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Abstract

This study was conducted to investigate the existence of
some virulence genes among Escherichia coli strains isolated
from broiler chickens and ducks. A total of 252 samples
(liver, heart blood and lung) were collected from diseased
and freshly dead broiler chickens (192 organ from 64 bird)
and ducks (60 organ from 20 bird) from different poultry
farms at Ismailia Governorate, Egypt during period from
May 2018 to July 2019. All samples were subjected to
bacteriological examination for isolation and identification of
E. coli. Eighteen E. coli isolates were subjected for detection
of some virulence genes (iss, iutA, papC, traT, eaeA and vat)
by conventional polymerase chain reaction (cPCR). Out of
252 samples, 203 (80.5%) were positive for E. coli.
Virulence genes were detected among 18 selected E. coli
strains with variable percentage. All 18 E. coli isolates
(100%) were iss, iutA and vat genes positive, 16 (88.8%)
were traT gene positive, 5 (27.7%) were eaeA gene positive
while, 2 (11%) were papC gene positive.

Key words: Virulence Genes — Escherichia coli — Broiler
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Introduction

Escherichia coli is a part of the
normal microflora in the poultry
intestine, but certain strains,
such as avian pathogenic E. coli
(APEC), spread into various
internal organs and cause avian
colibacillosis (Oh et al., 2011).
Colibacillosis affects multiple

systems in the bird (respiratory,
digestive and reproductive
systems) resulting in many
disease conditions end by death
of the bird (Singh etal., 2011).
The avian pathogenic E. coli
(APEC) strains belonging to the
extraintestinal pathogenic E.
coli (ExXPEC) groups and



Marwa Hassan et al.

causing colibacillosis in birds
are reported to carry similar
virulence attributes as human
EXPEC. This suggests a possible
route of EXPEC dissemination
in the community through
poultry and poultry products
that may serve as a potential
reservoir of EXPEC (Bergeron
etal., 2012).

Certainly, APEC like other
pathogenic E. coli, acquired
genes by horizontal transfer that
encode virulence factors, which
serve to distinguish APEC from
commensal  strains.  These
virulence genes may be
clustered into chromosomal- or
plasmid-located pathogenicity
islands (PAIs) (Lisa etal., 2013
and Navarro-Garcia et al.,,
2019). The virulence factors,
such as adhesins, invasins,
toxins, iron acquisition systems
(siderophores), and protectins,
are involved in colonization,
adhesion, invasion, and survival
against host defenses (Janf3en et
al., 2001; Jeong et al., 2012
and Ghunaim et al., 2014).

The objective of this study was
molecular detection of some
virulence genes of E. coli
isolated from broiler chickens
and  ducks at Ismailia
Governorate using conventional
polymerase chain reaction
(cPCR) as a rapid diagnosis for
genotypic characterization.

Material and methods
1- Samples collection:

All  samples were collected
under aseptic condition and
safety precautions (Vandemaele
etal., 2002; Ahmed etal., 2009
and Farooq etal., 2009).

Liver, heart blood and lung
were collected from each
diseased and freshly dead
broiler chickens and ducks
using sterile scissor and forceps
and under aseptic condition. The
surface of each organ was
seared by hot spatula and then
sterile loopfuls were taken from
liver, heart blood and lung
through the seared portion then
samples were subjected for
bacteriological examination
(Roshdy et al., 2012; Eid and
Erfan 2013 and Abd El Tawab

etal., 2016).
2- Bacteriological
examination:

Loopfuls taken from liver, heart
blood and lung were inoculated
in buffer peptone water and
incubated at 37 °C for 18+2 hrs
under aerobic condition. A
loopful from each sample was
separately  streaked  onto
MacConkey's agar and eosin
methylene blue agar (EMB) and
incubated at 37 °C for 24 hrs.
Suspected colonies were picked
up, subjected to morphological
and Gram staining reaction.
Suspected isolates were
confirmed by a series of
biochemical identification
according to Murray et al.
(2003).
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3- Molecular characterization
of E. coli isolates using
conventional polymerase
chain reaction (cPCR):
Eighteen E. coli isolates were
subjected to cPCR for detection
of 6 virulence genes (iss, iUtA,
papC, traT, eaeA and vat). Six
pairs of primers were supplied
from metabion (Germany) or
Biobasic (Canada). They have
a specific sequence and amplify
a specific product as shown in
table (1).

3.1. Extraction of E. coli DNA:
using QlAamp DNA Mini Kit
instructions  (Catalogue No.
51304).

3.2. Preparation of PCR Master
Mix Accordingto Emerald Amp

GT PCR master mix (Takara)
Code No. RR310A kit as shown

in table (2).

3.3. Cycling conditions of the
primers during cPCR:
Temperature and time

conditions of the primersduring
PCR are shown in table (3)
according to specific authors
and Emerald Amp GT PCR
master mix (Takara) Kit.

3.4. Agarose gel electrophoresis
(Sambrook et al., 1989). DNA
Molecular weight marker: using
Gene ruler 100 bp plus DNA
ladder (cat. no. SMO0243)
supplied from Fermentas with
size range: 100-1000 bp.

Table (1): Oligonucleotide primers sequences used for amplification
of virulence genes (iss, iutA, papC, eaeA, traT and vat):

3 B 58 .2 583 g
25| E ESo g2 £E38| 3
o = S oS 0 g c o= @
A ~ 8 ke 5= 2
F ATGTTATTTTCTGCCGCTCTG Increased serum
iss survival gere (outer | 266 bp
R CTATTGTGAGCAATATACCC membrane protein) Yaguchi
F GGCTGGACATGGGAACTGG Ferric aerobactin eal,
receptor (i 2007
iUtA ptor (iron 300 b
lut R | CGTCGGGAACGGGTAGAATCG | uptaketransport) P
F TGATATCACGCAGTCAGTAGC Pyelonephritis 501 b Wen-jie et
papC R CCGGCCATATTCACATAA associated pili P al., 2008
F ATGCTTAGTGCTGGTTTAGG Attaching and Bisi-
caeA effacing mechanism | 248 bp Johnson et
R GCCTTCATCATTTCGCTTTC (intestinal gene) al, 2011
Surface exclusion,
F GATGGCTGAACCGTGGTTATG serum survival 307 bp Kaipainen
traT 'R | CACACGGGTCTGGTATTTATGC (°”te;r’;”;’i‘:1§"am etal, 2002
F AACGGTTGGTGGCAACAATCC Vacuolating auto- 420 b Boisen et
vat [ 'R | AGCCCTGTAGAATGGCGAGTA | transportertoxin P | al. 2009
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Table (2): Preparation of PCR master mix:

Component Volume/reaction
Emerald Amp GT PCR master mix (2x 12 5 41
premix) K
PCR grade water 4.5 ul
Forward primer (20 pmol) 1 ul
Reverse primer (20 pmol) Il
Template DNA 6 ul
Total 4 ul
Table (3): Cycling conditions of the different primers during cPCR:
Primary Secondary . . No. of Final
e denaturation | denaturation AR | SR cycles | extension
c 94°C 94°C 58°C 72°C 35 72°C
pap 5 min. 30 sec. 40 sec. 45 sec. 10 min.
ics 94°C 94°C 54°C 72°C 35 72°C
5 min. 30 sec. 30 sec. 30 sec. 7 min.
. 94°C 94°C 63°C 72°C 72°C
IUEA 5 min. 30 sec. 30 sec. 30 sec. 35 7 min.
waT 94°C 94°C 55°C 72°C 35 72°C
ra 5 min. 30 sec. 30 sec. 30 sec. 7 min.
94°C 94°C 51°C 72°C 72°C
eaeA 5 min. 30 sec. 30 sec. 30 sec. 35 7 min.
. 94°C 94°C 58°C 72°C 72°C
va 5 min. 30 sec. 40 sec. 40 sec. 35 10 min.
Results 2- Bacteriological
1- Incidence of E. coli examination:

isolation:

The overall percentage of E.
coli isolated from diseased and
freshly dead broiler chickens
and ducks was 80.5%
(203/252). Out of 192 chicken
samples 145 were positive for
E. coli with the percentage of
75.5 %. While, 58 out of 60
duck samples were positive for
E. coli with the percentage of
96.7%.

The results of bacteriological
examination were presented in

table (4).
3- Molecular characterization
of E. coli isolates using

conventional PCR (cPCR):
Figure (2), (3), (4), (3), (6). (7).
(8) and table (5) showed the
amplification and the detection
of 6 virulence genes (iss, iUtA,
papC, traT, eaeA and vat) in 18
E. coliisolates.
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Table (4): Prevalence of positive E. coli in different organs of
diseased and freshly dead broiler chickens and ducks.

Number of Positive Negative

Source | Organs examined samples samples
samples No. % No. %
Liver 64 56 | 87.5 8 12.5
Broiler Heart 64 53 | 82.8 | 11 17.2
chicken Lung 64 36 |56.3 | 28 | 43.7
Total 192 145 | 75.5 | 47 24.5

Liver 20 20 100 0 0

Heart 20 20 100 0 0

Duck |_Lung 20 18 [ 90 [ 2 [ 10
Total 60 58 | 96.7 2 3.3

*The percentage was calculated according to the number of
examined samples.
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Fig. (1): Prevalence of positive E. coli in different organs of diseased
and freshly dead broiler chickens and ducks.
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Fig. (2): Agarose gel electrophoresis of amplified iss gene PCR
product (266 bp).
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Fig. (5): Agarose gelelectrophoresis of amplified traT gene PCR product (307 bp).
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Fig. (6): Agarose gel electrophoresis of amplified eaeA gene PCR product (248 bp).
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Fig. (7): Agarose gelelectrophoresis of amplified vatgene PCR product (420 bp).
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Fig. (8): Prevalence of 6 virulence genes (iss, iutA, papC, traT, eaeAand vat)
detected by cPCR among E. coli strains isolated from broiler chickens and ducks.

Table (5): Detectionof virulence genes (iss, iutA, papC, traT,eaeAand vat) of

18 E. coli strainsisolated frombroiler chickens and ducks.

Sources Sample Type of | No. of E. | Virulence genes
Code samples coli
iss | iutA | papC | traT | eaeA | vat
1 Liver 1 +ve | +ve -ve +ve -ve +ve
2 Liver 1 +ve | +ve -ve +ve -ve +ve
3 Heart 1 +ve | +ve -ve +ve +ve | +ve
4 Liver 1 +ve | +ve -ve +ve | +ve | +ve
) 5 Liver 1 +ve | +ve -ve -ve +ve | +ve
Broiler 6 Liver 1 +ve [ tve [ ve [ +ve [ +ve [ +ve
chickens 7 Liver 1 +ve | +ve -ve +ve | -ve | +ve
8 Liver 1 +ve | +ve -ve +ve -ve +ve
9 Liver 1 +ve | +ve -ve +ve -ve +ve
10 Liver 1 +ve [ +ve -ve +ve -ve +ve
11 Liver 1 +ve | +ve -ve +ve -ve +ve
12 Liver 1 +ve | +ve -ve +ve -ve +ve
13 Liver 1 +ve | +ve -ve +ve -ve +ve
14 Liver 1 +ve | +ve -ve +ve -ve +ve
Ducks 15 Liver 1 +ve | +ve +ve -ve -ve +ve
16 Liver 1 +ve | +ve -ve +ve +ve +ve
17 Heart 1 +ve | +ve -ve +ve -ve +ve
18 Heart 1 +ve | +ve +ve +ve -ve +ve
Total 18 18 18 2 16 5 18
% 100 100 | 100 11 88.8 | 27.7 | 100
+ve: Positive -ve: Negative
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Discussion

E. coli infection in poultry is
usually related to high economic
losses and this is because of
high morbidity and mortality
rates, decrease food conversion
rate, body weight loss and
decrease the egg production,
condemnation of complete
affected carcass or organs and
the high cost of wide range of
antibacterial ~ agents used
(Salamaetal., 2007).

The results of bacteriological
examination showed that, the
overall percentage was 80.5%
(203/252) from diseased and
freshly dead broiler chickens
and ducks. These results were
supported by Eid and Erfan
(2013); Peer et al. (2013) and
Mahmud et al. (2018) who
recorded higher rates of E. coli
isolation by 80%, 84% and
83.08%, respectively.

Out of 192 chicken samples 145
were positive for bacterial
isolation with the percentage of
75.5 % while, 58 out of 60 duck
samples were positive with the
percentage of 96.7%, Similar
results were obtained by Abd El
Tawab et al. (2015), who
isolated E. coli with the same
rate from broiler chickenswith a
percentage of 75%. Also Eid
and Erfan (2013) recorded that,
84 (80%) out of 105 examined
diseased and freshly dead cases
were E. coli positive, in the
same context, Sharada et al.
(2008) reported that, E. coli

were recovered 65 (76.47 %)
out of 85 samples collected
from different organs of broiler
chickens. On the other hand,
lower rates (38.7%, 44.61% |,
36.20% and 35.74%,) were
recorded by (Zhao etal., 2001;
Sharada et al., 2010; Hasan et
al.,, 2011 and Literak et al.,

2013).
Concerning isolation
prevalence in various

chicken organs revealed that,
high recovery rate of isolation
was recorded from liver 87.5%
(56/64), followed by heart blood
82.8% (53/64) and lung 56.3%
(36/64).The same result was
obtained by Roshdy et al.
(2012) and Abd El Tawab etal.
(2016) who recorded high
isolation rate  from liver
followed by heart blood then
from lung. While, this result
was agreed to some extent with
Eid and Erfan (2013) who
recorded high isolation rate
from liver (57.14%), followed
by lung (54.29%) and heart
blood (37.14%). Also, Sarah et
al. (2013) reported that out of
95 liver samples, 88 were
positive for E. coli with a
percentage of 92.6%, while this
result was disagreed with Ola
(2017), who found that 14% of
E. coli isolates (28/200) were
isolated from liver.

On the other hand, the isolation
prevalence in of E. coli from
ducks was (96.7%) which
related to liver 100% (20/20),
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heart 100% (20/20) and lung
90% (18/20). Such high
prevalence of E. coli isolation
from ducks was in agreement
with Thu et al. (2019) who
recorded that, 990 (99.6%) out
of 994 examined duck samples
were positive for E. coli. The
highest rate of E. coli isolation
was reported from liver
(78.3%), followed by lung
(71.8%). Simillar result was
obtained by Singh et al. (2012)
and Kissinga et al. (2018) who
found that, the E. coli isolation
rates from diseased ducks was
100% and 91%, respectively.
While this result disagreed with
Majumder et al. (2017) who
reported a lower prevalence of
E. coli obtained from ducks
(43.33%).

Although many techniques can
be used to identify virulence
factors, the PCR still a powerful
technique for detection of
pathogens because of its
rapidity, specificity and
sensitivity. It is an effective
procedure for generating large
quantities of a specific DNA
sequence in vitro (Holland et
al., 2000).

The iss gene encodes an outer
membrane protein (OMP) that
plays a role in serum resistance,
protecting against the actions of
the complement, and the
presence of this gene in
pathogenic avian strains has
been shown to be highly
significant (Pfaff-McDonough

et al., 2000; Nolan et al., 2003
and McPeake et al., 2005). Iss
gene is located on conjugated
high molecular weight plasmids
with virulence factors associated
with  the resistance  to
complement, bactericidal effects
of serum, and antibiotics (Ewers
etal., 2007).

The results showed that, iss
gene was detected in all 18
(100%) E. coli isolates. Similar
results were recorded by Kwon
et al. (2008), Jgrgensen et al.
(2019) and Oliveira et al.
(2019) who mentioned that, iss
gene was detected in 100% of
the E. coli isolates. This high
frequency reveals the
importance of iss function that
allows E. coli to evade host
defenses, multiply and
disseminate, thus promoting the
development of the disease
(Lopezetal., 2017).

The iutA gene is one of the 5
genes of the aerobactin operon.
It encodes an outer membrane
protein involved in the high-
affinity  binding of Fe*
aerobactin and can be plasmid
located (Johnson et al., 2006)
or chromosomally encoded in
some APEC strains (Schouler et
al., 2012).

In the present work, it was
found that the prevalence rate of
iutA gene was 100% of the
tested E. coli isolates, the same
prevalence rate of iutA gene
was detected by Hussein et al.
(2013), Chalmers et al. (2017)



10

Marwa Hassan etal.

and Jgrgensen et al. (2019) in
100%, 93.3% and 96.9% of the
E. coli isolates, respectively.
While, a lower prevalence rate
recorded by Eftekharian et al.
(2016) who detected iutA gene
in 70% of E. coliisolates.
Adherence of bacteria to tissue
surfaces is an important initial
event in bacterial infections. In
E. coli, P-fimbriae, which
mediates bacterial colonization
in the respiratory epithelium, is
coded by the pyelonephritis-
associated pili (pap) (papC)
gene. In addition to tissue
adhesion, P-fimbriae protects E.
coli from the antibacterial
activity of neutrophils
(Pourbakhsh et al., 1997). The
papC gene is localized to
pathogenicity islands (PAISs)
that are chromosomal in
location (Janlenetal., 2001).
The obtained results revealed
that, the prevalence rate of papC
gene in E. coli isolates was
(11%). Where, the cluster pap,
consisting of 11 genes,
including papC (Leyton et al.,
2011), papC gene has been
reported to be present at a low
frequency in APEC isolates
(Johnson et al.,, 2002). The
obtained data was in agreement
with Kown et al. (2008), Varga
et al. (2018) and Tidiane et al.
(2019), who reported papC gene
prevalence was 11%, 10.27%
and 12.9% in E. coli isolates,
respectively. While, a lower
prevalence rate recorded by

Oliveira et al. (2019) who
detected papC gene in 1.5% of
E. coliisolates.

E. coli isolates were examined
for detection of outer membrane
protein serum resistance gene
(traT) and it was found that the
virulence gene (traT) was
carried by 88.8% the examined
E. coli strains. The same result
detected by Kogovsek et al.
(2019) who found traT gene in
88.1% of E. coli isolates. While,
Ferreira et al. (2018) reported
that, only 47.7% of E. coli
isolates were positive for traT
gene.

Intimin is a protein encoded by
eaeA, chromosomal gene and
mediates adherence of attaching
and effacing E. coli to the
intestinal epithelial cell
(Ghanbarpour and Oswald,
2010). Attaching and effacing
was a term to describe an
intestinal lesion (AE lesion)
caused by specific strains of E.
coli. "Attaching" because of the
intimate attachment of the
bacteria to the exposed
cytoplasm membrane of the
enterocyte; and “effacing”
because of the localized
disappearance of the brush
border microvilli (Stordeur et
al., 2000).

The prevalence rate of eaeA
gene in the present study was
(27.7%). Similar result was
obtained by Kobayashi et al.
(2009) and Eid et al. (2016)
who reported that, eaeA gene
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prevalence rate was 25% and
33.3% of the E. coli strains,
respectively. However, no eaeA
gene was detected among APEC
isolates tested by Wen-jie et al.
(2008) who supported the
results by that obtained by
Krause et al. (2005) who
reported a lower detection rate
(2.3%) of eaeA gene in the
tested E. coli isolates from fecal
samples of healthy chicken.
While, Zakeri (2014) recorded
eaeA gene in 48.1% (39/81) of
E. coliisolates.

APEC  secrete vacuolating
autotransporter  toxin  (vat),
encoded by (vat) gene

(Mortezaei et al., 2013 and
Huja et al., 2014) which has
been shown to induce the
formation  of intracellular
vacuoles with cytotoxic effects
(Lopezetal., 2017). According
to the study findings, the
vacuolating autotransporter
toxin (vat) gene was present in
100% among tested 18 E. coli
isolates. The same result
recorded by Cunha etal. (2017)
who detected prevalencerate of
vat gene in 96% of E. coli
isolates.  While, a lower
prevalence rate (89%) recorded
by Kwon et al. (2008).

In the present study, 100% of
the E. coli isolates possessed at
least 4 virulence-associated
genes (from totally 6 virulence
genes). These results agreed
with Varga et al. (2018) who
found that, the majority (94%)

of E. coli isolates were had at
least 3 virulence-associated
genes.

Finally, it could be concluded
that, E. coliis still as one of the
most prevalent pathogenic
agents in poultry and it is
associated with a number of
disease conditions. The results
of this study indicated that the
examined E. coli strains possess
a characteristic set of virulence
factors and some of these
virulent factors may be of public
health concern.
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