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A total eighty four epidemiologically unrelated clinical isolates of Salmonella enterica serovars were 
subjected to antimicrobial susceptibility testing and molecular detection of class 1 and 2 integrons. 
Eleven isolates (13.1%) which were resistant to at least 4 groups of antimicrobial agents considered 
as MDR (multidrug resistant) Salmonella serovars. PCR assays detected intI1 and intI2 genes in 50 
(59.5%) and 14 (16.7%) of Salmonella clinical isolates respectively. Emergence of MDR Salmonella 
serovars demonstrates that antimicrobial selection pressure is widespread and increased distribution 
of integron carrying gene cassettes which confer resistance to different antibiotics confirms that 
integron-mediated antibiotic resistance is considerable in our clinical settings.  
 
Key words: Salmonella spp., integron, multidrug resistance (MDR). 

 
 
INTRODUCTION 
 
Salmonella is involved in a wide variety of infections 
ranging from life-threatening typhoid to gastroenteritis 
and bacteremia (Boyd and Hartl, 1998). Antibiotic 
resistance in Salmonella is an emerging problem during 
the last decades. The intensive use of antibiotics in both 
human and veterinary medicine, as well as in agriculture, 
has caused bacteria to develop resistance mechanisms 
against therapeutic drugs (Stokes and Hall, 1989; 
Rodriguez et al., 2008). Dissemination of antibiotic 
resistance genes by horizontal gene transfer has led to 
the rapid emergence of antibiotic resistance among 
bacteria, thus complicating the treatment of infections 
(Gu et al., 2008). The worldwide emergence of multidrug-
resistant    (MDR)     phenotypes     among     Salmonella  
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serotypes is of increasing concern for both the scientific 
community and the general public (Havlickova et al., 
2009; Yang et al., 2009).  

Acquired resistance evolves via horizontal transfer of 
antimicrobial resistance genes located on various types 
of mobile DNA elements (Yang et al., 2009). A key gene-
tic system involved in spreading antibiotic multiresistance 
is the integron, a genetic element that, although normally 
immobile itself, can be transferred in companion with 
mobile genetic elements (Tamang et al., 2007)  

Integrons were first identified by virtue of their 
important role in the acquisition and expression of genes 
conferring antibiotic resistance. Integrons are composed 
of three key elements necessary for the capture of 
exogenous genes: a gene (intI) encoding an integrase 
belonging to the tyrosine-recombinase family; a primary 
recombination site (attI) located immediately adjacent to 
intI; and a strong promoter (Pc) that directs transcription 
of  the  captured  genes  (Carattoli,  2001;  Mazel,  2006). 
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Table 1. Information about number of MDR and resistant isolates on the basis of the MIC determination according to guidelines of CLSI 
(2009). 
 

Integron positive isolates 
No. of resistant isolates to the following antibioticsa on the basis of  MIC 

MDRb 
SMX SXT TMP CIP NAL AMP CAZ CHL STR 

intI1 positive isolates(50) 20 45 22 1 32 5 2 21 20 11 
intI2 positive isolates(14) 10 12 11 0 11 0 1 4 6 1 

 
aAbbreviation of mentioned antibiotics and  breakpoint for resistance (µg/ml) : AMP, ampicillin (�32); CAZ, ceftazidime (�16); CHL, chloramphenicol 
(�32); CIP, ciprofloxacin (�4); NAL, nalidexic  acid (�32); STR, streptomycin (�64);  TMP, trimethoprim (�4); SMX,  sulfamethoxazole (�512); SXT,  
sulfamethoxazole-trimethoprim (�4/76). Breakpoints were adopted from CLSI (Clinical and Laboratory Standards Institute), except for streptomycin, 
which has no CLSI breakpoint. 
b In this study isolates which were  resistant to at least 4 groups of antimicrobial agents considered as MDR Salmonella isolates. 
 
 
 
On the basis of nucleotide sequence of the integrase 
gene (intI), nine classes of integrons have been identified 
(Moura et al., 2007; Macedo-Vinas et al., 2009) but, to 
date, only those of class 1 and 2 have been reported in 
S. enterica (Rodriguez et al., 2008). 

The objective of this study was to evaluate the 
antimicrobial resistance profile and to investigate the 
contribution of class 1 and 2 integrons in multidrug 
resistant Salmonella isolates. 
 
 
MATERIALS AND METHODS 
 
Isolation and identification of bacteria 
 
A total of eighty four S. enterica isolates attributed to Typhi (n=40), 
Paratyphi A (n=2), Typhymurium (n=12), and non Typhi (n=30) 
serovars were studied. The clinical isolates were recovered from 
stool (n= 69), blood (n= 6), bone marrow (n= 3), synovial fluid (n= 
3), ascites (n= 1), abces (n= 1), urine (n= 1). All isolates were 
identified by standard microbiological techniques as previously 
described (Martin et al., 2008; Ahmed et al., 2009). The serogroup 
was checked with O antisera by the slide agglutination method 
(Difco Laboratories, Detroit, MI).  
 
 
Antimicrobial susceptibility test 
 
The antimicrobial susceptibility test was performed using the 
standard disk diffusion method on Muller-Hinton agar and the 
Minimum Inhibitory Concentrations (MICs) were determined by 
broth microdilution method according to the guidelines of the 
Clinical and Laboratory Standards Institute (CLSI, 2009). Disks 
prepared by MAST company (Mast Co, Merseyside, UK) were 
used to determine the susceptibility of isolates to ampicillin (10 µg), 
tetracycline (30 µg), chloramphenicol (30 µg), trimethoprim (5 µg), 
sulfamethoxazole-trimethoprim (30 µg), streptomycine (10 µg), 
nalidexic acid (30 µg), ciprofloxacin (5 µg), ofloxacin (5 µg), 
levofloxacin (5 µg), norfloxacin (5 µg), gatifloxacin (5 µg), 
moxifloxacin (5 µg), cefotaxime (30 µg), cefixime (5 µg), ceftriaxone 
(30 µg), cefepime (30 µg), ceftazidime (30 µg), amikacin (30 µg), 
azithromycin (15 µg), spectinomycin (100 µg), gentamicin (10 µg), 
colistin-sulfate (10 µg), imipenem (10 µg). The MICs of ampicillin, 
chloramphenicol, streptomycin, nalidixic acid, ciprofloxacin, 
ceftazidime, trimethoprim, sulfamethoxazole and sulfamethoxazole-
trimethoprim were carried out against all clinical isolates. The 
breakpoints used were those defined by the CLSI for 
Enterobacteriaceae, with the exception of streptomycin (32_g/mL) 
(CLSI, 2009) (Table 1). E. coli ATCC 25922 was used as a quality 
control organism in antimicrobial susceptibility test. 

Detection of class 1 and 2 integrons  
 
Chromosome and plasmid DNA templates were prepared by 
phenol-chloroform methods as previously described (Sambrook et 
al., 1989). All isolates were screened for detection of class 1 and 2 
integrons by the primers described by Goldstein et al. (2001) 

designed for the intI1 and intI2 genes respectively. The 
amplification program was performed by termocycler (Eppendorf 
Mastercycler®, MA) and started with initial denaturation of 4 min at 
94°C and programmed with 35 cycles of each: 1min at 94°C, 30 s 
at 60°C, 1 min at 72°C. The program finished with the final 
extension of 10min at 72°C.  
 
 
RESULTS 
 
Disk diffusion and minimum inhibitory concentration 
(MIC) 
 
A total of eighty four Salmonella isolates including S. 
Typhi (n = 40), S.Typhymurium (n=12), S. Paratyphi A (n 
= 2), non-Typhi (n=30) serovars were studied. According 
to the Disk diffusion and minimum inhibitory concentra-
tion (MIC), antimicrobial resistance patterns were as 
follow: 25 isolates (29.8%) were resistant to 
streptomycin, 25 isolates (29.8%) to sulfamethoxazole-
trimethoprim, 30 isolates (35.7%) to trimethoprim, 23 
isolates (27.4%) to chloramphenicol, 57 isolates (67.9%) 
to tetracycline, 6 isolates (7.1%) to ampicillin, 54 isolates 
(64.3%) to nalidexic acid, 1 isolate (1.2%) to ciproflo-
xacin, 6 isolates (7.2%) to cefotaxime, 8 isolates (9.5%) 
to cefexime, 6 isolates (7.2%) to ceftriaxon, 2 isolates 
(2.4%) to ceftazidime, 2 isolates (2.4%) to colistin-
sulfate, 3 isolates (3.6%) to gentamicin, 24 isolates 
(28.6%) to spectinomycin, 5 isolates (5.9%) to azithromy-
cin, 2 isolates (2.4%) to amikacin. All the isolates were 
sensitive to imipenem, ofloxacin, levofloxacin, 
norfloxacin, gatifloxacin, moxifloxacin. Of the 84 isolates 
only 4 isolates (4.7%) were sensitive to the all of the 
tested antimicrobial agents. 
 
 
Identification of multidrug resistant (MDR) isolates   
 
Multi-drug resistance was defined as resistance to at 
least 4 groups of antimicrobial agents. Of the  eighty  four  
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Figure 1. PCR Amplification of intl1 Gene. Lane M: 200bp DNA Ladder. Lane 1: int1 PCR product. 

 
 
 

 
 
Figure 2. PCR Amplification of intl2 Gene. Lane M: 100bp DNA Ladder. Lane 1: int2 PCR product. 

 
 
 
isolates, eleven isolates (13.1%) were considered as 
MDR Salmonella serovars (1). These MDR isolates were 
attributed to S. Typhi (n=3), S. Typhimurium (n=3), other 
non-Typhi serovars (n=5). One of the MDR isolates were 
recovered from bone marrow and the rest ten MDR 
isolates were originated from stool.   

Detection of class 1 and 2 Integrons  
 
Fifty (59.5%) isolates amplified intI1 gene with the ampli-
con size of 280bp and fourteen (16.7%) isolates carried  
intI2 gene with the amplicon size of 232bp (Figures 1 and 
2). Of  50  isolates  carrying  class  1  integrons,  8 (16%)   
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Table 2. Information about integron positive isolates among different sources of Salmonella isolates. 
 

Isolation 
source 

No. of intI1 positive isolates 
(%) 

No. of inti2 positive isolates 
(%) 

No. of intI1 and inti2 positive isolates 
(%) 

Stool(69) 41 13 13 
Blood(6) 3 0 0 
Bone marrow(3) 2 0 0 
Synovial fluid(3) 1 0 0 
Abces(1) 1 0 0 
Ascites(1) 1 0 0 
Urine(1) 1 1 1 
Total(84) 50(59.5) 14(16.7) 14(16.7) 

 
 

 
Table 3. Information about integron positive isolates among serovars of Salmonella spp.  
 

Serovars (No.) No. of intI1 and intI2-
positive isolates (%)c 

No. of intI2-positive 
isolates (%)b 

No. of intI1-positive 
isolates (%)a 

S. Typhi (40) 5 5 21 
Non-typhi serovars (30) 8 8 20 
S. Typhimurium (12) 1 1 7 
S. Paratyphi A (2) 0 0 2 
Total (84) 14(16.7) 14(16.7) 50 (59.5) 

 
a indicates the number and percentage of intI1-posetive in Salmonellae serovars 
b indicates the number and percentage of intI2-posetive in Salmonellae serovars 
c indicates the number and percentage of serovars carrying both intI1 and intI2 genes. 

 
 
 
isolates amplified class 1 integrons exclusively on 
chromosome, 12 (24%) isolates exclusively on plasmid, 
30 (60%) isolates both on plasmid and chromosome. 
Among fourteen isolates harbored class 2 integrons, 3 
(21.4%) isolates carried class 2 integrons only on 
plasmids and 11 (78.6%) isolates both on plasmid and 
chromosome (Tables 2 and 3). 
 
 
DISCUSSION  
 
The worldwide emergence of multidrug-resistant (MDR) 
phenotypes among Salmonella serotypes is causing an 
increasing concern. Use of antimicrobials in clinical and 
veterinary medicine is a recognized driving force for the 
selection of resistant bacteria. Selective pressure has 
resulted in the development of strains that are resistant 
to more than one antimicrobial agent (Miriagou et al., 
2006; Yang et al., 2009). Integrons are genetic elements 
able to recognize and capture mobile gene cassettes 
carrying antibiotic resistance genes leading to MDR 
distribution and subsequently limitation of treatment 
options for infections (Stokes and Hall, 1989). 

In this study eighty four clinical isolates of Salmonella 
spp. were subjected to molecular investigations to detect 
integron-associated multidrug resistance.  

Of 84 isolates,  11 (13.1%)  isolates  were  resistant  to  

more than 4 groups of antimicrobial agents and con-
sidered as MDR Salmonella serovars (Table 1). Most of 
the MDR isolates were recovered from stool and related 
to the non-Typhi serovars of Salmonella enterica. Fifty 
(59.5%) isolates harbored class 1 integrons and 
amplified intI1 gene more detected in Typhi  serovar and 
14 (16.7%) isolates contained class 2 integrons carrying 
intI2 gene as well as intI1 gene which were more 
considered in non–Typhi serovars of Salmonella enterica 
(Table 3). 

Our study indicates that all the MDR isolates harbored 
class 1 integrons and one of the MDR isolates carried 
class 2 in addition to class 1 integrons. This result 
highlights the integron role in MDR distribution (Table 1). 

To confirm the previous studies, according to the 
results of MIC determination, most of the intI-positive 
isolates showed high resistance to nalidixic acid, 
trimethoprim and trimethoprim–sulphamethoxazole 
(Chang et al., 2007) and indicated increased MIC to be 
higher than 512 µg/ml. Limitless use of these antibiotics 
in hospitals and other health care environments may be 
involved in the selection and consequently distribution of 
integron-carrying Salmonella. These antibiotics are at 
risk for future use and would be prescribed with more 
consideration. 

In agreement with other studies, fluoroquinolones, 
third-generation   cephalosporins    and    imipenem    are 



 
 
 
 
suggested to be used as  frontline therapeutic drugs in 
treatment of Salmonella infections. Carbapenems are the 
main class of drugs used for treatment of infections 
caused by MDR and extended-spectrum �-lactamase-
producer Gram-negative bacteria such as Salmonella 
(Ahmed et al., 2009). 

In conclusion our results support the hypothesis that 
integron acquisition may lead to dissemination of new 
antibiotic resistance determinants and high levels of 
multidrug resistance. Epidemiological studies on the 
distribution of integrons would be of great use in 
detecting MDR isolates. 
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