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Purpose: At present, there is no gold standard or unified standard for the diagnosis of neurosyphilis, and the rate of misdiagnosis is
high. The diagnosis of neurosyphilis is still challenging. This study compared the clinical indicators between neurosyphilis and latent
syphilis infection in the central nervous system. The purpose of this study was to provide evidence for the differential diagnosis and
prognosis of patients with neurosyphilis and latent syphilis infection of the central nervous system.

Methods: The clinical data of 59 patients with neurosyphilis and 30 patients with latent syphilis infection in the nervous system from
2008 to 2021 were analyzed. The cerebrospinal fluid and serum biochemical markers were evaluated for all patients.

Results: CSF-nucleated cells, CSF-TRUST, CSF-totalprotein and CSF-IgG (P<0.001) were significantly different between neurosy-
philis and latent syphilis infection in the central nervous system. CSF-TRUST titer was positively correlated with D-D concentration
(r = 0.274, P < 0.05), sodion (r =0.251, P < 0.05), respectively. Glucose concentration is the most unreliable in the diagnosis of
neurosyphilis (AUC=0.445, P=0.395), and TRUST combined with nucleated cells and total protein is the most accurate in the
diagnosis of neurosyphilis (AUC=0.989, P<0.001).

Conclusion: The combination of TRUST, nucleated cell count and totalprotein detection in CSF can distinguish the patients with
neurosyphilis and latent syphilis infection in the central nervous system, which has a significant diagnostic value.

Keywords: neurosyphilis, latent syphilis infection, diagnosis, detection index

Introduction

Neurosyphilis is a group of clinical syndromes caused by Treponema pallidum invading the nervous system, which
impairs the meninges, brain, blood vessels or spinal cord." Neurosyphilis has the characteristics of great damage to the
body, strong concealment and poor prognosis that it could occur in all stages of syphilis.”> At present, there is no gold or
unified standard for the diagnosis of neurosyphilis as its clinical symptoms are similar to other nervous system
diseases.>* Hence, the misdiagnosis rate is high, so the diagnosis of neurosyphilis is still challenging.

Generally, clinical criteria for the diagnosis of neurosyphilis include serology, cerebrospinal fluid examination and
neurological symptoms. Serological tests include the nontreponema tests and treponema tests. When neurosyphilis is
suspected, CSF examination is required additionally. CSF examination included cell counts, protein determination and
TRUST. The increase of protein content (> 450 mg/L) or nucleated cells (> 5 cells/L) indicates the destruction of the
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blood-brain barrier and intracranial inflammatory reaction, which is helpful to the diagnosis of neurosyphilis. It plays an
important role in the judgment of curative effect and prognosis of the disease as well.”

Guidelines from different regions of the world indicate that the positive cerebrospinal fluid VDRL/RPR /TRUST can be
used as the marker for the diagnosis of neurosyphilis.®’ Patients with cerebrospinal fluid VDRL positive and accompanied by
neurological symptoms and signs, excluding blood contamination of cerebrospinal fluid, can be diagnosed with neurosyphilis.
If the patient’s serological test is positive, cerebrospinal fluid VDRL is negative, but the patient’s cerebrospinal fluid cell count
or protein determination is abnormal, and accompanied by neurosyphilis symptoms and signs, the diagnosis of neurosyphilis
should be considered. Studies have shown that CSF-TRUST has the same diagnostic ability as CSF-VRDL, and can be used as
an alternative experiment in areas where it is inconvenient to carry out CSF-VRDL."

The serological tests of patients with neurosyphilis and latent syphilis infection in the central nervous system are all
positive, there is no specific detection index for the differential diagnosis between neurosyphilis and latent syphilis
infection in the central nervous system. The clinical data of 59 patients with neurosyphilis and 30 patients with latent
syphilis infection in the central nervous system from 2008 to 2021 were statistically analyzed to provide the diagnostic
basis for distinguishing neurosyphilis from latent syphilis infection in the central nervous system.

Methods

This study was approved by the ethics committee of the Zhejiang Provincial People’s Hospital. 59 patients with
neurosyphilis and 30 patients with latent syphilis infection in the nervous system were analyzed, retrospectively.
Neurosyphilis can be classified according to one of the following criteria (1) CSF-TPPA positive and CSF-TRUST
positive; (2) CSF-TPPA positive and CSF-TRUST negative, CSF protein increased (> 500 mg/L) or CFS white blood cell
count (> 10 cells/L); (3) CSF-TPPA positive, CSF-TRUST negative, there were signs or symptoms of neurosyphilis, and
other clinical causes of such symptoms were excluded. The inclusion criteria for patients with latent syphilis infection in
the central nervous system were as follows: serum-TPPA positive, CSF-TPPA positive, CSF-TRUST negative, and there
were no nucleated cells or protein elevation in CSF, and no neurosyphilis symptoms and signs. All patients were negative
for HBV, HCV and HIV. The exclusion criteria included (1) incomplete data of clinical and/ or relevant laboratory
examinations, (2) severe liver or kidney diseases, clinical or laboratory data of infection, and autoimmune diseases. The
latent subjects came from the following patients who underwent cerebrospinal fluid examination (1) syphilis history of
more than 2 years and/or (2) worried about neurosyphilis.

The clinical data and laboratory results of these subjects were collected and recorded: age, gender, CSF parameters
including TPPA, TRUST, nucleated cell counts, red blood cell counts, glucose, Pandy’s test, chloride, and lactate
dehydrogenase (LDH), totalprotein (TP), microalbumin (mAlb), IgG. The results of TPPA, TRUST, complement C3,
complement C4, IgG, IgA, IgM, PT, APTT, TT, Fib, DD, leukocyte, INR, white blood cell, lymphocyte, monocyte,
neutrophils, platelets, eosinophils, basophils, NLR, PLR, LDH, TP, IgG, IgM, CRP, ALT, AST, TB, CB, K, Na, CI, and
GFR in peripheral blood were analyzed.

SPSS 24.0 (IBM SPSS software, Armonk, NY, USA) was used to analyze the statistical data, and GraphPad Prism 8.0
(GraphPad Software, La Jolla, CA) was used for plotting. The data were assessed for normality using the Shapiro—Wilk
(S-W) test. Normally distributed data were reported by mean and standard deviation. The difference between the two
groups was tested by Student’s 7-test. Skewed variables were represented by median and interquartile ranges. Mann—
Whitney U-test was used to compare the differences between the two groups. The difference in the constituent ratio was
tested by y°. Spearman correlation analysis was used to analyze the correlation between the two parameters. P-value
<0.05 was considered significant.

Results

Basic Data of Study Populations

This study included 59 neurosyphilis (42 males and 17 females) aged 51.36+ 15.15 years. There were 30 control patients with
latent syphilis infection in the central nervous system, including 16 males and 14 females, aged 47.3+ 18.54 years. There was
no significant difference in age and gender between the two groups. The data of the study populations are shown in Table 1.
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Table | Basic Parameters and

Latent Syphilis Patients

Cerebrospinal Fluid Parameters Between Neurosyphilis and Central Nervous System

Neurosyphilis(n=59) Latent Syphilis(n=30) Zitly? P
No. of total subjects 59 30
Age, years 51.36x15.15 4731854 1.106 0.272
Median (range) 51 (21-83) 50 (20-87)
Gender 2.793 0.106
Female 42 (71.2%) 16 (53.3%)
Male 17 (28.8%) 14 (46.7%)
Cerebrospinal fluid
TPPA positive 59/59 30/30
TRUST titer (median, range)” Negative (Negative —|:64) Negative 21.873 0.000
Pandy’s test™ 36/59 3/30 21.026 0.000
Totalprotein (mg/dl)* 47.60 (25.40-63.00) 27.25 (15.20-35.00) —4.257 0.000
Nucleated cells (x10°/L)* 8.00 (2.00-15.00) 1.00 (0-2.00) =5.751 0.003
Red blood cells(x10°/L) 2.00 (0—40.00) 0 (0-2.00) —2.829 0.388
Chloride (mmol/L) 125.12+3.83 124.86+4.29 0.284 0.777
Glucose(mmol/L) 3.60+3.83 3.81%1.04 —0.949 0.310
LDH(U/L) 19.00 (14.00-27.00) 16.00 (12.00-23.00) —1.355 0.177
1gG(mg/L)* 65.90 (40.50-156.75) (n=46) 32.55 (21.55-57.90) (n=24) -3.328 0.000
Microalbumin(mg/L) 285.50 (189.80—423.75) (n=20) | 209.00 (190.60—410.50) (n=13) —-1.953 0.052
Serum
TPPA positive 59/59 30/30
TRUST titer (median, range)” Negative (Negative —1:64) Negative (Negative —1:64) 9.332 0.230

Notes: ?P<0.05. The data are represented by mean * SD or median and quartile.
Abbreviations: TRUST, toluidine red unheated serum test; TPPA, treponema pallidum particle assay; LDH, lactate dehydrogenase; IgG, immunoglobulin G.

Detection results of CSF Urine, and Peripheral Blood of Patients with Neurosyphilis

and Latent Syphilis Infection in the Central Nervous System

CSF-LDH (P = 0.1772, P > 0.05), CSF-chloride (P = 0.7841, P > 0.05), CSF-glucose (P = 0.3983, P > 0.05), CSF-
microalbumin (mAlb) (P = 0.0522, P > 0.05), CSF-red blood cells (P =0.0043, P < 0.01), CSF-nucleated cells, CSF-
TRUST, CSF-totalprotein and CSF-IgG (P < 0.001) were detected in patients with neurosyphilis and latent syphilis
infection in central nervous system. The detailed results are shown in Figure 1.

Serum IgA, plasma TT and serum conjugated bilirubin (P < 0.05), serum TRUST and serum globulin (P < 0.01),
neutrophils in peripheral blood and sodium ion in serum (P < 0.0001) have a significant statistical difference in
neurosyphilis and patients of latent syphilis infection in the central nervous system.

Urine and peripheral blood of patients with neurosyphilis and latent syphilis infection in central nervous system were
detected and analyzed. The results showed there was no statistical significance in urine epithelial cells (P = 0.6022), plasma
PT (P = 0.1709), plasma APTT (P = 0.6546), plasma Fibrinogen (Fib) (P = 0.4893), plasma D-Dimer (P = 0.1704), WBC
(P = 0.4893), hemoglobin (P = 0.9868), platelet (P = 0.4402), lymphocytes (P = 0.0747), monocytes (P = 0.9262),
eosinophil (EOS) (P = 0.6186), serum IgG (P = 0.3068), serum IgM (P = 0.4761, serum complement C3 (P = 0.0618),
serum complement C4 (P = 0.4522), serum total protein (P = 0.3875), serum albumin (P = 0.8142), serum ALT (P =
0.4968), serum potassium (P = 0.0644), serum chloridion (P = 0.4226), serum ALT (P = 0.4718) between the two groups.

The detailed results are shown in Figure 2.

Correlation Analysis Between Urine, Serum, Plasma and Peripheral Blood Test Results

and Cerebrospinal Fluid Test Results of Neurosyphilis
We analyzed the relationship between urine, serum, plasma and peripheral blood and CSF-TRUST, cerebrospinal fluid
chloride (C-Cl), cerebrospinal fluid glucose (C-GLU), cerebrospinal fluid lactate dehydrogenase (C-LDH), cerebrospinal
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Figure | The cerebrospinal fluid markers of nucleated cells (A), red blood cells (B), CSF-TRUST(C), LDH (D), chloride (E), glucose (F), Totalprotein (G), I1gG (H),
microalbumin () from neurosyphilis and latent syphilis infection in the central nervous system are analyzed. *, P<0.05; **, P <0.01; *** P <0.001; **** P <0.0001.
Abbreviations: NS, neurosyphilis; LS, latent syphilis; CSF, cerebrospinal fluid; TRUST, toluidine red unheated serum test; LDH, lactate dehydrogenase; IgG, immunoglobulin
G; ns, no significance.

fluid total protein (C-TP), cerebrospinal fluid IgG (C-IgG), serum TRUST of patients with neurosyphilis. CSF-TRUST
titer was positively correlated with D-D concentration (» = 0.274, P < 0.05), sodion (» =0.251, P < 0.05), respectively.
CSF Chloride was negatively correlated with urine epithelium (=—0.393, P<0.05), ALB (r =0.252, P<0.05), respec-
tively. However, it was positively correlated with CRP (» =0.342, P<0.05), Fib (» =0.248, P<0.05), respectively. C-GLU
was negatively correlated with PLT (» =—0.285, P<0.05). Nevertheless, it was positively correlated with Hb (» =0.238,
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Figure 2 The serum markers of serum-TRUST (A), complement C3 (B), complement C4 (C), IgG (D), IgA (E), and IgM (F)from neurosyphilis and latent syphilis infection in
the central nervous system are analyzed. The plasma detection results of PT (G), APTT (H), TT (I), Fib (J), and D-D (K) for the two groups are represented. The
hematological index including lymphocyte, monocyte, neutrophil, eosinophil, and basophil for the two groups is shown (M). Comparison of biochemical indexes between the
two groups (N and O). *, P<0.05; *¥, P <0.01; *** P <0.001; **** P <0.0001.

Abbreviations: LDH, lactate dehydrogenase; TP, total protein; mAlb, microalbumin; IgG, immunoglobulin G; IgM, immunoglobulin M; CRP, C-reactive protein; PT,
Prothrombin time; APTT, activated partial thromboplastin time; TT, thrombin time; Fib, fibrinogen; DD, D-dimer; INR, international normalized ratio; WBC, white blood
cell; Lym, lymphocyte; Mon, monocyte; Neu, neutrophil; PLT, platelet; Eos, eosinophil; Bas, basophil; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte; HCT,
hematocrit; RDW-CT, red cell distribution width coefficient of variation; ALT, alanine aminotransferase; AST, aspartate aminotransferase; mAlb, microalbumin; Hb,
hemoglobin; G, globulin; ALB, albumin; ROC, receiver operating characteristic curve; AUC, area under curve; ALP, alkalinephosphatase; TB, total bilirubin; CB, conjugated
bilirubin; Cr, creatinine; UA, uric acid; TG, triglyceride; TC, total cholesterol; LDLC, low-density lipoprotein cholesterol; HDLC, high-density lipoprotein cholesterol; Glu,
glucose; K, potassium ion; Na, sodium ion; Cl, chloride ion; ns, no significance.
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Figure 3 Heat map of correlation analysis between urine, serum, plasma, and peripheral blood test results and cerebrospinal fluid test results of neurosyphilis. *, P<0.05.

P<0.05), ALT (+=0.270, P<0.05), respectively. CSF-LDH was negatively correlated with urine epithelium (r =—0.261,
P<0.05), IgG (r =—0.354, P<0.05), TT (r =—0.348, P<0.05), Lym (» =—0.310, P<0.05), TP (» =—0.288, P<0.05), ALB (=
—0.287, P<0.05), respectively. It was positively correlated with Fib (» =0.373, P<0.05), D-D (r =0.248, P<0.05), Neu
(r =0.363, P<0.05), CRP (r = 0.514, P<0.05), respectively. CSF-IgG was negatively correlated with Lym (r =—0.343,
P<0.05). It was positively correlated with Fib (r =0.373, P<0.05), D-D (r=0.248, P<0.05), Neu(r =0.363, P<0.05), CRP
(r =0.514, P<0.05), respectively. CSF-IgG was negatively correlated with Lym (=—0.343, P<0.05). It was positively
correlated with Fib (» =0.302, P<0.05), Neu (» =0.318, P<0.05), G(r =0.314, P<0.05), respectively. Serum-TRUST titer
was negatively correlated with Urine epithelium cells (» =—0.247, P<0.05), TT (» =—0.252, P<0.05), LDH (r =—0.252, P<
0.05), respectively. The detailed results are shown in Figure 3. In addition, we provide the » and P value of correlation
analysis between parameters in Tables S1 and S2.

Sensitivity and Specificity Analyses of CSF Red Blood Cells, CSF Nucleated Cells, CSF

TRUST, CSF Chloride, CSF Glucose, and CSF Total Protein

ROC analysis was used to evaluate CSF red blood cells, CSF nucleated cells, CSF TRUST, CSF chloride, CSF glucose,
CSF totalprotein, CSF TRUST combined with CSF nucleated cells, CSF TRUST combined with CSF totalprotein, CSF
TRUST combined with CSF totalprotein, CSF TRUST combined with CSF nucleated cells and CSF TRUST combined
with CSF totalprotein. ROC analysis showed different sensitivity, specificity and area under curve (AUC) for different
cut-off points. Statistics found that the glucose concentration test is the most unreliable in the diagnosis of neurosyphilis
(AUC=0.445, P=0.395), and TRUST combined with nucleated cells and totalprotein is the most accurate in the diagnosis
of neurosyphilis (AUC=0.989, P<0.001). The results are shown in Table 2 and Figure 4.

Discussion

Neurosyphilis is a chronic central nervous system disease that can cause nervous tissue and vascular diseases.” ' It may
occur 5-10 years after the initial infection. About 13.5-30% of untreated syphilis patients eventually develop
neurosyphilis.'* At present, there is no gold standard for the diagnosis of neurosyphilis."?

The clinical symptoms of neurosyphilis are various. It is often misdiagnosed because of its similarity with other
neurological diseases. Neuroimaging could be used to help neurosyphilis to identify the location of the lesion, reflect the
severity of the lesion to a certain extent, and evaluate the prognosis.'* Nevertheless, other central nervous system
diseases from virus infection, Alzheimer’s disease, and ischemic stroke may have similar changes, which may have little
significance for etiological diagnosis.'> Therefore, the clinical laboratory-related neurosyphilis screening indicators play
an irreplaceable role in the diagnosis of neurosyphilis. However, the diagnosis of neurosyphilis is still a great challenge,
especially in the differential diagnosis of neurosyphilis and latent syphilis infection in the central nervous system, there is
a lack of effective diagnostic markers. Previous studies have shown that increased protein content in cerebrospinal fluid is
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Table 2 Evaluation of Cerebrospinal Fluid Indexes of Neurosyphilis

Variable AUC 95% CI P value
CSF red blood cells™ 0.677 0.565-0.789 0.007
CSF nucleated cells” 0.871 0.800-0.942 0.000
CSF TRUST titer® 0.746 0.647-0.844 0.000
CSF chloride 0.518 0.384-0.652 0.781
CSF glucose 0.445 0.321-0.568 0.395
CSF totalprotein™ 0.777 0.683-0.871 0.000
CSF TRUST titer + nucleated cells” 0.933 0.883-0.983 0.000
CSF TRUST titer + totalprotein 0.867 0.793-0.941 0.000
CSF TRUST titer+ nucleated cells+ total-protein® 0.989 0.000-1.000 0.000

Note: #P<0.05.

Abbreviations: CSF, cerebrospinal fluid; AUC, area under curve; TRUST, toluidine red unheated serum

test; Cl, confidence interval.

a marker of blood-brain barrier dysfunction.'® Our results also confirmed that CSF total protein plays a significant role in

distinguishing patients with neurosyphilis from patients with latent syphilis infection in the central nervous system.

Clinical prediction and diagnosis of neurosyphilis in HIV-negative patients have been reported in the literature, and the
author put forward that neurological symptoms, CSF TPPA titer, CSF protein, and CSF WBC were identified as
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independent predictors of neurosyphilis.'” However, we found that TPPA was positive in both patients with neurosyphilis
and latent syphilis in the central nervous system. It is difficult to distinguish the clinical types of these two kinds of
syphilis. The results of this study show that CSF-nucleated cells, CSF-TRUST, CSF-TP, CSF-IgG, and sodion play
a crucial role in distinguishing patients with neurosyphilis from patients with latent syphilis. IgA, TT, conjugated
bilirubin, red blood cells, TRUST, Fib and globulin are of great significance in the diagnosis of neurosyphilis.

There were some potential limitations in our study. First, this study was a retrospective study of the clinical data of
neurosyphilis patients and patients with latent syphilis infection in the central nervous system from 2007 to 2021, which
might lead to regional limitations in the results of this study as well as lead us to be unable to understand the changes of
the disease in time. In addition, Because the diagnosis of neurosyphilis and latent syphilis infection in the central nervous
system still lacks the gold standard so far, there may be a certain possibility of misjudgment when diagnosing

neurosyphilis.

Conclusion

IgA, TT, conjugated bilirubin, red blood cells, TRUST, Fib and globulin are of great significance in the diagnosis of
neurosyphilis. CSF-nucleated cells, CSF-TRUST, CSF-TP, CSF-IgG, neutrophils and sodium ions play a very significant
role in distinguishing neurosyphilis from latent syphilis infection in the central nervous system. CSF-TRUST combined
with nucleated cells and total protein is the most accurate biomarker for the diagnosis of neurosyphilis.

Abbreviations

IgA, immunoglobulin A; CSF, cerebrospinal fluid; TRUST, toluidine red unheated serum test; VDRL, venereal disease
research laboratory test; RPR, rapid plasma reagin test; TPPA, treponema pallidum particle agglutination assay; HBV,
hepatitis B virus; HCV, hepatitis C virus; HIV, human immunodeficiency virus; LDH, lactate dehydrogenase; TP,
totalprotein; mAlb, microalbumin; IgG, immunoglobulin G; IgM, immunoglobulin M; CRP, C-reactive protein; PT,
Prothrombin time; APTT, activated partial thromboplastin time; TT, thrombin time; Fib, fibrinogen; DD, D-dimer; INR,
international normalized ratio; WBC, white blood cell; Lym, lymphocyte; Mon, monocyte; Neu, neutrophil; PLT, platelet;
Eos, eosinophil; Bas, basophil; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte; HCT, hematocrit;
RDW-CT, red cell distribution width coefficient of variation; ALT, alanine aminotransferase; AST, aspartate amino-
transferase; mAlb, microalbumin; Hb, hemoglobin; TP, total protein; G, globulin; ALB, albumin; ROC, receiver
operating characteristic curve; AUC, area under curve; ALP, alkalinephosphatase; TB, total bilirubin; CB, conjugated;
Cr, creatinine; UA, uric acid; TG, triglyceride; TC, total cholesterol; LDLC, low-density lipoprotein cholesterol; HDLC,
high-density lipoprotein cholesterol; Glu, glucose. K, potassium ion; Na, sodium ion; Cl, chloride ion. GFR, glomerular
filtration rate.
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