
Research Article

For reprint orders, please contact: reprints@futuremedicine.com

Enhanced molecular typing and macrolide
and tetracycline-resistance mutations of
Treponema pallidum in Barcelona

Candela Fernández-Naval1,2 , Maider Arando2,5, Mateu Espasa4, Andrés Antón1,2,3,
Miguel Fernández-Huerta2,3, Aroa Silgado1,2, Inmaculada Jimenez3, Ana M Villatoro3, Juan
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2Universitat Autònoma de Barcelona (UAB), Barcelona, Spain
3Microbiology Department, Hospital Universitari Vall d’Hebron (HUVH), Barcelona, Spain
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Aim: To describe the molecular types of Treponema pallidum and the proportion of macrolide and tetra-
cycline resistance mutations in Barcelona. Materials & methods: Molecular type was determined using the
Enhanced-CDC Typing system and antibiotic resistance was determined by sequencing the 23S and 16S
rRNA genes. Results: A total of 183 patients were enrolled and 213 specimens (99 ulcers, 114 bloods) were
collected. Sixty-two (70.5%) of 88 ulcers and 0 (0%) of bloods T. pallidum-DNA containing samples were
fully typed. Up to 21 different strain types were identified (14d/g in 27.4%; 14f/g in 14.5%). Macrolide
resistance mutations were present in 95% and tetracycline in 0%. Conclusion: Several different strains co-
exist in Barcelona with a high proportion of macrolide resistance and absence of tetracycline resistance.
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Syphilis, caused by the bacteria Treponema pallidum subspecies pallidum, is a sexually transmitted infection staged
according to the duration and the clinical evolution into early (primary, secondary and early latent) and late syphilis
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(late latent and tertiary). This disease remains highly prevalent in developing countries representing a real public
health concern.

According to the European Centers for Disease Control and Prevention (ECDC), the incidence of syphilis has
increased dramatically in the past decade in the 28 European Union member states [1]. Barcelona city has reported
increasing rates, from 12.3 cases per 100,000 population in 2008 (199 cases) to 58.9 in 2017 (955 cases) [2]. Overall
syphilis was reported nearly three-times more in men who have sex with men and 40% had an HIV co-infection [3].

Molecular typing of T. pallidum is the best tool to investigate strain diversity, dynamics of disease transmission and
to better understand the association between strain types and clinical presentation. In 1998, Pillay and colleagues
from the Centers for Disease Control and Prevention (CDC), developed the first molecular subtyping method of T.
pallidum [4], which was modified in 2010 by Marra et al. to be known as the Enhanced CDC Typing (ECDCT) [5]

method. The most frequently used specimens for molecular detection and strain typing of T. pallidum are lesional
swabs from anogenital ulcers. However, lesional swabs collection is not always possible because ulcers can heal
spontaneously [6]. Consequently, performing molecular studies using other specimens, such as blood, could provide
additional data about secondary and late-stage patients.

Molecular techniques are also helpful to determine genetic susceptibility to certain antibiotics. While penicillin
is the first-line antibiotic to treat all syphilis stages, doxycycline plays a role as the second-line recommended drug
despite there are a few reports of tetracycline resistance [7,8]. In addition, azithromycin was widely used as alternative
regimen before the emergence of macrolide-resistant strains[17]. Studying the prevalence of resistance mutations in
our geographical area might elucidate if these second-line antibiotics are still suitable for syphilis treatment.

The aim of the study was to describe the molecular types and the genetic macrolide and tetracycline resistance
mutations of T. pallidum from lesional ulcer swabs and whole blood specimens collected from a cohort of patients
diagnosed with early syphilis in Barcelona.

Materials & methods
Patients & ethical statement
A prospective study of patients diagnosed with primary and secondary syphilis was conducted at Sexually Transmit-
ted Infections Unit in Drassanes - Hospital Universitari Vall d’Hebron (STIUVD) in Barcelona (Spain) during 2015
(M. Arando, unpublished). Patients were diagnosed according to clinical signs, dark-field microscopy, serology (tre-
ponemal and nontreponemal tests) and/or nucleic acid amplification tests. Participants provided written consent
for collection of an additional ulcer swab and/or whole blood specimen (from now on, blood) and for inclusion in
the molecular testing study. Institutional Review Board approval was obtained from the Ethics Committee of Vall
d’Hebron Research Institute (PR(AG)297/2014).

DNA extraction of clinical samples
The extraction of the treponemal DNA was accomplished from ulcers using NucliSense easyMAG (bioMérieux,
Marcy l´Etoile, France) and from blood using MagCore R© Genomic DNA Whole Blood Kit (RBC Bioscience,
Taipei, Taiwan) and MagCore R© HF16 Automated Nucleic Acid Extractor (RBC Bioscience, Taipei, Taiwan) in
accordance with the manufacturer’s protocol.

Molecular detection of T. pallidum
T. pallidum DNA was detected by a real-time polymerase chain reaction (qPCR) targeting the tp0574 gene (also
known as tpp47) as described in the literature [9]. The cycle threshold (Ct), an indirect measure of the bacterial load,
was registered and used to compare the differences of the T. pallidum detection between ulcer and blood samples.

Molecular typing of T. pallidum
Molecular typing of T. pallidum was performed on positive qPCR samples following the ECDCT methodology
based on the genetic characterization of the arp, tpr and tp0548 genes and the results from those assays were
combined to obtain the three-component strain type [5].

The type diversity index (TDI) was calculated as the ratio between the number of different types detected and
the number of fully typeable samples collected as described by Giacani et al. [8].
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Figure 1. Flow chart of patients and specimens included in the molecular testing study.
†Two ulcer specimens were collected from the same patient in two cases.

Table 1. Sensitivity of the real-time polymerase chain reaction for Treponema pallidum detection depending on the
specimen type and stage of syphilis.

Ulcer Blood Global

n % (95% CI) n % (95% CI) n % (95% CI)

Primary syphilis 59/65 90.8 (83.7–97.8) 0/0 0 59/65 90.8 (83.7–97.8)

Secondary syphilis 29/34 85.3 (97.2–73.4) 42/114 36.8 (28.5–46) 71/148 48 (39.8–56.3)

Global 88/99 88.9 (82.7–95.1) 42/114 36.8 (28.5–46) 130/213 61 (54.3–67.3)

Detection of T. pallidum genetic resistance to macrolides & tetracyclines
A region of both copies of the 23S rRNA was amplified on positive samples following the previously described
nested PCR conditions [10] and genetic macrolide resistance was determined by screening for A2058G and A2059G
mutations by Sanger sequencing.

Genetic tetracycline resistance was analyzed by amplifying a specific region of the 16S rRNA and searching
mutations at 965 and 1058 by Sanger sequencing.

Statistical analysis
Statistical Package of R software version 3.4.0 (R Development Core Team, Vienna, Austria) was used for statistical
analysis. Associations between categorical variables were determined by the Ӽ2 or Fisher test; the analysis of
continuous variables by the Student’s t-test (for two groups) or the analysis of variance (for more than two groups).
Differences with p < 0.05 (two-sided) were considered statistically significant.

Results
A total of 183 patients were enrolled in the study: 63 patients of primary syphilis and 120 of secondary syphilis.
The Microbiology department received a total of 213 specimens: 99 ulcer samples (genital, anal or oral swabs) and
114 blood specimens (Figure 1).

Molecular detection of T. pallidum DNA
Treponema pallidum DNA was detected in 88/99 (88.9%) ulcer specimens and 42/114 (36.8%) blood specimens
(Table 1). The qPCR Ct values mean (standard deviation [SD]) was 34.4 (3.4) among ulcer specimens and 39.4
(2.3) among blood specimens (difference between means −5.0 (1.1), p < 0.0001) (Figure 2).
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Figure 2. Boxplot of the cycle threshold values obtained from ulcer and blood samples.

ECDC typing of T. pallidum
Of the 88 T. pallidum-DNA containing samples, 62 (70.5%) were successfully typed at all three loci and 26
(29.6%) could be partially typed. None of the 42 blood samples could be fully typed: 18 (42.9%) could be partially
typed and 24 (57.1%) could not be typed at all. The qPCR Ct values mean (SD) was 33.6 (3.0) among fully
typed samples, 37.5 (3.6) among partially typed samples and 39.7 (1.9) among nontyped samples (p-value for the
differences between means p < 0.001).

A total of 21 different strain types of T. pallidum were found, obtaining a TDI value of 0.3 (Figure 2). Specifically,
14d/g was the most prevalent (17/62; 27.4%), followed by the strain types 14f/g (9/62; 14.5%), 14a/g (5/62;
8.1%), 14b/g (5/62; 8.1%), 14d/f (5/62; 8.1%) and 14p/g (4/62; 6.5%). The remaining strain types were found
in less than 5% of samples (Figure 3). Strain types were explored by the travel history of patients reporting sexual
intercourse abroad in Table 2.

Of the 28 ulcer specimens and blood specimens collected from the same patient, we successfully obtained typing
results in both specimens in seven cases: 5/7 had the same molecular type in both specimens and 2/7 had different
tp0548 sequences. One patient had ‘d’-type in ulcer, and ‘g’ in blood; the second patient had ‘f ’-type in ulcer and ‘g’
in blood. The single nucleotide polymorphisms and the amino acid changes of the hypothetic translated product
were summarized in Table 3.

Overall, typing yields were significantly higher in ulcer specimens than in blood. Results for arp gene were
obtained in 66/88 (75%) ulcer specimens and in 0/42 (0%) blood samples (p < 0.0001); for tpr gene in 73/88
(83%) ulcer specimens and in 6/42 (14.3%) blood samples (p < 0.0001); for tp0548 gene in 88/88 (100%) ulcer
specimens and in 18/42 (43%) of blood samples (p < 0.0001). All the blood samples showed nonspecific bindings
during the arp amplification.
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Figure 3. Treponema pallidum strain types identified in Barcelona during 2015.

Macrolide & tetracycline resistance
At least one copy of the 23S rRNA gene was sequenced in 118 (90.8%) of 130 qPCR-positive samples analyzed: 81
(92.1%) of 88 qPCR-positive ulcers and 37 (88.1%) of 42 qPCR-positive blood samples. The A2058G mutation
was found in 111/112 (99.1%) cases and the A2059G mutation was found once (1/112; 0.9%). When associations
between the ECDC typing results and the molecular macrolide resistance were analyzed, all type 14d/g and type
14f/g specimens had the A2058G mutation. Besides, 3/5 of 14d/f specimens were wild-type.

A total of 108 (83.1%) sequences of the 16S rRNA gene could be obtained from the 130 positive samples and
no mutations associated with tetracycline resistance were found among the samples analyzed.

Discussion
At present, the ECDCT is the most extended methodology to determine the strain type of T. pallidum. Several
studies using the enhanced methodology to type samples from different populations have been published, providing
valuable data about the geographical spread of syphilis. The increase in the incidence of syphilis in Spain during
the last years prompted to study, for the first time, the molecular types of T. pallidum in this country.

We successfully typed up to 70% of ulcer specimens and 21 strain types were differentiated. In addition, we were
able to determine the proportion of genetic macrolide resistance in 118 samples and genetic tetracycline resistance
in 108 samples. Nonetheless, several limitations have been present in the current study, such as the choice of blood
as an alternative to lesional swabs. Besides, T. pallidum was undetectable in almost 65% of blood samples, the
Ct values demonstrated that the presence of spirochetes in this kind of specimen was really low. The scarcity of
treponemal DNA, as well as the presence of endogenous inhibitors in blood hindered the achievement of greater
typing rates [6,11]. Thus, high efficiencies from molecular studies in secondary syphilis should not be expected
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Table 2. Strain type and travel history of 62 patients with fully typable results.
Strain type Total Sexual relations abroad

None Yes No data available

Patients (N) Patients (N) Country of relation Patients (N)

13d/g 1 1 0 0

14a/f 1 1 0 0

14a/g 5 4 0 1

14b/g 5 4 1 Belgium 0

14d/c 1 1 0 0

14d/f 5 3 1 USA 1

14d/g 17 11 4 France and Italy
France and Brazil
Belgium and The
Netherlands
Arab Emirates

2

14e/g 1 1 0 0

14f/c 1 1 0 0

14f/f 3 2 0 1

14f/g 9 5 2 Germany
Austria

2

14f/z 1 0 1 Germany 0

14j/d 1 0 0 1

14j/g 1 1 0 0

14k/g 1 1 0 0

14l/f 1 1 0 0

14l/g 1 1 0 0

14p/f 1 0 0 1

14p/g 4 3 1 India and Nepal 0

15a/f 1 1 0 0

15f/g 1 0 0 1

21 62 42 10 10

Table 3. Single nucleotide polymorphisms and the amino acid changes of the hypothetic translated product between the
tp0548 sequences identified in ulcer and blood specimens of the same patient (f–g and d–g).
tp0548 sequence Polymorphism Codon Amino acid change

Sequence f–g G/A 154 Gly–Arg

G/A 158 Gly–Glu

Sequence d–g DELETION/GCT 151-153 Deletion–Ala

G/A 154 Ala–Arg

C/G 155

G/A 158 Gly–Glu

C/G 170 Ser–Cys

G/A 172 Asp–Ser

A/G 173

A/G 175 Ser–Asp

G/A 176

G/A 178 Asp–Asn

G/C 186 Lys–Asn

A/C 211 No change

unless the original sample collected is a lesional swab. Chancre manifestation during secondary stage (overlapped
stages) is not the most common clinical picture, however, it may occur in up to 25% of cases [12]. In our study,
we could obtain 34 ulcers from 120 patients diagnosed with secondary syphilis (28.3%) and a total of 20 samples
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were successfully typed. This allowed us to increase the overall number of results despite the poor results obtained
in blood.

Even if molecular typing yields were significantly higher in ulcers than in blood, up to 30% of ulcers were not
successfully typed at all three loci. This could be explained because all qPCR-positive samples were included in the
molecular typing testing regardless of the Ct value. The comparison of the Ct values among the fully typed, partially
typed and nontyped samples reaffirmed that the amount of amplifiable DNA hampered the overall molecular typing
study.

Obtaining a larger number of fully types was laborious, not only because of the low treponemal charge but also
because of the difficulties in amplifying and detecting the arp and tpr genes. The tp0548 gene especially showed
larger amplification rates in contrast to those of the arp and tpr genes as previously reported [13–15]. This is likely
due to greater robustness of the technique used and to higher complexity of the arp and tpr genes that would lead
to secondary structures formation [16]. At last, another constraint of our study was the limited number of 14d/f
typeable samples (N = 5) to associate this strain type with a lower presence of macrolide resistance mutations.

The 14d/g and 14d/f have been described as the two predominant strain types globally [17]. Specifically, 14d/g
is the main strain type circulating in Europe [8,18,19] while in America and Asia is 14d/f [18]. In consistence with
that, the 14d/g appeared in the current study as the most frequent strain type (27%) and just five cases were strain
typed as 14d/f (8%). To our knowledge, the second most prevalent strain type found in Barcelona (14f/g) has not
stood out anywhere before, being widely considered as an uncommon strain type until now.

In spite of being the predominant strain type identified in Barcelona, 14d/g has appeared with a lower percentage
(27%) compared with what reported other European studies (Italy: 40%; Denmark: 54%; Paris: 69%; Dublin:
70% and London: 80%) [8,18,19]. We would expect that the types identified in Spain and in neighbouring countries
as Portugal and France would be similar. While 14d/g was also the most common strain type in Paris [20], 14a
and secondly 14d were the most frequent in Lisbon [21,22]. One possible explanation is that Barcelona is closer to
France than to Portugal, leading to share more strain types with this geographical area. Besides that, the samples
of the French study were analyzed later (2013) than the ones of the Portuguese studies (2008 and 2009). More
recent studies would be needed to elucidate if the strain types predominance could have changed over the years.
Another observation is that the TDI value obtained in Barcelona (0.3) differs from other cities according to what
Giacani et al. [8] reported from Milan (0.7), Bologna (0.66), Genoa (0.5) and Turin (0.18). It should be noted
that places that apparently showed the greatest heterogeneity of types, were also the ones with the least number of
samples typed, suggesting that the TDI value could be strongly affected by the total number of typable samples.
Accordingly, the type diversity should be compared with studies with a similar number of fully typed samples.

In this study, the history of travel and sex abroad was reported by ten patients. Nevertheless, it cannot be confirmed
whether travel history is linked to these syphilis episodes. Almost all strain types identified in subjects with a travel
history were also found in patients without sex abroad. The type 14f/z, that we have recently described [23], was
identified just in one patient that reported sexual intercourse in Germany. With the available data, we are not
able to determine if the infection occurred in Germany or in Spain, but two hypotheses are suggested: 14f/z was
imported from Germany (no molecular studies from there have been published) and 14f/g strain type evolved
to 14f/z (or vice versa) by just a single nucleotide polymorphism (explained by the high similarity between both
tp0548 sequences) [23].

The presence of discordant typing results in patients with parallel samples (ulcer and blood) have also been
described in other works [19,24]. In this study, ‘d’ and ‘g’ tp0548 sequences were identified in the ulcer and blood
(respectively) of one of the patients. These two sequences are clustered in different genetic groups according to
the previously reported phylogenetic tree of the tp0548 gene [23]. The hypothetical translated product showed a
codon deletion and seven amino acid changes. The low similarity between both types would suggest that two
different subpopulations may be co-infecting the same host. Regarding the second case, the sequences identified
in both compartments (‘f ’ in ulcer and ‘g’ in blood) are classified in the same cluster of the phylogenetic tree,
showing just two amino acid changes in the hypothetical translated product. Whether two different strain types
are co-infecting or whether intrastrain genetic variability is occurring is not clear. On the one hand, to know the
other ECDCT compounds (arp and tpr) of the sample would help to determine the level of variability between
both strain types. On the other hand, a better understanding of the putative Tp0548 protein function might help
to elucidate if the polymorphisms of the tp0548 sequences could be providing some phenotypic advantages in
a particular compartment. Even though the studies of both Pillay et al. and Marra et al. demonstrated that the
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strain types persisted after several rabbit passages under experimental conditions [4,5], a low genetic stability of the
ECDCT genes during human infection could also be considered.

One other finding of interest is the high frequency of samples presenting mutations associated with macrolide
resistance (94%), similar to the prevalence found in other countries [7,8,11,24–26]. This high rate might be due to
the extended use of this family of antibiotics. Looking for epidemiological associations, we crossed the T. pallidum
strain type of every sample with the corresponding result of macrolide resistance analysis. Curiously, a remarkably
lower rate of resistance mutations was related to 14d/f since 60% of these strains were wild-type. It is important to
note that the number of 14d/f typed samples (N = 5) was too low to draw strong conclusions.

On the contrary, mutations within the 16S rRNA have been found neither in the samples of the present study
nor in other previous ones [7,8]. The main explanation is the limited use of doxycycline to treat penicillin-allergic
patients; notwithstanding, it should be of concern that genetic resistance to tetracyclines could emerge in the same
way as for macrolides.

Molecular typing studies are helpful to explore the diversity, stability and movement of strains through different
geographical areas as well as to improve the understanding of the transmission pathways and networks of T. pallidum.
Because of the difficulties of the ECDCT methodology, a new multi-locus sequence typing system has been recently
developed. How the current genetic map can be redefined with this new methodology will be of interest. Besides,
over the next years, great advances in next generation sequence technology are expected, promising an enlargement
of T. pallidum genetics knowledge that may contribute to better clinical management of syphilis.

Conclusion
The ECDCT methodology has allowed enlarging the knowledge of syphilis infection by drawing geographical
distribution. Even though a large number of reports of molecular typing have been published, to our knowledge,
this is the first one focused on the T. pallidum strain diversity and antibiotic resistance in Spain. In the current
study, the 14d/g strain type was the most prevalent as described in other European countries. At last, almost all the
strains analyzed in Barcelona were genetically resistant to macrolides whereas resistance mutations to tetracyclines
were absent. Further studies supporting the linkage between tetracycline resistance and mutations within the 16S
rRNA gene of T. pallidum would be required.

Practice points

• Up to 21 different strain types were identified among 62 ulcer samples.
• 14d/g strain type was the most frequent found, in line with the other European studies.
• 14f/g was identified as the second most prevalent despite being considered as an infrequent strain type.
• 14d/f was identified in few cases despite being the most prevalent in some other countries.
• Macrolide resistance is widespread, that is why this antibiotic should be avoided for syphilis treatment.
• 14d/f has been associated with lower rates of macrolide resistance mutations.
• Lack of mutations in the 16S rRNA gene suggests that Treponema pallidum strains are still sensitive to

tetracyclines.
• Using genital ulcer samples for molecular studies is preferable since T. pallidum in whole blood is difficult to

detect due to be in a low concentration.
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10. Matějková P, Flasarová M, Zá koucká H et al. Macrolide treatment failure in a case of secondary syphilis: a novel A2059G mutation in
the 23S rRNA gene of Treponema pallidum subsp. pallidum. J. Med. Microbiol. 58(6), 832–836 (2009).

•• Description of the association between A20159G mutation within the 23S rRNA gene of T. pallidum and clinical failure of
azithromycin treatment.

11. Martin IE, Tsang RSW, Sutherland K et al. Molecular characterization of syphilis in patients in Canada: azithromycin resistance and
detection of Treponema pallidum DNA in whole-blood samples versus ulcerative swabs. J. Clin. Microbiol. 47(6), 1668–1673 (2009).

12. Arando M, Guerra O. Sı́filis. Enferm. Infecc. Microbiol. Clin. 37(6), 398–404 (2019).

13. Cole MJ, Chisholm Sa, Palmer HM, Wallace La, Ison Ca. Molecular epidemiology of syphilis in Scotland. Sex. Transm. Infect. 85(6),
447–451 (2009).

14. Dai T, Li K, Lu H, Gu X, Wang Q, Zhou P. Molecular typing of Treponema pallidum: a 5-year surveillance in Shanghai, China. J. Clin.
Microbiol. 50(11), 3674–3677 (2012).

15. Wu H, Chang SY, Lee NY et al. Evaluation of macrolide resistance and enhanced molecular typing of Treponema pallidum in patients
with syphilis in taiwan: a prospective multicenter study. J. Clin. Microbiol. 50(7), 2299–2304 (2012).

16. Frey UH, Bachmann HS, Peters J, Siffert W. PCR-amplification of GC-rich regions: “slowdown PCR.” Nat. Protoc. 3(8), 1312–1317
(2008).

17. Ho EL, Lukehart SA. Syphilis: using modern approaches to understand an old disease. J. Clin. Invest. 121(12), 4584–4592 (2011).

18. Tipple C, Taylor GP. Syphilis testing, typing, and treatment follow-up. Curr. Opin. Infect. Dis. 28(1), 53–60 (2015).

• Review of syphilis diagnostic testing and molecular studies. It summarizes the last findings described of the T. pallidum
molecular epidemiology.

19 . Salado-Rasmussen K, Cowan S, Gerstoft J et al. Molecular typing of Treponema pallidum in denmark: a nationwide study of syphilis.
Acta Derm. Venereol. 96(2), 202–206 (2016).

20. Grange PA, Allix-Béguec C, Chanal J et al. Molecular subtyping of Treponema pallidum in Paris, France. Sex. Transm. Dis. 40(8),
641–644 (2013).

21. Florindo C, Reigado V, Gomes JP, Azevedo J, Santo I, Borrego MJ. Molecular typing of Treponema pallidum clinical strains from
Lisbon, Portugal. J. Clin. Microbiol. 46(11), 3802–3803 (2008).

22. Castro R, Prieto E, Aguas MJ, Manata MJ, Botas J, Martins Pereira F. Molecular subtyping of Treponema pallidum subsp. pallidum in
Lisbon, Portugal. J. Clin. Microbiol. 47(8), 2510–2512 (2009).

future science group www.futuremedicine.com 1107

https://www.ecdc.europa.eu/sites/portal/files/documents/AER_for_2016-syphilis.pdf
http://www.canalsalut.gencat.cat/web/.content/_A-Z/S/sida/enllasos/anual_ITS.pdf


Research Article Naval, Lasagabaster, Soley et al.

23. Fernández-Naval C, Arando M, Espasa M et al. Novel tp0548 sequence-type of Treponema pallidum identified in Barcelona, Spain. Sex.
Transm. Dis. 46(5), e50–e52 (2019).
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