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ABSTRACT

Objective: In this study, we aimed to characterize
the MLSB phenotype and genotypic resistance genes
of MRSA and MSSA isolates from Baskent University
Hospital, and resistance rates of MSSA and MRSA isolates

were compared.

Methods: The study included 50 MSSA and 50 MRSA
isolates collected between 2016 and 2022 from the
hospital of Baskent University located in Ankara and
Adana. First, S.

catalase and coagulase tests, and the MRSA isolates were

aureus isolates were confirmed by

confirmed by cefoxitin disc diffusion test. To determine
the MLSB resistance, isolates were tested for clindamycin
and erythromycin resistance using the disk diffusion
test(D-test). According to D-test, resistance phenotypes
were detected and resistant phenotypes were screened
for resistance genes using PCR. PCR amplification was
made using primers specific for ermA,ermB,ermC, and

msrA genes.

Results: Among 50 MRSA isolates, 25 (50%) were

resistant to erythromycin, susceptible to clindamycin, and

OZET

Amag: Bu calismada Baskent  Universitesi
Hastanesi’nde izole edilen MRSA ve MSSA izolatlarinin
MLSB fenotipi ve genotipik direnc genlerinin karakterize
edilmesi amacglanmis ve MSSA ve MRSA izolatlarimin

direnc oranlan karsilastinlmistir.

Yontem: Calismaya Baskent Universitesi Ankara
ve Adana Hastanelerinden 2016-2022 yillan arasinda
toplanan 50 MSSA ve 50 MRSA izolat1 dahil edilmistir. ilk
olarak S. aureus izolatlan katalaz ve koagilaz testleri
ile, MRSA izolatlar ise sefoksitin disk difiizyon testi ile
dogrulanmistir. MLSB direncini belirlemek icin izolatlar,
disk diflizyon testi (D-test) kullanilarak klindamisin
ve eritromisin direnci acisindan calisilmistir. D-test
sonuclarina gore direng fenotipleri saptanmis ve direncli
fenotipler polimeraz zincir reaksiyonu (PZR) kullanilarak
direnc genleri acisindan taranmistir. ermA, ermB, ermC
ve msrA genlerine spesifik primerler kullamlarak PZR

amplifikasyonu yapilmistir.

Bulgular: Elli MRSA izolatindan 25’i (%50)

eritromisine direncli, klindamisine duyarli ve D-zonu
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showed D-zone positivity, indicating an inducible resistance
phenotype (iMLSB). The two (4%) isolates were resistant
to clindamycin and erythromycin without the D zone
indicating constitutive cMLSB phenotype. Twenty-two(44%)
isolates were susceptible to clindamycin and erythromycin
with D-zone negative indicating S phenotype. Only one
isolate(2%) was susceptible to clindamycin and has
erythromycin resistance with absence of D-zone indicating
MSB phenotype. While 8(16%) of the fifty MSSA isolates
were found to have the D-zone positive iMLSB phenotype
resistant to erythromycin, two(4%) isolates were found to
have the cMLSB phenotype resistant to both antibiotics
without the D-zone. There were 40(80%) isolates that
were susceptible to clindamycin and erythromycin without
D zone. Resistance genes were examined in a total of 38
samples, including 28 MRSA and 10 MSSA samples. Among
the MLSB resistance genes, ermC was found positive in 25
MRSA(89.3%) and 4 MSSA(40%) samples. The second most
commonly detected gene was ermA, which was detected
in 4(40%) MSSA isolates but not in any MRSA isolates.The
msrA gene was confirmed positive in one MRSA sample
with the MSB phenotype. All samples were negative for the

presence of the ermB gene.

Conclusion: In conclusion, iMLSB phenotype was the
most common resistance pattern, consistent with previous
studies conducted in Turkey, and was more frequently
detected among MRSA isolates in this study, which included
samples from Ankara and Adana. Among resistance genes
for MLSB resistance, the most frequent gene was ermC in
line with the literature. ermA positivity was very less and
ermB was not detected. Therefore, we can say that the

ermC gene is more common in this region.

Key Words:

lincosamide, streptogramin B, erm gene, msr gene

Staphylococcus aureus, macrolide,

pozitif olacak sekilde indiklenebilir direnc fenotipini
(iMLSB) gostermistir. ki (%4) izolat, yapisal direnc
fenotipini (cMLSB) gosteren D-zonu negatif, klindamisin
ve eritromisin direncli saptanmistir. Yirmiiki (%44) izolat
ise S fenotipini gosteren D-zonu negatif, klindamisin
ve eritromisin duyarli saptanmistir. Sadece bir izolat
(%2) klindamisine duyarli, eritromisin direncli ve MSB
fenotipine uygun olarak D-zonu negatif bulunmustur. Elli
MSSA izolatinin 8’inin (%16) eritromisine direncli D-zonu
pozitif iMLSB fenotipine sahip oldugu saptanirken, iki
(%4) izolatin ise D-zonu olmaksizin her iki antibiyotige
de direncli cMLSB fenotipine sahip oldugu bulunmustur.
D-zonu olmayan klindamisin ve eritromisin duyarli olarak
ise, 40 (%80) izolat saptanmistir. Direnc genleri 28 MRSA
ve 10 MSSA ornegi olmak lizere toplamda 38 Ornekte
incelenmistir. MLSB diren¢ genlerinden, ermC, 25 MRSA
(%89,3) ve 4 MSSA 6rneginde (%40) pozitif bulunmustur.
ikinci en sik saptanan gen ise ermA geni olmustur; 4
(%40) MSSA izolatinda saptanirken, MRSA izolatlarinda
ise saptanmamistir. MSB fenotipli bir MRSA Grneginde
msrA geni pozitif olarak dogrulanmistir. Tim ornekler,

ermB geni varligi agisindan negatif bulunmustur.

Sonug: Sonuc olarak, Ankara ve Adana’dan izole

edilen izolatlarda gerceklestirilen bu calismada,
llkemizde daha once yapilan calismalarla benzer
iMLSB  fenotipi

bulunmus ve MRSA izolatlarinda daha yaygin oldugu

sekilde, en yaygin fenotip olarak
goriilmustir. MLSB direnci icin direnc genleri arasinda en
sik goriilen gen literatiirle uyumlu olarak ermC olmustur.
ermA pozitifligi ise az sayida saptanmis ve ermB geni
hic saptanmamistir. Dolayisiyla ermC geninin bu bolgede

daha yaygin oldugunu soyleyebiliriz.

Anahtar Kelimeler: Staphylococcus aureus, makrolid,

linkozamid, streptogramin B, erm geni, msr geni

INTRODUCTION skin infections, abscess, wound infections, and also
fatal diseases, such as endocarditis, osteomyelitis,
Staphylococcus  aureus is an opportunistic or septicemia (1). Since 1960s, methicillin-resistant

pathogen which causes various infections, such as S. aureus (MRSA) is one of the global reasons of
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healthcare-associated outbreaks (2). The MRSA rates
are increasing in the hospital and community settings
in the USA, Asia, and some parts of Europe. MRSA has
also been found in Turkish hospitals as an important
problem (3). S.
nosocomial infections such as mild skin, soft tissue

aureus can cause community or

infections and even fulminant sepsis (4). A cut or a
wound on the skin, or any other reason might result in
S. aureus infection. Transition to the blood circulation
is one of the most common reasons for septicemia,
endocarditis, toxic shock syndrome, osteomyelitis
and pneumonia (5). The treatment of invasive S.
aureus infections is difficult, therefore serious spread
control precautions are needed and a long period of
antimicrobial treatment (4).

Methicillin-resistant  S. aureus strains are
resistant to every antibiotic with B-lactam ring, such
as carbapenems and cephalosporins. Also, MRSA gains
resistance against antibiotics without B-lactam ring
such as erythromycin (ERY) and clindamycin (CLI).
Resistance to CLI and ERY in staphylococci, happens
via ribosomal target site methylation and it is usually
encoded by erm genes. When strains are resistant
to ERY and CLI, this resistance is called constitutive
(CMLSB),

susceptible to CLI in vitro, this resistance is inducible

when strains are ERY resistant and
(iMLSB). Inducible resistance can cause difficulties in
clinical treatments (6). Beside nowel antimicrobials
have been presented, clindamycin supports
treatment choices with its great pharmacologic
features for MSSA and MRSA. Also, for penicillin-
allergic patients, clindamycin is a good alternative.
However, drug inactivation mechanisms, efflux or
target site modification can cause resistance to MLSB
antibiotics (7). In the 1980s, MRSA became a major
clinical problem in Turkish hospitals. MRSA resistance
varied between 7% and 55% across centers. Recently,
data from various centers in Turkey for the past 5
years showed that the percentage of MRSA strains was
65.5%. All strains were reported to be susceptible to
vancomycin and teicoplanin, but resistance to these

drugs may develop (8).

The aim of this study is to detect phenotypic and
genotypic MLSB resistance in MRSA and MSSA isolates
in Baskent University Hospitals and to compare the
resistance rates of MSSA and MRSA isolates.

MATERIAL and METHOD

Phenotypic Tests

Fifty MSSA and 50 MRSA isolates from Baskent
University Ankara and Adana Hospitals that were
collected between 2016-2022 were included in the
study. Firstly, S. aureus isolates were confirmed by
catalase and coagulase tests. MRSA and MSSA isolates
were confirmed by disc diffusion test via cefoxitin disc
(30 pg). To determine the MLSB resistance, isolates
were tested for clindamycin (2 pgr) and erythromycin
(15 pgr) resistance using the disk diffusion (D-test)
test (Bioanalyse, Ankara/ Turkey).

Genotypic Tests

Clindamycin and/or erythromycin resistant MSSA
and MRSA isolates were taken to the genotypic tests.
DNA isolation was made by boiling method that
described before (9).
screened for resistance genes by using polymerase

Resistant phenotypes were

chain reaction (PCR). PCR amplification (7) was
performed by using ermA, ermB, ermC (10), msrA
primers (11) and PCR Mastermix (Solis Biodyne,
aureus RN1551, S. aureus 6520, S.
aureus FPR3757, S. aureus 15114 reference strains

GermAny). S.

were used as positive controls for ermA, ermB, ermC
and msrA genes, respectively. Amplicons were loaded
on to the 1.5% agarose gel with ethidium bromide and
observed via UV light.

Statistical analysis

Since the resistance rates of the MSSA and
MRSA isolate groups in the study was compared,
“Significance test of the difference between two
percentages in independent groups” or “2x2 Chi-
square tests in independent groups” or “Fisher’s exact
test” was used. Type | error probability was taken as
a=0.05 in all hypothesis tests and SPSS v25.0 package
program was used for statistical evaluations. G*Power

Turk Hij Den Biyol Derg

233



234

3.1.9 program was used while calculating the required
sample size to test the research hypothesis.

This study was approved by Baskent University
Institutional Review Board (Project no: KA22/361)
and supported by Baskent University Research Fund.

RESULTS

The clinical samples were collected and sent to
Microbiology Laboratories between March 2016 and
October 2022. A hundred S.
included in the study. Number of sample types
were 33 blood, 35 tissue biopsy, 13 body fluid, 12
wound/pus, 4 sputum, 2 deep tracheal aspirate and

aureus isolates were

1 respiratory secretion. All samples were sent from
different departments such as cardiovascular surgery,
nephrology, cardiology, chest diseases, emergency,
anesthesia, general surgery, orthopedics and
traumatology, pediatric nephrology, plastic surgery,
neonatal, obstetrics and gynecology, dermAtology,
pediatric cardiology,

infectious

burn treatment, neurology,

diseases, otolaryngology, geriatrics,
general internal medicine, oncology, neurosurgery,

urology, pediatric infectious diseases, endocrinology.
Phenotypic Results
Among all included isolates, 50 of them were

aureus (MSSA) and the
50 were methicillin-resistant S.

methicillin-susceptible S.
other
(MRSA), all of them were confirmed by catalase
and coagulase tests. We also confirmed methicillin

aureus

resistance by using cefoxitin discs according to CLSI
standards. Both MSSA and MRSA isolates were tested

for erythromycin and clindamycin susceptibility for
the MLSB resistance. Among 50 MRSA isolates 25
(50%) isolates were resistant to erythromycin with
D-zone positive and susceptible to clindamycin
indicating iMLSB phenotype. Two (4%) isolates were
resistant to clindamycin and erythromycin without
the D-zone indicating cMLSB phenotype. Twenty-
two (44%) isolates were susceptible to clindamycin
and erythromycin with D-zone negativity. Only one
isolate (2%) was susceptible to clindamycin and has
erythromycin resistance with absence of D-zone
50 MSSA
isolates; 8 (16%) isolates were iMLSB phenotype

indicating MSB phenotype. Among all

and 2 (4%) isolates were cMLSB phenotype. There
were 40 (80%) isolates that were susceptible to
both erythromycin and clindamycin without D-zone.
with
the methicillin resistance were given in Table 1.

Comparison of the MLSB phenotypes

The phenotypic difference between methicillin-
susceptible and resistant groups is statistically
significant with 95% confidence due to the iMLSB

and ERY/CLI susceptible phenotypes (p<0.05).

Genotypic Results

We studied the resistance genes ermA, ermB,
ermC and msrA in 28 MLSB resistant samples of MRSA
and 10 MLSB resistant samples of MSSA from a total
of 38 samples. The most common gene was ermC due
to 25 positive samples (89.3%) for MRSA samples and
positive for 4 MSSAsamples (40%). The difference in the
number of ermC gene region positive isolates between
the metbhicillin-susceptible and resistant groups is
statistically significant with 95% confidence (p<0.05).

Table 1. Comparison of the MLSB phenotypes distribution according to methicillin resistance status

No (%) iMLSB cMLSB MSB ERY/CLI Susceptible Total

MRSA 25 (75.8%) 2 (50%) 1 (100%) 22 (35.5%) 50 (50%)

MSSA 8 (24.2%) 2 (50%) 40 (64.5%) 50 (50%)

Total 33 (100%) 4 (100%) 1 (100%) 62 (100%) 100 (100%)
Turk Hij Den Biyol Derg



The second common gene was ermA; it was
detected in 4 MSSA samples (40%) and was not
detected in MRSA samples. The difference in the
number of ermA gene region positive isolates between
the methicillin susceptible and resistant groups
is not statistically significant with 95% confidence
(p=0.117). ErmB gene was not detected in any of the
samples. In addition, msrA gene was confirmed in one
MSB phenotype sample. The difference in the number
of msrA gene region positive isolates between the
methicillin-susceptible and resistant groups is not
statistically significant with 95% confidence (p=1.000).

DISCUSSION

We studied a hundred samples of S. aureus isolates
that were tested for susceptibility to erythromycin
and clindamycin. Fifty of them were MRSA and the
other 50 were MSSA and also confirmed in our study
by using cefoxitin disc. In the 50 MRSA isolates, the
inducible phenotype was detected in 25 isolates (50%),
the constitutive phenotype in 2 isolates (4%), the
MSB phenotype in 1 isolate (2%) and 22 isolates (44%)
were susceptible to erythromycin and clindamycin
without D zone. In 50 MSSA isolates tested 8 (16%)
isolates showed iMLSB phenotype which is resistant to
erythromycin with D zone positive. And 2 (4%) isolates
are cMLSB that give resistance to both antibiotics with
D zone negative. There are 40 (80%) isolates that are
susceptible to clindamycin and erythromycin without
D zone. In a recent study by Nahar et al. in 2023 iMLSB
resistant MRSA isolates were detected more than iMLSB
resistant MSSA (58.6%, 23.5%) respectively, these results
are similar to our results (12). Mahesh et al. found out
in 2022 that of 140 S. aureus isolates, 33.6% were MSSA
and 66.4% were MRSA. iMLSB phenotype rate was 29.3%,
and cMLSB phenotype rate was 26.4%. And only 8 (17%)
iMLSB isolates were found in MSSA strains similar to our
results (13). In the study of Assefa in 2022, 605 of 3064
S. aureus isolates were iMLSB resistant (19.8%) (14).
iMLSB phenotypes in MRSA strains were highest in Egypt,
Nigeria and Libya as 77.8%, 75.0%, 66.2%, respectively.

The lowest occurrence of the phenotypes iMLSB among
MRSA isolates was reported in Cote”d’lvoire’s study
with 3.9%. The iMLSB phenotype was not detected
in MSSA strains in 2007 in Libya and in 2017 in Cote
d’lvoire, cMLSB phenotypes was showed in MRSA
and MSSA strains as 0-75% 0-60%, respectively (14).

In 2015, Ozansoy et al. from Turkey reported that
39.1% of S. aureus isolates were MRSA and 60.9% were
MSSA. In MRSA samples cMLSB and iMLSB resistances
were 7.6% and 56.3%, respectively. 1.3% of isolates
were MS phenotype and 34% of isolates belonged to
erythromycin/clindamycin  susceptible phenotype.
Among the MSSA samples iMLSB was 8.9% and cMLSB
was 2.9%, MSB was 1.2% and erythromycin/clindamycin
susceptibility was 87% (15). Ozbek et al found in 2021
that cMLSB resistance (49%) was higher than iMLSB
(19%) and MSB phenotype was not detected (16). In
the study of Uyar Gulec et al. iMLSB resistance was
determined in 25%, structural resistance in 42.9% and
MSB phenotype resistance in 3.5% of MRSA strains in
2010. This rate was 15.3% structural resistance and
7.7% inducible resistance in MSSA. No resistance was
observed in the MSB phenotype in MSSA strains (7).

There are differences between our study and
Modukuru et al’s study which reported that 165 S.
aureus isolates were susceptible to erythromycin and
clindamycin in a total of 339 isolates. Rest of them (174
isolates, 56.3% MRSA and 43.7% MSSA) had resistance
to erythromycin or clindamycin, or both. Among MRSA
strains, 76.6% were cMLSB, 64.5% were iMLSB, and
43.75% were MSB phenotype. Among 76 MSSA isolates;
23.40% was cMLSB, 35.48% iMLSB and 56.25% was MS
phenotype. This study shows that iMLSB phenotype had
higher rate in MRSA isolates comparing to MSSA isolates
(17). In the study of Nagarkoti et al., 60 isolates were
found as erythromycin-resistant in 312 Staphylococcal
isolates comprising 65% S. aureus and 71% of them
were representing MRSA, among them cMLSB, iMLSB,
MS phenotypes were 12%, 44%, 44%, respectively.
Among MSSA isolates cMLSB resistance was 35.7%,
iMLSB 7.2% and MS 57.1% (18). There are differences
between our results and Pereira et al’s study in 2016

Turk Hij Den Biyol Derg
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which reported that 22 (21.4%) MRSA and 37 (35.9%)
MSSA were detected. It was detected that among MRSA
isolates 22.7% of them belonged to erythromycin/
clindamycin susceptible phenotype, 68.2% cMLSB,
4.5% iMLSB, 4.5% MSB phenotype. Among MSSA isolates
erythromycin/clindamycin  susceptible phenotype
was 67.6%, cMLSB 10.8%, iMLSB 10.8%, MSB 4.5% (19).
Abouelnour et al.’s study from Egypt obtained that
in MRSA isolates iMLSB rate was 25.2%, cMLSB 30.8%
and MS 4.7%. About MSSA results iMLSB phenotype
was 18.7%, cMLSB 12.4%, MS 8.4% (20). In the study
of Tandon et al. in 2018; among 604 isolates, 36.4%
were MRSA and 11.4% of them were reported as iMLSB
phenotype (21). Zeki et al. in 2015 reported that in a
total of 63 S. aureus isolates 32 (50.8%) were MRSA and
31 (49.2%) were MSSA. They reported that among MSSA
isolates, 29 strains had resistance to erythromycin and
18 strains had resistance to clindamycin and 10 strains
had resistance to both erythromycin and clindamycin
(22). Timsina et al. in 2020 showed that in 64 S. aureus
isolates, 17 (26.6%) were MRSA and 15 (23.4%) of them
have iMLSB resistance. iMLSB resistance were higher in
MRSA isolates (76.4%) than MSSA isolates (4.2%) (23).
Khodabandeh et al. in 2019, among 106 MRSA isolates
therate of cMLSBresistance was 56.2%, iMLSB resistance
was 22.9%, and MSB resistance was 16.6% (24).
Goudarzi et al. reported in 2020 that in MRSA and MSSA
isolates, cMLSB phenotype was found (30.2%, 24.4%),
however iMLSB and MS phenotypes were detected
only in MRSA isolates (25). In the study of Antonio et
al. between 1990 and 2019, 3544 MSSA and 819 MRSA
isolates were detected in blood stream infections (26).
Aetrugh et al. in 2022 reported that the distribution
of isolates showing iMLSB phenotype was 19.4% for
MRSA and 6.4% for MSSA isolates (27). The studies from
literature show that according to the region iMLSB
and cMLSB resistance rates are variable. In general,
iMLSB resistance is higher than cMLSB resistance.

We studied the resistance genes in 28 samples
of MRSA and 10 samples of MSSA isolates with MLSB
phenotypic resistance from a total of 100 samples. In
our study, it was found that the ermC gene is the most

Turk Hij Den Biyol Derg

common gene (89.3%) in MRSA isolates and positive for
2 iMLSB MSSA isolates and ermC gene was detected in
2 cMLSB MRSA isolates and 2 MSSA isolates. The second
common gene was ermA because it was positive in 4
MSSA samples with iMLSB resistance. And ermB gene
was negative for all isolates. The other detected gene
was the msrA gene which was positive for one isolate
in MRSA samples. The results of Nagarkoti et al. in
2019 agreed with our results due to in 39 S. aureus
isolates, ermC gene was found as 36% which was the
most common gene in the study and ermB gene was
detected as 5%. However, the ermA gene was not
detected. Also msrA and msrB genes were detected
in 2.6% and 5.1% of S. aureus isolates (18). Pereira et
al. reported in 2016 that among 44 S. aureus isolates
with cMLSB and iMLSB phenotypes had 38.6% ermC
gene and 9.1% had ermA gene (19). In the study of
Assefa in 2022, the rate of ermC gene was 70% and the
ermA gene was detected as 67.9% in Egypt, which is
very different from our result. They also reported that
another common gene was msrA in Egypt with 70%
detection rate (14). Nahar et al. in 2023 found ermC
gene 14.3% in MSSA and 11.5% in MRSA isolates. The
ermA gene predominated in both MSSA (70.1%) and
MRSA (86.9%) isolates, different from our study (12).
This result found higher ermC rate in MSSA isolates.
Mazloumi et al. in 2021 detected the ermC gene as the
frequent gene in S. aureus isolates (43.5%) and ermA
gene had the lowest frequency among MRSA and MSSA
isolates and 7% of these strains were positive for the
msrA gene. They detected the ermB gene as the most
frequent gene among S. aureus (44.6%) isolates. In
addition, ermB (57.1%) and ermC (53.1%) genes were
found to have a high frequency in MRSA isolates (28).
Abouelnour et al. obtained in 2020 that ermA (29%)
and ermC (18.7%) were widespread genes carried by
the isolates, however ermB (4.7%) was carried by a
few isolates (20). Tandon et al. in 2018 found among
inducible resistant isolates, 25 ermC (84%) isolates and
ermA and ermB genes were not detected (21). Timsina
et al. reported in 2020 that 15.6% were ermA positive,
3.1% were ermB and 18.7% were ermC positive (23).



Khodabandeh et al. reported in 2019 that 81.8%, 63.6%
and 54.5% of 11 isolates with iMLSB phenotype, ermC,
ermB and ermA genes were detected, respectively.
The rates of ermA, ermB, ermC, msrA and msrB genes
were 25.9%, 18.5%, 44.4%, 0.0% and 0.0%, respectively
in cMLSB phenotype isolates (24). In the study of
Goudarzi et al. in 2020, the results showed that the
ermC gene was detected as 40.7%, ermB gene rate
was 14% and ermA gene rate was 8.1% among all gene
regions studied (25). In the study of Antonio et al.
in 2019 MLSB resistance was detected in 35 isolates,
related with genes ermA and ermC (26). Uyar Gulec
et al. detected ermA as the most common gene in
S. aureus isolates (7). Yildiz et al. in 2014 reported
that in 225 erythromycin-resistant isolates, 48 had
ermA, 20 had ermC, and among MRSA isolates 64 had
erythromycin intermediate resistance. Of which these
isolates, 36 were positive for ermA, so the most common
resistance gene was ermA (29). In the study of Gulaydin

ETHICS COMMITTEE APPROVAL

et al. in 2023, iMLSB, cMLSB, MS and erythromycin and
clindamycin susceptible phenotypes were 10%, 0%,
6.66% and 83.33%, respectively. Also, the ermC gene
with a positive D-zone was detected in one isolate (30).
In the literature, ermC and ermA genes are the most
common genes. Most of the studies found ermC gene
higher than ermA, in some studies ermA gene is higher
than ermC. The least common genes are ermB and msr
genes. So our results are compatible with the literature.

To conclude, methicillin-resistant Staphylococcus
aureus strains produce an important healthcare
problem since they might have multi-drug resistance,
and MLSB resistance is related with methicillin
resistance. The transition of the erm genes between
bacteria causes MLSB resistance and restricts the usage
of macrolides. Therefore, phenotypic and genetic
analysis to detect the frequency of resistance genes
should be done for the epidemiological information.
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