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Abstract

Background—Although syphilis rates have been relatively high in Italy for over 15 years, no 

data on the molecular types of Treponema pallidum subsp. pallidum (T. pallidum) circulating in 

this country are yet available. Likewise, no data exist on how widespread is resistance to macrolide 

or tetracycline antibiotics in these strains. Such data would however promote comprehensive 

studies on the molecular epidemiology of syphilis infections in Italy and inform future 

interventions aiming at syphilis control in this and other European countries.

Goals and Study Design—Swabs from oral, genital, cutaneous, or anal lesions were obtained 

from 60 syphilis patients attending dermatology clinics in Milan, Turin, Genoa, and Bologna. 

Molecular typing of T. pallidum DNA was performed to provide a snapshot of the genetic diversity 

of strains circulating in Northern Italy. Samples were also screened for mutations conferring 

resistance to macrolides and tetracyclines.
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Results—T. pallidum DNA was detected in 88.3% of the specimens (53/60) analyzed. Complete 

and partial T. pallidum typing data were obtained for 77.3% (41/53) and 15.0% (8/53) of samples, 

respectively, while four samples could not be typed despite T. pallidum DNA being detected. The 

highest strain type heterogeneity was seen in samples from Bologna and Milan, followed by 

Genoa. Minimal diversity was detected in samples from Turin, in spite of the highest number of 

typeable samples collected there. Resistance to macrolides was detected in 94.3% (50/53) of the 

strains, but no known mutations associated with tetracycline resistance were found.

Conclusions—Genetic diversity among T. pallidum strains circulating in Northern Italy varies 

significantly among geographical areas regardless of physical distance. Resistance to macrolides is 

widespread.

INTRODUCTION

Far from being a disease of the past, syphilis is still a source of concern for global health, 

with an estimated burden of ~36 million cases worldwide and a global incidence of over 11 

million new cases every year (1). Although the vast majority of syphilis cases still occur in 

developing nations, also developed countries such as the United States, Canada, and China, 

and many European nations have experienced a resurgence in syphilis incidence in the last 

years (2–5). in many Northern and Western European countries syphilis incidence has been 

increasing approximately since 1996 (5), following a period of steady decline during the first 

half of the 1990’s (5). Italy has been no exception to this general trend, even though the 

number of reported cases has increased significantly only after 2000 (6). According to the 

latest data from the European CDC syphilis rates in Europe reached 5.1 cases per 100,000 

population in 2014. In this context, however, Italy stood out as one of the very few European 

nations with the lowest syphilis rates (<3 per 100,000 population) compared to countries 

such as Spain, United Kingdom, Germany, Lithuania, Malta, and Iceland (>7 cases per 

100,000 population), or Ireland, Latvia, Luxembourg, Norway, Finland, Romania, Bulgaria, 

Czech Republic, Denmark, and Slovakia, were the reported rate was 3–6 cases per 100,000 

population (7). Noteworthy is also that syphilis rates in Italy have been low for over 20 

years, even during the years of resurgence of the disease (6).

Molecular tools for typing of T. pallidum strains have been increasingly adopted in countries 

with resurgent syphilis, including many European ones (8), to better understand T. pallidum 
acquisition and transmission dynamics. No such studies are however yet available from Italy. 

Given the reported low incidence of the infection, it would be important to know which 

strain types are circulating in Italy. This and future studies could support that these strains 

are particularly virulent and more capable of persisting within a population. In parallel, the 

knowledge of how widespread is antibiotic resistance in circulating T. pallidum strains could 

help circumvent the public health threat posed by treatment-resistant syphilis. Altogether, 

these data could inform and guide intervention programmes that aim at eliminating syphilis 

in Italy and other European countries.

The goal of our study was to type T. pallidum strains circulating in four Italian cities (Turin, 

Milan, Bologna and Genoa) to evaluate the level of genetic heterogeneity in neighboring 

geographical areas. In the regions where these centers are located (Piedmont, Lombardy, 
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Emilia-Romagna, and Liguria) the most recently reported syphilis rates were 5.5 (2013), 7 

(2014), and 9.1 (2013) cases per 100,000 population, respectively (9, 10) (D’Antuono M. 

and Gaspari V., personal communication). No recent data were already available for the 

Ligurai region. In addition, we evaluated the rate of resistance to macrolides in these strains. 

We also screened for mutations known to confer resistance to doxycycline and tetracycline 

antibiotics in general. Doxycycline was in fact used in alternative to beta-lactam antibiotics 

to treat eight patients from the Turin cohort, and was also administered to all patients from 

the Genoa cohort according to the enhanced syphilis treatment protocol introduced by Drago 

et al. (11).

MATERIALS AND METHODS

Sample collection

Swabs from genital, oral, or anal lesions were collected anonymously and exclusively from 

early syphilis patients attending the Dermatology Clinics of the San Martino Hospital in 

Genoa, the University of Turin, the Ospedale Maggiore in Milan, and the S. Orsola Hospital 

of the University of Bologna from approximately December 2016 to March 2017. The only 

exclusion criterion for sample collection was an existing record of antibiotic therapy 

initiated within 30 days from the patient visit. At the moment of sample collection, 

demographics (age, gender, sexual orientation and, when possible, travel history and history 

of previous syphilis infection) and clinical data (non-treponemal and treponemal test results, 

HIV status, and neurological and ocular involvement when available) were also gathered. 

For sample collection, the lesion area was gently squeezed to imbibe the swabs with 

exudate. The swabs were then placed in sterile microcentrifuge tubes containing 1 ml of 1X 

lysis buffer (10 mM Tris-HCl, 0.1 M EDTA, and 0.5% SDS) suitable for DNA extraction. 

The swab shafts were subsequently cut to leave the swab in the buffer, and the samples and 

frozen at −80°C until DNA extraction. Sample collection was authorized by the Human 

Subject Committee of each collecting institution (Protocol code: PR033REG2016 for the 

Universities of Turin and Genoa, Protocol N.2103/2016 for the University of Bologna, and 

Protocol Code TREPO2016 for the University of Milan) and informed consent was obtained 

from each patient. Specimens were then sent as de-identified samples in dry ice to the 

University of Washington for T. pallidum typing and detection of antibiotic resistance 

mutations. The University of Washington Institutional Review Board determined this 

investigation not to be human subject research.

DNA extraction and strain typing

Frozen samples were thawed at room temperature and vortexed before processing. DNA 

extraction was performed from 200 μl of sample suspension using the QIAamp DNA mini 

kit (Qiagen, Valencia, CA) according to the manufacturer’s instructions. Aliquots of each 

extracted sample were made to avoid DNA damage due to repeated thawing and freezing 

cycles.

Lack of PCR inhibitors was checked by amplification of a fragment of the human β-globin 

gene using sense and antisense primers 5′-caacttcatccacgttcacc and 5′-
gaagagccaaggacaggta, respectively. Amplifications were carried on in a 50 μl final volume 
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using 5 μl of DNA template and 2.5 units of GoTaq polymerase (Promega, Madison, WI). 

Final concentrations of MgCl2, dNTPs, and each primer were 1.5 mM, 200 μM, and 0.32 

μM, respectively. Cycling conditions were initial denaturation at 95°C for 4 minutes, 

followed 95°C for 1 min, 60°C for 1 min and 72°C for 1 min for a total of 40 cycles. Final 

extension was at 72°C for 5 min. Samples that failed to amplify were re-extracted and β-

globin amplification re-attempted. If a second negative result for β-globin amplification was 

obtained, the sample was not further analyzed and DNA extraction re-attempted. The 

enhanced T. pallidum strain typing method was performed as described by Marra et al. (12). 

DNA extracted from the Nichols laboratory strain of T. pallidum was used as positive 

control for all the typing reactions. Duplicate samples collected from a subset of patients 

served as internal control. A no-template control (NTC) was obtained by extracting a fresh 

aliquot of lysis buffer along with the clinical samples.

Detection of genetic resistance to macrolides and tetracyclines

Genetic resistance to macrolides in T. pallidum is associated with either the A2058G or 

A2059G mutation on the 23S rRNA gene (13). Samples were screened for both mutations as 

previously described (13). As positive controls for the A2058G and A2059G mutations, we 

used DNA from the SS14 and UW254 strains, respectively. T. pallidum Nichols strain DNA 

(known to lack such mutations) was used as negative control. Genetic resistance to 

tetracyclines has been associated with mutations at position 965–968 (AGA) and 1058 (G) in 

H. pylori and E. coli 16S rRNA genes (14, 15). In T. pallidum the cognate nucleotides in 

these positions are TGA and G, respectively. Detection of these mutations was performed by 

amplification and sequencing as described by Xiao et al. (16).

RESULTS

In approximately four months, a total of 60 samples were collected from early syphilis 

patients attending the Dermatology Clinics of the San Martino Hospital in Genoa (N=5), the 

University of Turin (N=29), the Ospedale Maggiore in Milan (N=11), and the S. Orsola 

Hospital of the University of Bologna (N=15). Demographics (Table 1) showed that 59/60 

patients were male and 52 of them (88.1%) were MSM. Of the 60 patients, 23 (38.3%) were 

living with HIV.

T. pallidum DNA was detected from 53 (88.3%) of these 60 samples. However, only 41 

samples (77.3%) were fully typeable with the arp, tprE/G/J and tp0548 assays, while 8 

samples (15.0%) could only be partially typed. Four additional samples failed to provide 

information about the typing targets, although amplification of T. pallidum 23S and 16S 

rRNA genes for detection of macrolide and tetracycline resistance was positive, due to the 

higher sensitivity of these methods that use a nested approach compared to the typing PCR 

reactions. Overall, at least 13 different strain types were detected (Fig. 1 and Table 2) in this 

population, including 12 strain types from the fully typeable samples and one partially 

typeable strain (9 X/g, Fig. 1 and Table 3), which carried a unique number of arp repeats. 

The most prevalent strain type among the 41 fully typed isolates was 14D/g, detected in 

40.8% of the samples, followed by 13D/g and 13D/f detected in 18.3% and 4.0% of the 

cases, respectively. All other strain types were detected only once (2.0%) in the population 
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(Fig. 1 and Table 2). Duplicate samples from the same patients always yielded the same 

strain type. Differences in strain type distribution were evident among the collecting centers. 

A type diversity index (TDI), calculated as the ratio between the number of different types 

detected and the number of fully typeable samples collected by each institution was highest 

in Bologna (0.8), followed by Milan (0.7) and Genoa (0.5). On the contrary, despite of the 

highest number of samples collected for this study, Turin had the lowest TDI (0.18), with 

only four different strain types (mostly 14D/g, Fig. 1 and Table 2) detected from 22 fully 

typeable samples.

Resistance to macrolides was detected in 50/53 (94.3%) of the isolates due to the presence 

of the A2058G mutation in all but one sample (isolated in Milan, type 15E/f) that carried the 

A2059G mutation. Neither mutation was detected in three isolates (one from Milan, and two 

from Turin). No mutations associated with resistance to doxycycline were found on the 16S 

rRNA genes.

DISCUSSION

According to the latest data from the European CDC and Italian Ministry of Health, Italy is 

one of the few countries with the lowest rates of syphilis in Europe (6, 7). Such evidence 

prompted us to collect samples from syphilis patients in Italy to type T. pallidum strains. In 

addition to characterizing the types of T. pallidum currently circulating in Italy, the goals of 

this study were also to compare such strains with those reported in neighboring countries, 

and to compare the level of genetic heterogeneity among T. pallidum strains in 

geographically close areas of Northern Italy. We hope that our study will encourage an 

increasing number of STI investigators in Italy to complement their epidemiological data on 

syphilis with molecular typing of T. pallidum to better understand syphilis transmission 

dynamics and the possible link between clinical manifestations and specific strain types.

In our population 13 different strain types were identified. Such diversity is not due to 

ambiguity in our results, given that the analysis of duplicate samples from the same patient 

always yielded the same strain type. Also, our inability to fully type or detect T. pallidum 
DNA in ~32% of the samples should not be of concern, given that our success rate is 

comparable to that reported by others that used this typing system (12, 17), and is likely due 

to scarcity of treponemal DNA in the patient sample. High strain type heterogeneity, like 

that seen in our samples, has been suggested to be unique to areas where syphilis is endemic 

(18, 19). However, both our data and previous T. pallidum typing studies (8) suggest that 

detection of high heterogeneity may be related to the use the typing method by Marra et al. 
(12) that is more discriminatory than the previously used typing method from the CDC (19).

The most common strain type identified in our study regardless of the origin of the sample 

was 14D/g, followed by 13 D/g (representing 51.2% and 21.9% of the fully-typeable 

samples, respectively). Several reports have shown that the 14D/g or the 14D strain type (the 

latter type from studies that preceded the adoption of the current typing method) is the 

predominant type in many European and non-European cities and countries (e.g. Denmark, 

Scotland, Czech Republic, Paris, London, Lisbon, Canada, United States, and South Africa) 

(8), suggesting that this might be a strain with marked virulence. Our data, however, do not 
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speak at all about how strain distribution evolved over time. Marra et al. (12) have 

demonstrated the introduction and loss of some strain types in Seattle from 1999 through 

2008, and significant changes in type distribution over time. In their study, the 14D/f strain 

was predominant in Seattle from 2001 to 2004, to be then replaced by the 14D/g type (12). 

Our work, therefore, provides a snapshot of the syphilis types circulating now in Northern 

Italy, and again should encourage further monitoring to evaluate if and when new strains will 

appear and replace the existing ones. Some of the least represented strain types in our group 

were previously reported in studies from China (6D/f, 10D/f, 12D/d, 13D/f, and 18D/c) (16, 

20) and Seattle (13D/d) (8). To our knowledge, the 13B/g, 13D/g, 13E/g, 15E/f, and 9X/g 

strain types were never described before, although both 13B and 13E strains were found in 

Australia (21).

An important finding of this work is that there can be significant differences in type 

heterogeneity within close geographical areas. The TDI was highest in Bologna, followed by 

Milan and Genoa, while Turin had the lowest TDI, despite the Turin clinic provided the 

highest number of typeable samples for this study. Although it is possible that the highest 

TDI value reported for the Bologna samples might have been affected by the small number 

of typeable samples, the difference in type heterogeneity between the samples collected in 

Milan and Turin, which are only 80 miles apart, is substantiated by larger sample sizes. In 

both cities, most of the samples were collected from self-identified MSM patients, indicating 

localized and restricted transmission networks. The reason for the syphilis epidemics among 

MSM has been recently attributed to increased sexual risk behavior justified by the evidence 

that pre-exposure prophylaxis (PrEP) protects from contracting HIV (22) or, in our specific 

case, on the improved effect of antiretroviral therapy on HIV, given that PrEP is not available 

in Italy. Even assuming that a core group of MSM may be responsible for the currently 

circulating syphilis strains, this would not explain the differences in diversity seen between 

T. pallidum strains in Turin and Milan, since the majority of samples collected in both 

centers came from MSM. Additional information that might shed light on these differences 

include whether distinct specimens came from epidemiologically linked cases through 

partner notification, which would contribute to a falsely low appearance of the degree of 

genetic diversity, or perhaps collected from patients with travel history that might have 

“imported” novel types into a previously homogeneous background, thus increasing its 

heterogeneity. Additionally, history of previous syphilis infection could be an important 

factor to take into account, given that sufficient pre-existing immunity against a strain could 

perhaps favor re-infection with a different one. For example, one of the patients carrying a 

never-seen before type (13B/g) was known to have been previously infected with syphilis, 

and to have traveled to and had sexual encounters in a neighboring foreign country (Table 2). 

Also the patient carrying the 13D/d strain type reported that the infection might have 

occurred abroad. Another patient carrying a never-seen before strain (12D/d), however, did 

not report knowledge of past infections or any recent travel (Table 2). In our cohort, 

however, travel history and history of previous infection did not contribute significantly to 

the diversity seen in Bologna or Milan.

Aside from epidemiological studies, a valuable typing system for a microbial pathogen 

should also be able to predict specific outcomes of an infection characterized by protean 

clinical manifestations. Such predictive value could further justify the adoption of a typing 
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system in routine STD surveillance programmes or in clinical laboratories at the moment of 

diagnosis. Significant links between strain type and unique clinical manifestations in 

syphilis have been elusive thus far, and only a few studies have provided insight to this end. 

It was shown for example that in the rabbit model of syphilis, animals infected with 14A/a 

and 14D/f treponemal isolates had the greatest degree of neuroinvasion (23). Another study 

suggested that the 14D/g and 8D/g strain types might be cause ocular syphilis (24), although 

no statistical significance was however achieved in this study due to the limited number of 

samples analyzed.

Although we used the current method of choice for T. pallidum typing, this protocol requires 

trained personnel, and is remarkably time-consuming. Alternative multi-locus system for 

typing (MLST) method based exclusively on sequencing of variable loci are currently under 

scrutiny (25–27), particularly after a report that showed unexpected differences in strain type 

when the typing protocol used here was applied to specimens collected from the same 

patient but from different anatomical sources (25). Confidence in the enhanced typing 

protocol, however, was strengthened by both Pillay et al. (19) and Marra et al. (12), who 

showed that a strain type was stable with repeated rabbit passages of the Nichols, Sea81-4 

and Chicago isolates of T. pallidum, respectively. Devising a less complex MLST method is 

nonetheless desirable, and should be facilitated by the increasing number of T. pallidum 
genomes available to perform comparative genomics and select suitable gene candidates.

Genetic resistance to macrolides was detected in virtually all samples. This result was not 

surprising given that macrolide resistance was already reported to be widespread in other 

European countries, as well as the United States, China, and Australia (28). Furthermore 

macrolides have been reported by the Italian Medicines Agency to be the second most 

prescribed group of antibiotics in Italy since at least 2002, with a DDD/1000 ab die of 3.66 

(29). Not surprisingly, given the high prevalence of macrolide resistance reported by 

different studies and the increasing trend in macrolide resistance in T. pallidum clinical 

isolates, macrolide treatment for syphilis is no longer recommended in Italy. The presence of 

mutations in the 16S rRNA gene that could decrease susceptibility to doxycycline (14, 15) 

has not been yet extensively explored in T. pallidum, with the exception of one study that, 

however, failed to detect such mutations in over 400 specimens (16). Similarly, no such 

mutations were found in our samples. This is likely due to the limited use of doxycycline in 

syphilis patients so far, even though several patients in our cohort were treated with it. Like 

for macrolides, however, resistance to doxycycline could arise very quickly if this antibiotic 

was to be used more frequently.

In conclusion, even though this report follows several others that focused on T. pallidum 
typing in European countries, it reiterates the importance of typing syphilis strains to 

generate a global database that would facilitate the identification of new and emerging types, 

the monitoring of how prevalence and distribution of types changes overtime within a 

population, and the detection of strains associated with outbreaks. At the same time, 

continued research efforts are necessary to understand the link between a particular T. 
pallidum type, specific disease manifestations and pathogen virulence.
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Fig. 1. 
Distribution of T. pallidum strain types. Fully typed isolates are color-coded; partially typed 

isolates are represented by a pattern on a white background. Missing information for 

partially typed isolates is replaced by an upper or lower case “x”. Type Diversity Index (TDI 

= Number of different types detected/Number of typed samples) is reported for each 

collecting institution.
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Table 1

Characteristics of the syphilis-infected participants (60) involved in this study

Milan (11 participants) Turin (29 participants) Bologna (15 participants) Genoa (5 participants)

Male (N, %) 10 (90.9) 29 (100) 15 (100) 5 (100)

Mean Age (range) 40 (18–70) 36 (20–54) 40.2 (23–67) 33.6 (23–49)

Sexual orientation

 MSM (N, %) 8 (80) 27 (93.1) 13 (86.6) 3 (60)

 Bisexual (N, %) None None 1 (6.6) None

 Heterosexual (N, %) 2 (20) 2 (6.9) 1 (6.6) 2 (40)

HIV status

 Positive (N, %) 3 (27.3) 11 (37.9) 6 (40) 1 (20)

 Negative (N, %) 8 (72.7) 18 (62.1) 9 (60) 4 (80)

Syphilis stage

 Primary (N, %) 7 (63.7) 13 (44.9) 14 (93.4) 4 (80)

 Secondary (N, %) 4 (36.3) 16 (55.1) 1 (6.6) 1 (20)

Lesion location

 Genital (N, %) 7 (63.7) 11 (37.9) 14 (93.4) 4 (80)

 Anal (N, %) 4 (36.3) 10 (34.4) None None

 Oral (N, %) None 6 (20.6) 1 (6.6) None

 Cutaneous (N, %) None 2 (6.9) None 1 (20)

VDRL or RPR median titer 
(IQR)

VDRL, 16 (2–256) VDRL, 8 (4–64)1

RPR, 16 (2–64)2
VDRL, 4 (1–16) All VDRL + No titer 

available

TPPA or TPHA median titer 
(IQR)

TPHA, 803 TPPA, 640 (80–20480) TPHA, 40 (4–128) TPHA, 5120 (2560–10240)

Neurological/ocular involvement Not determined Absent in all patients Not determined Not determined

1
VDRL was performed on 4 patients of this cohort

2
RPR was performed for 25 patients of this cohort

3
No further dilution was tested
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