ORIGINAL STUDY

Elevation of Cerebrospinal Fluid Light and Heavy
Neurofilament Levels in Symptomatic Neurosyphilis
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Background: Although clinical manifestations of symptomatic and asymp-
tomatic neurosyphilis are different, few laboratory tests could reflect
the difference.

Methods: A total of 92 non—HIV-infected patients with syphilis were en-
rolled in this study, including 23 with symptomatic neurosyphilis, 51 with
asymptomatic neurosyphilis, and 18 with latent syphilis, which were ex-
cluded neurosyphilis because they were found to have no symptom and nor-
mal cerebrospinal fluid (CSF) tests and served as the control group. The
concentrations of neurofilament light subunit (NF-L) and phosphorylated
neurofilament heavy subunit (pNF-H) in the CSF were measured and com-
pared among these groups, as well as before and after treatment in the symp-
tomatic and asymptomatic groups.

Results: The median concentrations of NF-L in the symptomatic
neurosyphilis, asymptomatic neurosyphilis, and control groups were 5806,
218, and 266 pg/mL, respectively (P < 0.001), and the median concentrations
of pNF-H were 986, 43, and 49 pg/mL, respectively (P <0.001). A subgroup
of 15 symptomatic neurosyphilis and 10 asymptomatic neurosyphilis pa-
tients were followed up and underwent CSF examination 6 months after
the antineurosyphilis treatment. The median concentration of NF-L in the
symptomatic neurosyphilis group decreased from baseline 6420 to
2914 pg/mL after the treatment (P = 0.03), and the median concentration
of pNF-H in the symptomatic neurosyphilis group decreased from baseline
1399 to 246 pg/mL after the treatment (P = 0.03).

Conclusions: Neurofilament light subunit and pNF-H were significantly
elevated in the symptomatic neurosyphilis patients, not in asymptomatic
neurosyphilis, which was an implication of the different pathogeneses in
neurosyphilis.

ver the past decades, the incidence of syphilis has increased
from 12.80 per 100,000 individuals in 2006 to 31.97 per
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100,000 individuals in 2016 in China.' Neurosyphilis is a chronic
infectious disease caused by the invasion of Treponema pallidum
to the central nervous system (CNS). It has been estimated that 4%
to 10% of untreated syphilis eventually progresses to neurosyphilis,
and the incidence of neurosyphilis is higher in syphilis coinfected
with HIV?

The nerve filaments, found only in neurons, are sensitive
markers of axonal disruption. Nerve microfilaments are released
to the cerebrospinal fluid (CSF) in response to injury to myelinated
axons.> Nerve microfilaments are also significantly elevated in
several neurodegenerative disorders, including amyotrophic lateral
sclerosis, multiple sclerosis, vascular dementia, and Alzheimer
disease, which can serve as a candidate biomarker for neurolog-
ical symptom evaluation and early diagnosis.* The subunits of
neurofilaments, such as neurofilament light subunit (NF-L) and
phosphorylated neurofilament heavy subunit (pNF-H), are widely
used to measure the degree of neuronal damage.>® There are var-
ious clinical manifestations of neurosyphilis. A significant number
of neurosyphilis cases present with symptoms of cognitive impair-
ment. In this study, we measured CSF NF-L and pNF-H concen-
trations in symptomatic and asymptomatic neurosyphilis patients
and observed a change in CSF NF-L and pNF-H levels before
and after antineurosyphilis treatment in some of these patients.

SUBJECTS AND METHODS

Study Subjects

A total of 92 non—HIV-infected syphilis patients were en-
rolled in Beijing Ditan Hospital (Beijing, China) from September
2008 to April 2017. Each study participant underwent a standard-
ized clinical assessment of symptoms and signs, blood testing,
and lumber puncture, in which blood and CSF samples were kept
at —80°C for detection of NF-L and pNF-H. According to Centers
for Disease Control and Prevention guidelines, 23 patients were di-
agnosed with symptomatic neurosyphilis, who were defined as hav-
ing CSF abnormalities (reactive CSF venereal diseases research
laboratory [VDRL] or CSF white blood cells [WBCs] >5/uL) with
neurological symptoms, including headache, vision loss, hearing
loss, personality changes, impaired memory and judgment, gait
incoordination, occasionally seizures, and so on. Participants of
the asymptomatic syphilis and control group were enrolled from
serofast patients without any sym};toms who underwent lumber
puncture, as in our previous study.” Fifty-one patients were diag-
nosed with asymptomatic neurosyphilis through CSF examina-
tion, who were defined as having a reactive CSF VDRL or CSF
WBCs >5/uL and absence of neurological symptom. There were
18 latent syphilis patients without any symptom and with normal
CSF test results (negative CSF VDRL and CSF WBCs <5/uL, nor-
mal CSF protein level), who were considered as controls. Patients
with HIV-positive or other infection-originated CSF pleocytosis
were excluded as well. For patients diagnosed with neurosyphilis,
intravenous aqueous penicillin (24 million units per day) divided
into 6 doses was used for 14 consecutive days, after which,
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intramuscular injection of benzathine penicillin (2.4 million units
per week) was performed for 3 consecutive weeks. Lumbar punc-
ture was repeated in some symptomatic and asymptomatic
neurosyphilis patients at 6 months after treatment of neurosyphilis.

The study protocol was reviewed and approved by the
ethics committee of Beijing Ditan Hospital, and written informed
consent forms were signed by all participants.

Laboratory Examinations

The rapid plasma reagin test was performed according to the
routine standard methods as described previously,® and VDRL test
was undertaken using the VDRL Antigen Kit (Becton, Dickinson
and Company, Franklin Lakes, NJ). The concentrations of NF-L
and pNF-H in the CSF were measured by an enzyme-linked immu-
nosorbent assay kit (IBL International [Hamburg, Germany] and
BioLegend GmbH [Koblenz, Germany]) according to the manufac-
tures’ instructions. The lower limits of detection were 33 pg/mL
(NF-L) and 23.5 pg/mL (pNF-H).

Statistical Analysis

Data were statistically analyzed by SPSS 19.0 software
(IBM, Armonk, NY). Normally distributed data were expressed
by mean = SD, and nonnormally distributed data were presented
by the median and interquartile range (IQR). The Student ¢ test
was used to compare the normally distributed data between the 2
groups. The 1-way analysis of variance was used for comparing
differences among multiple groups, and the Mann-Whitney U test
was used for comparing the nonnormally distributed data between
the 2 groups. The Pearson correlation analysis and the Spearman
rank correlation analysis were used for analysis of correlations be-
tween the 2 groups. P values <0.05 were considered statistically
significant. A linear regression (analysis of covariance) was used
to model CSF NF-L and PNF-H concentrations in the groups of
symptomatic neurosyphilis, asymptomatic neurosyphilis, and con-
trols, adjusted for patient age.

RESULTS

Clinical characteristics of the 92 patients are presented in
Table 1. The participants were grouped into symptomatic neurosyphilis

TABLE 1. Demographic Characteristics of the Study Participants
(n, %) or Median (Interquartile Range)

Symptomatic Asymptomatic Uncomplicated

NS NS Syphilis
(n=23) (n=51) (n=18)
Age,y 54 (51-60) 33 (28-46)  32(27.5-43.3)
Sex
Male 17 (73.9) 22 (43.1) 8 (44.4)
Female 6(26.1) 29 (56.9) 10 (55.6)
NS stages
Meningovascular 6 (26.08) — —
General paresis 15 (65.22) — —
Tabes dorsalis 1 (4.35) — —
Ocular syphilis 1 (4.35) — —
1/Serum RPR 32 (8-128) 8 (4-16) 4 (1-16)
titer
Reactive CSF 22/23 (95.7) 21/51 (41.2)  0/18(0)
VDRL tests
CSF protein, 62 (45.2-88.1) 29.6 (22-38.2) 22.8
mg/dL (18.78-30.15)
CSF WBC, 17 (7-50) 10 (6-16) 3(1.754)
x10° cells/L

RPR indicates rapid plasma reagin.

Sexually Transmitted Diseases ® Volume 47, Number 9, September 2020

, P<0.001 ,
] v
50000+ I P<0.001 i
400004 -—T—
2 30000
£ 200004
8 10000] gy
- 2500
L 2000 e
=
. 1500-
@ 1000
500- —
0 : = e
) ) %
€

Figure 1. Levels of NF-L in the CSF in the NS, ANS, and
nonneurosyphilis control groups. The box plots include median
(horizontal line) values from the 25th to the 75th percentiles (boxes).
ANS, asymptomatic neurosyphilis; NS, symptomatic

neurosyphilis; S, uncomplicated latent syphilis patients.

(n = 23), asymptomatic neurosyphilis (n = 51), and control
(n = 18) groups.

Concentrations of NF-L and pNF-H in the CSF

The concentrations of NF-L and pNF-H in the symptomatic
neurosyphilis group were significantly higher than those of the
asymptomatic neurosyphilis and control groups (P < 0.001). The
median concentrations of NF-L in the symptomatic neurosyphilis,
asymptomatic neurosyphilis, and control groups were 5806 (IQR,
3242-9987), 218 (IQR, 125-430), and 266 (IQR, 209—443) pg/
mL, respectively. There was no significant difference in NF-L con-
centration between the asymptomatic neurosyphilis and control
groups (P = 0.915; Fig. 1). The median concentrations of pNF-H
in the symptomatic neurosyphilis, asymptomatic neurosyphilis,
and control groups were 986 (IQR, 342-1799), 43 (IQR, 24-69),
and 49 (IQR, 31-67) pg/mL, respectively. There was no signifi-
cant difference in pNF-H concentration between the asymptom-
atic neurosyphilis and control groups (P = 1.584; Fig. 2).

Among the asymptomatic neurosyphilis patients, according
to the diagnostic criteria, there were 21 patients whose CSF VDRL
results were positive and 30 patients whose CSF VDRL results were
negative. We have compared the concentrations of CSF NF-L and
pNF-H in these 2 subgroups; the concentration of NF-L in the
CSF VDRL(+) asymptomatic syphilis group was higher than that
in the CSF VDRL(-) group, with statistically significance differ-
ence (P = 0.04), but did not show significant difference as com-
pared with the control group (P = 0.811; Fig. 3). There was no
significant difference in the CSF pNF-H concentrations among
the CSF VDRL(+), CSF VDRL(-) asymptomatic syphilis, and
control groups (P = 0.394; Fig. 4).

The concentration of NF-L was positively correlated with
pNF-H concentration (= 0.764, P < 0.001), CSF protein concen-
tration (» = 0.635, P < 0.001), age (» = 0.625, P < 0.001), type of
neurosyphilis (» = 0.564, P < 0.001), and CSF VDRL titer
(r=0.540, P < 0.001). The concentration of pNF-H was positively
correlated with type of neurosyphilis (» = 0.593, P < 0.001), age
(r=10.521, P <0.001), CSF VDRL titer (» = 0.514, P < 0.001),
and CSF protein (= 0.541, P < 0.001).

Because of unmatched age between the symptomatic
neurosyphilis group and the other 2 groups, the analysis of
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Figure 2. Levels of pNF-H in the CSF in the NS, ANS, and
nonneurosyphilis control groups. The box plots include median
(horizontal line) values from the 25th to the 75th percentiles (boxes).
ANS, asymptomatic neurosyphilis; NS, symptomatic

neurosyphilis; S, uncomplicated latent syphilis control.

covariance with NF-L or pNF-H as a dependent variable, disease
group as a fixed factor, and age as a covariate was performed, After
correcting for age, the difference in CSF NF-L and pNF-H con-
centrations in the symptomatic neurosyphilis patients remained
statistically significant (F = 14.168 [P < 0.01] and F = 11.260
[P <0.01], respectively). The concentrations of CSF NF-L in each
group were plotted against age, and CSF NF-L level correlated
with age in all 3 groups. When CSF pNF-H concentrations in each
group were plotted against age, no linear relationship was shown
between CSF pNF-H concentration and age in each group.

Decrease in NF-L and pNF-H Concentrations After
Treatment of Neurosyphilis

A subgroup of 15 symptomatic neurosyphilis and 10 asymp-
tomatic neurosyphilis patients were followed up and underwent
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Figure 3. Cerebrospinal fluid NF-L in VDRL(+)/(—) ANS. Comparison
of CSF NF-L concentrations in the ANS with a positive or negative
CSF VDRL result. ANS, asymptomatic neurosyphilis; S,
uncomplicated latent syphilis control.
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Figure 4. Cerebrospinal fluid pNF-H in VDRL(+)/(-) ANS.
Comparison of CSF pNF-H concentration in ANS with a positive or
negative CSF VDRL result. ANS, asymptomatic neurosyphilis; S,
uncomplicated latent syphilis control.

CSF examination 6 months after treatment of neurosyphilis (24 mil-
lion unites of intravenous aqueous penicillin G daily for 14 days).
The number of CSF WBCs returned to the normal level, and CSF
VDRL became nonreactive in all participants. Some symptoms of
symptomatic neurosyphilis patients have resolved after treatment.
The median concentration of NF-L in the symptomatic
neurosyphilis group was 6420 (IQR, 3242-17422) pg/mL before
treatment, which reduced to 2914 (IQR, 1305-8006) pg/mL after
treatment, which was significantly lower than the baseline (P = 0.03;
Fig. 5). The median concentration of pNF-H in the symptomatic
neurosyphilis group was 1399 (IQR, 369-2373) pg/mL before
treatment, which decreased to 246 (IQR, 109-472)pg/mL after
treatment, which was significantly lower than the baseline (P = 0.03;
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Figure 5. Changes in CSF NF-L levels before and after treatment.
Changes in NF-L levels in the CSF in the NS and ANS groups before
and 6 months after antineurosyphilis treatment. ANS, asymptomatic
neurosyphilis; NS, symptomatic neurosyphilis.

636 Sexually Transmitted Diseases ® Volume 47, Number 9, September 2020



NF-L and pNF-H in Neurosyphilis

10000; p<0.05
—_ °
E 8000
(=2}
e
< 6000
L °
Z 4000
i :  °
2 [ ]
O 2000] o o
PY o
0 .'.. * bbb M
06\‘\ 0@ 0(6'\ 06\‘\
& & & &
i i i i
5 &K
$ o‘o $ o‘.’
I e
S

Figure 6. Changes in CSF pNF-H levels before and after treatment.
Changes in pNF-H levels in the CSF in the NS and ANS groups
before and 6 months after antineurosyphilis treatment. ANS,
asymptomatic neurosyphilis; NS, symptomatic neurosyphilis.

Fig. 6). Decreases in NF-L and pNF-H concentrations after treatment
of neurosyphilis were only observed in symptomatic neurosyphilis.

DISCUSSION

In the early stage of syphilis infection, 7. pallidum can in-
vade the CNS in at least 30% of syphilis, whereas only 4% to
10% of the untreated were eventually progressed into symptom-
atic neurosyphilis.? The pathogenesis of asymptomatic and symp-
tomatic neurosyphilis is still unclear. Diagnosis of neurosyphilis
depends on the combination of CSF analysis results and reactive
serologic test.” In HIV-uninfected individuals with syphilis, neu-
rological symptoms were independent from the results of CSF
VDRL test; neurological symptoms are not associated with a re-
active CSF VDRL, nor are these neurological symptoms com-
mon in the individuals with a reactive CSF VDRL.'® In our
previous study, we found that there was a correlation between
the abnormality of CSF protein levels and the development of
symptomatic neurosyphilis, in which the increase in concentra-
tion of CSF protein in symptomatic neurosyphilis compared with
that of asymptomatic neurosyphilis was statistically significant.®
In this study, the concentrations of both NFL and pNF-H were
substantially increased in the CSF in symptomatic neurosyphilis
rather than in asymptomatic neurosyphilis. Our results impli-
cated the difference in neuronal damage between symptomatic
and asymptomatic neurosyphilis.

Both NF-L and pNF-H are subunits of neurofilament pro-
tein, which is only found in the cytoplasm of neurons, and they
are highly specific biomarkers for myelinated axons. In case of
damage to neurons, filament protein may be released into the
CSE? In addition, NF-L and pNF-H are widely used as indicators
to measure the extent of damage to CNS in other neurodegeneration
diseases.>® A significant number of patients with neurosyphilis
present with dementia with a progressive course and psychiatric
symptoms such as depression, mania, and psychosis.!! In this study,
we have demonstrated that there were significant differences in the
concentration of CSF NF-L and pNF-H, which indicate different
pathogenesis between symptomatic neurosyphilis and asymptom-
atic neurosyphilis.

Sexually Transmitted Diseases ® Volume 47, Number 9, September 2020

Ho et al.'? found no correlation in CSF NF-L concentration
between HIV-infected patients with neurosyphilis and uncompli-
cated syphilis. In their study, symptomatic neurosyphilis and
asymptomatic neurosyphilis were not distinguished according to
the including criteria of the neurosyphilis groups, which could un-
derestimate the significance of CSF NF-L elevation in symptom-
atic neurosyphilis. The diagnosis of asymptomatic neurosyphilis
is solely based on CSF test, including reactive CSF VDRL or
CSF pleocytosis. We have compared the concentrations of NF-L
and pNF-H of CSF VDRL(+) and VDRL(—) subgroups; they were
not significantly different as compared with the control group. In-
terestingly, the minimum concentration of NF-L was 409 pg/mL in
symptomatic neurosyphilis; the majority (21/23; 91%) had high
NF-L concentrations of >1000 pg/mL. In contrast, none had high
NF-L concentrations in the control group. However, 6% (3/51) of
asymptomatic neurosyphilis patients had NF-L concentrations
greater than 1000 pg/mL, and all these 3 patients had positive a
CSF VDRL result. The aforementioned results have an important
implication of brain damage before the symptoms appeared in some
of the CSF VDRL-positive asymptomatic neurosyphilis patients.

Our finding of a positive association between CSF NF-L
and age is in agreement with a previously reported study.'® In
our study, the participants of the asymptomatic neurosyphilis and
control groups were enrolled from serofast patients who needed
to have a CSF test, The average age of these 2 groups was lower
than that of the symptomatic neurosyphilis group, After correcting
for age, the difference in CSF NF-L and pNF-H concentration re-
mained statistically significant.

After neurosyphilis treatment, concentrations of NF-L and
pNF-H were markedly decreased in symptomatic neurosyphilis,
suggesting that levels of NF-L and pNF-H could be changed in re-
sponses to the treatment. Although CSF NFL and pNF-H concen-
trations did not return to control concentrations after 6 months of
treatment, it is possible that these concentrations will decrease over
time, and these patients are still in further follow-up. There are 2
possible outcomes, one of which is the return of CSF concen-
tration to the control group level and the other is when CSF
concentration is still higher than the control group level for a
considerable period of time, reflecting different pathogenic
mechanisms and clinical outcomes, and these patients are still
following up. This finding indicated that neuron damage caused
by syphilis could recover after treatment. The clinical significance
of NF-L and pNF-H concentration decline requires further study
in the future.

Limitation of this study is having relatively small, age-
unmatched groups. Such discrepancy between age of the sympto-
matic neurosyphilis group and other 2 groups simply reflects the
reality that symptomatic neurosyphilis and asymptomatic neurosyphilis
were diagnosed in different stages of infection. Most symptomatic
neurosyphilis cases were not found until many years after infec-
tion. We tried to counterbalance by adjusting for age in statistical
analysis. Age factors did not have a significant impact on the re-
sults in this study. However, further investigation is needed to eval-
uate the roles of CSF NF-L and pNF-H in the pathogenesis of
neurosyphilis by a longitudinal cohort study.

In conclusion, we confirmed that the concentration of
CSF NF-L and pNF-H in symptomatic neurosyphilis increased,
which was an important implication of different pathogeneses
in neurosyphilis.
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