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Abstract
Avian colibacillosis produced by Escherichia coli, a common infection facing poultry flocks, affects poultry industry by
the broad spectrum of induced entities: systemic acute infection - colisepticemia, localised infection as omphalitis,
cellulitis, enteritis, salpingitis/peritonitis, cronic disease - choligranulomatosis, the chronic respiratory disease and
many more. The E. coli infection is causing large losses for the poultry industry, impairing the performances:
decreased egg production, with drown of the carcasses at slaughterhouse and the increased mortality rate, are
recorded in the affected flocks. E. coli strains inducing poultry diseases are a specific group of strains, called Avian
Pathogen E. coli (APEC) strains: these strains randomly share more virulence-associated genes. 13 E. coli isolates
from different Romanian poultry outbreaks/flocks have been investigated for the presence of Iuc D and Pap C genes.
The Pap C gene is responsible for adhesin assembly and its frequency is associated with the cystitis strain like Santo E.
proves in his article from 2006. Gene Iuc D of the plasmid encodes a membrane-bound enzyme synthesizing N6hydroxylysine, the first product of the aerobactin biosynthesis pathway. The DNA extraction was made using QIAamp
cador Pathogen Mini Kit (Qiagen). The amplification protocol was: a cycle of denaturation at 94°C for 30 s followed
by 25 cycles of 94°C for 30 s, 58°C for 30 s and 68°C for 3 min, and a cycle of 72°C for 10 min. The Iuc D gene was
present in 100% (13/13) isolates. Pap C gene was present in 23.07% (3/13) isolates. Considering these preliminary
results, it can say that Iuc D and Pap C genes are independently expressing their virulence and further research should
be performed to establish the pathogenicity of each of the two genes together with other pathogenic genes.
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INTRODUCTION

strain relates with the multitude of virulence
factors it encodes (Vandekerchove et al., 2005).
There are different associations of virulence
genes, rarely repetitive in APECs strains
(Delicato et al., 2003; Chakraborty et al.,
2015). APECs are a heterogeneous group of
strains. The virulence factors that an APEC
strain posses, could be assessed by PCR and
thus can be established its role into the
outbreak.
In our study 13 E. coli isolates from different
Romanian poultry farms/outbreaks have been
evaluated for the presence of Iuc D and Pap C
genes. The genes were frequently identified in
APEC strains from other countries (Rouquet et
al., 2009; Li et al., 2008).

Escherichia coli is frequently found in poultry
flocks and the strains of E. coli are classified in
entero-toxigenic, entero-pathogenic and enterohaemorrhagic.
The E. coli infection - Avian Pathogen
Escherichia coli (APEC) strains - is causing
large losses for the poultry industry, impairing
the performances: decreased egg production,
withdrawn of the carcasses at slaughterhouse
and the increased mortality rate, are recorded in
the affected flocks (Barnes et al., 2003; Dou et
al., 2016). The clinical signs in young are:
septicaemia, enlarged spleen and liver.
Airsacculitis, pericarditis are present in subacute form of the disease. It is already known
that the virulence factors of the APEC strains
are coded by genes located into the nucleus and
plasmids of the bacterial cell (Akram et al.,
2017; Dozois et al., 2003).
The APEC strains harbor more virulenceassociated. The pathogenicity of an APEC

MATERIALS AND METHODS
13 E. coli isolates were investigated for the
presence of Iuc D and Pap C genes.
The strains came from the Romanian counties
Brasov, Calarasi, Dambovita, Giurgiu, Vrancea
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and Iasi, belonging to the three historical
regions, Transylvania, Muntenia and Moldova.
The age of the poultry flocks where these
strains has been isolated ranged (1 day, 10
days, 7 days, 23 weeks, 24 weeks, 25 weeks, 65
weeks and 87 weeks), the flocks being broiler
or layers. The DNA extraction was performed
with the QIAamp cador Pathogen Mini Kit
(Qiagen, Dusseldorf, Germany). The lysis of
the samples was carried at the room
temperature with proteinase K and the VXL
buffer to inactivate the nucleases. The
purification of the DNA was done with the
ACB buffer that strengthened the binding
conditions, and then the solution was
transferred to the column in order to be
purified. The elution of nucleic acids was made
by adding the AVE buffer into the column and
by centrifugation it was eluted (Qiagen).
The PCR amplification protocol were: 94°C 3
minutes, 25 cycles with 94°C for 30 seconds,
58°C for 30 seconds and 68°C for 3 minutes.
The final elongation: 72°C for 10 minutes.
The mix for the reaction was made in a volume
of 25 µl with 2 µl DNA template, 1µl dNTPs
10 mM, RNase free water 18.7 μl, 0.4 μl of Taq
platinum polymerase (5 U/μl) (Invitrogen®,
Itapevi, São Paulo, Brazil), 2.5 μl of PCR
buffer (50 mM KCl, 10 mM Tris-HCl pH 8.0),
MgCl2 (1.5 mM) 2 μl and 0.1 μl of primers
forward and reverse for each of the two tested
genes (10 pmol) (Table 2). It was carried one
reaction for the two genes because the
annealing temperature of primers is the same
for the Iuc D and Pap C genes.
The primers anneling temperature was before
optimized as the two tested genes to have the
same temperature.
The sequence primers for Iuc D and Pap C
genes, are described in the Table 1. The
amplicons were visualized by electrophoresis in
1.5% agarose, at 90 V, 1.5 A, for 35 min.

Table 2. The reagents and the quantities of the reaction
mix for the Iuc D and Pap C genes
Reaction mix
Reagents
RNase free water
10 X PCR buffer (50 mM KCl, 10 mM
Tris-HCl pH 8.0)
MgCl2 (50 mM)
dNTP solution
(10 mM - Promega, USA)
PA (100 pmol)
PB (100 pmol)
Pc(100 pmol)
Pd(100 pmol)
Taq platinum polymerase (5 U/μl)
(Invitrogen®, Itapevi, São Paulo, Brazil)
Total

Sequence

Size
(bp)

iucD F
iucD R
Pap C F
Pap C R

ACAAAAAGTTCTATCGCTTCC
CCTGATCCAGATGATGCTC
TGATATCACGCAGTCAGTAGC
CCGGCCATATTCACATAA

714

2 μl
1 μl
0.1 μl
0.1 μl
0.1 μl
0.1 μl
0.4 μl
25 μl

RESULTS AND DISCUSSION
The predicted size for the PCR amplicons to be
visualized in electrophoresis for the Iuc D is
714 bp, and for the Pap C is 501 bp (Ewers et
al., 2005).
The Iuc D gene was present in all investigated
strains (13/13) isolates. Pap C gene was present
in 23.07% (3/13) isolates.
The strain no. 8 isolated from broiler, 7 days
old, from Calarasi County was positive to Pap
C gene, also the strain no. 12, broiler 7 day old
from Giurgiu was positive to Pap C gene. The
strain no. 13 from Iasi, positive to Pap C gene,
was also from broiler, 11 day old. All these 3
samples (8, 12, 13), positive for Pap C, show in
electrophoresis a product of 501 bp (Figure 1),
as expected for the size of Pap C.
As for the Iuc D gene, the results shows that all
the 13 strains were positive, as seen in
electrophoresis, were the amplicon at 714 bp
was present in all 13 samples (Figure 1).
The isolate no. 1 was from broiler 7 day old,
from Vrancea, no. 2 from Dambovita, 23
weeks, layer, no. 3 strain E. coli was from Iasi,
25 weeks, layer also. The strain no. 4 was layer,
87 weeks, from Brasov, no. 5 strain from
Calarasi, broiler 10 day old, no. 6 from
Dambovita, 24 weeks, layer, and the strain no.
7 also from Dambovita, broiler 1 day old. The
strain no. 9 from Brasov, 65 weeks, layer, no.
10 from Vrancea 11 days, broiler, no. 11 Iasi
11 days, broiler.

Table 1. Sequence of primers-forward and reverse – used
for amplification of Iuc D and Pap C genes fragments
and expected size
Primers
name

μl/sample
18.7 μl
2.5 μl

501
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Pap C was found only in 3 strains (Gurau et al.,
2018).
If compare our results with the literature data,
we can note that the prevalence of the strains
containing the Iuc D gene was lower than in
our study 78.79% (52/66) in Paixao et al.
(2016) and 100% (13/13) in our study. In the
same study the Pap C gene has almost the same
prevalence 22.73% (15/66) as our study
23.07% (3/13).
Our results on the APEC strains show a
randomised distribution of virulence genes.
This is supporting the differences in terms of
patogenicity expressed by the different APEC
strains. Higher pathogenicity of the APEC
determines primary infections while lower
pathogenicity causes clinical signs and disease
only if the poultry are stressed (Dho-Moulin &
Fairbrother, 1999).

Table 3. The PCR-results of the tested isolates for the
presence of Iuc D and Pap C virulence genes
Isolates

Gene
Iuc D

Gene
Pap C

1

X

-

2
3
4
5
6
7
8
9
10
11
12
13

X
X
X
X
X
X
X
X
X
X
X
X

X
X
X

County
Vrancea

Age of the
originating
bird
broiler 7 day

Dambovita 23 weeks, layer
Iasi
25 weeks, layer
Brasov
87 weeks, layer
Calarasi
10 day, broiler
Dambovita 24 weeks, layer
Dambovita
1 day, broiler
Calarasi
7 days, broiler
Brasov
65 weeks, layer
Vrancea
11 days, broiler
Iasi
11 days, broiler
Giurgiu
7 day, broiler
Iasi
11 day, broiler

X = mark the strains containing the gene.

CONCLUSIONS
The Iuc D gene has a higher prevalence in this
study being present in all isolated comparing
with the Pap C gene which has a much lower
prevalence than Iuc D. The virulenceassociated genes Iuc D and Pap C were both
identified in this study, supporting the higher
pathogenicity of these strains, compared to the
other strains, containing only the gene Iuc D.
These results come to confirm other results
from the literature, in which, different E. coli
strains possess different pathogenic genes but
not all virulence genes are expressed in all
E. coli strains.
According to these preliminary results it could
be assumed that Iuc D and Pap C genes are
independently expressing their virulence.

Figure 1. The PCR testing result of the Iuc D gene-714
bp; samples from 1 to 13 are positive, and for Pap C
gene-501 bp, samples 8, 12, 13 are positive; P = positive
control; N = negative control
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