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alleles associated with the wide spread. For analyzing differ-
ences in gene expression between bacterial strains, the pro-
teomic approach is a powerful tool (4, 26). Thus, the compar-
ative proteomic analysis of B. pertussis strains (type A and type
B) was thought to be worth trying, and an attempt is now under
way.

In conclusion, in the Japanese B. pertussis strains, the anti-
genic divergence between recently circulating strains and the
vaccine strain has been observed since the mid-1990s, although
reported pertussis-like and pertussis cases have decreased in
number. In addition, the strains showed a correlation between
the PFGE profile and the combination of ptxS1/prn alleles. Our
findings strongly suggested that the antigenic divergence had
no influence on the efficacy of pertussis vaccination in Japan.
However, the reason for the appearance of the type B strain
harboring nonvaccine ptxS1A4/prn2 has remained unclear. Con-
tinuous surveillance and further analyses are needed to deter-
mine the virulence of the type B strain.
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Two Distinct Patterns
of Pleural Effusions
Caused by Mycoplasma
pneumoniae Infection

To the Editors:

We read with great interest the arti-
cle by Wang et al.! The authors reported 5
pediatric patients with radiographically di-
agnosed necrotizing pneumonitis with
pleural effusion caused by Mycoplasma
pneumoniae, 2 of whom had persistent
radiographic abnormalities lasting for
more than several months. Complete res-
olution of chest roentgenograms was ob-
served in the other 3 cases. Their presen-
tation of the cases and its diagnostic
implication were clinically valuable, but
they did not mention the possible patho-
genic mechanism of the disease. We sup-
pose that the radiographic features that the
authors presented for the cases with per-
sistent abnormalities strongly suggest an
organizing pneumonia with massive re-
cruitment of neutrophils in histology.

In this context, we encountered sim-
ilar pediatric cases of massive pleural ef-
fusion caused by M. pneumoniae infection
with or without persistent radiographic ab-
normalities.” In the initial study including
a total of 10 cases, 3 cases showed persis-
tent radiographic abnormalities of fibrotic
changes in the chest roentgenogram with
the presence of M. pneumoniae genome
detected by polymerase chain reaction in
their pleural fluid samples. In the other 7
cases, radiographically abnormal findings
were transient. In the subsequent report of
12 cases, we examined their pleural fluid
samples for cytokines and found that in-
terleukin (IL)-18 and IL-8 were signifi-
cantly elevated in the pleural fluid samples
obtained from the 4 patients with persis-
tent radiographic abnormalities when
compared with those without persistent
abnormalities.>*

On the basis of our findings, we
strongly speculate that there are at least
2 distinct patterns of pleural effusions
caused by M. pneumoniae infection: one
type of effusion characterized by a tran-

sient chest disease, M. pneumoniae ge-
nome being undetectable, and with lower
{(but not normal) concentrations of 1L-18
and IL-8 and the other type of effusion
with a persistent chest disease, M. pneu-
moniae genome being detectable, and
with significantly higher 11.-18 and IL-8.

It is well-known that mycoplasmal
cell membranes can elicit varieties of cy-
tokine responses (for review, see Yang et
al’), and some kinds of cytokines must
play a significant role in producing the
radiographic appearance of M. pneu-
moniae pneumonia not only for children
but also for adults.®” M. preumoniae can
induce 1L-18 production through the acti-
vation of macrophages, and IL-8 produc-
tion can be induced either indirectly
through the function of IL-18 or directly
through the function of Toll-like receptors
which M. preumoniae can also activate. In
any case, it is reasonable to assume that
IL-8 plays a pivotal role in constructing
“necrotizing pneumonitis” or orgamzing
pneumonia.

M. pneumoniae pneumonia is usu-
ally a benign, self-limited disease. Clin-
ical samples which can be obtained from
patients therefore are limited for use in
clinical research. If one pays, in addition
to routine laboratory testings, more at-
tention to using newer analytical meth-
odologies in analyzing pleural fluid
samples obtained from patients with M.
preumoniae pneumonia, more informa-
tion must be obtained for further under-
standing of the pathogenesis of M. pneu-
moniae infection.

Mitsuo Narita, MD
Department of Pediatrics
Sapporo Tetsudo (JR) Hospital
Sapporo, Japan

Hiroshi Tanaka, MD
Third Department of Internal
Medicine

Sapporo Medical University
School of Medicine
Sapporo, Japan
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Reply:

The author proposed an interest-
ing hypothesis about the pathophysiol-
ogy of pleural effusion caused by Myco-
plasma preumoniae. It is biologically
plausible that the author proposed that
the presence of M. pneumoniae genome
might elicit stronger immunologic reac-
tion which subsequently leads to persis-
tent lung damage. Yet the timing of
sampling might bear some relevance to
whether one could detect the genome in
the pleural fluid. Before one can make a
statement like this, a well-designed pro-
spective study looking into the relation-
ship of the presence of the genome versus
the immunologic reaction and outcome is
mandatory.

I do agree with the author that prob-
ably there are 2 types of pleural effusion
associated with M. preumoniae infection.
On the basis of my clinical experience, 1
would advocate for more clinical and im-
munologic study in this area.

Christine C. Chiou, MD
Veterans General Hospital
Koahsiung, Taiwan
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In recent years, Mycoplasma pneumoniae strains that are clinically resistant to macrolide antibiotics have
occasionally been encountered in Japan. Of 76 strains of M. pneumoniae isolated in three different areas in
Japan during 2000 to 2003, 13 strains were erythromycin (ERY) resistant. Of these 13 strains, 12 were highly ERY
resistant (MIC, =256 pg/ml) and 1 was weakly resistant (MIC, 8 pg/ml). Nucleotide sequencing of domains II and
V of 23S rRNA and ribosomal proteins L4 and 122, which are associated with ERY resistance, showed that 10
strains had an A-to-G transition at position 2063 (corresponding to 2058 in Escherichia coli numbering), 1 strain
showed A-to-C transversion at position 2063, 1 strain showed an A-to-G transition at position 2064, and the weakly
ERY-resistant strain showed C-to-G transversion at position 2617 (corresponding to 2611 in E. coli numbering)
of domain V. Domain II and ribosomal proteins L4 and L22 were not involved in the ERY resistance of these
clinical M. preumoniae strains. In addition, by using our established restriction fragment length polymorphism
technique to detect point mutations of PCR products for domain V of the 23S rRNA gene of M. pneumoniae, we
found that 23 (24%) of 94 PCR-positive oral samples taken from children with respiratory infections showed
A2063G mutation. These results suggest that ERY-resistant M. pneumoniae infection is not unusual in Japan.

Vol. 48, No. 12

Mycoplasma pneumoniae is a pathogen causing human re-
spiratory infections such as atypical pneumonia, mainly in
children and younger adults. In the chemotherapy of M.
preumoniae infection in children, erythromycin (ERY) and
clarithromycin (CLR) among 14-membered macrolides and
the 15-membered macrolide azithromycin (AZM) are usually
considered the first-choice agents in Japan. Although there was
no report on the isolation of ERY-resistant M. preurnoniae be-
fore 2000 in Japan, we found that ca. 20% of M. pneumoniae
strains isolated from patients from 2000 to 2003 were ERY resis-
tant. These results are consistent with pediatricians’ impression
that antibiotics such as ERY, CLR, and clindamycin (CLI) are
not effective for some patients with M. preurmoniae infection.

It is well known that the macrolide-lincosamide-strepto-
gramin B (MLS) antibiotics inhibit protein synthesis by binding
to domain II and/or domain V of 23S rRNA (3, 26). Lucier et
al. (10) and Okazaki et al. (17) found that an A-to-G transition
or A-to-C transversion at position 2063 (corresponding to 2058
in Escherichia coli numbering) or 2064 of the 23S rRNA gene
resulted in high resistance to macrolide antibiotics. No point
mutation was found in domain II of 23S rRNA of the ERY-
resistant M. pneumoniae strains used in the present study.

We report here the prevalence of macrolide-resistant
M. prneumoniae infection in Japan. By using 13 ERY-resis-
tant M. pneumoniae strains, we investigated the mechanisms

* Corresponding author. Mailing address: Department of Bacterial
Pathogenesis and Infection Control, National Institute of Infectious
Diseases, 4-7-1 Gakuen, Musashimurayama-shi, Tokyo 208-0011, Ja-
pan. Phone: (81) 425610771. Fax: (81) 425653315. E-mail: sasaki@nih

.80.jp.

4624

of resistance to MLS antibiotics. Furthermore, we established
restriction fragment length polymorphism (RFLP) techniques
to detect point mutations in domain V of 23S rRNA of
M. prneumoniae by using throat swabs or sputum samples.

MATERIALS AND METHODS

Mycoplasmas. Three types of M. pnewmoniae strains were used in the present
study, i.e., ERY-resistant strains isolated from children infected with M. pneu-
moniae in Japan from 2000 to 2003, ERY-resistant strains induced with ERY in
vitro, and three reference strains: M129, Mac, and FH. The ERY-resistant
clinical isolates are listed in Table 1, with details regarding patient age, year of
isolation, symptoms, and the administration of antibiotics. Most of the isolates

TABLE 1. Macrolide-resistant M. preumoniae strains isolated
from patients, along with patient information

Patient Antimicrobial agent(s)*
Strain
no. Age Symptoms and/ First choice/effect Second choice/
(yr) or disease effect
350 9 Pneumonia CLI/— CLR/+
374 3 Pneumonia Unknown Unknown
375 4.5 Pneumonia Unknown Unknown
376 12 Pneumonia CLR/- AZM/+
377 7 Fever and cough AZM/+
378 2 Fever and cough Cefditoren pivoxil/— AZM/+
379 9 Pneumonia CLR/~ AZM/-
380 11  Pneumonia CLR/— Minocycline/+
381 11 Pneumonia AZM/+
382 7 Pneumonia RKM/~- AZM/-
383 5 Bronchitis Cefaclor/— ERY/+
384 7 Pneumonia Cefdinir, Fosfomycin/— ERY/+
385 NI° Pneumonia, pleurisy CLR/+

@ —, No effect from antimicrobial agent; +, improvement of symptoms.
NI, no information.
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TABLE 2. Primers used for PCR amplification and sequencing of domains II and V of 23S rRNA and ribosomal proteins
of L4 and L22 in M. prewmoniae

PCR and primer designation Sequence (5’ to 3') Position” Amplicon size (bp)
Domain II of 23S rRNA
MN23SDIIF AGTACCGTGAGGGAAAGGTG 491-510 816
MN23SDIIR TCCCAAGCGTTACTCATGCC 1287-1306
Domain V of 235 rRNA
MN23SDVF GCAGTGAAGAACGAGGGG 1758-1775 927
MN23SDVR GTCCTCGCTTCGGTCCTCTCG 2664-2684
Ribosomal protein L4
MNLA4F AAAAGCAGCACCAGTTGTAG 1231-1250 722
MNL4R GGTTAGAACTGGTTTITAGCA 1933-1952
Ribosomal protein L22
MNL22F GTACATAACGGCAAGACCTT 3640-3659 627
MNL22R GCAAGCCGTTGGAGTTTACT 4247-4266
Nested PCR for 23S rRNA of 2063, 2064 region
MN23SF1937 ACTATAACGGTCCTAAGGTA 1918-1937 210
MN23SR2128 ACCTATTCTCTACATGATAA 2108-2177
Nested PCR for 23S rRNA of 2617 region
MN23SF2577 TACGTGAGTTGGGTTCAAA 25772595 108
MN23SR2664 GTCCTCGCTTCGGTCCTCTCG 2664-2684

@ The positions of domain II and V of 23S rRNA are based on accession no. X68422 of the M. pneumoniae gene, and those of ribosomal proteins L4 and 122 are
based on accession no. AE000061 of the M. pneumoniae M129 section 19 of 63 of the complete genome.

were obtained during the patient’s first visit to the hospital, except in a few cases
in which the isolates were obtained within a week after an initial treatment
failure. Modified Hayflick medium (6) were used for the isolation of M. pneu-
moniae from patients. The broth medium was composed of 7.5 parts PPLO broth
(Difco), 1.5 parts heat-inactivated horse serum, and 1 part aqueous extract (25%)
of baker’s yeast, penicillin G (1,000 U/ml), thallium acetate (0.025%), glucose
(0.5%), and phenol red (0.002%). The composition of agar medium was the
same as that of the broth medium except that glucose and phenol red were
omitted and 1.2% agar was added. A throat swab was immersed several times in
0.5 ml of PPLO broth; then, 0.2 ml of the suspension was transferred to the
diphasic (agar/broth) medium, and 0.1 ml of the suspension was transferred onto
the agar medium. The agar medium was incubated under 5% CO, in air with
moisture, and the diphasic medium was incubated aerobically at 37°C for 5 to 14
days. When a color change was observed in the diphasic medium, 0.1 mi of the
broth was subcultured onto the agar medium. When typical colonies were ob-
served on the agar medium, a single colony was inoculated into the broth-
medium. After cloning of the colonies, M. pneumoniae was identified serologi-
cally or by using PCR.

MIC determination. MICs of MLS antibiotics were determined by a broth
microdilution method based on the method of the National Committee for
Clinical Laboratory Standards. Serial twofold dilutions of MLS antibiotics pre-
pared in PPLO broth containing 10* to 10° CFU/m! of M. pnewmoniae were put
in 96-well microplates (17). The microplates were sealed with adhesive sheets
and incubated at 37°C. The MIC was determined as the lowest concentration of
antimicrobial agent at which the color of the control medium was changed. A
number of antibiotics were tested. ERY, oleandomycin (OL), josamycin (JM),
spiramycin (SPM), midekamycin (MDM), leucomycin (LM), and lincomycin
(LCM) were purchased from Wako Pure Chemical Industries, Ltd., Japan;
roxithromycin (RXM) and quinupristin-dalfopristin were provided by Aventis
Pharm Japan, Ltd.; CLR was provided by Abbott Co., Ltd. (Japan); rokitamycin
(RKM) was provided by Asahi Kasej Co. Japan; CLI was provided by Upjohn
Co. (Japan); and AZM was provided by Pfizer Japan, Inc.

PCR amplification and sequencing of domains II and V of the 238 rRNA gene
and L4 and L22 ribosomal protein genes. The ERY-resistant M. pnewmoniae
strains were screened on the basis of MIC of ERY. A 0.5-ml aliquot of growth
culture of M. prieunmoniae was centrifuged at 17,500 X g for 20 min at 4°C. After

TABLE 3. MICs of MLS antibiotics for M. pneumoniae isolated from patients and reference strains

Strain 23S rRNA MIC (pg/ml)

no.  mutation®  ppy oL RXM CLR AZM M MDM LM RKM SPM  LCM CLI QD°
350  A2063G 256 >256  >256 256 32 8 16 4 05 8 >256 >256 1
374 A2063G  >256 >256  >256 >256 64 8 16 4 05 16 >256 256 0.5
375 A2063G  >256 >256  >256 >256 2 16 16 8 05 16 >256 256 0.5
376 A2063C 256 >256 256 >256 16 64 64 64 4 256 64 321
377 C2617G 8 64 8 1 0.031 025 025 025 00625 1 16 2 025
378 A2063G >256 >256  >256 >256 64 8 16 4 0.5 16 256 256 1
379 A2063G >256 >256 256 >256 64 8 16 4 0.5 16 256 256 0.5
380 A2063G  >256 >256  >256 >256 64 8 16 8 0.5 16 256 256 0.5
381 A2063G  >256 >256 256 >256 64 8 16 8 0.5 16 256 256 0.5
382 A2063G  >256 >256  >256 >256 64 8 16 8 0.5 16 256 256 1
383 A2064G 256 >256 128 32 16 256 >256 >256 2 >256 64 32 0.25
384 A2063G >256 >256  >256 >256 64 8 16 8 05 16 >256 256 1
385  A2063G >256 >256  >256 >256 64 16 16 16 1 16 >256 256 1
FH 00625 025 0.0625 0.0156 0.00098 00156 025 00625  0.0625 0.25 16 4 0.0625
M129 00156 0125 00156 00156 0.00195 0125 0.0625 0.0625 00625  0.125 8 4 025
Mac 00156 025 00156  0.0156 0.00098  0.0625 0.0625 00625 00625  0.0625 4 4 025

* According to M. pneumoniae numbering.
b Q-D, quinupristin-dalfopristin.
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TABLE 4. Nucleotide substitution by point mutation of genes of ribosomal protein and 23S rRNA for macrolide-resistant M. preumoniae
strains and M. pnewnoniae FH and Mac compared to M. prewmoniae M129°

Substitution(s) in ribosomal protein

Mutation in 23S rRNA

Strain no. Position of L4 Position of 122 Type of P1 gene
162 430 62 279 341 508 Domain IT Domain V
M129 C A C T C T - - I
350 C—A A-G - T—C ~ T—C - A2063G 11
374 - - - - - T—C - A2063G I
375 - - - - - T-—C - A2063G I
376 C—A A—-G - T—C - T—C - A2063C 1T
377 C—A A—G - T-C - T-C - C2617G 1I
378 C—A A—G - T-—C - T-—C - A2063G 11
379 C—A A—-G - T—C - T-C - A2063G I
380 - - - - - T—C - A2063G I
381 - - - - - T-C - A2063G 1
382 - - - - - T-C - A2063G I
383 - - - - - T—-C - A2064G I
384 - - - - - T-C - A2063G I
385 - - - - - T-C - A2063G I
1020-EMR3 - - - - - T-C - C2617G I
1020 - - - - - T—C - A2064G I
1253 - - C—A - C-T T-C - A2064G I
1552 - - - - - T—-C - A2064C/C2617A I
1653 - - - - - T-C - A2064G I
FH C—A A-G - T-C - T-C - - I
Mac C—A A-G - T—C - T—C - - II

9 ~, No mutation compared to the sequence of M. pneumoniae M129.

removal of the supernatant, the sediment was suspended in 20 i of TE (10 mM
Tris-HCI, 1 mM EDTA [pH 8.0]) buffer containing 1.0% (vol/vol) Triton X-100
and boiled for 5 min. Specific primers were designed for the detection of the
point mutations of domain II of 23S rRNA and of L4 (rp/D) and L22 (1piV)
ribosomal proteins (Table 2). Primers for domain V of 23S rRNA were as
reported by Lucier et al. (10). To identify the mutation in domain II containing
nucleotide A752 interacting with the macrolide 3-cladinose moiety, 23SDIIF-
23SDIIR primer pairs were used. For domain V (peptidyltransferase region),

M129 2051 GCAACGGGACGGAAAGACCCC .. .. ... ...
350 G
374 G
375 G
376 C
377

378 G
379 G
380 G
381 G
382 G
383 G
384 G
385 G
1020-EMR3

1020 G
1253 G
1552 C
1653 G
FH

Mac

MH23SDVF-MH23SDVR primer pairs were used. Amplification of ribosomal
protein L4 and L22 fragments was performed with the MNLAF-MNLAR and
MNL22F-MNL22R primer pairs, respectively. The composition of the PCR
mixture was as follows: 2 ul of template, 30 pmol of forward and reverse primers,
and 25 pl of premix Tag (TaKaRa Ex Taq Version; Takara Bio, Inc.) and water
in a final reaction volume of 50 wl. PCR conditions were 2 min at 94°C first,
followed by 45 s at 94°C for denaturation, 1 min at 55°C for annealing, and 80 s
at 72°C for elongation for 30 cycles, and followed finally by 5 min at 72°C. The

GTTGGTCCCTATCTATTGTGC 2630

[op}

[*p]

FIG. 1. Multiple alignment of 23S rRNA gene of ERY-resistant M. pnewmoniae strains and M. prewmoniae M129, FH, and Mac. Partial
sequences of the peptidyltransferase (domain V) from positions 2051 to 2081 and 2601 to 2630 are presented. The nucleotides are numbered on
the basis of M. pneumoniae. The nucleotide sequence of M. preumoniae M129 was according to GenBank accession no. X68422. Identical
nucleotides are indicated by dashes. The positions of 2063, 2064, and 2617 are underlined.
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FIG. 2. Secondary structure of the peptidyltransferase loop in domain V of M. preumoniae 23S rRNA. Positions of theé newly found mutations
(A2063C and C2617G), as well as previously reported in vitro mutations (A2063G, A2064G, and A2064C), in clinical isolates are indicated by using
the numbering for M. pneumoniae 23S TRNA (accession no. X68422). The numbers in parentheses indicate E. coli numbering,.

products were purified with a MiniElute PCR purification kit (Qiagen, Hilden,
Germany), labeled with a BigDye Terminator V3.1 cycle sequencing kit (Applied
Biosystems), and applied to an ABI Prism 3100 genetic analyzer (Applied Bio-
systems) according to the manufacturer’s instructions. The primers used for
sequencing were the same as those used for PCR (Table 2). DNA sequences of
PCR products were compared to the sequence of M. pneumoniae M129 (acces-
sion no. X68422) by using BLAST (http://www.ncbi.nim.nih.gov/BLAST/).

RFLP analysis of point mutation in domain V of 23S rRNA. To detect the
point mutations A2063G, A2063C, A2064G, and A2617G in domain V of 23S
rRNA, Bbsl, BeeAl, Bsal, and BsmFI (New England BioLabs) were used. Sec-
ond PCR products from domain V for tested M. preumoniae strains were used
for digestion with the four restriction enzymes. After the first PCR product (927
bp) was obtained with the MH23SDVF-MH23SDVR primer pair, a second PCR
product (210 bp) was obtained with the MN23SF1937-MN23SR2128 primer pair
to detect the point mutation at 2063 or 2064 in domain V of 23S rRNA. For the
detection of point mutation at 2617 in domain V, the primer set of MN23SF2577
and MN23SF2664 was used, and a 108-bp PCR product was obtained. A portion
of the second PCR product was digested with BbsI (5 U for 1 ! of PCR product)
for the A2063G mutation, Bee AT (1 U for 1 w! of PCR product) was used for the
A2063C mutation, Bsal (10 U for 1 pl of PCR product) was used for the A2064G
mutation, and BsmFI (2 U for 1 ul of PCR product) was used for the C2617G
mutation. Digested products were electrophoresed on a 10 to 15% gradient
polyacrylamide gel (Nikkyo Technos Co., Ltd.) or on a 4% Nusieve 3:1 agarose
gel (BioWhittaker Molecular Applications, Rockland, Maine).

RESULTS

Antimicrobial susceptibility. In all, 13 (17%) of the 76 clin-
ical isolates obtained in Japan during the period from 2000 to

2003 showed various degrees of elevation of MICs against
macrolides, including the ERY MIC. The in vitro activities of
the MLS antibiotics against ERY-resistant clinical isolates and
reference strains of M. pneumoniae are summarized in Table 3.
M. pneumoniae reference strains, including M129, showed low
ERY, OL, RXM, CLR, AZM, JM, MDM, LM, RKM, and
SPM (0.0156 to 0.25 pg/ml) MICs. Of the ERY-resistant
strains, strain 377 (C2617G) showed low resistance to macro-
lide antibiotics except for OL. The 15-membered macrolide
AZM and most of the 16-membered macrolides were more
effective than the 14-membered macrolides for strain 377. Al-
though ERY-resistant clinical strains, except for strain 377,
tended to show resistance to all of the macrolides, some of
them showed different responses to RKM. That is, for strains
with an A-to-G mutation at position 2063 the RKM MICs were
not so high (<1 wg/ml). LCM and CLI, lincosamide antibiotics,
and streptogramin antibiotics showed no marked activity to-
ward the reference strains or some of the clinical isolates.
Sequencing analysis of ribosomal protein and 23S rRNA
genes. PCR amplification and sequence analysis of ribosomal
proteins and 23S rRNA were performed for all M. pneumoniae
strains used in the present study. The results are summarized
in Table 4. In domain II of the 23S rRNA containing position
752, there was no difference in sequence from that of M.
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GCAGTGAAGAACGAGGGGGGACTGTTTAACTAAAACACAACTCTATGCCAAACCGTAAGGTGATGTATATGGGGTGACACCTGCCCAGTGCTGGAAGGTT 100
MN23SDVF
AAAGAAGGAGGTTAGCGCAAGCGAAGCTTTTAACTGAAGCCCCAGTGAACGGCGGCCGTAACTATAACGGTCCTAAGGTAGCGAAATTCCTAGTCGGGTA 200
MN23SF1937

AATTCCGTCCCGCTTGAATGGTGTAACCATCTCTTGACTGTCTCGGCTATAGACTCGGTGAAATCCAGGTACGGGTGAAGACACCCGTTAGGCGCAACGG 300

C (A2063C) — BceAI [ACGGC] BbsI

G (A2063G) — BbsI [GAAGAC]
GACGGAAAGACCCCGTGAAGCTTTACTGTAGCTTAATATTGATCAGGACAT TATCATGTAGAGAATAGGTAGGAGCAATCGATGCAAGTTCGCTAGGACT 400

G (A2064G) — Bsal [GAGACC] MN23SR2128
TGTTGATGCGAAAGGTGGAATACTACCCTTGGTTGTGTGCTGTTCTAATTGGTAACTGTTATCCAGTTTCAAGACAGTGTTAGGTGGGCAGTTTGACTGS 500
GGCGGTCGCCTCCTAAAAGGTAACGGAGGCGTACAAAGGTACCTTCAGTACGGTTGGAAATCGTATGTAGAGTGTAATGGTGTAAGGGTGCTTGACTGTG 600
AGACATACAGGTCGAACAGGTGAGAAATCAGGTCATAGTGATCOGGTGGTCCAGTATGGAATGGCCATCGCTCAACGGATAAAAGCTACTCCGGGGATAA 700
CAGGCTGATACTGCCCAAGAGTTCATATCGACGGCAGTGTTTGGCACCTCGATGTCGACTCATCTCATCCTCGAGCTCAAGCAGGTTCGAAGGGTTCGGC 800

—*6 (C2617G) — BsmFI [GTCCC]
TGTTCGCCGATTAAAGAGATACGTGAGTTGGGTTCAAACCGTCGTGAGACAGGTTGGTCCCTATCTATTGTGCCCGTAGGAAGATTGAAGAGTGTTGCTT 900
MN23SF2577
2684

CTAGTACGAGAGGACCGAAGCGAGGAC 927

MN23SDVR

FIG. 3. Nucleotide sequence of the 927-bp amplicon from positions 1758 to 2684 of the 23S rRNA gene from M. prewmnoniae M129. A long
arrow indicates a primer sequence with direction. A short arrow indicates a site of mutation with a substituted base, i.e., A2063G, A2063C,
A2064G, or C2617A. A newly constructed restriction site and the responsible base change with underline is shown in parentheses with the

corresponding restriction enzyme.

preumoniae M129. Figure 1 shows the results of the nucleotide
sequence analysis of domain V, called the peptidyltransferase
region, in the 23S rRNA of the M. preumoniae strains. Five
ERY-resistant strains (1020-EMR3, 1020, 1253, 1552, and
1653) were induced with ERY in vitro, as previously reported
(17). Figure 2 shows the position of a point mutation on the
peptidyltransferase loop in domain V of M. pneumoniae 23S
rRNA. Of 13 ERY-resistant clinical isolates, 10 (77%) showed
A2063G transition, and the remaining 3 showed one A2064G
transition, one A2063C transversion, and one A2617G trans-
version. Of the ERY-resistant strains obtained in vitro, strain
1020-EMR3 had C2617G and strain 1552 had two point mu-
tations: A2064C and C2617A. Compared to the sequence of
the M129 strain, different nucleotides were found in some
strains (350, 376, 377, 378, 379, FH, and Mac) at positions 162
and 430 of L4 and 279 of L22 ribosomal protein genes. These
differences are related to two different types of M. pneumonine
strains (19). Mutation T508C of the 1.22 ribosomal protein
gene was observed in all strains used in the present study
except for M129. Thus, these nucleotide differences are not
involved in the ERY resistance of M. preumoniae. Although
C62A and C341T mutations were found in strain 1253, it is
uncertain whether these mutations are involved in ERY resis-
tance because of the A2064G mutation, which imparts high
ERY resistance.

RFLP analysis of ERY-resistant M. preumoniae strains. To
detect a point mutation at position 2063 or 2064 of the 23S
rRNA gene, a second PCR product (210 bp) was digested from
the first PCR product (927 bp) with suitable restriction en-
zymes. Digestion with Bsal generated two fragments of 124
and 86 bp for ERY-susceptible strain M129, whereas three
fragments of 124, 57, and 29 bp were obtained in the case of
the A2063G mutation (lanes 2 and 3 in Fig. 4A). Two frag-
ments of 158 and 52 bp were generated with BceAl in the case
of the A2063G mutation (lane 5 in Fig. 4A), and two fragments
were generated with Bsal in the case of the A2064G mutation
(lane 7 in Fig. 4A). Strain M129 has no cut site for the second
PCR product with Bce Al and Bsal (lanes 4 and 6 in Fig. 4A).
To detect a point mutation at position 2617, the PCR primer
pair MN23SF2577 and MN23SDVR was used, generating a
108-bp product (Fig. 3). Although there was no restriction
enzyme to digest C2617A or C2617G mutation, the M129
strain had a restriction site with BsmFI and generated two
fragments of 81 and 27 bp (Fig. 4B).

DISCUSSION

In general, macrolides such as ERY, CLR, and AZM are
used as the first-choice therapeutic agent for treating M. preu-
moniae infections in children, as well as in adults. We isolated
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(bp)

FIG. 4. Restriction analysis of 210-bp (A) and 108-bp (B) amplicons from the peptidyltransferase region (domain V) in 235 rRNA of M.
preumoniae. (A) Restriction profile for detection of the A2063G, A2063C, and A2064G mutations. Lanes: 1, DNA size marker (25-bp DNA step
ladder; Promega); 2, 4, and 6, M. pnewmoniae M129 (susceptible strain) treated with BbsI (lane 2, 124-, and 86-bp products) and BeeAl and Bsal
(lanes 4 and 6, respectively; uncut 210-bp product); 3, strain 375 (A2063G) treated with Bbsl (124-, 57-, and 52-bp products); 5, strain 376 (A2063C)
treated with BeceAl (158- and 52-bp products); 7, strain 1020 (A2064G) treated with Bsal (141- and 69-bp products). (B) Restriction profile for
detection of C2617 mutation with BsmFI digestion. Although M. preumoniae M129 and strain 375 (A2063G) produced two fragments of 81 and
27 bp (lanes 1 and 2), the 108-bp fragment remained uncut in strains 377 and 1020-EMR3 (C2617G) as a result of loss of the restriction site for
BsmF1 (lanes 3 and 4). Lane 5, DNA size marker (25-bp DNA step ladder; Promega).

76 M. pneumoniae strains from three geographically distant
regions in Japan (Hokkaido in the northern island, Kanagawa
in the central region, and Kochi in south) and found that 13
strains (17%) were ERY resistant. Although resistance to
ERY was observed many years ago in a few M. pneumoniae
strains (16, 20), when we investigated the ERY MICs for 296
M. pneumoniae strains isolated in Japan from 1983 to 1998, no
ERY-resistant strain was found among them (data not shown).
Thus, we concluded that ERY-resistant M. pneumoniae had
appeared in 2000 and spread rapidly in Japan. We applied our
established RFLP analysis to ca. 1,000 sputum samples taken
from patients with respiratory infections from 2000 to 2002 and
found that 23 (24%) of 94 PCR-positive samples for M. preu-
moniae DNA had the ERY resistance-inducing point mutation
A2063G (unpublished data). Whether or not the prevalence of
ERY-resistant M. pneumoniae and the predominance of
A2063G among the isolates are peculiar to Japan needs to be
clarified by future studies outside Japan. '
The mechanisms of resistance to MLS antibiotics in various
microorganisms have been reviewed and include modification
of the target site, active efflux, or inactivation (13, 24-26). The
MLS antibiotics inhibit protein synthesis by binding to domains
IT and V of 235 rRNA (3, 26). In particular, it has been clearly
shown that ribosomal mutations in domains II and V of 235
rRNA and mutations in ribosomal protein L4 (rpID) and L22
(rplV’) are related to resistance to MLS antibiotics (2, 4). In LA
and 122 ribosomal proteins, no mutation that clearly contrib-
uted to resistance to macrolide antibiotics was found, although
one strain (strain 1253) exhibited mutations of the L22 protein,
such as C62A and C341T, in vitro. We found several point
mutations in domain V of 23S tRNA in ERY-resistant M.
prneumonige but none in domain II of 235 rRNA. Among them,
the point mutations at position 2063 or 2064 in domain V have

been reported in several pathogens such as E. coli, H. pylori,
Mycobacterium spp., and S. pneumoniae (24) and generated
strong resistance to macrolide antibiotics. Transversions of C
to G and C to A at position 2617 of domain V were observed
in a clinical isolate (strain 377) and ERY-induced strains
(1020-EMR3 and 1552), respectively. On the other hand, it has
been reported that C-to-U transition at position 2611 (corre-
sponding to 2617 in M. pnewmoniae numbering) in clinical
pathogens such as Neisseria gonorrhoeae (15), Streptococcus
pyogenes (11), Mycoplasma hominis (18), Chlamydia trachoma-
tis (12), and E. coli (23) was associated with macrolide resis-
tance. M. pneumoniae strain 1552, derived by incubation with
ERY in vitro, showed A2064C transversion and C2617A trans-
version. The mutation at position 2617 produced less resis-
tance to macrolide antibiotics than did the mutation at position
2063 or 2064 of domain V. Based on our results, it is consid-
ered that transition is the predominant type of mutation in
M. pneumoniae. This may be due to the structural difference
between purine and pyrimidine. These results support the ob-
servation in E. coli that the apparent dissociation constant (K,)
for ERY of C2611U (corresponding to 2617 in M. pneu-
monige) [K, = (4.4 = 0.9) X 1077] is ca. 480 times higher than
that of the A2058G (2063 in M. prneumoniae) E. coli strain
[K, = (1.9 = 0.3) X 107*] (3). As mentioned above, macrolide
resistance of M. preumonige has been explained thus far in
terms of mutation of 23S rRNA. However, M. hominis was
associated with an absence of intracellular accumulation and
ribosomal binding of macrolide antibiotics (18). These results
suggest that several different mechanisms of macrolide resis-
tance exist in Mycoplasma species.

Table 1 summarizes information about the patients from
whom ERY-resistant M. pneumoniae strains were isolated. Al-
though these patients were actually infected with ERY-resis-
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tant M. pneumoniae, macrolides were apparently effective after
their first administration in six (ERY in cases 383 and 384,
CLR in case 350, and AZM in cases 377, 378, and 381) of the
ten patients for whom the clinical course was known. One
possible explanation may be the anti-inflammatory effects of
macrolides, which inhibit the production of cytokines such as
proinflammatory tumor necrosis factor alpha, interleukin-13
(IL-18), IL-6, IL-8, and so on rather than the antimicrobial
effect (1, 7, 8, 21). Much more information is available about
the immunopathological mechanisms of M. preumoniae pneu-
monia, particularly with regard to a wide variety of cytokines.
Among them, Thl-type cytokines (22) and IL-8 (14) might play
significant roles in the pathomechanism. In this context, recent
investigations have revealed that macrolides modulate the ac-
tions of these cytokines (5, 9). It is therefore a reasonable
proposition that macrolides, particularly 14- and 15-membered
macrolides, exert their clinical efficacy in the treatment of M.
pneumoniae pneumonia through immunomodulation. Our re-
sults obtained for patients with ERY-resistant M. prneumoniae
infection strongly suggest that the beneficial effects of macro-
lides in the treatment of M. prnewmoniae pneumonia are not
solely due to direct antimicrobial activity and support the idea
that immunomodulatory effects of macrolides play an impor-
tant role in recovery from the illness.

In conclusion, we found 13 strains of macrolide-resistant
M. prneumoniae among 76 clinical isolates obtained during the
period from 2000 to 2003, despite the fact that no resistant
strain was found among 296 isolates from 1983 to 1998. The
predominant mutation was A2063G in domain V of 23S rRNA
(10 of 13 resistant strains), and mutations involving either
A2063 or A2064 resulted in high MICs to macrolide antibiot-
ics. On the other hand, mutations involving C2617 in domain V
of 23S rRNA generated less resistance to ERY than mutations
involving A2063 or A2064. Our results indicate that macrolide-
resistant M. pneumoniae is spreading in Japan, and it will be
necessary to reconsider the effectiveness of macrolides in the
treatment of patients with M. preumoniae pneumonia.
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Abstract.

Four cases with Mycoplasma pneumoniae pneurmonia were presented from which macrolide-resistant M. preumoniae strains were

isolated. Three kinds of a point mutation were identified in 23S rRNA of the isolates. Despite of having those mutations in their isolates,

the patients were successfully treated by a macrolide therapy. As many as 17% of circulating strains of M. pneumoniae are macrolide-

resistant currently in Japan. Nevertheless, apparently no serious problems have been reported to date that can be ascribed to those

resistant strains. The efficacy of macrolides in improving the clinical picture of M. pneumoniae pneumonia, specifically concerning their

immunomodulatory action with anti-inflammatory effects, is discussed.

Introduction.

Only a few studies on macrolide-resistant M. pneumoniae
have been reported to date, and the clinical manifestations of
infection with resistant strains of M. prneumoniae have not been
sufficiently described. In this point, the author obtained a
macrolide-resistant strain of M. pneumoniae for the first time in
2000 in Sapporo, subsequently in Ikeda in 2002, and noted that
the clinical course of the patients did not necessarily indicate

macrolide-resistance.

Case reports.

Case | was a 9-year-old girl having pneumonia in the left
middle lung field diagnosed by her primary physician. Despite 7
days of treatment with intravenous clindamycin, the symptoms
of fever and coughing continued and she developed right upper
lobe pneumonia as well. The treatment was changed to an oral
clarithromycin therapy and her sustained fever regressed sharply
within 2 days and the abnormalities in chest radiograph
improved in a week. Case 2 was a 12-year-old girl who was
diagnosed as having left upper lobe pneumonia at the Ikeda
Municipal Hospital. Her initial treatment with clarithromycin
which had not been effective was replaced by azithromycin on
the 3rd day of illness, and her fever subsided gradually taking
over 3 days during the azithromycin treatment. Case 3 was a 2-
year-old girl who developed fever and coughing and was initially
treated by cefditoren-pivoxil, an oral cephem, for 4 days without
improvement. The treatment was changed to azithromycin

therapy on the Sth day of illness when pneumonia was found in

the left middle lung field. Her fever regressed next day. Case 4
was a 7-year-old girl who developed fever and coughing and
came to the Ikeda Municipal Hospital. Her fever regressed
within 2 days following the commencement of azithromycin

therapy.

Methods.

For isolation of M. pneumoniae, throat swab samples were
obtained at the first visit to hospitals and inoculated into PPLO
liquid medium. Minimal inhibitory concentrations (MICs) were
determined at the Kanagawa Prefectural Public Health
Laboratories by a micro dilution method based on NCCLS. An
MIC was recorded as the lowest concentration of antibiotic that
suppressed the growth of M. pneumoniae when the color of the
growth control medium changed. 23S rRNA gene sequences
were determined at the National Institute of Infectious Diseases

in Musashi-murayama by direct sequencing of PCR products.

Results.

Results of susceptibility testing for the isolates obtained
from the 4 patients (designated as isolates 1-4) along with other
susceptible isolates are shown in Table 1.

Unexpectedly in case I, the isolate was resistant to
clarithromycin which was clinically effective, and similarly in
cases 2 and 3, the isolates were resistant to azithromycin in vitro.
Isolate 4 showed various degrees of increases in MICs for
macrolides. Direct sequencing of the domain V of 23S rRNA

gene detected a point mutation of A2063G transition for isolates
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Table 1. MiCs of macrolides and other antibiotics for
M. pneurnoniae clinical isolates.

Isolate 1 | Isolate2 | Isolate3 | Isolate 4

ibioti Others (n=9
Antibiones | 1 0636) | (A20630) | (A2063G) | (C2617G) (n=3)
Erythromycin | >12.5 >125 >125 3.125 0.006-0.012
Clarithromycin | >12.5 >12.5 >125 0.78 0.00048-0.003
Oleandomycin | >12.5 >125 >125 >12.5 0.049-0.195

Roxithromycin | >12.5 >12.5 >12.5 12.5 0.00152-0.003

Azithromycin | >12.5 >125 >125 0012 0.000012
Josamycin 125 >1235 12.5 0.049 0.006-0.049
Spiramycin 125 >123 12.5 0.78 0.012-0.195
Midecamycin | >12.5 >125 125 0.195 0.012-0.049
Kitasamycin |4 >125 4 0.195 0.006-0.012
Clindamycin [ >12.5 >125 >12.5 2 3.125->12.5
Tetracycline | 0.39 0.39 0.39 0.78 0.195-0.78
Minocycline | Not tested | 0.098 0.098 039 0.098-0.39

land 3, A2063C transversion for isolate2, and C2617G
transversion for isolate 4. A2063 is corresponding to A2058 in
Escherichia coli, and C2617 corresponding to C2611.

Including the 4 strains presented above, a total of 13 strains
of macrolide-resistant M. pneumoniae have been obtained (Table
2). A strain with A2064G transition was recently found. As many
as 17% of circulating strains of M. pneumoniae were macrolide-
resistant. Places of isolation are geographically distant from each
other, therefore, this number of occurrence must represent the
ubiquitous status in Japan. From the clinical point of view, not a
single doctor who saw the patients in unrelated hospitals felt that
macrolides were effective in 8 out of the 1 cases with resistant

strain infection for which clinical records were available.

Discussion.

Two points must be emphasized from this study. Firstly, the

frequency of resistant strains may actually have been increasing
in recent years, because, among 296 isolates obtained in Japan
during 1983-98, we could not find any resistant strain. Secondly,
our routine drug susceptibility testing for M. pneumoniae
clinical isolates might contribute to detect indwelling mutants
such as isolates 3 and 4, for which, the clinical course did not
show any drug resistance. This may have a significant
implication as regards to the pathomechanism of M. pneurnoniae
pneumonia.

In this context, a concept of immunopathogenesis of M.
prneumoniae pneumonia must be important. A glycolipid
membrane of M. preumoniae is a potent inducer of cytokines
and  much  information is available about the
immunopathological mechanisms of M. preumoniae pneumonia,
particularly Tas regards to a wide variety of cytokines. Among
them, the author and coworker, TANAKA Hiroshi of the third
Department of Internal Medicine, Sapporo Medical University,
have presented the data that IL.-18 and IL-8 must play significant
roles in the immunopathological mechanism. For this point,
recent investigations have revealed that 14-and [5-membered-
ring macrolides can modulate the actions of these cytokines. It is,
therefore, a reasonable assumption that macrolides exert their
therapeutic effects on the treatment of M. pneumoniae
pneumonia not only by their anti-microbial activity but also
through their immunomodulatory action with anti-inflammatory
effects.

Following the infection, M. pneumoniae slowly increases in
number, taking 2 or 3 weeks of incubation. When the amount of
bacteria reaches a certain level, a host recognizes the infection
and elicits immune responses, initially by cytokines which may
be evoked within hours, and later by specific antibody

production which may take place within days. With the initiation

Tabie 2. Macrolide resistant M. pneumoniae isolated from patients and their information.

Mutation Patient Antimicrobial agents Hospital/
Age Symptoms/Disease 1 st choice/Effect 2 nd choice/Effect Institute
A2063G 9  Pneumonia Clindamycin/— Clarithromycin/-+ Sapporo
3 Pneumonia Unknown Kochi
4 Pneumonia Unknown Kochi
2 Pneumonia Cefditoren Pivoxil/— Azithromycin/ + Sapporo
9  Pneumonia Clarithromycin/—~ Azithromycin/— Chigasaki
11 Pneumonia Clarithromycin/— Minocycline/ -+ Chigasaki
{1 Pneumonia Azithromycin/+ Chigasaki
7  Pneumonia Rokitamycin/— Azithromycin/— Chigasaki
7  Pneumonia Cefdinir, Fosmicin/— Erythromycin/+ Chigasaki
?  Pneumonia, Pleuritis Clarithromycin/+ Kanagawa
A2063C 12 Pneumonia Clarithromycin/ — Azithromycin/+ Ikeda
A2064G 5  Bronchitis Cefaclor/ — Erythromycin/+ Chigasaki
C2617G 7  Fever and Cough Azithromycin/+ Ikeda

Effect; +; Clinically improved, —; Clinically no effect
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Figure. Hypothetical presentation of clinical efficacy of
macrolides in the treatment of M. pneumoniae
pneumonia.

of these host immune responses, propagation of M. pneumoniae
becomes to be suppressed and at the same time, on the other
hand, the pathological feature of pneumonia appears. Later in the
course, the host immune responses achieve a pléteau, pneurnonia
begins to resolve, and it disappears usually with a 2 or 3 weeks
of self-limited natural course. Our results strongly suggest that
the beneficial effects of macrolides for the treatment of M.
pnewnoniae pneumonia are not solely dependent on their direct
antimicrobial activity, and the author bélieves that the
immunomodulatory action must play an important role. That is,
in the early phase of infection, certainly, the anti-microbial
activity is critical to suppress the propagation of M. pnewmoniae.
In the middle phase of infection, the immunomodulatory action
becomes to be necessary. In the later phase of infection, the anti-
inflammatory effects, even more than the anti-microbial activity,
may become important for the clinical efficacy of macrolides in
terms of improving the clinical picture of pneumonia. The
efficacy of macrolides unexpectedly observed in the course of
macrolide-resistant M. pnewmoniae pneumonia can be explained

by this scenario.
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