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Abstract:

BACKGROUND: Avian pathogenic Escherichia coli (APEC),
which is the causative agent of colibacillosis, harbors sev-
eral putative virulence genes. An important trait of APEC
for both poultry and public health is antibiotic resistance.
OBJECTIVES: In the present study, some potential virulence
genes of APECs isolated from Northeast of Iran and their re-
sistance to the quinolones antibiotics were studied. METHODS:
The conventional polymerase chainteaction (PCR) was used to
determine the presence of four virulence genes, including iss,
cvi, iuc, and tsh, in.52 1solates of E. coli from avian colibacil-
losis and 11 isolates from feces of apparently healthy chicken.
Disk diffusion method was used to also determine the resis-
tance of all the isolates against nalidixic acid, norofloxacin,
ciprofloxacin, and enrofloxacin. RESULTS: The presence of iss
and fsh virulence genes in isolates from diseased chickens was
significantly higher than isolates from healthy chickens. There
was no significant difference between APEC and fecal E. coli
when it comes to quinolone resistance. However, cvi and iuc
genes were significantly higher in susceptible isolates of E. coli
from healthy chickens. CONCLUSIONS: iss and tsh genes are
more prevalent in APEC isolates than in fecal isolates. There
is no association between lack of virulence and resistance to
quinolones in E. coli isolates from diseased chickens.

Introduction

Escherichia coli is regarded as a normal mi-
croflora of the intestinal tract and poultry en-
vironment. However, due to the acquisition of
virulence factors, some strains of E. coli are
pathogenic (Vidotto et al., 1990). Colibacillo-
sis is a disease of severe economic importance
to the poultry industry worldwide and is char-
acterized by a diverse array of lesions (Vidotto
et al., 1997; Dziva and Stevens, 2008). Sever-
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al valuable virulence genes were described in
avian pathogenic E. coli (APEC). These genes
could express different traits including adhe-
sions, toxins, iron uptake systems, and resis-
tance to the host serum (Delicato et al., 2003).

The temperature-sensitive hemagglutinin
(tsh) may act as an adhesion, particularly in
the initial stages of colonization of the respi-
ratory tract. Many studies have shown that
colV type plasmids carry the zsh gene and also
frequently carry genes for the aerobactin iron
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uptake system (Delicato et al., 2002; Tiven-
dale et al., 2004; Nakazato et al., 2008). The
association of #sh with lethal APEC isolates
suggested that zsh may be a virulence factor
and/or could be physically linked to some in-
dependent virulence determinants (Dozois et
al., 2000). The increased serum survival (iss)
gene encodes a protein that plays a role in se-
rum resistance, and the presence of this gene
in pathogenic avian strains has been shown to
be highly significant (McPeake et al., 2005).
The iucC, a gene encoding a protein involved
in aerobactin production and cvi, the colicin V
(colV) immunity gene, are involved in the es-
tablishment of avian infection (Skyberg et al.,
2003; Moon et al., 2006).

Several studies have shown that quinolone
resistant E. coli strains display reduced viru-
lence (Johnson et al., 2004; Sherwood et al.,
1983; Orden et al., 1999). However, the lack
of pathogenicity islands does not arise from
gyrA mutation, but both are consequences of
chromosomal characteristics and would be
intrinsic bacterial characteristics (Piatti et al.,
2008). This study was designed ‘to_investi-
gate the presence of four virulence-associated
genes in avian E. coli isolated from diseased
and healthy chickens. This study also aimed at
clarifying the association of the incidence of
these virulence factors«with resistance against
quinolones.

Material and Methods

Bacterial isolates: A total of 63 E. coli iso-
lates were collected from diseased and healthy
chickens in several broiler farms in Khorasan
district (Northeast Iran). Fifty two isolates out
of 63 were obtained from heart and liver spec-
imens of colobacillosis cases in pure culture.
The remaining isolates were obtained from fe-
ces of apparently healthy chickens. The identi-
ty of E. coli isolates was confirmed using stan-
dard biochemical tests (Quinn et al., 2002).

All isolates were stored in nutrient broth
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with 15% glycerol at -20°C. For DNA ex-
traction, isolates were grown on either Mac-
Conkey agar (HiMedia, India) or nutrient agar
(HiMedia, India) over night at 37°C.

Polymerase chain reaction (PCR) assay:
DNA was extracted from all isolates of E. coli
using genomic DNA extraction kit (Bioneer,
Korea). The isolates were examined for iss,
tsh, iuc, and cvi genes using single PCR assay.
Primer sequences are listed in Table 1, on the
basis of published sequences for these genes
(Skyberg et al., 2003). Primers were synthe-
sized by Bioneer company, South Korea. The
PCR assay was carried out in a total volume
of 25 ul of the PCR premix mixture (Bioneer
company, South Korea) containing Taqg DNA
polymerase (1U), MgCI2 (1.5 Mm), each of
the deoxynucleotide triphosphates (250 pm),
KCI (30 Mm) and Tris-Hel pH=9 (10 mM).
Two microliters of the template DNA (200 ng)
and 1 pl of each primers (forward and reverse)
(25 pmol) were added.

Amplification was performed according
to the following conditions: an initial dena-
turation at 95°C for 5 min; for 30 cycles: de-
naturation at 95°C for 30 s, annealing at 55°C
for 45 s, extension at 72°C for 1.5 min and a
final extension at 72°C for 7 min. The products
were then separated in a 1.5% agarose gel. A
100 bp ladder (Fermentas Inc., USA) was used
as a size reference. For establishment of the
protocol, four E. coli isolates, containing the
target genes, were identified by sequencing,
and these isolates were used as positive con-
trols. E. coli C600 (K12) was used as negative
control.

Antimicrobial susceptibility testing: An-
timicrobial susceptibility test was carried out
for 22 isolates from chicken with colibacillosis
and 11 isolates from the feces of healthy birds.
The test was done using disk diffusion meth-
od on Mueller-Hinton agar (HiMedia, India).
The antimicrobial agents used in this study
were nalidixic acid, norfloxacin, enrofloxacin,
and ciprofloxacin (PadtanTeb, Iran). Results of
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the tests were interpreted using the guidelines
of Clinical and Laboratory Standards Institute
(CLSI) (Quinn et al., 2002).

Statistical analysis: Statistical analysis
was performed using the Chi-square test. The
threshold for significance was a p value <0.05.

Sequence analysis: Four amplicons from
four E. coli isolates with the genes iss, tsh, cvi
and iuc were sequenced in one direction by
Bioneer company (South Korea). Sequences
were examined for identity with published se-
quence data (Table 1) from National Center for
Biotechnology Information (NCBI).

Results

Detection of virulence genes: The detected
virulence genes using PCR are shown in Ta-
ble 2. Amplicons for cvi, tsh, iuc, and iss are
easily resolved when compared with a stan-
dard 100-bp ladder (Figure 1). Isolates from
healthy birds were negative for iss gene, but
was detected in 38.46% of the diseased iso-
lates. The tsh gene was detected in 67.3% of
pathogenic isolates, but only 27.3% of fecal
isolates were positive for zsh gene. The cvi
gene was detected in 53.84% of pathogen-
ic isolates and was detected.in 90.9% of the
isolates from healthy birds. Forty-three out of
52 (82.69%) isolates from colibacillosis cases
and 10 out of 11:(90.9%) isolates from healthy
birds possessed iuc sequence. Twelve patterns
were found among pathogenic isolates, and 2
of them (iss+, cvit, iuct, tsh+ and iss-, cvit,
iuc+, tsh+) being the most prevalent. Only one
pattern (iss-, cvi+, iuc+t, tsh-) was significantly
higher in isolates from healthy chickens (Table
3).

Association of virulence gene with anti-
microbial resistance: There was no signifi-
cant difference on the frequency of virulence
genes between susceptible and resistant £. coli
from diseased chickens against quinolone and
fluoroquinolones.

However, cvi and iuc genes were signifi-
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1 2 34 56 78 910

1000bp
500bp

541bp 366bp 760b  420bp

Figure 1. PCR products for iuc, cvi, iss and tsh genes. 9: 100-
bp plus DNA ladder. 1, 3; 5 and 7: positive control strains for
iuc, cvi, iss and tsh genes, respectively. 2, 4, 6 and 8: positive
isolates for iuc, cvi, iss and tsh genes, respectively. 10, neg-
ative control.

cantly higher in ciprofloxacin and norfloxacin
susceptible isolates as compared to the resis-
tant ones in healthy chickens (Table 4).

Sequence analysis: Four amplicons repre-
sented the expected sequences with more than
90% 1identity with published data from NCBI
(Table 1).

Discussion

In terms of virulence of E. coli strains in
poultry, several factors have been reported, in-
cluding adhesions, iron sequestering systems,
capsular and lipopolysaccharide antigens, and
toxins (Dho and Lafont, 1984; Penteado et
al., 2002; Stordeur et al., 2002; Vidotto et al.,
2004; Germon et al., 2005; Knobl et al., 2006;
Lymberopoulos et al., 2006; Musa et al., 2009).
Rooks can serve as a reservoir of avian patho-
genic virulence factors, and potentially trans-
mit E. coli over long distances (Kmet et al.,
2013). In this study, four virulence genes (tsh,
cvi, iuc, and iss) were detected in E. coli iso-
lates from both diseased and healthy chickens.
Quinolone resistance was also determined in
a few of these isolates. Only iss, the increased
serum survival gene sequence, was negative in
isolates from healthy chickens, but 38.46% of
the isolates were detected in diseased chick-
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Tablel. Sequence and specificity of PCR primers and their product sizes.
Name Primer Sequence (5" to 3") Gene bank ACC.no. size (bp) Reference
iss F: GTGGCGAAAACTAGTAAAACAGC FA 042279.1 760 Skyberg et al. 2003
R: CGCCTCGGGGTGGATAA
tsh F: GGGAAATGACCTGAATGCTGG YA 280856.1 420 Skyberg et al. 2003
R: CCGCTCATCAGTCAGTACCAC
iuc F: CGCCGTGGCTGGGGTAAG X 76100.1 541 Skyberg et al. 2003
R: CAGCCGGTTCACCAAGTATCACTG
cvi F: GGGCCTCCTACCCTTCACTCTTG FA 062858.1 366 Skyberg et al. 2003

R: ACGCCCTGAAGCACCACCAGAA

Table 2. Distribution of virulence genes between E. coli isolates from diseased and healthy chickens.

Virulence genes E.coli isolates from diseased  E.coli isolates from healthy P - value
chickens (52) chickens (11)
iss + 20 0 0.013
iss 32 11
cvi + 10 28 0.02
cvi 24 1
iuc + 43 10 0.50
iuc _ 9 1
tsh + 35 3 0.014
tsh 17 8

Table 3. Virulence gene patterns between E. coli isolates from diseased and healthy chickens.

Pattern iss cvi iuc tsh  Isolates from diseased chickens (%) Isolates from healthy chickens (%) P-value
1 + + + 9 (17.3%) 0 0.14
2 - + - 4.(7.7%) 7 (63.6%) <0.0001
3 - + + 9 (17.3%) 2 (18.2) 0.94
4 - - + + 6 (11.5%) 0 0.24
5 - - - + 3 (5.8%) 0 0.42
6 - - + - 8 (15.4%) 1 (9%) 0.59
7 - - + 2 (3.8%) 1 (9%) 0.46
8 + + - 3 (5.8%) 0 0.42
9 + - + 4 (7.7%) 0 0.35
10 + - - - 1(1.1%) 0 0.65
11 + - + - 1(1.1%) 0 0.65
12 + - A + 2 (3.8%) 0 0.51

ens. Serum resistance is a characteristic relat-
ed to the virulence of strains. Majority of the
pathogenic strains in 1-day-old chickens that
demonstrated the lowest LD50 were resistant
to normal rabbit and chicken serum (Vidotto
et al., 1990). Horne et al. (2000) found out that
the presence of a gene for increased serum sur-
vival, the iss gene and its protein product, ISS,
are potential targets for detection and control
of avian colibacillosis.
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Tivendale et al. (2004) showed that the pu-
tative virulence genes iss and tsh, and the aer-
obactin operon are on the plasmid pVMOI.
They showed that both the aerobactin operon
and iss were associated with high levels of vir-
ulence in APEC, but the possession of either
gene was sufficient for intermediate levels of
virulence.

Concerning tsh gene, some researchers con-
cluded that the presence of zsh was not neces-
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Table 4. Association of antimicrobial resistance and virulence genesin E. coli isolates from diseased and healthy chickens. ®® in

each row shows significant different (p<0.05).© and d in each row shows significant different (p<0.05).

Pattern iss cvi iuc tsh Isolates from dis- Isolates from healthy P-value
eased chickens (%) chickens(%)

1 + + + 9 (17.3%) 0 0.14
2 + - 4 (7.7%) 7 (63.6%) <0.0001
3 + + 9 (17.3%) 2 (18.2) 0.94
4 - + + 6 (11.5%) 0 0.24
5 - - + 3 (5.8%) 0 0.42
6 - + - 8 (15.4%) 1 (9%) 0.59
7 + - + 2 (3.8%) 1 (9%) 0.46
8 + + - 3 (5.8%) 0 0.42
9 + - + 4 (7.7%) 0 0.35
10 + - - - 1(1.1%) 0 0.65
11 + - + - 1(1.1%) 0 0.65
12 + - - + 2 (3.8%) 0 0.51

sary for virulence (Tivendale et al., 2004; Dz-
iva and Stevens, 2008). In contrast, this study
showed that the tsh gene was significantly
higher (67.3%) in the avian pathogenic isolates
as compared to the fecal isolates from healthy
chickens (27.3%). The results of this study are
in agreement with the findings of other stud-
ies (Maurer et al., 1998; Dozois et al., 2000;
Delicato et al., 2002). The temperature-sen-
sitive hemagglutinin (tsh) is a member of the
auto transporter group of proteins and was first
identified in APEC strain X7122. The #sh oc-
currence among isolates from diseased chick-
ens was significantly associated with high le-
thality for chickens (Dozois et al., 2000).

In this study, E. coli isolates from healthy
chickens had significantly higher incidence of
cvi gene, when compared with E. coli isolates
from diseased chickens. The role of colV in
pathogenesis of E. coli is controversial (Nge-
leka et al., 1996). The production of colV, 8
mediated by colV plasmid, is a trait associat-
ed with the invasion and pathogenicity of E.
coli. In general, genes usually found on plas-
mid pColV (tsh, iss, and hlyF) were associated
with APEC. On the other hand, extra-intesti-
nal pathogenic E. coli strains showed lower
frequencies or no statistical difference in the
frequencies of genes which are usually found
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in plasmid pColV (Maluta et al., 2014). How-
ever, it has been emphasized that colV activity
itself is not necessary for the virulence of E.
coli (Blanco et al., 1997).

In the present study, there was no signifi-
cant difference on the incidence of iuc gene
between E. coli isolates from healthy and dis-
eased chickens.

Different gene patterns were considered
in pathogenic and fecal isolates. Among 118
APEC isolates tested by Moon et al. (2006),
57.6% of the isolates were positive for cvi,
55% were positive for tsh, 47.5% were pos-
itive for iucC and 38% were positive for iss.
They concluded that these virulence genes are
associated with avian colibacillosis in Korea.
In the present study, among the 57 isolates,
29% of these isolates had cvi, 67% had tsh,
83% had iuc, and 38% had iss. Only one out of
twelve gene combination patterns was signifi-
cantly higher in isolates from healthy chickens
than the diseased chickens. Sixty-four percent
of the isolates of healthy chicken had this pat-
tern (tsh-, iss-, cvi+, and iuct+). However, only
8% of the isolates from diseased chicken had
the same pattern. In this study, it was shown
that there were various gene clusters in avian
E. coli. The presence of tsh and/or iuc seems to
be an important trait among isolates from coli-

275


www.SID.ir

A study on the presence of some potential...

bacillosis. In addition, iss virulence gene was
found in 38% of the avian pathogenic isolates.
But iss virulence gene was not found in healthy
ones. The presence of iss gene may be consid-
ered for APEC strains differentiation from the
non-pathogenic isolates. However, the absence
of this gene cannot be differentiated between
pathogenic and non-pathogenic isolates.

Quinolones have high in vitro activity
against Gram-negative bacteria, such as E.
coli, but the number of quinolone resistant E.
coli have increased in animals since their in-
troduction in late 1980s (Guler et al., 2008).
The association between virulence character-
istics of E. coli and quinolone resistance is a
complex phenomenon. In this study, quino-
lone-susceptible (ciprofloxacin and norfloxa-
cin) isolates were shown to have significant-
ly higher virulence genes (cvi and iuc) than
quinolone-resistant isolates in healthy chick-
ens. This conclusion could be attributed to the
explanation that cvi and iuc are not located on
the plasmid, which mediated antimicrobial re-
sistance. On the other hand, it may be related
to over-usage of these antibacterial agents. as
prophylaxis in healthy birds. For the presence
of virulence genes between quinolone-suscep-
tible and quinolone-resistant-isolates in dis-
eased chickens, no significant difference was
observed.

In contrast to the results of the present
study, Johnson et al. (2004) reported that
multi-drug-resistant £. coli isolates appear to
be significantly less virulent than susceptible
isolates. Non-enterotoxigenic E. coli (ETEC)
isolates were shown to be more resistant to an-
timicrobial agents, such as ampicillin, chlor-
amphenicol, chlortetracycline and polymyxin
B, than ETEC isolates (Sherwood et al., 1983).
Strains producing some virulence factors of
eae, K99, and necrotoxin were shown to be
more susceptible to quinolones than not ex-
pressing these factors (Orden et al., 1999).
However, it seems that the association of an-
timicrobial resistance with virulence may also
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depend on the types of virulence factors, anti-
microbial agents, and status of the host. Fur-
ther studies are needed to clarify the associa-
tion of virulence factors of E. coli isolates and
resistance against antimicrobial agents.
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