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Abstract. The present study explored the associations of the
neutrophil to lymphocyte ratio (NLR) and the serum toluidine
red unheated serum test (TRUST) titer with neurosyphilis
(NS). The present retrospective study examined 87 NS patients
and 80 Non‑NS patients from an HIV‑negative cohort and 1:1
age‑ and gender‑matched healthy controls. The results demon‑
strated that the NLR was increased in both NS and Non‑NS
groups compared with that in the healthy controls (P<0.001
and P=0.01, respectively). The NLR and serum TRUST titer
in the NS group were significantly higher than those in the
Non‑NS group (P=0.004 and P<0.001, respectively). The NLR
was positively correlated with the serum TRUST titer (r=0.298,
P<0.001). Age, elevated NLR and serum TRUST titer were
distinctly associated with NS by binomial logistic regression
analysis [odds ratio (OR)=1.10, P<0.001; OR=1.36, P=0.028;
OR=3.07, P<0.001; respectively]. The cut‑off values for the
NLR and serum TRUST titer were 1.97 and 1:8, respectively.
A significantly higher sensitivity of 90.8% was obtained for
screening out NS with a combination of the NLR and serum
TRUST titer compared with each test alone. Age, elevated NLR
and serum TRUST titer were associated with NS. The combi‑
nation of NLR and serum TRUST titer is a potential predictor
for NS, and the reduced NLR and serum TRUST titer at the
6‑month follow up suggested that the NLR and serum TRUST
titer were biomarkers for monitoring the disease course.
Introduction
Neurosyphilis (NS) is a neurological disorder of the central
nervous system caused by Treponema pallidum (T. pallidum)
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infection, which may occur at any stage of syphilis. NS is
named ‘the great imitator’ due to various clinical manifesta‑
tions such as headache, progressive cognitive decline and
stroke; however, patients may also be asymptomatic (1). Due
to these varied symptoms, NS may be easily misdiagnosed or
ignored. Clinical abnormalities are more likely to resolve in
early NS than in late NS; therefore, early recognition of NS
is an important issue. Currently, the diagnosis of NS relies
on clinical and laboratory results. The cerebrospinal fluid
venereal disease research laboratory (CSF‑VDRL) tests, the
CSF rapid plasma reagin (RPR) or CSF‑serum toluidine red
unheated serum test (TRUST) are not reactive in all cases
of NS (2,3). Lumbar puncture (LP) for CSF examinations
is currently the imperfect gold standard for NS. However,
differing opinions of clinicians, poor patient acceptance and
invasiveness are limitations for using LP as a disease course
monitoring tool. Thus, simple and noninvasive indices based
on routine laboratory tests to monitor the disease course are of
great importance.
The neutrophil to lymphocyte ratio (NLR) is a stable
complete blood count parameter that is used as a marker of
inflammation for diseases such as stroke, systemic lupus
erythematosus, pulmonary tuberculosis, psoriasis arthritis
and dermatomyositis (4‑8). A positive association of the NLR
with disease activity has emerged; the NLR is positively
associated with lupus nephritis, psoriatic arthritis and pulmo‑
nary involvement in patients with dermatomyositis (4,6,7).
Furthermore, associations of the NLR with other conditions,
such as Hashimoto's disease, diabetes mellitus, thyroid nodules,
cardiac conditions, numerous cancer types and vitamin D
deficiency has been reported (9‑16); however, the association
between the NLR and NS has remained to be determined.
All individuals with syphilis and HIV co‑infection are
recommended to undergo LP (17); however, whether and
when to perform LP in patients with HIV‑negative NS is
controversial. A recent study reported that a serum T. pallidum
agglutination assay (TPPA) titer ≥1:2,560, a serum RPR titer
≥1:4 and increased levels of serum creatine kinase are able to
predict symptomatic NS (18). However, indicators for symp‑
tomatic NS and asymptomatic NS prior to LP in HIV‑negative
patients have remained to be determined. In the present study,
it was assessed whether NLRs and serum TRUST titers are
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different between NS and Non‑NS patients. Furthermore, the
performance of the two markers for predicting NS was also
determined.
Subjects and methods
Subjects. NS and Non‑NS patients, as well as age‑ and
gender‑matched healthy controls, who attended Yijishan
Hospital of Wannan Medical College (Wuhu, China) between
January 2015 and August 2018, were retrospectively reviewed.
The NS patients met all of the following requirements:
i) Serum TPPA and TRUST titer were positive; ii) serological
tests were combined with CSF‑TRUST positivity; or CSF
white blood cell (WBC) count >5 cells/µl or CSF‑protein
>45 mg/dl and CSF‑TPPA reactivity (10). Non‑NS was defined
as a seropositive for TPPA and TRUST but a negative for the
CSF‑TRUST and CSF‑TPPA with all of the following: i) CSF
WBC ≤5 cells/µl and CSF protein ≤45 mg/dl; ii) absence of
any characteristic symptoms or signs of NS. Healthy controls
who underwent normal health check‑ups that revealed no
diseases with a normal erythrocyte sedimentation rate (ESR)
and C‑reactive protein (CRP) levels were recruited from the
database of Yijishan Hospital of Wannan Medical College
between January 2015 and August 2018 (Wuhu, China).
The following exclusion criteria were applied: Pregnancy,
incomplete documentation, the existence of other chronic
inflammatory disorders (e.g., autoimmunity) and other infec‑
tious diseases (e.g., tuberculosis, urinary tract infection and
pneumonia), and treatment with anti‑inflammatory or immu‑
nosuppressive drugs or antibiotics within the last 6 months.
All patients were positive for serum TRUST and TPPA and
negative for HIV.
Data. Demographic, clinical and laboratory data were retrieved
from the hospital's information system. The following data
were included: Age, sex, complete blood count, serum TRUST,
CSF‑WBC count, CSF protein level, CSF‑TPPA, CSF‑TRUST
and serological testing (TRUST, TPPA). The above‑mentioned
data of 24 NS patients were collected after treatment at a
6‑month follow‑up. The NLR was calculated as the neutrophil
count divided by the lymphocyte count.
Statistical analysis. The TRUST titers were transferred to log2
transformations (log2 1/TRUST titer) for analysis. Quantitative
variables are presented as the mean ± standard deviation
or median (interquartile range) as appropriate. Qualitative
variables are expressed as the number and percentage.
Univariate analyses were performed by Student's t‑test or the
Mann‑Whitney U‑test for quantitative variables as appropriate.
Qualitative variables were compared by the χ² test or Fisher's
exact test as appropriate. Independent predictors for NS were
analyzed using standard binomial logistic regression analysis.
The Spearman test was performed to estimate the correlation
between variables. Receiver operating characteristic (ROC)
curves were used to identify cutoff values of the NLR and
the serum TRUST titer for discriminating between NS and
Non‑NS. To evaluate the changes in parameters between the
baseline and the designated follow‑up time‑point, a two‑tailed
Wilcoxon rank‑sum test was employed. Statistical analysis was
performed using SPSS Statistics 22.0 (IBM Corp). P‑values

were two‑sided and P<0.05 was considered to indicate
statistical significance.
Results
Comparison of variables between NS patients or Non‑NS
patients and healthy controls. The demographic data and
laboratory findings of 87 NS patients, 80 Non‑NS patients
and 1:1 age‑ and gender‑matched healthy individuals are
presented in Table SI. The mean age of NS group was
51.03±13.09 years (range, 21‑81), and the group included
54 males and 33 females. The mean age of Non‑NS patients
was 35.20±11.26 years (range, 20‑76), and these patients
included 18 males and 62 females. The mean age in the
healthy control patient group that was compared with the NS
group was 49.53±11.18 years (range, 21‑68), the sex distribu‑
tion was 48 men and 39 women. The mean age of the healthy
control patients that were compared to the Non‑NS group was
34.65±10.30 years (range, 20‑67), the sex distribution was
19 men and 61 women. Peri‑WBC, neutrophil, ESR and the
NLR were significantly higher in the NS group compared
with the healthy controls (P<0.001; except for the peri‑WBC
count, P=0.01). Lymphocyte counts were lower in the NS
group than in the healthy controls (P<0.001). The peri‑WBC
and neutrophil counts were higher in the Non‑NS group than
that in healthy controls (P<0.001). However, the lymphocyte
counts were not significantly different between the Non‑NS
group and healthy controls (P=0.741). The NLR was higher in
the Non‑NS groups than that in the healthy group (P=0.01). No
significant difference in CRP was observed between the NS or
the Non‑NS and healthy controls (P>0.05).
Comparison of laboratory parameters between NS and
Non‑NS patients. In comparison to the Non‑NS group, in NS
patients male sex was predominant, the mean age was older
and ESR was higher in the NS group (P<0.001), while no
significant difference was observed for CRP (P>0.05). The
median serum TRUST titer was significantly higher in the NS
group compared with that in the Non‑NS group [1:16 (1:8‑1:32)
vs. 1:2 (1:2‑1:4), P<0.001)]. Lymphocyte counts in NS patients
were significantly decreased compared with those in Non‑NS
patients (1.58±0.71 vs. 1.98±0.72, P<0.001). Furthermore, the
NLR in the NS group was significantly higher compared with
that in the Non‑NS group (P=0.004; Table I).
Predictive value of the NLR and serum TRUST titer. Binomial
logistic regression analysis indicated a significant association
of age, NLR and serum TRUST titer with NS [odds ratio
(OR)=1.099, 95% CI=1.052‑1.149, P<0.001; OR=1.363, 95%
CI=1.035‑1.795, P=0.028; and OR=3.065, 95% CI=2.094‑4.487,
P<0.001, respectively; Table II]. The ESR was not included in
a further logistic regression analysis due to incomplete data.
Spearman's rank correlation analysis indicated that the NLR
in patients with NS was positively correlated with the serum
TRUST titer (r=0.288, P<0.001; Fig. 1). ROC curve analyses
indicated that the area under the curve values of the NLR and
serum TRUST titer were 0.628 (95% CI=0.542‑0.714; P=0.01)
and 0.882 (95% CI=0.798‑0.911; P<0.001), respectively (Fig. 2);
the optimal cut‑off values of the NLR and serum TRUST titer
to predict NS were 1.97 (79.3% sensitivity, 52.5% specificity)
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Table I. Comparison of patients with NS and non‑NS.
Parameter
Age (years)
Male sex
Serum‑TRUST
CSF‑WBC
CSF‑protein (mg/dl)
CSF‑TRUST
Peri‑WBC (x109/l)
Neutrophil
Lymphocyte
NLR
ESRa
CRPb

NS (n=87)

Non‑NS (n=80)

P‑value

51.03±13.09
54 (62.1)
1:16 (1:8‑1:32)
12.89±14.95
62.99±43.32
1:1 (negative‑1:4)
6.93±2.62
4.59±2.61
1.58±0.71
2.87 (2.04‑3.89)
16.28±16.98
3.95±4.36

35.20±11.26
18 (22.5)
1:2 (1:2‑1:4)
5.26±1.75
30.45±11.18
Negative
6.83±1.77
4.27±1.53
1.98±0.72
1.89 (1.50‑3.37)
6.07±4.24
3.38±1.34

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
0.61
0.72
<0.001
0.004
<0.001
0.57

Values are expressed as the mean ± standard deviation, n (%) or the median (interquartile range). aDetermined in 67 of 87 patients with NS and
52 of 80 patients with non‑NS. bDetermined in 42 of 87 patients with NS and 36 of 80 patients with non‑NS. NLR, neutrophil‑to‑lymphocyte
ratio; serum‑TRUST, serum toluidine red unheated serum test; CSF, cerebrospinal fluid; WBC, white blood cell; ESR, erythrocyte sedimentation
rate; CRP, C‑reactive protein; NS, neurosyphilis.

Table II Binomial logistic regression model for the presence
of neurosyphilis.
Variable
Age
NLR
Serum TRUST titer
Lymphocyte

OR

95% CI

P‑value

1.099
1.363
3.065
2.024

1.052‑1.149
1.035‑1.795
2.094‑4.487
0.869‑4.715

<0.001
0.028
<0.001
0.102

OR, odds ratio; CI, Confidence interval; NLR, neutrophil‑to‑
lymphocyte ratio; TRUST, toluidine red unheated serum test.

and 1:8 (79.3% sensitivity, 87.5% specificity), respectively. For
the NS group, 67.8% of patients had a high NLR and serum
TRUST titer and 9.2% had a low level, while 23.0% of patients
had discordant levels. The serum TRUST test with the NLR
test was also combined in a parallel and serial testing format.
In the parallel testing format (with either serum TRUST titer
≥1:8 or NLR ≥1.97, or both), 90.8% sensitivity and 50.0% spec‑
ificity were obtained for predicting NS. In the serial testing
format (with serum TRUST titer ≥1:8 and NLR ≥1.97), 67.8%
sensitivity and 90.0% specificity were obtained for predicting
NS. In addition, the NLR, serum TRUST titer, CSF‑WBC
count, CSF‑protein level and CSF‑TRUST titer parameters
were significantly decreased at the 6‑month follow‑up after
treatment with penicillin (P<0.05; Table SII).
Discussion
The present study indicated that age, the NLR and serum
TRUST titer were independent risk factors of NS, i.e., elevated
NLR and serum TRUST titer were able to predict the presence
of NS. Furthermore, the NLR was positively associated with

Figure 1. Correlations of log2 1/serum TRUST titer with NLR in NS patients.
TRUST, toluidine red unheated serum test titer; NLR, neutrophil‑to‑lympho‑
cyte ratio; NS, neurosyphilis.

the serum TRUST titer and was reduced when the clinical
manifestations were resolved and the serum TRUST titer
and CSF parameters were reduced. The cut‑off values for the
serum TRUST titer and the NLR were 1:8 and 1.97, respec‑
tively. Combination of the NLR and serum TRUST titer had a
substantially higher sensitivity (90.8%) for identifying NS than
the NLR or serum TRUST titer alone.
The NLR, as a marker of chronic systemic inflammation, is
a prognostic indicator for numerous cancer types, acute stroke,
multiple sclerosis and Parkinson's disease (5,9,12,19,20), while
the NLR is used for the diagnosis of numerous inflammatory
diseases, including subacute thyroiditis, psoriatic arthritis
and lupus nephritis (4,7,21). Inflammation has a significant
role in the pathogenesis of NS. Certain inflammatory factors,
including B lymphocyte chemoattractant chemokine (C‑X‑C
motif) ligand 13 and the macrophage migration inhibitory
factor, interleukin 10, increased markedly in both the serum
and CSF of patients with NS (22‑24). In vivo, T. pallidum
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Figure 2. Receiver operating characteristic curves of the neutrophil‑to‑lymphocyte ratio (left‑hand panel) and serum toluidine red unheated serum test titer
(right‑hand panel) to distinguish between NS and Non‑NS. NS, neurosyphilis.

stimulated the expression of inflammatory cytokines in THP‑1
cells and induced the transformation of macrophages to a
pro‑inflammatory M1 macrophage type (25); furthermore, the
T. pallidum proteins, including Tp92, Tp0751 and T. pallidum
flagellins, may also enhance the release of inflammatory cyto‑
kines in HMEC‑1/THP‑1 cells (26‑28). In light of these results,
inflammation in the course of NS was confirmed. The ESR in
patients with NS was higher than that in patients with Non‑NS
and it was speculated that differences in the gender distribu‑
tion and age between NS and Non‑NS groups may cause
ESR‑related differences, as the ESR itself is easily affected by
gender and age; however, patients with NS had low and normal
levels of CRP, which confirmed that NS is a low‑grade inflam‑
matory disease. This, in turn, may account for low lymphocyte
counts observed in patients with NS. Furthermore, decreased
lymphocyte counts in patients with NS compared with Non‑NS
patients may cause the NLR to be elevated in patients with NS
in the present study, and it was speculated that lymphocyte or
lymphocytes‑associated signaling pathways may be important
for controlling inflammation involved in NS, as T lympho‑
cytes, particularly CD3+CD8+ lymphocytes, natural killer
cells and B lymphocytes, are involved in NS (29,30). However,
further studies are required to explore the associated molecular
mechanisms. In addition, the NLR was determined to be an
indicator of disease activity in autoimmune diseases, such as
primary Sjögren's syndrome, systemic lupus erythematosus
and rheumatoid arthritis (4,31,32). In the present study, binary
logistic analysis determined that the NLR was positively asso‑
ciated with the presence of NS; the best NLR cut‑off value was
1.97 with 79.3% sensitivity and 52.5% specificity and the AUC
value was 0.628. Of note, the NLR was positively associated
with the serum TRUST titer, which was determined to be a
risk factor of NS, and was decreased at the 6‑month follow‑up
after treatment with penicillin when clinical symptoms and
laboratory parameters (serum TRUST titer, CSF‑WBC count
and CSF‑protein level) were resolved. Thus, it was confirmed
that the NLR may be an additional marker for diagnosing NS
and assessing disease activity.

Risk factors for NS include an age of ≥45 years, high
serum RPR titer and HIV (33,34). HIV‑positive subjects
with RPR titers ≥1:32 or a CD4+ cell count ≥350 cells/µl
are recommended to undergo LP for CSF examination (35).
Conventionally, patients exhibiting signs of at least one of the
following, namely neurological, ocular or auricular symptoms,
serological failure or serological fast, are recommended to
undergo LP to exclude NS (2). In addition, the TRUST test
has become commercially and widely available in China.
Jiang et al (36) indicated that among HIV‑negative patients,
those with serum‑TRUST titers ≥1:16 have a higher probability
of developing NS. The present study confirmed that age and
the serum TRUST titer were risk factors for NS, which is
in accordance with previous studies (37). A serum TRUST
titer ≥1:8 with 79.3% sensitivity and 87.5% specificity was a
strong predictor of NS. Of note, 67.82% of patients with NS
had a concomitantly high serum TRUST titer and a high NLR,
indicating that patients with a serum TRUST titer ≥1:8 and an
NLR ≥1.97 are more likely to have NS. Furthermore, a parallel
testing and serial testing format were applied, revealing that the
NLR plus serum TRUST titer may be a potential predictor of
NS (90.8% sensitivity and 50.0% specificity, 67.8% sensitivity
and 90.0% specificity, respectively). Although the sensitivity
of a combination of the NLR (≥1.97) and serum TRUST titer
(≥1:8) was 90.8% with low specificity (50%), there is currently
no non‑invasive test with this high sensitivity and specificity to
predict NS; thus, this may still encourage physicians to perform
LP to screen out underlying NS. Furthermore, the sensitivity
and specificity obtained with the serial testing format was
similar to the CSF‑VDRL, which was considered as a standard
test with 33.3‑70% sensitivity and 99% specificity for diag‑
nosing NS (2,38). Thus, this indicated that the NLR (≥1.97)
and serum TRUST titer (≥1:8) are useful biomarkers for NS.
Non‑invasive markers for predicting NS are currently
insufficient. In the present study, two easily accessible indices
related to NS were assessed and their diagnostic value for NS
was evaluated. Several limitations must be acknowledged in
the current study. First, the results are applicable to subjects
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with suspected NS. Furthermore, the patients with Non‑NS
were not stratified according to the stage of syphilis and
whether there is a difference between Non‑NS at different
stages and NS requires to be confirmed with further large
samples. Finally, the present study was a single‑center retro‑
spective analysis of prospectively collected data, and thus, a
prospective, multi‑center, large‑sample study is warranted.
In conclusion, the combination of the NLR and serum
TRUST titer is a useful indicator of NS. The NLR and serum
TRUST titer were reduced at the 6 month follow‑up with
resolved clinical manifestations and CSF laboratory param‑
eters, suggesting that these simple, rapid and easily obtainable
prognostic biomarkers may be utilized to monitor the disease
course.
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