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Abstract

Background: Integrons are known as mobile genetic elements (MGEs) with their own effects on transferring antibiotic resistance
genes among bacteria.

Objectives: The main purpose of this study was to determine the frequency of class I and Il integrons in methicillin-resistant Staphy-
lococcus aureus (MRSA) and methicillin-sensitive Staphylococcus aureus (MSSA) isolates in the city of Kermanshah, Iran.

Methods: In this descriptive cross-sectional study, 86 isolates of S. aureus were collected and verified using specific biochemical tests,
and then examined for antibiotic susceptibility by the Kirby-Bauer disc diffusion method. The frequency of class I and Il integrons
was also determined by polymerase chain reaction (PCR) and specific primers.

Results: The frequency percentages of class I and II integrons were 47.7% (n = 41isolates) and 17.4% (n =15 isolates), respectively. A
statistically significant relationship was observed between the frequency of class Iand Il integrons and resistance to some antibiotics
(P< 0.05). In the MRSA isolates, the most antibiotic resistance was to penicillin (100%) and gentamicin (80%) and the most antibiotic
sensitivity was to vancomycin (100%) and linezolid (96.5%).

Conclusions: Due to the frequency of the integrons in resistant strains of S. aureus, as well as the possibility of rapid transfer of
these agents among the isolates, we are in dire need of continuous monitoring of resistance patterns and selection of appropri-
ate antibiotics using the phenotypic and genotypic resistance measurements taken by hospital laboratories to reduce and control
antibiotic resistance.
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1. Background

S. aureus is a Gram-positive, non-motile, facultatively
anaerobic, and ubiquitous coccus found predominantly
on the skin and mucous membranes (1). This bacterium
is recognized as one of the most important causes of
hospital-acquired infections. S. aureus infections, often in
acute and pyogenic forms, are highly prevalent and they
are also capable of spreading to other tissues of the body
through bacteremia (2, 3). The spectrum of diseases caused
by this bacterium includes various skin infections such as
folliculitis, acne, abscess, and wound infection, as well as
life-threatening diseases such as sepsis, toxic shock syn-

drome (TSS), osteomyelitis, endocarditis, bacteremia, and
food poisoning (4). In this respect, antibiotic resistance is
stillamajor concernin the treatment of infectious diseases
due to the misuse of conventional antibiotics (5). These
bacteria turn to MRSA strains with the acquisition of the
mecA gene (6). The mobile genetic elements (MGEs) includ-
ing plasmids, integrons, and transposons are also respon-
sible for the acquisition and further spread of drug resis-
tance genes (7). The role of integrons, as MGEs, has been
recognized as a mobile genetic mechanism in the horizon-
tal transfer of antibiotic resistance genes. Thus, the inte-
grons are of importance due to the presence of a partic-
ular recombinant system leading to the introduction and
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expression of various genetic cassettes. Moreover, the hor-
izontal transfer of the integrons is considered to be the
most effective method of spreading antibiotic resistance
genes and producing multidrug-resistant (MDRs) isolates
(8-10). Besides, various classes of integrons have been iden-
tified based on the difference in their integrase genes.
Class Iintegrons have the highest frequency among Gram-
positive and Gram-negative bacteria isolated from clinical
specimens. Class Il integrons have a lower prevalence rate
than classIintegrons and they are more reported in Gram-
negative bacteria. Other classes of integrons have a much
lower incidence (11, 12). Structurally, the integrons have
conserved 5’ and 3’ ends, an integrase gene, and a vari-
able central domain between these regions wherein the
gene cassettes are located (13). The integrons also carry re-
sistance genes in the gene cassette via integration within
plasmids, chromosomes, and transposons. Abundant an-
tibioticresistance genes are further transferred by the inte-
grons and these genes play a role in generating resistance
to a wide spectrum of antibiotics, including aminoglyco-
sides, B-lactams, macrolides, sulfonamides, and chloram-
phenicol (14).

2. Objectives

We found no recent comprehensive study in the city of
Kermanshah, Iran, concerning the frequency of class I and
Il integrons in S. aureus isolates. Thus, the main purpose
of this study was to determine the frequency of class I and
II integrons in methicillin-resistant S. aureus (MRSA) and
methicillin-sensitive S. aureus (MSSA) isolates from clinical
specimens in Kermanshabh, Iran.

3. Methods

3.1. Bacterial Isolates and Identification

The present descriptive cross-sectional study was con-
ducted on 86 strains of S. aureus isolated from different
clinical specimens (including blood, wound, urine, tra-
chea, catheter, synovial fluid, and abscess) at Imam Reza
Hospital in the city of Kermanshabh, Iran, from September
2017 to July 2018. The Ethics Committee of the Kermanshah
University of Medical Sciences approved the study proto-
col (KUMS.REC.1395.515). The isolates were identified using
standard biochemical tests including Gram staining, ox-
idase, catalase, DNAase (the Merck Group, Germany), co-
agulase, mannitol fermentation (MSA) (the Merck Group,
Germany), and novobiocin susceptibility test. To definitely
determine the isolates of S. aureus in cultured samples,
the polymerase chain reaction (PCR) assay was performed

for the gene encoding deoxyribonuclease (nuc). Follow-
ing the final identification, the isolates of S. aureus were
stored in the culture medium tryptic soy broth (TSB; the
Merck Group, Germany) containing 20% glycerol at -70°C.
To explore the presence of the methicillin-resistance gene
(mecA), the PCR test was performed for all isolates (Table 1).

3.2. Antibiotic Susceptibility Testing

The antibiotic susceptibility testing was accomplished
based on the Kirby-Bauer disc diffusion method at turbid-
ity of 0.5 McFarland standards following the CLSI guide-
lines (15). We used 11 antibiotic discs (MAST, UK) including
gentamicin (10 ;1g), amikacin (30 pg), tobramycin (10 pg),
rifampicin (5 pg), penicillin (5 pg), linezolid (30 pg), van-
comycin (30 pg), clindamycin (2 pg), ciprofloxacin (5 ug),
levofloxacin (5 ug), and co-trimoxazole (25 pg). S. aureus
suspension was spread on Mueller-Hinton agar medium
(Himedia Co., India) followed by incubation at 37°C and
then compared with a 0.5 McFarland standard using the
lawn culture method. Next, the antibiotic disks were
placed on the medium. Following incubation in an incu-
bator for 24 hours, the growth inhibition zone diameters
were measured and compared with those listed in CLSI ta-
bles. To control the quality of the discs, an S. aureus stan-
dard strain (ATCC 25923) was used for antibiogram testing
and those resistant to at least three antibiotic classes were
considered as MDR isolates.

3.3. PCR Assay

A boiling approach was followed to extract the
genomes of the isolates. The PCR was similarly performed
to detect the genes of class I and II integrons using their
specific primers (Takapou Zist Co., Iran) (16) described in
Table 1 and with a final volume of 25 yL containing 12.5
1L of Master Mix (SinaClon Co., Iran), 1 L of each of the
primers, 2 pL of bacterial DNA, and sterile distilled water
to 25 pL. The PCR thermal cycles (Table 1) for mecA and
integron genes included initial denaturation at 94°C for 5
minutes, followed by 35 main cycles and a final extension
at 72°C for mecA and integron genes for 2 and 7 minutes,
respectively. Shigella flexneri ATCC 12022 and Shigella sonnei
ATCC 9290 carrying the integron genes were used as posi-
tive controls. Moreover, ATCC 33591 and ATCC 25923 were
utilized as positive controls for mecA and nuc genes, re-
spectively. Finally, the PCR products were analyzed by the
2% agarose gel electrophoresis and stained with ethidium
bromide.

3.4. Statistical Analysis

The data were analyzed by SPSS software (version 16) us-
ing the chi-square test. P values of less than 0.05 were con-
sidered statistically significant.
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Table 1. Nucleotide Sequence of Primers Used in the Detection of Integrons in S. aureus (35 Cycles)

Primer Sequence (5’ -3’) Denaturation 94°C Annealing 45 s Extension 72°C Product Size (bp)
F: GTAGAAATGACTGAACGTCCGATAA .

mecA 50°C 1min 310
R: CCAATTCCACATTGTTTCGGTCTAA

. F: CAGTGGACATAAGCCTGTTC .

intll 51°C 1min 160
R: CCCGACGCATAGACTGTA

R F: TTGCGAGTATCCATAACCTG .

intl2 51°C 1min 288
R: TTACCTGCACTGGATTAAGC

4. Results Table 2. Results of Antibiotic Resistance of Methicillin-Resistant and Methicillin-

In this study, out of 86 isolates of S. aureus, 54 (62.8%)
were found in men and 32 (37.2%) in women, with an over-
all mean age of 41.80 4-17.8 years ranging from 7 to 81 years.
The highest frequency of the isolates was found in blood
samples (n=28,32.6%), followed by wound samples (n =22,
25.6%), urine samples (n=18,20.9%), trachea samples (n=9,
10.5%), catheter samples (n=4, 4.6%), synovial fluid samples
(n=3,3.5%),and abscess samples (n=2,2.3%). The frequency
of MRSA and MSSA isolates was determined to be 50 (58.1%)
and 36 (41.9%), respectively (Table 2). In the MRSA isolates,
the most antibiotic resistance was observed against peni-
cillin (100%) and gentamicin (80%) and the most sensitivity
was reported to vancomycin (100%) and linezolid (94%) (Ta-
ble 2). Moreover, the rate of MDR isolates was 93.1% (80 iso-
lates). In addition, the frequency of class [ and Il integrons
was 47.7% (41 isolates) and 17.4% (15 isolates), respectively,
and 14 isolates had both class I and II integrons. Further-
more, blood and synovial fluid samples had the maximum
and minimum frequency of integrons, respectively (Figure
1). Besides, there was a statistically significant relationship
between the frequency of class I and Il integrons and resis-
tance to antibiotics, especially aminoglycosides (P < 0.05)
(Table 3). The PCR results for class I and Il integrons are pre-
sented in Figure 2.

5. Discussion

The horizontal transfer of resistance genes via inte-
grons is one of the main routes of antibiotic resistance.
The integrons are MGEs carrying gene cassettes that can
spread the isolates of MDR and subsequently restrict treat-
ment options to control bacterial infections (4, 17). The
presence of these elements, especially class I integrons,
is one of the reasons for the emergence of MDR isolates
(18). The frequency of class I and Il integrons in this study
was found as 47.7% and 17.4%, respectively. The results of
other investigations also indicated the higher frequency of
class I than class II integrons (4, 11), which are in line with
the findings of the present study. Mostafa et al. similarly
reported the high frequency of class I (72.6%) than class
II (35.2%) integrons (4). In another study, the frequency
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Sensitive S. aureus Isolates®

Antibiotic Resistance in MRSA Resistance in MSSA
(50 Isolates) (36 Isolates)
Gentamicin 40(80) 13(36.1)
Amikacin 26(52) 12(33.4)
Tobramycin 23(46) 5(13.9)
Rifampicin 24(48) 9(25)
Penicillin 50 (100) 36(100)
Linezolid 3(6) 0
Ciprofloxacin 23(46) 23(63.9)
Co-trimoxazole 13(26) 6(16.7)
Levofloxacin 23(46) 12(33.4)
Clindamycin 25(50) 13(36.1)
Vancomycin 0 0]

*Values are expressed as No. (%).

of class I and II integrons was reported to be 92.68% and
7.31%, respectively (16). In two investigations conducted
abroad, the frequency of class I integrons was reported as
56% and 42.5% (11,19). There was also a statistically signifi-
cant correlation between integron-positive isolates and re-
sistance to certain antibiotics, especially aminoglycosides,
rifampin, and clindamycin, which were similar to the re-
sults of other investigations (4, 16). In a study in China
in 2018, all integron-positive S. aureus isolates were resis-
tant to aminoglycoside (20). Besides, Xu et al. observed
a relationship between the presence of class I integron
and resistance to gentamicin, erythromycin, tetracycline,
and cotrimoxazole (21), indicating the presence of differ-
ent gene cassettes on integrons and thus the involvement
of integrons in the occurrence of antibiotic resistance in
these isolates. The available results demonstrated the role
of these MGEs in the transfer and spreading of various
drug resistance patterns (22). Nowadays, the high preva-
lence of antibiotic resistance among bacterial pathogens is
one of the most important public healthcare concerns. In
our study, all S. aureus isolates were resistant to penicillin
(100%), which was similar to the results of other investiga-
tions (23-25). Besides, there was a high resistance rate to
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Table 3. Association Between Resistance to Antibiotics and the Presence of Integrons in S. aureus®

Total Resistance (86 Isolates)

Class I Integron-Positive (n = 41)

Class Il Integron-Positive (n =15)

Antibiotic
R I s R I s R 1 s
Gentamicin 53(61.6) 5(5.8) 28(32.6) 32° 3 6 12° 2 1
Amikacin 38 (44.2) 1(1.2) 47(54.7) 22° 1 18 9° 1 5
Tobramycin 28(32.5) 3(3.5) 55(64) 21° 1 19 n° 0 4
Rifampicin 33(38.4) 0 53 (61.6) 2R 0 20 12° 0 3
Penicillin 86 (100) 0 0 41 0 0 15 0 0
Linezolid 3(3.5) 0 83(96.5) 3 0 38 B 0 12
Ciprofloxacin 46 (53.5) 3(35) 37(43) 17 3 21 8 1 6
Co-trimoxazole 19 (22.1) (] 67(77.9) 1 0 30 3 (0] 12
Levofloxacin 35(40.7) 3(3.5) 48(55.8) 20 2 19 7 0 8
Clindamycin 38(44.2) 5(5.8) 43(50) 23° 3 15 7 1 7
Vancomycin 0 (o] 86(100) 0 0 41 0 0 15
*Values are expressed as No. (%).
PSignificant.
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Figure 1. The frequency of class I and Il integron isolates of S. aureus isolated from clinical specimens

gentamicin (80%), amikacin (52%), and clindamycin (50%).
The rates of resistance were significantly higher in MRSA
isolates than in MSSA isolates, especially to aminoglyco-
sides and clindamycin. Moreover, Safari et al. underlined
the high levels of resistance in S. aureus isolates to gen-
tamicin, ciprofloxacin, and clindamycin, which was con-
sistent with the results of the present study (16). The rates
of resistance to gentamicin (90.5%), clindamycin (87.5%), ri-
fampin (71.8%), tobramycin, and ciprofloxacin (84.3%) in S.
aureus isolates were higher in another investigation (26)
than in the present study. The highest susceptibility of iso-
lates was to vancomycin (100%) and linezolid (96.5%). In
most investigations, similar to the present study, all S. au-

reus isolates were reported as sensitive to vancomycin (12,
26, 27). In this study, 3.5% of the isolates were resistant to
linezolid. In an investigation by Goudarzi et al., none of
the S. aureus isolates was resistant to this antibiotic (12), but
Mostafa et al. reported that 17.3% of the isolates were re-
sistant to linezolid (4). In a study by Poorabbas et al., the
lowest resistance rates were to cotrimoxazole and gentam-
icin (42%), ciprofloxacin (34%), clindamycin (24%), and ri-
fampin (10%) while in the present study, the lowest resis-
tance was to vancomycin (0%) and linezolid (2%) (10). In
various investigations, the frequency of MDR S. aureus iso-
lates was reported from 75.8% t0100% (6, 23,28), which was
in agreement with the results of this study with a preva-
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Figure 2. Gel electrophoresis of PCR products of integrons. Intl: 1, lader (100 bp); 2, negative control; 3, 4, positive sample (160 bp); 3, positive control ATCC 12022 (160 bp). Int2:
1,lader (100 bp); 2, negative control; 3, positive control ATCC 9290 (288 bp); positive sample (288 bp).

lence of 93.1% in our isolates. In general, the antibiotic re-
sistance rate of S. aureus isolates to some antibiotics in this
study was lower than that reported in some other inves-
tigations, which could be due to regional differences, the
low number of MRSA isolates, the type of samples exam-
ined, and differences in the consumption patterns of an-
tibiotics, among others (25-27).

5.1. Conclusions

One of the limitations of this study was that we did
not assess the frequency of potential gene cassettes on in-
tegrons. Given the frequency of the integrons among re-
sistant strains of S. aureus and the risk of rapid transfer
of these agents in these isolates, it is necessary to identify
isolates with integrons and their relationships with antibi-
otic resistance patterns, monitor the resistance patterns,
and select appropriate antibiotics using the results of phe-
notypic and genotypic resistance measurements taken by
hospital laboratories, which are effective in reducing an-
tibiotic resistance.

Acknowledgments

The authors would like to appreciate the Center for De-
velopment of Clinical Research at Imam Reza Hospital and
the Vice Chancellor’s Office for Research and Technology
at Kermanshah University of Medical Sciences for funding
the current project by the budget of Scholar Recruitment
Award No. 96276.

Arch Clin Infect Dis. 2019;14(4):e86688.

Footnotes

Authors’ Contribution: Mandana Afsharian and Ka-
mal Ahmadi designed and coordinated the study, partici-
pated in most experiments, and prepared the manuscript.
Mohsen Azizi assisted in the design of the study, coor-
dinated and carried out all the experiments, and partic-
ipated in manuscript preparation. Faizullah Mansouri,
Seyed Fazlullah Mousavi, Mohammad Hossein Zamanian,
Zainab Mohseni Afshar, and Mitra Hemmati were involved
in the statistical analysis, data collection, and manuscript
drafting. All the authors read and approved the final
manuscript.

Conflict of Interests: The authors declare no conflicts of
interest in the publication of the present paper.

Ethical Approval: The Ethics Committee of the Kerman-
shah University of Medical Sciences approved the study
protocol (KUMS.REC.1395.515).

Funding/Support: This study was supported by the Ker-
manshah University of Medical Sciences.

References

1. LiaoF,GuW,YangZ,MoZ,FanL,GuoY,etal. Molecular characteristics
of Staphylococcus aureus isolates from food surveillance in south-
west China. BMC Microbiol. 2018;18(1):91. doi: 10.1186/512866-018-1239-z.
[PubMed: 30157758]. [PubMed Central: PMC6114054].

2. Hassanzadeh P, Hassanzadeh Y, Mardaneh J, Rezai E, Motamedifar M.
Isolation of methicillin-resistant Staphylococcus aureus (MRSA) from
HIV patients referring to HIV referral center, Shiraz, Iran, 2011-2012.
Iran ] Med Sci. 2015;40(6):526-30. [PubMed: 26538782]. [PubMed Cen-
tral: PMC4628144].


me
Highlight

http://dx.doi.org/10.1186/s12866-018-1239-z
http://www.ncbi.nlm.nih.gov/pubmed/30157758
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6114054
http://www.ncbi.nlm.nih.gov/pubmed/26538782
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4628144
http://archcid.com

Afsharian M et al.

10.

1.

. Tong SY, Davis ]S, Eichenberger E, Holland TL, Fowler VG Jr. Staphy-

lococcus aureus infections: Epidemiology, pathophysiology, clinical
manifestations, and management. Clin Microbiol Rev. 2015;28(3):603-
61. doi: 10.1128/CMR.00134-14. [PubMed: 26016486]. [PubMed Central:
PMC4451395].

. Mostafa M, Siadat SD, Shahcheraghi F, Vaziri F, Japoni-Nejad A, Vand

Yousefi], etal. Variability in gene cassette patterns of class1and 2 inte-
grons associated with multi drug resistance patterns in Staphylococ-
cus aureus clinical isolates in Tehran-Iran. BMC Microbiol. 2015;15:152.
doi: 10.1186/512866-015-0488-3. [PubMed: 26228695]. [PubMed Central:
PMC4521504].

. Soltani ], Poorabbas B, Miri N, Mardaneh ]. Health care associated

infections, antibiotic resistance and clinical outcome: A surveil-
lance study from Sanandaj, Iran. World ] Clin Cases. 2016;4(3):63-70.
doi: 10.12998/wjcc.v4.i3.63. [PubMed: 26989670]. [PubMed Central:
PMC4792166].

. Ito T, Katayama Y, Asada K, Mori N, Tsutsumimoto K, Tiensa-

sitorn C, et al. Structural comparison of three types of staphylo-
coccal cassette chromosome mec integrated in the chromosome
in methicillin-resistant Staphylococcus aureus. Antimicrob Agents
Chemother. 2001;45(5):1323-36. doi: 10.1128/AAC.45.5.1323-1336.2001.
[PubMed: 11302791]. [PubMed Central: PMC90469].

. Sultan],Rahman S, Jan AT, Siddiqui MT, Mondal AH, Haq QMR. Antibi-

otics, resistome and resistance mechanisms: A bacterial perspective.
Front Microbiol. 2018;9:2066. doi: 10.3389/fmicb.2018.02066. [PubMed:
30298054]. [PubMed Central: PMC6160567].

. Vaziri S, Abiri R, Mansouri F, Alvandi A, Azizi M, Hasanvand B, et al.

[The molecular investigation of class 1 and 2 integrons among the
Escherichia coli isolated from urine samples of children in Imam
Reza Hospital, Kermanshah city, Iran, in 2016]. | Isfahan Med Sch.
2017;35(446):1171-7. Persian.

. Gillings MR. Integrons: Past, present, and future. Microbiol Mol

Biol Rev. 2014;78(2):257-77. doi: 10.1128/MMBR.00056-13. [PubMed:
24847022). [PubMed Central: PMC4054258].

Poorabbas B, Mardaneh |, Rezaei Z, Kalani M, Pouladfar G, Alami MH,
et al. Nosocomial Infections: Multicenter surveillance of antimicro-
bial resistance profile of Staphylococcus aureus and Gram negative
rods isolated from blood and other sterile body fluids in Iran. Iran
] Microbiol. 2015;7(3):127-35. [PubMed: 26668699]. [PubMed Central:
PMC4676981].

Xu Z, Shi L, Zhang C, Zhang L, Li X, Cao Y, et al. Nosocomial infec-
tion caused by class 1 integron-carrying Staphylococcus aureus in a
hospital in South China. Clin Microbiol Infect. 2007;13(10):980-4. doi:
10.1111/j.1469-0691.2007.01782.X. [PubMed: 17803751].

. Goudarzi H, Seyedjavadi SS, Udo EE, Beiranvand E, Fazeli M, Goudarzi

M. Molecular characterization and distribution of class 1 integron-
bearing methicillin resistant Staphylococcus aureus strains in burn
patients, Tehran, Iran. Jundishapur | Microbiol. 2016;10(2). e40592. doi:
10.5812/jjm.40592.

. Yahaghi E, Imani Fooladi AA, Amin M, Mirnejad R, Nezamzade R,

Amani ]. Detection of class I integrons in Staphyloacoccus aurous
isolated from clinical samples. Iran Red Crescent Med ]. 2014;16(11).
€16234. doi: 10.5812[ircm;j.16234. [PubMed: 25763211]. [PubMed Central:
PMC4329933].

. Mortazavi SH, Mansouri F, Azizi M, Alvandi A, Karbasfrushan A,

Madadi-Goli N, et al. Prevalence of class I and II integrons among
MDR Enterobacter cloacae isolates obtained from clinical samples
of children in Kermanshah, Iran. J Clin Diagn Res. 2018;12(12). doi:
10.7860(jcdr[2018/37826.12396.

15.

16.

17.

18.

19.

20.

21

22.

23.

24.

25.

26.

27.

28.

Clinical and Laboratory Standards Institute. Performance standards for
antimicrobial susceptibility testing; Twenty-fourth informational supple-
ment (M100 S24). Wayne, Pennsylvania: Clinical and Laboratory Stan-
dards Institute; 2014.

Safari N, Alijani MY, Hajiahmadi F, Arabestani MR. [Prevalence of

class I and II integrons of methicillin-resistant Staphylococcus au-
reus isolates from hospitals in Hamadan, Iran]. Qom Univ Med Sci J.

2017;11(3):57-65. Persian.

Normark BH, Normark S. Evolution and spread of antibiotic resis-
tance. [ Intern Med. 2002;252(2):91-106. [PubMed: 12190884].

Rao S, Maddox CW, Hoien-Dalen P, Lanka S, Weigel RM. Diagnostic
accuracy of class 1 integron PCR method in detection of antibiotic
resistance in Salmonella isolates from swine production systems. |
Clin Microbiol. 2008;46(3):916-20. doi: 10.1128/JCM.01597-07. [PubMed:
18174294]. [PubMed Central: PMC2268369].

Shi L, Zheng M, Xiao Z, Asakura M, Su ], Li L, et al. Unnoticed
spread of class 1 integrons in gram-positive clinical strains iso-
lated in Guangzhou, China. Microbiol Imnmunol. 2006;50(6):463-7. doi:
10.1111/j.1348-0421.2006.tb03815.x. [PubMed: 16785718].

Li L, Zhao X. Characterization of the resistance class 1 integrons in
Staphylococcus aureus isolates from milk of lactating dairy cattle in
Northwestern China. BMC Vet Res. 2018;14(1):59. doi: 10.1186/s12917-018-
1376-5. [PubMed: 29482565]. [PubMed Central: PMC5827992].

Xu Z, Li L, Shi L, Shirtliff ME. Class 1 integron in staphylococci. Mol
Biol Rep. 2011;38(8):5261-79. doi: 10.1007/s11033-011-0676-7. [PubMed:
21258866). [PubMed Central: PMC3136644].

Duran N, Ozer B, Duran GG, Onlen Y, Demir C. Antibiotic resistance
genes & susceptibility patterns in staphylococci. Indian ] Med Res.
2012;135:389-96. [PubMed: 22561627]. [PubMed Central: PMC3361877].
Abdel-moein KA, El-Hariri M, Samir A. Methicillin-resistant Staphy-
lococcus aureus: An emerging pathogen of pets in Egypt with a
public health burden. Transbound Emerg Dis. 2012;59(4):331-5. doi:
10.1111/j.1865-1682.2011.01273.X. [PubMed: 22099886

Mohammadi S, Sekawi Z, Monjezi A, Maleki MH, Soroush S, Sadeghi-
fard N, et al. Emergence of SCCmec type III with variable antimicro-
bial resistance profiles and spa types among methicillin-resistant
Staphylococcus aureus isolated from healthcare- and community-
acquired infections in the west of Iran. Int | Infect Dis. 2014;25:152-8.
doi: 10.1016/j.ijid.2014.02.018. [PubMed: 24909489].

Goudarzi M, Seyedjavadi SS, Azad M, Goudarzi H, Azimi H. Distribu-
tion of spa types, integrons and associated gene cassettes in Staphy-
lococcus aureus strains isolated from intensive care units of hospitals
in Tehran, Iran. Arch Clin Infect Dis. 2016;11(4). e38813. doi: 10.5812[arch-
cid.38813.

Seyed javadi SS, Alebouyeh M, Nazem Alhosseini Mojarad E, Zali
MR. [Frequency of class 1 integron and multidrug resistance pattern
among isolates of Staphylococcus aureus from hospitalized patients
and environmental samples in an intensive care unit in Tahran, Iran].
Koomesh. 2014;15(3):341-8. Persian.

Moatti S, Shojaee Sadi B, Ghaznavi-rad E. [Genetic analysis of in-
tegrons among methicillin-resistant and susceptible Staphylococ-
cus aureus isolated from nosocomial infections]. ] Arak Uni Med Sci.
2017;20(7):98-107. Persian.

Wang WY, Chiueh TS, Sun JR, Tsao SM, Lu J]. Molecular typing and phe-
notype characterization of methicillin-resistant Staphylococcus au-
reus isolates from blood in Taiwan. PLoS One. 2012;7(1). €30394. doi:
10.1371/journal.pone.0030394. [PubMed: 22291948]. [PubMed Central:
PM(C3264593].

Arch Clin Infect Dis. 2019; 14(4):e86688.


http://dx.doi.org/10.1128/CMR.00134-14
http://www.ncbi.nlm.nih.gov/pubmed/26016486
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4451395
http://dx.doi.org/10.1186/s12866-015-0488-3
http://www.ncbi.nlm.nih.gov/pubmed/26228695
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4521504
http://dx.doi.org/10.12998/wjcc.v4.i3.63
http://www.ncbi.nlm.nih.gov/pubmed/26989670
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4792166
http://dx.doi.org/10.1128/AAC.45.5.1323-1336.2001
http://www.ncbi.nlm.nih.gov/pubmed/11302791
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC90469
http://dx.doi.org/10.3389/fmicb.2018.02066
http://www.ncbi.nlm.nih.gov/pubmed/30298054
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6160567
http://dx.doi.org/10.1128/MMBR.00056-13
http://www.ncbi.nlm.nih.gov/pubmed/24847022
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4054258
http://www.ncbi.nlm.nih.gov/pubmed/26668699
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4676981
http://dx.doi.org/10.1111/j.1469-0691.2007.01782.x
http://www.ncbi.nlm.nih.gov/pubmed/17803751
http://dx.doi.org/10.5812/jjm.40592
http://dx.doi.org/10.5812/ircmj.16234
http://www.ncbi.nlm.nih.gov/pubmed/25763211
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4329933
http://dx.doi.org/10.7860/jcdr/2018/37826.12396
http://www.ncbi.nlm.nih.gov/pubmed/12190884
http://dx.doi.org/10.1128/JCM.01597-07
http://www.ncbi.nlm.nih.gov/pubmed/18174294
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2268369
http://dx.doi.org/10.1111/j.1348-0421.2006.tb03815.x
http://www.ncbi.nlm.nih.gov/pubmed/16785718
http://dx.doi.org/10.1186/s12917-018-1376-5
http://dx.doi.org/10.1186/s12917-018-1376-5
http://www.ncbi.nlm.nih.gov/pubmed/29482565
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5827992
http://dx.doi.org/10.1007/s11033-011-0676-7
http://www.ncbi.nlm.nih.gov/pubmed/21258866
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3136644
http://www.ncbi.nlm.nih.gov/pubmed/22561627
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3361877
http://dx.doi.org/10.1111/j.1865-1682.2011.01273.x
http://www.ncbi.nlm.nih.gov/pubmed/22099886
http://dx.doi.org/10.1016/j.ijid.2014.02.018
http://www.ncbi.nlm.nih.gov/pubmed/24909489
http://dx.doi.org/10.5812/archcid.38813
http://dx.doi.org/10.5812/archcid.38813
http://dx.doi.org/10.1371/journal.pone.0030394
http://www.ncbi.nlm.nih.gov/pubmed/22291948
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3264593
http://archcid.com

	Abstract
	1. Background
	2. Objectives
	3. Methods
	3.1. Bacterial Isolates and Identification
	Table 1

	3.2. Antibiotic Susceptibility Testing
	3.3. PCR Assay
	3.4. Statistical Analysis

	4. Results
	Table 2
	Table 3
	Figure 1
	Figure 2

	5. Discussion
	5.1. Conclusions

	Acknowledgments
	Footnotes
	Authors' Contribution: 
	Conflict of Interests: 
	Ethical Approval: 
	Funding/Support: 

	References



