
Class 1 and class 2 integrons in avian pathogenic Escherichia coli from
poultry in Italy

Lara Cavicchio,∗ Giorgia Dotto,∗ Martina Giacomelli,∗ Davide Giovanardi,† Guido Grilli,‡
Maria Pia Franciosini,§ Angela Trocino,∗ and Alessandra Piccirillo∗,1

∗Department of Comparative Biomedicine and Food Science, University of Padova, 35020 Legnaro (PD), Italy;
†Laboratorio Tre Valli, 37132 San Michele Extra (VR), Italy; ‡Department of Veterinary Science and Public

Health, University of Milan, 20133 Milano, Italy; and §Department of Biopathologic Science and Hygiene of Food
and Animal Production, University of Perugia, 06126 Perugia, Italy

ABSTRACT The aim of this study was to investi-
gate the occurrence of class 1 and 2 integrons in avian
pathogenic Escherichia coli (APEC) from poultry in
northern Italy. Strains were tested for phenotypic resis-
tance to aminoglycosides and sulphonamides, and the
association between the presence of integrons and the
resistance to these antimicrobials was evaluated. A to-
tal of 299 isolates (158 from turkeys, 110 from broilers,
and 31 from layer hens) were collected from 200 indus-
trial farms. Antimicrobial susceptibility test by the disk
diffusion method was performed in accordance with
the Clinical and Laboratory Standards Institute (CLSI)
guidelines. All strains were screened for the presence of
class 1 and 2 integrons by PCR and sequencing. About
55% of APEC contained integrons (class 1, 49.8%; class
2, 10.4%). Different variants of the aadA (5 variants)
and the dfrA (4 variants) genes, encoding for strepto-

mycin and trimethoprim resistance respectively, were
detected in integron-positive isolates. Less common
gene cassettes, such as sat, estX, and orfF, were also
identified. Fifteen and 4 gene cassette arrays were found
among class 1 and 2 integrons, respectively. High lev-
els of resistance were observed for triple sulphonamides
(79.3%), streptomycin (67.2%), and sulfamethoxazole
combined with trimethoprim (62.2%), whereas resis-
tance against gentamycin (16.7%), kanamycin (14.7%),
and apramycin 3.0%) was low. Integron positivity was
significantly higher in isolates phenotypically resistant
to aminoglycosides (63.6% vs. 37.8%, P < 0.001) and
sulfonamides (64.1% vs. 21.1%, P < 0.001) than in sus-
ceptible ones. Integron-borne aminoglycoside and sul-
fonamide resistance in APEC represents a concern for
the poultry industry in Italy, since they are among the
most commonly used antimicrobials in poultry therapy.
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INTRODUCTION

Escherichia coli is a commensal bacterium of the
normal intestinal flora of humans and animals. How-
ever, pathogenic strains able to cause intestinal and
extraintestinal infections, including gastroenteritis, uri-
nary tract infections, meningitis, peritonitis, and septi-
caemia, have been recognized in humans (Kaper et al.,
2004). In poultry, pathogenic strains of E. coli, known
as avian pathogenic Escherichia coli (APEC), can cause
localized or systemic infections, such as acute fatal sep-
ticemia or subacute pericarditis and airsacculitis (Nolan
et al., 2013). Avian colibacillosis can be secondary to
other respiratory infections, inappropriate husbandry
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practices, or environmental predisposing factors (Nolan
et al., 2013) and can cause great economic losses to the
poultry industry due to mortality and slaughter con-
demnation (Lutful Kabir, 2010).

In recent years, antimicrobial resistance of bacte-
ria has become one of the most serious public health
threats. Several authors (Hammerum and Heuer, 2009;
Landers et al., 2012) suggest that the selective pres-
sure consequent to the use of antimicrobials in humans
and animals may promote resistance in both commen-
sal and pathogenic bacteria, including E. coli. Indeed, in
poultry, commensal and pathogenic E. coli have increas-
ingly become resistant to many antimicrobials, includ-
ing aminoglycosides and sulfonamides (Gyles, 2008).
The antimicrobial resistance of APEC may pose serious
therapeutic problems when treating sick birds. Further-
more, the resistance of poultry bacteria may represent
a public health threat due to the potential transmis-
sion to humans of resistant bacteria (Hammerum and
Heuer, 2009).
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Several mechanisms of antimicrobial resistance have
been described in E. coli from humans and animals, and
integrons seem to play a key role in the emergence and
diffusion of multidrug resistant E. coli (Saenz et al.,
2004). Integrons are genetic structures able to capture,
integrate, and express genes contained in gene cassettes,
which are discrete mobile units comprising genes usu-
ally encoding for antimicrobial resistance, and a recom-
bination site recognized by an integrase (Hall, 2012).
Based on differences in the integrase gene, integrons are
classified in several families and those belonging to class
1 and 2 are the most frequently detected in Enterobacte-
riaceae (Partridge et al., 2009). These genetic elements
have been described in commensal and pathogenic E.
coli from humans and several animal species (Partridge
et al., 2009; Hall, 2012).

A number of studies have documented the presence
of integrons in commensal and pathogenic E. coli iso-
lated from poultry farms (Yang et al., 2004; Nogrady
et al., 2006; Kim et al., 2007; Ahmed et al., 2013; Dessie
et al., 2013; Oosterik et al., 2014) and poultry meat and
meat products (Trobos et al., 2008; Altalhi et al., 2010;
Soufi et al., 2011; Dessie et al., 2013). However, very
few papers investigating on the presence of integrons in
commensal (Nebbia et al., 2008) and pathogenic E. coli
(Piccirillo et al., 2014) from Italian poultry have been
published to date. Therefore, we carried out a study
aimed at assessing the occurrence of class 1 and 2 inte-
grons in APEC isolates from commercial poultry farms
in northern Italy. The gene cassette content of integron-
positive isolates was characterized, as well as the pheno-
typic resistance to aminoglycosides and sulphonamides.

MATERIALS AND METHODS

Bacterial Isolates

Between 2008 and 2012, avian pathogenic E. coli
strains were recovered from commercial poultry affected
by colibacillosis in 200 farms throughout northern Italy.
In detail, 158 strains were isolated from meat turkeys,
110 from broilers and 31 from laying hens for a total of
299 isolates. Samples from tissues and viscera showing
lesions consistent with colisepticemia (e.g., pericardi-
tis, perihepatitis, airsacculitis) were plated on eosin-
methylene blue (EMB) agar (OXOID, Basingstoke,
UK) and incubated for 18 h to 24 h at 37◦C. From
each sample, a single colony of E. coli was identified
using RapID E20 (bioMérieux Vitek, Hazelwood, MO,
USA).

Antimicrobial Susceptibility Testing

The antimicrobial susceptibility test was performed
using the disk diffusion method on Mueller-Hinton Agar
(OXOID), according to the procedure recommended
by the Clinical and Laboratory Standards Institute
(CLSI, 2008). All isolates were tested for susceptibility
to apramycin (APR, 15μg), gentamicin (GM, 10μg),

streptomycin (S, 10μg), kanamycin (K, 30μg), sul-
famethoxazole + trimethoprim (SXT, 25μg), and triple
sulphonamides (S3, 300μg). All disks were obtained
from OXOID. Escherichia coli ATCC 25922 was used
as quality control strain.

Integron Detection and Characterization

Total DNA was extracted by boiling for 20 min
a suspension of bacterial cells in 200 μl of sterile
RNase/DNase free water (Sigma-Aldrich, Milan, Italy).
The real-time PCR assay described by Piccirillo et al.
(2013) was used to screen isolates for the presence of
class 1 and class 2 integrons. Integron-positive strains
were further processed by PCR and sequencing to iden-
tify gene cassettes. Primers described by Lévesque et al.
(1995) and White et al. (2001) were used to amplify
the variable region of class 1 and 2 integrons, re-
spectively. Amplicons were sequenced on both strands
using the BigDye Terminator Cycle Sequencing Kit
v3.1 in the ABI PRISM 3100 Genetic Analyzer (Ap-
plied Biosystems, Foster City, CA), according to the
manufacturer’s instructions. Editing of chromatograms
and assembly of nucleotide sequences were performed
by the software ChromasPro v. 1.42 (Technelysium
Pty Ltd., Tewantin, Australia). Gene cassettes were
identified by the BLASTN software available online
(http://blast.ncbi.nlm.nih.gov/).

Statistical Analysis

Differences in the occurrence of integrons in resistant
vs susceptible and intermediate isolates to the 6 an-
timicrobials were tested for turkeys, broilers, and laying
hens by the Chi-square (χ2) test and using the SAS soft-
ware (Institute Inc., Cary, NC, USA). The same pro-
cedure was followed for assessing statistical differences
in the occurrence of aadA, dfrA, and sat genes in the
same isolates. Differences among means with P < 0.05
were accepted as statistically significant.

RESULTS AND DISCUSSION

Out of 299 APEC isolates examined in this study,
167 (55.9%) were found positive for integrons. Of these,
149 (49.8%) and 31 (10.4%) isolates harbored class
1 and class 2 integrons, respectively (Table 1). Thir-
teen strains (4.3%) were positive for both classes. Pos-
itivity to class 1 integrons was significantly different
among poultry species (41.8%, 61.8%, and 48.4% in
isolates from turkeys, chickens, and layer hens, respec-
tively; P < 0.01) (Table 1), whereas no significant
difference was observed for class 2 integrons (12.0%,
9.1%, and 6.5% in isolates from turkeys, broilers, and
layer hens, respectively; P = 0.56). These percent-
ages of integron positivity, as well as the lower fre-
quency of class 2 compared to class 1 integrons and
the concurrent presence of both classes of integrons, are
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Table 1. Integron positivity and gene cassette content of APEC isolates from poultry.

Integrons/resistance genes Turkeys Broilers Layer hens Total
Positive no. (%) Positive no. (%) Positive no. (%) Positive no. (%)

Class 1 integrons 66 (41.8) 68 (61.8) 15 (48.4) 149 (49.8)
none 18 (27.3) 24 (35.3) 4 (26.7) 46 (30.9)
aadA 3 (4.5) 0 (0.0) 0 (0.0) 3 (2.0)
aadA1 16 (24.2) 14 (20.6) 2 (13.3) 32 (21.5)
aadA2 0 (0.0) 1 (1.5) 0 (0.0) 1 (0.7)
aadA5 0 (0.0) 1 (1.5) 0 (0.0) 1 (0.7)
aadA13 1 (1.5) 0 (0.0) 0 (0.0) 1 (0.7)
dfrVII 0 (0.0) 1 (1.5) 0 (0.0) 1 (0.7)
sat 0 (0.0) 4 (5.9) 0 (0.0) 4 (2.7)
estX 0 (0.0) 0 (0.0) 8 (53.3) 8 (5.4)
aadA1-dfrA1 17 (25.8) 10 (14.7) 0 (0.0) 27 (18.1)
aadA2-dfrA12 2 (3.0) 0 (0.0) 0 (0.0) 2 (1.3)
aadA5-dfrA17 0 (0.0) 1 (1.5) 0 (0.0) 1 (0.7)
dfrA1-aadA1 8 (12.1) 9 (13.2) 1 (6.7) 18 (12.1)
sat2-aadA1 0 (0.0) 1 (1.5) 0 (0.0) 1 (0.7)
estX-aadA1 1 (1.5) 1 (1.5) 0 (0.0) 2 (1.3)
dfrA12-orfF-aadA2 0 (0.0) 1 (1.5) 0 (0.0) 1 (0.7)

Class 2 integrons 19 (12.0) 10 (9.1) 2 (6.5) 31 (10.4)
none 5 (26.3) 3 (30.0) 2 (100.0) 10 (32.3)
aadA1-dfrA1 2 (10.5) 2 (20.0) 0 (0.0) 4 (12.9)
dfrA1-aadA1 3 (15.8) 4 (40.0) 0 (0.0) 7 (22.6)
sat2-aadA1 1 (5.3) 0 (0.0) 0 (0.0) 1 (3.2)
dfrA1-sat2-aadA1 8 (42.1) 0 (0.0) 0 (0.0) 8 (25.8)

consistent with previous studies. In 2001, Goldstein
et al. detected 66%, 14%, and 11% of positive isolates
for class 1, class 2, and both integrons, respectively,
in 100 avian pathogenic E. coli from poultry. More re-
cently, Ahmed et al. (2013) found class 1 and class
2 integrons in 46.6% (34/73 isolates) and 9.6% (7/73
isolates) of APEC isolated from broilers, respectively,
whereas Povilonis et al. (2010) detected a lower positiv-
ity, i.e., 18.5% (5/27 isolates) and 3.7% (1/27 isolates)
for class 1 and class 2 integrons, respectively. In laying
hens, class 1 but not class 2 integrons were found in
21.6% of isolates (21/97) by Oosterik et al. (2014). In
a previous study carried out in Italy, Piccirillo et al.
(2014) detected the presence of intI1 and intI2 genes in
6 (12.5%) and 9 (18.7%) isolates, respectively, among 48
APEC from commercial turkeys, with 1 isolate carry-
ing both classes of integrons. Other studies investigat-
ing only on the presence of class 1 integrons have been
carried out in the USA (Bass et al., 1999), Hungary
(Nogrady et al., 2006), Korea (Kim et al., 2007),
and China (Yang et al., 2004), where positivity of
63% (63/100 isolates), 41% (11/27 isolates), 39.6%
(40/101 isolates), and 59% (42/71 isolates) of isolates,
respectively, was documented.

The most common gene cassettes identified in class 1
integron-positive isolates belonged to the aadA (90/149
isolates, 60.4%) and the dfrA (50/149 isolates, 33.6%)
gene families, with 5 and 4 different variants, re-
spectively (Table 1). Similarly, most of the class 2
integron-positive isolates carried the aadA (21/31 iso-
lates, 67.7%) and the dfrA (20/31 isolates, 64.5%)
genes, both with 1 variant (aadA1). The sat (5/149
isolates, 3.4%), the estX (10/149 isolates, 6.7%) and
the orfF (1/149 isolate, 0.7%) genes were also found in
intI1-positive isolates, and the sat gene in intI2-positive

isolates (10/31 isolates, 32.3%). Many gene cassettes
able to confer resistance to several antimicrobial classes
have been described in class 1 and class 2 integrons, but
those more frequently found are dfrA, aadA, and, for
class 2 integrons, sat (Partridge et al., 2009; Hall, 2012).
The reason for the presence of a limited number and
type of gene cassettes in integrons is unclear; however,
it could be due to the reduced ability of integrase to
promote their insertion in the recombination site (Van
Essen-Zandbergen et al., 2007), to the frequent loca-
tion of integrons in mobile genetic elements, such as
transposons and/or plasmids, promoting their dissem-
ination in the environment (Vinué et al., 2008), or to
the exchange of gene cassettes under conditions of an-
timicrobial selective pressure (Kim et al., 2007). In the
present study, 30.9% and 32.3% of class 1 and class 2
integron-positive isolates to the real-time PCR screen-
ing, respectively, could not be amplified using endpoint
PCR to sequence the variable region. This finding may
be due to an empty variable region or to variations in
the conserved region targeted by the primers used to
amplify the gene cassettes, as previously documented
(Goldstein et al., 2001; Povilonis et al., 2010; Dessie
et al., 2013).

Fifteen and 4 different gene cassette arrangements
were identified among class 1 and 2 integrons, respec-
tively (Table 1). In class 1 integrons, the most common
arrays comprised the aadA1 gene alone (21.5%), fol-
lowed by the combinations aadA1-dfrA1 (18.1%) and
dfrA1-aadA1 (12.1%). In class 2 integrons, the com-
binations dfrA1-sat2-aadA1 (25.8%) and dfrA1-aadA1
(22.6%) were the most frequently identified. The dis-
tribution of gene cassettes among turkey, chicken, and
layer hen isolates was similar (Table 1), except for
class 1 integron-positive strains from laying hens, which

 at U
niversity degli Studi M

ilano on N
ovem

ber 26, 2016
http://ps.oxfordjournals.org/

D
ow

nloaded from
 

http://ps.oxfordjournals.org/


INTEGRONS IN AVIAN PATHOGENIC ESCHERICHIA COLI 1205

contained predominantly the estX gene (53.3%). The
genes identified in class 1 and class 2 integrons in this
study are known to encode for an adenyltransferase con-
ferring resistance to streptomycin and spectinomycin
(aadA) and for a dihydrofolate reductase conferring re-
sistance to trimethoprim (dfr) (Partridge et al., 2009).
The estX gene encodes for a hypothetical esterase or
hydrolase and some authors (Partridge, 2005) suggest
a similarity with the sat gene, responsible for resis-
tance to streptothricin; the orfF gene encodes for a pro-
tein whose function is still unknown (Partridge et al.,
2009). In this study we describe the presence of the
estX gene in class 1 integrons, which is usually reported
in class 2 integrons (Partridge, 2005; Partridge et al.,
2009; Hall, 2012). The number and the type of gene
cassettes found in both class 1 and class 2 integrons in
the present study are in agreement with that reported
previously in APEC isolates from poultry. Class 1 in-
tegrons harboring only the aadA1 gene have been re-
ported by Bass et al. (1999) and Nogrady et al. (2006),
as well as the aadA1 gene combined with the dfrA1
(Cocchi et al., 2007). A high variability (up to 6 dis-
tinct arrays) among gene cassettes contained in class
1 integron positive APEC from chickens has been doc-
umented by Yang et al. (2004) and Kim et al. (2007),
with a predominance of the dhfrI-aadA1 and the aadA1
arrangements. Ahmed et al. (2013) identified 10 and
3 different gene cassette arrays in class 1 and class
2 integrons, respectively, in 34 APEC strains isolated
from broilers, with several variants of the aadA and the
dfrA genes. Besides the aadA1 and the dfrA1 gene cas-
settes in both class 1 and class 2 integrons, Povilonis
et al. (2010) described an atypical gene cassette array,
the aacA4-catB3-dfrA1-orfX, in class 1 integrons. In a
previous study (Piccirillo et al., 2014), three different
cassette arrays (i.e. dfrA1-aadA1, dfrA1-sat2-aadA1,
estX-aadA1) were identified in class 1 and class 2
integron-positive APEC from turkeys.

All APEC were tested for resistance against some
members of the aminoglycoside and sulphonamide
classes (Table 2). High levels of resistance were
observed for triple sulphonamides (79.3%), strepto-
mycin (67.2%), and sulfamethoxazole combined with
trimethoprim (62.2%). In contrast, a low number
of strains showed resistance to gentamycin (16.7%),
kanamycin (14.7%), and apramycin (3.0%). Resis-
tance phenotypes of turkey, broiler, and layer hen iso-
lates are detailed in Table 2. The percentages of iso-
lates resistant to apramycin (2.5%, 4.5%, and 0.0%;
P = 0.37), kanamycin (11.4%, 20.0%, and 12.9%;
P = 0.14) and triple sulphonamides (80.4%, 76.4%,
and 83.9%; P = 0.58) were similar among turkeys,
broilers, and layer hens, respectively. For streptomycin
(75.3%, 62.7%, and 41.9%; P < 0.001), gentamycin
(18.4%, 18.2%, and 3.2%; P < 0.10) and sulfamethox-
azole combined with trimethoprim (67.1%, 63.6%, and
32.3%; P < 0.01), however, significant differences were
detected among isolates from turkeys, broilers, and
layer hens, respectively. A possible association between T
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resistance to these antimicrobials and the integron pres-
ence (Table 3) as well as the presence of the aadA,
dfrA, and sat genes (Table 4) was evaluated. In turkeys,
the occurrence of integrons was significantly higher in
isolates resistant to aminoglycosides (57.4% vs. 30.6%,
P < 0.001), particularly in those resistant to gen-
tamycin (75.9 vs. 45.7%, P < 0.01) and streptomycin
(57.1% vs. 33.3%, P < 0.01). In broilers, the higher oc-
currence of integrons in isolates resistant to aminogly-
cosides compared to susceptible ones (76.4% vs. 39.5%,
P < 0.001) depended on the differences between re-
sistant and susceptible isolates to streptomycin (78.3%
vs. 39.0%, P < 0.001). In layer hens, no significant
difference in the occurrence of integrons in isolates
resistant and susceptible to aminoglycosides was no-
ticed. In turkeys and broilers, the occurrence of in-
tegrons was significantly higher in isolates resistant
to sulphonamides, including triple sulphonamides and
sulfamethoxazole combined with trimethoprim, than
in those susceptible (sulphonamides: 58.0% vs. 18.5%,
P < 0.01 in turkeys; 76.5% vs. 20.0%, P < 0.001 in broil-
ers). Considering aminoglycosides and streptomycin,
the occurrence of the gene aadA was significantly higher
in resistant isolates rather than in susceptible ones,
both in turkeys (aminoglycosides: 43.4% vs. 16.7%,
P < 0.01; streptomycin: 43.7% vs. 18%, P < 0.01) and
broilers (aminoglycosides: 47.2% vs. 26.3%, P = 0.03;
streptomycin: 47.8% vs. 26.8%, P = 0.03) (Table 4).
The occurrence of the sat gene was higher in isolates
resistant to aminoglycosides and streptomycin com-
pared to susceptible ones only when turkey, broiler, and
layer hen isolates were considered together (aminogly-
cosides: 6.7% vs. 1.1%; P = 0.04; streptomycin: 7.0%
vs. 1.0%, P = 0.03). Considering sulphonamides and
sulfamethoxazole combined with trimethoprim, the oc-
currence of the dfrA gene was significantly higher in
resistant isolates rather than in susceptible ones, both
in turkeys (sulphonamides: 29.8% vs. 3.7%, P < 0.01;
sulfamethoxazole + trimethoprim: 36.8% vs. 1.9%,
P < 0.001) and in broilers (sulphonamides: 31.8% vs.
0.0%, P = 0.001; sulfamethoxazole + trimethoprim:
37.1% vs. 2.5%, P < 0.001) (Table 4). No significant
difference in the occurrence of the aadA, dfrA, and sat
genes in resistant and susceptible APEC from layer hens
was detected (Table 4). In this case, an increase in the
dataset size would be advisable.

Results of our study suggest that integron-borne
aminoglycoside and sulphonamide resistance is an im-
portant mechanism underlying the resistance to these
antimicrobials. Nevertheless, some isolates not harbor-
ing integrons showed to be resistant to aminoglycosides
and sulphonamides, as well as some isolates susceptible
to these antimicrobials harbored integrons. This finding
may be explained by other molecular resistance mech-
anisms and by the lack of expression of gene cassettes
contained in integrons, as described by other authors
(Bass et al., 1999; Lanz et al., 2003; Nogrady et al.,
2006; Kim et al., 2007). However, further work will be
carried out to support this observation, as well as to T
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establish a chromosomal or plasmidic location of inte-
grons.

In conclusion, studies focusing on the occurrence of
integrons, involved in the transfer of resistance genes,
can provide useful information not only for a better un-
derstanding of the resistance mechanisms, but also for
the development of policies for use of antimicrobials.
A widespread dissemination of class 1 and class 2 inte-
grons and a significant association between the presence
of integrons and resistance against aminoglycosides and
sulphonamides were found, suggesting that integron-
borne aminoglycoside and sulfonamide resistance may
represent a serious concern in APEC from poultry in
Italy. These antimicrobials are among the most com-
monly used in the poultry industry and they should be
used parsimoniously in order to preserve the efficacy of
the therapeutic intervention. Monitoring the antimicro-
bial resistance and the underlying genetic mechanisms
in poultry bacteria is needed both for animal and hu-
man health.
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Soufi, L., Y. Saenz, L. Vinuè, M. S. Abbassi, E. Ruiz, M. Zaragaza,
A. B. Hassen, S. Hammami, and C. Torres. 2011. Escherichia
coli of poultry food origin as reservoir of sulphonamide re-
sistance genes and integrons. Int. J. Food Microbiol. 144:
497–502.

Trobos, M., L. Jacobsen, K. E. Olsen, N. Frimondt-Moller, A. M.
Hammerum, K. Pedersen, Y. Agerso, L. J. Porsbo, and J. E.
Olsen. 2008. Prevalence of sulphonamide resistance and class 1
integron genes in Escherichia coli isolates obtained from broilers,
broiler meat, healthy humans and urinary infections in Denmark.
Int. J. Antimicrob. Agents 32:367–369.

Van Essen-Zandbergen, A., H. Smith, K. Veldman, and D. Mevius.
2007. Occurrence and characteristics of class 1, 2 and 3 integrons
in Escherichia coli, Salmonella and Campylobacter spp. in the
Netherlands. J. Antimicrob. Chemother. 59:746–750.
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