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ABSTRACT Ocular syphilis is a serious complication of Treponema pallidum infection 
that can occur at any stage of syphilis and affect any eye structure. It remains unknown 
if certain T. pallidum strains are associated with ocular infections; therefore, we per­
formed genotyping and whole genome sequencing (WGS) to characterize strains from 
patients with ocular syphilis. Seventy-five ocular or non-ocular specimens from 55 
ocular syphilis patients in 14 states within the United States were collected between 
February 2016 and November 2020. Sufficient T. pallidum DNA was available from nine 
patients for genotyping and three for WGS. Genotyping was done using the augmented 
Centers for Disease Control and Prevention typing scheme, and WGS was performed 
on Illumina platforms. Multilocus sequence typing allelic profiles were predicted from 
whole genome sequence data. T. pallidum DNA was detected in various specimens from 
17 (30.9%) of the 55 patients, and typing was done on samples from 9 patients. Four 
complete strain types (14d10/g, 14b9/g, 14d9/g, and 14e9/f ) and five partial types were 
identified. WGS was successful on samples from three patients and all three strains 
belonged to the SS14 clade of T. pallidum. Our data reveal that multiple strain types 
are associated with ocular manifestations of syphilis. While genotyping and WGS were 
challenging due to low amounts of T. pallidum DNA in specimens, we successfully 
performed WGS on cerebrospinal fluid, vitreous fluid, and whole blood.

IMPORTANCE Syphilis is caused by the spirochete Treponema pallidum. Total syphilis 
rates have increased significantly over the past two decades in the United States, and 
the disease remains a public health concern. In addition, ocular syphilis cases has also 
been on the rise, coinciding with the overall increase in syphilis rates. We conducted a 
molecular investigation utilizing traditional genotyping and whole genome sequencing 
over a 5-year period to ascertain if specific T. pallidum strains are associated with ocular 
syphilis. Genotyping and phylogenetic analysis show that multiple T. pallidum strain 
types are associated with ocular syphilis in the United States.

KEYWORDS ocular syphilis, Treponema pallidum subsp. pallidum, PCR, typing, 
multilocus sequence typing, United States

S yphilis, a sexually transmitted disease, caused by the bacterium Treponema pallidum 
subsp. pallidum (hereafter referred to as T. pallidum), can progress through varied 

clinical manifestations and have serious outcomes if untreated. There has been a 
resurgence of syphilis in the United States (U.S.) over the past decade. Surveillance data 
collected by the Centers for Disease Control and Prevention (CDC) show that the primary 
and secondary syphilis (P&S) rate increased from 5.5 cases per 100,000 population in 
2013 to 17.7 cases per 100,000 population in 2022 (1). Men who have sex with men 
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(MSM) are disproportionately affected by syphilis, accounting for 45.1% of all male 
P&S-reported cases in the U.S. in 2022.

Since 2014, there have been various reports of ocular syphilis (OS) in the U.S. that 
have been documented in other studies (2, 3). OS surveillance data reported by 13 states 
show an increase in prevalence estimates of syphilis patients presenting with ocular 
manifestations from 1% (369 cases) in 2019 to 1.4% (640) in 2021 with higher rates 
among persons with secondary syphilis and syphilis of unknown or late duration and 
among persons reporting injection drug use (4). OS is an inflammatory eye condition 
that can affect any eye structure and can occur during any stage of syphilis (5, 6). Uveitis 
is the most common manifestation with resultant vision loss and blindness reported in 
some cases (6, 7). However, other clinical manifestations of OS can be relatively non-
specific. There has been increased clinical recognition of OS after 12 cases were reported 
at or around the same time period involving two clusters in Seattle and San Francisco in 
2015 (8). More recently, a cluster of OS cases involving five women and a common male 
sex partner was reported in south west Michigan, suggesting that a common T. pallidum 
strain might have been associated with increased risk for OS manifestations (9). This is 
the first reported OS cluster among heterosexuals with epidemiologic linkage.

Molecular typing of ocular and non-ocular specimens from 14 OS cases in the U.S. 
using the enhanced CDC typing (ECDCT) scheme identified 5 T. pallidum strain types 
(8d/g, 14d/g, 13_/g, _ _/c, and _ _/f ), suggesting a prevalent oculotropic strain was not 
involved (5). A recently published study that genotyped non-ocular specimens from six 
OS patients in Massachusetts using ECDCT revealed partial genotypes and two possible 
strain types (f and g) based on sequencing of the tp0548 gene (10).

Predominant strain types identified worldwide with ECDCT are 14d/f, 14d/g, and 14f/f 
(11–16). To improve strain discrimination, a fourth typing target based on a variable 
guanine mononucleotide repeat (MNR) in the ribosomal protein S1 gene (rpsA, tp0279) 
has been added to ECDCT and the new typing method is referred to as the augmented 
CDC typing method (ACDCT) (17). A multilocus sequence typing (MLST) method for T. 
pallidum, based on three genes targets (tp0136, tp0548, and tp0705), was described in 
2018 and the common allelic profiles identified with this typing method include 1.1.1, 
1.1.2, 1.1.8, 1.3.1, and 9.7.3 (18–22).

Penicillin is the treatment of choice for syphilis and failure of non-treponemal titers 
to decrease fourfold within 12 months after therapy might be suggestive of treatment 
failure in some patients; however, clinical evidence of penicillin resistance in T. pallidum 
has not been reported to date (23–26). Since macrolide treatment failure for syphilis 
was first reported in San Francisco in 2004, there has been an increasing prevalence 
of T. pallidum strains harboring either the A2058G or A2059G 23S rRNA mutation 
associated with azithromycin resistance in many countries (27–29). Although the CDC 
treatment guidelines do not recommend macrolides for treatment of syphilis, periodic 
surveillance for macrolide and other resistance markers is necessary considering the 
benzathine penicillin shortage in the U.S. and use of alternative treatment regimens such 
as doxycycline and tetracycline (24). Strain type 14d/f has been shown to be associated 
with neurosyphilis and heterosexuals and macrolide resistance (11, 30). In addition, 14d/f 
and 14d/g strain types were associated with the A2058G mutation in South Africa (31). 
MLST allelic profiles 1.3.1 and 1.26.1 have been shown to be associated with the A2058G 
mutation, 1.1.3 with A2059G, and 1.1.8 with macrolide susceptible strains (22, 32, 33).

Recent advances in next-generation sequencing methods have enabled whole 
genome sequencing (WGS) of T. pallidum directly from clinical specimens, and global 
phylogenetic analysis reveals that T. pallidum strains belong to either a SS14-like lineage 
or a Nichols-like lineage with most strains being SS14 like (34, 35). However, metage­
nomic sequencing remains challenging, particularly in specimens with low T. pallidum 
bacterial loads. We recently developed a DNA enrichment method, based on selective 
whole genome amplification (SWGA), that enables WGS of T. pallidum from lesion swabs 
with low genomic DNA (36).
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The aim of this project was to perform genotyping and WGS of T. pallidum to 
characterize strains associated with OS. We also screened WGS data for mutations 
associated with macrolide resistance and non-synonymous single nucleotide polymor­
phisms (SNPs) in three penicillin binding protein (PBP) genes, pbp1(TPANIC_0500), pbp2 
(TPANIC_0760), mrcA (TPANIC_0705), and tp47 (TPANIC_0574), a putative β-lactamase 
gene that could potentially be associated with penicillin resistance (26, 35). In addition, 
since doxycycline is being used as an alternative therapy for syphilis, we screened for 
mutations in the 16S RNA gene, which are known to confer resistance to doxycycline and 
tetracycline in other bacteria (37–39).

MATERIALS AND METHODS

Study population and specimen collection

Clinical specimens from a convenience sampling of OS patients were collected between 
February 2016 and November 2020. An OS case was defined as a person with clinical 
symptoms or signs consistent with ocular disease with syphilis of any stage. Pre-anti­
biotic treatment remnant ocular or non-ocular specimens, collected as part of rou­
tine clinical care, including cerebrospinal fluid (CSF), whole blood in ethylenediamine 
tetra-acetic acid tubes, serum, plasma, vitreous fluid, and a pharyngeal swab [collec­
ted for Chlamydia (CT)/Gonorrhea (GC) nucleic acid amplification test (NAAT)], were 
submitted by medical or ophthalmologic providers through state or local public health 
laboratories in 14 states (Fig. 1). Specimens were deidentified and frozen after routine 
diagnostic testing but were not collected and handled using a standardized protocol 
due to convenience sampling. Specimens were shipped on dry ice to the STD Laboratory 
Reference & Research Branch at CDC for testing. Participating sites also collected and 
submitted deidentified data on patients.

PCR detection of T. pallidum

DNA was initially extracted from a 200-µL or 400-µL sample using the QIAamp DNA Mini 
Kit (Qiagen, Valencia, CA) according to the manufacturer’s instructions and eluted in a 
final volume of 80 µL. Samples with volumes exceeding 1.2 mL were re-extracted using 
the QIAamp DNA Blood Midi Kit (Qiagen) and the DNAs eluted in 100 µL of AE Buffer to 
concentrate DNA for genotyping and WGS. T. pallidum-specific DNA was amplified using 
a real-time PCR targeting the DNA polymerase I gene (polA) as previously described (36). 
The sensitivity of T. pallidum PCR was assessed using CSF since it was a well-represented 
sample type.

FIG 1 Distribution of ocular syphilis patients by state and year (n = 55).
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Molecular typing and WGS

Strain typing was performed using the ACDCT scheme, which includes four gene targets 
[determining the number of 60-bp repeats within the arp gene; PCR/restriction fragment 
length polymorphism analysis of the tpr subfamily II genes (tprE, G, and J); sequencing of 
an 84-bp variable region within tp0548; and determining the number of MNRs within the 
rpsA (tp0279) gene as previously described (17, 40)].

WGS was attempted on strains that were either fully or partially typed by ACDCT 
depending on the availability of DNA. T. pallidum genomic DNA was enriched by SWGA 
with custom oligonucleotides followed by sequencing on an Illumina NovaSeq 6000 
SP and/or MiSeq v2 500 cycle platforms as previously described (36). All bioinformatics 
analysis including the processing of the post-enrichment raw sequencing reads, removal 
of the host genome and classification and extraction of T. pallidum sequencing reads, 
de novo contig assembly, and phylogenetic analysis were performed as previously 
described (36). MLST allelic profiles of the tp0136, tp0548, and tp0705 genes were 
predicted by comparing the corresponding gene sequences extracted from the contig 
assemblies to the PubMLST reference database (last accessed April 2023) and also by 
Short Read Sequence Typing (SRST2; http://katholt.github.io/srst2/) using T. pallidum 
short-read sequences as input (41).

23S rRNA point mutations (A2058G, A2059G) associated with macrolide resistance 
and non-synonymous variants in pbp1, pbp2, mrcA, and tp47 genes were inferred from 
genomic sequencing data. Mutations at positions 965-967 (AGA965→967TTC) and 1058 
(G1058C) in Helicobacter pylori and Propionibacterium spp. 16S rRNA genes, respec­
tively, have been shown to confer genetic resistance to tetracyclines (39). The cognate 
nucleotides at these positions in T. pallidum are TGA and G, respectively. While resistance 
to doxycycline or tetracycline has not been reported in T. pallidum, we screened for the 
above mutations using genomic data. Within-host genetic differences across more than 
one body site were assessed using inStrain (42).

Statistical methods

Statistical analyses were done using the SPSS (SPSS Inc., Chicago, IL) and R 4.2.2 (R Core 
Team, 2022). The relative rates were calculated with CSF as reference, and Fisher’s exact 
test was performed to test if PCR-positive rates were different across different specimen 
types.

RESULTS

Patient demographic, laboratory, and clinical characteristics

Fifty-five patients diagnosed with OS in 14 states between February 2016 and November 
2020 were included in the study (Fig. 1). Twenty-five of the 55 (45.4%) patients were from 
Massachusetts. Demographic, epidemiologic, and clinical characteristics of patients are 
shown in Table 1. The majority of cases 48/55 (87.3%) were men with 38.2% identifying 
as MSM. Twenty-three patients (41.8%) had HIV infection, and 17 (30.9%) patients had 
secondary syphilis followed by 10 (18.2%) with late latent (>1-year duration) stage. The 
majority of patients (56.4%) presented with uveitis and some patients presented with 
multiple symptoms, including blurry vision, vision loss in one or both eyes, and eye pain. 
Selected demographic characteristics, clinical characteristics, and laboratory results of 17 
OS patients with PCR-, genotype-, or WGS-derived data are shown in Table 2.

PCR detection of T. pallidum

A total of 75 specimens from 55 patients were submitted to CDC for testing, including 
a pharyngeal swab collected for CT/GC NAAT from a patient who also presented with 
mucous patches. Overall, 22 of the 75 (29.3%) specimens were T. pallidum PCR positive, 
including 13 of 51 CSF samples, 3 of 11 blood, 1 of 5 serum, 3 of 5 vitreous fluid, 1 
of 2 plasma, and the pharyngeal swab (Fig. 2). The PCR sensitivity rate based on CSF 
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TABLE 1 Demographic, epidemiologic, and clinical characteristics of patients with ocular syphilis included 
in this study (n = 55)a

Characteristic Patient (%)

Sex
  Male 48 (87.3)
  Female 7 (12.7)
Age, years
  20 to 29 5 (9.1)
  30 to 39 7 (12.7)
  40 to 49 12 (21.8)
  50 to 59 21 (38.2)
  ≥60 7 (12.7)
  Unknown 3 (5.5)
Sexual orientation
  MSM 21 (38.2)
  MSM/W 3 (5.5)
  MSW 13 (23.6)
  WSM 7 (12.7)
  Unknown 11 (20)
Race
  White 41 (74.5)
  Black 3 (5.5)
  Asian 1 (1.8)
  Unknown 10 (18.2)
HIV positive
  MSM 13 (23.6)
  MSM/W 1 (1.8)
  MSW 1 (1.8)
  Unknown 8 (14.5)
HIV negative
  MSM 7 (12.7)
  MSM/W 2 (3.6)
  MSW 12 (21.8)
  WSM 6 (10.9)
  Unknown 3 (3.6)
Stage of syphilis
  Primary 5 (9.1)
  Secondary 17 (30.9)
  Early latent (<1 year) 4 (7.3)
  Late latent (>1 year) 10 (18.2)
  Unknown 19 (34.5)
Ocular findingsb

  Uveitis 31 (56.4)
  Anterior uveitis 5 (9.1)
  Posterior uveitis 6 (10.9)
  Panuveitis 17 (30.9)
  Not specified 3 (5.5)
  Chorioretinitis 7 (12.7)
  Optic neuritis 7 (12.7)
  Vitritis 3 (5.5)
  Unknown 7 (12.7)
aAbbreviations: MSM, men who have sex with men; MSM/W, men who have sex with men and women; MSW, men 
who have sex with women; WSM, women who have sex with men.
bSome patients presented with multiple ocular symptoms.
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samples was 25.5% (13/51). PCR positivity rates did not appear different across the six 
specimen types (P value = 0.28, Fisher’s exact test). T. pallidum DNA was detected in at 
least one specimen from 17 patients (Table 2). Paired specimens that were PCR positive 
included CSF/blood from two patients and CSF/vitreous fluid and CSF/blood/serum from 
one patient, respectively. Paired samples that were PCR negative included whole blood 
and CSF from five patients, CSF and serum from three patients, and CSF and vitreous fluid 
from one patient (data not shown). PCR cycle threshold (Ct) values ranged from 24.7 to 
44.8 with 85% (17/20) of samples having Ct values > 31. Two of the three vitreous fluid 
samples had Ct values < 27.

With respect to the disease stage, T. pallidum DNA was detected in 9/17 (52.9%) 
secondary cases, 1/4 (25%) early latent, 3/10 (30%) late latent cases, and 4/19 (21%) 
with an unknown stage (Table 2). There was no difference in PCR positivity by stage 
of syphilis (P value = 0.18, Fisher’s exact test). The distribution of T. pallidum polA PCR 
results by RPR and CSF-VDRL titers are shown in Tables S1 and S2, respectively. There was 
no correlation between PCR positivity and RPR titer (P value = 0.17, Fisher’s exact test), 
while an association between PCR-negative results and non-reactive CSF-VDRL titer was 
observed (P value = 0.02, Fisher’s exact test).

Genotyping and WGS analyses

Molecular typing was attempted on all PCR-positive samples, generating complete strain 
types for 4/17 (23.5%) and partial strain types with amplification of at least one typing 
target for 5/17 (29.4%) patients (Table 2). ACDCT strain types 14d10/g, 14b9/g, 14d9/g, 
and 14e9/f were identified in patients from New York, Texas, Connecticut, and Massachu­
setts, respectively. One patient (OS-12) had the same strain type (14e9/f ) in CSF and 
vitreous fluid samples. Partial types 14d_ /_, 14_ _/_, _ _9/_, _e_/_, and _ _ _/f were 
identified in five samples, where “ _” indicates targets that were not amplifiable. The 
partial strain type 14_10/g from the CSF of patient OS-4 matched the complete strain 
type of 14d10/g in blood, showing no intrapatient genetic heterogeneity in arp, rpsA, 
and tp0548.

WGS was successful for three patients: blood sample from patient OS-4, CSF and 
vitreous fluid from OS-12, and vitreous fluid from OS-18, generating 76%–98% genome 
coverage at 5× read depth (Table S3). Phylogenetic analysis including 323 high-quality 
publicly available genomes revealed that the three strains belonged to either of two 
SS14-like subclades of T. pallidum described previously, with the CSF and vitreous fluid 
sequences from the same patient clustering closely together (Fig. 3; Table 2; Table S4) 
(34). OS-4 and OS-18 also clustered very closely on the phylogeny. The gene sequences 

FIG 2 T. pallidum PCR results for ocular syphilis specimens (n = 75).
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of all the major typing genes used for T. pallidum subtyping of the paired CSF and 
vitreous fluid samples of OS-12 were compared to determine if intrapatient genetic 
variability was present. RpsA (tp0279), tp0136, tp0548, and tp0705 were retrievable from 
both samples with at least 99% coverage of the genes compared with the reference 
typing genes, while tprG was only recovered from the vitreous fluid (Table S5). In 
addition, the complete 2,641-bp rpsA gene sequence of OS-12 was retrieved from the 
WGS data of the CSF specimen, while 76.75% (2,027 bp) of the gene was obtained from 
the vitreous fluid.

A pairwise comparison of the rpsA gene sequences from CSF and vitreous fluid from 
the same patient (OS-12) showed a 100% match, suggesting no intrapatient variation 
within the DNA obtained from the two body sites (Fig. S1). Genome-wide comparison to 
identify regions of genetic differences between these two samples showed varying SNPs 
in the tprK gene (TPASS_RS05385), a putative outer membrane protein (Table S6).

The MLST allelic profile of OS-12 was 19.1.1 based on WGS data from the vitreous 
fluid specimen, but the paired CSF was X.1.1, where the tp0136 profile could not be 
determined, while the remaining two alleles were identical to the alleles from the paired 
vitreous fluid specimen (Table 2; Table S5). The allelic profile of OS-18 was 6.3.1, and the 
tp0136 gene sequence was similar to allele 6 but deferred by one indel. A partial profile 
(X.3.X) was determined for the blood specimen OS-4. Tpr G and J genes were retrieved 
from the two vitreous fluid specimens but not from the CSF and blood samples (Table 
S5).

The A2058G mutation was identified in two of the three strains from which whole 
genomes were obtained. The complete gene sequences of the 16S rRNA gene were 
retrieved from the WGS data for all three strains, and comparison to the T. pallidum 
Nichols reference sequence (NC_021490.2) showed no mutations associated with 

FIG 3 Maximum likelihood global phylogenetic tree showing four T. pallidum ocular syphilis (red text, this study) and eight additional non-ocular syphilis 

genomes sequenced by the SWGA/WGS method and 323 genomes from NCBI.
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doxycycline resistance (Fig. S2). Screening of the three PBP and tp47 genes in the three 
strains did not identify any variants (data not shown).

DISCUSSION

Molecular epidemiological studies can improve our understanding of circulating T. 
pallidum strains that are driving the syphilis epidemic; determine if certain strain 
types are associated with clinical manifestations of the disease such as ocular syphi­
lis, neurosyphilis, congenital syphilis, or progression to late-stage disease in untreated 
individuals. In our study, strain typing and WGS were used to characterize T. pallidum 
strains during an investigation of OS cases in the U.S. Typing with the ACDCT scheme 
identified four strain types in four different states, revealing a predominant strain is not 
responsible for OS in the U.S. In the previous OS investigation by Oliver and colleagues, 
five strain types were found with ECDCT and 14d/g was present in specimens from four 
states in addition to being the predominant type among non-ocular strains in Seattle, 
Washington (5). Two patients with this strain type from neighboring states (New York 
and Connecticut) were further differentiated into 14d9/g and 14d10/g using ACDCT 
in our study while phylogenetic analysis showed close relatedness of the strains. The 
epidemiological relevance of this observation is unclear in the absence of linkage data.

Despite the fact that our data show a predominant strain is not associated with OS, it’s 
still plausible that certain strains have a propensity to cause OS as suggested previously 
where the 8d/g type was found in one of two sexual partners and in a third patient 
with no link to the other two patients (5, 8). In addition, a recent investigation of an 
ocular syphilis cluster in Michigan involving a heterosexual male partner and five women 
suggests an oculotropic strain might have been involved; however, molecular typing was 
not possible due to the lack of T. pallidum DNA (9). Another OS study in Massachusetts 
reported two partial strain types based on tp0548 sequencing; however, the arp and tpr 
gene targets could not be amplified in any of the samples, which may have been due to 
low levels of treponemal DNA (10).

We analyzed MLST and ACDCT loci in silico to assess whether WGS data can be used 
for genotyping strains. A new MLST allelic profile 19.1.1 was identified in one sample 
while the second sample had the 6.3.1 profile, which has been reported previously (19, 
21, 22). We had limited success with in silico typing using ACDCT; one tpr gene sequence 
was retrieved from two strains; tp0279 sequence was retrieved from one strain, while 
none of the arp sequences were obtained. The large size of the tpr and arp loci combined 
with a repeat region in arp and relatively low amount of DNA in extracts may have 
precluded near-complete genome sequences from being obtained. However, traditional 
ACDCT or ECDCT of OS specimens with low T. pallidum DNA can be challenging, as 
shown in our study and in recent OS studies (5, 10).

Phylogenetic analysis of the three strains from which whole genome sequences 
were obtained showed that they belonged to the T. pallidum SS14 clade, which is one 
of the two major clades found worldwide including the U.S. (43, 44). All three strains 
falling within the SS-14 clade may reflect the circulating strains in the U.S.; however, 
analysis of strains from other jurisdictions is needed to confirm this finding. The CSF 
and vitreous fluid strains from one case (OS-12) clustered tightly on the phylogenetic 
tree suggesting minimal genetic heterogeneity between the two body sites. We also 
compared genome sequences from these paired specimens to determine if there was 
any variability across the T. pallidum genome. Interestingly, varying SNPs were seen in 
the tprK gene, which consists of seven variable (V) gene regions (V1-7), and sequence 
variation is mediated by a gene conversion mechanism (45). Our findings are consistent 
with previous WGS studies showing intra- and interpatient sequence variabilities of tprK 
in clinical specimens (46, 47). Antigenic variation in the TprK antigen is hypothesized 
to enable T. pallidum to evade the host immune system based on experiments in the 
rabbit model (48). It is possible that antigenic variation in TprK might have enabled the 
bacterium to evade the host immune system and migrate to the eye and central nervous 
system, which are immunologically protected sites. Although we identified multiple SNPs 
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in tprK, the T. pallidum genome coverage rates for CSF and vitreous fluid were 91% and 
98%, respectively, and therefore do not account for variations in other regions of the 
genomes.

Penicillin has been the drug of choice for treating syphilis for many decades. Although 
failure of non-treponemal titers to drop fourfold has been reported in 12.1% of patients 
worldwide and may represent treatment failure, reinfection, or an undefined immune 
response, there is no documented clinical evidence of penicillin resistance in T. pallidum 
(23, 25). Genomic epidemiological studies including strains from various countries have 
identified 33 SNPs in the three PBPs and a putative β-lactamase gene; however, the 
relevance of these mutations is unknown (35, 49). None of the strains sequenced in our 
study had SNPs in any of these genes.

The diagnosis of OS is based on sexual history, reactive syphilis serology, and an 
ophthalmologic examination in individuals with ocular symptoms. Direct detection of 
T. pallidum using molecular tests can aid the diagnosis; however, there is limited data 
on the sensitivity of NAATs for OS. The sensitivity for detecting T. pallidum in CSF was 
25.5% in our study. Oliver and colleagues previously reported a CSF PCR sensitivity of 
39% (9/23), and a more recent study by Cummings et al. reported a sensitivity of 50% 
based on six samples (5, 10). The lower sensitivity in our study may have been due 
to varying times from collection to testing that could have led to DNA degradation 
since CSF samples are stored without preservatives for routine diagnostics. However, 
compared with vitreous fluid specimens, non-ocular specimen types (CSF, plasma, and 
blood) had higher polA PCR Ct values in our study suggesting low numbers of circulating 
treponemes. Comparison of PCR results based on the disease stage for typeable samples 
between the Oliver et al. study and ours revealed that the majority of patients (50% 
vs 35.7%) presented with secondary syphilis, followed by late latent syphilis (28.6% vs 
16.7%) and early latent syphilis (21.4% vs 5.6%), and one patient had primary syphilis in 
the prior study.

Although T. pallidum disseminates throughout the body early in syphilis infection, 
the low PCR detection rate in non-lesion samples of primary cases presenting with OS 
is in-keeping with previous studies on non-OS patients (50, 51). In addition, there may 
have been missed opportunities to detect T. pallidum by PCR in patients who might 
have had lesions of primary or secondary syphilis as NAATs are rarely performed for 
syphilis diagnosis in the U.S. due to the lack of an FDA-cleared test. Even though PCR 
sensitivity was low, our data suggest that NAATs can be used to confirm a diagnosis 
of OS, especially in difficult clinical cases such as recently reinfected individuals with 
existing high RPR titers or serofast status. Several studies have shown the potential 
utility of PCR to detect T. pallidum in oral specimens in the absence of visible lesions. 
This non-invasive specimen type should be investigated further for improving diagnostic 
options for OS (52–54).

Our study has several limitations. Due to convenience sampling, patients from 
Massachusetts were over-represented and the demographics may not be representative 
of all people who have OS. Remnant specimens were submitted voluntarily after routine 
diagnostic testing; therefore, we could not ensure specimen adequacy and DNA integrity 
prior to storage in many cases. This may have contributed to the low PCR positivity rate. 
Moreover, CSF and blood tend to have lower T. pallidum DNA compared with lesion 
specimens from primary or secondary syphilis patients (51, 55). A variety of specimen 
types were collected for testing including a few ocular samples, which limited the 
interpretation of potential positivity in ocular versus non-ocular specimen types. Since 
we typed samples only from OS patients, we could not determine if OS genotypes were 
different from the background non-OS strain types in states where specimens were 
collected from.

The increase in OS cases appears to coincide with the ongoing syphilis epidemic 
and may also reflect an increased awareness of ocular manifestations among clinicians. 
OS can present with a variety of clinical manifestations that are non-specific for syphilis 
and may be misdiagnosed. It can also lead to serious sequelae including vision loss or 
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blindness. Screening for syphilis should be considered in patients with ocular symp­
toms. Our findings show that multiple strains are associated with OS; however, further 
investigation is needed to determine if oculotropic strains are circulating within certain 
sexual networks.
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