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Abstract

Background: Emergence of antibiotic resistance is a major public health concern. It is known that
antibiotic resistance is transferred by different ways. Integrons as one of these mechanisims cause to
spread antibiotic resistance in Gram negative bacteria but also it is shown to be effective for transferring
genes in Gram positive bacteria. In the present study we aimed to examine the prevalence of class I and
class II integrons in MRSA and MRCNS strains isolated from patients and to determine the relationship
between antibiotic resistance and the presence of integrons.
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Methods: Sixty four MRSA and 62 MRCNS strains were included in this study. Antibiotic susceptibility
testings were performed. Genomic and plasmid DNAs were extracted and Polymerase Chain Reaction
(PCR) was used for the detection of the int/ and int/I genes. The PCR products were visualised in 1.5 %
agarose gel electrophoresis. Pearson chi-square test and Fisher’s exact test were used for comparing
categorical variables.

Results: Among 126 staphylococci 11 (8.7% - 4 MRSA and 7 MRCNS) were shown to carry class |
integron; whereas 7 MRCNS (5.5%) were class II positive. Both of class I and class II integrons were
detected to possess in four MRS A (3.2%). There was no statistically significant relation between presence
of integrons and resistance to each of antibiotics (p>0.05).

Conclusion & Recommendation: In the present study we did not find any significant relation between
resistance rates and the presence of integrons but we suggest that these results showed an important data
about the extended distributions of integrons not only among Gram negative bacteria but also in
staphylococci.

Keywords: MRSA, MRCNS, class I integron, class II integron, anbiotic resistance
DOI: 10.7176/JHMN/75-07

1. INTRODUCTION

Infections, especially nosocomial infections, caused by multi drug resistant bacteria continued to be a
significant concern. There are two major genetic mechanisms of antibiotic resistance: 1) mutations in
gene(s) and 2) acquisition of foreign DNA coding for resistance determinants through horizontal gene
transfer, through three main strategies, transformation, transduction (phage mediated) and conjugation
[1-5]. Horizontally transferring of genes encoding antibiotic resistance between different species or
genera allows the huge dissemination of antibiotic resistance. Emergence of resistance often involves
with conjugation. In conjugation, mobile genetic elements play a very important role as vehicles to share
valuable genetic information. The most important mobile genetic elements are plasmids, transposons,
gene cassettes and integrons [5-9].

Integrons represent the mechanism for accumulating antimicrobial resistance genes providing the
addition of new genes into bacterial chromosomes, along with the necessary machinery to make their
expression possible [7, 10-13]. Since Stokes & Hall (1989) first discovered the integrons in 1989 they
were described as one of major genetic structures which contain one or more gene cassettes located at a
specific site [14, 15]. The basic components [integrase gene (intl), recombination site (aftl and attC) and
a promoter (Pc)] are found in all types of integrons. Integrons do not have transposition genes therefore
they cannot promote their own transfer. But they are transferred with transposons and/or conjugative
plasmids. Due to sequences of integrase gene, integrons are classified into five groups [12, 13, 16-18].
Among these classes three of them (class I, class II and class IIT) are determined to be mostly involved
in antibiotic resistance. Class I and class II integrons are defined as the most common and clinically
important [13, 17-21].

Integrons are known to be mostly carried in Gram negative bacteria (Acinetobacter, Aeromonas,
Enterobacter, Klebsiella, Salmonella, Serratia, E. coli, Vibrio and Campylobacter) which are causative
agents of both nosocomial and community acquired infections [22-33]. There are many studies in recent
years explained that class I and class II integrons carry many antibiotic resistance genes in Gram positive
bacteria such as staphylococci which have become one of the most prevalent resistant pathogens in
hospitals during the last decades [7, 9, 34-37]. Both methicillin-resistant S. aureus (MRSA) and
coagulase negative staphylococci (MRCNS) which can easily spread by direct or indirect contact among
patients and health care personnel are major causes of nosocomial infections all around the world.
Quinolone, aminoglycoside and macrolide-lincosamide-streptogramin resistance also widely spreads
among staphylococci [5, 6, 35, 37, 38].

There is little information about integron bearing staphylococci in all around Europe and Turkey. The
aim of this study is to investigate the prevalence of class I and class II integrons in MRSA and MRCNS
strains isolated from patients which are the most representative genus of Gram positive bacteria. We also
aimed to determine the relation between antibiotic resistance and the presence of integrons.
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2. MATERIALS AND METHODS

2.1. Bacterial strains.

Sixty four (50.79%) MRSA and sixty two (49.21%) MRCNS strains were isolated from various clinical
samples (blood, sputum, abscess, swabs, cerebrospinal fluid, etc.) obtained from different patients in
Istanbul Yeni Yiizyil University Medical Faculty, Gaziosmanpasa Hospital during three years period
(2015-18). Repeat isolates were excluded. 110 (87.3%) out of 126 strains were isolated from hospitalized
patients. Identification of strains was performed by automatized systems (VITEK-2). All isolates were
tested for susceptibilities to methicillin, gentamycin, ciprofloxacin, erythromycin, vancomycin,
teicoplanin, trimethoprim/sulfametoxazole, daptomycin, linezolid, tetracycline, levofloxacin,
clindamycin, penicillin by VITEK-2. Strains were kept at -80°C for PCR analysis.

2.2. DNA extractions.

Template DNA from staphylococci was prepared from Tryptic soy broth (TSB) cultures grown overnight
at 37°C. An extraction kit (Genemark, Taiwan) was used according to the manufacturer’s introductions.
To determine the presence of integrons both genomic and plasmid DNAs were investigated.

2.3. Detection of class I and class II integrons by PCR assays.

All staphylococci were investigated by multiplex polymerase chain reaction (PCR) for the presence of
intl and intII genes [7].

Primers used in this research are shown in Table 1 [7, 39]. Master mix kit (Genemark, Taiwan) was used
in PCR. Mixtures (25 pL last volume) were prepared according to manufacturer’s suggestions (Roche,
Germany): 5 pL master mix, 2 pL. DNA, 2 pL each primer (1 uL for each primer from 10 pmol
concentration), and nuclease free water.

Table 1. Primer sequences used in the Polymerase Chain Reaction (PCR) analysis.

Genes Primer sequences Amplicon size
Class I int F 5’-CCT CCC GCACGATGATC-3 280 bp
Class I int R 5’-TCC ACG CAT CGT CAG GC-3’

Class Il int F 5-TTATTGCTG GGA TTA GGC-3’ 233 bp
Class Il int R 5’- ACG GCT ACCCTC TGT TATC-3’

2.4. PCR amplification conditions.

The reaction conditions for PCR amplification were as follows: initial denaturation for 4 min at 94°C;
degradation for 45 sec at 94°C; annealing for 45 sec at 94°C; elongation for 55 sec at 72°C; elongation
for 55 sec at 72°C. These reactions were carried out for 30 cycles (Prima Trio high media thermal cycler,
Mumbai, India) [7] and the amplicons were stored at -20°C.

2.5. Electrophoresis.

The amplified products were separated by gel electrophoresis in a 1.5% agarose gel stained with ethidium
bromide (0.5 pg/mL), visualized under UV light. After that products were electrophoresed for 40 min
under 80 volts with 1XTBE electrophoretic liquid. The results were visualized and recorded using Hi-
UV MAX transilluminator (HiMedia, India). DNA ladder (Genemark, Taiwan) labeled between 100 -
1000 bp was used.

All multiplex PCR assays were carried out twice for each strain (plasmid DNA and genomic DNA) to
determine if the integrons were associated with chromosome / plasmid or either of them.

2.6. DNA Sequence Analysis.
DNA sequences analyses was performed for integron positive DNA samples by using ABI3730 XL
Genetic Analyzer device (GATC Biotech AG, Germany).

2.7. Statistical Analysis.

Categorical variables were reported as n(%). Pearson chi-square test and Fisher’s exact test were used
for comparing categorical variables. SPSS (IBM Corp. Released 2012. IBM SPSS Statistics for
Windows, Version 21.0, Armonk, NY: IBM Corp.) was used for statistical analysis and a p value <0.05
was considered statistically significant.
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3. RESULTS

3.1. Antimicrobial susceptibilities of MRSA and MRCNS strains

Antimicrobial susceptibilities of 126 methicilin-resistant staphylococci showed that the highest
resistance rates were found to penicillin (98.4%), erythromycin (92.1%), ciprofloxacin (58%),
tetracycline (57.2%), levofloxacin (54%) and clindamycin (50.8%) which were followed by resistance
to gentamycin (37.3%), trimethoprim-sulfamethoxazole (22.22%) and daptomycin (1.6%). None of the
tested strains showed resistance to vancomycin, teicoplanin and linezolid.

Comparisons of MRSA and MRCNS strains for antibiotic susceptibility rates were given in Table 2. The
differences between MRSA and MRCNS strains for resistance to gentamicin, ciprofloxacin,
trimethoprim-sulfamethoxazole, tetracycline, clindamycin and levofloxacin were found to be statistically

significant (p<0.05) (Table 2).

Table2. Statistically comparison of antibiotic resistance rates in MRSA and MRCNS strains

MRSA MRCNS
n (%) n (%) p-value
GN
S 47(59.49%) 32(40.51%) 0.011%
R 17(36.17%) 30(63.83%) '
CIP
S 38(71.70%) 15(28.30%) <0.001%
R 26(35.62%) 47(64.38%) :
E
S 4(40 %) 6(60%) 0.527"
R 60(51.72%) 56(48.28%) '
TEC
S 64(50.79%) 62(49.21%)
R 0 0 i
SXT
S 57(58.16%) 41(41.84%) 0.002°
R 7(25.00%) 21(75.00%) '
VAN
S 64(50.79%) 62(49.21%)
R 0 0 i
DAP
S 62(50%) 62(50%)
R 2(100%) 0 0.496"
LIN
S 64(50.79%) 62(49.21%)
R 0 0 i
BPEN
S 1(50%) 1(50 %) 50.99"
R 63(50.81%) 61(49.19%) :
TET
S 33(61.11%) 21(38.89%) 0.045°
R 31(43.06%) 41(56.94%) '
LEV
S 42(72.41%) 16(27.59%) <0.001°
R 22(32.35%) 46(67.65%) '
CLIN
S 39(62.90%) 23(37.10%) 0.0072
R 25(39.06%) 39(60.94%) '

Data are expressed as n(%). : Chi-Square Test, °: Fisher’s Exact Test
S: susceptible; R: resistant; p value <0.05 is accepted as significant difference.
GN: gentamycin; CIP: ciprofloxacin; E: erythromycin; SXT: trimethoprim/sulfametoxazole; DAP:
daptomycin; TET: tetracycline; LEV: levofloxacin; CLIN: clindamycin; P: penicillin
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Two of 126 strains were found to be resistant to only penicillin. Among 124 multiple resistant
staphylococci, there are 27 resistance patterns (Table 3). The most prevalent resistance pattern was
ciprofloxacin - erythromycin - penicillin — tetracycline resistance (CEPT) (38 strains). It was followed
by erythromycin — penicillin resistance (EP) (19 strains) (Table 3).

Table 3. Antibiotic resistance patterns of staphylococci and their relation to the presence of integrons.

Antibiotic resistance pattern number of number of classl and/or classl|
strains integron bearing strains
CIP, E, P, TET (CEPT) 38 6

E, P (EP) 19
E, P, TET, CLIN

GN, CIP, E, SXT, P, TET, LEV, CLIN
E,P, TET

CIP, E, P, LEV, CLIN

CIP,E, P, LEV

GN, CIP, E, P, LEV, CLIN

E, P, CLIN

SXT, P

GN, CIP, E, SXT, P, LEV

CIP,E, P, LEV

E, SXT, P

GN, E, P,TET

CIP, SXT, P, TET, LEV
GN, CIP,E, P, LEV

E, TET

CIP, E, SXT, P, LEV, CLIN
GN, E,P, TET

E, SXT, P, CLIN

GN, CIP,E, P, LEV, CLIN
CIP, E, SXT, P, LEV

P, TET, CLIN

GN, P, CLIN

CIP, P, TET, LEV

GN, CIP, P, TET, LEV, CLIN

GN, E, P,TET 1 0
GN: gentamycin; CIP: ciprofloxacin; E: erythromycin; SXT: trimethoprim/sulfametoxazole; DAP:
daptomycin; TET: tetracycline; LEV: levofloxacin; CLIN: clindamycin; P: penicillin
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3.2. Detection of class 1 and class 2 Integrons

Among 126 staphylococci 11 (8.7% - 4 MRSA and 7 MRCNS) were shown to carry class I integron;
whereas 7 MRCNS (5.5%) were class II positive. Both of class I and class II integrons were detected to
possess in four MRSA (3.2%) (Figure 1, Figure 2). None of the MRCNS isolates have both of class I and
class II integrons.

Class I integron in three intl positive MRS A were found to be encoded on both plasmid and chromosome;
another four MRSA harboured class I integron only on chromosome. However all intIl gene was encoded
only on plasmids.

In a total of 22 (17.5%) classl and/or classlI integron bearing strains only 20 (90.9%) were found to be
isolated from hospitalized patients. On the other hand it was shown that, 16 (72.7%) out of 22 integron
bearing strains were isolated from blood cultures.
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Figure 1. Agarose gel image of the of intl and ntll genes amplified by the multiplex PCR.
(M: Marker; N: Negative Control, P: Positive Control (intI--280 bp and intll—788 bp), 1-3:
negative samples, 4: intl and intIl positive sample, 5: intl positive sample, 6-13: negative samples

Figure 2. Agarose gel image of the of intl and ntIl genes amplified by the multiplex PCR.
(M: Marker; N: Negative Control, P: Positive Control (intI--280 bp and intIl—788 bp), 1-3: intl
positive samples, 4: intll positive sample

3.3. Antibiotic susceptibilities of integron bearing strains.

The highest resistance rates in integron bearing 22 strains were detected to penicillin (100%),
erythromycin (86.4%), clindamycin (50%) and ciprofloxacin (50%). The percentage of resistance to
levofloxacin (45.5%), tetracycline (45.5%), trimethoprim/sulfametoxazole (13.7%), gentamicin (9.1%)
and daptomycin (0) ranged from 0 to 45.5%.

There was no statistically significant relation between presence of integrons and resistance to each of
antibiotics (p>0.05).

In two most prevalent multiple resistance pattern groups (CEPT and EP) six strains of the group CEPT
and three strains of the group EP were found to carry classl and/or classll integron. Other integron
harboring strains were included in various resistance pattern groups. On the other hand, two penicillin
resistant strains were also found to carry class I integron.

4. DISCUSSION

Multiple resistant - epidemic MRSA and MRCNS strains are the most common pathogens particularly
in nosocomial infections [5, 6, 34, 35, 37, 38]. Emergent multiple antibiotic resistance is the major
problem causing treatment failure [1, 2, 6, 38]. It is well known that, integrons play a major role in rapid
evolution and dissemination of antibiotic resistance due to their ability of capture different gene cassettes
encoding resistance to various antibiotics [9, 17]. In the present study, we aimed to investigate the
presence of class I and II integrons in MRS A and MRCNS strains; and the relationship between integrons
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and antibiotic resistance.

Investigations focusing on presence of integrons in staphylococci and other Gram positive bacteria are
very few and they were mostly originated from specific geographic regions such as China and Middle
East. Class I integrons were first described in Corynebacterium glutamicum in 1998; and since then
integron related antibiotic resistance genes were shown to be present in different Gram positive bacteria
[40, 41]. In 1999, class I integron was detected in an Enterococcus faecalis [33] and the first definition
of class I integron in Staphylococcus isolated from poultry litter was reported in 2004 [42]. Moreover in
2010 four Streptococcus strains defined to carry class I integron by Xu Z et al.; and same authors also
reported the first definition of class II integron in Enterococcus faecium in China [43].

In 2007, 16 (53%) of 30 clinical and environmental isolates of S. aureus were found to be positive for
class I integron [9]. In 2008, same authors reported the presence of class I integron in 30 clinical multiple
resistant MRCNS strains. The relation between high resistance rates and integron bearing was not
emphasized [8]. They also announced the first isolation of class I integron in clinical nosocomial MRSA
strains 44]. In 2011, Xu Z et al. have examined 471 methicillin resistant staphylococci for presence of
class I-III integrons and they found that 122 strains beared class I integron [45].

Ren C et al. (2013) first described a multiplex PCR method capable of detecting class I-III concurrently
in clinical S. aureus strains; and with their new method they informed that, none of the S. aureus strains
were shown to carry class III integron and class I and class II integrons were mostly encoded on plasmid
DNA (class I integron 51.1%, class II integron 12.78%) rather than genomic DNA (class I integron
39.4%, class II integron 5.8%). The authors also examined the relations between antibiotic resistance
rates and presence of integrons. They also reported that multiple antibiotic resistance rates associated
with the presence of classl and classlI integrons [7].

Yahaghi E. et al. (2014) reported that, 2 (1%) out of 200 clinical S. aureus strains were found to carry
class I integron [46]. In another study clinically isolated S. lugdunensis strains were found to harbor class
I (25%) and class II integrons (7%); whereas class III integron was not detected in any of them. No
significant associations were found between presence of integrons (class I and class II) and resistance to
each antibiotic; but multiple antibiotic resistances has related to the presence of integrons [38].

Mostafa M et al. (2015) have shown that, 101 (73%) of 139 clinical S. aureus strains were found to carry
class I integron whereas class II integron positivity was lower (35%). They found that there are significant
relations between resistance to gentamycin, spectinomycin, azithromycine, cefrtriaxone and the presence
of integrons [47].

In a study conducted by Hosseini et al. has identified class I (39.6%) and class II (3.7%) integrons’
presence in clinical S. aureus strains. Similar to previous studies the authors emphasized that class 111
integron was not found; and there were no statistically significant relation between integron presence and
antibiotic resistance [48].

In Turkey, investigations focusing on presence of integrons in Gram positive bacteria are very few. Only
reported study in literature to our knowledge is conducted by Giiney AK et al. They reported that no class
I integron was detected in any of MRCNS or MRSA strains examined [6].

In general consistent with previous studies antibiotic resistance rates were high to tetracycline, penicillin,
gentamycin, clindamycin, ciprofloxacin, trimethoprim/sulfamethoxasole and streptomycin [6, 7, 47]. In
the present study, we found that resistance rates to gentamicin, ciprofloxacin, trimethoprim-
sulfamethoxazole, tetracycline, clindamycin and levofloxacin were significantly higher in MRCNS
rather than MRSA. Besides, both MRSA and MRCNS strains were shown to have two classes of
integrons (8 MRSA and 14 MRCNS strains). To our knowledge this is the first study showing the
presence of integrons and their relations to antibiotic resistance examined in MRS A and MRCNS strains
in Turkey. In this study, the prevalence of integron bearing staphylococci is consistent with previous
studies. Although there was no statistically significant relation between resistance rates and presence of
integrons; our results showed an important data about the distribution of integrons among staphylococci.
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