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ABSTRACT In recent years, syphilis notifications have increased dramatically in Ja-
pan. We carried out molecular typing and macrolide resistance analyses of Trepo-
nema pallidum subsp. pallidum samples collected from patients at four clinics and a
hospital in Tokyo and Osaka prefectures in 2017. The macrolide resistant strain type
14d/f (SS14-like clade) was found in significantly more cases of syphilis among het-
erosexuals than in those among men who have sex with men (MSM); i.e., 79% (31/
39) of the strains from heterosexuals were 14d/f compared to 37% (7/19) of those
from MSM (odds ratio [OR], 6.6; 95% confidence interval [Cl], 1.7 to 26.7; P = 0.002).
In addition, 83% (50/60) of the strains were identified as macrolide resistant with an
A2058G mutation in the 23S rRNA gene; 90% (35/39) of the strains from heterosexu-
als were macrolide resistant compared to 58% (11/19) of those from MSM. The odds
of having the resistant mutation were considerably higher in the former (OR, 6.4;
95% Cl, 1.3 to 33.5; P = 0.02). Heterosexual women and heterosexual men showed
similar distributions, and the association remained the same when restricted to men.
The strain type distribution and the prevalence of macrolide resistance differed sub-
stantially between syphilis strains from heterosexual cases and from MSM cases, sug-
gesting distinct epidemiologic profiles for the two communities and providing im-
portant insight into the dynamics of syphilis in Japan.
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ith the global reemergence of syphilis, the number of reports of syphilis has been

increasing rapidly in Japan. Unlike in other industrialized countries (1), the recent
increase in syphilis case reports in Japan since 2013 has mostly been associated with
transmission among heterosexual men and women (i.e, men who have sex with
women [MSW] and women who have sex with men [WSM)]), rather than through
transmission among men who have sex with men (MSM) (2). This has increased the
level of public health concern given the risk of congenital syphilis (2). Large numbers
of syphilis cases have been reported in urban areas in Japan, such as Tokyo and Osaka
prefectures. The reports of molecular typing and analysis of macrolide resistance of the
Treponema pallidum subsp. pallidum strains circulating in Japan have been limited and
not comprehensive. In particular, the relative data for strains from the heterosexual and
MSM subpopulations remain unknown. Such information may provide useful insights
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into the epidemiology of syphilis in Japan, including the current state of macrolide
resistance and the dynamics of syphilis transmission. Therefore, we conducted this
study to determine the prevalence and distribution of T. pallidum subsp. pallidum
strains circulating in Japan, taking into consideration the key subpopulations affected
by the current syphilis outbreak.

MATERIALS AND METHODS

Sample collection. Samples were collected from suspected syphilis patients in four clinics and a
hospital specializing in sexually transmitted infections and other infectious diseases, located in Tokyo and
Osaka prefectures in Japan, between January and December 2017. While there was no defined sampling
scheme, the samples were collected from patients clinically suspected of having syphilis during the first
visit for each patient. One sample was collected per patient, and these samples were transported to the
laboratory of the National Institute of Infectious Diseases in Tokyo. The majority of samples were swabs
of genital, anal, or oral lesions, and the rest of the samples were cerebrospinal fluid, blood, or a solid
tissue sample, such as from a vegetation or muscle with a suspicious lesion. Information on each patient’s
gender and self-reported transmission route (i.e., gender of the sexual partner[s] suspected as the source
of infection) was also collected when possible. The results from serological tests for syphilis were also
obtained when available.

PCR analyses and molecular typing. PCR amplification of polA and tpp47 genes was carried out as
described previously to detect T. pallidum subsp. pallidum DNA (3, 4). Since the DNA polymerase used
in this study could be employed with a variety of biological samples (see below) directly as the templates
of PCR, swab samples from genital, anal, and oral lesions suspended in Tris-EDTA (TE) buffer were directly
used as the PCR templates. For cerebrospinal fluid, blood, and solid surgical tissue samples, DNA was
extracted using a DNeasy Blood & Tissue kit (Qiagen, Inc., Valencia, CA) according to the manufacturer’s
protocol, and the extracted DNA was used as the template. A sample was considered to be T. pallidum
subsp. pallidum DNA positive when PCR amplification was positive for at least one of the two treponemal
genes (polA or tpp47).

DNA extracted from the swabs and other samples was used for molecular typing and macrolide
resistance analysis. Molecular typing was based on a combination of the number of 60-bp repeats in the
arp gene, the restriction fragment length polymorphism (RFLP) pattern of the tpr genes, and the
sequence of the tp0548 gene (5). Macrolide resistance was determined by the presence of a mutation in
one or both of the T. pallidum subsp. pallidum 23S rRNA genes (A2058G and A2059G) by direct DNA
sequencing of the 628-bp PCR amplicons of the two 23S RNA genes containing these residues (6).

These analyses were carried out as described previously (5, 6), except for a modification in the PCR
cycling conditions; i.e., the annealing and extension steps were combined in a single step at 68°C, using
the PCR enzyme TaKaRa Mighty Amp DNA polymerase (TaKaRa Bio, Inc., Shiga, Japan).

Statistical analyses. Statistical analyses were performed using Stata version 10. While these were
mostly descriptive, a limited number of statistical significance tests were performed to compare the data
between the MSM and heterosexual samples, on the basis of the two-tailed Fisher's exact test; P values
of <0.05 were considered to be statistically significant. To indicate the magnitude of an association, the
odds ratios (ORs) and associated exact 95% confidence interval (Cl) were also determined.

This study was approved by the institutional review board of the National Institute of Infectious
Diseases (approval numbers 508 and 705).

Accession number(s). The sequence for a newly identified variant of tp0548 has been deposited in
the GenBank DDBJ (accession number LC380837).

RESULTS

A total of 156 samples were collected for this study from patients clinically sus-
pected of having syphilis. A PCR analysis showed that 82 of the samples were positive
for T. pallidum subsp. pallidum DNA (data not shown). Among the remaining 74
DNA-negative samples, there was no information on the results of a serological test for
syphilis diagnosis for 19 samples. For the other 55 DNA-negative samples, 33 were
serologically negative and 22 were serologically positive for syphilis (data not shown).
The 33 DNA-negative serology-negative samples were excluded from further study.
Thus, among the remaining 123 samples, 82 were DNA positive (67%), 22 were serology
positive (18%), and 19 (15%) had no DNA or serology data.

Of the 82 DNA-positive samples, 25 were from MSM, 36 were from heterosexual
men, and 12 were from heterosexual women. The remaining 9 samples were from
patients where the gender of the partner(s) was unknown and were excluded, leaving
73 DNA-positive samples for further analysis.

The molecular typing results for the 73 DNA-positive samples in this study, including
the partially typed samples, are summarized in Table 1. Fully typed profiles were
obtained for 58/73 (79%) samples (Table 1): four arp types (i.e, 7, 10, 12, and 14), ten
tpr types (i.e, a, b, d, e f, j, k, |, 0, and p), and six tp0548 types (i.e., a, ¢, d, f, g, and a

January 2019 Volume 57 Issue 1 e01167-18

Journal of Clinical Microbiology

jcm.asm.org 2


http://getentry.ddbj.nig.ac.jp/getentry/na/LC380837
https://jcm.asm.org

T. pallidum Typing in Japan, 2017 Journal of Clinical Microbiology

TABLE 1 Overall genetic information of 73 T. pallium DNA-positive samples from patients with a known transmission route

23S rRNA genes (total no. of Transmission
samples [no. from HW, HM, route (no. of

arp tpr tp0548 No. of Genetic A LR Rl
Type Typing status type type type samples  group? Resistant Sensitive  NAc HW HM MSM
70/c Complete 7 o c 1 Nichols-like 1 1
10b/a Complete 10 b a 1 Nichols-like 1 1
100/c Complete 10 o C 1 Nichols-like 1 1
12a/c Complete 12 a c 1 Nichols-like 1 1
14a/o Complete 14 a [¢) 1 SS14-like 1 1
14b/c Complete 14 b c 1 Nichols-like 1 1
14b/d Complete 14 b d 1 Nichols-like 1 1
14d/c Complete 14 d C 1 Nichols-like 1 1
14d/f Complete 14 d f 38 SS14-like 34 (6,24,4) 3(0,0,3) 1(,00 7 24 7
14d/g Complete 14 d g 3 SS14-like 3(0,0 3) 3
14e/f Complete 14 e f 1 SS14-like 1 1
14f/f Complete 14 f f 1 SS14-like 1 1
14j/f Complete 14 j f 2 $S14-like 1(0,1,0) 1(0,1,0) 2
14k/f Complete 14 k f 1 SS14-like 1 1
141/ Complete 14 | f 2 SS14-like 2(0,2 0 2
14p/f Complete 14 p f 2 SS14-like 1(1,0,0) 1(0,1,0) 1 1
14/NA/f Partial 14 NA f 1 SS14-like 1 1
14/NA/NA Partial 14 NA NA 1 unknown 1 1
14d/NA Partial 14 d NA 1 unknown 1 1
NA/d/f Partial NA d f 2 SS14-like 2(1,1,0) 1 1
NA/e/f Partial NA e f 1 SS14-like 1 1
NA/NA/c Partial NA NA C 2 Nichols-like 1(0,0, 1) 1(1,0,0) 1 1
NA/NA/f Partial NA NA f 2 SS14-like 1(0,1,0) 1(0,1,0) 2
NA/NA/g Partial NA NA g 1 SS14-like 1 1
NA/NA/NA  Failed NA NA NA 4 unknown 4(1,2,1) 1 2 1

aDetermined as described in reference 8.
bHW, heterosexual women; HM, heterosexual men; MSM, men who have sex with men.
°NA, data not available.

new variant type of f). This new type that was identified in this study had a type f single
nucleotide polymorphism (SNP) with G at residue 170 in the tp0548 gene reading frame
replaced by T: this sequence has been deposited in the GenBank DDBJ (accession
number LC380837). We designated this new type “0.” This type was not identical to any
other tp0548 sequence from T. pallidum subsp. pallidum, T. pallidum subsp. pertenue, or
T. pallidum subsp. endemicum that has been deposited in the GenBank DDBJ as of 20
August 2018. A total of 16 strain types were identified, with 14d/f representing the most
common strain type (i.e., 38/58 samples [66%]), followed by 14d/g (i.e., 3/58 samples
[5%]), and the other minor types shown in Table 1 and Fig. 1 (Simpson'’s diversity index,
0.56).

Previous reports have noted that the tp0548 types determined by the molecular
typing method used in this study (5) can be divided into either Nichols-like clade or
SS14-like clade strains. In this division, tp0548 types a, b, ¢, d, and h were classified in
the Nichols-like clade, and types e, f, g, i, and k were classified in the SS14-like clade (7).
The new tp0548 type identified in this study, type “0,” was classified in the SS14-like
clade because it had a type f SNP (see above). Therefore, 51 of the 58 fully typed strains
(88%) in this study were classified as the SS14-like clade, and 7 of the 58 strains (12%)
were classified as the Nichols-like clade. Among the partially typed samples (n = 11),
tp0548 was determined for 9 of the samples: 7 strains were the SS14-like clade and 2
strains were the Nichols-like clade (Table 1).

Of the 58 fully typed strains in this study, 39 (67%) were from heterosexuals (30 from
men and 9 from women), and 19 strains (33%) were from MSM (Table 1). Six strain types
were identified in heterosexuals (5 in men and 3 in women), with type 14d/f being the
most common strain type, accounting for 31/39 (79%) of the samples: 24/30 (80%) of
the samples from men and 7/9 (78%) of the samples from women (Simpson’s diversity
index, 0.36) (Fig. 1). All 39 strains from heterosexuals were tp0548 type f; therefore, they

January 2019 Volume 57 Issue 1 e01167-18 jcm.asm.org 3


http://getentry.ddbj.nig.ac.jp/getentry/na/LC380837
https://jcm.asm.org

Kanai et al.

141/F (2)14)/f (2014e/f (1)

14d/f (24) \

14p/f (V)
14d/f (7

Heterosexual women (n=9) -:|:|14k/f

14d/f (7) 14d/g 3)
70/c, 10b/a, 100/c, 12a/c, 14a/o
MSM (n=19) - 14b/c, 14b/d, 14d/c, 141/f (1 each)

10 15 20 25 30 35

o
&)

Number of samples

FIG 1 Distribution of the molecular types of 58 Treponema pallidum subsp. pallidum strains in hetero-
sexual men, heterosexual women, and men who have sex with men (MSM). The 58 completely typed
Treponema pallidum subsp. pallidum strains in this study were categorized by their self-reported
transmission route (heterosexual men, heterosexual women, and MSM). The numbers of strains of each
molecular type are shown by the bar size for that type. Molecular types specific to one transmission route
are shown in white. Type 14p/f strains, specific to heterosexuals (men and women), are shown in gray.
Type 14d/f strains, common in all three groups, are shown in black.

were all classified as the SS14-like clade (Fig. 1) (see above). In contrast, the 19 strains
from MSM were 11 types: 7/19 (37%) were type 14d/f, 3/19 (16%) were type 14d/g, and
9/19 (47%) were a wide spectrum of strain types (Simpson’s diversity index, 0.81) (Fig.
1). Nichols-like clade strains were all from MSM in the 58 completely typed strains.
Among the partially typed strains (n = 11), tp0548 was determined in 9 samples from
6 heterosexuals and 3 samples from MSM. Only 1 of the 6 samples from heterosexuals
may have been a Nichols-like clade strain. Type 14d/f strains were significantly associ-
ated with heterosexuals, and the odds of having this strain type were six times greater
in heterosexuals than in MSM (OR, 6.6; 95% Cl, 1.7 to 26.7; P = 0.002). The type 14d/f
association was the same when the heterosexual group was restricted to men (OR, 6.9;
95% Cl, 1.6 to 30.6; P = 0.006).

Macrolide resistance was determined in 60/73 (82%) strains in this study at both of
the 23S rRNA gene loci. The majority of these (50/60 [83%)]) strains had the A2058G
mutation in both of the 23S rRNA genes, indicating macrolide resistance in these strains
(Table 1). The remaining 10/60 (17%) strains did not have an A2058G or A2059G
mutation in either 23S rRNA gene and therefore were identified as the wild type, which
indicated that they were macrolide sensitive (Table 1).

The 23S rRNA gene sequences were determined for 52/58 (90%) of the SS14-like
clade strains, including both completely and partially typed strains (Tables 1 and 2). The
A2058G mutation was detected in 46/52 strains (88%). The other 6 strains had the
wild-type sequence, suggesting macrolide sensitivity: 5 of these 6 strains were from
MSM. For the 8 Nichols-like clade strains from MSM (Tables 1 and 2), 4/8 (50%) were
macrolide resistant and 4/8 (50%) were macrolide-sensitive types.

Almost all of the completely typed strains from heterosexuals (35/39 [90%]) were
identified as macrolide resistant: 28/30 (93%) of the strains from heterosexual men and
7/9 (78%) of the strains from heterosexual women, compared to 11/19 (58%) of the
strains from MSM (Tables 1 and 2). Macrolide resistance was significantly associated
with heterosexuals, with 6-fold odds of the mutation being present in heterosexuals
compared to that in MSM (OR, 6.4; 95% Cl, 1.3 to 33.5; P = 0.02). The association was
similar when the heterosexual group was restricted to men (OR, 10.2; 95% Cl, 1.6 to
107.2; P = 0.009). Of the 19 strains from MSM, 8 strains (42%) were identified as wild
type and macrolide sensitive (Table 2).
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TABLE 2 Distribution of clades and macrolide resistance of the 54 fully analyzed samples
from patients with a known transmission route

No. of samples (no. not fully typed)®

Macrolide resistance® Overall SS14-like clade Nichols-like clade
Total

Resistant 46 (4) 42 (4) 4

Sensitive 8 (2) 5(1) 3(1)
Heterosexuals

Resistant 35(3) 35 (3) 0

Sensitive 0 (1) 0 (1) 0
MSM

Resistant 11 (1) 7 (1) 4

Sensitive 8 (1) 5 3(1)

9Resistant denotes a 23S rRNA gene A2058G and/or A2059G mutation. Sensitive denotes no mutation at
residue 2058 or 2059.

bDetermined from the tp0548 gene type as described in reference 8. The numbers of samples not fully typed
but with clade information are in parentheses (see Table 1).

We also carried out a further analysis of the distribution of macrolide resistance and
of the T. pallidum subsp. pallidum strain type for samples from each transmission route
group. All but one type 14d/f strain from heterosexuals were macrolide resistant; i.e.,
30/31 (97%). These macrolide-resistant strains were SS14-like clade strains, including
types 14e/f, 14j/f, 14l/f, and 14p/f. However, only 4/7 (57%) samples from MSM, which
were strain type 14d/f, were identified as macrolide resistant. Among the type 14d/f
strains (n = 38), macrolide resistance was significantly associated with samples from
heterosexuals (OR, 22.5; 95% Cl, 1.3 to 1218; P = 0.030).

Overall, 30/39 (77%) samples from heterosexuals were type 14d/f strains and
macrolide resistant, but only 4/19 (21%) samples from MSM were type 14d/f and
macrolide resistant. Type 14d/g strains that were macrolide resistant were only found
in samples from MSM but were not highly prevalent in MSM; i.e., 3/19 (16%). The other
macrolide-resistant strains from MSM were typed as 70/c, 100/c, 12a/c, and 14b/d. All
of these strains were classified as Nichols-like clade, which were not found in macrolide-
resistant strains from heterosexuals. In addition, type 14d/f strains with macrolide
sensitivity alleles (wild type) were only found in samples from MSM. This result was
based on molecular typing and suggested that strains of various T. pallidum subsp.
pallidum types were disseminated in MSM populations.

DISCUSSION

This is the first report on the molecular typing of T. pallidum subsp. pallidum strains
in samples from heterosexual and MSM populations in Japan and of the macrolide
resistance of these strains. The samples in this study were isolated in 2017 when the
number of syphilis cases in Japan, in particular, among heterosexuals, was increasing
dramatically and T. pallidum subsp. pallidum type 14d/f (SS14-like clade) strains with
macrolide resistance were being detected worldwide (8-12).

The results presented here showed type 14d/f (SS14-like clade) strains with macro-
lide resistance were the dominant T. pallidum subsp. pallidum strains in Japan. The
prevalence of type 14d/f (S514-like clade) strains was similar to that in previous reports
from China (8-10). Although a high prevalence of 14d/f strains was also reported in
Peru, Russia, and Argentina, they were not reported to have a high prevalence of
macrolide resistance (13-15). The second most common strains in this study were type
14d/g (also SS14-like clade), which were only found in samples from MSM, and were the
second most prevalent type found in MSM samples. Type 14d/g strains were also
previously reported to be the dominant strain type in the United States, France,
Australia, Canada, and lItaly (6, 11, 12, 16, 17). A strong link has been reported between
type 14d/g strains and macrolide resistance (6, 11, 12, 16, 17).

Novel multilocus sequence typing (MLST) and sequence-based molecular typing
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(SBMT) methods with greater discrimination have recently been proposed and dem-
onstrated (15, 18, 19). In the T. pallidum clade classifications in these studies, 26.8% of
the strains studied in Argentina in 2006 and 2013 were Nichols-like clade strains (15),
5.9% of the strains studied in France in 2010 to 2016 were Nichols-like clade strains (18),
and 9.3% of the strains studied in France and Switzerland in 2011 to 2015 were
Nichols-like clade strains (19). In this study, 20.7% of the strains studied in Japan in 2017
were Nichols-like clade strains.

The results presented here indicated large differences in the distribution of strain
types and macrolide resistance among T. pallidum subsp. pallidum strains in samples
from heterosexuals and MSM in Japan. Strains that were both type 14d/f and macrolide
resistant were strongly associated with samples from heterosexuals. Strains in samples
from heterosexuals were also tp0548 type f. Therefore, all of the completely typed
strains from heterosexuals were classified in the SS14-like clade (7), although 1 of the
6 partially typed strains from heterosexuals was a Nichols-like clade (Table 1). In
addition, there was a variety of strains in samples from MSM, with no dominant type
strain. All 35 strains from heterosexuals were SS14-like clade strains and were macrolide
resistant, but 8/19 (42%) of the strains from MSM were SS14-like clade strains and were
macrolide resistant.

Macrolide resistance was more prevalent among SS14-like clade strains than among
Nichols-like clade strains: 46/52 (89%) among SS14-like clade strains compared to 4/8
(50%) among Nichols-like clade strains (Table 2). These values were comparable to
those in previous reports: 81% among SS14-like clade strains and 60% among Nichols-
like clade strains (18), and 88.2% among SS14-like strains and 71.4% among the
Nichols-like strains (19). In our study, notably, 38/39 (97%) of the strains from hetero-
sexuals were SS14-like clade and macrolide resistant, in contrast to only 8/21 (38%) of
the strains among MSM; while pronounced among heterosexuals, macrolide resistance
was also more prevalent in SS14-like clade strains among MSM.

The results of this study suggested that recent T. pallidum subsp. pallidum strains
circulating in the heterosexual community in Japan appear to be more homogenous
than those circulating in the MSM community. Also, Nichols-like clade strains and
macrolide-sensitive SS14-like clade strains may continue to circulate in the MSM
community.

Although the number of samples in this study was relatively small, the homogeneity
observed in strains from heterosexual men and women during 2017, when reports of
heterosexual syphilis cases continued to increase considerably, was noteworthy. Al-
though sexual networks can overlap between the heterosexual and MSM communities,
the differential molecular profile between these two groups indicates that such bridg-
ing may be limited. In addition, there may be localized circulation of T. pallidum subsp.
pallidum strains within the heterosexual community that is sustaining the recent
increase of syphilis cases in Japan.

There were some limitations in this study regarding the geographical origin of the
samples available for this study. Since samples were only collected in Tokyo and Osaka
prefectures, our results may not be generalizable to T. pallidum subsp. pallidum strains
across Japan. However, these two prefectures warrant particular study because they
have the highest syphilis burden in Japan, both in the absolute number of notifications
and the notification rate per population (2). In addition, as MSM patients and hetero-
sexual patient samples were both obtained from the same urban areas, the MSM and
heterosexual sample strains could be compared without variation in geographic loca-
tion. Another limitation in this study was the self-reported nature of the transmission
route (i.e., heterosexual versus MSM). Given the societal context in Japan, misclassifi-
cation of MSM as heterosexual men for social desirability reasons is possible; i.e., MSM
misreporting themselves as heterosexual. However, such bias would lead to an under-
estimate of the observed associations.

In conclusion, this study found important differences in the strain types and
macrolide resistance of T. pallidum subsp. pallidum strains recently circulating in the
heterosexual and MSM communities in Japan. Together with epidemiological informa-
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tion, these molecular findings provide a better understanding of the transmission
dynamics of the syphilis epidemic, both within Japan and also within the broader
global context, to help inform the public health response for syphilis control.
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