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A new molecular subtyping approach was developed which is based on the amplification and sequencing of
a repetitive region of the P1 gene of Mycoplasma pneumoniae. It allows the differentiation of all known subtypes
and variants of M. pneumoniae as well as the identification of new subtypes directly in clinical samples to
characterize endemic and epidemic M. pneumoniae infections.

Mycoplasma pneumoniae is a common agent of infections of
the human respiratory tract, with clinical courses ranging from
mild forms of pharyngitis and tracheobronchitis to severe cases
of interstitial pneumonia (11). Epidemiological studies have
shown that M. pneumoniae is responsible for up to 50% of
community-acquired pneumonias (7, 15, 26). Epidemic out-
breaks were registered in time intervals between 3 and 7 years
(16, 22), leading to the hypothesis that different subtypes of M.
pneumoniae with variable antigenic properties are circulating
in the human population (6, 10). Although from a genetic point
of view M. pneumoniae can be considered a highly uniform
species, isolates could be assigned to two subtypes differing
significantly in the sequences of only four adherence-related
proteins (18, 21, 23). Among these, the 170-kDa protein P1 was
identified as a major adhesin and an immunodominant protein
of M. pneumoniae (9, 19). The P1 gene (MPN141) (2) contains
copies of repetitive elements (repMp4 and repMp2/3) (20)
with subtype-specific sequence differences (Fig. 1). Recently,
two variants of M. pneumoniae were described which showed
sequence variations in only the repMp2/3 element of the P1
gene (4, 12). Epidemiological information regarding the sub-
types of M. pneumoniae infections is based on the molecular
typing of limited numbers of isolated strains (1, 3, 5, 13, 22, 25).
More detailed knowledge is hampered by the fact that culture
of M. pneumoniae is time-consuming (up to 21 days) and is not
a widely used method in routine bacteriological practice com-
pared to serology, direct antigen tests, or PCR (17, 24, 26).

Here we present a method for the characterization of sub-
types and variants of M. pneumoniae in DNA samples from
73 respiratory tract specimens (sputa, bronchoalveolar lavage
fluid, and throat washing fluid) collected in the years 2003-
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2005 in a German network of competence (CAPNETZ)
established to investigate the etiology of community-ac-
quired pneumonia (27). The collection was complemented
with 35 PCR-positive specimens (nasopharyngeal and pha-
ryngeal swabs) from outpatients in Switzerland sampled in
the years 2004-2005.

DNAs in all samples were isolated with a QlAamp DNA
mini kit (QIAGEN, Hilden, Germany) according to the man-
ufacturer’s recommendations. The subtyping protocol is based
on a nested PCR to amplify part of the repMp2/3 element of
the P1 gene of M. pneumoniae, followed by sequencing. The
primer pairs (ThermoHybaid, Ulm, Germany) used for the
first amplification and nested PCR are summarized in Table 1.
First amplifications were done in a final volume of 25 pl con-
taining 2.5 pnl 10X PCR buffer (Promega, Madison, WI), 2.5 pl
deoxynucleoside triphosphates (200 mM each; HYBAID-AGS,
Heidelberg, Germany), 0.125 pl AmpliTaq (Promega, Madi-
son, WI), 1.0 pl of each primer (10 pmol), and 2.5 ul template.
The reaction mix was heated for 3 min at 94°C, and the DNA
was amplified by 35 cycles, using the following settings: 60 s at
94°C, 60 s at 58°C, and 3 min at 72°C, followed by a final
10-min extension at 72°C. A 1-pl portion of the first-round
PCR product was used for nested PCR. The amplification
program was set as described above, but with a cycle number of
30. Under the same conditions, a seminested PCR with the
product of the first amplification and primers Mp5f and Mp19r
was carried out to amplify the complete repetitive element
repMp2/3. PCR products were analyzed in a 1.5% agarose gel,
purified with a QIAquick PCR purification kit (QIAGEN,
Hilden, Germany), and sequenced using a BigDye Terminator
cycle sequencing kit and an ABI PRISM 377 DNA sequencer
(Applied Biosystems, Foster City, CA).

A 401-bp region (nucleotide positions 3379 to 3779 from the
start of the P1 gene in M. pneumoniae M129) (8) was selected
for comparison of the nucleotide sequences of the investigated
samples with the published P1 sequences of M. pneumoniae
strain M129 (subtype 1, accession number M18639), strain
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FIG. 1. Schematic illustration of the P1 gene (MPN141) of M. pneumoniae and location of the investigated 401-bp part (nucleotide positions
3379 to 3779) of the repetitive element repMp2/3. The nucleotide positions are in relation to the start of the P1 gene of the subtype 1 strain M.
pneumoniae M129 (8). Locations of the primers are indicated by arrows.

1842 (subtype 2, AF290002), variant 1 (AF290000), and variant
2 (AB024618). As indicated in Fig. 2, the sequences show clear
differences between the known subtypes and variants of M.
pneumoniae. In samples with the novel repMp2/3 sequence,
the complete repetitive element (nucleotide positions 2047 to
3847 from the start of the P1 gene in M. pneumoniae M129) (8,
20) was sequenced, using the primers Mp5f, Mp6f, Mp7f, and
Mp19r (Table 1; Fig. 1). Sequence analysis was performed
with the SeqMan and MegAlign tools and protein translation
was done with the EditSeq tool of the program DNAStar
(DNASTAR Inc., Madison, WI), using the Mycoplasma coding
table.

Figure 3 summarizes the sequencing results for the 108 am-
plicons obtained by subtyping PCR targeting the repetitive
element repMp2/3 of the P1 gene of M. pneumoniae in clinical
samples. No differences between the samples from Germany
and Switzerland concerning the relative proportions of sub-
types and variants were detected. Overall, 43 sequences could
be assigned to subtype 1 (39.8%), 38 could be assigned to
subtype 2 (35.2%), and 21 were identical to the repMp2/3
sequence of variant 2 isolates (19.4%). Sequences typical for
variant 1 strains could not be found during the period 2003—
2005. The DNAs in six samples (representing 5.6% of all sam-
ples) revealed a repMp2/3 element of the P1 gene which was

TABLE 1. Primers used for amplification and characterization
of repMp2/3 of the P1 gene (MPN141) of M. pneumoniae
in respiratory tract samples

. . Size (bp)
Primer purpose Primer Sequence (5'-3") Nucl_e f’“‘?ﬁ of
name position’ b
product
First amplification Mp5f  TTG ACA AGA CCG  1992-2011 2,465
TCC AAT CC
Mplér TTG GTT GGG TAT  4456-4435
CTT GAT CAG G
Nested PCR Mplilf CCT CGT TGT CAG  3315-3333 533
TGG CAC C
Mpldr GCT GGG TGG AAT  3847-3827
GGT CTG TAC
Seminested PCR~ Mpl19r GTT TCC GTC ACT 4038-4019 2,047
CGT GCT TG
Sequencing Mp6f GGG AAT GGG TAC  2434-2454
AGG TAT GGC
Mp7f  AGG CCA CCA ACT  2882-2900
ACA CCA A

“ From the start of the P1 gene.
® Corresponding to the sequence of the subtype 1 strain M. pneumoniae M129 (8).

not identified in previously characterized isolates of M. pneu-
moniae. The following identities of the nucleotide/amino acid
sequences of the novel repMp2/3 element with the published
complete repMp2/3 sequences in the P1 genes of other sub-
types and variants of M. pneumoniae were calculated: 91.1/
90.0% (subtype 1, strain M129), 93.9/92.9% (subtype 2, strain
1842), 92.3/91.4% (variant 1), and 96.7/95.7% (variant 2). Iden-
tities of the repMp2/3 elements of the P1 genes in the six
differing patient samples to the 10 repMp2/3 nucleotide se-
quences characterized for M. pneumoniae strain M129 (8, 20)
varied between 25.1 (repMp2/3-815) and 91.1% (repMp2/3-
817).

The results of different studies based on the characterization
of isolated strains confirmed the parallel occurrence of the two
subtypes of M. pneumoniae in the human population (5, 10,
22). The investigation of limited numbers of isolates showed
the dominance of one subtype, followed by an increase in the
other subtype during the next years. This led to an alternation
of specific subtype accumulations or outbreaks (5). Experimen-
tal results supposed a subtype-specific host immune response
which might be responsible for changes in protective host im-
munity and for the switch of the dominant subtype (6, 10).

STt 1127 FVKPRAGYLGLQLTGLDASDATCRALIWADPRPWARA
ST2 1134 ' LKPRACGY LGLQLIGLODASDATQRALLWAPRD WAA
V1 1130 FIKPRAGYLGLQUL|S|GLDASD[SDQRE[LIWAKREWAR
V2 1134 FIKPRACYLGLQL LDASDATQRALIWAPRPWAR
V2b TVIKPRAGY UGLQUEGIDASPBRORMTLTWAPRP WARA
ST1 FRESWYVNRLGRYVESVWDLKGVWADQAQS DS QGS T
ST2 FRGSWVNRLGRVESVWDLKGVWADQAQGSDSQGST
V1 tRGSWVNR;GRVESVWJ;KGVWAUQAQ!E!QAAQ
V2 FRGSWVNRLGRVESVWDLKGVWADOQAGSDSQGST
V2h FRGSWVNRLGRVESVWDLXGVWADOQAC[LAAQR2|T
ST1 ——iTTaTRNAL?D NALAFQVSVVERASAYKPNT
ST2 ¢ AFQVSVVEASAYK?

V2 PEHPNALA[YQO[T|SYTDRKD S YKAS T
V2bh SA\\A\Ezj‘ﬁﬁnﬁ\A‘AEQ[SYWDKDSYKAS”

ST1 SGQTQSINSSPYLH KPXKKV[TQSDKLDLDDLK 1259
ST2 SGCTGCGSTNS L H (PKKVIQSDKLDQLK 1266
Vi s G{S G 5/SIS|N[T L H KPKKVESTTCLDC K 1263
V2 3G R BHLIKPRKKVESTTOLDOGHK 1263
V2b 5 GQ T|N[s|g|NiN|s] LALIKPXKVESTTQLDQGLK

FIG. 2. Differences between the amino acid sequences of the P1
proteins of subtypes 1 (ST1) and 2 (ST2) and variants 1 (V1) and 2
(V2) of M. pneumoniae in the investigated 401-bp part of the repetitive
element repMp2/3. Amino acid positions of the P1 proteins are indi-
cated according to the published sequences (4, 8, 12, 23). The sequence
of the new variant was characterized as V2b.
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FIG. 3. Time-dependent distribution of sequences typical for sub-
type 1 (ST1), subtype 2 (ST2), variant 2 (V2), and the new variant V2b
of M. pneumoniae (n = 108 [73 samples from Germany and 35 samples
from Switzerland]).

The sequences of the new repMp2/3 element (Fig. 2) of the
P1 gene were identical in clinical samples taken from six epi-
demiologically unrelated patients at different locations and
times, demonstrating the occurrence of the variants in speci-
mens from Germany and Switzerland. According to the se-
quence of the P1 gene, the M. pneumoniae strain can be con-
sidered variant (6). Sequencing of the repMp4 element of
these samples resulted in complete homology with the subtype
2-specific sequence (23; data not shown), indicating a one-step
recombination in the repetitive elements of the P1 gene. This
fact is in agreement with the sequences of variants 1 (4) and 2
(12), which also demonstrate differences only in the repMp2/3
element of the P1 gene. The sequence should therefore be
classified as variant 2b, whereas the former variant 2 has to be
categorized as variant 2a. Further investigations are necessary
to determine the antigenic properties of the variable sequences
in the P1 gene and their influence on the immune response of
the host.

Seventy-five percent of the investigated sequences could be
assigned to the two subtypes, which showed almost equal dis-
tributions over 3 years. In a recent study on subtyping of more
than 100 M. pneumoniae isolates from different countries, 3%
of the strains belonged to variant 2a (5). Among 218 strains
from pneumonia patients in Japan, nearly 2% (four strains)
were variant 2a isolates (12). In the present study, a signifi-
cantly larger proportion (19%) of the sequences could be as-
signed to variant 2a, indicating a more frequent circulation of
these strains in the investigated population.

This study is the first to subtype M. pneumoniae directly in
respiratory tract specimens from patients with community-ac-
quired pneumonia by a molecular approach which includes all
known variants (14). The results are important for an actual
overview of the predominant M. pneumoniae strains, giving the
opportunity to recognize changes of the subtype/variant com-
position which probably indicate the starting point of an in-
creased number of respiratory tract infections. Furthermore,
the molecular, culture-independent investigation of clinical
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material provides an early indication of the emergence of new
combinations of repetitive elements in the P1 gene with the
potential for spreading in the human population. The novel
repetitive element repMp2/3 in the P1 genes in respiratory
tract specimens from six patients confirmed the possibility of
ongoing recombination processes in M. pneumoniae for which
the molecular basis is currently not understood.

Nucleotide sequence accession number. The sequence of the
novel repMp2/3 element reported in this study is listed in the
GenBank nucleotide sequence data bank under accession
number DQ383277.
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