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[Abstract] Objective To determine free light chains (FLC) in cerebrospinal fluid (CSF) and serum, calculate the
FLC index, and establish a model to evaluate its application value in diagnosing neurosyphilis. Methods This study
included 87 syphilis patients, comprising 48 neurosyphilis patients (NS group) and 39 non-neurosyphilis patients (n-NS
group). CSF and serum samples were collected from all patients to measure kappa free light chains (FLC-x) and lambda
free light chains (FLC-A). The FLC index, FLC-k index, and FLC-A index were calculated. Receiver operating characteristic
(ROC) curves were used to evaluate these indices. A neurosyphilis diagnostic model based on the FLC index was
established and its visualization was verified. Results Statistically significant differences were observed between the two
groups in serological syphilis screening, CSF nucleated cell count, CSF microprotein, CSF IgG, IgG synthesis rate, IgG
index, and albumin quotient (P < 0.05). The areas under the ROC curves (AUC) for the FLC-k index, FLC-\ index, and
albumin quotient were 0.998 (95% CI: 0.990-1.000), 0.988 (95% CI: 0.961-1.000), and 0.635 (95% CI: 0.496-0.751),
respectively. In the FLC-k index model, the FLC-k index (P < 0.05) significantly affected the diagnosis of neurosyphilis,
while in the FLC-\ index model, only the FLC-) index (P < 0.05) had a significant effect. The training ROC curve AUC for
the diagnosis model based on the FLC-k index was greater than 0.950. Its calibration curve showed good predictive

performance when the predicted probability was close to 80%, but poor performance when the predicted probability was
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40%-60%. The AUC for the diagnosis model based on the FLC-\ index was 0.926, with good predictive performance
when the predicted probability was close to 85%, and poor performance when the predicted probability was 40%-70%.

Conclusion FLC-x and FLC-\ have high diagnostic performance for neurosyphilis, and the FLC index has certain

application value in the diagnosis of neurosyphilis.
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Table 1 Basic information and clinical characteristics of patients in the NS group and the nNS group

Index NS group (n = 48) n-NS group (n = 39) P
Sex 0.006
Female 8(16.667) 17 (43.590)
Male 40 (83.333) 22 (56.410)
Agelyr. 50.813 £ 10.024 55.000 + 16.880 0.183

Serological indicators

TP-ECLIA (COI)

Serum IgG/(g/L) 11.300 (9.410,13.400)
Serum Alb/(g/L) 39.400 (37.200, 42.000)
CSF indicators

CSENC/(x 10°L ") 4.000 (0.000, 20.000)

218.000 (188.000,264.000)

CSFRBC/(x 10°L™")

0.000 (0.000, 4.000)

CSF mAlb/(g/L) 0.760 (0.540, 0.970)
CSF GLU/(mmol/L) 3.610 (3.280, 4.310)
CSF CL/(mmol/L) 126.000 (122.000, 128.000)
CSF IgG/(g/L) 0.240 (0.093, 0.359)
CSF Alb/(g/L) 0.349 (0.213, 0.419)
IgG index 2.274 (1.623, 3.486)
IgG synthesis rate 106.128 (28.043, 153.195)
Qu 0.009 (0.005, 0.011)
Qriex 1.763 (0.642, 2.654)
Qrica 0.633 (0.229, 1.113)
FLC-x index 198.818 (114.313, 342.224)

FLC-\ index 87.626 (43.126, 139.859)

81.080 (12.200,121.000) <0.001
11.700 (10.200,13.400) 0.665
38.400 (34.400, 41.100) 0.136
0.000 (0.000, 2.000) <0.001
0.000 (0.000, 2.000) 0.397
0.450 (0.340, 0.500) <0.001
3.810 (3.430, 4.050) 0.726
125.000 (123.000, 126.700) 0.181
0.040 (0.025, 0.057) <0.001
0.213 (0.176, 0.332) 0.014
0.485 (0.451, 0.566) <0.001
0.000 (0.000, 0.768) <0.001
0.006 (0.004, 0.008) 0.045
0.028 (0.015, 0.038) <0.001
0.032 (0.027, 0.041) <0.001
3.788 (2.676, 8.930) <0.001
4.909 (3.716,7.786) <0.001

TP-ECLIA: Treponema pallidum-electrochemiluminescence immunoassay; Alb: albumin; CSF: cerebrospinal fluid; NC: nucleated cell; RBC: red blood cell;

mAlb: microalbumin; GLU: glucose; CL: chlorine; FLC: free light chain; COI: cut-off index; Q,: albumin quotient; Qy,c,: k-free light chains quotient; Qg c,: A-

free light chains quotient. Data are presented as X £ s, case (%), or median (P,s, P;;).
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Fig 1 ROC curve of intrathecal immune-related indices

All abbreviations are given in the footnote to Table 1.
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Table2 ROC curve parameters

Characteristics n AUC (95% CI) Sensitivity Specificity YI OTV
IgG index 67 0.960 (0.910-0.996) 0.944 0.936 0.88 0.668
IgG synthesis rate 67 0.945 (0.884-0.991) 0.944 0.935 0.815 5.299
Qui 75 0.635 (0.496-0.751) 0.561 0.765 0.326 0.008
Qricx 65 0.997 (0.987-1.000) 1.000 0.969 0.969 0.108
Qrica 64 0.990 (0.969-1.000) 0.971 0.967 0.937 0.063
FLC-k index 59 0.998 (0.990-1.000) 1.000 0.964 0.964 27.260
FLC-A index 59 0.988 (0.961-1.000) 0.969 0.817 0.932 19.500

AUC: area under the curve; YI: Youden index; OTV: optimal threshold value. The other abbreviations are given in the footnote to Table 1.Due to missing

data in some patient records, cases with missing variables were excluded from the analysis, resulting in varying sample sizes for different variables.

%3 AFLCxIEH M logisticE I &R

Table 3 Results of logistic regression analysis including FLC-k index

Predictor B SE VA P OR (95% CI)
(Intercept) —66.541 26.212 —2.539 0.011 0.000 (0.000-0.000)
Age 0.048 0.036 1.33 0.183 1.049 (0.980-1.133)
CSENC 0.062 0.048 1.297 0.194 1.064 (1.007-1.202)
CSF RBCL —0.002 0.002 —1.118 0.264 0.998 (0.992-1.000)
CSF CL 0.512 0.207 2.471 0.013 1.669 (1.171-2.693)
Serum IgG —0.309 0.206 —1.502 0.133 0.734 (0.459-1.053)
Q. —55.961 113.494 —0.493 0.622 0.000 (0.000-0.000)
FLC-k index 0.046 0.014 3.378 0.001 1.047 (1.025-1.082)
Sex 1.415 1.453 0.974 0.330 4.118 (0.294-120.489)

B: partial regression coefficient; SE: standard error; OR: odds ratio. The other abbreviations are given in the footnote to Table 1.
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Table 4 Results of logistic regression analysis including FLC-\ index

Predictor B SE Z P OR (95% CI)

(Intercept) —28.109 14.204 —1.979 0.048 0.000 (0.000-0.000)
Age 0.018 0.024 0.732 0.464 1.018 (0.972-1.069)
CSFNC 0.064 0.036 1.77 0.077 1.065 (1.012-1.156)
CSF RBC —0.001 0.001 —1.365 0.172 0.998 (0.995-1.000)
CSFCL 0.206 0.112 1.839 0.066 1.229 (1.000-1.562)
Serum IgG —0.083 0.117 —0.709 0.479 0.921 (0.740-1.177)
Qus —61.862 57.869 —1.069 0.285 0.000 (0.000-0.000)
FLC-A index 0.040 0.011 3.643 <0.001 1.040 (1.022-1.067)
Sex 1.784 0.898 1.987 0.047 5.957 (1.17-44.405)

B: partial regression coefficient; SE: standard error; OR: odds ratio. The other abbreviations are given in the footnote to Table 1.
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Fig 2 The ROC curves and calibration curves of the two models

AUC: area under the curve. The other abbreviations are given in the footnote to Table 1. A, The ROC curve of the model including the FLC-k index; B, the calibration

curve of the model including the FLC-« index; C, the ROC curve of the model including the FLC-\ index; D, the calibration curve of the model including the FLC-\ index.
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