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Background: Interleukin-26 (IL-26) is an atypical proinflammatory cytokine due to its binding to circulating double-stranded DNA
and direct antibacterial activity. Although IL-26 has been confirmed to be involved in the pathophysiology of cancer, chronic
inflammatory diseases and infections, the diagnostic and prognostic values of IL-26 levels in syphilis patients are not clear. This
study aimed to investigate IL-26 levels in different stages of syphilis progression.
Methods: A total of 30 healthy controls and 166 patients with syphilis at different stages of disease progression were enrolled. Serum
IL-26 levels were quantified in accordance with the protocols of RayBio® Human Interleukin-26 Enzyme Linked Immunosorbent
Assay (ELISA) kits. Clinical laboratory diagnostic parameters and blood analysis data were detected and collected according to
clinical medical laboratory standards.
Results: The levels of serum IL-26 were significantly higher in neurosyphilis patients than in healthy subjects (6.87 (4.36, 12.14) and
1.67 (0.09, 4.89) pg/μL, respectively; ****p < 0.0001), latent syphilis (1.48 (0.40, 2.05) pg/μL, ****p < 0.0001), seroresistant syphilis
(0.81 (0.20, 2.91) pg/μL, ****p < 0.0001) and secondary syphilis (1.66 (0.41, 4.25) pg/μL, ****p < 0.0001) with data presented as the
median with interquartile range. The concentration of serum IL-26 was most sensitive to serum low-density lipoprotein concentration
(r = −0.438, **p = 0.004) in latent syphilis, urine epithelial cells (r = 0.459, **p = 0.003) in seroresistant syphilis, and serum creatinine
levels (r = 0.463, **p = 0.004) and urea creatinine ratio levels (r = 0.500, **p = 0.008) in secondary syphilis patients. There was no
significant correlation with the concentration of IL-26 and toluidine red unheated serum test (TRUST) titers in each type of syphilis
patient.
Conclusion: Circulating IL-26 in serum displays diagnostic potential in the progression of neurosyphilis and warrants further
evaluation in clinical trials.
Keywords: neurosyphilis, interleukin-26, IL-26, disease progression, biomarker, diagnosis

Introduction
Syphilis is a globally prevalent multisystemic and chronic infection caused by the spirochetal bacterium Treponema
pallidum subspecies pallidum (T. pallidum).1 It can be transmitted through blood transfusion and derivatives, unprotected
sexual intercourse and maternal-neonatal transmission. Syphilis is still a major public health problem, with estimated
36 million occurrences and 12 million new cases worldwide.2,3 Acquired syphilis is divided into primary, secondary,
tertiary, latent, and seroresistant syphilis based on disease progression and clinical characteristics.4–6 Although neurosy-
philis is a tertiary syphilis, it is one of the most destructive, concealed, changeable and difficult clinical types of syphilis
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due to its occurrence at any stage of the infection and its involvement in the CNS with irreversible neurological
dysfunction and potentially serious sequelae.7,8

Neurosyphilis is easily overlooked by patients and clinicians because it can be asymptomatic. Moreover, symptomatic
neurosyphilis, mainly including meningitis, cerebral gumma, meningovascular syphilis, ocular syphilis, ear syphilis,
general paresis and tabes dorsalis, is usually accompanied by deceptive mental symptoms, such as delusional impairment
of memory and judgment, depression, hallucinations, seizures, personality changes and psychosis.9,10 It was confirmed
that nonspecific symptoms and multifarious performance of neurosyphilis could lead to a clinical misdiagnosis rate as
high as 48.3%.11

Currently, the laboratory diagnosis of neurosyphilis is primarily based on abnormalities of cerebrospinal fluid (CSF)
with a reactive VDRL or elevated protein (>450 mg/L) or white blood cell (WBC) count (>5 cells/μL). In addition,
clinical manifestations, neuroimaging and other diagnostic tests are also useful in the joint diagnosis of neurosyphilis.6

However, there is still no “gold standard” of neurosyphilis diagnosis. Various guidelines have contradictions regarding
the identification of clinical symptoms of neurosyphilis, the timing of lumbar puncture and the diagnostic criteria of
treponemal and nontreponemal detections in CSF.12 Therefore, specific biomarkers and new diagnostic methods for
neurosyphilis are a hot spot in clinical laboratory research.

IL-26 is an atypical proinflammatory cytokine due to its binding to circulating double-stranded DNA and direct
antibacterial activity.13,14 IL-26 interacts directly with viral nucleic acids for antiviral defenses and operates indepen-
dently of the immune system; it belongs to the IL-10 cytokine family and was originally described in virus-transformed
human T cells.15 IL-26 was first reported to be increased in chronic inflammatory disorders, including Crohn’s disease
and rheumatoid arthritis.14 We searched PubMed with “IL-26 + syphilis” as the keyword, and no relevant research reports
were retrieved. After analyzing the levels of IL-26 in healthy controls and patients with different stages of syphilis,
including late latent syphilis, seroresistant syphilis, secondary syphilis and neurosyphilis, we unexpectedly found that the
serum IL-26 level in neurosyphilis was significantly higher than that in other stages of syphilis. This suggests that the
newly discovered biomarker of circulating IL-26 in syphilis may have promising applications in the diagnosis of
neurosyphilis.

Methods
Ethics and Subjects
Thirty healthy controls (HCs) who had undergone physical examinations in our hospital and 166 serologically and
phenotypically confirmed syphilis patients were enrolled from the clinical diagnostic laboratory of Zhejiang Provincial
People’s Hospital (Table 1). Intravenous blood was obtained from syphilis patients and healthy individuals after written
informed consent and ethical approval (Ethics Committee of Zhejiang People’s Hospital approval number 2019KY311)
for the quantification of IL-26, which was carried out in accordance with the ethical standards of the Declaration of
Helsinki. All healthy individuals were serologically negative for human immunodeficiency virus (HIV), syphilis,
hepatitis C virus, hepatitis A virus, and hepatitis B virus. Syphilis patients were determined based on epidemiological
history; clinical manifestations; physical, neurological and psychiatric symptoms; and signs and laboratory serological
and etiological results. The diagnosis and classification of late latent syphilis was determined by the recommendations of
the 2020 European guideline on the management of syphilis and was described as positive serological tests for syphilis
with no clinical evidence of treponemal infection and one of the following conditions: 1) a negative syphilis serology
≥1 year or an unknown duration of syphilis diagnosis, 2) a fourfold or greater increase in nontreponemal antibody titers
≥1 year or unknown duration of previous testing, or 3) unequivocal evidence that the disease was acquired ≥1 year or an
unknown duration (on the basis of clinical signs in patients and partners).6,16 The serofast state was described as we
reported previously and was defined as a positive Treponema pallidum particle assay (TPPA) and TRUST, with the
TRUST titer declining by less than 4 times in the nontreponemal test compared to previous results after one year of
continuous treatment by retrospective analysis and clinical follow-up; neurosyphilis and other organic syphilis infections
were excluded.6 According to the neurosyphilis diagnosis published by the health industry standard of the People’s
Republic of China in 2018 and 2020 European guidelines on the management of syphilis, neurosyphilis can be classified
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Table 1 Characteristics and Clinical Detection Indices of the Total Study Population

Characteristics Healthy Controls Neurosyphilis Latent Syphilis Seroresistant Syphilis Secondary Syphilis

No. of subjects (male/female) 30 (17/13) 33 (25/8) 43 (25/18) 45 (19/26) 45 (28/17)

Age, years 51.70 ± 14.07 57.15 ± 15.82 55.42 ± 14.91 56.04 ± 15.46 48.09 ± 16.38

Median (mean) 54.50 (42.25–58.5) 62.00 (49.50, 68.00) 58.00 (44.00, 64.00) 56.00 (44.00, 68.50) 50.00 (32.00, 62.00)

Serum TRUST titer Negative 1:1–1:128 Negative (Negative - 1:4) 1:8–1:128

IL-26 (pg/μL) 1.67 (0.09, 4.89) 6.87 (4.36, 12.14) 1.48 (0.40, 2.05) 0.81 (0.20, 2.91) 1.66 (0.41, 4.25)

Blood examination indices
RBC (1012/L) 4.78 ± 0.50 4.30 ± 0.69** 4.47 ± 0.61 4.35 ± 0.52** 4.58 ± 0.62

HGB (g/L) 146.10 ± 14.76 130.90 ± 21.37** 132.14 ± 22.88* 131.42 ± 19.18** 137.00 (126.75, 149.00)

HCT (ratio) 0.42 ± 0.04 0.39 ± 0.06**** 0.39 ± 0.06**** 0.39 ± 0.05**** 0.41 ± 0.04****

RDW-SD (fl) 42.05 (39.9,43.38) 43.46 ± 3.72 42.08 ± 3.66 42.40 (40.60,45.13) 41.70 (39.58,43.95)

PLT (109/L) 235.03 ± 53.68 198.52 ± 54.54 216.00 (193.00, 245.00) 224.20 ± 76.80 236.12 ± 70.66

WBC (109/L) 5.60 (5.18, 6.92) 6.27 ± 2.20 6.39 (5.33, 7.93) 6.36 (4.62, 7.75) 7.16 ± 2.22

NEUT (%) 3.36 ± 0.89 4.16 ± 2.00 3.60 (2.79, 5.30) 2.60 (0.04, 4.35) 4.80 ± 2.07*

LYM (%) 2.14 ± 0.49 1.59 ± 0.65 1.97 ± 0.68 1.60 (1.19, 2.00) 1.77 ± 0.66

NLR (ratio) 1.66 (1.16, 1.97) 2.19 (1.60, 3.47) 1.85 (1.32, 3.06) 1.73 (0.03, 2.55) 2.39 (1.59, 4.41)

PLR (ratio) 106.50 (92.35, 135.98) 120.00 (96.67, 176.61) 114.58 (94.93, 163.41) 148.28 ± 70.08 138.50 (99.40, 181.50)

MO (%) 0.34 (0.29, 0.41) 0.34 (0.28, 0.49) 0.40 (0.30, 0.50) * 0.32 (0.30, 0.05) 0.42 ± 0.16

EO (%) 0.12 (0.07, 0.18) 0.03 (0.01, 0.09) 0.12 (0.05, 0.17) 0.11 ± 0.09 0.08 (0.02, 0.20)

BA (%) 0.45 (0.38, 0.63) 0.42 ± 0.30 0.40 (0.30, 0.50) 0.50 (0.30, 0.60) ****#### 0.40 (0.20, 0.60)

MPV (fl) 11.11±0.92 11.06 ± 1.10 11.08 ± 1.08 10.98 ± 1.32 10.52 ± 1.08

PDW (fl) 13.42 ± 1.89 13.87 ± 2.41 13.55 ± 2.48 14.00 ± 2.91 13.69 ± 2.36

PCT (%) 0.26 (0.23,0.29) 0.22 (0.19,0.25) ** 0.24 (0.21,0.29) 0.23 (0.20,0.27) 0.24 (0.19,0.27)

P-LCR (ratio) 33.67 ± 7.58 32.88 ± 10.67 36.20 (26.20, 39.20) 33.02 ± 10.29 30.13 ± 9.11

Urine examination indices
uGLU (colorimetry) 0.03 ± 0.19 0.15 ± 0.46 0.35 ± 1.00 0.27 ± 0.90 0.21 ± 0.78

KET (colorimetry) 0.03 ± 0.19 0.15 ± 0.37 0.15 ± 0.48 0.17 ± 0.44 0.06 ± 0.24

uPRO (colorimetry) 0.07 ± 0.26 0.00 (0.00,1.00) 0.00(0.00,1.00) 0.00 (0.00,1.00) 0.00 (0.00,1.00)

SG (ratio) 1.03 (1.02,1.03) 1.02 (1.01,1.03) 1.02 (1.01,1.02) * 1.02 (1.01,1.02) * 1.02 (1.01,1.03)

UpH (colorimetry) 6.00 (5.50,6.25) 6.00 (5.88,6.63) 6.00 (5.50,7.00) 6.00 (5.50,6.50) 6.00 (5.50,6.50)

BLD (colorimetry) 0.38 ± 0.94 0.04 ± 0.20 0.00 (0.00,1.00) # 0.00 (0.00,1.00) 0.15 ± 0.44

uRBC (per μL) 4.50 (1.50,537.90) 5.00 (2.43,7.95) **** 7.60 (2.05,13.90) **** 7.75 (2.90,14.00) **** 5.60 (3.00,9.25) ****

uWBC (per μL) 7.10 (3.08,13.75) 6.20 (1.75,32.50) 6.00 (2.78,24.90) 8.30 (2.75,21.75) 3.70 (1.85,14.35)

SPC (per μL) 4.25 (2.58,7.80) 5.85 (1.63,11.43) 5.00 (1.78,7.50) 7.35 (1.93,13.60) 2.80 (1.20,9.40)

TPC (per μL) 2.75 (1.48,6.73) 32.65 (4.08,460.98) 21.80 (5.53,127.00) 29.20 (8.80,62.93) 8.60 (3.40,28.10)

KLG (per μL) 0.75 (0.38,0.98) 0.30 (0.08,0.70) 0.30 (0.00,0.78) 0.10 (0.00,1.00) 0.10 (0.00,0.50)

Serum biochemical indices
ALT (U/L) 18.00 (12.75, 23.50) 18.50 (12.75, 25.25) 17.00 (11.00, 31.00) 20.00 (14.00, 28.75) 18.00 (13.00, 30.00)
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Table 1 (Continued).

Characteristics Healthy Controls Neurosyphilis Latent Syphilis Seroresistant Syphilis Secondary Syphilis

AST (U/L) 19.00 (16.75, 22.00) 20.00 (16.50, 21.50) 21.00 (16.00, 28.50) 21.00 (17.00, 27.75) * 20.00 (18.00, 22.00)

ALB (g/L) 42.93 ± 2.06 38.75 (35.45, 43.60) ** 39.10 ± 4.40** 37.97 ± 5.06**** 39.69 ± 4.70*

ALP (U/L) 77.50 (61.50, 96.25) 81.82 ± 32.98 79.00 (63.50, 85.50) 91.00 (66.00, 124.00) 88.64 ± 30.09

TB (μmol/L) 14.89 ± 5.48 10.23 (7.94, 13.51) 11.60 (9.20, 16.10) 12.85 (9.35, 18.45) 11.10 (8.40, 13.60)

DB (μmol/L) 2.56 ± 0.85 3.37 ± 1.63 2.30 (1.80, 2.90) 2.50 (1.70, 3.90) 2.71 (1.90, 3.64)

GLB(U/L) 30.88 ± 4.05 27.76 ± 3.68* 29.10 (25.30, 32.10) 29.57± 4.43 30.00 (25.70, 31.65)

Urea (mmol/L) 5.43 ± 1.38 4.63 (3.93, 5.83) 5.34 (3.92, 7.55) 5.43 ± 1.82 4.72 (3.92, 5.66)

Cr (μmol/L) 76.04 ± 9.55 73.00 (66.10, 84.10) 77.29 ± 24.54 67.00 (61.90, 82.00) 74.00 (61.70, 83.25)

TG (mmol/L) 1.14 (0.87, 1.89) 1.20 (0.84, 1.65) 1.23 (0.96, 1.80) 1.35 ± 0.60 1.30 ± 0.81

TC (mmol/L) 5.34 ± 0.91 4.21 ± 0.82**** 4.45 ± 0.94** 4.32 ± 1.12**** 4.41 ± 0.98**

LDLC (mmol/L) 3.11 ± 0.65 2.26 (1.78, 2.85) **** 2.62 ± 0.78* 2.44 ± 0.85** 2.40 ± 0.65**

GLU (mmol/L) 5.14 (4.89, 5.61) 5.11 (4.72, 5.66) 5.12 (4.59, 5.83) 5.36 ± 1.52 5.55 ± 1.19

CK(U/L) 105.67 ± 50.88 77.00 (56.50,101.00) 64.00 (42.50,119.50) 78.21±44.88 76.00 (40.00,115.00)

LDH(U/L) 159.47 ± 19.58 168.21 ± 29.56 189.00 ± 60.46 205.91 ± 103.75* 171.39 ± 50.62

A:G (ratio) 1.37 (1.27, 1.56) 1.43 ± 0.22 1.37 ± 0.31 1.31 ± 0.24 1.38 ± 0.24

A:A (ratio) 1.05 (0.55,1.26) 1.16±0.53 1.32 (0.88,1.59) 1.13 ± 0.44 1.17 (0.80,1.46)

GGT (mmol/L) 23.50 (17.75, 33.75) 21.00 (18.50, 35.50) 24.00 (16.00, 45.50) 24.00 (17.5, 41.00) 28.00 (21.00, 42.00)

IBIL (μmol/L) 11.50 (9.23,13.40) 7.00 (4.53,10.88) * 9.10 (7.10,12.40) 10.35 (7.40,13.75) ## 8.60 (6.50,10.50)

B:C (ratio) 17.89 ± 4.26 13.41 (10.34, 15.59) 11.91 (0.10, 17.98) 16.24 (11.50, 22.65) 14.10 (6.76, 16.92)

HDL (mmol/L) 1.37 ± 0.37 1.13 ± 0.21* 1.02 ± 0.33**** 1.15 (0.91,1.30) * 1.13 ± 0.32*

EGFR-C(mL/min·1.73m2) 96.10 ± 9.45 104.41 (88.08,110.09) 90.80 ± 23.46 94.29 (76.54,110.30) 104.35 (88.82,110.64)

Blood coagulation indices
APTT (s) 27.51 ± 2.28 26.42 ± 2.05 28.00 (25.45, 29.25) 28.53 ± 3.59# 27.25 (26.50, 28.73)

PT (s) 11.43 ± 0.51 11.28 ± 0.52 10.90 (10.50, 11.40) 11.70 ± 1.87 11.25 (10.70, 11.70)

INR (ratio) 1.09 (1.06, 1.13) 0.98 (0.95, 1.02) 0.99 (0.96, 1.05) 1.01 (0.97, 1.06) 0.99 (0.96, 1.04)

TT (s) 18.07 ± 0.75 17.95 ± 1.32 17.76 ± 0.98 17.74 ± 0.98 17.81 ± 1.27

FIB (g/L) 2.72 (2.45, 3.02) 2.70 (2.24, 3.11) 2.85 (2.30, 3.69) 2.60 (2.30, 3.73) 2.71 (2.22, 3.23)

D-dimer (μg/L) 200.00 (152.50, 335.00) 400.00 (257.50, 610.00) 300.00 (175.00, 877.50) 330.00 (220.00, 850.00) 330.00 (160.00, 640.00)

Notes: *p ≤ 0.05, **p ≤ 0.01 and ****p ≤ 0.0001 were considered statistically significant versus healthy controls. #p ≤ 0.05, ##p ≤ 0.01 and ####p ≤ 0.0001 were considered statistically significant versus neurosyphilis. The data with
a normal distribution are represented by the mean ± SD, and the data with skewness are represented by the median and interquartile range.
Abbreviations: RBC, red blood cell; HGB, hemoglobin concentration; HCT, hematocrit; RDW-SD, red blood cell distribution width; PLT, platelets; WBC, white blood cell; NEUT, neutrophils; LYM, lymphocytes; NLR, neutrophil-to-
lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; MO, monocytes; EO, eosinophils; BA, basophils; MPV, mean platelet volume; PDW, platelet distribution width; PCT, plateletcrit; P-LCR, platelet-large cell ratio; uGLU, urine glucose;
KET, urine ketone; uPRO, urine protein; SG, urine specific gravity; UpH, urinary pH; BLD, urinary occult blood; uRBC, urinary red blood cell count; uWBC, urinary white blood cell count; SPC, urine epithelial cell count; TPC, bacterial
count; KLG, cast count; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALB, albumin; ALP, alkaline phosphatase; TB, total bilirubin; DB, direct bilirubin; GLB, globulin; Cr, creatinine; TG, triglyceride; TC, total
cholesterol; LDLC, low-density lipoprotein cholesterol; Glu, blood glucose; CK, creatine kinase; LDH, lactate dehydrogenase; A:G, albumin globulin ratio; A:A, AST to ALT ratio; GGT, glutamyltranspeptidase; IBIL, indirect bilirubin; B:C,
BUN/Cr; HDL, high density lipoprotein; EGFR-C, epidermal growth factor receptor C; APTT, activated partial thromboplastin time; PT, prothrombin time; INR, international normalized ratio; TT, thrombin time; FIB, fibrinogen.
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according to one of the following criteria: (1) CSF-TPPA positive and CSF-TRUST positive, (2) CSF-TPPA positive and
CSF-TRUST negative and CSF protein increased (>500 mg/L) or CFS white blood cell count (>10 × 106 cells/L), (3)
CSF-TPPA positive, CSF-TRUST negative, and signs or symptoms of neurosyphilis with other clinical causes of such
symptoms being excluded. Patients with cancers, injuries, HIV and other viral infections, autoimmune diseases and other
irrelevant underlying diseases, medications and antibiotic treatment were excluded, but seroresistant syphilis patients
were treated with penicillin.

Clinical Parameters
Indices of blood routine tests were analyzed by an automated blood cell counter (XN-9000, Sysmex, Japan), the blood
coagulation indices were measured by a CS-5100 Hemostasis System (Sysmex Corporation, Japan), and the serum
biochemical indicators were recorded by commercial kits using an automated chemistry analyzer (Chemistry Analyzer
Au5821, Beckman Coulter, Inc., USA). The toluidine red unheated serum test (Rongsheng Biotech, China) was used in
combination with treponemal pallidum particle agglutination (FUJIREBIO Inc, Japan) for serological detection of
syphilis patients. The clinical laboratory is certified according to the international standards for laboratories 15,189,
and internal quality control procedures and external quality assessment schemes were used to guarantee the quality of the
data.17

IL-26 Quantification
Five milliliters of peripheral blood was collected in a vacuette blood collection tube for separation gel coagulation and
centrifuged at 900 × g for 5 min at room temperature. The quantitative measurement of human IL-26 in serum was
performed by an in vitro enzyme-linked immunosorbent assay with the RayBio® Human IL-26 ELISA kit (Cat: ELH-26,
Lot: 0103202063, Raybio Inc, USA) according to the manufacturer’s protocol. Standards and samples were pipetted into
the wells coated with human IL-26-specific antibody, and IL-26 present in the sample was bound to the wells by the
immobilized antibody. The wells were washed, and a biotinylated anti-human IL-26 antibody was added. Then, unbound
biotinylated antibody was washed away, and horseradish peroxidase (HRP)-conjugated streptavidin was pipetted into the
wells. After washing again, a solution with 3,3’,5,5’-tetramethylbenzidine (TMB) substrate was added to the wells, and
the color developed in proportion to the amount of bound IL-26. The stop solution changed the color from blue to yellow,
and the intensity of the color was measured at 450 nm (Bio-Rad, iMarkTM Microplate Reader). The mean absorbance for
each set of duplicate standards, controls and samples was calculated, and the average zero standard optical density was
subtracted. The minimum detectable dose of human IL-26 was determined to be 3.3 pg/mL.

Statistical Analysis
Statistical evaluation was performed using Statistical Product Service Solutions (SPSS) version 24.0 and GraphPad Prism
5.01 software. The Mann–Whitney U-test and Pearson’s correlation coefficient were used for the statistical analysis. The
results with values of *p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001 and ****p ≤ 0.0001 were rated significant. The smaller the
p value is, the greater the number of asterisks is used to represent the greater the correlation and difference. NS indicates
not significant. The correlation coefficient R represents the linear correlation between the two variables. When R is
greater than 0, the two variables are positively correlated; when R is less than 0, the two variables are negatively
correlated. The absolute value of R is between 1 and - 1. The closer the absolute value of R is to 1, the stronger the linear
correlation between the two variables. When the absolute value of R is close to 0, there is almost no linear correlation
between the two variables. Generally, when the absolute value of R is greater than 0.75, there is considered to be a strong
linear correlation between the two variables.

Results
Patient Characteristics
This study included 30 healthy donors (17 males and 13 females) aged 51.70 ± 14.07 years. Among the 166 patients in
this study, 43 (25 males and 18 females) had late latent syphilis, 45 (19 males and 26 females) had seroresistant syphilis,
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45 (28 males and 17 females) had secondary syphilis and 33 (25 males and 8 females) had neurosyphilis. The mean ages
of late latent syphilis, seroresistant syphilis, secondary syphilis and neurosyphilis patients were 55.42 ± 14.91, 56.04 ±
15.46, 48.09 ± 16.38 and 57.15 ± 15.82 years, respectively. In this study, forty-five seroresistant syphilis patients were
positive for serological TPPA and serum TRUST titers, with 14 cases of TRUST titers of 1:1, 20 cases of TRUST titers
of 1:2, and 11 cases of TRUST titers of 1:4 accounting for 31.1%, 44.4% and 24.4% of patients, respectively. Forty-five
secondary syphilis patients were positive for serological TPPA and serum TRUST titers, with 11 cases of TRUST titers
of 1:8, 14 cases of TRUST titers of 1:16, 12 cases of TRUST titers of 1:32, 5 cases of TRUST titers of 1:64, and 3 cases
of TRUST titers of 1:128, accounting for 24.4%, 31.1%, 26.7%, 11.1% and 6.7% of patients, respectively. Thirty-three
neurosyphilis patients were positive for serological TPPA and serum TRUST titers, with 3 cases of TRUST titers of 1:1,
2 cases of TRUST titers of 1:4, 10 cases of TRUST titers of 1:8, 5 cases of TRUST titers of 1:16, 6 cases of TRUST
titers of 1:32, 6 cases of TRUST titers of 1:64, and 1 case of a TRUST titer of 1:128, accounting for 9.1%, 6.1%, 33.0%,
15.1%, 18.1%, 18.1%, and 3.0% of patients, respectively. There was no TRUST titer in the serum of any late latent
syphilis patient. These data are summarized in Table 1.

Serum IL-26 Levels Were Higher in Neurosyphilis Patients Than in Healthy Subjects,
Late Latent Syphilis Patients, Seroresistant Syphilis Patients and Secondary Syphilis
Patients
The levels of serum IL-26 were significantly higher in neurosyphilis patients than in healthy subjects (6.87 (4.36, 12.14)
and 1.67 (0.09, 4.89) pg/μL, respectively; ****p < 0.0001), late latent syphilis (1.48 (0.40, 2.05) pg/μL, ****p < 0.0001),
seroresistant syphilis (0.81 (0.20, 2.91) pg/μL, ****p < 0.0001) and secondary syphilis (1.66 (0.41, 4.25) pg/μL, ****p <
0.0001) with data presented at the median with interquartile range. No statistically significant difference in IL-26 levels
was observed between the non-syphilitic healthy subjects and late latent syphilis patients (p = 0.7271), seroresistant
syphilis patients (p = 0.4517), or secondary syphilis patients (p = 0.7771). No statistically significant difference in IL-26
levels was observed between the late latent syphilis patients and seroresistant syphilis patients (p = 0.4371), or secondary
syphilis patients (p = 0.1223), and no statistically significant difference in IL-26 levels was observed between the
seroresistant syphilis patients and secondary syphilis patients (p = 0.2947) (Figure 1).

The Concentration of Serum IL-26 Was Most Sensitive to Low-Density Lipoprotein
Cholesterol (LDLC) in Late Latent Syphilis, Urine Epithelial Cell Count (SPC) in
Seroresistant Syphilis, and Creatinine (CR) and Urea Creatinine Ratio (B:C) in
Secondary Syphilis Patients
The serum concentration of IL-26 was not correlated with any of the clinical parameters we detected in healthy
subjects. The serum concentration of IL-26 was negatively correlated with serum glutamyltranspeptidase (GGT) level
(r = - 0.383, *p = 0.040), platelet distribution width (PDW) level (r = - 0.445, *p = 0.012) and platelet-large cell ratio
(p-LCR) (r = - 0.359, *p = 0.047) in the peripheral blood of neurosyphilis patients. The serum concentration of IL-26
was positively correlated with serum total bilirubin (TB) level (r = 0.320, *p = 0.037) and indirect bilirubin (IBIL)
level (r = 0.329, *p = 0.031) was correlated with urine protein (uPRO) level (r = 0.347, *p = 0.028) in urine and was
significantly negatively correlated with low-density lipoprotein cholesterol (LDLC) level (r = - 0.438, **p = 0.004) in
the serum of late latent syphilis patients. The serum concentration of IL-26 was positively correlated with serum
glucose (GLU) level (r = 0.325, *p = 0.029) and globulin (GLB) level (r = 0.342, *p = 0.027), platelet (PLT) level
(r = 0.297, *p = 0.048) in the peripheral blood, and urinary white blood cell count (uWBC) (r = 0.395, *p = 0.012) in
urine and was significantly positively correlated with urine epithelial cell count (SPC) (r = 0.459, **p = 0.003) in
urine of seroresistant syphilis patients. The serum concentration of IL-26 was negatively correlated with serum total
bilirubin (TB) level (r = - 0.305, *p = 0.050), direct bilirubin (DB) level (r = - 0.342, *p = 0.027), albumin globulin
ratio (A:G) (r = - 0.310, *p = 0.045) and monocyte (MO) level (r = - 0.351, *p = 0.018) in the peripheral blood of
seroresistant syphilis patients. The serum concentration of IL-26 was significantly positively correlated with serum
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creatinine (CR) level (r = 0.463, **p = 0.004) and BUN/Cr (B:C) ratio (p = 0.024) in urine and was negatively
correlated with PLT level (r = - 0.353, *p = 0.022) in peripheral blood of secondary syphilis patients. All results are
shown in Figure 2.

There Was No Significant Correlation with the Concentration of Serum IL-26 and
TRUST Titers in Each Type of Syphilis Patient
The potential relationship between serum TRUST titer and IL-26 level was examined using SPSS 24.0 and GraphPad
Prism 5.01 software. The serum concentration of IL-26 was not correlated with serum TRUST titer in seroresistant
syphilis (r = 0.164, p = 0.281), secondary syphilis (r = - 0.126, p = 0.409) or neurosyphilis patients (r = - 0.143, p =
0.428) (Figure 3).

Discussion
The symptoms of neurosyphilis are complex and diverse, ranging from local symptoms, such as uveitis, hearing loss and
aseptic meningitis, to systematic symptoms, such as personality and behavioral changes and paresis.18 Neurosyphilis can
occur at any stage of syphilis, not just in tertiary syphilis, and its clinical manifestations are misleading, generating a high
probability of missed detection and misdiagnosis as mental or neurological diseases during the process of initial
differential diagnosis.19 In the current diagnostic guidelines, the most important laboratory confirmation standard for
neurosyphilis is positive serum syphilis antibody accompanied by cerebrospinal fluid abnormalities of pleocytosis and
elevated cerebrospinal fluid protein levels or positive CSF VRDL test results. It also includes signs and symptoms of
neurosyphilis with other clinical causes of such manifestations being excluded.18 Based on a review of the literature on

Figure 1 The serum concentrations of IL-26 were quantitatively examined by ELISA.
Notes: ****p ≤ 0.0001 versus healthy controls or neurosyphilis patients; NS = not significant; and U-Mann–Whitney test. Each data point indicates an individual subject, and
error bars and medians with interquartile ranges are displayed by red lines.
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the sensitivity and specificity of the diagnostic guidelines used for each stage of syphilis in the past 57 years, it is
necessary to reconcile criteria and diagnostics for neurosyphilis.20

The newly reported CSF biomarkers CXCL13,21 neurogranin,22 and the intrathecal synthesis index of specific anti-
Treponema IgG23 have been shown to be valuable for the diagnosis of neurosyphilis. However, etiological and
serological detection of syphilis in CSF is not commonly performed before the patient shows obvious symptoms of
neurosyphilis due to the disadvantages and patient nonacceptance of lumbar puncture, which results in patients missing

Figure 2 The associations between the levels of serum IL-26 and clinical routine hematological and humoral indices in healthy subjects and syphilis patients are presented in
the form of a heatmap.
Notes: *p ≤ 0.05, **p ≤ 0.01 were considered statistically significant with clinical routine hematological and humoral indices in syphilis patients. Heatmap representation of
the correlations between the levels of serum IL-26 and RBC, HGB, HCT, RDW-SD, PLT, WBC, NEUT, LYM, NLR, PLR, MO, EO, BA, MPV, PDW, PCT, p-LCR, uGLU, KET,
uPRO, SG, UpH, BLD, uRBC, uWBC, SPC, TPC, KLG, ALT, AST, ALB, ALP, TB, DB, UREA, CR, TG, TC, LDLC, GLU, CK, LDH, GLB, (A)G, (A)A, GGT, IBIL, (B)C, HDL,
EGFR-C, APTT, PT, INR, TT, FIB and D-dimer levels in healthy subjects (n = 30, Pearson coefficient), neurosyphilis patients (n = 33, Pearson coefficient), late latent syphilis
patients (n = 43, Pearson coefficient), seroresistant syphilis patients (n = 45, Pearson coefficient) and secondary syphilis patients (n = 45, Pearson coefficient).
Abbreviations: RBC, red blood cell; HGB, hemoglobin concentration; HCT, hematocrit; RDW-SD, red blood cell distribution width; PLT, platelets; WBC, white blood cell;
NEUT, neutrophils; LYM, lymphocytes; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; MO, monocytes; EO, eosinophils; BA, basophils; MPV, mean
platelet volume; PDW, platelet distribution width; PCT, plateletcrit; P-LCR, platelet-large cell ratio; uGLU, urine glucose; KET, urine ketone; uPRO, urine protein; SG, urine
specific gravity; UpH, urinary pH; BLD, urinary occult blood; uRBC, urinary red blood cell count; uWBC, urinary white blood cell count; SPC, urine epithelial cell count;
TPC, bacterial count; KLG, cast count; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALB, albumin; ALP, alkaline phosphatase; TB, total bilirubin; DB,
direct bilirubin; GLB, globulin; Cr, creatinine; TG, triglyceride; TC, total cholesterol; LDLC, low-density lipoprotein cholesterol; Glu, blood glucose; CK, creatine kinase;
LDH, lactate dehydrogenase; A:G, albumin globulin ratio; A:A, AST-to-ALT ratio; GGT, glutamyltranspeptidase; IBIL, indirect bilirubin; B:C, BUN/Cr; HDL, high-density
lipoprotein; EGFR-C, epidermal growth factor receptor C; APTT, activated partial thromboplastin time; PT, prothrombin time; INR, international normalized ratio; TT,
thrombin time; FIB, fibrinogen.

Figure 3 Correlation between serum IL-26 and TRUST titers in different stages of syphilis.
Notes: The correlation coefficient R represents the linear correlation between serum IL-26 levels and TRUST titers in each experimental group. When the absolute value of
R is greater than 0.75 and the p value is ≤0.05, there is considered to be a strong linear correlation.
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the opportunity for early antipsychotic treatment. We were inspired by a model study of the prediction of asymptomatic
neurosyphilis based on routine blood tests, lymphocyte subsets, serum immunological results and other peripheral blood
indicators without using CSF indicators24 and expected to find noninvasive neurosyphilis-specific screening biomarkers.

Our experimental results showed that not all patients with T. pallidum infection had an elevated serum circulating IL-26
level, but it was higher in neurosyphilis patients than in healthy subjects, late latent syphilis patients, seroresistant syphilis
patients and secondary syphilis patients. The neurosyphilis-specific increase in serum IL-26 suggests that circulating IL-26
levels combined with positive syphilis serology may be of considerable potential value in the diagnosis of neurosyphilis.
Compared with the laboratory diagnostic method of neurosyphilis widely used in the clinic, evaluating the occurrence of
neurosyphilis by detecting serum IL-26 is more convenient because the injury of venous blood collection is very small.
Generally, the laboratory tests for neurosyphilis will not be carried out until the symptoms of neurosyphilis appear clinically.
Through serological IL-26 screening, the occurrence of neurosyphilis can be found very early, which may significantly
improve the detection rate of neurosyphilis. In the clinical laboratory, the excess serum left by the patient after detecting
syphilis antibody can be used for the determination of IL-26 level without additional blood drawing. Determination of IL-26
level can provide information on whether doctors should consider the occurrence of neurosyphilis when diagnosing syphilis
patients. Since there is no good animal model for syphilis infection to perform the preliminary clinical test, determining the
accuracy and feasibility of this diagnostic method will require the accumulation of more clinical data.

Since all participants were from Zhejiang Province, China, this study is limited by geographical and human groups. We
look forward to more data from other peers in various countries to verify this conclusion, which will be of great significance in
the diagnosis of syphilis, especially neurosyphilis. Moreover, the mechanism of the overexpression and role of circulating IL-
26 level in neurosyphilis remain unclear. Although it has been demonstrated that IL-26 mainly originates from activated Th1,
Th17, and NK cells and NKp44 innate lymphocytes, induces IL-8 and/or IL-10 production by epithelial cells through
a receptor composed of IL-20R1/2 and induces proinflammatory cytokine production by myeloid cells,25,26 the biological
function of circulating IL-26 in neurosyphilis is not clearly understood. We intend to further study the internal mechanism of
IL-26 elevation in patients with neurosyphilis. In addition, syphilis patients are often coinfected with HIV, hepatitis virus and
other viruses, and IL-26 has been reported to increase to varying degrees in patients with HIV, hepatitis virus or other viruses.
Although syphilis can be identified through early infectious disease screening in the process of clinical diagnosis, in the case of
pathogen coinfections, distinguishing which pathogen is responsible for the presenting signs and symptoms in order to identify
a case of neurosyphilis will also be a problem worthy of attention in the process of clinical application. Syphilis patients are
often coinfected with hepatitis virus and other viruses, and overexpression of IL-26 to varying degrees has been reported in
patients with HBVand/or HCV.14,27 Although syphilis may be identified by early infectious disease screening, distinguishing
the cause of the increase in IL-26 level as being other pathogens or neurosyphilis in cases of pathogen coinfection will also be
a problem worthy of attention in clinical application.

Conclusion
In conclusion, the circulating IL-26 levels in patients with neurosyphilis were significantly overexpressed compared with
those in healthy donors and patients with late latent syphilis, seroresistant syphilis, and secondary syphilis. The
neurosyphilis-specific increase in serum IL-26 suggests that circulating IL-26 level may be a potentially significant
biomarker in the diagnosis of neurosyphilis among serologically positive syphilis patients.

Summary
Neurosyphilis is one of the most destructive, concealed, changeable and difficult clinical types of syphilis due to its
occurrence at any stage of infection and its involvement in the central nervous system (CNS) with irreversible
neurological dysfunction and potentially serious sequelae. Currently, the clinical laboratory diagnosis of neurosyphilis
mainly relies on the abnormalities of cerebrospinal fluid with reactive venereal disease research laboratory test (VDRL),
but collection of cerebrospinal fluid requires lumbar puncture, which is traumatic to patients. Our results found that the
serum IL-26 levels in patients with neurosyphilis were significantly higher than those in healthy donors and patients with
late latent syphilis, seroresistant syphilis, and secondary syphilis. The serum IL-26 level may be a significant biomarker
for the progression of neurosyphilis.
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