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Worldwide, more than 90% of contemporary syphilis strains belong to SS14-like clade. This study
aimed to describe the molecular profile of circulating Treponema pallidum subsp. pallidum (TPA)
strains in Barcelona, Spain, from 2021 to 2023 building upon our report in 2015 which showed

that 94.8% of typed strains belonged to the SS14 clade. Multilocus sequence typing (MLST) was
conducted on TPA-positive samples obtained from swab samples by sequencing the tp0136, tp0548,
and tp0705 loci. Strains were classified as Nichols-like or SS14-like clade. Macrolide and tetracycline
resistance-associated mutations were determined through analysis of 23S rDNA and 16S rRNA gene
sequences. Of the 96 typeable samples, 47.9% belonged to SS14-like and 52.1% to the Nichols-like.
Fourteen haplotypes were identified, with ST26 representing 43.8% of the samples, distributed across
11 haplotypes in the SS14-like and 3 haplotypes in the Nichols-like. All the samples showed macrolide
resistance-associated mutations, while none exhibited tetracycline-associated mutations. Our
findings revealed a substantial shift in the proportion of TPA clades within the Barcelona population
from 2021 to 2023, characterized by a higher proportion of Nichols-like strains compared to 2015 and
international trends. The varying temporal and geographical trends underscore the need for regular
surveillance to understand regional variations in syphilis and strengthen control programs.
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Syphilis, caused by Treponema pallidum subsp. pallidum (TPA), has reemerged as a substantial public health
concern since the 2000s, alongside other sexually transmitted infections (STIs)!. Globally, the World Health
Organization reported approximately 22.3 million cases of syphilis among individuals aged 15 to 49 years in
2020, with an annual incidence of 7.1 million new cases worldwide2. Within the European Union, the European
Center for Disease Control and Prevention (ECDC) has documented a notable increase in syphilis incidence
over the past two decades’. In Spain, the number of syphilis cases increased from 3886 cases (8.4 per 100,000
population) in 2015 to 8141 cases (17,1 per 100,000 population) in 2022*. Barcelona emerged as the region with
the highest incidence, reaching 100.1 cases per 100,000 population in 2021°.

The development of a new multilocus sequence typing (MLST) scheme with higher discriminatory power
than previous schemes, along with improvements in whole genome sequencing methods, have enhanced our
understanding of syphilis transmission dynamics’~. After a bottleneck event in the 1990s and subsequent
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rapid population expansion in the 2000s, TPA strains predominantly fall into two deeply branching lineages:
the SS14 clade and the Nichols clade, with multiple sub-lineages®. In our previous study conducted in 2015,
we characterized TPA strains circulating in Barcelona using MLST, showing eleven different allelic profiles. We
found that 94.8% of the typed strains belonged to the SS14 clade and 5.2% to Nichols-like clade, consistent with
findings reported in other European studies”!? and global studies® at the time.

The aim of our study was to provide an updated perspective on the molecular epidemiology of TPA strains in
Barcelona. We used MLST methodology on clinical specimens collected between 2021 and 2023 to elucidate any
changes in strain distribution and genetic mutation associated with macrolide and tetracycline resistance and to
compare our findings with those from 2015.

Results

Clinical characteristics of patients

Treponemal DNA was detected in 107 specimens corresponding to 107 syphilis episodes including 71 (66.3%)
primary syphilis, 29 (27.1%) secondary syphilis, 3 early latent syphilis (2.8%), and 4 (3.7%) syphilis cases not
classified. These specimens belonged to 105 different patients, two of whom experienced reinfection. Clinical
characteristics of patients are presented in Table 1. Briefly, 88.8% of patients were men who have sex with men
and 6.5% women. The median age was 35.5 years, with 24.3% of patients being people living with HIV and 29.9%
using pre-exposure prophylaxis. One patient with secondary syphilis exhibited otic involvement.

Total MSM MSW Cis-women
N, (%), 107 95 (88.8) 5 (4.8) 7 (6.5)
[95% CI] [78.1-91.3] [95% CI 2.0-10.4] | [3.2-12.8]
Median age 35.5 [IQR 30-43] | 36.5 [IQR 30-43] | 33.5 [IQR 29-34] | 33.5 [IQR 29-38]
HIV positive*, n 26 (24.3) 26 (27.4) 0 0
(%) [95% CI] [17.1-33.2] [20.0-38.1]
HIV Pre-exposure prophylaxis* | 32 (29.9) 32 (33.6) 0 0
(%) [95% CI] [22.0-39.1] [25.8-45.0]
Syphilis stage, n
(%) [95% CI]
Primar 71 (66.6) 64 (67.4) 2 (40.0) 5(71.4)
Y [56.6-75.2] [57.0-76.6] [11.7-76.9] [35.9-91.7]
29 (27.1) 25 (26.3) 3(60.0) 1(14.3)
Secondary [18.9-36.5] [17.8-36.3] [23.1-88.2-] [2.5-51.3]
Early latent syphilis ?0(2'_%)0] fl(i’—lél) 8] 0 0
4(3.7) 3(3.1) 1(14.3)
Unknown [1.5-9.2] [1.1-8.8] 0 [2.5-51.3]
Type of lesion (%) [95% CI]
) 67 (62.6) 60 (63.1) 3(60.0) 4(57.1)
Genital [53.2-71.2] [53.1-72.2] [23.0-88.2] [25.0-84.2]
4(3.7) 3(3.0) 1(14.3)
Oral [1.5-9,2] [1.1-8.8] 0 [2.5-51.3]
Anal 20 (18.7) 17 (17.9) 2 (40.0) 1(14.3)
[12.4-27.1] [11.5-26.9] [11.7-76.9] [2.5-51.3]
) 1(0.93) 1(L1)
Skin [02-5.1] [0.2-5.7] 0 0
Absence of lesion [151 éi?;)s] [161 (61—11-2)5] 0 0
Information no available ?1(279) 2] ?1(?—152 8] 0 EZ(éfS?)I) 3]
Serology test
) 32(29.9) 31 (32.6) 1(14.3)
Negative RPR [22.0-39.1] [24.0-42.6] 0 [2.5-51.3]
. 69 (64.5) 59 (62.1) 5 (100) 5(71.4)
Positive RPR [54.6-73.5] [51.6-71.9 [56.5-100] [35.9-91.7]
6 (5.6) 5(5.3) 1(14.3)
Non RPR performed [2.1-11.8] [1.7-11.9] 0 [2.5-51.3]
N 94 (93.1) 83(92.2) 5(100) 6 (100)
Positive treponemal test (86.2-97.1] [84.6.2-96.8] (56.5-100] [54.1-100]
Previous syphilis story ?;;3?;2 0] f_,? 1(171%541) 1 0 0

Table 1. Clinical and demographic characteristics of patients with syphilis. *Information about HIV infection
and the use of PrEP and serology tests was available for 101 patients. Abbreviations: MSM, men who have sex
with men; MSW, men who have sex with women; HIV, human immunodeficiency virus; RPR, rapid plasma
reagin test; CI, confidence interval; IQR, interquartile range.
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Out of 107 positive cases, TPA DNA was detected in various clinical specimens including 67 (62.6%)
genital swabs, 20 (18.7%) rectal swabs, 4 (4.0%) oral swabs, and 1 (0.93%) skin swab. Among the 11 patients
without lesions (10.3%), treponemal DNA was detected in 3 rectal swabs (2.8%) and 8 oral swabs (7.6%). In
patients in whom TPA was detected in oral swabs, active screening for TPA was conducted in pharyngeal
specimens as patients were taking part in a clinical trial (Trep-AB, NCT05069974)!. The detection of TPA in
rectal mucosa in absence of lesion was an accidental finding as the specimens were sent to the laboratory for
Neisseria gonorrhoea and Chlamydia trachomatis screening. Upon detection of the latter in rectal localization,
study of lymphogranuloma venerum (LGV) was performed using a multiplex NAAT (Allplex™ Genital ulcer
Assay, Seegene, Seoul, Korea) which includes TPA among its targets. Information regarding the presence of
lesions and the sample location was lacking in four episodes (3.7%).Serology test results were available for 101
(94.9%) patients upon diagnosis. Among them, 7 out of 101 (6.9%) tested negative for both treponemal and
nontreponemal tests. Regarding patients without a history of previous syphilis (62/101, 61.4%), 24 (23.8%) had
at least one positive treponemal test while nontreponemal test was negative. Among the patients with a previous
history of syphilis (39/101, 38.6%), nontreponemal tests were negative in 8 out of 39 cases (20.5%).

Two patients experienced repeat episodes of syphilis. Genital ulcer samples were collected for initial and
repeat episodes for one patient and rectal ulcer samples were collected for the other patient. The time between
episodes was 11 and 7 months respectively. These cases were classified as reinfections, as both clinical cure and
serological evidence (reduction in RPR titer) were observed between the first and second episodes. Specifically,
the RPR titer decreased eight-fold in the first case and four-fold in the second.

Amplification success rate and typing of clinical samples based on TP0136, TP0548 and
TPO705

A total of 90 specimens (84.1%) were successfully typed at all three loci and 6 (5.6%) could be partially typed
in at least one locus (Table 2). Amplification success rate was similar for all three loci, TP0136 88.8%, TP0548
86.0%, and 88.8% TP0705. Oral swabs were the specimen type with the lowest typing success rate, with a rate of
75% for at least one locus. The median Ct value among fully typed samples was 28.4 [IQR 26.4-31.07], 29.7 [IQR
26.2-33.0] among partial typed samples and 33.7 [IQR 32.6-34.8] among nontypable samples.

Altogether, 14 different TPA sequence types (ST) were identified, obtaining a type diversity index (TDI)
value of 0.16. Among typable samples (1 =96), 52.1% of them belonged to the Nichols-like cluster (52.1%) with
3 different ST detected: ST26 (42/96, 43.8%), ST6 (7/96, 7.3%) and ST109 (1/96, 1.0% %) (Fig. 1). Among the 11
haplotypes related to SS14-like cluster (46/96,47.9%), the most common allelic profile was ST1 (26/96, 27.1%%),
followed by ST28 (4/96, 4.2%) and ST3 (2/96, 2.1%). The frequency of the 7 remaining SS14-like haplotypes
(Table 2) was 1.0% for each. All partially typed specimens belonged to SS14-like cluster (Fig. 1). No new allelic
variants were identified. TPA phylogenetic analysis of allelic profiles found among fully typed samples is shown
in Fig. 1.

In the two reinfection cases, one patient had both episodes of syphilis caused by TPA belonging to ST26, the
most common haplotype observed in our study population. In contrast, for the other patient, the specimen from
the first episode was partially typed as 1.X.1 (clade SS14-like), while the specimen from the second episode was
fully typed and belonged to ST1.

Allelic profile | Typing | ST | Genetic group | No. of samples (%)
1.3.1 Complete | 1 SS14 26 (27.0)
1.1.1 Complete | 2 SS14 1(1.0)
1.1.8 Complete | 3 SS14 2(2.1)
323 Complete | 6 Nichols 7(7.3)
1.5.1 Complete | 8 SS14 1(1.0)
6.3.1 Complete | 13 | SS14 1(1.0)
9.7.3 Complete | 26 | Nichols 42 (43.8)
1.17.9 Complete | 28 | SS14 4(4.2)
1.39.1 Complete | 52 | SS14 1(1.0)
1.43.1 Complete | 57 | SS14 1(1.0)
223.1 Complete | 72 | SS14 1(1.0)
1.54.8 Complete | 74 | SS14 1(1.0)
9.16.3 Complete | 109 | Nichols 1(1.0)
1.77.1 Complete | 116 | SS14 1(1.0)
X.3.1 Partial NA | SS14 1(1.0)
1.X.1 Partial NA | SS14 4(4.2)
1.1.X Partial NA | SS14 1(1.0)

Table 2. Multilocus sequence typing (MLST) allelic profiles for 90 fully typed and 6 partially typed swab
samples from patients with syphilis infection in Barcelona. Abbreviations: ST, sequence type.
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Fig. 1. Phylogenetic tree of the 14 TPA allelic profiles obtained from the 90 fully typed samples and the

6 partially typed samples identified in this study. The tree was constructed from concatenated sequences
of typing loci (tp0136, tp0548 and tp0705) in MEGA11 using the maximum likelihood method with the
bootstrap test (1000 replicates). The scale shows the number of substitutions per site. Bootstrap values are
shown in nodes. Relative frequencies are shown in parentheses.

(52.1%)

Nichols-like

0.002

Proportion of macrolide and tetracycline resistance-associated genetic determinants in
clinical samples
We investigated all 96 samples for mutations, but analysis was hindered by degradation from multiple freeze-
thaw cycles after molecular typing (tp0136, tp548, and tp705) and low bacterial load in partially typed samples.
At least one copy of the 23S rRNA was sequenced in 78 of 90 (86.6%) fully MLST typed. The A2058G
mutation associated with macrolide resistance was found in 100% of cases and no strains harboured the A2059G
mutation. The sequence of the 16S rRNA was obtained from 80 of 90 (88.8%) fully typed samples and no
mutations associated with tetracycline resistance were found.
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Associations between TPA genetic variants and clinical characteristics of patients

No clade or allelic profile associations with patient age, sex, sexual orientation, syphilis stage, HIV status or PreP
treatment were found (Table 3). Patients carrying Nichols-like strains (n=8) other than ST26 (ST3 and ST109)
tended to be slightly older (47, IQR 30.4-51.3) than patients carrying ST26 (33.5, IQR 31.1-37.8) and SS14-like
strains (35, IQR 29-43.3) but no significant differences were detected (p-value=0.1519).

Discussion

In this report, we analysed the genetic diversity of TPA from positive samples collected from syphilis patients
in Barcelona (Spain) spanning the years 2021 to 2023. It serves as a follow-up and enhancement of our previous
report in 2015'2. Notably, our findings revealed a substantial increase in the proportion of the Nichols-like strains
(52.1%) compared to SS14-like strains (48.9%), representing a significant deviation from our own data from
2015, where Nichols-like represented only 5.2%, and from global studies, which typically report a proportion
ranging between 5% and 20%%°13,

Since the resurgence of syphilis in the early 2000s, various studies have consistently reported a proportion of
Nichols clade strains that have remained relatively low and stable in several regions. According to the PubMLST
database!®, in North America and Europe, the SS14-like clade is predominant over the Nichols-like with the
proportion of Nichols remaining below 10%. Specifically, studies have reported a proportion of Nichols clade
strains of 9% in France and Switzerland’, 2% in the Czech Republic!?, and 5.2% in Spain'2. In contrast, other
regions of the world demonstrate a slightly higher prevalence of Nichols, ranging from 10 to 26% as observed
in Argentina (26%)'%, Peru (21%)'6, Japan (15%)'7, Taiwan (20%)'8, Malawi'® and Australia (26%)°. Notably,
Madagascar stands as a unique case where there is a clear dominance of Nichols strain (100%)'*. However, this
finding is based on specimens from syphilis infections occurring between 2000 and 2007, and reports including
recent specimens are not available.

Recent studies in Argentina indicate an increase in Nichols strains, rising from 26 to 37%, thereby challenging
previous reports?'. Concurrently, our regional study also highlighted a surge in Nichols strains from 5.2% in
2015'2 to 52.1% in 2021-2023 in a similar population.

In this study, we identified 14 different allelic profiles among 90 fully typed samples, yielding a TDI index
of 0.16, which is in line with previous studies'?. Remarkably, there was a clear variation in predominant allelic
profiles, with ST26 (43.8%), ST1 (27.1%), and ST6 (7.3%) emerging as the most frequent in contrast to our
previous study, where ST1 (55.6%), ST2 (11.1%), and ST28 (7.9%) had the highest frequency (Fig. 1). Variations
in demographic and clinical characteristics are unlikely to explain the observed differences in molecular profiles.
Compared to the previous report in 2015, both studies were conducted among a predominantly male population
residing in Barcelona, particularly men who have sex with men (94.4% vs. 88.8%) and with comparable
proportion of people living with HIV (36.3% VS. 24.3%)'222,

Based on the published PubMLST data??, all the allelic profiles identified in this study have been previously
identified in studies carried out worldwide but exhibit considerable variation in proportions, particularly when
compared with closely related regions in Europe!* (Table 4). However, an update on the current circulating TPA
strains is needed as recent research has included samples from 2000 to 2020 (Table 4)7-1%:1213.20.24 The proportion
of ST1 identified in our study (27%) was lower than that reported in other European and North American
studies, ranging from 40 to 60%. Nevertheless, this haplotype continues to be the SS14 clade dominant allelic

Total ST1 Other SS14-like clade | ST26 Other Nichols-like clade | p-value
N (%) 96 26 (27.1) | 20 (20.8) 42 (43.7) 8(12.1) NA
Median age [IQR] [353737.1] ?;1338] ?25;48.7] [giing] 1[1370.475143] 0.1519
Men (%) 89(92.7) |24(92.3) | 18 (90.0) 39 (92.8) 8(100) 0.8370
MSM (%) 84 (87.5) | 23(88,4) | 17 (85.0) 36 (85.7) 8(100)
MSW (%) 5(5.2) 1(38) |1(5.0) 3(85.7) 0 0.9390
‘Women (%) 7(7.2) 2(7.7) 2(10.0) 3(7.1) 0
HIV (%) 22(229) [7(26.2) |3(15.0) 10 (23.8) 2(25.0) 0.8051
PreP 27(28.1) | 8(30.7) |6(30.0) 9 (21.4) 4(50.0) 0.3990
Syphilis stage
Primary 64 (66.6) | 20 (76.9) | 12 (60.0) 24 (57.1) 8
Secondary 26(27.1) | 4(15.4) |7(35.0) 15 (35.7) 0
Early latent 3(3.1) [1(38) |1(5.0) 1(24) 0 04002
Not classified 3(3.1) 1(3.8) 0 2(4.8) 0

Table 3. Distribution of allelic profiles with patient characteristics: age, sex, sexual behaviour, people living
with HIV, use of HIV pre-exposure prophylaxis and syphilis stage. Allelic profiles comprising less than 8% of
the alleles were grouped under their genetic group. The category other SS14-like clade includes ST2, ST3, STS,
ST13, ST28, ST52, ST57, ST72, ST74, ST116, and the partially typed strains assigned to the SS14-like clade and
the category other Nichols-like clade includes ST6 and ST109. Abbreviations: MSM, men who have sex with
men; MSW, men who have sex with women; HIV, human immunodeficiency virus; PreP, HIV pre-exposure
prophylaxis.
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Genetic group | SS14-like Nichols-like
1.3.1 1.1.1 1.1.8 1.17.9 3.23 9.7.3
Sample collection year | N* ST1 (%) | ST2 (%) | ST3 (%) | ST28 (%) | ST6 (%) | ST26 (%)
Barcelona 2021-2023 90 28.9 1.1 22 4.4 7.8 46.7
Barcelona 2015 64 54.7 10.9 6.3 7.8 6.3 1.6
Argentina 2015-2019 34 26.5 26.5 29 0 0 353
France 2011-2016 128 61.7 14.1 39 1.6 0.8 4.7
Czech Republic 2004-2020 224 49.1 11.2 14.7 0 0 3.1
UK 2013-2018 17 412 11.8 0 0 11.8 0
Portugal 2009-2014 25 52.0 28.0 0 0 0 0
Peru 2018-2019 6 50.0 333 0 0 0 0
Cuba 2012-2016 73 84.9 14 0 0 0 0
Canada 2001-2021 28 57.1 3.6 3.6 7.1 3.6 0
China 2016-2019 55 0 1.8 41.8 0 7.3 0
Japan 2019-2020 52 9.6 3.8 76.9 0 58 1.9
The Netherlands 2006-2020 220 40.9 19.1 2.7 0.5 23 7.3

Table 4. Comparison of reported TPA allelic profile frequencies between this study and studies conducted in
other continents. The data were obtained from the PubMLST database!“. Only the frequencies of fully typed
strains were used for calculations and strains with percentages higher than 5% in the reports performed in
Spain (2015 and 2021-2023) were included. *Only fully typed samples included. Abbreviations: ST, sequence
type, UK, United Kingdom.

profile. Among the other common SS14 clade haplotypes frequently detected in global studies, ST2 is anecdotal
here (1.0%) while its proportion ranges 15-30% among European samples; ST28 has similar proportion to those
reported, and ST3, common in Asia!”?, continues to be a minority (2.1%). Only the most frequent profiles
overlap among studies while haplotypes with a prevalence less than 5% tend emerge and fade over time and
different regions!®26.

In this study, despite the Nichols clade being the majority, we identified only 3 different STs (Fig. 1), which
is surprising considering the higher nucleotide diversity observed in strains belonging to the Nichols clade than
in those in the SS14 clade’. This is noteworthy given our sample size (107) and the variety of SS14 allelic profiles
detected (Fig. 1), and our regional scope may contribute to explaining this phenomenon. Additionally, it is
surprising that the proportion of ST6 remained stable over the years and closely related regions. As expected, the
Nichols-like clade haplotypes reported here overlap with those detected in Europe, America and Asia (Table 4)
and are completely different from those identified in Madagascar specimens’>.

While specific studies have indicated an association of Nichols strains with slightly older patients compared
to those carrying SS14-like strains, we did not observe a significant association between clades or allelic profiles
and patient characteristics (Table 3)?°. To emphasize, the most frequent circulating TPA strains in women, ST26
(3/7 42.8%) and ST1 (2/7, 28.5%) did not differ from those in men. This findings aligns with recent research
demonstrating a similar distribution of circulating TPA strains among groups with varying age, sex, sexual
orientation, syphilis stage, or HIV status'*?!.

The most prevalent allelic profiles are consistently identified across various countries, indicating the
widespread dissemination of specific syphilis strains at the supranational level. According to PubMLST**and
recent research findings, the prevailing syphilis strains globally are identified as ST1, ST2, ST3, and ST26. These
strains consistently emerge in diverse geographic regions, as evidenced by numerous reports!®1-2>27.28 This
observation prompted an inquiry into whether these strains possess adaptive features that contribute to their
sustained prevalence over time compared to other strains.

The rise of Nichols-like strains in Argentina and our region has been driven by the allelic profile ST26;
however, as of now, no fitness advantages have been described. Other possible explanations aside from
evolutionary advantages may include changes in sexual networks or outbreaks that may temporarily favour the
local spread of Nichols-like clade, sampling bias, or antibiotic resistance. The independent and spontaneous
acquisition of macrolide resistance in multiples sub-lineages is believed to have played a role in the expansion of
strains belonging to the S514 clade?>?. In our previous study, while the A2058G mutation appeared in 96.6% of
SS14 clade strains, it only appeared in 40% of Nichols strains, all of which belonged to the same haplotype (ST6).
Currently, all identified Nichols strains in our study exhibit the A2058G mutation which could potentially make
them as likely as SS14 strains to spread, particularly among a population with macrolide antibiotic pressure.
A similar trend has recently been observed in Argentina, with a high frequency of Nichols-like strains and
increased levels of macrolide resistance in TPA%!. Although macrolides are no longer recommended for syphilis
treatment, resistant strains remain highly prevalent suggesting that resistance may be driven by antibiotic use for
other infections®’. Additionally, no tetracycline resistance-associated mutations were found in the studied region
of 16 STRNA, as occurred in previous studies*"*2. Close monitoring of circulating strains of TPA and tetracycline
and azithromycin resistance-associated mutations is crucial, particularly following the progressive availability
and use of doxycycline for STI prevention (DoxyPEP) which may impose additional selective pressure>.
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This study is not without limitations. Firstly, our specimen collection was confined to Barcelona, providing
limited information about the trends of TPA strains in the rest of Spain, although this region has the highest
incidence of syphilis in Spain®®. Future investigations should aim to include specimens from diverse regions
across Spain. Secondly, data regarding the TPA strains circulating between the time of our last report and the
present are currently unavailable. Thirdly, the inclusion of few specimens from women (6.5%) and the absence
of specimens isolated from cerebrospinal fluid raise concerns about potential gaps in understanding strains
associated with congenital syphilis and neurosyphilis. Nevertheless, we assert that our sample size is adequate
for comprehending the circulating TPA strains in our region, considering the infrequency of these pathologies in
our area and that the prevalence of syphilis in women in our region (11.5%) is close to the percentage of women
in this study™®.

The strengths of this study lie in the fact that all included samples were clinical, and patient characteristics
were available, allowing us to gain insights into syphilis transmission networks in our region. Our substantial
sample size enabled us to demonstrate that no specific strains are associated with any population group. This study
included a considerable sample size collected from various sources, including two tertiary hospitals (Hospital
Universitari Vall d’Hebron and Hospital Universitari German Trias I Pujol), 2 specialized STI centres (BCN-
Checkpoint and Drassanes Vall d’'Hebron Centre) and 16 primary community care facilities from Barcelona,
which encompass a population of 1 million inhabitants. Additionally, we successfully isolated strains from early
latent syphilis and secondary syphilis using oral and rectal swabs from patients who did not present with ulcers.

In conclusion, our study revealed a noteworthy shift in the epidemiology of circulating TPA strains in
Barcelona, characterized by an elevated proportion of Nichols-like strains and distinctions from neighbouring
regions. Given that Barcelona is a highly dynamic city with significant population mobility, this research
underscores the imperative for periodic surveillance of circulating TPA strains. Such ongoing monitoring is vital
for adjusting public health policies and enhancing the efficacy of STI prevention and control programs such as
DoxyPep.

Materials and methods

Clinical samples collection

Clinical swab samples were collected between October 2021 and September 2023 from patients with suspected
syphilis at various healthcare facilities including the Sexually Transmitted Infection (STI) Unit of Drassanes Vall
d’'Hebron Centre for International Health and Transmissible Diseases, sixteen primary health care centres in
Barcelona, the Barcelona CheckPoint STT Unit, Hospital Universitari Vall d'Hebron and Hospital Universitari
Germans Trias I Pujol.

The diagnosis of syphilis was based on clinical signs, dark-field microscopy, serology (treponemal and
nontreponemal tests) and/or nucleic acid amplification tests. All samples were sent to the Microbiology
Department of Hospital Universitari Vall d'Hebron for the detection of treponemal DNA. Clinical and
demographic data including patient age, sex, sexual orientation, HIV status, use of pre-exposure prophylaxis,
type of clinical material, syphilis stage and syphilis serology results were collected from clinical health records
when available. The syphilis stage was classified according to the criteria in the European guideline on the
management of syphilis by the International Union Against STIs (IUSTI)*.

DNA isolation and treponemal DNA detection

Nucleic acid extraction from genital, oral, skin and anal swabs was performed using eMAG" (bioMerieux,
Marcy I'Etoile, France) using 300 pL of sample and eluting in 100 pL of RNase-free water according to the
manufacturers’ instructions. TPA molecular detection was performed by using a commercial assay targeting the
polA gene (Allplex™ Genital Ulcer Assay, Seegene, Korea).

Multilocus sequence typing of T. pallidum and detection of genetic resistance-associated
determinants to macrolides and tetracyclines

MLST was performed on positive PCR laboratory-confirmed samples. A partial region of the tp0136, tp0548 and
tp0705 genes was amplified by nested-PCR and sequenced by Sanger sequencing as described by Grillova et al.in
20187. Sequence analyses and phylogenetic and molecular evolutionary analyses were conducted using MEGA
software v.11.0.13. TP0136 and TP0548 were aligned to the reference sequences TPA Nichols (CP004010.2)
and TPA SS14 (CP004011.1) to determine the clade. Phylogenetic trees were constructed using the maximum
likelihood method with bootstrapping (1000 replications, cutoff value of 50%) and the Tamura-Nei model. The
TDI was calculated as the ratio between the number of different types detected and the number of fully typeable
samples®!.

A region of both copies of the 23S rRNA gene was amplified following previously described nested PCR
conditions® and genetic macrolide resistance-associated determinants were identified by detecting A2058G
and A2059G mutations (positions according to the 23S rDNA gene of Escherichia coli, accession no. V00331)
via Sanger sequencing. Genetic resistance-associated determinants to tetracyclines were identified by detecting
mutations within the 965-968 and 1058 region of 16S rRNA (positions according to 16 S rDNA gene of E. coli,
accession no. V00331)3! .

Statistical analysis

All statistical analyses were performed using Stata/IC V.16.1 (Stata Corp). Associations between two categorical
variables were determined by the X2 test or Fisher’s test (if the data did not meet normal distribution with Shapiro-
Wilk test); median comparison was performed using the Mann-Whitney U test and multiple comparisons were
performed with ANOVA. Differences with p <0.05 (two-sided) were considered statistically significant.
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Data availability

Data is provided within the manuscript or supplementary information (Supplementary Table 1). All alleles
found in this study were identical to previously reported sequences, which can be found in the PubMLST data-
base (https://pubmlst.org/organisms/treponema-pallidum)!.
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