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Abstract: Antimicrobial resistance test of 59 Salmonella isolated from chicken was done by K-B method. The
drug-resistance rate of oxacillin, tetracycline, erythromycin, penicillin G, gentamicin was 74.6, 64.4, 52.5, 47.5 and
37.3%, respectively. Most of the 1solates were multidrug resistance and the rate was 81.36% (48/59). Among
the total of the multidrug resistance isolates, the rate of resistance to three, four and five drugs was 45.76%
(27/59), 23.73% (14/59) and 11.86% (7/59). PCR and DNA sequencing were used for screening and
characterization of class T integrons. As a result, the detection rate of class T integron was 40.68% (24/59) and
among these 48 1solates which had been proven multidrug-resistant, the detection rate of class [ integron was
50% (24/48). Class I mtegron PCR positive 1solates rate of multidrug-resistance was 100% (24/24). Results show
that the class T integron has the relationship with multidrug resistance.
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INTRODUCTION

Avian Salmonellosis is a major bacteriosis in
henneries causing deaths of cluckens in great munbers,
hampering the growth and development of chickens,
increasing the possibility of contamination of eggs
(Hall and Saito, 2008). Currently the control strategies of
avian salmonellosis besides vaccmes, antibiotics are
mainly applied for disease treatment and prevention.
However, due to the continual clinical using of antibiotics
in large amount, antimicrobial drug resistance is an
increasing problem in Salmonella with strains more and
more commonly bemg isolated exhibiting Multidrug
Resistance (MDR). Comsequently the detection of
Salmonella drug resistance is very important to prevent
avian salmonellosis.

In the study of the mechanism of bacterial multidrug
resistance, the presence of genes within integrons coding
for antibiotic resistance and the association of antibiotic
resistance phenotypes with the presence of integrons
have been well documented (Maguire et al, 2001,
Voetal, 2006).

Integrons are gene expression elements that play an
important role in the recruitment of antimicrobial drug
resistance determinants via site-specific recombination
events catalyzed by the integron-encoded integrase
(Guerra et al., 2000). Based on the sequence of the

integrase genes, several classes of mtegrons have been
described (Nogrady et al, 2005, Gebreyes et al,
2004).

Currently the detection of class I integron consist
mainly in the amplification of its resistance gene cassette.
Therefore, the aim of this study was to investigate the
prevalence and characterize class 1 integron among
Salmonella strains separated from chickens and to monitor
the spread of the multidrug-resistant Salmonella strains.
Analyze the relation between class [ integron and
Multiple Drug Resistance (MDR ) in molecular level.

MATERIALS AND METHODS

Bacterial strains: A total of 59 Salmonella strains were
1solated from chicken mn Hebei province. The identification
of each 1solate as Salmonella was confirmed by performing
PCR for the invd gene as described previously (Rao et al.,
2008, Chiu and Qu, 1996) and serotyped by standard
procedures. At last, all the Salmonella we have identified
were further identified and confirmed in the professional
laboratory of Salmonella, Chengdu Institute of Biological
Products. Samples were kept in -20°C for further study.

DNA extraction and amplification: DNA was extracted
from the Salmonella isolates using the bactenal genomic
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Table 1: Primers designed for this research

Region or gene Narmne Sequence (5-3" Temp. (°C)
Integrase o Int-F TGCGTGTAAATCATCATCGTCGTAGAG 56
Int-R ACAGCTTACGAACCGAACAGGC 56
Variable segment Var-F CGATGTTIGATGITATGGAGCAG 53
Var-F ACTTGACCTGATAGTTTGGCTGTG 53
5'-3' conserved segment 3-F CGCAATAGTTGGCGAAGTAATC 56
3R GAAGAACCGCACAATCICGTC 56
DNA Extraction kit (Takal-a Dalian China) and used as Table 2: The 59 strains Salmonella isolates resistance rate
. . . Drug Resistance
thl.E template for the detect.lon of 1ntegro.ns by PCR with Typing Antibacterials resistant strain rate (%)
primers. Three pairs of primers shown in Table 1 were Penicillins Oxcacillin 244/59 4.6
designed according to the structure of class T integron. Ampicillin 15 25.4
o . . Piperacillin 0 0.0
Amplification was I:I)e.rf.ormed using the following Amosxicillin 0 0.0
temperature profile: an initial denaturation step at 94°C for Penicillin G 28/59 47.5
5 min, 35 cycles each at 94°C for 40 sec, primer annealing Cephalosporins  Cefoperazone 0 0.0
at different temperature for 40 sec shown in Table 1 and Cephalothin 0 0.0
: P _ _ : Cefazolin 0 0.0
an extension step at 72°C for 1| mm. The final extension Cefepime 0 0.0
time was 10 min at 72°C. The amplified DNA products Ceftazidime 0 0.0
. o Cefuroxime sodium 0 0.0
were analyzed by conventional 08% agarose gel Ceftriacone 0 0.0
electrophoresis in 1 *TAE (Tris-Acetate-EDTA) buffer at  Aminoglycosides ~ Kanamycin 0 0.0
e : Gentamicin 22/59 37.3
12.0 V. Purlfled 1nteg.ron DNA sample.s were sequenced Tetracyclines Tetracycline 38/50 o1a
using primers as mentioned in Shanghai Sangon Co., Ltd. Amphenicols Chloramphenical 7/50 11.0
and blast using the BLAST program available at the NCBI Macrolides Erythromycin 31/59 52.5
. . Sulfi id Sulfi le/ 11/59 18.6
BLAST homepage (http:#/blast.nebinlm.nih.gov/Blast. uonamces 1 HSOKAZ0
’ Trimethoprim - -
Cgl). Quinolones Ofloxacin 0 0.0
Levofloxacin 0 0.0
Ciprofloxacin 0 0.0

Drug sensitive test: Antibiotic susceptibility testing of
Salmonella 1solates was carried out by the K-B method
employing a replicator. Antimicrobial breakpoints were
selected according to the National Committee for Clinical
Laboratory Standards (NCCLS) (Wayne, 2001). Quality
controls strains were Escherichia coli ATCC 25922,
Staphylococcus aureus ATCC 29923 and FPseudomonas
aeruginosa ATCC 27853, All plates were incubated for
18 hat 37°C.

The antibiotics selected and breakpoints for
resistance were as follows: ampicillin, amoxicillin,
ceftriaxone, cefoperazone, cephalothin, cefazolin,

cefepime, ceftazidime, ciprofloxacin, chloramphenicol,
ciprofloxacin, gentamicin, tetracycline, oxacillin, ofloxacin,
erythromycin, kanamycin, sulfisoxazole/trimethoprim,
levofloxacin, cefuroxime sodium, chloramphenicol and
piperacillin. These antibiotics slips were purchased from
Beijin Temple of Heaven Bioctechnology Technical
Development Company.

RESULTS

Drug sensitive test: The drug resistance patterns of 59
strains Salmonella from chicken are shown in Table 2.
High resistance rates m 59 strains of Salmonella were
observed for oxacillin 74.6% (44/59), tetracycline 64.4%
(38/59) and erythromycin 52.5% (31/59), respectively.
The resistance rates to penicillins (oxacillin, ampicillin,
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piperacillin, amoxicillin, penicillin G) ranged from
0.0~74.6% m those 1solates. Except for pemcilling and
tetracyclines, high resistance rates (37.3--52.5%) were
observed for the other macrolides and aminoglycosides.
The 59 strains Salmonella from chicken have the high
susceptibility to cephalosporins (resistance rate 0.0%)
and quinolones (0.0%).

Some 1solates in the 59 strains from chicken were
resistant to 8 species antibiotics at most. There were only
11 strains resistant to 2 species antibiotics and the others
were multidrug resistance. Most of the isolates had the
multidiug resistance pattern and the rate was 81.36%
(48/59). Among the total of the multidrug resistance
1solates, the rate of resistance to three, four and five drugs
was 45.76% (27/59), 23.73% (14/59) and 11.86% (7/59).

Amplification of integrase o and 5'-3' conserved
segments: PCR and DNA sequencing were used for
screening and characterization of class T integrons. A
fragment of approximately 856 bp of integrase « gene was
resulted by PCR amplification using primers Int-F and
Int-R (Fig. 1). The PCR product were purified and used
directly as templates for sequencing. Among these 59
isolates, integrase ¢ segment had been detected from
24 strams. On the basis of the results of mtegrase
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8560 bp

Fig. 1: PCR detection of integrase ¢ gene from Salmonella
isolates; M: DNA Marker DL2000; 1~7: Experiment
strain

2000 bp
1000 bp

750 bp

774 bp

Fig. 2: PCR detection of 5'-3' conserved segments gene
from Salmonella isolates; M: DNA Marker D1.2000;
1~6: Experiment strain

1 234 5M6 789 101112131415 M

—2000 bp
- 750 bp
- 250 bp

of
strains; M. DNA Marker
DL2000; 1~15: The fragment of gene cassette
ranged from 300-2000 bp

Fig. 3: PCR  detection variable in

integrase-positive

segment

segment, the 5'-3' conserved segment were amplification
using primers 3'-F and 3'-R. All the strains containing
mtegrase ¢ segment proved positive. The segment of
774 bp was detected which corresponds to the expected
size of the 5'-3' conserved gene (Fig. 2).

Amplification of variable segment: The researchers
detected the variable segment in the integrase-positive
straing using PCR amplification. Variable segments were
found in 70.8% (17/24) of integrase-positive strains. With
the variable region of the resistance genes carrying
different type and different number, the amplified fragment
size i3 also different. The segments different from
300-2000 bp were observed (Fig. 3).

Integron carriage and the association of resistance to
antimicrobials: As a result, the detection rate of class I
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integron was 40.68% (24/59) and among these 48 isolates
which had been proven multidrug-resistant, the detection
rate of class T integron was 50% (24/48). Class T integron
PCR positive 1solates rate of multidrug-resistance was
100% (24/24). Results show that the class T integron has
the relationship with multidrug resistance. However, some
isolates without integrons were also had the multidiug

resistance pattern, most commonly resistance to
tetracycline, oxacillin, ampicillin and gentamicin.
DISCUSSION
Many gene cassettes of integrons encoding

antimicrobial resistance genes are found in gram-negative
sbacteria. The horizontal transfer of integrons among
bacteria plays an important role in the dissemination of
antimicrobial  resistance gene, resulting in the
development of multidrug resistance (Yang et al., 2009).
So, far 6 types of integrons are defined based on thire
homology to the mtegrase protens (Hall and Collis, 1995).
Among those integrons, class I integrons are commaonly
observed in bacteria. Class I mtegrons are most commonly
found in clinical isolates of gram-negative bacteria and
>100 gene cassettes that confer resistance are known.

Among the total of 59 Salmonella strains from chicken
in the study, the rate of class I integron PCR positive
isolates was 40.68% (24/59), consistent with the reported
(59~-70%). The results suggest that the presence of class
T integron has significant effect on the rate of multidrug
resistant isolates of Salmonella. In this study, class I
integron positive isolates rate of multidrug-resistance was
100% (24/24) while the negative strans 68.57% (24/35).
Multidiug-resistance rate of positive strains was
significantly higher than the negative multidrug resistant
strains. Results show that the class I integron has the
obvious relationship with multidrug resistance.

In this experiment, variable segments were found in
70.8% (17/24) of integrase-positive strains. But the
amplification of variable region from the other 7 strains
which containing integrase « and 35'-3' conserved
segments was negative. Possible reason is carrying empty
gene cassette with the strains. Once the appropriate
conditions or antibiotic selection pressure appeared, the
empty gene cassette can be integrated showing drug
resistance. Amplification results from the variable region
above, the fragment of gene cassette ranged from
300-2000 bp. Previously reported in the literature to design
conserved primers to amplify the variable region as the
method of detection integron positive strains (Rao et al.,
2008; Daly and Fanning, 2000; Guerra et al, 2000),
amplification results from this study explained this method
is not conducive to the detection of non typical class T
integron.
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CONCLUSION

This study shows that the aggravating resistance of
bacteria agamst antibiotics and mcreasing cases of MDR
pose a fatal threat to the health of humans and animals.
Theory of integron system offers a new direction for
researching the mechamsm of bacterial resistance
(Guerra et al., 2000). At present, every class of antibiotic
resistance gene cassettes has been found and all the
resistance gene cassettes have been associated with
antibiotics. Integration of integrons, resistance genes can
be exchanged and with the transformation, transduction
and conjugation of plasmids, drug resistance can spread
widely among creatures. Since, bacterial resistance 1s a
very complex process with many mechamsms, integron’s
effect on MDR 13 only one of them, the structure and
function of mtegron-gene cassette system should be
conducted on for further study. Researchers need to use
the current drugs better and use the best and most
affordable drugs available in order to prevent further
resistance.
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