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Abstract

Background: Syphilis can cause neurologic, ocular, or otic manifestations, possibly resulting in
permanent disability or death. In 2018, CDC began collecting syphilis clinical manifestation data
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via the National Notifiable Diseases Surveillance System (NNDSS). We present the first reported
U.S. syphilis neurologic, ocular, and otic manifestation prevalence estimates.

Methods: We reviewed 2019 NNDSS data to identify jurisdictions reporting =70% of syphilis
cases =15 years old with clinical manifestation data (considered “complete reporting™). Among
these jurisdictions, we determined reported neurologic, ocular, and otic manifestation prevalence,
stratified by demographic, behavioral, and clinical characteristics.

Results: Among 41,187 syphilis cases in 16 jurisdictions with complete reporting, clinical
manifestations were infrequently reported overall: neurologic (n=445, 1.1%), ocular (n=461,
1.1%), otic (n=166, 0.4%), any (=807, 2.0%). Reported clinical manifestation prevalence was
highest among cases =65 years old (neurologic: 5.1%; ocular: 3.5%; otic: 1.2%) and those
reporting injection drug use (neurologic: 2.8%; ocular: 3.4%; otic: 1.6%). Although reported
neurologic and ocular manifestation prevalence was slightly higher among HIV-infected vs. HIV-
negative persons, approximately 40% of cases with manifestations were HIV-negative. Reported
otic manifestation prevalence was similar regardless of HIV status. When stratifying by HIV status
and syphilis stage, reported prevalence was highest among HIV-infected persons with unknown
duration/late syphilis (neurologic: 3.0%; ocular: 2.3%; otic: 0.7%).

Conclusions: Reported neurologic, ocular, and otic manifestation prevalence was low among
syphilis cases, but these data are likely an underestimate given potential underreporting.
Reported clinical manifestation frequency, including among HIV-negative persons, emphasizes the
importance of evaluating all syphilis cases for signs/symptoms of neurosyphilis, ocular syphilis,
and otosyphilis.

Summary

Neurologic, ocular, and otic manifestations were infrequently reported overall, but prevalence
increased with age and was higher among HIV-infected persons reporting injection drug use and
staged as unknown duration/late syphilis.
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INTRODUCTION

Syphilis is an infection caused by the spirochete 7reponema pallidum. T. pallidum can
invade the central nervous system, visual system, and/or cochleovestibular system at any
stage of infection resulting in neurosyphilis, ocular syphilis, and otosyphilis, respectively.[1]
Neurologic, ocular, and otic manifestations can occur together or in isolation and have a
wide spectrum of presentations ranging from mild to severe. If left untreated, these syphilitic
complications may result in permanent disability or death.[1, 2]

U.S. rates of primary and secondary syphilis have increased nearly every year since

2001, with reported total syphilis cases up 74% in 2019 compared to 2015.[3] These
increasing syphilis case rates raise concerns about a possible accompanying increase in
severe sequelae of syphilitic infections such as neurologic, ocular, and otic manifestations.
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[4-6] Although some population-based syphilis data indicate that the prevalence of reported
neurologic, ocular, and/or otic manifestations is low,[4, 7, 8] other estimates suggest the
actual prevalence may be higher.[9] Recent population-based reports on the prevalence of
these manifestations among syphilis cases of all stages are lacking.

In 2018, the Council of State and Territorial Epidemiologists (CSTE) updated the case
definition for syphilis including classification of neurologic, ocular, and otic manifestations,
and CDC subsequently began collecting clinical manifestation data for syphilis cases
reported through the National Notifiable Diseases Surveillance System (NNDSS).[10] In
this report, we present the first prevalence estimates of reported neurologic, ocular, and otic
manifestations among U.S. syphilis cases of all stages that were =15 years old and captured
through NNDSS using the 2018 CSTE syphilis case definition.

MATERIALS AND METHODS

After excluding cases of congenital syphilis and syphilitic stillbirth and those <15 years
old, we reviewed 2019 NNDSS data from 51 jurisdictions (50 states and the District

of Columbia) to identify syphilis cases reported with neurologic, ocular, and/or otic
manifestations. When present, these manifestations are reported as verified, likely, or
possible (Table 1).l For our prevalence analyses, we combined verified, likely, and possible
classifications for each of these manifestations. We separately determined the proportion of
cases with each manifestation that were reported as verified, likely, and possible.

To limit bias introduced by missing data, jurisdictions reporting =70% of syphilis cases with
response values that were not missing or unknown for all of these clinical manifestations
were considered to have “complete reporting.” Among jurisdictions with complete reporting,
we determined the overall prevalence of reported neurologic, ocular, and otic manifestations
across syphilis cases of all stages. We then stratified these results by demographic
characteristics, sex of sex partners, HIV status, syphilis surveillance stage, and reported
injection drug use during the past 12 months (IDU). For sex of sex partners, we categorized
cases as women, men who had sex with women only (MSW) in the past 12 months, and men
who had sex with men including men who had sex with men and women (MSM) in the past
12 months.

To understand potential differences in prevalence by HIV status and other possible
modifying factors, we evaluated the prevalence of neurologic, ocular, and otic manifestations
when stratifying HIV status by syphilis stage, race/Hispanic ethnicity, IDU, and sex of sex
partners. When stratifying HIV status by syphilis stage, cases were categorized as early or
late syphilis with early syphilis defined as those assigned a syphilis surveillance stage of
primary, secondary, or early non-primary non-secondary and late syphilis defined as those
staged as unknown duration or late.

We compared point prevalence estimates and described differences under the assumptions
that the response values for neurologic, ocular, and otic manifestations were accurately

1case definitions are also available for review at: https://ndc.services.cdc.gov/case-definitions/syphilis-2018/.
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reported and that the estimates reflect the prevalence of all reported clinical manifestations
for the included jurisdictions; therefore, no statistical testing was performed, and 95%
confidence intervals are not provided. We have provided numerators and denominators for
those who may be interested in making such calculations.

This study used data that are routinely collected as a part of public health surveillance for
the purpose of guiding public health disease control efforts and was therefore not subject
to institutional review board approval for human subjects’ protection. Data were collected
during 2019-2020 and analyzed in 2021. All analyses were performed using Stata version
16.1.

In 2019, 16 jurisdictions representing all U.S. Census Bureau regions had complete
reporting for neurologic, ocular, and otic manifestations (Figure 1). After excluding 29
syphilis cases <15 years old, a total of 41,187 syphilis cases were reported across these
jurisdictions, accounting for approximately one-third of the 127,855 total syphilis cases
=15 years old reported to CDC nationwide for 2019.[3] Approximately 86% of the 41,187
syphilis cases reported in the 16 included jurisdictions in 2019 were reported with response
values that were not missing or unknown for all of the neurologic, ocular, and otic

clinical manifestations variables. These manifestations were infrequently reported overall:
neurologic (n=445, 1.1%), ocular (n=461, 1.1%), otic (n=166, 0.4%), and any (n=807,
2.0%). Of note, none of the excluded 29 syphilis cases <15 years old were reported to have
neurologic, ocular, or otic manifestations. The majority of these reported manifestations
were classified as “possible” (Table 2).

Table 3 shows the characteristics of reported syphilis cases with neurologic, ocular, and
otic manifestations when combining verified, likely, and possible clinical manifestation
classifications together. The prevalence of these reported manifestations increased with
age and was higher among those reported as White, non-Hispanic compared to other
race/Hispanic ethnicity categories. Prevalence of reported neurologic, ocular, and otic
manifestations was highest among cases that were =65 years old (neurologic: n=44, 5.1%;
ocular: n=30, 3.5%; otic: n=10, 1.2%) followed by those with reported IDU (neurologic:
n=45, 2.8%; ocular: n=53, 3.4%; otic: n=26, 1.6%). When stratifying by reported HI\V
status, cases that were reported as HIV-infected had a higher prevalence of reported
neurologic (n=179, 1.4%) and ocular (n=168, 1.3%) manifestations, but prevalence of
reported otic manifestations was similar regardless of reported HIV status. Approximately
40% of cases with reported neurologic and ocular manifestations and 50% with reported
otic manifestations were reported as HIV-negative. Prevalence of these reported clinical
manifestations was higher among cases staged as either unknown duration or late syphilis
(neurologic: n=230, 1.6%; ocular: n=220, 1.6%; otic: n=68; 0.5%) or secondary syphilis
(neurologic: n=110, 1.3%; ocular: n=127, 1.5%, otic: n=53, 0.6%) compared with those
assigned primary (neurologic: n=24, 0.5%; ocular: n=21, 0.4%; otic: n=7, 0.2%) or early
non-primary non-secondary stages (neurologic: n=81, 0.6%; ocular: n=92, 0.7%; otic: n=38,
0.3%).
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When stratifying by reported HIV status and syphilis stage, prevalence of reported
neurologic, ocular, and otic manifestations was higher among cases staged as late syphilis
regardless of reported HIV status. However, prevalence was highest among cases reported
as HIV-infected with late syphilis (neurologic: n=84, 3.0%; ocular: n=66, 2.3%; otic: n=20,
0.7%) (Figure 2a; Table 1, Supplemental Digital Content 1).

The prevalence of reported neurologic and ocular manifestations was higher among

cases that were reported to be HIV-infected when compared to those that were reported

to be HIV-negative within all race/Hispanic ethnicity categories, but the prevalence of
reported otic manifestations was similar regardless of reported HIV status (Figure 2b;
Table 1, Supplemental Digital Content 1). For example, White, non-Hispanic cases had
approximately three times the prevalence of reported neurologic manifestations compared
to Black, non-Hispanic cases regardless of reported HIV status (HIV-infected: Black
[n=70, 1.0%] vs. White [n=71, 2.9%]; HIV-negative: Black [n=46, 0.6%] vs. White [n=95,
1.7%]). This difference in prevalence was even more pronounced when comparing White,
non-Hispanics to Hispanics, with the greatest difference in prevalence across all of these
manifestations noted between White, non-Hispanic and Hispanic cases that were reported to
be HIV-negative.

Cases reported with IDU had more than twice the prevalence of reported neurologic,

ocular, and otic manifestations compared to those reported with no IDU when stratifying

by reported HIV status (Figure 2c; Table 1, Supplemental Digital Content 1). The prevalence
of reported neurologic and ocular manifestations among cases that were reported as HIV-
infected and reported with IDU was also approximately twice that of those that were
reported as HIV-negative and reported with IDU (neurologic, HIV-infected [n=13, 4.0%]

vs. HIV-negative [n=22, 2.3%]; ocular, HIV-infected [n=16, 4.9%] vs. HIV-negative [n=23,
2.4%]). Prevalence of reported otic manifestations was similar by IDU category regardless
of reported HIV status.

When stratifying by reported HIV status, sex, and sex of sex partners, women had

the highest prevalence of reported neurologic and otic manifestations (neurologic: n=12,
4.0%; otic: n=8, 2.7%) (Figure 2d; Table 1, Supplemental Digital Content 1). For ocular
manifestations, MSW who were reported as HIV-infected had the highest prevalence (n=17,
3.6%). MSM had a lower prevalence of reported neurologic and ocular manifestations

than MSW and women when stratifying by reported HIV status while MSW had a lower
prevalence of reported otic manifestations than MSM and women.

DISCUSSION

Although the prevalence of reported neurologic, ocular, and otic manifestations was low
overall among syphilis cases from the 16 jurisdictions included in this analysis, our
findings almost certainly underestimate the true burden of these clinical presentations
due to underascertainment and underreporting related to variability in assessment and
documentation of these manifestations among syphilis cases. Despite these limitations,
our findings are useful for describing the minimum burden of these manifestations in the
included jurisdictions. While our results demonstrate a low overall reported prevalence of
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these syphilitic manifestations, prevalence was higher among certain groups (e.g., ocular
manifestations among cases reported as HIV-infected with IDU: 4.9%) and over 800 syphilis
cases were reported with neurologic, ocular, and/or otic manifestations in 2019 from the 16
included jurisdictions alone, representing a large number of cases with severe, potentially
irreversible sequelae of syphilis that were entirely preventable. These data emphasize that
syphilis is not a benign condition that can necessarily be treated easily. The variability

of presentation and serious nature of these syphilitic complications; reports of neurologic,
ocular, and otic manifestations among cases of all demographic, behavioral, and clinical
characteristics assessed; and the ongoing increases in syphilis morbidity noted in recent
years [3] emphasize the importance of comprehensively evaluating all persons with syphilis
for signs and symptoms of neurosyphilis, ocular syphilis, and otosyphilis.

Furthermore, these estimates should only be interpreted as the prevalence of reported
neurologic, ocular, and otic manifestations. For a syphilis case with neurologic, ocular,

or otic manifestations to be captured by NNDSS, proper diagnosis of syphilis, evaluation
for these clinical manifestations, documentation of relevant findings, and reporting to

the local/state health department are required. The health department must then verify

that the case meets the CSTE case definition, stage the case, classify the manifestations,
and report the case and manifestations to CDC via NNDSS. Issues at any step in this
process could result in failure to capture a syphilis case with neurologic, ocular, and/or
otic manifestations or impact data quality. Also, because these manifestations may present
with nonspecific symptoms such as headache or tinnitus, they can easily be missed or
mistakenly attributed to other etiologies, further contributing to underascertainment and
underreporting. The introduction of the 2018 CSTE case definition updates for these
clinical manifestations relatively close in time to the data included in our analyses likely
also impacted ascertainment, reporting, and/or data quality for these conditions given the
time and expense of staff training and system upgrades in reporting jurisdictions. These
case notification challenges further emphasize the importance of interpreting our results as
minimum estimates of the prevalence of reported neurologic, ocular, and otic manifestations
of syphilis. The true burden of these complications is undoubtedly greater.

Although several reports suggest that the prevalence of otic manifestations among syphilis
cases is similar to the prevalence of neurologic and ocular manifestations,[4, 9] the overall
prevalence of otic manifestations reported in our analysis was less than half that of reported
neurologic and ocular manifestations. The lower reported prevalence of otic manifestations
may be related to the nonspecific presentation of otosyphilis (e.g., tinnitus, hearing loss),

[1] or a greater focus on neurologic and ocular manifestations of syphilis in previous
national sexually transmitted diseases treatment guidelines, surveillance case definitions, and
peer-reviewed literature.[8, 10-12] By contrast, updated treatment guidelines place more
equal emphasis on clinical assessment of all of these manifestations among syphilis cases,
and the 2018 CSTE case definition allows for reporting of isolated or any combination

of neurologic, ocular, or otic manifestations.[1, 10] Continued monitoring of trends in the
prevalence of these clinical manifestations will improve understanding of the impact of these
updates on reporting.

Sex Transm Dis. Author manuscript; available in PMC 2023 October 01.
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Our finding of a higher prevalence of reported neurologic and ocular manifestations among
cases that were HIV-infected compared to those that were HIV-negative is consistent with
other studies.[4, 7, 13] Although a higher proportion of cases with otosyphilis were noted

to be HIV-infected in a recent case series,[6] our data demonstrated no differences in
reported prevalence of otic manifestations when stratifying by HIV status. Our finding that
the overall prevalence of neurologic, ocular, and otic manifestations was similarly highest
among syphilis cases staged as secondary and those staged as unknown duration or late is
consistent with findings from other studies.[14] With the exception of cases reported as HIV-
negative with otic manifestations, reported prevalence of these manifestations was generally
much higher among late stage compared to early stage syphilis cases when stratifying by
HIV status. Although few past population-based studies report prevalence of neurologic,
ocular, and otic manifestations stratified by HIV status and syphilis stage, Dombrowski et

al noted nearly twice the prevalence of these manifestations among syphilis cases staged as
late or unknown duration compared to those staged as early.[9] Consistent with our findings,
Dombrowski et al also found that prevalence of these manifestations among syphilis cases
assigned an early stage was highest in secondary syphilis cases.[9] While our analysis found
that prevalence of neurologic, ocular, and otic manifestations was highest among cases

that were HIV-infected and staged as unknown duration or late, the prevalence among HIV-
negative cases and those assigned an early stage emphasizes the importance of screening all
individuals with syphilis for these clinical manifestations regardless of HIV status or syphilis
stage.

The results of our analyses stratified by HIV status and race/Hispanic ethnicity (Figure 2b;
Table 1, Supplemental Digital Content 1) suggest that the differences noted in prevalence of
neurologic, ocular, and otic manifestations by race and Hispanic ethnicity are not related to
HIV status differences. While we cannot discern from available NNDSS data what factors
may be contributing to these differences by race/Hispanic ethnicity, we cannot rule out the
possibility that differences in sexual networks among racial and/or ethnic groups may be
playing a role. Past studies have demonstrated that sexual networks often differ by racial
and/or ethnic group,[15, 16] which may result in different strains of 7. pallidum circulating
in different networks. However, evidence of specific strains of 7. pallidum that are more
likely to invade the central nervous system, visual system, and/or cochleovestibular system is
mixed with some studies suggesting increased neuroinvasive potential for certain strains and
other studies failing to find an association between 7. pallidum strain and neurologic, ocular,
and/or otic manifestations of syphilis.[16, 17] A more likely explanation is that differential
ascertainment bias is playing a role. Recent evidence suggests that despite improvements

in some measures of healthcare disparities in recent years, racial and ethnic disparities
persist.[18] Factors such as implicit bias, structural racism, and reduced access to healthcare
negatively impact outcomes among those who identify as persons of Black or African
American race and/or persons of Hispanic ethnicity.[19-22] These systemic issues may
also be contributing to what appears to be underascertainment of neurologic, ocular, and
otic manifestations among cases reported as Black or African American race or Hispanic
ethnicity, but further research is needed to understand the reasons for these differences.

The prevalence of neurologic, ocular, and otic manifestations among syphilis cases reported
with IDU was nearly three times that of those reported with no IDU, and these prevalence

Sex Transm Dis. Author manuscript; available in PMC 2023 October 01.
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differences remained when stratifying by HIV status. While evidence indicates a recent
intersection between the heterosexual syphilis and drug use epidemics,[23, 24] at least one
past report noted no association between drug use and ocular syphilis.[12] However, few
other recent studies have evaluated for associations between drug use and neurologic, ocular,
and otic manifestations of syphilis. Factors such as delayed care-seeking, lack of access

to healthcare, comorbid mental health disorders, and IDU-associated co-infections could
complicate timely diagnosis and treatment of these clinical manifestations and exacerbate
case notification challenges discussed earlier,[25, 26] but interpretation of prevalence
differences by IDU category is challenging because more than 40% of cases had missing
or unknown IDU status. Future studies of syphilis clinical manifestations should consider
evaluating for possible associations between behaviors such as drug use, especially IDU, to
determine whether certain behaviors may increase risk of these syphilitic complications.

Consistent with our findings, several past studies have demonstrated increased risk of
neurosyphilis among individuals infected with 7. pallidum in older age categories,[14,

27] and at least one study has demonstrated increased prevalence of ocular manifestations
among older syphilis cases.[12] Although the overall rates of primary and secondary syphilis
are higher among younger age categories, rates appear to be increasing faster among the
oldest segment of the population.[3] National surveillance data demonstrate that rates of
primary and secondary syphilis have more than doubled for individuals in the 55-64 years
old and =65 years old age groups over the period of 2015-2019.[3] Barriers such as
provider discomfort with asking older adults sexual health questions and limited sexual
health knowledge among older adults may reduce screening and early detection of sexually
transmitted infections in these individuals.[28-30] Among syphilis cases included in our
analysis, the increasing reported prevalence of neurologic, ocular, and otic manifestations
with age could be explained by factors such as longer duration of unrecognized infection
with 7. pallidum, more frequent healthcare visits for other underlying comorbidities that
increase opportunities for detection, or better access to healthcare among those eligible for
Medicare.

Our findings are subject to several additional limitations. Reported prevalence estimates
were restricted to a subset of jurisdictions considered to have complete reporting and may
not be generalizable to other jurisdictions. This is further complicated by variations in

case investigation and reporting practices that may have biased results. Although many
syphilis cases reported with ocular and/or otic manifestations likely also had central
nervous system involvement, these cases were not all reported as also having neurologic
manifestations, further highlighting issues with clinical manifestation identification and
reporting. The proportion of missing data for certain variables of interest such as HIV
status, sex of sex partners, and IDU limit the interpretability of our findings for these
characteristics. Furthermore, the higher prevalence of neurologic and ocular manifestations
among HIV-infected persons may be subject to ascertainment bias if this finding reflects

a higher likelihood of screening for these clinical manifestations. Additionally, given the
limitations of case-based surveillance data, no statistical testing was performed, preventing
us from disentangling the relative contributions of various factors to the reported clinical
manifestation prevalence estimates.

Sex Transm Dis. Author manuscript; available in PMC 2023 October 01.
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Finally, while it is reasonable to expect that neurologic, ocular, and otic manifestations
among syphilis cases will often be classified as “possible” given the lower threshold of
criteria for this surveillance classification relative to “verified” and “likely” classifications,
the reduced specificity of the “possible” classification category could have resulted in
counting syphilis cases with neurologic, ocular, or otic signs or symptoms caused by
something other than syphilis.

CONCLUSIONS

To our knowledge, these analyses provide the first national prevalence estimates of reported
neurologic, ocular, and otic manifestations among syphilis cases =15 years old of all stages
in the United States. Despite the limitations we describe, these estimates are an important
step towards understanding the burden of these severe syphilitic complications nationwide.
Although prevalence was low overall, our findings are almost certainly an underestimate.
As U.S. syphilis prevalence continues to increase, we expect the frequency of reported
neurologic, ocular, and otic manifestations will also increase. These findings are a reminder
of the significant yet preventable consequences of syphilis, emphasizing the importance

of evaluating all individuals with syphilis for clinical signs or symptoms of neurosyphilis,
ocular syphilis, and otosyphilis to facilitate early detection and treatment to limit long-term
sequelae of these severe syphilitic complications.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Sixteen included states reporting =70% of syphilis cases (all stages) with neurologic, ocular,

and otic manifestation response values that were not missing or unknown, 2019.
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Figure 2.
Prevalence of reported neurologic, ocular, and otic manifestations by HIV status and

syphilis stage (Panel A), race/Hispanic ethnicity (Panel B), injection drug use in the past
12 months (IDU) (Panel C), and sex and sex of sex partners (Panel D) among syphilis
cases (all stages) reported by jurisdictions with complete reporting, 2019. Values shown
for prevalence represent the total of verified, likely, and possible neurologic, ocular, and
otic clinical manifestations. A total of 16 states reporting =70% of syphilis cases with
clinical manifestation response values that were not missing or unknown were considered
to have complete reporting. Syphilis cases =15 years of age were included in this analysis.
Approximately 25% of cases were missing HIV status. Early syphilis was defined as those
cases assigned a syphilis surveillance stage of primary, secondary, or early non-primary
non-secondary, and late syphilis was defined as those cases staged as unknown duration

or late. Of note, >40% of cases were missing IDU status. The men who have sex with

men (MSM) category included gay, bisexual, and other MSM while the men who have sex
with women (MSW) category included men who reported only having sex with women.
Complete supporting data for this figure are available in Table 1, Supplemental Digital
Content 1.
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