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Background: This study aimed to explore the features of cognitive impairment in patients with neurosyphilis at the early
stage of mild cognitive impairment (MClI).

Material/Methods: A total of 18 patients with asymptomatic neurosyphilis (ANS), 19 patients with neurosyphilis at the MCI stage
(neurosyphilis-MCl), and 15 patients with neurosyphilis at the dementia stage (neurosyphilis-dementia) were
enrolled. Cognitive function was evaluated using comprehensive rating scales. Tests of syphilis in blood and
cerebrospinal fluid (CSF) were conducted, and white blood cell (WBC) counts and protein levels in CSF were
measured.

Results: Overall cognitive function and individual cognitive domains, including memory, language, visuospatial skill, and
attention/executive function, were all significantly impaired in the neurosyphilis-MCI group compared with the
ANS group, and were further impaired in the neurosyphilis-dementia group. Although there was no difference
in serum rapid plasma regain (RPR) titer among the 3 groups, the number of patients with serum RPR titer
>1: 32 in the neurosyphilis-MCI group was much higher than that in the ANS group. CSF RPR positive rate in
the neurosyphilis-MCl group was significantly higher than that in the ANS group. The WBC count, protein lev-
el, and the rate of elevated protein level or increased WBC count in CSF did not differ among the 3 groups.
Conclusions: The feature of cognitive impairment of neurosyphilis-MCI patients displayed multiple-domain amnestic MCI.
Perhaps there were extensive brain areas involved at the early stage, and a continuous neuroinflammatory
process was through the different stages of neurosyphilis. Early diagnosis and treatment are very important
for preventing the progression of general paresis of the insane.
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Background

Neurosyphilis results from the invasion of Treponema pallidum,
subspecies pallidum, into the brain parenchyma. It is called the
great imitator because of the numerous clinical symptoms it
displays, including cognitive impairment, motor dysfunction,
and neuropsychiatric symptoms. Patients with neurosyphilis
undergo the early and late stages of disease, during which as-
ymptomatic neurosyphilis (ANS) and general paresis of the in-
sane (GPI) are the representative forms.

GPI occurs within 10 to 20 years after syphilis infection, and
patients present cognitive decline and neuropsychiatric symp-
toms. Previous studies showed that patients with GPI ac-
counted for about 38.9% to 49.0% of total neurosyphilis cas-
es [1-4]. A retrospective study focusing on 187 patients with
rapid progressive dementia showed that the most common
causes were infectious diseases, among which neurosyphi-
lis was second in frequency [5]. However, clinicians, including
neurologists and psychiatrists, are rarely aware of this. Thus,
the misdiagnosis rate of GPI is very high, ranging from 36.1%
to 84.6% [6-8]. GPI is largely reversible if early diagnosis and
standard treatment are given. Therefore, it is possible for pa-
tients to go back to work and life [9].

Until now, most studies focused on the neuropsychiatric symp-
toms and neurological signs of GPI [7,10,11]. However, one
study investigating cognition indicated that multiple cognitive
domains were impaired in 8 patients with mild GPI, with Mini-
Mental State Examination (MMSE) score of 19 to 25 points [12].
A case report showed that a GPI patient with an MMSE score of
21 points had impaired executive function and attention [13].
However, there have been no studies on the cognitive features
in patients with neurosyphilis tested by using a comprehensive
rating scale at the different stages of disease, including asymp-
tomatic, mild cognitive impairment (MCl), and dementia stages.

According to the number of impaired cognitive domains and
whether memory is compromised, MCl is divided into 4 types:
single-domain amnestic MCI, multiple-domain amnestic MCI,
single-domain non-amnestic MCl, and multiple-domain non-
amnestic MCI. Different classifications can be due to differ-
ent etiologies. For example, until now, possible causes of sin-
gle-domain amnestic MCl included Alzheimer’s disease (AD)
and depression, and possible causes of multiple-domain non-
amnestic MCl included frontotemporal degeneration and vas-
cular cognitive impairment. The features of cognitive impair-
ment in patients with neurosyphilis at the stage of MCI have
not been investigated, and the pattern of cognitive impair-
ment has not been confirmed yet.

Atrophy of the anterior brain, including the frontal and tempo-
ral lobes, is a common neuroimaging finding in patients with
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GPI [9]. Severe medial temporal lobe atrophy was found to be
a predictor of poor cognitive outcome [14]. A report on the
postmortem histopathologic analysis of a GPI patient with an
MMSE score of 25 points and Montreal Cognitive Assessment
score of 22 points showed that the frontal lobe was severely
damaged but the temporal lobe was relatively preserved [15].
It was suspected that the atrophy of the medial temporal lobe
was secondary to the dysfunction of the other cerebral areas
due to its connections with most of these brain areas [16].
Accordingly, we assumed that impairments of cognitive do-
mains, such as executive function, and neuropsychiatric symp-
toms associated with the frontal lobe might occur, but other
cognitive domains might not be compromised at the MCI stage.

In this study, we investigated for the first time the patterns
and features of cognitive impairment in patients with neuro-
syphilis at the early stage of MCl with a set of rating scales.
The data from this study may help clinicians make an early
diagnosis, reduce the misdiagnosis rate, and understand the
pathogenesis and predict the progression of GPI.

Material and Methods

Ethics Statement

This study was conducted in accordance with the principles
of the Helsinki Declaration. The protocol was approved by the
Ethics Review Board of Beijing Ditan Hospital, Capital Medical
University in Beijing China (approval no.: Jingdi Lunke Zi [2020]
no. [044]-01. All enrolled patients and their family members
signed the informed consent.

Patients

A total of 34 patients with neurosyphilis who were hospital-
ized in the Department of Neurology, Beijing Ditan Hospital
and Beijing Tiantan Hospital of Capital Medical University from
January 2020 to July 2021 were enrolled in the study. There were
19 patients in the neurosyphilis-MCl group and 15 patients in
the neurosyphilis-dementia group. The control group consisted
of 18 patients with ANS hospitalized during the same period.

Inclusion and Exclusion Criteria

The criteria for the diagnosis of neurosyphilis were as previ-
ously described. Syphilis at any stage met 1 of 2 conditions:
(1) a positive rapid plasma regain (RPR) titer in the cerebro-
spinal fluid (CSF); (2) positive T. pallidum particle agglutina-
tion or fluorescent treponemal antibody absorption (FTA-ABS)
in the CSF, with increased WBC count (>5/uL) or elevated pro-
tein level (>45 mg/dL) in the CSF, with no other known causes
which could induce these abnormalities [17]. The ANS group
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met the criteria of neurosyphilis, with no central nervous sys-
tem (CNS) signs or symptoms. The neurosyphilis-MCl and neu-
rosyphilis-dementia groups met the diagnostic criteria from
our previous study [17]. MCl was diagnosed based on the re-
port of the International Working Group on Mild Cognitive
Impairment: (1) cognitive impairment reported by patients or
informant; (2) objective evidence of cognitive impairment; (3)
retention of functional mobility; and (4) failure to meet the cri-
teria for dementia [18]. The dementia group met the criteria
of the Diagnostic and Statistical Manual of Mental Disorder,
4t edition (DSM-IV): (1) normal intelligence in the past, and
acquired cognitive decline (impairment of memory, execution,
language, visuospatial ability) or abnormal mental behavior;
(2) daily work ability or daily life was affected; and (3) other
mental diseases were excluded.

The exclusion criteria were as follows: (1) treatment with an-
tibiotics within the last 6 months; (2) positive for HIV; and (3)
presence of other diseases that might affect cognition, such
as AD and cerebral vascular diseases.

Demographic Variables of ANS, Neurosyphilis-MCI, and
Neurosyphilis-Dementia Groups

All patients in the ANS group had syphilis detected during pre-
operative examination or pregnancy, and all patients in the neu-
rosyphilis-MCI and neurosyphilis-dementia groups had syph-
ilis detected after the occurrence of cognitive impairment or
neuropsychiatric symptoms. Demographic variables, including
age, sex, education level, and time from the symptom onset
to diagnosis, were recorded for all patients in the ANS, neuro-
syphilis-MCl, and neurosyphilis-dementia groups.

Assessments of Cognitive Function

Cognitive function of each patient, including overall cognitive
function and individual cognitive domains, were assessed by
a series of neuropsychological rating scales by a trained rater
who did not know the diagnosis of the patients. All the rating
scales had good validity.

Overall Cognitive Function

The overall cognitive function was assessed by the MMSE
scale [19]. There are 30 items in the MMSE scale, including
orientation, memory, attention, calculation, language, and vi-
suospatial ability. The lower the score of the MMSE scale, the
worse the overall cognitive function.

The Montreal Cognitive Assessment scale was another scale
used to assess the overall cognitive function [20]. The Beijing
version of this scale covered 8 cognitive domains, including
visuospatial/executive function, naming, memory, attention,
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language, abstraction, delayed recall, and orientation. If the
patient’s education level was <12 years, 1 point was added
to the total score. A lower score of the Montreal Cognitive
Assessment scale indicated worse overall cognitive function.

Individual Cognitive Domains
Memory

The auditory verbal learning test (AVLT) [21] included 12 words.
After reciting all the words once, patients were instructed to
recall them immediately, and the number of words recalled
were recorded. The same procedure was repeated 3 times,
which was defined as immediate recall. After learning the
words 3 times, patients were told to remember these words.
After 5 min and 20 min, patients were instructed to recall
the words and the numbers of correct recalls were recorded,
which were defined as short-delayed recall and long-delayed
recall, respectively. Finally, the patients were instructed to re-
call words by memory [12].

The Rey-Osterrich complex figure test (RCFT) and delayed-RCFT
are commonly used to assess visuospatial ability and visual
memory [22]. Patients were told to copy a picture, with the time
limited to 5 min. Patients were then required to draw this pic-
ture by recall after 25 min. There was no time limit for the de-
layed drawing. The picture was divided into 18 units, and the
total score was 36 points. Each unit was scored 2 points when
the shape and position were correct, 1 point was scored when
the shape was correct and position was incorrect, 0.5 points
was scored when the element was deformed, incomplete, and
incorrectly positioned, and 0 points were scored when the el-
ement was missing or unrecognizable. Regarding the scoring
of the RCFT, 1 point was also scored when the shape was dis-
torted but placed correctly, as per scoring instructions.

Language

The Chinese version of 30-item Boston naming test was used
to evaluate language function. Patients were instructed to
name 30 items from item 1, and if named correctly, the ex-
aminers would proceed to item 2, and so on. If the patients
made self-corrections, credits were given [23].

The verbal fluency test was another scale used to test lan-
guage. Patients were instructed to name as many animals,
furniture, and animal with furniture alternation as possible in
1 min. The numbers of unique response were recorded [24].

Visuospatial Ability

The RCFT was used to assess visuospatial ability, as described
above [22].

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€938316-3




Gao J.-H. et al:
Neuropsychological features of paresis
© Med Sci Monit, 2022; 28: €938316

CLINICAL RESEARCH

Table 1. Demographic variables and clinical signs of the asymptomatic neurosyphilis (ANS), neurosyphilis-mild cognitive impairment
(MCl), and neurosyphilis-dementia groups.

Neurosyphilis Neurosyphilis

Subject details -Mal -dementia F/y? value P value
Patients (n) 18 19 15 NA NA
CAge(meantsDy)  448:117  532196'  500£108 2939 0062
Y 422 1437 1260 14327 0001
Education (meansD,y) 104827 98134 85132 1556 0221
Time from onset to diagnosis, median (IQR), m 0 0.1 (1,6)* 11 (2,18)** 9.002 <0.001

ANS — asymptomatic neurosyphilis; MCI — mild cognitive impairment. * p<0.05, ANS group vs neurosyphilis-MCI group; ** p<0.05,

neurosyphilis-MCI group vs neurosyphilis-dementia group.

Attention and Executive Function

The symbol digit modality test [25] was used to assess attention
and executive function. Patients were asked to match the symbols
to digits in the 90s, according to an illustration of pairing symbol-
digital. Every correctly filled symbol was counted as 1 point, and
the inversion of a symbol was counted as 0.5 points. The first 10
samples were not counted, and the total score was 90 points.

The trail making test A (TMT-A) [25] was also used for evaluating
attention and executive function. Patients were asked to connect
the numbers from 1 to 25 in a proper sequence. The time tak-
en was recoded. The trail making test B (TMT-B) was evaluated
as follows: the numbers from 1 to 25 were all surrounded by a
square and a circle, patients were asked to connect the digits in
a proper sequence but alternating between squares and circles.

The Stroop color-word test (SCWT)-Chinese version [25] was per-
formed as follows: patients were asked to read the words, col-
ors, or color-words on the test board one by one at the fastest
speed. The correct numbers and the total time were recorded.

Collection of CSF and Blood Samples

Before penicillin therapy was administered, each patient under-
went lumbar puncture and had CSF collected; a blood sample
was collected immediately after lumbar puncture. Tests for RPR
(Shanghai Rongsheng Biological Pharmaceutical Co., Ltd, China)
and T. pallidum particle agglutination (Fujirebio, Tokyo, Japan) in
the serum and CSF were conducted as per the manufacturers’ in-
structions. WBCs in the CSF were counted and the protein level in
the CSF was measured in the laboratory of Beijing Ditan Hospital.

Statistical Analysis

Data were analyzed using IBM SPSS version 25.5. Continuous
variables were presented as meantstandard deviations (with
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normal distribution) and interquartile range (with abnormal dis-
tribution). Categorical variables were described by numbers and
percentages. Multiple groups were compared using the Kruskal-
Wallis H test, and 2 groups were compared using the 2-sample
t test or Mann-Whitney U test. Covariance analysis was used to
adjust the influence of confounding factor, such as age. For all
analyses, a P value <0.05 was considered statistically significant.

Results

Demographic Variables

The demographic variables of the ANS, neurosyphilis-MCl, and
neurosyphilis-dementia groups are shown in Table 1.

We found that patients in the ANS group were significantly
younger than those in the neurosyphilis-MCI group (P=0.019),
and the ANS group had a significantly lower proportion of male
patients than the neurosyphilis-MCl group (P<0.001). There were
no differences in age and sex between the neurosyphilis-MCl and
neurosyphilis-dementia groups (P=0.392, P=0.452, respectively).
The duration from symptom onset to diagnosis was 1 month in
the neurosyphilis-MCI group and 11 months in the neurosyph-
ilis-dementia group, implying that the neurosyphilis-MCI group
had a much shorter duration before the confirmation of diagno-
sis than the neurosyphilis-dementia group (P<0.001). There were
no differences in education level among the 3 groups (P=0.221).

Cognitive Function

The overall cognitive function and individual cognitive domains
were evaluated by a series of rating scales (Table 2).

There were significant differences in all the scales except for
TMT-A time, TMT-A accuracy, TMT-B accuracy, SCWT-A time,
SCWT-A accuracy, SCWT-B time, SCWT-B accuracy, and SCWT-C
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Table 2. Neuropsychological assessments of asymptomatic neurosyphilis (ANS), neurosyphilis-mild cognitive impairment (MCl), and
neurosyphilis-dementia groups.

Neurosyphilis- Neurosyphilis-

Ml dementia F/H value P value

Overall cognition

AVLT1R,2R,3R-immediate recall 18.7+4.0 12.0 (11.0, 16.0)* 6.2+4.3** 30.42 <0.001
 AITRshortdelayrecall 6120 20(00,407 00(00,05) 29309 <0001
 ATSRlongdelayrecall 63122 23119 00(00,05) 30973 <0001
. ATeRcuereall 67126 2118 00(00,05) 31395 <0001
”””” RCFTdelayrecall 14375 2000,60F  0000,10 32706 <0001
Clanguage L
”””” BT 265(475280)  221:40° 191348 20502 <0001
o veranmal 2173 165658 109s53% 18626 <0001
 VFumiwe 281 1a2:49° 83:48% 23941 <0001
© VFTanimal fumiture aternation | 194387 131455 61154 22265 <0001

RCFT-figure copying 34.0 (28.75, 36.0) 26.0 (14.0, 34.0)* 9.5 (4.75, 26.25) 21.562 <0.001
Catention
MTAtme® w3136 610(55.0,750) 77.5(6475,10325)% 26817 <0001
| TMRAacway (@) 250(50,250)  250(230,250) 220(200,2425% 20869 <0001
"""" somr 10768 200070 0000125 24705 <0001

217.5 (165.75,

TMT-B time(s) 108.8+27.1 147.2+41.4* 240.0)* 23.974 <0.001
| IMTBacwra)  250(50,250)  250(190,250)  125(0,250%% 17259 <0001
”””” SCWTAtime®) 24646 330(80,390) 5431258 19892 <0001
"""" SCWFAaccuray(®)  500(500,500)  500(500,500)  495(4875,500) 11364 0003
"""" SCWrBtime)  340(00,4375)  570(420,700)  899437.3% 27787 <0001
"""" SCWFBaccuray®)  500(500,500)  500(490,500)  485(@4175,500) 17459 <0001
”””” SCWICtime) 8624309 11508466 1784:882% 10502 <0001
"""" SCWICaccuray(®) ~ 550(540,550)  5L0(390,550f  354x143 20893 <0001

ANS - asymptomatic neurosyphilis; MCl — mild cognitive impairment. * p<0.05, ANS group vs neurosyphilis-MCI group;
** p<0.05, neurosyphilis-MCl group vs neurosyphilis-dementia group.
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Table 3. Laboratory results in serum and cerebrospinal fluid from asymptomatic neurosyphilis (ANS), neurosyphilis-mild cognitive
impairment (MCI), and neurosyphilis-dementia groups.

Ne“";;‘é’l’hi"s' Ne::::::;:is' F/x}/Hvalue P value

Serum RPR titer, median (IQR) 1:8(1:8,1:16) 1:16 (1: 4, 1:32) 1:16 (1: 8, 1: 64) 3.011 0.222
SerumRPRfiter=1:32 (n%) 166) s@21)" 5313 6716 0035
| CSFRPRpositive cases (n%) 4229 136847 9600 8735 0130
CSFRRPREiter>18 (%) o 63 s@E33 0062 0007
CSFWBCcount(my) 55 (44,76 163 145,34 0249 0872
| CSFWBC count>S/pLcases (%)  13(722) 15(789)  11(33 025 0881

;Sezg’;r?tgg'éom"gjgrati°"’ 38 (24.9, 66) 429(32,71) 449 (26,90.8) 0.752 0.536
 CSF protein 45 mg/dL cases (%) [ s@as) s@21) 7669 0071 0965

ANS - asymptomatic neurosyphilis; MCl — mild cognitive impairment. * p<0.05, ANS group vs neurosyphilis-MCI group;

** p<0.05, neurosyphilis-MCl group vs neurosyphilis-dementia group.

time between the ANS and neurosyphilis-MCI groups. There were
significant differences except for AVLT4R, AVLT5R, AVLT6R, RCFT
delay recall, Boston naming test, RCFT-figure copying, symbol
digit modality test, SCWT-A accuracy, and SCWT-C accuracy be-
tween the neurosyphilis-MCl and neurosyphilis-dementia groups.

In summary, overall cognitive function and individual cognitive
domains, including memory, language, visuospatial skill, and
attention/executive function, were all significantly impaired in
the neurosyphilis-MCI group compared with the ANS group,
and further impairments were found in the neurosyphilis-de-
mentia group (Table 2).

Laboratory Results

Although there was no significant difference in the serum RPR ti-
ter among the 3 groups, more patients in the neurosyphilis-MCI
group had serum RPR >1: 32 than in the ANS group (P<0.01).
The CSF RPR positive rate in the neurosyphilis-MCI group was
significantly higher than that in the ANS group (P=0.02), and
the number of patients with a CSF RPR titer >1: 8 in the neu-
rosyphilis-MCI group was significantly higher than that in the
ANS group (P<0.01), and lower than that in the neurosyphi-
lis-dementia group (P<0.01). There were no significant differ-
ences in protein level, WBC count, rate of abnormal protein
level, or WBC count in the CSF among the 3 groups (Table 3).

Discussion

T. pallidum has a highly invasive capability of an organism. In
a previous study, T. pallidum RNA was detected in the CSF as
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early as 18 h after T. pallidum infected the intradermal space
[26]. Therefore, it can present in the CNS of patients with ear-
ly, secondary, and tertiary syphilis. However, GPI, as the rep-
resentative of late parenchymatous syphilis, mostly appears 2
or 3 decades after infection [27]. In the present study, the pa-
tients in the ANS group were younger than those in the neu-
rosyphilis-MCl and neurosyphilis-dementia groups. The av-
erage ages of patients with ANS and GPI in a previous study
were 39 and 52 years, respectively [3].

It was reported that GPl was more prevalent in male pa-
tients [8,28], which was similar to the findings in our study.
However, in the present study, there were more female patients
in the ANS group. In the era of penicillin, the primary-stage man-
ifestations of syphilis, such as eruption, are no longer typical,
so it is difficult to detect syphilis at the early stage. However,
female patients have more opportunities, such as pregnancy
or abortion, to be screened for syphilis-related variables, and
early treatment can prevent the development of GPI. The av-
erage time from symptom onset to confirmed GPI diagnosis
was found to be 10.87 months [29]. Further analysis in the
present study indicated that this duration in the neurosyphi-
lis-MCI group was much shorter than that in the neurosyphi-
lis-dementia group. Hence, the different duration between the
neurosyphilis-MCl and neurosyphilis-dementia groups revealed
the potential time window of intervention, implying that ear-
ly diagnosis and timely treatment might prevent disease pro-
gression from MCI to dementia. It is urgently recommended
that all members of society should increase their knowledge
of syphilis, establish a healthy lifestyle, and achieve early de-
tection and standardized treatment of syphilis.
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This is the first study exploring the cognitive features of neu-
rosyphilis at the MCI stage by using a set of rating scales. We
found that the overall cognitive function was declined in the
neurosyphilis-MCI group, which was similar to the results of
the neurosyphilis-dementia groups. Of note, compared with
the ANS groups, the neurosyphilis-MCI group presented sig-
nificantly compromised multiple cognitive domains, including
memory, language, visuospatial ability, attention and executive
function, displaying the multiple-domain amnestic type of MCI.

Memory impairment is easy to recognize by patients and their
families due to its severe influence on patients’ daily lives. Our
study supported that short-term and long-term memories were
all significantly impaired in patients with GPI, as in patients
with AD [12]. Golby et al verified that the right hippocampus
is involved in visual memory [30]. Hippocampal body volume
is associated with delayed verbal memory in healthy individ-
uals [31] and in patients with mild AD [32]. Therefore, it was
speculated that memory-related brain regions, for example,
the hippocampus, might be firstly damaged, whereas the tem-
poral cortex was relatively preserved, according to the previ-
ously reported pathological findings in patients with GPI [15].
The Papez circuit, including the vault and entorhinal cortex, is
an important brain structure that is closely related to mem-
ory. Any damage in the Papez circuit can lead to memory im-
pairment. It was previously shown that the structure of the
caudate nucleus and thalamus were related to the recognition
score of the AVLT [33]. It was suggested that there was a sig-
nificant correlation between the delayed recall score and me-
tabolism in the posterior cingulate gyrus of both hemispheres
and in the left precuneus in patients with mild AD [34]. Thus,
the brain regions involved in memory are very complex and
may be involved in the memory impairment in patients with
neurosyphilis-MCI.

Visuospatial disability is a cognitive impairment of the prop-
erties of objects in space. It is commonly ignored by patients
in daily life. The RCFT was used to evaluate visuospatial abili-
ty [35]. It was reported that the parietal lobe is closely related
to visuospatial ability in healthy people and that of the right
hemisphere is lateralized [36]. In the present study, it was sur-
prising to find that visuospatial ability was impaired in the
neurosyphilis-MCI group, because varying degrees of atrophy
were found in the anterior parts of the brain but seldomly in
the parietal and occipital lobes by magnetic resonance imag-
ing (MRI) in patients with GPI [8]. In a functional MRI (fMRI)
study of patients with MCI, reductions in the activation of the
neural network, such as the bilateral visual association cortex,
temporo-occipital junction area, left prefrontal lobe, and cin-
gulate gyrus, in addition to the reduction of the parietal lobe,
were found in patients with impaired visuospatial ability. The
left para-hippocampal gyrus is vital in visuospatial ability [37].
One study showed that patients with neurosyphilis-MCI had
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different degrees of atrophy of the frontotemporal lobe [6].
Thus, it is not difficult to notice that the patients in the pres-
ent study, including those with neurosyphilis-MCl, had im-
paired visuospatial ability.

Language disturbance usually occurs when the damage is lo-
cated in the dominant hemisphere. However, the hemisphere
that is prone to be affected in patients with neurosyphilis-
MCI has not been reported. It is known that temporal neocor-
tical [38] and hippocampus [39] volumes were all correlated
with the scores of language tests, such as the Boston naming
test. Moreover, with the development of new imaging technol-
ogies, such as fMRI, brain networks and specific brain regions
were found to be related to language function [40]. Therefore,
although the autopsy pathological results showed no tempo-
ral lobe atrophy, we believe that there might be damage to
the brain network relating to language in patients with GPI,
including patients with neurosyphilis-MCI.

Impairment of executive function and attention can lead to de-
creased learning ability and working memory, which are relat-
ed to the disruption of the integrity of the frontal-striatal cir-
cuit. Frontal lobe atrophy is a common neuroimaging change
found in brain MRI. In this investigation, executive function
and attention were significantly impaired, indicating that the
frontal lobe might have been involved. Meanwhile, it was re-
ported that frontal-parietal areas, including the right precune-
us, right angular gyrus, left paracentral lobule, and right dor-
solateral prefrontal cortex, are the underlying brains areas
involved in executive function [41]. In addition to the above
areas, white matter hyperintensities were also found to be as-
sociated with attention impairment [14]. Therefore, correlation
analysis between cognitive evaluation and MRI of the brain
would be helpful to further understand the impaired cognitive
domains and corresponding lesions in the brain.

In summary, according to the consensus of the International
Working Group on MClI, patients with neurosyphilis-MCl pres-
ent with multi-domain amnestic MCI, which is perhaps related
to the widespread brain involvement at the MCI stage of neu-
rosyphilis. Thus, neurosyphilis may be an important etiology
of multi-domain amnestic MCl, and widespread involvement
of brain regions may account for the protean manifestations.

The differential diagnosis of bilateral temporal lobe lesions in-
cludes infectious diseases, such as herpes encephalitis, human
herpes virus 6 encephalopathy, fungal infection, and syphi-
lis [42]. A pathological study showed that the olfactory bulbs
were involved in patients with GPI [15]. The olfactory organ
might be the pathway to the pathogenesis of GPI. It is possi-
ble that the frontotemporal lobe is easily affected. It was ver-
ified that T. pallidum gains access to deep tissue by traversing
the junctions between endothelial cells [27] and then causes
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inflammation of the meninges, especially in the leptomenin-
ges around the brainstem, inducing extensive brain conges-
tion, apparent microvascular hyperplasia, and increased blood
flow, as confirmed in a quantitative cerebral blood flow anal-
ysis. The perfusion of the regions of interest and glucose me-
tabolism were found to be increased. After penicillin G (24
million units/day for 21 days) treatment, the perfusion and
glucose metabolism were decreased [43]. This was the same
as other changes in acute encephalitis, that focal unilateral hy-
per-perfusion was an indicator of severe inflammation of the
brain tissue [44]. As neuroinflammation intensified, the dam-
age was further aggravated and induced the extensive brain
damage. This might be the cause of extensive cognitive im-
pairment at the MCI stage.

RPR, as a nontreponemal test, is 100% sensitive for early neu-
rosyphilis. It was reported that a serum RPR titer >1: 32 was
predictive of neurosyphilis [45]. However, RPR was only 50% to
75% sensitive for late symptomatic neurosyphilis, with a spec-
ificity of 90% [46], and even was negative in late-stage neuro-
syphilis. In our study, there were no differences in the serum
RPR titers among the 3 groups. However, there were many more
patients with a serum RPR titer >1: 32 in the neurosyphilis-
MCI group than in the ANS group, just as in a previous study
showing that a higher current serum RPR titer was the inde-
pendent risk predictor for symptomatic neurosyphilis, includ-
ing GPI [3]. The CSF RPR is a sensitive index for the diagnosis
of neurosyphilis. Similar to the results of a previous study, in
which CSF RPR was an independent risk predictor for symp-
tomatic neurosyphilis [3], in the present study, CSF RPR posi-
tive rate in the neurosyphilis-MCI group was much higher than
that in the ANS group. The CSF WBC count reflected the activi-
ty of neurosyphilis and was prone to decrease following ther-
apy [47]. Meanwhile, approximately 10% of patients with GPI
were shown to have a WBC count less than 5 cells/mL[47]. In
the present study, there were no differences in the WBC count
and the rate of increased WBC count in the CSF among the 3
groups, suggesting a continuous neuroinflammatory process
through all stages of neurosyphilis. There was also no differ-
ence in the protein level and the rate of elevated protein level
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in the CSF among the 3 groups. Whereas in another study, CSF
protein level was an independent risk factor for symptomatic
neurosyphilis [3], which might be due to patients with differ-
ent types of neurosyphilis being enrolled in that study.

This study has the following limitations. First, the sample size
was relatively small, and more patients with GPI will be en-
rolled in the future. Second, this study lacked the investiga-
tion of neuroimaging changes and their correlations with
cognitive impairment because some patients could not coop-
erate with neuroimaging scanning owing to their neuropsy-
chiatric symptoms.

Conclusions

This study is the first one to investigate the cognitive features
of neurosyphilis at the MCI stage by using a series of rating
scales. The pattern of cognitive impairment in the neurosyph-
ilis-MCl stage is multiple-domain amnestic MCl, and cognitive
function is further deteriorated with disease progression at the
dementia stage. The results imply extensive brain areas are in-
volved in the MCI stage of neurosyphilis. CSF results suggest a
continuous inflammatory process through the different stages
of neurosyphilis. Accordingly, early diagnosis and treatment
are very important for preventing the progression of neuro-
syphilis from the stage of MCl to dementia.
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