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Abstract

Background: Lumbar puncture is recommended for individuals with syphilis who have
neurological symptoms, however symptoms have poor sensitivity for predicting symptomatic
neurosyphilis. Neurofilament light chain (NfL) is a marker for neuroaxonal injury; cerebrospinal
fluid concentrations are higher in symptomatic neurosyphilis than in uncomplicated syphilis or
asymptomatic neurosyphilis.

Methods: Serum NfL was quantified in 20 individuals with uncomplicated syphilis, 10 with
asymptomatic neurosyphilis and 10 with symptomatic neurosyphilis using an ultrasensitive single
molecule array assay; it was repeated a median of 12.5 months after neurosyphilis therapy. Serum
NfL concentration was age-adjusted using a published formula.

Results: Age-adjusted serum NfL concentration was significantly higher in symptomatic
neurosyphilis compared to each of the other two groups. It was above the highest value in
uncomplicated syphilis in one of 10 participants with asymptomatic neurosyphilis and 3 of 10
with symptomatic neurosyphilis. Serum NfL concentration increased in one participant with
asymptomatic neurosyphilis with possible treatment failure.

Conclusions: If confirmed in a larger study, serum NfL may be a useful adjunct for identifying
central nervous system infection by 7. pallidum.

Short summary
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Age-adjusted serum neurofilament light (NfL) concentration was elevated in one of 10 individuals
with asymptomatic neurosyphilis, and in three of 10 with symptomatic neurosyphilis, suggesting
neuroaxonal injury in these persons.
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Introduction

The indications for lumbar puncture (LP) in patients with syphilis are controversial. The
US Centers for Disease Control and Prevention (CDC) recommend cerebrospinal fluid
(CSF) analysis for individuals with syphilis who have “clinical evidence of neurologic
involvement” (1). The guidelines ignore the possibility of neurological injury in those with
CSF abnormalities but no symptoms, even though there are no data in the current treatment
era to suggest that asymptomatic neurosyphilis is benign in all patients.

Several studies show that neurological symptoms may not be adequate markers of risk for
central nervous system (CNS) 7. pallidum infection. (2-4). Neurofilament light chain (NfL)
is a marker for neuroaxonal injury; previous work shows that CSF concentrations are higher
in patients with symptomatic neurosyphilis than in those with uncomplicated syphilis or
asymptomatic neurosyphilis (5, 6). Recent methodological advances have made it possible
to measure this marker in blood (7), suggesting that blood NfL could be a more objective
marker of CNS 7. pallidum infection than neurological symptoms.

Materials and Methods

Study Participants

Participants were enrolled in a study of CSF abnormalities in syphilis (8). Participants
underwent study visits at entry at which a standardized history and neurological
examination, LP and blood draw were performed. The study clinician categorized each
participant as having uncomplicated syphilis, asymptomatic neurosyphilis, or symptomatic
neurosyphilis based on clinical and CSF findings. Individuals with abnormal CSF at entry
underwent follow-up visits at 12, 24 and 52 weeks at which the same standardized history
and neurological examination, and blood draw were performed. CSF examination was
repeated in individuals treated for neurosyphilis at week 12, and at weeks 24 and 52, if

the previous CSF profile was abnormal. If the CSF profile remained abnormal at the end
of study participation at ~52 weeks, participants were referred for clinical follow-up. The
study was approved by the University of Washington Institutional Review Board, and written
consent was obtained from all participants.

Samples Chosen for Analysis

Samples from 40 individuals were randomly chosen for this analysis from a list of
participants divided into three groups: 1) uncomplicated syphilis (no neurological symptoms
attributable to syphilis, CSF white blood cells (WBC) < 6/uL and nonreactive CSF- Venereal
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Disease Research Laboratory [VDRLY]); 2) asymptomatic neurosyphilis (no neurological
symptoms attributable to syphilis, CSF WBCs > 20/uL or reactive CSF-VDRL); 3)
symptomatic neurosyphilis (neurological symptoms attributable to syphilis, CSF WBCs >
20/uL or reactive CSF-VDRL). For each group, half of the participants were persons with
HIV (PWH); all were taking antiretroviral therapy, and PWH and participants without

HIV were matched by age within each group. The researchers who chose the participants’
samples were blinded to other characteristics, including neurosyphilis treatment response.
For individuals with asymptomatic and symptomatic neurosyphilis, serum samples collected
at the end of study participation were also assayed.

Laboratory Methods

Serum RPR and treponemal test reactivity, CSF WBC enumeration and CSF-VDRL
reactivity were determined in a Clinical Laboratory Improvement Amendments (CLIA)-
approved hospital laboratory. Plasma HIV RNA concentration, and peripheral blood CD4+
T lymphocyte concentration collected within 90 days of the LP were obtained from medical
records. Serum NfL concentration was measured using the Simoa (single molecule array)
NF-Light assay on an HD-X instrument according to instructions from the manufacturer
(Quanterix, Billerica, MA). Serum was frozen at —20C and thawed just before analysis.
All samples were analyzed in one round of experiments using one batch of reagents by
board-certified laboratory technicians who were blinded to clinical data. Calibrators were
run in duplicates. Samples were run in singlets with a 4-fold dilution. For a quality control
(QC) sample with a concentration of 24.8 pg/mL, the intra-assay coefficient of variation
(CV) was 5.5%. For a QC sample with a concentration of 73.7 pg/mL, the intra-assay CV
was 7.1%.

Statistical Methods

Results

Serum NfL concentrations were normalized for age using a published formula that adjusts
the value to a reference age of 18 years based on values from 118 healthy donors aged
24-66 years (9). Continuous variables were expressed as median (interquartile range,
IQR). Relationships between continuous variables were determined by Mann-Whitney U,
Kruskal-Wallis, or Spearman rank sum tests. Pearson chi square test was used to compare
proportions.

Of the 10 individuals with symptomatic neurosyphilis, 2 had vision loss alone, 3 had
hearing loss alone, 1 had meningitis symptoms alone, 2 had vision and hearing loss plus
meningitis symptoms, 1 had vision loss and meningitis symptoms, and 1 had hearing loss
plus meningitis symptoms. Characteristics of all participants are shown in Table 1. Age did
not differ by group, but more participants with uncomplicated syphilis and symptomatic
neurosyphilis had early syphilis compared to those with asymptomatic neurosyphilis
(p=0.001), and serum RPR titer was higher in the those with asymptomatic or symptomatic
neurosyphilis compared to those with uncomplicated syphilis (p=0.018).
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There was no significant difference in adjusted serum NfL concentrations in PWH compared
to those without HIV, and there was no significant relationship between adjusted serum NfL
concentration and plasma HIV RNA, peripheral blood CD4+ T cell concentration, serum
RPR titer, reactive CSF-VDRL or CSF-VDRL titer. Serum NfL concentration was higher
with higher CSF WBCs (r=0.43, p=0.005).

Adjusted serum NfL concentration did not differ between those with uncomplicated syphilis
and those with asymptomatic neurosyphilis (Table 1, Figure 1), but adjusted serum NfL
concentration was significantly higher in those with symptomatic neurosyphilis compared to
the other two groups (Table 1; p=0.006 compared to uncomplicated syphilis, and p=0.035
compared to asymptomatic neurosyphilis).

One of 10 individuals with asymptomatic neurosyphilis and three of 10 individuals with
symptomatic neurosyphilis had pretreatment adjusted serum NfL concentrations above the
highest concentration seen in individuals with uncomplicated syphilis. Adjusted serum
NfL concentrations, determined a median of 12.5 (IQR, 12-13) months after neurosyphilis
treatment in those with asymptomatic and symptomatic neurosyphilis, remained below this
concentration with the exception of one individual with asymptomatic neurosyphilis (Table
2). This individual was a person without HIV who had late syphilis and was treated with
intramuscular procaine penicillin G and oral probenecid per CDC guidelines (1) for 10 days.
While serum RPR and CSF-VDRL titers declined over the course of 14-month follow-up,
CSF WBCs increased from 5/uL to 10/uL between the third and the final visit, suggesting
treatment failure.

Discussion

NfL has been studied as a biomarker for neurological injury in many conditions (7). While
initial studies focused on CSF concentrations, subsequent work showed that, using the
Simoa platform, NfL could be measured in serum and plasma, and that these concentrations
correlated with CSF concentrations (7). NfL concentrations increase with age, and this
observation has been a barrier to identifying “elevated” concentrations in individual patients.
However, age-correction is now possible (9). We found that age-adjusted serum NfL
concentrations were significantly higher in individuals with symptomatic neurosyphilis
compared to those with asymptomatic neurosyphilis or uncomplicated syphilis. Additionally
in our study, one of 10 individuals with asymptomatic neurosyphilis and three of 10 with
symptomatic neurosyphilis had adjusted serum NfL concentrations above the highest value
in individuals with uncomplicated syphilis. Moreover, one individual with asymptomatic
neurosyphilis had an almost doubling of their serum concentration 14 months after
appropriate treatment in the setting of possible treatment failure. These findings suggest

that individuals with asymptomatic and symptomatic neurosyphilis, based on our current
definitions, can have neurological injury as a consequence of 7. pallidum infection of the
CNS, and they add additional support to the contention that neurological symptoms are an
imperfect screen for CNS infection. Our results also suggest that increases in serum NfL
concentration after neurosyphilis treatment may signal treatment failure.
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Our study has limitations that should be considered in interpreting our findings. We assayed
a convenience sample that was small. Neurosyphilis categorization was made by the study
clinician, which may have introduced bias. We required that individuals with neurosyphilis
have CSF WBCs > 20/uL or a reactive CSF-VDRL, which may limit generalizability of our
findings. We used a published formula to adjust the serum NfL values to a reference age

of 18 years; this same procedure would need to be followed by others to compare to our
findings.

From a practical standpoint, our findings suggest an objective method for assessing CNS
injury in patients with syphilis, which could be used as an adjunct in identifying individuals
with syphilis who should undergo LP, and to assess treatment success. While assessment

of serum NfL would not have affected the decision to undergo LP in our patients with
symptoms, we required evidence of CSF inflammation in our definition of symptomatic
neurosyphilis. Patients with ocular and otosyphilis may not have concomitant meningitis (1),
and we did not assess the usefulness of assessment of serum NfL to detect neuroaxonal
injury in such individuals. This assessment could be particularly useful in suspected
otosyphilis, where the diagnosis is particularly challenging (10). We also demonstrate
elevated serum NfL in an individual with asymptomatic neurosyphilis, suggesting that the
test could also be useful in determining whether asymptomatic individuals at high risk for
syphilitic meningitis, for example, because of high serum RPR titer (11, 12), should undergo
LP. A larger and more comprehensive study is required to confirm our findings.
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Figurel.
Age-adjusted serum neurofilament light chain (NfL) concentrations in uncomplicated

syphilis (Uncx Syph); and in asymptomatic neurosyphilis (Asx NS) and symptomatic
neurosyphilis (Sx NS) pre-therapy (pre) and post-therapy (post). The gray dotted line
represents the highest adjusted serum NfL concentration in individuals with uncomplicated
syphilis. One of 10 individuals with asymptomatic neurosyphilis and three of 10 with
symptomatic neurosyphilis had adjusted serum NfL concentrations above the highest value
in individuals with uncomplicated syphilis. Additionally, one individual with asymptomatic
neurosyphilis had an almost doubling of their serum concentration 14 months after
appropriate treatment in the setting of possible treatment failure.
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Table 2.

Characteristics of participant with increase in adjusted serum NfL concentration after treatment for

asymptomatic neurosyphilis.

Timerelativeto NStreatment  Adjusted serum NfL pg/mL  CSFWBCsuL CSF-VDRL titer  Serum RPR titer

2 weeks before 11.99 50 8
3 months after - 20 2
6 months after - 5 2
14 months after 21.09 10 2

64
32
32
16

CSF, cerebrospinal fluid; NfL, neurofilament light chain; NS, neurosyphilis; RPR, rapid plasma reagin; WBC, white blood cells.
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