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Abstract

Background: Mycoplasma pneumoniae is one of the widespread causes of community-acquired pneumonia
(CAP). Over recent years, the widespread use of macrolides has led to the emergence of macrolide-resistant M.
pneumoniae (MRMP) resulted from mutations at specific positions of domain V of the 23S rRNA gene.
Methods: We collected 100 samples of throat swabs from patients with respiratory infections. After extraction
of DNA from bacterial cell cultured in PPLO broth media using Roche kit (Germany), the PCR was performed
on specific samples of M. pneumoniae using specific primers for 23S rRNA gene. Afterwards, for positive
samples, minimum inhibitory concentration (MIC) was determined using the broth microdilution with
Clarithromycin. Finally, the PCR product was sequenced to detect mutations related to macrolide resistance in
domain V of 23S rRNA.

Results: According to the analysis of the sequenced PCR product of M. pneumoniae 23S rRNA gene using
Clustalw2 online software, one of the samples were shown to have a mutation at A2431G and G2491A
positions. The MIC measurement also revealed that all isolates were sensitive to Clarithromycin, and there was
no macrolide resistance to Clarithromycin in all isolates.

Conclusions: Sequence analysis of the 23S rRNA gene in M. pneumoniae, revealed no macrolide resistance of
M. pneumoniae to Clarithromycin. Thus, the use of these antibiotics should be restricted to prevent the
development of macrolide-resistant M. pneumoniae in Iran.
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Introduction

Mycoplasma pneumoniae (M. pneumoniag) is one
of the most leading causes of community-
acquired pneumonia (CAP) (1-3). M.
pneumoniae Infections occur
endemically worldwide, with  the  highest
prevalence among children aged 5-15 years (4). In
recent years, pneumonia caused by M.
pneumoniae has shown an increasing trend (5).
Previous studies have shown that M. pneumoniae
accounts for up to 5% of CAP cases (6). Although

M. pneumoniae is a self-limiting disease, some
patients complain of progressive disease despite
courses of antibiotic therapy (7-9). Macrolides
(MLs) are used as the first-line treatment of M.
pneumoniae infection (1-10). The duration of
treatment of infections with ML-resistant M.
pneumoniae (MRMP) is longer compared to
treatment-sensitive infections (11-12). It was first
reported in Japan, and then in other parts of the
world, including the United States, Europe, East
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Asia, and the Middle East, respectively. The rate
of MRMP has shown an annual increasing trend,
especially in East Asian countries, including
Japan, China, and Korea (12-13). In recent years,
MRMP has become rampantin Asia, and has
attracted the attention of scientists (1-3). The
widespread use of macrolides has led to a rapid
global emergence of MRMP as > 1% in Asia and
> 2% in Europe (1). The resistance of M.
pneumoniae to MLs has been shown to be caused
by point mutations, nucleotide displacement, in
domain V of the 23S rRNA gene (1-3). According
to the results of previous studies over the past few
years, M. pneumoniae strains with mutations in
domain V of the 23S rRNA have been shown to
have high levels of resistance to ML antibiotics in
minimum inhibitory concentration (MIC) assay.
Analysis of V domain sequence of 23S rRNA,
revealed point mutations at some positions, such
as A2063G, A2064G, and A2064C (14-15). As a
result, studies have shown that M. pneumoniae
have macrolide resistance and that all macrolide-
resistant M. pneumoniae strains isolated from
patients with atypical pneumonia displayed point
mutations in domain V of 23S rRNA. The
present study aimed to determine the prevalence
of resistance of M. pneumoniae strains
isolated from patients with respiratory
infections to Clarithromycin due to 23S rRNA
mutation.

Materials and methods

Subjects

Totally, 100 samples of throat swab were
collected from patients with atypical pneumonia
admitted to Mostafa Khomeini and Khatamol-

Anbia hospitals of Tehran province in 2018. All
patients were diagnosed with clinical symptoms
of respiratory infections by a lung specialist,
including weakness, lethargy, fatigue, persistent
headache, dry cough, shortness of breath,
diarrhea, sputum production, and muscle pain.
The samples were taken from who did not have
antibiotic therapy during the past month and filled
up questioners and signed consent form.

Sample collection

Samples were taken from the upper throat of
patients with respiratory infections using sterile
cotton swabs, then were transferred to the
laboratory in the transport PPLO broth medium.
Then one ml of the transport medium was passed
through the 0.45 pm filter in the main Glucose
PPLO broth medium in 5-10% CO2, and then
incubated at 35 °C for 3 weeks. In this study, M.
pneumoniae (ATCC: 29342), was used as a
control provided by the Molecular Biology
Research Center of Bagiyatallah University of
Medical Sciences.

DNA extraction

The Roche Co. kit (High Pure PCR Template
Preparation Kit, Germany) was used to extract
DNA from the samples were grown on the
Glucose PPLO broth medium.

Polymerase chain reaction (PCR)

Following the extraction of genomic DNA, the
Specific Primer-Polymerase Chain
Reaction (SSP-PCR) was used to identify the
genus Mycoplasma (23S rRNA gene) and M.
pneumoniae strain (P1 gene) (Table 1).

Table 1. Sequences of primers used in this study.

Gene Sequence

Product Size (Reference)

FP: 5'- AAAGGAAGCTGACTCCGACA

P1

450 bp (16)

RP: 5-TGGCCTTGCGCTACTAAGTT

FP: 5°- TAACTATAACGGTCCTAAGG

23S rRNA

793 bp (17)

RP: 5°- CGCTACAACTGGAGCATAAGA
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After Primer-BLAST on designated primers, the
PCR was conducted at a final volume of 25 pl,
including an initial denaturation at 94 °C for 5
min, 35 cycles comprised of denaturation at 94 °C
for 35 seconds, binding primer to the target DNA
at 56 °C for 40 seconds, elongation at 72 °C for
45 seconds, as well as a final elongation at 72° C
for 5 minutes, according to the protocol, for M.
pneumoniae; and also another PCR at a final
volume of 25 pl, constituted of an initial
denaturation at 94 °C for 4 min, 33 cycles
comprised of denaturation at 94 °C for 45
seconds, binding primer to the target DNA at 55
°C for 45 seconds, elongation at 72 °C for 50
seconds, as well as a final elongation at 72 °C for
5 minutes, according to the protocol for the 23S
rRNA. The kit was obtained from Roche Co.
(Germany) was used to extract the 23S rRNA. The
PCR products (ATCC: 29342) were at last
electrophoresed. Eventually, PCR products that
were positive for 23S rRNA were sequenced with
next-generation sequencing (NGS) to detect point
mutation of domain V in 23S rRNA, and the
sequences of the 23S rRNA gene were analyzed.

Minimum inhibitory concentration (MIC)
determination using microdilution

The MIC was carried out by micro-dilution of
Glucose PPLO broth, enriched with horse serum,
and D-glucose in 96 wells of microplates on
M. pneumoniae positive samples, following

P1: 450bp

preparation of macrolide suspension of
Clarithromycin.  Then, the  microplates
containing colonies of M. pneumoniae were
incubated at 37 °C for 5-6 days to determine
the MIC of Clarithromycin. The MIC of
Clarithromycin was measured and recorded for
all M. pneumoniae positive samples. As such,
the MIC of Clarithromycin was determined
based on color changes of Glucose PPLO
broth enriched with horse serum and D-
glucose.

Statistical analysis
Data analysis was performed by using SPSS,
version 20.0.

Results

Demographic

Of 100 assigned patients with respiratory
infections, 48 (48%) were males and 52 (52%)
were females. The average age of the
participants was 53.62 years, ranging from 17
years to 85 years.

Molecular detection of P1 and 23S rRNA

The SSP-PCR showed 450 bp amplification of P1
in the standard strain and six samples (6%) using
the P1-specific primer of M. pneumoniae (Fig.
1A). Using 23S rRNA-specific primers revealed a-
793 bp - amplicon in the standard strain and six
samples (Fig. 1B).

235 rRNA: 793bp

Fig. 1. A) PCR amplification of the P1 gene. Lane 1: Ladder (100 bp), lane 7: negative control, lane 2: positive control (450 bp); lane
3-6: positive samples. B) PCR amplification of the 23S rRNA gene. Lane 1: Ladder (100 bp), lane 8: negative control, lane 2:

positive control (793 bp); lane 3-7: positive samples.
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Sequencing and Determination of minimum
inhibitory ~ concentration (MIC) in
M. pneumoniae isolates

With analysis of the 23S rRNA gene sequence,
only one sample was found with a point
mutation at A2431G and G2491A positions

EMBOSS 001
E¥80SS_001
EMBOSS 001

EMBOSS 001

EMBOSS 001

(Fig. 2). Also, the measurement of MIC in all
M. pneumoniae-positive  samples using the
broth micro-dilution method, indicated that all
specimens were sensitive to Clarithromycin,
and no ML resistance was reported (Table 2).

Fig. 2. A schematic representation of a mutation in 23S rRNA genes in online clustalW2 software. One of the mutations is

shown at position 2491.

Table 2. Determination of MIC of Clarithromycin in Mycoplasma pneumoniae- positive samples.

Clinical isolate MIC Mutation
A 0.00025 NO
B 0.000125  Yes
C 0.001 NO
D 0.00025 NO
E 0.00025 NO
F 0.00025 NO
Reference strain  0.0039 NO

Discussion

Mycoplasma Pneumoniae is a major cause of
community-acquired pneumonia (5). Macrolide
antibiotics are recommended as the first-line
treatment for M. pneumoniae (1, 10). Extensive
use of these antibiotics resulted in the emergence
of ML-resistant isolates all over the world. Sharifi
et al. conducted a study in Tabriz city on 200
patients and reported the prevalence of M.
pneumoniae as 6%, which was in accordance
with our study. However, the prevalence of M.
pneumoniae reported in this study was
significantly higher than the rate of M.

pneumoniae reported in Ahvaz city and (3%),
Rasht city (1%) (19). Lucier et al. found a number
of ML-resistance M. pneumoniae at different
positions in the V domain of the 23S rRNA (2063
and 2064) with the displacement of A-G (14, 18).
The prevalence of MRMP displays various
patterns in different countries, which is attributed
to the excessive use of MLs and the age of the
patients (20).

Macrolides resistance is linked with a point
mutation in domain V of the 23S rRNA gene
(nucleotide displacement at specific positions of
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domain V of 23S rRNA). Mutation of 23S rRNA
at A2063G is the commonest mutation, followed
by A2064G, which is mostly responsible for high
ML resistance in M. pneumoniae (18, 21, 22).
Here, the analysis of the sequence of 23S
rRNA demonstrated point mutations at A2431G
and G2491A only in one specimen. In addition,
the broth micro-dilution MIC method indicated
that all M. pneumonia- positive samples, were
sensitive to Clarithromycin, and no ML resistance
was reported. The frequency of MRMP amongst
the participants was 0.6%. Accordingly, the
prevalence of MRMP was shown as 2% (1/50) in
Switzerland, 87.1% (176/202) in Japan, 97%
(32/33) in China, 1.2% (2/167) in Germany, and
9.8% (5/51) in France, which were inconsistent
with the results of our study (2). Hong and
colleagues reported two cases of MRMP, and
proposed that MRMP-positive cases had point
mutation at A2063G of domain V of 23S rRNA
(18). A study conducted in England (2015),
reported mutations associated with ML resistance
in M. pneumoniae- positive samples between
September 2014 and September 2015. They
stated that 43 of the total 60 M. pneumoniae-
positive samples presented mutations in domain
V of 23S rRNA, with ML resistance in four
samples (9.3%). Those with point mutations in
domain V of 23S rRNA were identified as ML-
resistant isolates (23), which was not in
accordance with the results of our study. Haruki
and colleagues recruited hospitalized children in
Japan (2014) and detected 33 cases of M.
pneumoniae by PCR, of whom 31 cases displayed
resistance to MLs, and all cases were shown to
have point mutation at 2063 and 2064 in domain
V of 23S rRNA (24). The contradiction in these
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