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Several Chlamydia trachomatis lineages identified
through outer membrane protein A genotyping or multi-
locus sequence typing have been circulating worldwide
among men who have sex with men. In a study in Tokyo,
Japan, we demonstrate that such lineages commonly
belong to a specific polymorphic membrane protein E
clade across genotypes.

hlamydia trachomatis infection is the most common

sexually transmitted infection (STI) worldwide.
Because most infections are asymptomatic, sexual
transmission generally occurs without notification.
This aspect of transmission creates a risk for persis-
tent undiagnosed C. trachomatis infection, which can
lead to ascending infection in the female genital tract
and result in serious conditions, such as pelvic inflam-
matory disease, ectopic pregnancy, and infertility.

The standard epidemiologic marker used for C.
trachomatis genotyping is ompA, which encodes the
major outer membrane protein. C. trachomatis is clas-
sified into 18 genotypes on the basis of ompA diver-
sity, and the genotypes are further categorized into
3 groups on the basis of their predominant anatomic
sites: ocular (A-C), urogenital and anorectal (D-K),
and lymphogranuloma venereum (L1-L3). The mo-
lecular epidemiology of C. trachomatis is characterized
by the predominance of ompA genotypes D, G, and ]
among men who have sex with men (MSM) in many
countries (1-8). Multilocus sequence typing (MLST)
has revealed that MSM-specific sequence types (STs)
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are present in these genotypes (5-8) and that those
STs are distributed globally, suggesting the pres-
ence of specific international transmission networks
among MSM. However, how the specific STs were
selectively disseminated among MSM across several
ompA genotypes or whether they have any shared un-
derlying characteristics are unclear. The purpose of
this study was to characterize the molecular epidemi-
ology of C. trachomatis among MSM in Tokyo, Japan.

The Study
We focused on C. trachomatis polymorphic membrane
protein (Pmp) variation, which is considered to play a
key role in the initial infection process (9,10). Among
9 Pmp groups (PmpA-PmpH), PmpE is the most di-
verse, and a specific clade has been identified in rectal
samples from MSM (11), suggesting a potential target
for molecular epidemiologic studies of C. trachomatis.
The clinical specimens were collected from MSM
at an outpatient clinic at the National Center for Glob-
al Health and Medicine in Tokyo that specializes in
providing care for MSM. We collected 7,200 pharyn-
geal and 1,904 urogenital specimens during October
2018-March 2021, and collected 703 rectal specimens
during April 2019-March 2021. The men were partici-
pants in an HIV-negative cohort study on implemen-
tation of preexposure prophylaxis. The specimen col-
lection methods have been described previously (12).
In addition, 200 urogenital specimens and 42 cervical
specimens were collected as non-MSM samples from
outpatients attending general clinics (not specifical-
ly for MSM) with urinary or genital tract infections
during the same period. The major departments of
those clinics were obstetrics and gynecology (clinic
A), gastroenterology (clinic B), and urology (clinic
C). We selected patients who had clinically suspected
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Figure 1. Minimum spanning tree based on sequence types (STs) and ompA of 298 Chlamydia trachomatis samples in study of
clustering of specific polymorphic membrane protein E clade in C. trachomatis lineages from MSM, Japan. Each node indicates the ST
number. SLVs and DLVs are linked. Samples from MSM are outlined in red, reflecting the proportion of samples in each node. The colors
represent the ompA genotype. Nodes that contain several genotypes are shown as pie charts. Dashed lines are the assumed borders
between the MSM and non-MSM lineages. DLV, double-locus variant; MSM, men who have sex with men; SLV, single-locus variant.
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Figure 2. Nonrooted phylogenetic tree created on the basis of
polymorphic membrane protein E of 298 Chlamydia trachomatis
samples in study of clustering of specific polymorphic membrane
protein E clade in C. frachomatis lineages from MSM, Japan.

A) Cluster of 96.7% MSM (237 samples) and 0% non-MSM (0
samples); B) cluster of 3.3% MSM (8 samples) and 100% non-MSM
(53 samples). p1 and p2 are 2 clades representing the MSM (p1) and
non-MSM (p2) populations. The amino acid sequences of p1-1 to
p2-10 are shown in Appendix 2 Figure (https://wwwnc.cdc.gov/EID/
article/30/10/24-0852-App1.pdf). Numbers of samples included in
each sequence: p1-1,n =178; p1-2,n =56; p1-3,n=1; p1-4,n=1;
p1-5,n=1; p2-1, n = 16; p2-2, n = 14; p2-3, n = 10; p2-4, n = 9; p2-5,
n=6;p2-6,n=2;p2-7,n=1;p2-8,n=1; p2-9, n=1; and p2-10, n =
1. Scale bar indicates the number of amino acid differences.
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Neisseria gonorrhoeae or C. trachomatis infection. This
study was approved by the ethics committee of the
Tokyo Metropolitan Institute of Public Health (ap-
proval no. SBKENKENKENDAI465GOU).

We sequenced the C. trachomatis-positive speci-
mens, confirmed using an Aptima Combo 2 transcrip-
tion-mediated amplification test (Hologic, https://
www.hologic.com), to determine the ompA geno-
types, as described previously (13). We performed
MLST targeting 5 regions (hctB, CT058, CT144, CT172,
and pbpB) using the Uppsala scheme as described
in the PubMLST website (https://pubmlst.org/
organisms/chlamydiales-spp), assigning new STs
when they were discovered. On the basis of the de-
termined STs, we constructed a minimum-spanning
tree using the GrapeTree tree visualization pro-
gram (14) with the MSTreeV2 algorithm. We ampli-
fied the near-full length of PmpE-encoding regions
(2740 bp), which includes 5 variable regions (11), by
nested PCR using primer sets. We used pmpE_1st_F
(5'-GAAAAAAGCGTTTTTCTITTTTCCTTATCG-3')
and pmpE_1st R (5-TCCCCATTGAGATAATTA-
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C. trachomatis from Men Who Have Sex with Men

Table. Detected polymorphic membrane protein E clades of Chlamydia trachomatis according to study population and anatomic
source of sample in study of C. trachomatis lineages from MSM, Japan*

No. (%) samples

Sample type p1 p2 Total
MSM samples
Rectal 201 (97.6) 5(2.4) 206 (100)
Pharyngeal 25 (93) 2(7) 27 (100)
Urogenital 11 (92) 1(8) 12 (100)
Total 237 (96.7) 8(3.3) 245 (100)
Non-MSM samples
Urogenital 0 35 (100) 35 (100)
Cervix 0 18 (100) 18 (100)
Total 0 53 (100) 53 (100)

*The proportions of p1 and p2 in the MSM population did not differ significantly among the rectal, pharyngeal, and urogenital specimens (p = 0.141 by

Fisher exact test). MSM, men who have sex with men.

CAGAAGGTTGA-3) for the first PCR and used
pmpE_2nd_F  (5-AACTCAGTTCCAGATCCTAC-
GAAAGAGTC-3') and pmpE 2nd_R (5'-ACTG-
GAAATGGAGAGTTAACCAACTCAAAG-3) for
the second PCR. We sequenced the PCR products
through amplicon sequencing using MiSeq (Illumina,
https:/ /www.illumina.com). We constructed a non-
rooted phylogenetic tree with the neighbor-joining
method on the basis of the amino acid differences
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with MEGAY software (https:/ /www.megasoftware.
net) using the amino acid sequences (907 aa) obtained
by computational translation of DNA sequences
corresponding to nucleotide numbers 1,025,723
1,028,443 of the C. trachomatis D/UW-3/CX genome
(AE001273) (15).

We fully analyzed a total of 298 C. trachoma-
tis-positive specimens (245 from MSM and 53 from
non-MSM) with ompA genotyping, MLST, and
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Figure 3. Minimum spanning tree based on sequence types (STs) and polymorphic membrane protein E (PmpE) of 298 Chlamydia
trachomatis samples in study of clustering of specific PmpE clade in C. trachomatis lineages from MSM, Japan. Each node indicates
the ST number. SLVs and DLVs are linked. Samples from MSM are outlined in red, reflecting the proportion of samples in each node.
The PmpE clades p1 and p2 are colored using the same color codes as those used in Figure 2. Dashed lines are the assumed borders
between the MSM and non-MSM lineages. DLV, double-locus variant; MSM, men who have sex with men; SLV, single-locus variant.
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PmpE sequencing (Appendix 1, https://wwwnc.
cdc.gov/EID/article/30/10/24-0852-Appl.xlsx).
Although specimens were repeatedly collected
from several MSM participants on different dates,
no duplicate data (identical ST detection from the
same site on different collection dates) were col-
lected. The predominant ompA genotypes in the
MSM population were D, G, and | (Figure 1; Ap-
pendix 2 Table 1, https://wwwnc.cdc.gov/EID/
article/30/10/24-0852-App2.pdf), as previously
reported in several countries (5-8). The most fre-
quently detected STs were ST108 and its single-
locus variants (SLVs) (e.g., ST33, ST52) and ST109
and its SLV (e.g., ST194). The main ompA genotypes
were G/] in the ST108 lineage and D in the ST109
lineage (Appendix 2 Table 2). ST108 and ST109 are
quadruple-locus variants of each other.

We detected 15 PmpE sequences in the 298
samples (pl-1 to pl-5 and p2-1 to p2-10), and
those were clearly separated into 2 clades (named
as pl and p2) reflecting the MSM and non-MSM
populations (Figure 2; Appendix 2 Figure). A few
MSM samples were classified as p2, whereas no
non-MSM samples were classified as pl. In MSM,
the prevalence of the pl clade did not differ sig-
nificantly in urogenital, pharyngeal, and rectal
samples (p = 0.141 by Fisher exact test) (Table), sug-
gesting that the difference in clade between MSM
and non-MSM samples was not attributable to dif-
ferences in the anatomic sample collection sites. To
investigate the phylogenetic relationships between
the PmpE clades, we created a minimum spanning
tree from STs showing the relationship to p1l and
p2 (Figure 3). We further divided both lineages into
likely sublineages corresponding to the difference
in the PmpE clades (Figures 1, 3).

Tokyo is a capital city with a population of >10
million and is connected to the 2 largest internation-
al airports in Japan; therefore, the similarity of the
genotype distribution observed in this study to that
observed in other countries is not surprising. The
predominant C. trachomatis lineages among MSM in
this study were centered around ST108 and ST109. Of
the samples from MSM in this study, 89.4% (219/245)
were major STs or their SLVs had been previously re-
ported among MSM in other countries (5-8), demon-
strating that the circulating lineages among MSM in
Tokyo were typical of STs circulating internationally
in MSM populations. In contrast, none of the STs of
non-MSM samples were classified as major MSM STs,
suggesting that the samples from non-MSM patients
in this study were not linked to STs circulating in the
global MSM population.
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Conclusions

This study revealed that most MSM-associated C.
trachomatis STs belonged to the specific PmpE clade
pl. This finding indicates that nonsimplex C. tra-
chomatis lineages with shared microbiological char-
acteristics involved in the infection process (9,10)
likely disseminated in parallel through international
MSM networks and that those shared characteristics
might be involved in the infection process and trans-
mission. Taken together, this study demonstrates
the importance of PmpE as a target for molecular
epidemiologic investigation to clarify the dynamics
of C. trachomatis transmission.
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