














Figure 3. Strain types of Treponema pallidum identified in samples from 6 geographic regions. More than 1 strain type was found in samples from
all locations, and type 14d/f was identified in samples from all sites other than Madagascar. Several strain types were found in samples from only
a single location. The lower portion of the Y-axis has been expanded to clearly show the low-frequency molecular types.

and discriminating typing method would be particularly useful
if strain type could be associated with clinical findings. The
samples from patients in Seattle were obtained in an ongoing
study of neurosyphilis, and we examined whether any particular
strain type was more commonly associated with this disease.
Twenty-one (50%) of 42 patients infected with type 14d/f had
neurosyphilis (defined as a CSF WBC count of >20 cells/uL or
a reactive CSF-VDRL test result) compared with 10 (24%) of
41 patients infected with any of the other 7 strains combined
(P = .02). Similarly, 15 (36%) of 42 patients infected with type
14d/f had a reactive CSF-VDRL test result, compared with 5
(12%) of 41 patients infected with any of the other 7 strains
combined (P = .01). There was no difference in the proportion
of patients who had neurosyphilis over the 10-year period of
observation, and type 14d/f was equally common in HIV-in-
fected patients and HIV-uninfected patients.

DISCUSSION

Several previous studies have used the CDC method to inves-
tigate T. pallidum subtype prevalence among communities. For
example, Sutton and colleagues [2] determined CDC subtypes
from T. pallidum DNA isolated from blood samples and genital
ulcer swabs during an outbreak of syphilis in Phoenix, Arizona.
About half of the samples were CDC subtype 14f. Nine other
subtypes were identified, including 14d. Subtypes 14d and 14f
have been identified in samples from diverse geographic set-
tings, including North and South Carolina [4], Lisbon [7],

Scotland [8], South Africa [1, 3], and China [21]. Among the
samples examined in our study, CDC subtype 14d was most
common, and we did not identify any subtype 14f samples. By
enhancing the CDC subtyping method with sequence analysis
of a small region of the tp0548 gene, we were able to separate
14 CDC subtypes into 25 different strain types. Importantly,
we were able to separate the subtypes with 14 arp repeats into
9 individual strain types.

We found a change in the circulating strain types in Seattle,
Washington, from 1999 through 2008, with the introduction
and disappearance of strain types in the region during that
period. Retrospectively, we also saw the disappearance of 2
strains that were evident in Seattle in the 1980s, compared with
the strains identified in samples collected from 1999 through
2008. The expansion of the introduced types within our recent
cohort of patients who were predominantly MSM is consistent
with 1 or more overlapping sexual networks in the community
of MSM in Seattle. Moreover, we saw a trend toward an as-
sociation between strain type and HIV status. This finding fur-
ther suggests that there are separate networks among MSM in
our community and is consistent with serosorting such that
patients choose sexual partners based on their HIV status. We
identified an unusual type (type 16a/e) in only 2 individuals
in 2004, without subsequent detection in other patients. These
2 individuals were African American heterosexual partners. In
addition, a single African American patient was infected with
a type 15e/e strain. The finding of these unique strains in Af-
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Table 3. Characteristics of Participants Enrolled in the Study at the University of

Washington, Seattle, Washington

No. (%) of
participants

Characteristic (N = 84)
Male 82 (98)
Race

White 72 (86)

African American 8 (10)

Other 4 (4)
Sexual identification

MSM 73 (87)

Bisexual 6 (7)

Heterosexual 4 (5)

Transgender 1(1)
HIV-infected 70 (83)
Injection drug use, ever 19 (23)
Syphilis

Primary, secondary, or early latent 78 (93)

Late latent or unknown duration 6 (7)
Serum RPR titer, median (IQR) 128 (64-256)
CSF WBC count of >20 cells/uL or reactive CSF-VDRL test result 31 (37)°
Reactive CSF-VDRL test result 20 (24)°

NOTE. Data are no. (%) of participants, unless otherwise indicated. CSF-VDRL, cerebrospinal fluid
Venereal Disease Research Laboratory; HIV, human immunodeficiency virus; MSM, men who have

sex with men; RPR, rapid plasma reagin.

@ The CSF-VDRL test result was missing for 1 participant

rican American patients in the setting of an epidemic among
predominantly white MSM provides additional evidence for
separate sexual networks.

Many of the samples examined in this study have also been
tested for 23S ribosomal DNA mutations associated with mac-
rolide resistance in T. pallidum [14, 22, 23], and we considered
including either or both of these mutations in our typing
scheme. Although these markers were able to distinguish among
strains within some types, we were uncertain about the long-
term stability of this marker within a strain, particularly in light
of studies that have shown the association of the A2058G mu-
tation with prior exposure to macrolides [9, 15]. Similarly, in
a small number of samples, we examined 2 other molecular
targets that proved to be unsuitable for strain typing: sequence
analysis of the #p0136 gene [12] and determination of the num-
ber of 24-bp repeats in the tp0470 gene. Sequence analysis of
the tp0136 gene lacked discriminatory ability, and the number
of repeats in the tp0470 gene varied within a single bacterial
isolate (data not shown).

The association between strain type and neurosyphilis is par-
ticularly notable. Although literature from the first part of the
20th century discusses the existence of neuroinvasive or neu-
rotropic strains of T. pallidum, this concept has not been rig-
orously studied in humans. In a rabbit model, we showed that
the clinical phenotype of disease differed depending on the
inoculating strain [24]. In that study, rabbits were infected with

3 different strain types: 14a/a, 14e/b, and 14d/f. Animals in-
fected with 1 type 14a/a strain and 1 type 14d/f strain had the
greatest degree of neuroinvasion. In the study reported here,
we found that patients with neurosyphilis were most commonly
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Figure 4. Strain types of Treponema pallidum identified in samples
collected each year from 1999 through 2008 from patients from Seattle,
Washington. The graph shows the introduction and loss of some strain
types during that period. There was significant change in type over time
(P<.001).
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infected with type 14d/f, which is consistent with the findings
of the rabbit studies. We cannot comment on the neuroinvasive
potential of type 14e/b in our study of syphilis in humans, as
none of the patients in Seattle was infected with this strain. T.
pallidum type 14d/f strains may be more neuroinvasive, or they
may be better able to evade host immune responses in the
central nervous system (CNS) compared with other strain types.

The ability to identify the infecting strain types in patients
with syphilis could have important clinical implications. Con-
troversy abounds regarding which patients with syphilis should
undergo lumbar puncture to evaluate the possibility of neu-
rosyphilis. Currently, the best indicator of risk is a serum RPR
titer of =1:32, but that criterion leads to some false positives
(17, 25]. If the strain type could be determined in a blood
sample, then it could help to identify those patients who are
at greatest risk for neurosyphilis. These individuals, particularly
those with RPR titers of =1:32, could be then targeted for
lumbar puncture or empiric neurosyphilis treatment. Our data
suggest that future larger investigations of the correlation be-
tween the strain type and the clinical or laboratory markers
that indicate increased risk of neurosyphilis are warranted. In
addition, the association between specific strain type and neu-
rosyphilis could lead a new understanding of the molecular
mechanisms underlying neuroinvasion.

The enhanced typing method that we describe shows bio-
logical and clinical relevance, as well as epidemiological utility.
It represents a significant advance in our ability to study the
molecular epidemiology of syphilis, and it offers the potential
to learn more about the pathogenesis of CNS disease. Future
epidemiological studies that combine social network analysis
and strain typing data are required to determine the ultimate
utility of this new typing method for syphilis investigation and
control. Similarly, continued study of risks for neurosyphilis is
required to determine the ultimate role of strain typing as part
of risk assessment.
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