Acta Derm Venereol 2016; 96: 202-206

INVESTIGATIVE REPORT

Molecular Typing of 7Treponema pallidum in Denmark: A Nationwide

Study of Syphilis

Kirsten SALADO-RASMUSSEN!2, Susan COWAN?, Jan GERSTOFT!, Helle KIELLBERG LARSEN?, Steen HOFFMANN?Z, Troels
BYGUM KNUDSENS, Terese Lea KATZENSTEIN! and Jorgen SKOV JENSEN?

!Department of Infectious Diseases, Copenhagen University Hospital, Rigshospitalet, ’Microbiology and Infection Control, Statens Serum Institut, *Department
of Infectious Disease Epidemiology, Statens Serum Institut, *‘Department of Dermatology-Venereology, Bispebjerg University Hospital, and *Department of
Infectious Diseases, Copenhagen University Hospital, Hvidovre, Copenhagen, Denmark

The aim of this nationwide study is to determine the
strain type diversity among patients diagnosed with sy-
philis by PCR during a 4-year period in Denmark. Epi-
demiological data, including HIV status, for all patients
were obtained from the Danish national syphilis regist-
ration system. Molecular strain typing was based on cha-
racterization of 3 variable treponemal genes, arp, tpr and
tp0548. A total of 278 specimens from 269 patients were
included. Among the fully typeable specimens (n=197),
22 strain types were identified, with 1 type, 14d/g, ac-
counting for 54%. The majority (93%) of the patients
reported acquiring syphilis in Denmark. Among patients
with concurrent HIV, 9 full strain types were identified
and no difference in strain type was found by HIV status
(»=0.197). In conclusion, the majority of patients were
infected in Denmark and the HIV-infected syphilis pa-
tients were diagnosed with a wide spectrum of different
strain types of Treponema pallidum. Key words: Trepo-
nema pallidum; molecular typing; syphilis; HIV.
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Treponema pallidum subspecies pallidum, the causative
agent of syphilis, is a major cause of sexually transmitted
infections. In western countries syphilis mostly occurs
among men who have sex with men (MSM), but in the
developing world the disease represents an extensive
problem (1). During the last decade, Denmark has witnes-
sed increasing rates of infectious syphilis, from almost
eradicated in 1994 with 34 cases (2) to 352 cases in 2013
(3). According to Danish law, all cases are registered in
a nationwide database. Most reported cases in Denmark
are among MSM, many of whom have concurrent human
immunodeficiency virus (HIV) infection (3). In an earlier
study we demonstrated that almost 10% of Danish men
with syphilis were diagnosed with HIV within the sub-
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sequent 5 years (4). Of particular public health concern
is the increased risk of transmission and acquisition of
HIV during syphilis infection (5).

Molecular typing is a useful tool for understanding
epidemics, and molecular epidemiology can be used for
preventing and controlling infectious diseases. Since
1998, T. pallidum has been characterized by means of
the Center for Disease Control and Prevention’s (CDC)
molecular typing method based on 2 target genes, i.e.
determination of the number of 60-base-pair (bp) re-
peats within the acidic repeat protein (arp) gene, and
restriction fragment length polymorphism (RFLP)
analysis of sequence differences in the 7. pallidum re-
peat (tpr) subfamily I genes (¢prE, tprG and tprJ) (6).
Recently, this typing system was supplemented with
sequence analysis of a variable region of the 0548
gene (7). The discriminatory capacity was markedly
refined by combining the CDC subtype and the p0548
sequence type now yielding a strain type, using the
nomenclature proposed by Marra et al. (7).

Macrolide resistance has been investigated in several
countries where azithromycin is used as a treatment
alternative, showing rates of resistance ranging from
very low in southern Africa (8) to very high rates of
the resistance-conferring A2058G mutation in the USA
and Ireland (9—12) and 100% resistance in Shanghai,
China (13). In Denmark syphilis is treated with peni-
cillin or doxycycline and, to date, there have been no
documented reports of treatment failures.

T. pallidum subtype diversity has been investigated
in several countries (14—18). Nevertheless, no data
exist on the diversity of strain types at a national level.
As genital ulcers facilitate HIV transmission it is of
pivotal importance to elucidate the epidemiological
determinants underlying the high rates of syphilis. Our
study aimed to determine the strain types among all
Danish patients with syphilis diagnosed by PCR testing
of material from genital ulcers over a 4-year period
since the implementation of this method in Denmark
in 2009. Moreover, we linked the 7. pallidum strain
type with epidemiological data (e.g. HIV status) from
a nationwide database on syphilis.
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MATERIALS AND METHODS

Setting

Denmark has a population of 5.6 million people (19) with an
estimated HIV prevalence of 0.07% (20) in the adult population.
The Danish healthcare system is tax-funded. Patients suspected
of having syphilis are primarily seen at specialized departments
at hospitals or sexually transmitted disease (STD) clinics.

Specimens

PCR testing for T pallidum is centralized at the Statens Serum
Institut, where the method was implemented in 2009. The spe-
cimens in this study were taken for diagnostic purposes from
patients with genital ulcers. We included 278 T. pallidum PCR-
positive ulcer specimens from 269 patients diagnosed with sy-
philis during the period May 2009 to December 2013 in Denmark.
An additional 50 specimens were T pallidum PCR positive, but
due to insufficient material these were not subjected to strain
typing and were excluded from the study. The 3-component
strain type was obtained by combining the arp repeat size, the
tpr E, G and J RFLP pattern and the tp0548 sequence type. For
example, 14d/frefers to 14 arp repeats, tpr RFLP pattern “d”, and
tp0548 sequence type “f” (6, 7) (see Appendix S1' for details).

Data sources

Under Danish law, newly acquired syphilis, i.e. primary, se-
condary and early latent syphilis, is a notifiable disease and
the reporting is done by the treating physician. The patients
are registered in the Danish national syphilis registration sys-
tem, which was established in 1993 and is based at the Statens
Serum Institut. The collected data include mode of infection,
country of infection and result of prior HIV testing. Country of
infection is based on the reporting of the patient, together with
a clinical evaluation of the stage of infection in relation to the
time of reported exposure. The unique 10-digit central person
registry (CPR) number assigned to all individuals in Denmark
at birth or upon immigration was used to link data from the Da-
nish national syphilis registration system to patient specimens.
Exemption for review by the ethics committee system and for
obtaining informed consent was obtained from the Committee
on Biomedical Research Ethics for the Capital Region.

Statistical analysis

Categorical data were compared using the y? test or Fisher’s
exact test, where appropriate. The Mann-Whitney test was
used for comparison of the bacterial load between typeable and
non-typeable specimens. Differences with p<0.05 (2-sided)
were considered statistically significant. Data analysis was
done using SPSS version 16.0 (SPSS Inc., Chicago, 11, USA).

RESULTS

In the period May 2009 to December 2013, 278 spe-
cimens that were positive by 7. pallidum PCR were
obtained from 269 patients with primary syphilis (7
patients returned with > 1 episode of syphilis during the
study period). Most of the patients were men (94%), and
when self-reported sexual orientation was stated, 206/239
(86%) of the men were MSM. The median age was 36
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years (range 15-71 years). Ninety percent of patients
were Danish citizen and 93% were infected in Denmark.
Of the 278 specimens, 197 (71%) were fully strain-
typed by the arp, tpr and tp0548 assays and 63 (23%)
specimens were partially typeable with at least 1 of the
3 assays. Eighteen (6%) of the specimens were negative
in all 3 assays. We found a statistically significant lower
bacterial load in the non-typeable specimens (p <0.001).

T. pallidum strain distribution

Atotal of 7 arp sizes (6,7, 8,11, 14, 15 and 16) and 8 tpr
RFLP patterns (b, d, e, f, j, k, | and p) were identified. Se-
quence analysis of the 1p(0548 gene revealed 4 sequence
types (c, d, fand g). By combining the 3 typing methods,
22 strain types were identified. The most common strain
type was 14d/g (54%) followed by 14d/f (18%) and 14l/g
(5%). The remaining strain types were rare (Table I).

Characteristics of patients with fully typeable specimens

Several strain types were detected in only one patient,
suggesting that they were imported cases. For example,
only 1 patient had strain type 14d/c and this patient
reported being infected in Pakistan. Furthermore, only
one patient had strain type 16d/d and this patient repor-
ted being infected in Brazil. Also, only 2 patients had
strain type 6b/g and both reported being infected out-
side Denmark, in Thailand and Greenland, respectively.
However, the majority of the patients reported being

Table 1. Strain type distribution of 197 T. pallidum positive speci-
mens typeable by the arp, tpr and tp0548 assays and HIV-infected
patients, men who have sex with men (MSM) based on self-reported
sexual orientation and patients infected in Denmark in each strain
type. Strain types with 2 or more patients were considered a cluster

Cases HIV MSM Denmark
Strain type 7 (%) n (%) n (%) n (%)
6b/g 2 (1.0) 0(0) 1(50) 0(0)
6d/g 2(1.0) 1(50) 2 (100) 2 (100)
7flg 1(0.5) 0(0) 1 (100) 1(100)
8d/f 1(0.5) 0(0) 1 (100) 1 (100)
14b/f 3(1.5) 0(0) 1(33) 3 (100)
14b/g 7 (3.6) 2 (29) 7 (100) 6 (86)M=1
14d/c 1(0.5) 0(0) 0(0) 0(0)
14d/d 1(0.5) M=1 M=1 M=1
14d/f 35(17.8) 4(11H)M=2 25(71)M=1 23 (66) M=8
14d/g 107 (54.3) 18(17)M=6 87 (81)M=8 87 (81)M=18
14e/g 4(2.0) 0(0) 2(50)M=1 3(75)M=1
141/f 3(1.5) 0(0) 2 (67) 3 (100)
14f/g 7 (3.6) 3(43)M=1 7 (100) 6 (86)
14j/g 3(1.5) 0(0)M=1 2 (67) 2(67)M=1
14k/f 1(0.5) 1 (100) 1 (100) 1 (100)
14k/g 2 (1.0) 2 (100) 2 (100) 2 (100)
141/¢c 1(0.5) M=1 M=1 M=1
141/f 1(0.5) 1 (100) 1 (100) 1 (100)
14l/g 10 (5.1) 3 (30) 10 (100) 6 (60) M=3
14p/g 3(1.5) 0(0) 3 (100) 3 (100)
15d/d 1(0.5) 0(0) M=1 M=1
16d/d 1(0.5) 0(0) 0(0) 0(0)

M: patients with missing data.
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infected in Denmark and overall, the clustering of the
patients confirmed this. Among the patients reporting
being infected in Denmark, 16 full strain types were
identified. Moreover, among the patients with full strain
types, 10 of the clusters/singletons were constituted of
MSM exclusively (Table I). Women were represented
in 5 different clusters. For example, in one cluster
including 3 patients infected with strain type 14b/f, a
transmission chain could be clearly demonstrated as 2
women were diagnosed with this uncommon strain type
only a few weeks apart in the same region of Denmark.

Syphilis and HIV coinfection

Information on HIV status was available from 256/269
(95%) patients. Of these patients, 48/256 (19%) were
HIV-infected at time of syphilis diagnosis. Only one
was female (and non-Danish). Of the patients with full
strain types, information on HIV status was available
from 185/197 (94%) and 35/185 (19%) had conco-
mitant HIV infection. The patients with concurrent
HIV at time of syphilis diagnosis were all MSM and
presented 9 different full strain types (Table I). We did
not find a difference in strain type by HIV status when
analysing specimens with full strain type (»p=0.197). In
comparison, when looking at clusters containing only
a few patients, both HIV-infected and HIV-uninfected
MSM were represented, indicating shared sexual
networks (Table I). For example, strain type 6d/g was
diagnosed in 2 MSM with discordant HIV status in the
Copenhagen area in the same month.

Re-infection

Full strain type was identified in 4 patients with more
than one episode of syphilis within the study period.
One patient with concurrent HIV returned with a second
syphilis episode after 5 months, both episodes with the
uncommon 14f/g strain type, but the latter episode was
acquired in Great Britain. Another patient had fully
typeable specimens from 3 episodes of syphilis with
6-month-intervals; the very common strain type 14d/g
was identified during the 2 first episodes while strain
type 141/g was identified during the latter episode. This
patient had 4 episodes of primary syphilis within the
study period. Moreover, a patient with concurrent HIV
had 2 episodes of syphilis with an interval of 2 years;
both infections were with the very common 14d/g strain
type. Yet another patient had 2 episodes of syphilis with
an interval of 2 years; again both infections were with the
very common 14d/g strain type and the patient reported
acquiring the infection in Denmark at both occasions.

Temporal distribution of strain types

The specimens for this study were collected over 4 years
and the distribution of strains was investigated from 2010
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to 2013 (Fig. S1'). For purpose of analysis, the specimens
were divided into 2 groups of 24 months (2010-2011,
2012-2013). No significant change in the strain type
distribution was identified over the 2 periods (p=0.183).

DISCUSSION

The population-based design allowed us to study 7. pal-
lidum at a national level by linking strain type with epide-
miological data from patients with PCR-positive syphilis
during a 4-year period. Of the 278 cases of infectious
syphilis diagnosed by amplification of 7. pallidum DNA
in genital ulcer specimens, 71% of the specimens were
fully typeable with both the arp, tpr and tp0548 assays.

In this population, 22 different strain types were identi-
fied. Others have suggested that settings in which syphilis
is endemic have higher levels of strain diversity (8, 18,
21) and the strain diversity in this study was surprisingly
high. However, with the use of the 3-component strain
typing system we expected to demonstrate additional
diversity. When applying the 2-component subtyping
system to our specimens we could only demonstrate 14
different subtypes, which is in line with the discrimina-
tory capacity demonstrated by Marra et al. (7).

The most common strain type was 14d/g, followed by
14d/f. Previous studies have shown that 14d is the pre-
dominant subtype in various geographical regions (6-8,
11, 14, 15, 22, 23) and 14d/g may be a more virulent
or transmissible strain. It is interesting to note that the
strain type 6b/g, not previously described, was found
in 2 patients who reported infection outside Denmark,
i.e. Greenland and Thailand. In addition, the distribu-
tion of the patients who reported acquisition of syphilis
outside Denmark showed that these imported cases did
not result in circulating clones. However, since patients
diagnosed with syphilis by serological testing were
not included in the study, we cannot rule out that more
patients have become infected with imported strains. Of
note, many of the uncommon strain types in this study
have also been identified as subtypes in Scotland (22),
indicating possible links across Europe. Finally, we
identified 3 strain types that, to our knowledge, have
not previously been reported (6b/g, 6d/g and 71/g).

The majority of the patients were MSM and a few
medium-sized clusters consisted of only MSM, indi-
cating localized transmission networks. The marked
increase in syphilis among MSM has been attributed
mainly to increased sexual risk behaviour in response
to the improved effect of antiretroviral therapy on HIV
(24, 25). Rather than a general increase in sexual risk
behaviour among all MSM, the re-establishment of a
risk-taking core group of MSM may have enabled a
higher level of endemicity, causing continuous syphilis
circulation (26). In a previous study, we investigated
the risk of re-infection with syphilis and found that
HIV-infected men had a markedly higher risk of re-
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infection with syphilis relative to HIV-uninfected men
(4), suggesting that the risk behaviour that resulted in
an HIV infection was continued after seroconversion.
In the present study we did not find an association bet-
ween HIV status and strain type, suggesting that HIV
sero-sorting, i.e. trying to establish knowledge about
HIV status concordance before practicing unprotected
sex, was not practiced to any large degree. Similarly,
a study from London, UK, found no association bet-
ween HIV status and either full 7 pallidum subtype
or type according to the p0548 sequence alone (23),
further supporting this theory. Declining rates of HIV
sero-sorting could also explain the declining rates of
HIV coinfection among MSM who are diagnosed with
syphilis; MSM with syphilis and HIV coinfection have
unprotected sex with HIV-uninfected MSM, but only
transmit syphilis because they are effectively treated
for their HIV infection (27).

The proportion of concurrent HIV in our study was
lower than the 32% recently reported among MSM
diagnosed with syphilis in Denmark (3). This probably
reflects that patients with HIV are screened for syphilis
yearly. Consequently, patients with concurrent HI'V are
overrepresented among patients diagnosed by serologi-
cal testing compared with the patients comprised by this
study who were diagnosed by PCR testing of material
from genital lesions.

Our data did not provide evidence of occurrence of
treatment failures in Denmark, and even though several
patients had more than one episode of syphilis with the
very common 14d/g strain type, we assume that each
new chancre represents a re-infection and not a treat-
ment failure. However, because patients are also diag-
nosed by serological testing and because patients would
not necessarily present genital ulcers in case of relapse
due to treatment failure, we cannot definitively conclude
that treatment failures do not occur in Denmark.

We did not detect a shift in the strain type distribu-
tion during the study. However, 4 years is a relatively
short period when investigating a temporal distribution.

The strengths of our study are the nationwide design,
including all Danish patients with PCR-positive syphilis
within the study period, and the epidemiological data on
all patients. Furthermore, the study was based in a set-
ting in which all healthcare services are publicly funded
and free, and this universal access probably results in fe-
wer undiagnosed cases. Moreover, many studies investi-
gating 7. pallidum have used only 2 typing methods.
Since the 3-component strain type system was introdu-
ced, the discriminatory capacity has improved markedly
and we applied this enhanced typing system.

This study has certain limitations. First, the study
only included patients diagnosed with PCR-positive
genital lesions. Consequently, as two-thirds of Danish
syphilis patients are diagnosed by serological testing
at later stages (28) our results might be biased. This is
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accentuated by the fact that more HIV-infected patients
are diagnosed with syphilis by serological testing at
their yearly check-ups. However, our patient charac-
teristics (e.g. age and sexual orientation) were very
similar to Danish syphilis patients diagnosed through
an 11-year period in a study including both patients
diagnosed by serological and PCR testing (4). Certainly,
when investigating transmission chains from imported
cases, inclusion of all syphilis patients, and not just
the minority diagnosed by PCR testing, would have
been preferable. Secondly, a relative high number of
specimens were not fully typeable. This could be caused
by DNA degradation during storage of the specimens.
The specimens were collected during a 4-year period,
resulting in some specimens having been stored for up
to 3 years. Others have encountered the same problem,
and Miiller et al. (8) demonstrated that only 85% of T
pallidum-positive specimens were positive after re-
testing stored specimens. In our study, the non-typeable
specimens had significantly lower bacterial load in the
diagnostic PCR, and our success rate above 70% is
comparable to others using the 3-component system
with success rates of 41%, 63% and 77%, respectively
(23, 15, 22).

The current method of choice for 7. pallidum typing,
consisting of 3 components, is time-consuming and, the-
reby, not applicable for routine testing. A recent study
compared the CDC typing system with sequenced-
based molecular typing in a group of patients with 2 or
more parallel specimens (i.e. taken at the same time).
The study found differences in treponemal genotypes
detected in whole blood and swab specimens, sugges-
ting important differences between compartments. In
the majority of the patients they found discrepancies
within the arp and #pr loci using the CDC typing system
(29). However, under experimental conditions, Pillay
et al. (6) showed that the CDC subtype was stable with
repeated rabbit passages of the Nichols strain. This
was confirmed by Marra et al. (7), who additionally
demonstrated that neither the Sea 81-4 nor the Chicago
C strain changed with repeated rabbit passages. Whether
this inconsistency is caused by differences between
human infections and experimental infections of rab-
bits or is due to the fact that skin and blood represent 2
immunologically distinct compartments has yet to be
explored. Further studies on advanced high-throughput
technologies are highly needed before molecular typing
can be implemented in routine STD surveillance and a
sequenced-based typing system with promising results
has been proposed recently (16, 29, 30).

To our knowledge no other studies have investigated
T. pallidum strain type diversity at a national level. The
molecular typing methods, combined with epidemio-
logical data, shed some light on the current syphilis
endemicity in Denmark. However, the picture remains
complex, especially the interaction with HIV infection.
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