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Abstract

The study was aimed to demonstrate the existence of major virulence factors bfp and elt
genes for enteropathogenic E. coli (EPEC) and enterotoxogenic E. coli (ETEC), respectively, in
feces of diarrheic chicken by using PCR technique. For this purpose, 50 diarrheic chickens were
subjected for fecal samples collection. In first, the samples have been cultured on MacConkey
and Eosin Methylene Blue agars, and the isolates were tested by some specific biochemical tests
to verify of E. coli samples, which revealed on 20 positive samples. The twenty positive samples
were submitted, only, for PCR technique to confirm the existence of elt and bfp genes. With
genes detection, the overall results of the present study were showed that 11/50 (22 %) and 7/50
(14 %) were positives for EPEC-bfp and ETEC-elt genes, respectively. Also, the cross-infections
results with bfp and elt genes had been identified that 5/20 (25%) were positives with both genes,
2/20 (10 %) were positives with elt gene, only, and 6/20 (30%) were positives with bfp gene,
only. Statistically, the significant differences were reported between the prevalence rates of bfp

and elt genes, at a level of P<0.05.
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Introduction

Escherichia coli are enteric bacteria
that can be found in intestinal tracts of
human, poultry and animals, where they
survive as natural inhabitants without any
harm toward human body system [1]. As
well as, it considers as one of the most
common bacteria that, usually, can be found
in soil, water and food due to contamination
from feces or during slaughter [2].
Nevertheless, some strains of E. coli are
pathogenic and have a highly great potential
risk to resulting with health problems to
humans due to food and water poisoning [3].
Several E. coli classes have been recognized
(EPEC),

enteroinvasive

such as  enteropathogenic
(ETEC),

enterohemorrhagic (EHEC) and

enterotoxogenic
(EIEC),
enteroaggregative (EAEC) [4]. EPEC is one
of most patho-types that produce a
potentially infant diarrhea and responsible
on food poisoning outbreaks at developing
nations such South Korea, Japan and
Australia [5], [6]. EPEC can produce their
infecting (attach and efface) lesions by the
adhesion with enterocytes and wrecking of
microvilli [7]. The mechanism of initial
binding to host epithelial cells mediated by a
type IV pilus, with a major structural subunit

encoded by bundle forming pilus (bfp) gene
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that persistence in adherence plasmid of
EPEC [8]. Whereas, the enterotoxogenic E.
coli (ETEC) infection can occurs due to
ingestion of contaminated food or water to
produce an abdominal cramps, low-grade
fever, watery diarrhea, and nausea [9].
Mainly, two enterotoxins are produced by
ETEC involved heat stable and heat labile
toxins that play a distinct role in
pathogenesis of infections [10]. The heat
stable can be divided, also, into two groups
of toxins are methanol-soluble protease
(STI)

protease sensitive (STII) that different

resistant and methanol-insoluble

structurally, functionally and genetically
[11]. However, the gene of heat labile toxin
is encoded by the (elt) operon that, probably,
the most well characterized virulence
determinants of ETEC because of its close
homology with cholera toxin [12]. In several
studies, many techniques, in which PCR,
have been applied and targeting of specific
virulence factors- genes detection [4], [13]
[14]. PCR was revealed a high sensitivity,
specificity and simplicity in amplification
and identification of specific genes in
chickens [15]. Hence, the goal of present
study was to detect the specific virulent

factor EPEC bfp and ETEC elt genes
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isolated from diarrheic chickens through an application of PCR technique.

Material and Method

Samples obtaining and preparation: An (Sigma-Aldrich / India) (in presence of

overall 70 fecal samples was obtained
from diarrheic chickens of a farm in Al-
Qadisiyah province / Iraq, in 2016. These
samples were transported to the
laboratory in Phosphate Buffered Saline

(PBS) transport mediums.

Culture of fecal samples: A full loops of

samples were planned on Mac Conkey
agar (CDH/India), which incubated (24h/
37°C), and then, the pink colonies were
sub-cultured on Eosin Methylene Blue
agar (EMB) (SRL/India) and incubated
for 24 hours at 37°C. The colonies that
appeared as green metallic sheen were
isolated for a further confirmation by a
tests

set of biochemical (Lactose-

fermentation, Indole-production,

Simmon- citrate) [16].

DNA Preparation: Subsequently, a sweep

of some colonies were inoculated in
Luria-Bartani (LB) broth (Himedia/India)
and incubated overnight at 37°C, which
lysed after that by adding of Sodium
Dodecyle Sulfate 0.5 % (Sigma-Aldrich /
India) and Proteinase K 100 pg/ml
(Sigma-Aldrich / India). After treatment

with Cetyltrimethylammonium Bromide
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PCR and

sodium chloride 0.7), and subsequently
with Chloroform-Isoamyl alcohol 24:1
(Sigma-Aldrich / India) and Phenol-
Chloroform-Isoamyl 25:24:1
(Sigma-Aldrich  / DNA
solution was precipitated with 0.6 volume

alcohol
India), the

of Isopropanol, and then rinsed with
Ethanol 70% and re-dissolved in 100 p of
10 mM Tris-Hcl (pH=8) with 1mM -
EDTA. The DNA solution was diluted 10
folds with sterile water and the diluted
DNA solution was used for PCR [17],
[18].

Primers:  According to

manufacturer’s  instruction  (Sigma-
Aldrich / India), the PCR reaction for
amplification of bfp and elt genes was
done in standard 25 pl reaction in 0.2 ml
PCR tube, separately, and 2 ul of DNA
Twenty (20)

picomolar solution of each primer, 1X

was used as atemplet.

Taq amplification buffer, ImM MgCl,,
200 uM each nucleotides and 1.25 units
of Tag DNA polymerase, were used for
each reaction. The mixture containing
PCR tubes were quickly spun at 10000

rpm for 1 minute and placed in thermal
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cycler (Germany). The cycling conditions
for amplification involved an initial
denaturation (30 cycles at 94°C for 1
minute), an annealing temperatue (59°C
for 1 minute), and polymerization (at
72°C for 1 minute) that followed by final
extension (at 72°C for 10 minutes) [19].
The primers were used to detect two
different E. coli virulence genes included
(EP1 [5'-AATGGTGCTTGCGCTTGCT
GC] and EP2 [5'-GCCGCTTTATCCAA
CCTGGTA]) for EPEC (bfp) gene [14],
whilst, (ST1 [5-TAGAGACCGGTATTA
CAGAAATCTGA] ST2
[TCATCCCGAATTCTGTTATATATG

TC]) for ETEC (elt) gene [4]. The

positive amplification was visualized by

and

2 3 e

electrophoresis of the product size at 1 %
gel
bromide, at 331 bp for EPEC bfp gene
(Figure 1) and 583 bp for ETEC elt gene
(Figure 2).

agarose stained with ethidium

Statistical analysis: All received results,

6

related to positive and negative diarrheic
chickens with E. coli by cultures and with
confirmatory biochemical tests, were
tabled by using a computerized Microsoft
Office Excel (2013). Also, the differences
and relationships related to both virulent
factors genes, EPEC (bfp) and ETEC
(elt), isolated by PCR technique were
by
computerized IBM/SPSS program at level

of P<0.05 [20].

analyzed, statistically, using a

7 8

Figure (1): Agarose gel electrophoresis of bfp gene specific for virulent
factor, bundle-forming pili, in EPEC positive isolates

Lane (M) DNA marker (2000-100bp), Lane (1-11) positive samples at

331bp
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Figure (2): Agarose gel electrophoresis of elt gene specific for virulent factor,
heat labile enterotoxine, in ETEC positive isolates.
Lane (M) DNA marker (2000-100bp), Lane (1-7) positive samples at 583bp

Results
*. The result of (Table 1) was showed that the positive E. coli isolates by cultures
in a totally 50 diarrheic chickens was 20 (40 %).

submitted for fecal samples collection,

Table (1): Positive E. coli Isolates by Culture Medias

Total samples Positive samples Negative samples
50 20 (40 %) 30 (60 %)
. In (Table 2), the positive 20 samples by ETEC, respectively, by using of a
culturing were tested to detect the virulent molecular PCR technique.

factors genes, bfp and elt, of EPEC and

Table (2): Detection of bfp and elt genes by PCR

No. Gene detection Positive samples Negative samples
1 EPEC bfp gene 11 (55 %) ® 9 (45 %)
2 ETEC elt gene 7 (35 %) " 13 (65 %)

Variations in small letters, vertically, referred to a significant difference at level of P<0.05
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The results of (Table 2) revealed that 11
(55 %) of samples were positives with

EPEC bfp gene (Figure 1), while 7 (35 %)

of samples were positives with ETEC elt
gene (Figure 2).
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Figure (1): Positive diarrheic samples
with EPEC bfp gene
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Figure (2): Positive diarrheic samples with
ETEC elt gene

The prevalence of positive samples with

samples of study were 11 (22 %) and 7 (14
EPEC bfp and ETEC elt genes in among all

%), respectively, as in (Table 3).

Table (3): Positive Samples of EPEC bfp and ETEC elt genes in among all Samples of Study

Total Study’s Samples Positives EPEC bfp gene Positive ETEC elt gene
50 11 (22 %) ® 7 (14 %) "
Variations in small letters, vertically, referred to a significant difference at level of P<0.05
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- In (Table 4): The cross-infections results
of virulent factors genes, bfp and elt, by
PCR technique detected that 5 (25 %)

positive samples have both bfp and elt

genes, 2 (10 %) positive samples have
only elt gene; and 6 (30 %) positive
samples have only bfp gene.

Table (4): Cross-Infections results of virulent factors genes, bfp and elt, by PCR

EPEC bfp gene results
ETEC elt gene results Positive Negative Total
Positives 5 (25 %) ° 2 (10 %) °° 7 (35 %)
Negatives 6 (30 %) °° 7 (35 %) *° 13 (65 %)
Total 11 (55 %) 9 (45 %) 20

Variation in large and small letters, horizontally and vertically, referred to significant differences at level of

Discussion

Escherichia coli are a predominant

facultative anaerobic organism that has
many strains inhabitant as a flora in
digestive system of animals as well human.
However, certain strains have been
demonstrated to posses the ability for
producing a number of virulent factors
which captured through the horizontally
transferring of genes, and resulting in public-
health problems [21].

In Iraq, the prevalence status of ETEC and
EPEC in chickens, and their contribution for
inducing diarrhea was unknown or
uncertain. Hence, the prevalence of EPEC
and ETEC with appropriate scale was
conducted in  this

study  through

determination of bfp and elt genes in

P<0.05
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diarrheic chicken by using of a molecular
PCR technique. The bfp gene was a proved
to be more specific for EPEC strains, which
proposed to belong to the type IV fimbrial
group that including a number of different
bacteria such as Vibrio cholera, Neisseria
spp., and Pseudomonas aeruginosa [22]. In
EPEC had been

connected with several outbreaks of diarrhea

industrialized countries,

in infants, and it’s remained a cardinal
reason for mortalities in developed countries
[23]. EPEC was implicated in cases with
colitis,

gastroenteritis, cystitis,

pyelonephritis, peritonitis and puerperal
sepsis as well as food poisoning outbreaks
[24]. Interestingly, the bfp gene related to

EPEC was suggested that it might be play a
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wider role in E. coli pathogenesis [25]. Like

many diarrheal diseases, ETEC is a
consequence of inadequate sanitation which
is not likely to be resolved in the near-term
future in many developing countries [10].
ETEC has pursued a general basic strategy
that in usual mediated by a number of
proteinaceous virulence factors that in
consideration are plasmid-encoded
colonization factors. An elt is one of these
plasmid-encoded factors that investigated by
several studies as a major secretory diarrheic
determinants for ETEC virulence [26].
Although, both heat labile and heat stable
toxins had different mechanisms for action,
it’s clearly that the production of heat labile
toxin might be contributed for diarrhea that
cooperated by other toxins [27]. As well as,
the cross-infections results reported the
probability of persistence both bfp and elt
genes in same samples of diarrheic chickens.
Worldwide, the prevalence of bfp and elt
genes was explored from poultry samples,
cloaca or meat. However, the prevalence bfp

and elt genes reported, globally, were

References

1. Abbasi P, Kargar M, Doosti A,
Mardaneh J, Ghorbani-Dalini S, and
Dehyadegari MA (2014).

Characterization of Shiga-toxin

24

variable between studies and ranged from
2.3 % to 28 %, and from 0.92 % to 25.2 %,
[4], [14]. In
chickens, E. coli act as indicator organisms

respectively slaughtered
for unhygienic conditions during processing,
handling and distribution; and the presence
of it indicates that
[24].

However, the presence of positive bfp and

in high numbers

originated from fecal pollution
elt genes or other virulent factor genes, in
same samples, could because of that the
animals were harbored for these pathogenic
strains of E. coli, and this in agreement with
results reported previously by [28], [29],
[30].

Lastly, the present study’s results concluded
that the diarrheic chicken samples have been
harbored for virulent factors bfp and elt
genes of EPEC and ETEC, respectively.
Also, the results reported that the bfp gene
was more prevalent that elt gene. Hence, the
further exploration of other virulence factors
related to EIEC, EHEC, and EAEC in
chickens or other birds because of their

hazards on public health.

producing E. coli (STEC) and

enteropathogenic E. coli (EPEC) using
multiplex Real-Time PCR assays for



Al-Qadisiyah journal For pure science

Vol. 23 No 2 year2018

stx1, stx2, eaeA. lranian journal of
microbiology, 6(3): 1609.

. Abd Mutalib S, LY A, Ong SL, Nazri
W, Sakeenah W, Shahimi S, and Ariffin
AA (2010). DNA profiling among egg
and beef meat isolates of E. coli by
enterobacterial  repetitive  intergenic
consensus-PCR  (ERIC-PCR)  and
random amplified polymorphic DNA-
PCR (RAPD-PCR). International Food
Research Journal, 17(4): 853-866.

. Abe CM, Salvador FA, Falsetti IN,
Vieira MA, Blanco J, Blanco JE., and
Gomes TA (2008). Uropathogenic
Escherichia coli (UPEC) strains may
carry virulence properties of
diarrhoeagenic  E.  coli. FEMS
Immunology & Medical Microbiology,
52(3): 397-406.

Afset JE, Bruant G, Brousseau R,
Harel J, Anderssen E, Bevanger L, and
Bergh K (2006). Identification of
virulence genes linked with diarrhea due
to atypical enteropathogenic
Escherichia coli by DNA microarray
analysis and PCR. Journal of Clinical
Microbiology, 44(10): 3703-3711.

Almeida AM, Bassols A, Bendixen E,
Bhide M, Ceciliani F, Cristobal S, and

25

McLaughlin M (2015). Animal board
invited review: advances in proteomics
for animal and food sciences. Animal,
9(01): 1-17.

Alonso MZ, Padola NL, Parma AE,
and Lucchesi PM (20112).
Enteropathogenic  Escherichia  coli
contamination at different stages of the
chicken slaughtering process. Poultry
science, 90(11): 2638-2641.

. Braun HS, Sponder G, Aschenbach JR,

Kerner K, Bauerfeind R, and Deiner C
(2017). The GadX regulon affects
virulence gene expression and adhesion
of porcine enteropathogenic Escherichia
coli in vitro. Veterinary and Animal
Science. 3: 10-17.

. Chen CM, Ke SC, Li CR, Wu YC, Chen

TH, Lai CH, and Wu LT (2017). High
Diversity of Antimicrobial Resistance
Genes, Class 1 Integrons, and
Genotypes of Multidrug-Resistant E.
coli in Beef Carcasses. Microbial Drug
Resistance. 56 (13): 2115-2132.

. Chen HD, and Frankel G (2005).

Enteropathogenic  Escherichia  coli:
unravelling pathogenesis. FEMS

microbiology reviews, 29(1): 83-98.



Al-Qadisiyah journal For pure science

Vol. 23 No 2 year2018

10. Deborah Chen H, and Frankel G

(2005). Enteropathogenic Escherichia
coli: unraveling pathogenesis. FEMS
microbiology reviews, 29(1): 83-98.

11. Farasat T, Bilal Z, and Yunus FU

(2012). Isolation and biochemical
identification of Escherichia coli from
wastewater effluents of food and
beverage industry. Journal of Cell &
Molecular Biology, 10(1).

12. Farooq S, Hussain I, Mir MA, Bhat

MA, and Wani SA (2009). Isolation of
atypical enteropathogenic Escherichia
coli and Shiga toxin 1 and 2f-producing
E. coli from avian species in India.
Letters in applied microbiology, 48(6):
692-697.

Fletcher SM, McLaws ML, and Ellis
JT (2013). Prevalence of gastrointestinal
pathogens in developed and developing
countries: systematic review and meta-
analysis. Journal of public health
research, 2(1): 9.

Gould D, Kraa E, Dalton CB, Givney
R, Gregory J, Stafford RJ, and Kirk MD
(2004). Food borne disease outbreaks in
Australia, 1995 to 2000. Communicable
diseases intelligence quarterly report,
28(2): 211.

15. Hassanin FS, salem AM, Shorbagy

EM, and Kholy RL (2014). Traditional
and recent technique for detection of
Escherichia coli in fresh chicken cuts
and giblets. Benha Veterinary Medical
Journal, 26 (2): 21-29.

16. Herman L (2001). Determination of

the animal origin of raw food by
species-specific PCR. Journal of Dairy
Research, 68(03): 429-436.

17. Joffré E, von Mentzer A, Svennerholm

AM, and Sjéling A(2016). Identification
of new heat-stable (STa) enterotoxin
allele variants produced by human
enterotoxigenic Escherichia coli
(ETEC). International Journal of

Medical Microbiology, 306(7): 586-594.

18. Kaper JB, Nataro JP, and Mobley HL

(2004). Pathogenic E. coli. Nature
Reviews Microbiology, 2(2): 123-140.

Lee WC, Lee MJ, Kim JS, and Park
SY (2001). Food borne illness outbreaks
in Korea and Japan studied
retrospectively. Journal of Food
protection, 64(6): 899-902.

20. Muller D, Greune L, Heusipp G,

Karch H, Fruth A, Tschépe H, and
Schmidt MA (2007). Identification of

unconventional intestinal pathogenic



Al-Qadisiyah journal For pure science

Vol. 23 No 2 year2018

Escherichia coli isolates expressing
intermediate virulence factor profiles by
using a novel single-step multiplex
PCR. Applied and environmental
microbiology, 73(10): 3380-3390.

21. Nagy B, and Fekete PZ (2005).

Enterotoxigenic Escherichia coli in
veterinary  medicine.  International
Journal of Medical Microbiology,
295(6): 443-454.

22. Osek J (2003). Detection of the

enteroaggregative Escherichia coli heat-
stable enterotoxin 1 (EAST1) gene and
its relationship with fimbrial and
enterotoxin markers in E. coli isolates
from pigs with diarrhoea. Veterinary
microbiology, 91(1): 65-72.

23. Petrie A, and Watson P., (2006).

Statistics for Veterinary and Animal
Science, Second Edition. Ames:
Blackwell Publishing, Pp: 312.

24. Rasko DA, Rosovitz MJ, Myers GS,

Mongodin EF, Fricke WF, Gajer P, and
Henderson IR (2008). The pangenome
structure of E. coli: comparative
genomic analysis of E. coli commensal
and pathogenic isolates. Journal of
bacteriology, 190(20): 6881-6893.

25. Robins-Browne RM, and Hartland EL

(2002). Escherichia coli as a cause of
diarrhea. Journal of gastroenterology
and hepatology, 17(4): 467-475.

26. Turner SM, Scott-Tucker A, Cooper

LM, and Henderson IR (2006).
Weapons of mass destruction: virulence
factors of the global  Kkiller
enterotoxigenic Escherichia coli. FEMS
Microbiology Letters, 263(1): 10-20.

27. Walker RI, Steele D, Aguado T, and

Ad Hoc ETEC Technical Expert
Committee  (2007).  Analysis  of
strategies to successfully vaccinate
infants in developing countries against
enterotoxigenic E. coli (ETEC) disease.
Vaccine, 25(14): 2545-2566.

28. Walter J, Tannock GW, Tilsala-

Timisjarvi A, Rodtong S, Loach DM,
Munro K, and Alatossava T (2000).
Detection and  Identification  of
Gastrointestinal Lactobacillus Species
by Using Denaturing Gradient Gel
Electrophoresis and Species-Specific
PCR Primers. Applied and
environmental  microbiology, 66(1):
297-303.

Zende RJ, Chavhan DM,
Suryawanshi PR, Rai AK, and Vaidya



Al-Qadisiyah journal For pure science

Vol. 23 No 2 year2018

PCR detection and

enterotoxigenic and

VM  (2013).
serotyping  of
shigatoxigenic E. coli isolates obtained
from chicken meat in Mumbai, India.
World, 6: 770-773.

30. Zuber D, Krause R, Venturi M, Padan

E, Bamberg E, and Fendler K (2005).

28

Kinetics of charge translocation in the
passive downhill uptake mode of the
Na+/H+ antiporter NhaA of Escherichia
coli. Biochimica et Biophysica Acta
(BBA)-Bioenergetics, 1709(3): 240-250.



Al-Qadisiyah journal For pure science Vol. 23 No 2 year2018

N B A sl 68l L D ¢ elt g b « 3l sl Jalge cilbal A jal) paudidal)
Sl laal) ol

? sl alla Jndia U2 gauad) Gala aBil (lia | teadd) o 35 Lua

! A8l draly / Uagal) 4408 / & jgaall sla¥) g 4
? A pdll) daala / g ) ) 406
¥ L) dasals / Gliad) b 408/ Al pslal) £ 4

2017/7/17 -: 5 s 2017/5/17 -:aas¥) a3

-

ADAl
i yaall A gacal o) A1) LS o) 381l Sl sad et s Dfp st ) cilionll 3 55 Ll ) ALl jal) idon
35 Jlaxindy JlmVl amdll gladll 5l b ¢ sl e ¢ (ETEC) el g sl 33850 8l LS, 02915 (EPEC)
CRadl i o0 e pen I eVl Alias dalad 50 Gt ¢ il 1] sl duliid) 5 el Jelis
A sn saSll DIUEAY) (any ge Y Gall LRl &y palilall (500 G V)5 (SESLall (g ST e il de) ) cus
Jo i A8 ¢ o ¢ dun gall (g pdiall Clinal) Canimd | A e Aie 20 e 838 Al ¢ Aol 8 LS i) ciliie Sl
50/11 Gl Al Hall o3gd A0S miliall < jelal ¢ i) Gt ae . elt 5 bfp  Criad) sa s CLEY Judusiall 3 5l
Gl il s ¢ QS ) e« ETEC-glt s EPEC-bfp cuisall i 5o <ilS (% 14) 50/7 5 (% 22)
Celt O e fin s S (% 10) 20/2 ¢ sl SIS n i g S (% 25) 20/5 el 5 bfp isal) e Aalaliial
DS LY C¥na (o g simall CASUAY) s ¢ Liloanl | L ¢ DI G g n s 8IS (% 30) 20/6 5 ¢ i

. P<0.05 (5t 2ie ¢ elt 5 bfp « cpinll

YU ladll CBJ\ ¢ BJ\‘)A.A” d.a\_,.c ¢ ‘;;u‘)al\ uadidlll ¢ gt ¢ bfp ¢ LJ)S}AS\ LS ) . 2_);1:\“\ Calalsly

29



