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Abstract: The use of antimicrobial agents for therapeutics is strongly associated with a prevalence of
antimicrobial resistance through several poultry farms in Egypt. Thus, we aimed to characterize integrons in
Salmonella isolates from chicken in correlation with their antimicrobial resistance pattern. A total of 300 clinical
tissue specimens collected from different poultry farms in Dakahlia governorate were examined for the presence
of Salmonella followed by phenotypic antibiotic susceptibility testing and detection of class I integron and
associated gene cassettes. Twenty isolates exhibited features of multidrug resistance (MRD). Class 1 integron
was found in19 of 20 MRD Salmonella isolates (95%). Sequencing of variable parts revealed that class 1
integrons harbored genes encoding resistant determinants to trimethoprim (dfrA1 and dfrA15), chloramphenicol
(catB) and aminoglycoside (aadA1). Thus, this study was planned to detect antibiotic resistance genes in
Salmonella to select the highly effective antimicrobial agents for treatment and prevention.
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INTRODUCTION that confer resistance to a range of antimicrobial agents,

Avian salmonellosis is an important disease causing and trimethoprim, as well as genes that confer resistance
serious impediment to the development of poultry to antiseptics and disinfectants [4, 5]. Several classes of
industry especially in developing countries of Asia and integrons related to antibiotic resistance have been
Africa. Since no "effective" immunoprophylactic identified that can be distinguished by the nucleotide
measures are available for the disease till date, strict sequence of their respective integrase [5].
biosecurity is the only alternative to preclude the disease Integrons are mobile DNA elements with the  ability
[1]. to capture genes, notably those encoding antibiotic

The uncontrolled usage of antimicrobials has resulted resistance, by site specific recombination and they have
in the emergence of multiple drug resistant Salmonella an integrase gene (intI), a nearby recombination site (attI)
species in the food production continuum [2]. Multidrug and a promoter, Pant [6].
resistance (MDR), is a serious and growing phenomenon Integrons are considered to be the most important
that has emerged as one of the pre-eminent public health contributors to multidrug resistance in Gram-negative
concerns of the 21  century [3]. Several of the antibiotic bacteria especially class 1 integrons which are mostlyst

resistance genes observed in Gram-negative found on bacterial plasmid [7]. These integrons comprise
microorganisms are part of a gene cassette inserted in an two conserved segments (5° CS and 3° CS) separated by
integron [4, 5]. The most common cassettes contain genes a variable region that usually contains one or more gene

including aminoglycosides, B-lactams, chloramphenicol
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cassettes. [8]. The 5° CS contains a promoter (Pant), an
integration site (attI1) and integrase gene (intI1). The 3°
CS usually consists of sul1 that encodes resistance to
sulphonamides, qacEÄ1 (Attenuated variant of qacE
gene) and ORF5 of unknown function. The gene
cassettes located in the variable regions are mobile and
generally encode for antibiotic resistance [9].

Therefore, the aim of our study was planned to detect
antibiotic resistance profile of Salmonella enterica
isolated from chickens and their relevant resistance genes
carried on class 1 integron in Egypt to select the highly
effective antimicrobial agents for treatment and
prevention.

MATERIALS AND METHODS

Sampling and Isolates Characterization: A total of 300
samples (118 ceca, 85 liver, 55heart and 42 spleen) were
aseptically collected from 250 chicken apparently healthy
50, diseased 150 and freshly dead 50, from different
localities in Dakahlia Province, Egypt and were submitted
to the Reference Laboratory for Veterinary Quality Control
on Poultry Production (RLQCP) Animal Health Research
institute, Dokki, Giza, Egypt. All samples were subjected
to conventional methods for isolation and identification
according to ISO 6579[10].Identified isolates were
serotyped by a standard slide and tube agglutination test
in serology unit using commercial polyvalent and
monovalent O and H antisera (SIFIN. Berlin,  Germany.
Catalogue number: TR 1141,  TR 1145) to identify
Salmonella serovars.

Antimicrobial Susceptibility Testing: The antimicrobial
susceptibility testing was done by the agar disc diffusion
method on Muller Hinton agar as described by Finegold
and Martin [11]. The used antimicrobial agents were
Nalidixic acid (NA) (30 µg), chloramphenicol(C)(30 µg),
Flumequine(UB) (30 µg), Ciprofloxacin (CIP) (5 µg),
Enrofloxacin (ENR) (5 µg), Norfloxacin (NOR) (10 µg),
Levofloxacin (LEV) (5 µg), Amoxicillin (AML) (10 µg),
Ampicillin – sulbactam (SAM) (20 µg), Cefotaxime
(CTX)(30 µg), Ceftriaxone (CRO)(30 µg), Ceftazidime
(CAZ) (30 µg), Neomycin (N) (30 µg), Streptomycin (S) (10
µg), Amikacin(AK) (30 µg), Gentamycin (CN) (10 µg),
Oxytetracycline (OT )(30 µg) and Sulfamethoxazole-
Trimethoprim (SXT) (25 µg). The inhibition zones, in
millimeters, were measured in duplicate and scored as
sensitive, intermediate and resistant categories in
accordance with the critical breakpoints recommended by
the Clinical and Laboratory Standards Institute [12].

Table 1: oligonucleotide primers
Length of

Target amplified
Primer gene Primer sequence (5'-3') product (bp) Reference
Hep35 Int TGCGGGTYAARGA-

TBTKGATTT 491 [13]
Hep36 CARCACATGCGTRTARAT
Hep58 Int1 TCATGGCTTGTTATGACTGT Variable*
Hep59 GTAGGGCTTATTATGCACGC
Int1-F Int1 CCTCCCGCACGATGATC 280 [14]
Int1-R TCCACGCATCGTCAGGC
Variable: Its variable and not detected at seperate region as it specific for
integron cassettes as mentioned in perivious research.

PCR Screening of Class 1 Integron: Based on
antimicrobial resistance profiles, MDR Salmonella
species (Resistant to three or more class of antimicrobial
agents) were screened for presence of integrase gene,
class 1 integron and their associated genes cassettes.
Plasmid DNAs of bacterial isolates were extracted
usingQIAprep SpinMiniprep Kit, Catalogue no. 27104 and
using oligonucleotide primers in Table (1).

Characterization of Inserted Gene Cassettes by
Sequencing: A purified PCR product was sequenced in
the forward and/ or reverse directions on an Applied
Biosystems 3130 automated DNA Sequencer (ABI, 3130,
USA). Using a ready reaction Big dye Terminator V3.1
cycle sequencing kit. (Perkin-Elmer/Applied Bios stems,
Foster City, CA), with Cat. No. 4336817 and A BLAST®
analysis (Basic Local Alignment Search Tool) [15] was
initially performed to establish sequence identity to Gene
Bank accessions.

RESULTS

Incidence of the Isolated Salmonellae from Different
Internal Organs: Examination of 300 chicken samples
aseptically collected from 250 chicken apparently healthy
(50), diseased (150) and freshly dead (50) chickens
revealed that 32 isolates of Salmonella species were
isolated with an overall percentage of (12.8%).

The highest isolation rate of Salmonella species was
in the highest isolation rate of Salmonella species was in
Spleen (14.29%) followed by Cecum (12. 71%), Liver (10.
59%) and heart (3. 64%).

Twenty serovars were identified including S.
typhimurium and S. Enteritidis which predominated and
accounted for 15. 6% of total Salmonella isolates for each
serovar. Other serotypes isolated were S.Newport with
incidence (12.5%), S. Kentucky and S. Tamale with
incidence (6.2% for  each)  and  S.  Apeyemene,  S.  Daula,
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Table 2: Results of antibiotic susceptibility testing of Salmonella isolates to different antibiotics
Salmonella isolates(no = 32)
-----------------------------------------------------------------------

Antimicrobial class Antimicrobials R I S
Penicillins Amoxicillin (AM) 24 (75.0%) 1 (3.1%) 7 (21.8%)
B-lactam inhibitors Ampicillin/Sulbactam (SAM) 24 (75%) 4 (12.5%) 4 (12.5%)
Cephalosporins Cefotaxime (CTX) 6 (18. 7%) 9 (28.1%) 17 (53.1)

Ceftriaxone (CRO) 5 (15. 6%) 8 (25%) 19 (59.3%)
Ceftazidime (CAZ) 5 (15. 6%) 13 (40. 6%) 14 ( 43. 7%)

Aminoglycosides Gentamicin (CN) 10 (31.25%) 7 (21.8%) 15 (46.8%)
Neomycin (N) 14 (43. 7%) 12 (37.5%) 6 (18. 7%)
Streptomycin (S) 18 (56.2%) 5 (15. 6%) 9 (28.1%)
Amikacin (AK) 0 0 32 (100%)

Quinolones Nalidixic acid (NAL) 30 (93. 7%) 1(3.1%) 1(3.1%)
Fluoroquinolones Flumequine (UB) 30 (93)7%) 1 (3.1%) 1(3.1%)

Ciprofloxacin (CIP) 11 (34.3%) 7 (21.8%) 14 (43. 7%)
Enrofloxacin (ENR) 17 (53.1%) 8 (25%) 17 (53.1%)
Norfloxacin (NOR) 5 (15. 6%) 7 (21.8%) 20 (62.5%)
levofloxacin (LEV) 5 (15. 6%) 8 (25%) 19 (59.3%)

Phenicols Chloramphenicol (C) 12 (37.5%) 6 (18. 7%) 14 (23.3%)
Tetracyclines Oxytetracycline (OT) 23 (71. 8%) 1 (3.1%) 8 (25%)
Sulphonamides, inhibitors and combinations Trimethoprim–Sulfamethoxazole (SXT) 17 (53.1%) 1 (3.1%) 14 (23.3%)

S. Tamale, S. Bargny, S. Papuana, S. Labadi, S. (56.2%)  followed  by  Enrofloxacin  (53.1%),  Neomycin
Amersfoort, S. Hindmarsh, S. Rechovot, S. Cremieuz, S. (43. 7%) and Chloramphenicol (37.5%). Such increased
Heistopdenberg, S. Agona, S. Molade, S. Lexingtonand S. resistance to the aforementioned antibiotics could be
Takoradi with incidence (3.1%) for each one. attributed to the wide and misuse of these drugs in

Drug Resistance Analysis of Bacterial Isolates: Results Additionally, 20 out of 32 isolates (62.5%) showed
of antibiotic susceptibility testing of Salmonella isolates multidrug resistance phenotypes to at least three classes
to different antibiotics are shown in Table (2). of antimicrobials.

Regarding antibiogram of Salmonella isolates, the
obtained results showed that 100% of the isolates were Class 1 Integrons and Associated Cassette Arrays: In
susceptible to amikacin, while, high resistance rates were this approach, integrase gene was detected in 19 out of
observed against Flumequine (93.7%) and Nalidixic acid the 20 MDR isolates with percentage (95%) giving
(93.7%),  Ampicillin/Sulbactam  (75%),  Oxytetracycline characteristic bands at 491 bp (Fig. 1). Also, class 1
( 7 1 . 8%),  Amoxic il l in  (75.0%), integron (Conserved segment) were detected in those
Trimethoprim–Sulfamethoxazole (53.1%)and Streptomycin isolates    with      percentage       (95%)      isolates   giving

veterinary field.

Fig. 1: Agarose gel electrophoresis showing PCR amplification at 491bp fragment for integrase gene among DNA
products of 20 multidrug resistant salmonella isolates. L):100 bp DNA ladder, Neg.: Negative Control, Pos.:
Positive control, lane 2: negative sample.
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Fig. 2: Agarose gel electrophoresis showing PCR amplification at 280 bp fragment for class 1 integron (Conserved
segment) among DNA products of 20 multidrug resistant salmonella isolates. L):100 bp DNA ladder, Neg.:
Negative Control, Pos.: Positive control, lane 2: negative sample.

Fig. 3: Agarose gel showing amplified products of class 1 integrons at variable sizes of Salmonella isolates. Lanes (1-
20): amplicons of Salmonella isolates, L: 100 bp DNA ladder

Fig. 4: Phylogenetic tree of sequenced samples
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Table 3: Distribution of resistance genes in the examined 20 MDR Salmonella isolates
Code Serovars Antimicrobial resistance pattern Class 1 integron Integron amplicon size Gene cassette
1 S. Typhimurium NA-SAM-N-S-OT + 2400 bp dfrA1- catB2- aadA1
2 S. Apeyeme C-NA-UB-CIP - - -

ENR-NOR-LEV-AML-SAM-S-OT-SXT
3 S. Kentucky C-NA-UB-ENR-AML-SAM-SXT + 2400 bp dfrA1- catB2- aadA1
4 S. Daula UB- ENR-SAM + 2400 bp dfrA1- catB2- aadA1
5 S. Newport C-NA-UB-AML-SAM-CAZ-N-CN-OT-SXT + 2400 bp dfrA1- catB2- aadA1
6 S. Tamale C-NA-S-SXT + 850bp-1400 2400 dfrA15 dfrA1

dfrA1- catB2- aadA1
7 S. Bargny C-NA-UB-CIP-ENR-AML-SAM-OT-SXT + 2400 bp dfrA1- catB2- aadA1
8 S. Enteritidis C-NA-UB-SAM-S-OT-SXT + 2400 bp dfrA1- catB2- aadA1
9 S. Papuana NA-UB-CIP-ENR- - 850bp-1400 dfrA15 dfrA1

NOR-AML-SAM-CTX-CRO-N-CN-S-OT-SXT + 2400 dfrA1- catB2- aadA1
10 S. Labadi C-NA-UB-AML-SAM-N-S-OT-SXT + 850 bp dfrA15
11 S.Amersfoort NA-UB-ENR-LEV-AML-OT + 1400 bp - dfrA1
12 S. Hindmarsh NA-UB-CIP-ENR-AML-SAM- 850bp-1400 dfrA15 dfrA1

CTX-CRO-N-CN-S-OT + 2400 dfrA1- catB2- aadA1
13 S. Rechovot C-NA-UB-ENR-LEV-SAM- + 850bp-1400 2400 dfrA15 dfrA1

CRO-N-CN-S-OT-SXT dfrA1- catB2- aadA1
14 S.Cremieuz C-NA-UB-AML-SAM-S-SXT + 850bp-1400 2400 dfrA15 dfrA1

dfrA1- catB2- aadA1
15 S.Heistopdenberg C- NA-UB-AML-SAM-OT + 850bp-1400 2400 dfrA15 dfrA1

dfrA1- catB2- aadA1
16 S.Agona NA-UB-SAM-CN - - -
17 S. Santiago NA-UB-AML-SAM-N-S-OT-SXT + 850 dfrA15
18 S. Molade C-NA-UB-CIP-ENR-AML-SAM- + 2400bp dfrA1- catB2- aadA1

CTX-CRO-N-CN-S-OT
19 S. Lexington NA-UB-ENR-LEV-SAM-CRO-N-CN-S-OT-SXT + 850bp-1400 2400 dfrA15 dfrA1

dfrA1- catB2- aadA1
20 S. Takoradi C-NA-UB-AML-SAM-S-SXT + 850bp-1400 2400 dfrA15 dfrA1

dfrA1- catB2- aadA1
(NA): Nalidixic acid,(C): chloramphenicol, (UB): Flumequine, (CIP): Ciprofloxacin, (ENR): Enrofloxacin, (NOR): Norfloxacin, (LEV): Levofloxacin,: (AML):
Amoxicillin, (SAM): Ampicillin – sulbactam, (CTX): Cefotaxime, (CRO): Ceftriaxone, (CAZ):Ceftazidime(N): Neomycin(S): Streptomycin, (AK): Amikacin,
(CN): Gentamycin, (OT): Oxytetracycline and (SXT): Sulfamethoxazole- Trimethoprim. dfr: dihydrofolate reductase gene. aad:: aminoglycoside
adenyltransferase, Cat: chloramphenicol adenyltransferase.

characteristic bands at 280 bp (Fig. 2) and PCR Poultry eggs, meat and their products are the commonest
amplification of the variable regions of integron positive vehicles for the transmission of human salmonellosis
isolates revealed three different fragment sizes of constituting an important threat to public health [16].
approximately 0.85kb, 1.4kb and 2.4kb. The resistance The aim of this work was to throw light on molecular
gene cassettes  were  detected in15  out  of  the 19class 1 detection of antimicrobial resistant genes carried on class
integron positive isolates.DNA sequence analysis 1 integron among MDR Salmonella species which may
revealed that gene cassette fragment gave 100% transfer through chicken to human.
homology with (dfrA15, dfrA1 and dfrA1- catB2- aadA), The obtained results in the current study showed
respectively conferring resistance to trimethoprim, that on examination of 300 chicken samples aseptically
chloramphenicol and aminoglycosides as illustrated in collected from 250 apparently healthy 50, diseased 150and
Fig. 4. freshly dead 50chickens. 32 Salmonella isolates were

DISCUSSION highest isolation rate in spleen.

Salmonella cause diseases in animals and people. It is Drazet al. [17] who reported 11.4% of Salmonella species
one of the most significant causes of food poisoning in were isolated from living layer flocks in poultry farms at
humans. Salmonellosis is an important zoonosis Alexandria, Egypt.  Moreover,  in  Sharkia  Governorate,
associated with food consumption of animal origin. El-Azzouny et al. [18] recorded Salmonella with

obtained with an overall percentage of (12.8%) with

Nearly similar results were obtained in Egypt by
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percentage of 10% in broiler  internal  organs  (Liver, Recently, incidence of multiple antimicrobial
spleen and heart) with a previous history of diarrhea.
Meanwhile, Al-Zenki et al. [19] isolated Salmonella
species with the percentage of 12.6% in ceca collected
from poultry farms.

Different percentages were reported by Sadoma [20]
and Mohammed et al. [21] that isolated salmonellae from
chicken farms in Gharbia and Kafr-Elsheikh with an overall
prevalence of 2% and 2.5%, respectively. Meanwhile, in
Sharkia, a percentage of 1.7% of Salmonella isolation rate
was reported by Ahmed et al. [22] from chicken reared in
rural houses.

Many studies showed different prevalence rates of
Salmonella isolates in broilers worldwide as in North
Vietnam [23] where Salmonella spp. were found in 3.1%
of organ samples of chickens. However, higher
percentage was recorded by Molla et al. [24] who isolated
salmonella from chicken liver with the percentage of 34.5%
in Ethiopia. These differences in prevalence rates may
reflect considerable disparity in the sampling scheme,
sample types, Salmonella detection protocol and
geographic location.

Poultry are commonly infected by a wide variety of
Salmonella serovars; one serovar may be a predominant
isolate in a country for several years before it is replaced
by another serovar. Serovars vary geographically, but
clinically significant S. Typhimurium and S. Enteritidis
were identified as the most common serovars reported
globally and accounted for 15. 6% of total Salmonella
isolates for each serovar. Other serotypes isolated were S.
Newport with percentage (12.5%), S. Kentucky and S.
Tamale with percentage (6.2%) and S.Apeyeme, S. DaulaS.
S. Tamale, S. Bargny, S. Papuana, S. Labadi, S.Amersfoort,
S.Hindmarsh, S. Rechovot, S.Cremieuz, S.Heistopdenberg,
S.Agona, S. Molade, S. Lexington and S.Takoradi with
percentage (3.1%).

These results agreed with Verma et al. [25] who
isolated S. Typhimurium with a percentage of (18.10%)
While these results differ from Edel et al. [26] who
recorded S. Enteritidis with an incidence of 1.4% for laying
flocks and 1.1% for broiler breeder flocks in Netherland.
While, lower percentages of S. Typhimurium isolation
were reported in Nigeria (6.7%) and Taiwan (7.7%) by Orji
et al. [27] and Tsai et al [28], respectively.

Another study in Egypt reported a predominance of
S. Enteritidis and S. Typhimurium from chicken (58.33%
and 41.66%, respectively [29]. Also, in Saudi Arabia, S.
Enteritidis  and   S. Typhimurium   dominated  among  the
recovered Salmonella serovars from chicken (55.56% and
22.22%, respectively) [30].

resistances in Salmonella spp. isolated from poultry has
increased as a result of extensive use of antibiotics in
human and veterinary medicine [31].

In this study, all strains were sensitive to amikacin
which was the most effective chemotherapeutic agent
against Salmonella infection which is in parallel with that
recorded by snow et al [32]. Also Higher rates of
sensitivity were observed to Neomycin and
chloramphenicol with percentages comparable to those
found in many developing countries, especially
Bangladesh, Nigeria and Pakistan [33] and [34].

While high levels of resistance were observed
against Flumequine and Nalidixic acid, Ampicillin/
Sulbctam, Amoxicillin, Trimethoprim–Sulfamethoxazole,
Enrofloxacin and Oxytetracycline. These results are nearly
similar to the results obtained by Chuanchuen et al [35]
reported that Salmonella enterica isolates from poultry
were resistant to the antibiotics: Ampicillin (53.3%);
Chloramphenicol, (36.1%); Gentamicin (17.2%);
Tetracycline (59%); Trimethoprim (39.3%); Streptomycin
(55.7%) and Sulfamethoxazole (68.9%). Such increased
resistance to the aforementioned antibiotics could be
attributed to the wide and miss use of these drugs in
veterinary field.

Furthermore, 20 isolates (62.5%) showed multidrug
resistance phenotypes to at least three classes of
antimicrobials. The percentage of multidrug-resistant
Salmonella strains is differ from that reported in Italy
(2.3%) [36] Iran (23.5%) [37] and that found (100%) by in
Turkey [38], Spain (100%) [39], Brazil (100%) [40], Nepal
(100%) [41], the United States (92%) [42].but nearly agree
with[43] in Morocco (75.43%) There is good evidence for
an association between presence of class1 integron and
emerging MDR.

Integron, a novel DNA element has great impact on
human health because of its responsibility about bacterial
multidrug resistance [44].

In the current study, class 1 integron was screened
among the obtained multidrug resistant Salmonella
isolates. Class 1 integrons were detected in almost
isolates (95 %). Thus, class 1 integrons contribute
significantly to antibiotic resistance in Salmonella isolates
[45] and [46].

The results of the current study are nearly agree with
data of several countries as in Portugal [47] 99% and in
India [48] 69.9% of and in Japan. Class 1 integrons were
detected in 94.8% of isolates. On the contrary, low
percentage obtained by Francis et al [49] in China
detected class 1 integron in 24.5% of salmonella species
isolated from poultry.
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