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Fifty-three Mycoplasma pneumoniae strains were isolated from pediatric patients in Shanghai, China, from
October 2005 to February 2008. Of 53 clinical isolates, 44 (83%) were resistant to erythromycin (MICs of >128
pg/ml for all 44 strains), azithromycin, and clarithromycin. All macrolide-resistant M. pneumoniae strains
harbored an A-to-G transition mutation at position 2063 in 23S rRNA genes. Forty-five (85%) clinical isolates
were classified into the P1 gene restriction fragment length polymorphism type I, and six (11%) were type II.

Mycoplasma pneumoniae is increasingly recognized as com-
mon and important pathogen in community-acquired respira-
tory tract infections (RTIs) and pneumonia, particularly in
school-age children and young adults (9, 13). M. pneumoniae
isolates are usually susceptible to macrolides; thus, macrolides
are the most important drugs for treatment of RTI infections,
especially in children (13). Fluoroquinolones and tetracyclines,
which may be used as alternatives to macrolides, are not rec-
ommended for children. Macrolide-resistant M. pneumoniae
strains have been reported in Japan, China, France, and the
United States (6-8, 12, 16, 17).

In this study, 53 strains of M. pneumoniae were collected
from pediatric patients with RTIs in Shanghai, China. The in
vitro activities of macrolides, tetracyclines, and fluoroquinolo-
nes against M. pneumoniae isolates were determined, and the
mechanisms of resistance for macrolide-resistant stains were
investigated. In addition, the type of M. pneumoniae clinical
isolates was determined by PCR-restriction fragment length
polymorphism (RFLP) typing of the P1 gene.

M. pneumoniae strains. Fifty-three M. pneumoniae isolates
were obtained from bronchial aspirations (each specimen col-
lected from one patient) in the Shanghai Children’s Hospital
from October 2005 to February 2008. There were 6 isolates in
2005, 17 in 2006, 24 in 2007, and 6 in 2008. Culture of M.
pneumoniae was performed as described previously by Waites
(14). All of the strains were identified by colony morphology
and PCR assay. PCR amplification of 16S rRNA genes was
done to identify M. pneumoniae using primers with sequences
5'-GCCACCCTCGGGGGCAGTCAG-3" and 5'-GAGTCGG
GATTCCCCGCGGAGG-3' as previously described (4).

Antimicrobial susceptibility of M. pneumoniae. To deter-
mine the MICs, the broth microdilution method with SP4
broth (Remel, Lenexa, KS) was performed as described pre-
viously by Waites (14). Every susceptibility testing was re-
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peated three times. M. pneumoniae reference strain MPFH
(ATCC 15531) was also included. Comparative in vitro activ-
ities of 10 antimicrobials are listed in Table 1. All of the M.
pneumoniae isolates were susceptible to the tetracyclines and
fluoroquinolones tested in this study. Moxifloxacin was more
active than ciprofloxacin and levofloxacin. The MICs, and
MIC,,, of moxifloxacin were 0.03 pg/ml and 0.06 pg/ml, respec-
tively—much lower than those of ciprofloxacin and levofloxacin.

Among 53 strains, 44 (83%) were resistant to erythromycin
with a MIC,, of >128 pg/ml to either erythromycin or cla-
rithromycin. These strains also showed high MICs to azithro-
mycin and josamycin, with MIC,,s of 64 wg/ml and 4 pg/ml,
respectively (Table 1). All 44 macrolide-resistant strains had
erythromycin MICs of >128 pg/ml. The 16-member macrolide
josamycin possessed lower MICs than the 14- and 15-member
macrolides with MICs of 1 to 8 pg/ml. Of 53 M. pneumoniae
strains, only 9 were susceptible to erythromycin. Most of these
nine strains had MICs of =0.007 to 0.015 pg/ml for four mac-
rolides tested, but two strains had MICs of 0.5 pg/ml for
josamycin (Table 2). The resistance rates of M. pneumoniae
isolates from 2005 to 2008 were 16.7% (1/6), 76.5% (13/17),
100% (24/24), and 100% (6/6), respectively.

TABLE 1. In vitro activities of 10 antimicrobial agents against 53
M. pneumoniae strains

MIC (ug/ml) for*:

Antimicrobial Clinical isolates Reference
strain
Range 50% 90% MPFH
Erythromycin =0.007->128  >128 >128 =0.007
Clarithromycin ~ =0.007->128 128 >128 =0.007
Azithromycin =0.007->128 16 64 =0.007
Josamycin =0.007-8 2 4 =0.007
Tetracycline 0.015-0.25 0.06 0.125 0.06
Doxycycline =0.007-0.125 0.06 0.125 0.03
Minocycline =0.007-0.125 0.06 0.125 0.06
Ciprofloxacin 0.015-1 0.5 1 0.25
Levofloxacin 0.015-1 0.25 0.5 0.25
Moxifloxacin =0.007-0.06 0.03 0.06 0.06

“50% and 90%, MICs, and MICy,, respectively.
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TABLE 2. Distribution of MICs of 10 antimicrobial agents for 53 M. pneumoniae strains
No. of strains with MIC (g/ml) of:
Antimicrobial

=0.007 0.015 0.03 0.06 0.125 0.25 0.5 1 2 4 8 16 32 64 128 >128
Erythromycin 4 4 1 44
Clarithromycin 6 3 17 7 20
Azithromycin 4 3 2 7 10 27
Josamycin 7 2 3 16 24 1
Tetracycline 12 7 15 18 1
Doxycycline 1 15 7 16 14
Minocycline 2 8 6 11 26
Ciprofloxacin 2 9 36 6
Levofloxacin 2 1 24 24 2
Moxifloxacin 1 11 30 11

Sequencing analysis of 23S rRNA genes. Primer pairs
MP23SF (5'-CAATAAGTTACTAAGGGCTTATGGTGGA
TGC-3") and MP23SR (5'-TCCAATAAGTCCTCGAGCAA
TTAGTATTACTCAG-3") were used to amplify and sequence
the full length of the 23S rRNA fragment. The PCR conditions
were 10 min at 94°C first, followed by 30 s at 94°C for dena-
turation, 30 s at 61°C for annealing, and 4 min at 72°C for
elongation for 40 cycles followed by 10 min at 72°C at the end
of 40th cycle. The L4 and L22 ribosomal protein genes were
also amplified and sequenced by methods described previously
(11). Among 53 M. pneumoniae strains, all 44 macrolide-resis-
tant strains harbored an A-to-G transition mutation at position
2063 in domain V of the 23S rRNA genes. In addition, an
A1290G transition mutation was found in all 53 tested strains
regardless of sensitivity or resistance to erythromycin, except
for the reference strain, MPFH, which indicates the A1290G
change is not related to macrolide resistance. No mutation was
found in the L4 and L22 ribosomal protein genes.

PCR-RFLP typing of the P1 gene. P1 gene PCR-RFLP typ-
ing was performed as previously described (2). Briefly, a frag-
ment of the P1 gene was amplified using primers ADH1 and
ADH?2 (2) and then digested with Hpall restriction endonu-
clease (TaKaRa Biotechnology, Dalian, China). The resulting
fragments were analyzed on a 2% agarose gel. Forty-five
(85%) clinical isolates were classified into type I, 6 (11%) were
classified into type II, and the other 2 (4%) could not be
classified by this method. Thus, type I was predominant among
the isolates tested. Forty-one (91.1%) of 45 type I strains were
resistant to erythromycin; however, only 1 (16.7%) out of 6
type II strains was resistant to erythromycin. A shift in M.
pneumoniae since 2006 from type II to type I was observed. All
but two unclassified M. pneumoniae strains isolated in 2007, all
strains isolated in 2008, and almost all strains isolated in 2006
were found belong to type 1.

Both fluoroquinolones and tetracyclines have good activities
against M. pneumoniae strains isolated from children in Shang-
hai; however, the resistance rate to erythromycin was very high.
Macrolide-resistant M. pneumoniae isolates were first found in
1968 and have been spreading since 2000 (6, 7, 10). About 17%
(13/76) and 6% (12/195) of M. pneumoniae clinical strains
isolated from 2000 to 2004 in Japan were resistant to erythro-
mycin (6, 7). A recent report from Japan showed that eryth-
romycin-resistant strains increased from 0% (0/47) in 2002 to
30.6% (37/121) in 2006 (8). In addition, a recent report showed
that the erythromycin resistance rate was 92% (46/50) in M.

pneumoniae strains isolated in Beijing, China (17). In this
study, 44 (83%) out of 53 M. pneumoniae strains isolated from
children showed resistance to erythromycin, and the resistance
rates increased from 17% in 2005 to 76% in 2006 and 100% in
2007 and 2008. Thus, macrolide-resistant M. pneumoniae iso-
lates seem to spread rapidly in certain parts of Asia.

Macrolide resistance in M. pneumoniae is associated with
mutations at 23S rRNA or ribosomal proteins L4 and L22 (5,
15). The A2063G mutation is found to be most prevalent in
macrolide-resistant M. pneumoniae isolates, followed by the
A2064G mutation. Other mutations like A2617G and muta-
tions in ribosomal proteins L4 and L22 were very rare (1, 15).
Among 13 erythromycin-resistant M. pneumoniae strains iso-
lated in Japan from 2000 to 2003, 10 (77%) strains had an
A2063G transition and 1 (8%) each had an A2063C, A2064G,
or A2617G transition (6). Morozumi et al. (7, 8) identified 67
macrolide-resistant M. pneumoniae isolates from Japan be-
tween 2002 and 2006 in two different reports. An A2063G
transition was found in 59 (88%) strains and an A2064G tran-
sition in 7 (10%) strains, and no mutation was found in 1 strain.
In this study, the A-to-G transition mutation at position 2063
in domain V of 23S rRNA genes was found in all 44 erythro-
mycin-resistant M. pneumoniae isolates.

A strong association between the P1 gene PCR-RFLP type
and erythromycin resistance has been demonstrated in this
study. When the erythromycin resistance rates increased mark-
edly since 2006, a shift from type II to type I of the P1 gene
type was found in this study: all strains isolated in 2007 and
2008 that were resistant to erythromycin were found belong to
type I, except for two unclassified strains. Although M. pneu-
moniae isolates identified with the same P1 subtype may not
necessarily be the same clone, it is possible the same resistant
clone belonged to type I spread in Shanghai. Further studies of
clonal spread are under investigation by pulsed field gel elec-
trophoresis (7) and multiple-locus variable number of tandem
repeat analysis (3).

In summary, clinical strains of M. pneumoniae isolated from
children in Shanghai, China, are found to have high resistance
rate to macrolides. Mutation at A2063G in domain V of 23S
rRNA is associated with macrolide resistance. The P1 gene
RFLP type I is predominant among the clinical isolates of M.
pneumoniae tested.
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