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a b s t r a c t
Objectives: To evaluate the possibility of using cerebrospinal ﬂuid (CSF) ubiquitin C-terminal hydrolase
L1 (UCH-L1), glial ﬁbrillary acidic protein (GFAP), and neuroﬁlament light protein (NF-L) for the diagnosis
of neurosyphilis (NS).
Methods: A cross-sectional study of 576 subjects was conducted at Zhongshan Hospital from January
2021 to August 2022 to evaluate the diagnostic accuracy of CSF UCH-L1, GFAP, and NF-L for NS and analyze their correlations with CSF rapid plasma reagin (RPR), white blood cells (WBCs), and protein.
Results: Patients with NS had higher CSF UCH-L1, GFAP, and NF-L levels than patients with syphilis/nonNS and nonsyphilis. Using a cut-off point of 652.25 pg/ml, 548.89 pg/ml, and 48.38 pg/ml, CSF UCHL1, GFAP, and NF-L had a sensitivity of 85.11%, 76.60%, and 82.98%, with a speciﬁcity of 92.22%, 85.56%,
and 91.11%, respectively, for NS diagnosis. Moreover, parallel and serial testing algorithms improved their
sensitivity and speciﬁcity to 93.62% and 98.89%, respectively. Interestingly, levels between patients with
NS who are CSF RPR-positive and -negative did not differ and showed a weak or moderate correlation
with WBC and CSF protein in patients with syphilis.
Conclusion: CSF UCH-L1, GFAP, and NF-L can be used as novel markers for the diagnosis of NS, independent of CSF RPR, WBC, and proteins.
© 2022 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious
Diseases.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction
Treponema pallidum can affect the central nervous system at any
time after the initial infection, leading to neurosyphilis (NS), which
earned the name the “Great Imitator” or the “Great Mimicker”
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(Ghanem et al., 2020; Peeling et al., 2017). The diagnosis of NS is
based on clinical symptoms and examination of the cerebrospinal
ﬂuid (CSF) using treponemal and nontreponemal tests, such as
the T. pallidum particle assay (TPPA), ﬂuorescent treponemal antibody absorption, Venereal Disease Research Laboratory (VDRL),
rapid plasma reagin (RPR), and elevation of inﬂammatory parameters (CSF white blood cells [WBCs] and proteins). However, no
single test can currently be used to diagnose NS in all instances
(Workowski et al., 2021). A meta-analysis showed that the speciﬁcity of CSF VDRL was 74-100%, but the sensitivity was low (4987%), leading to missed diagnosis (Tuddenham et al., 2020). Usually, NS can be diagnosed with reactive CSF VDRL, which can be
replaced by CSF RPR in most instances (Janier et al., 2021), but negative CSF does not exclude NS. When CSF VDRL or CSF RPR is neg-
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ative, the combination of positive CSF ﬂuorescent treponemal antibody absorption or TPPA, increased WBC, and protein levels are
usually used to assist NS diagnosis, but suffers from poor speciﬁcity, leading to misdiagnosis owing to the passive transfer of immunoglobulins across the blood-CSF barrier (Ghanem et al., 2020;
Park et al., 2020; Reiber and Peter, 2001; Zhang et al., 2013). Increased WBC and protein levels are indicative of an inﬂammatory
reaction in the CSF and are not speciﬁc markers for NS (Workowski
et al., 2021). To date, no reliable test for the diagnosis of NS has
been developed. Therefore, researchers are seeking diagnostic indicators to avoid missed diagnosis or misdiagnosis for the early
recognition of NS.
Neuronal damage is an important pathological feature of NS (Li
et al., 2020); thus, the markers associated with neuronal damage
may be helpful in the diagnosis of NS. Neuronal damage markers have been suggested for the diagnosis of multiple sclerosis
and Wilson disease (Disanto et al., 2017; Lin et al., 2021; Siller
et al., 2019). Ubiquitin C-terminal hydrolase-L1 (UCH-L1) is a compact, small, nearly spherical ubiquitin protein, highly speciﬁcally
expressed by neurons, which is essential for removing abnormal
proteins and preventing the accumulation of potentially toxic proteins in neuronal cells (Bilguvar et al., 2013; Graham and Liu, 2017).
It is associated with the occurrence and development of neurodegenerative diseases, such as Alzheimer’s disease, Parkinson’s disease, and amyotrophic lateral disease (Setsuie and Wada, 2007).
Glial ﬁbrillary acidic protein (GFAP) is a marker of astrocyte proliferation, which is involved in cytoskeleton formation and the maintenance of tensile strength, and its expression is increased when
neurons are damaged (Heller et al., 2020; Oeckl et al., 2019; Olsson
et al., 2016). Neuroﬁlament light chain protein (NF-L) is an important part of the neuronal cytoskeleton and plays a key role in axonal radial growth and stability, thus ensuring proper nerve signal transmission (Khalil et al., 2018). It is abnormally elevated in
neurodegenerative, inﬂammatory, vascular, and traumatic diseases
(Disanto et al., 2017; Rohrer et al., 2016). UCH-L1, GFAP, and NFL have been shown to be indicators of neuronal damage in many
central nervous diseases (Bazarian et al., 2018; Newcombe et al.,
2022; Shahim et al., 2020), but the diagnostic utility of UCH-L1,
GFAP, and NF-L in NS remains unclear. This study aimed to analyze
the levels of CSF UCH-L1, GFAP, and NF-L in patients with NS and
explore their diagnostic value in patients with NS to better recognize NS and avoid missed diagnosis or misdiagnosis.

out NS. Participants without syphilis were referred to as individuals with negative syphilitic serological tests (RPR and TPPA).
Quantiﬁcation of CSF UCH-L1, GFAP, and NF-L
CSF samples were collected at the time of diagnosis, and directly transported to the Centre of Clinical Laboratory, where the
samples were centrifuged. The supernatants of the CSF samples
were collected and stored at -80°C until assayed (Lin et al., 2016).
CSF UCH-L1 (R&D Systems, Minneapolis, MN, USA), GFAP (R&D Systems, Minneapolis, MN, USA), and NF-L (Novus Biologicals, Littleton, USA) levels were measured using human enzyme-linked immunosorbent assay (ELISA) kits, according to the manufacturer’s
instructions.
Syphilitic serologic tests
Serological tests for syphilis were performed using RPR (Intec Products Inc., Xiamen, China) and Treponema pallidum chemiluminescence immunoassay (TP-CIA; Boson Biotechnology, Xiamen,
China), according to the manufacturer’s instructions and our previous studies (Lin et al., 2016; Qiu et al., 2015). RPR had a sensitivity
and speciﬁcity of 75.81% and 99.67%, respectively, whereas TP-CIA
had a sensitivity and speciﬁcity of 99.85% and 99.98%, respectively,
for syphilis diagnosis, according to our previous study (Tong et al.,
2014).
Examination of CSF proteins and WBCs
Approximately 2 ml of each CSF sample was collected in a plain
sterile tube and analyzed within 1 hour to measure the protein
content using a Roche-Hitachi Modular P800 analyzer (Roche Diagnostics, Basel, Switzerland). The CSF WBC count was determined
using an automatic blood cell XE50 0 0 analyzer (Sysmex International Reagents Co., Tokyo, Japan) (Lin et al., 2016; Tong et al.,
2013).
Statistical analysis
Continuous variables are presented as medians (interquartile
spacing), and categorical variables are expressed as frequencies
(percentages). The Mann-Whitney U test was used for continuous
variables with skewed distribution, the chi-square test was used
for categorical variables, and the odds ratio (OR) was calculated.
Spearman rank correlation was used to analyze the correlation
among all parameters (CSF UCH-L1, GFAP, NF-L, CSF WBC, and CSF
protein). The correlation of the results according to their r values
was categorized as extreme (0.91-1.0), strong (0.71-0.9), moderate
(0.41-0.7), weak, or poor (0-0.40). Receiver operating characteristic (ROC) analysis was performed to determine the performance of
CSF UCH-L1, GFAP, and NF-L in the diagnosis of NS, and the optimal cut-off point was determined to correspond to the maximal
Youden’s index (sensitivity + speciﬁcity - 100%). The sensitivity,
speciﬁcity, and predictive value of the optimal critical values were
calculated. The previously mentioned statistical analyzes were performed using SPSS 19.0 for Windows (SPSS Inc., Chicago, IL, USA).
Statistical signiﬁcance was deﬁned as a two-sided P-value <0.05.

Materials and methods
Study participants
A total of 576 participants with neurological disorders were included in this cross-sectional study conducted at Zhongshan Hospital of Xiamen University, School of Medicine, Xiamen University, from January 2021 to August 2022. The participants’ clinical
information, including physical examination, laboratory investigation, and medical history, were extracted and recorded. The following participants were excluded from this study: those without
a lumbar puncture, returning patients, and those with HIV infection. According to the guidelines of NS in the United Kingdom,
United States, Europe, and Canada (Janier et al., 2021; Kingston
et al., 2016; Levett et al., 2015; Workowski et al., 2021), NS was deﬁned as syphilis at any stage, with a positive CSF TPPA result and
one or more of the following ﬁndings: (i) reactive CSF RPR, (ii) elevated CSF protein concentration (>500 mg/l) or WBC (>5 cells/μl)
without other known causes, and (iii) clinical signs or symptoms
consistent with NS in the absence of other known causes of these
clinical abnormalities. Patients with syphilis/non-NS were positive
for syphilis serologic tests and underwent lumbar puncture to rule

Results
Characteristics of the participants
The clinical characteristics of the study participants are summarized in Table 1. In this study, the NS, syphilis/non-NS, and nonsyphilis control groups exhibited no signiﬁcant differences in age
(P-value = 0.065) or sex (P-value = 0.339). The serum RPR, serum
37

R. Chen, L.-R. Lin, Y. Xiao et al.

International Journal of Infectious Diseases 127 (2023) 36–44

Table 1
Clinical characteristics of the participants.

Age, median (IQR)
Gender ratio n (Male/female)
Serum RPR titer, median (IQR)
Serum TP-CIA titer, median (IQR)
CSF RPR titer, median (IQR)
CSF TP-CIA titer, median (IQR)
CSF WBC, median (IQR), /μL
CSF protein, median (IQR), mg/L

NS (n = 47)

Syphilis/non-NS (n = 90)

Non-Syphilis (n = 439)

P-value

57(48-65)
32/15
1:16(1:4-1:64)
120.51(71.53-144.85)
1:4(1:4-1:8)
92.34(37.16-155.40)
25(4-62)
617.10(451.10-936.30)

50(35-64)
50/40
1:2(1:1-1:8)
32.86(10.81-67.15)
0(0-0)
4.28(1.51-12.38)
2(1-7)
407.00(316.55-576.52)

50(36-62)
254/185
0(0-0)
0(0-0)
NA
NA
5(2-47)
478.20(336.75-875.60)

0.065
0.339

P-valuea

P-valueb

P-valuec

0.031
0.038

0.051
0.052

<0.001
<0.001

<0.001
<0.001

<0.001
<0.001
<0.001

Abbreviations: CIA, chemiluminescence immunoassay; CSF, cerebrospinal ﬂuid; IQR, interquartile range; NA, not available; NS, neurosyphilis; P, comparison among the
NS, syphilis/non-NS, and non-syphilis groups; RPR, rapid plasma regain; TP, Treponema pallidum; WBC, white blood cell.
Data expressed as median (IQR) as appropriate. The Wilcoxon test was used to compare age, serum RPR, TP-CIA titer, CSF RPR, TP-CIA titer, CSF WBC count, and protein
levels in different groups. The chi-square test was used to compare the size of the sex ratio in different groups.
a
Comparison between the NS and syphilis/non-NS groups
b
Comparison between the NS and non-syphilis groups
c
Comparison between the syphilis/non-NS and non-syphilis groups.

Figure 1. CSF levels of UCH-L1, GFAP, and NF-L in NS, syphilis/non-NS, and non-syphilis patients.
(a) CSF UCH-L1, (b) CSF GFAP, and (c) CSF NF-L.
The Wilcoxon test was used to compare the levels of CSF UCH-L1, GFAP, and NF-L in the different groups.
∗
: P<0.05, ∗ ∗ ∗ : P<0.001, ns: no signiﬁcance.
Abbreviations: CSF, cerebrospinal ﬂuid; GFAP, glial ﬁbrillary acidic protein; NF-L, neuroﬁlament light protein; NS, neurosyphilis; UCH-L1, ubiquitin C-terminal hydrolase L1.

TP-CIA, and CSF TP-CIA titers in the NS group were signiﬁcantly
higher than those in the syphilis/non-NS group (P <0.001). Compared with the syphilis/non-NS and nonsyphilis groups, patients
with NS had higher levels of CSF WBC (P <0.001) and increased
CSF protein (P <0.001).

was no statistical difference between the syphilis/non-NS and the
nonsyphilis groups (P-value = 0.7696, P-value = 0.0777) (Figure 1b,
c).
Diagnostic value of CSF UCH-L1, GFAP, and NF-L levels in patients
with NS

CSF UCH-L1, GFAP, and NF-L levels among the groups
To evaluate the use of CSF UCH-L1 levels as a screening test
for NS, its screening accuracy was determined using ROC curve
analysis. The area under the curve (AUC) for CSF UCH-L1 was
0.9177 (95% CI 0.8691-0.9663; Figure 2a). Comparably, the AUC of
CSF GFAP and NF-L were 0.8512 and 0.8848, respectively (95% CI
0.7782-0.9242; 95% CI 0.8222-0.9473; Figure 2b, c). According to
the maximal Youden’s index, the optimal cut-offs for CSF UCHL1, GFAP, and NF-L to distinguish NS from syphilis/non-NS were
652.25 pg/ml, 548.89 pg/ml, and 48.38 pg/ml, respectively. In addition, the chi-square test was used to analyze the correlation of
CSF UCH-L1, GFAP, and NF-L with NS, and the results showed that
patients with syphilis with CSF UCH-L1 ≥652.25 pg/ml were 67.76
times more likely to have NS than those with CSF UCH-L1<652.25

The level of CSF UCH-L1 was 951.92 (715.10-1263.51) pg/ml
in the NS group, which was signiﬁcantly higher than that in
the syphilis/non-NS group (370.30 [231.23-543.10] pg/ml]) (P
<0.001) and the nonsyphilis group (155.47 [56.29-679.33] pg/ml)
(P <0.001). CSF UCH-L1 levels were higher in the syphilis/non-NS
group than in the nonsyphilis group (P-value = 0.022; Figure 1a).
Similarly, CSF GFAP (692.19 [549.53-950.61] pg/ml) and CSF NF-L
levels (87.15 [57.21-127.60] pg/ml) in the NS group were significantly higher than levels in the syphilis/non-NS group (409.62
[381.13-503.06] pg/ml, P <0.001; 30.41 [20.11-40.43] pg/ml, P
<0.001) and the nonsyphilis group (407.46 [405.75-453.98] pg/ml,
P <0.0 01; 20.99 [15.61-46.27] pg/ml, P <0.0 01). However, there
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Figure 2. Receiver operator characteristics curves analysis of CSF UCH-L1, GFAP, and NF-L for NS diagnosis.
(a) CSF UCH-L1, (b) CSF GFAP, and (c) CSF NF-L.
Abbreviations: AUC, area under curve; CSF, cerebrospinal ﬂuid; GFAP, glial ﬁbrillary acidic protein; NF-L, neuroﬁlament light protein; NS, neurosyphilis; UCH-L1, ubiquitin
C-terminal hydrolase L1.

Table 2
Diagnostic value of CSF UCH-L1, GFAP and NF-L levels in NS patients.
Optimal cut-off
CSF
CSF
CSF
CSF
CSF
CSF

UCH-L1 <652.25 pg/ml
UCH-L1 ≥652.25 pg/ml
GFAP <548.89 pg/ml
GFAP ≥548.89 pg/ml
NF-L<48.38 pg/ml
NF-L ≥48.38 pg/ml

NS, n (%)

Syphilis/non-NS, n (%)

Odds ratio (95% conﬁdence interval)

7 (14.89)
40 (85.11)
11 (23.40)
36 (76.60)
8 (17.02)
39 (82.98)

83 (92.22)
7 (7.78)
77 (85.56)
13 (14.44)
82 (91.11)
8 (8.89)

1.0
67.76 (22.25-206.31)
1.0
19.39 (7.92-47.45)
1.0
49.97 (17.46-143.01)

P-value
< 0.001
< 0.001
< 0.001

Abbreviations: CSF, cerebrospinal ﬂuid; GFAP, glial ﬁbrillary acidic protein; NF-L, neuroﬁlament light protein; NS, neurosyphilis; UCH-L1, ubiquitin C-terminal hydrolase L1.
The chi-square test was used to compare the diagnostic values of CSF UCH-L1, GFAP, and NF-L levels for NS diagnosis in the
different groups.

pg/ml (OR, 67.76; 95% CI 22.25-206.31) (P <0.001). Likewise, patients with syphilis with CSF GFAP ≥548.89 pg/ml and CSF NFL≥48.38 pg/ml were 19.39 times and 49.97 times more likely to
have NS than those with low levels, respectively (OR, 19.39; 95%
CI, 7.92-47.45; and OR, 49.97; 95% CI, 17.46-143.01) (P <0.001)
(Table 2).

signiﬁcantly to 65.96-74.47%. The combination of CSF GFAP≥548.89
pg/ml and CSF NF-L≥48.38 pg/ml both had a speciﬁcity and positive predictive value of 98.89% and 94.12% for the diagnosis of NS,
respectively (Table 3).

Evaluation of the diagnostic accuracy of CSF UCH-L1, GFAP, and NF-L
compared with the clinical diagnosis in NS

CSF UCH-L1, GFAP, and NF-L levels in patients with NS with patients
who are CSF RPR-positive and -negative and with syphilis/non-NS

Based on the aforementioned ROC curve and optimal cut-off
values established above, CSF UCH-L1 demonstrated a sensitivity
of 85.11%, a speciﬁcity of 92.22%, and a negative predictive value
(NPV) of 92.22% for NS diagnosis by using diagnostic criteria of NS
as the reference standard (Table 3). Similarly, the sensitivity and
speciﬁcity of CSF GFAP for NS diagnosis were 76.60% and 85.56%,
respectively. Moreover, the sensitivity and speciﬁcity of CSF NF-L
for NS diagnosis were 82.98% and 91.11%, respectively.
To further improve the sensitivity of NS diagnosis, CSF UCHL1, GFAP, and NF-L were combined in a parallel testing format
(Table 3), which referred to one of two or three positive indicators.
Using this algorithm, sensitivity increased more than that observed
with a single indicator, reaching 83.67-93.62%, while speciﬁcity decreased, although it was still above 77.78%. The combination of CSF
UCH-L1 and CSF NF-L was most optimal, yielding a high sensitivity of 93.62% and speciﬁcity of 91.11% in identifying NS. Moreover,
the NPV and κ values increased to 96.47% and 0.83, respectively
(Table 3).
To further improve the speciﬁcity of NS diagnosis, a series combination testing format was used, which referred to two or three
indicators that were all positive. By this algorithm, the speciﬁcity
increased as high as 92.22-98.89%, but the sensitivity decreased

To evaluate the association of CSF UCH-L1, GFAP, and NF-L levels with CSF RPR, the NS group was further divided into CSF RPRpositive and-negative subgroups, and the syphilis/non-NS group
(all CSF RPR negative) was used as the control. The results showed
that the levels of CSF UCH-L1, CSF GFAP, and NF-L were all higher
in the NS group, regardless of positive or negative RPR, than in
the syphilis/non-NS group. There was no difference in CSF UCHL1 levels between CSF RPR-positive patients with NS and CSF
RPR-negative patients with NS (median: 960.00 pg/ml vs 922.02
pg/ml, P >0.9999; Figure 3a); however, CSF UCH-L1 levels in CSF
RPR-positive and CSF RPR-negative patients with NS were higher
than those in syphilis/non-NS patients (median: 960.00 pg/ml vs
370.30 pg/ml, P <0.001; 922.02 pg/ml vs 370.30 pg/ml, P <0.001;
Figure 3a). Similarly, CSF GFAP and NF-L levels in CSF RPR-positive
patients with NS were not signiﬁcantly different from those in CSF
RPR-negative patients with NS (P >0.999, P >0.9999; Figure 3b, c),
and both were higher than those in syphilis/non-NS patients (median: 682.82 pg/ml vs 409.62 pg/ml, P <0.001; 802.93 pg/ml vs
409.62 pg/ml, P <0.001; median: 81.04 pg/ml vs 30.42 pg/ml, P
<0.001; 92.17 pg/ml vs 30.42 pg/ml, P <0.001; Figure 3b, c). These
results indicate that CSF UCH-L1, GFAP, and NF-L may be indicators
for NS diagnosis independent of CSF RPR.
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Figure 3. CSF UCH-L1, CSF GFAP, and CSF NF-L levels in NS patients with CSF RPR-positive, negative, and syphilis/non-NS patients.
(a) CSF UCH-L1, (b) CSF GFAP, and (c) CSF NF-L.
The Wilcoxon test was used to compare the levels of CSF UCH-L1, GFAP, and NF-L in the different groups.
∗∗∗
: P<0.001, ns: no signiﬁcance.
Abbreviations: CSF, cerebrospinal ﬂuid; GFAP, glial ﬁbrillary acidic protein; NF-L, neuroﬁlament light protein; NS, neurosyphilis; RPR, rapid plasma reagin; UCH-L1, ubiquitin
C-terminal hydrolase L1.

Correlations of CSF UCH-L1, GFAP, and NF-L levels with CSF WBCs

sensitive. For patients with suspected NS but negative CSF VDRL,
there is a lack of speciﬁc indicators to identify NS. Thus, the diagnosis of NS remains challenging and new indicators are urgently
needed. In this study, we focused on markers associated with neuronal damage and evaluated the possibility of CSF UCH-L1, GFAP,
and NF-L as novel markers for the diagnosis of NS. We found that
the CSF UCH-L1, GFAP, and NF-L levels in patients with NS were
signiﬁcantly higher than those in syphilis/non-NS patients and
nonsyphilis participants. Interestingly, patients with syphilis with
CSF UCH-L1 ≥652.25 pg/ml, CSF GFAP ≥548.89 pg/ml, and CSF NFL ≥48.38 pg/ml were 67.76, 19.39, and 49.97 times more likely to
have NS than those with low levels, respectively. Additionally, CSF
UCH-L1, GFAP, and NF-L showed a sensitivity of 85.11%, 76.60%, and
82.98%, with a speciﬁcity of 92.22%, 85.56%, and 91.11%, respectively, for the diagnosis of NS using diagnostic criteria of NS as the
reference standard.
NS may manifest early on, within the ﬁrst few weeks to months
of the appearance of meningitis or, more seriously, as parenchymal
inﬂammation of the brain and spinal cord. Parenchymal inﬂammation is more common than meningitis and leads to irreversible
central nervous system damage, which may be attributed to neuronal damage and loss (Zhang et al., 2013). Astroglial and neuronal
proteins have been detected in the CSF of patients with NS, indicating possible glial and neuronal damage in the central nervous system parenchyma (Stroffolini et al., 2021; Xu et al., 2020).
In this present study, we similarly found that the neuronal damage markers, CSF UCH-L1, GFAP, and NF-L, were higher in patients
with NS than in patients with syphilis/non-NS and participants
without syphilis, conﬁrming that patients with NS may have varying degrees of neuronal damage. Furthermore, we learned that CSF
UCH-L1, GFAP, and NF-L had superior screening performance, with
AUCs of 0.9177, 0.8512, and 0.8848, respectively, in the identiﬁcation of NS. Of course, the sole use of UCH-L1, GFAP, or NF-L may
not adequately predict NS. Therefore, we used a parallel testing
format and found that the combination of CSF UCH-L1 ≥652.25
pg/ml and CSF NF-L ≥48.38 pg/ml had a high sensitivity of 93.62%
in NS screening, achieving a low probability of a missed diagno-

Spearman rank correlation was used to analyze the correlation between CSF UCH-L1, GFAP, and NF-L levels and CSF WBC
count. The results showed that CSF UCH-L1, GFAP, and NF-L levels were moderately or weakly correlated with CSF WBC counts
(rs = 0.3991; rs = 0.4359; rs = 0.3845; P <0.001, respectively;
Figures 4a, b, and c) in all participants. Furthermore, the NS group
was analyzed independently, and there was no signiﬁcant correlation with CSF WBC among CSF UCH-L1, CSF GFAP, and CSF NF-L
in the NS group (rs = 0.1083, P-value = 0.4688; rs = 0.1593, Pvalue = 0.2847; rs = -0.0889, P-value = 0.5523; Figure 4d, e and
f).
Correlations of CSF UCH-L1, GFAP, and NF-L levels with CSF proteins
concentration
Similarly, Spearman’s rank correlation was used to analyze the
correlation between CSF UCH-L1, GFAP, NF-L levels, and CSF protein concentration. The results showed that CSF UCH-L1, GFAP,
and NF-L levels were moderately or weakly correlated with CSF
protein levels in all participants (rs = 0.3776; rs = 0.4196;
rs = 0.3976; P <0.001, respectively; Figure 5a, b, and c). Moreover, CSF UCH-L1, CSF GFAP, and CSF NF-L levels were moderately or weakly correlated with CSF protein levels in the NS group
(rs = 0.5014, P <0.001; rs = 0.3113, P-value = 0.0332; rs = 0.2481,
P-value = 0.0426, respectively; Figure 5d, e, and f).
Discussion
NS is one of the most feared syndromes of syphilis owing to
its serious, irreversible sequelae (Liu et al., 2019). To date, the diagnosis of NS has relied on a combination of neurological manifestations in patients with reactive serological anti-T. pallidum test
and CSF abnormalities (Lin et al., 2016; Liu et al., 2012; Zeng et al.,
2013). Usually, NS can be diagnosed with reactive CSF VDRL in conjunction with neurological signs or symptoms, but the test is in40
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Figure 4. Correlations of CSF UCH-L1, GFAP, and NF-L levels with CSF WBC.
(a) The correlation between CSF UCH-L1 and CSF WBC in all participants. (b) The correlation between CSF GFAP and CSF WBC in all participants. (c) The correlation between
CSF NF-L and CSF WBC in all participants. (d) The correlation between CSF UCH-L1 and CSF WBC in NS patients. (e) The correlation between CSF GFAP and CSF WBC in NS
patients. (f) The correlation between CSF NF-L and CSF WBC in NS patients.
Spearman rank correlation was used to analyze the correlation of CSF UCH-L1, GFAP, and NF-L levels with the CSF WBC count.
Abbreviations: CSF, cerebrospinal ﬂuid; GFAP, glial ﬁbrillary acidic protein; NF-L, neuroﬁlament light protein; NS, neurosyphilis; UCH-L1, ubiquitin C-terminal hydrolase L1;
WBC, white blood cell.

Figure 5. Correlations of CSF UCH-L1, GFAP, and NF-L levels with CSF protein concentration.
(a) The correlation between CSF UCH-L1 and CSF proteins in all participants. (b) The correlation between CSF GFAP and CSF proteins in all participants. (c) The correlation
between CSF NF-L and CSF proteins in all participants. (d) The correlation between CSF UCH-L1 and CSF proteins in NS patients. (e) The correlation between CSF GFAP and
CSF proteins in NS patients. (f) The correlation between CSF NF-L and CSF proteins in NS patients.
Spearman rank correlation was used to analyze the correlation between CSF UCH-L1, GFAP, and NF-L levels and CSF protein concentration.
Abbreviations: CSF, cerebrospinal ﬂuid; GFAP, glial ﬁbrillary acidic protein; NF-L, neuroﬁlament light protein; NS, neurosyphilis; UCH-L1, ubiquitin C-terminal hydrolase L1.
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sis of NS. Parallel testing also provided an NPV of 96.47%; that is,
96.47% of patients excluded from the parallel testing format were
correctly identiﬁed as non-NS. Moreover, we also implemented a
serial testing format and found that the serial combination of CSF
GFAP ≥548.89 pg/ml and CSF NF-L ≥48.38 pg/ml had a speciﬁcity
of 98.89% and a positive predictive value of 94.12%, that is, 94.12%
of patients identiﬁed from the serial testing format will be correctly identiﬁed as NS, thus avoiding misdiagnosis.
The CSF RPR test plays an important role in the diagnosis
of NS, along with the VDRL test. The speciﬁcity of CSF RPR is
high (74-100%), whereas its sensitivity is approximately 49-87%
(Tuddenham et al., 2020). Consequently, a negative CSF RPR does
not exclude NS. When CSF RPR is negative, but the clinical signs
of neurosyphilis, reactive serological test results, and abnormal inﬂammatory parameters (CSF cell count and/or protein) are present,
NS should be considered. However, CSF cell counts and protein levels may falsely increase due to a traumatic tap. In this instance, additional evaluation of the CSF may be warranted. In this study, the
levels of CSF UCH-L1, CSF GFAP, and NF-L were all higher in the NS
group, regardless of a positive or negative RPR result, than in the
syphilis/non-NS group; moreover, they were weakly or moderately
correlated with CSF WBC and protein levels. The results indicated
that CSF UCH-L1, GFAP, and NF-L, reﬂecting neuronal damage, may
be indicators for NS diagnosis independent of CSF RPR or inﬂammatory parameters and could be novel indicators for NS diagnosis.
Notably, the UCH-L1, GFAP, or NF-L were measured using human
ELISA kits. ELISA can be very sensitive and use speciﬁc analytical
techniques. It is also affordable and fairly easy to perform. In addition, there is a lower reporting error than the manual test because
the reading is taken by the ELISA reader, which may have subjective variation. Moreover, the preanalytical errors, such as sample
interchange and postanalytic transcriptional errors, can be eliminated because the automated system can be linked to the hospital
information system (Zhdanov et al., 2018).
NS is demonstrated by the presence of an increased number
of human B cells and an abnormal B cell response in the central nervous system, and chemokine ligand 13 (CXCL13) is regarded as B cell-attracting chemokine 1 (Gudowska-Sawczuk and
Mroczko, 2020; Reiber and Peter, 2001). CXCL13 has been examined and strongly indicated as a possible diagnostic tool in
the diagnosis of NS (Gudowska-Sawczuk and Mroczko, 2020;
Marra, 2021; Stroffolini et al., 2021). A previous study in our laboratory also showed that CXCL13 has superior screening performance in the identiﬁcation of NS (Zeng et al., 2016). Further comparison of the diagnostic performance of CXCL13 with UCH-L1,
GFAP, or NF-L is required in future studies.
The limitations of this study should be acknowledged. First,
the sample size was relatively small. Second, the NS group was
not further classiﬁed according to clinical symptoms or signs to
analyze the levels of neuronal damage in various types of NS.
Third, this study was designed as a cross-sectional survey and
no follow-up data for CSF UCH-L1, GFAP, and NF-L concentrations
were collected to evaluate the effect of therapy for patients with
NS. Fourth, guidelines and criteria are different for patients who
are NS/HIV-positive and NS/HIV-negative (Workowski et al., 2021).
Among enrolled participants, only two were coinfected with HIV;
therefore, we excluded the two patients who were HIV-positive
from this research to reﬂect the population accurately and evaluated the diagnostic value of CSF UCH-L1, GFAP, and NF-L in NS
among the HIV-negative population. The interesting issue regarding patients who are HIV-positive should be investigated in future
studies. The ﬁfth, previous study found that GFAP expression is increased in neurodegenerative diseases (Heller et al., 2020; Oeckl
et al., 2019; Olsson et al., 2016). However, NS is not neurodegenerative per se; our results showed that GFAP was signiﬁcantly higher
in patients with NS, which is very worthy of further investigation.

Abbreviations: CSF, cerebrospinal ﬂuid; UCH-L1, ubiquitin C-terminal hydrolase L1; GFAP, glial ﬁbrillary acidic protein; NF-L, neuroﬁlament light protein.
+ means adding the indicator; / means that the indicator is not added. +/- means that the indicator can be added, but has one of two or three positive indicators.
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0.77
0.62
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0.16
0.27
0.19
10.94
5.30
9.33
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85.50
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85.11
73.47
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92.22
85.56
91.11
85.11
76.60
82.98
/
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/

κ value
Negative likelihood
ratio
Positive likelihood
ratio
Negative predictive
value (%)
Positive predictive
value (%)
Spe (%)
Sen (%)
CSF NF-L ≥
48.38 pg/ml
CSF GFAP ≥
548.89 pg/ml
CSF UCH-L1 ≥ 652.25 pg/ml

Table 3
The diagnostic accuracy of CSF UCH-L1, GFAP and NF-L compared with clinical diagnosis in NS.
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Single indicator positive
+
/
/
Parallel testing format: one of two
or three indicators positive
+/+//
+/Combination testing format: two
or three indicators positive
+
+
/
+

Agreement (%)
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Finally, NS is present as a neuroinﬂammatory disease, and the diagnostic value of neuroinﬂammatory relative markers, such as CSF
to serum albumin ratio, immunoglobulin G ratio/reibergram, beta
amyloid, neopterin, total and phosphorylated tau proteins, 14.3.3
protein, and s100beta protein (Reiber and Peter, 2001; Stroffolini
et al., 2021), require further study.
Our study demonstrated that CSF UCH-L1, GFAP, and NF-L can
be used as novel markers for the diagnosis of NS, independent of
CSF RPR, WBC, and proteins. Parallel testing could improve sensitivity, and serial testing could improve speciﬁcity to avoid missed
diagnosis.
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