Abd El Tawab et al. 2015
and Hamza et al. 2016) who recovered E. coli
in 75% and 60% of the tested broiler chicken
samples respectively. A lower rate was record-
ed by (Hossain et al. 2023 and Omid et al.
2021) who isolated E. coli with the percentages
of 31.25% and 38%, respectively.

Our study revealed that the prevalence of E.
coli was higher in the freshly dead broiler
chickens (33%), than diseased broiler chickens
(20%). also, the prevalence of isolation of E.
coli was higher in lung samples with a percent
of 20.5%, followed by liver samples (15%),
then heart samples (10%), and the gall bladder
samples were the lowest prevalence (7.5%).
these results were disagreed with (Eid and
Erfan 2013) who reported the E. coli isolation
rates from different organs with pathologic
conditions, the maximum rate was recorded in
liver showing perihepatitis 60 (57.14%), fol-
lowed by Ilung showing pneumonia 57
(54.29%) and the least percentage was record-
ed from heart (pericarditis) 39 (37.14%) out of
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the examined 1050rgans from each type (liver,
lung and heart).

depend on the morphological characters used
for identification of E. coli, E.coli isolates are
Gram-negative rods with pink colonies when
cultured on MacConkey agar media, green me-
tallic colonies on EMB medium, nearly similar
results were noted by (Kumar et al. 2003) and
(Hogan and larry. 2003). Serological test was
established to differentiate E. coli isolates.

In our current study, serotyping of 10 ran-
dom selected E. coli strains resulted in;2 sero-
types O119:H6, 1 serotypes OI1:H7, 3 sero-
types O146:H21 and 4 serotypes O78, which
were nearly similar to results obtained by
(Hamza et al. 2016) study, who found the
0119, O1 and O78 serotypes in broiler chick-
ens, Also our results agreed with (Hemmat et
al. 2019)who recorded O119.on the other hand
our results disagreed with (Eid and Erfan 2013)
who not reported any serotype similar to our
study where recorded O145:K, 025:K11,
044:K74, 0126:K71 and O118:K.

This study revealed that among O78 was the
most prevalent which detected in 4/10 (40%)
and which agreed with (Elsayed et al. 2021)
that detected O78 E. coli most prevalent also in
6/60(10%), and agreed with (Abd El Tawab et
al. 2016) who confirmed the high prevalence
of O78 E. coli among strains that cause avian
colibacillosis, also the higher prevalence of
O78 E. coli serotype was in agreement with
previous study of (Dimitrios et al. 2022) con-
firming the predominance of O78 E. coli in
many parts of the world and in broiler chickens
with coli septicemia. Mishra et al. (2002)
found that the most predominant serotype re-
ported was O78 E. coli among the E. coli
strains isolated from 250 clinical broiler sam-
ples and that similar to we reported in our
study.

In this study, O146:H21 was a higher percent
3/10 (30%) and that was agreed with (Abd El-
Mongy et al. 2018). Also, (O1:H7) was among
the serotyped E. coli strains detected in this
study and that was agreed with (Ewing and
Ewing. 1986).

The serotyped E. coli strains were furthermore
detected by PCR for Shiga toxin(Stx) genes
and resulted in; only one strain O146:H21 was
positive for theShiga toxin 1 (Stx1)gene with a
percent of 10%, and two strains O78 were pos-
itive for the Shiga toxin 2 (Stx2)gene with a
percent of 20%.

Our reported (Stx) gene sequences; one 1SO-
late carried (Stx1) sequence, two carried (Stx2)
sequences, the two (Stx2) isolates were O78
and that agreed with (Elafify et al. 2016).
Omid et al. (2021) revealed that the E. coli
virulence genes, (Stx1) and (Stx2) existed in
pathogenic E. coli strains isolated from broiler
and that the (Stx2) gene was the most frequent
virulence factor than (Stx1) among the STEC
isolates which agreed with our study. In our
study, STEC was low and this was agreed with
previous authors who confirmed with our re-
sults such as (Farooq et al. 2009 and Ghan-
barpour et al. 2011).

Elsayed et al. (2021) found that The Shiga
toxin gene(Stx1) was detected in all strains,
while(Stx2) was detected in 80% of strains; the
increased detection rate of (Stx1) and (Stx2) in
broilers was disagreed with our study which
revealed only one strain of (Stx1) and two
strains of (Stx2)were detected in the 10 tested
strains by PCR. They also said that the Shiga
toxin-producing E. coli (STEC) represented a
great risk to public health, and also concluded
that the E. coli strains harbored Shiga toxin
(Stx1 and Stx2) and that was agreed with our
study. Also, Hamza et al. (2016) detected
(Stx1) in all E. coli strains isolated from broiler
chickens (100%) and (Stx2) in 17 strains
(47.2%) which disagreed also with our study.

CONCLUSION

The broiler chickens infected by Non — O157
Shiga toxin producing E. coli (STEC), may
consider a severe hazard. The PCR assay of
(Stx1) and (Stx2) genes is a more practical and
reliable method for molecular epidemiological
studies of STEC strains because of its more
accurate ability to determine. Broiler chickens
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should be considered as a reservoir of STEC
and should be careful during dealing with
broiler chickens which suspected infected by
the STEC.

REFERENCES

Abd El Tawab AA, Ammar AM, El-Hofy FI,
Abdel Hakeem M, Abdel Galil NM. 2016.
Preliminary studies on E. coli implicated in
avian colibacillosis with reference to their

antibiotic resistance profiles. Banha Vet Med
J.; (30):68-77.

Abd El Tawab AA, Ammar AM, Nasef SA,
Reda RM. 2015. Prevalence of E. coli in dis-
eased chickens with its antibiogram pattern.
Banha Vet Med J. 2015;(28):224-30.

Abd El-Mongy M, Abd-El-Moneam GM,
Moawad AA, Mohammed AAB. 2018. Sero-
typing and virulence genes detection in Esch-
erichia coli isolated from broiler chickens. J
Biol  Sci.;18(1):46-50.  https://doi.  or-
2/10.3923/jbs.2018.46.50.

Adzitey F, Liew CY, Aronal AP, Huda N.
2012. Isolation of Escherichia coli fromducks
and duck related samples. Asian J Anim Vet
Adv.;7(4):351-5.https://doi.org/10.3923/
ajava.2012.351.355.

Brito BG, Gaziri LC, Vidotto MC. 2003. Viru-
lence factors andclonal relationships among
Escherichia coli strains isolated frombroiler

chickens with cellulitis. Infect Immun (71):
4175-7.

Butler T. 2012. Haemolyticuraemic syndrome
during shigellosis. Royal Society of Tropical
Medicine and Hygiene, (106): 395-399.

Dimitrios K, Labrini VA, Dimitris M, Gio-
vanni F, Mattia C, and Konstantinos CK,
2022. Investigation of Serotype Prevalence of
Escherichia coli Strains Isolated from Layer
Poultry in Greece and Interactions with Other
Infectious Agents. Vet. Sci., 9, 152. https://
doi.org/10.3390/vetsci9040152.

Dipineto L, Santaniello A, Fontanella M, La-
gos K, Fioretti A, and Menna LF. 2006.
Presence of Shiga toxin-producing Escherich-
ia coli O157:H7 in living layer hens. Letters
in Applied Microbiology (43): 293-295.

Eid SAS, Erfan AM. 2013. Characterization of
E. coli associated with high mortality of poul-
try flocks. Assiut Vet. Med. I,
59 (139).

Elsayed MSA, Samah ME, Tamer R, Abeer
MAB, Ghada MN, Ali SAS, Behiry AA, Al
Shaimaa H, Amany KS, Rana AK, Walid AA,
Hend EN, Lina AM, Ahmed S. 2021. Genet-
ic and antimicrobial resistance profiles of non
-O157 Shiga toxin-producing Escherichia coli
from different sources in Egypt. Department
of Bacteriology, Mycology, and Immunology,
Faculty of Veterinary Medicine, University of
Sadat City, Sadat City, Menoufia, Egypt Full
list of author information is available at the
end of the article. BMC Microbiology 21:257;
https://doi.org/10.1186/512866-021-02308-w.

Ewing WH, Ewing E. 1986. Identification of
Enterobacteriaceae, 4th ed. Elsevier Science
Publishing. New York, N.Y.

Farooq S, Hussain I, Mir MA, Bhat MA, Wani
SA. 2009. Isolation of a typical enter patho-
genic Escherichia coli and Shiga toxin 1 and
2f-producingEscherichia coli from avian spe-
cies in India. Letters in Applied Microbiolo-
gy; (48):692-697.

Femi A, Judith O, Kazeem A, Testimony O,
Philomena E, Kanyinsola O, Oreoluwa A,
Onikepe F, Christian H. 2021. Molecular De-
tection and Prevalence of Non O157 Shiga
Toxigenic Escherichia Coli in Selected
Chicken Abattoirs and Retail Outlets in Osog-
bo, Osun State Nigeria. Redeemer's Universi-
ty College of Natural Sciences. https://
orcid.org/0000-0002-6599-3109. https://
doi.org/10.21203/rs.3.1rs-875602/v1.

Ghanbarpour R, Sami M, Salehi M, Ouromiei
M. 2011. Phylogenetic background and viru-
lence genes of Escherichia coli isolates from
colisepticemic and healthy broiler chickens in
Iran. Tropical Animal Health and Production;
(43):153-157.

Gyles CL. 2007. Shiga toxin-producing Esche-
richia coli: an overview. J AnimSci 85, E45—
E62.

Hasan B, Faruque R, Drobni M, Waldenstrom
J, Sadique A, Ahmed KU, Islam Z, Parvez



https://doi.org/10.3923/jbs.2018.46.50
https://doi.org/10.3923/jbs.2018.46.50
https://doi.org/10.3923/ajava.2012.351.355
https://doi.org/10.3923/ajava.2012.351.355
https://doi.org/10.3390/vetsci9040152
https://doi.org/10.3390/vetsci9040152
https://doi.org/10.1186/s12866-021-02308-w
https://orcid.org/0000-0002-6599-3109
https://orcid.org/0000-0002-6599-3109
https://doi.org/10.21203/rs.3.rs-875602/v1
https://doi.org/10.21203/rs.3.rs-875602/v1

Saad and Ahlam

Egyptian Journal of Animal Health 3, 1 (2023), 11-20

MB, Olsen B, Alam M. 2011. High preva-
lence of antibiotic resistance inpathogenic
Escherichia coli from large- andsmall-scale
poultry farms in Bangladesh. Avian Dis. 2011
Dec; 55(4):689-92.

Hemmat IM, Rabab SK, Abou El Roos AN,
Reham AA. 2019. Shiga toxin producing
Escherichia coli in some chicken products.
BVMIJ-36(2):345-352. (http:/
www.bvmj.bu.edu.eg).

Hogan J, Larry SK. 2003. Coli form mastitis.
Vet. Res., 34(5): 507- 519.

Johnson JR, Kuskowski MA, Smith K, O'Bry-
an TT, Tatini S 2005. Antimicrobial resistant
and extra intestinal pathogenic Escherichia
coli in retail foods. J InfectDis. 2005 Apr 1;
191(7):1040-9.

Johnson TJ, Kylie ES, Sara JJ, and Lisa KN.
2006. DNA sequence of a COIV plasmid and
prevalence of selected plasmid-Encoded Vir-
ulence genes among Avian Escherichia coli

strains. J of Bacteriol , (188): 745- 758.

Kaspar C, Doyle ME and Archer J. (2011).
White paper on non-O157:H7 Shiga—toxin
producing E. coli from meat and non-meat
sources. Charles Kaspar, PhD., M. Ellin
Doyle, PhD. Food Research Institute, Univer-
sity of Wisconsin-Madison. Oct 24. http://
fri.wisc.edu/docs/pdf/

FRI Brief NonO157STEC 4 10.pdf.

Kok T, Worswich D, Gowans E. 1996. Some
serological techniques for microbial and viral
infections. In Practical Medical Microbiology
(Collee J, Fraser A, Marmion B, Simmons A.
eds.), 14th ed., Edinburgh, Churchill Living-
stone, UK.

Kreig NR,. Holt JG, Williams, Wilkins. 1984.
Bergeys Manual of SystematicBacteri-
ol.,1:428, East Preston street, Baltimor,
M.D.21202, USA.

Liao M, Wu J, Li Y, Lu X, Tan H, Chen S.
2023. Huang, W.; Lian, X.; Sun, J.; Liao, X.;
et al. Prevalence and Persistence of Ceftiofur-
Resistant Escherichia coli in A Chicken Layer
Breeding Program. Animals, 13, 90. https://
doi.org/10.3390/an113010090.

Luna-Gierke RE, Griffin PM, Gould LH, Her-
man K, Bopp CA, Strockbine N, et al 2014.
Outbreaks of non-O157 Shiga toxin-
producing Escherichia coli infection: USA.
Epidemiol Infect.;142(11):2270-80. https://
doi.org/10. 1017/S0950268813003233.

Lyhs U, Ikonen I, Pohjanvirta T, RaninenkK,
Perko-Mikeld P, Pelkonen S. 2012. Ex-
traintestinal pathogenic Escherichiacoli in
poultry meat products on the Finnish retail
market. Acta. Vet. Scand. 2012 Nov16;54:64.
doi: 10.1186/1751-0147-54-64.

Mishra A, Sharda R, Chhabra D, Moghe MN.
2002. Escherichia coli isolates from domestic
poultry. Indian Journal of Animal Sciences
(72): 727-729.

Omid Z, Leili S, Hadi H, Mohammad YA.
2021. The Prevalence of Shiga Toxin-
Producing Escherichia coli and Enter patho-
genic Escherichia coli Isolated from Raw
Chicken Meat Samples. Hindawi Internation-
al Journal of Microbiology. Volume, Article
ID 3333240, 5 pages. https://
doi.org/10.1155/2021/3333240.

Pais S, Costa M, Barata AR, Rodrigues L,
Afonso IM, Almeida G. 2023. Evaluation of
Antimicrobial Resistance of Different Phy-
logroups of Escherichia coli Isolates from Fe-
ces of Breeding and Laying Hens. Antibiot-
ics, 12, 20.https://doi.org/10.3390/ antibiot-
ics12010020.

Quinn PJ, Carter ME, Markey BK, Donnoly
W1, Leonard FC. 2002.Veterinary microbiol-
ogy and microbial diseases 166-1117 Osney
Mead, Oxford first LTd, Registered at the
United Kingdom.

Ray R, Singh P. 2022. Prevalence and Impli-
cations of Shiga Toxin-Producing E. coli in
Farm and Wild Ruminants. Pathogens,
11,1332. https://doi.org/10.3390/
pathogens11111332.

Scallan E, Hoekstra R, Angulo FJ, Tauxe RV,

Widdowson MA, Roy SL, et al. 2011. Food-
borne illness acquired in the United States—
major pathogens. Emerg Infect Dis.;(17):7—
15.

Sharada R, Wilfred Ruban S, Thiyageerswaran

19


http://www.bvmj.bu.edu.eg
http://www.bvmj.bu.edu.eg
http://fri.wisc.edu/docs/pdf/FRI_Brief_NonO157STEC_4_10.pdf
http://fri.wisc.edu/docs/pdf/FRI_Brief_NonO157STEC_4_10.pdf
http://fri.wisc.edu/docs/pdf/FRI_Brief_NonO157STEC_4_10.pdf
https://doi.org/10.3390/
https://doi.org/10.3390/
https://doi.org/10
https://doi.org/10
https://doi.org/10.1155/2021/3333240
https://doi.org/10.1155/2021/3333240
https://doi.org/10.3390/
https://doi.org/10.3390/pathogens11111332
https://doi.org/10.3390/pathogens11111332

Saad and Ahlam

Egyptian Journal of Animal Health 3, 1 (2023), 11-20

M. 2010. Isolation, Characterization and An-
tibiotic Resistance Pattern of Echerichia coli
Isolated from Poultry. American —Eurasian
Journal of Scientific Research 5(1): 18-22,
2010.

Sokolovic M, Simpraga B, Amsel-Zelenika T,
Berendika M, Krstulovi’'c F. 2022. Prevalence
and Characterization of Shiga Toxin Produc-
ing Escherichia coli Isolated from Animal
Feed in Croatia. Microorganisms, 10, 1839.
https://doi.org/10.3390/
microorganisms10091839.

Someya A, Otsuki K, Murase T. 2007. Charac-
terization of Escherichia coli strains obtained
from layer chickens affected with colibacillo-

sis in a commercial egg-producing farm. J.
Vet. Med. Sci., 69(10): 1009-1014.12.

Waffa GJ, and Aqeel MS. 2023. Antibiotic
Resistance Patterns of Escherichia coli Isolat-
ed From Broiler Chickens with Colibacillosis
in Duhok Province. Egypt. J. Vet. Sci.Vol.
54, No. 1, pp.137-148 (2023). DOI. 10.21608/
EJVS.2022.156403.1383.

Zhao C, Ge B, De Villena J, Sudler R, Yeh E,
Zhao S, White DG, Wagner D, Meng J. 2001.
Prevalence of Campylobacter spp., Escherich-
ia coli, and Salmonella serovars inretail
chicken, turkey, pork, and beef from the
Greater Washington, D.C., area. Appl Envi-
ron. Microbiol. 2001 Dec; 67(12):5431-6.

20


https://doi.org/10.3390/microorganisms10091839
https://doi.org/10.3390/microorganisms10091839

