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Abstract 

Background  The attentional network test (ANT) is widely used to evaluate the performance of three attentional 
networks: alerting, orienting and executive attention networks. This study aimed to investigate the characteristics 
of attention functions in HIV-negative patients with early forms of neurosyphilis (NS) and their correlation with abnor-
malities in brain magnetic resonance imaging (MRI).

Methods  Thirty patients with early forms of NS, 31 patients with syphilis but without NS (Non-NS) and 35 healthy 
controls were recruited from an HIV-negative cohort between September 2020 and November 2022. The partici-
pants were evaluated with the ANT and the Mini-Mental State Examination (MMSE). Brain MRI was performed in NS 
and Non-NS patients.

Results  No significant differences were observed in the MMSE scores among the three groups. However, patients 
with early forms of NS showed poorer performance in orienting and alerting functions than Non-NS group (F = 6.952, 
P = 0.011 and F = 8.794, P = 0.004, respectively); No significant difference was observed in executive function 
between the two groups (F = 0.001, P = 0.980). Multivariate analysis of variance using the Bonferroni post hoc test 
indicated that patients with NS exhibited less efficient orienting function (P = 0.023), and alerting function (P = 0.003) 
but not executive function (P = 0.99), compared to Non-NS patients. Additionally, a significant difference was found 
in orienting function between patients with NS and healthy controls (P < 0.001) compared to healthy controls. MRI 
scans revealed that the NS group had a higher prevalence of abnormalities in the frontal lobes and/or the temporopa-
rietal junction compared to the Non-NS group (24/25 vs. 13/19, P = 0.032).

Conclusions  The orienting and alerting functions but not executive function were significantly less efficient in early 
forms of NS group than in the Non-NS group (P < 0.01). This indicates deficits in selective attention in patients 
with early forms of NS. Brain MRI scans revealed abnormalities in the frontal and/or parietal lobes, as well as the tem-
poroparietal junction, suggesting potential neuropathological correlates of these attentional deficits.
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Introduction
Neurosyphilis (NS) is caused by the invasion of cen-
tral nervous system by Treponema pallidum subspecies 
pallidum (T. pallidum), and it can occur at any stage of 
syphilis; NS is categorized into early and late forms of NS 
[1]. Late NS is routinely characterized by tabes dorsalis 
and general paresis [2, 3], while early forms of NS may 
present headache, meningismus, cranial nerve palsies, 
blindness, deafness, or it may be asymptomatic, charac-
terized by abnormal laboratory results for cerebrospinal 
fluid (CSF) without any neurological findings [1, 4]. The 
clinical manifestations of NS are diverse and nonspecific, 
which poses a challenge to distinguishing early forms of 
NS from other conditions. Cognitive decline is a com-
mon manifestation of patients with late NS, particularly 
in those with general paresis, which is a progressive brain 
disease leading to both mental and physical deteriora-
tion. Most studies have focused on NS-related dementia, 
often neglecting mild or earlier cognitive impairment. 
Recently, NS-related mild cognitive impairment includ-
ing executive and attentional functions impairment has 
been reported in limited studies [5, 6]. Nonetheless, the 
relationship between early forms of NS and cognitive 
impairment remains poorly understood.

Attention, as a pivotal part of cognition, is defined as 
the ability to allocate appropriate processing resources 
to relevant stimuli, discriminate preferential choices, and 
optimize performance toward behavioral goals, thereby 
enhancing overall cognitive efficiency and effectiveness 
[7]. According to the Attention Network Theory, pro-
posed by Posner and Petersen, the attentional system is 
categorized into three independent networks: alerting, 
orienting, and executive functions. Each of these net-
works is associated with specific anatomical region and 
specific functions. The alerting network maintains a state 
of readiness and alertness to process stimuli, driven by 
norepinephrine and involves the thalamus, frontal cor-
tex, and parietal cortex. The orienting network directs 
attention to specific locations or stimuli, influenced by 
acetylcholine and includes the parietal and frontal lobes, 
temporoparietal junction, pulvinar, and superior colli-
culus. The executive network manages high-level cogni-
tive functions such as conflict resolution, planning, and 
decision-making, modulated by dopamine and involves 
the anterior cingulate cortex and lateral prefrontal cortex 
[8, 9].

The attentional network test (ANT) software, designed 
by Fan et al. [10], is a reliable and simple tool for assessing 
the function of the three attention networks. The ANT 
has been widely used to explore the detailed attentional 
characteristics in individuals with neuropsychiatric dis-
orders, such as attention-deficit/hyperactivity disorder, 
schizophrenia, and Alzheimer’s disease [11–13]; however, 

there is no existing research about the relationships 
between NS and the three attention networks. Studies on 
cognitive decline in patients with NS primarily utilized 
the Mini-Mental State Examination (MMSE) or the Mon-
treal Cognitive Assessment (MOCA) to evaluate general 
or extensive cognitive impairment [14–16]. However, 
MMSE and MOCA are inadequate for detecting early 
cognitive impairment or cognitive impairment in specific 
domains. In addition to white matter hyperintensities in 
patients with general paresis which are associated with 
attention impairment [17], our previous studies [18, 19], 
revealed that patients with early forms of NS (asympto-
matic NS and meningovascular NS) exhibit some degree 
of white matter demyelination. Thus, we hypothesized 
that patients with early forms of NS might also experi-
ence attention deficits. To investigate this hypothesis, 
we employed the ANT to investigate the potential atten-
tion function impairments in HIV-negative patients with 
early forms of NS and evaluate its association with imag-
ing abnormalities.

Methods
Patient
We recruited all consecutive HIV-negative syphilis 
patients with NS or Non-NS who visited our hospital 
from September 2020 to November 2022. The diagnostic 
criteria for NS was based on Chinese sexually transmitted 
disease treatment guidelines [20]. and were as follows: 
(i) positive results for serum T. pallidum particle agglu-
tination (TPPA) and toluidine red unheated serum tests 
(TRUST); (ii) CSF-TPPA reactivity; and (iii) CSF-TRUST 
positive or CSF white blood cell (WBC) count of ≥ 5 
cells/µL or CSF protein concentration of > 50 mg/dL. No 
other diseases of CNS cause CSF pleocytosis or elevated 
protein. Furthermore, early forms of NS included asymp-
tomatic NS, which is characterized by abnormal labora-
tory results on CSF without any neurological findings, 
or included symptomatic NS presenting with headache, 
meningismus, cranial nerve palsies, blindness or deaf-
ness [1]. Non-NS was defined as a seropositive result for 
TPPA and TRUST but a negative result for CSF-TRUST 
and CSF-TPPA [2]. All patients were diagnosed by two 
independent dermatologists and/or neurologists, and 
disagreements were resolved by consensus. The exclu-
sion criteria were as follows: (i) HIV-positive patients; (ii) 
those who presented with signs of vision or hearing loss, 
late forms of NS (general paresis), or other conditions 
affecting cognitive function and cooperation; and (iii) an 
MMSE score of ≤ 24. A flowchart depicting the patient 
inclusion and exclusion criteria is presented in Fig.  1. 
Finally, 61 patients participated and completed both the 
MMSE and ANT. Among them, 55 patients received the 
recommended penicillin, one received oral doxycycline, 
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and another received ceftriaxone due to penicillin allergy, 
additionally, four patients were diagnosed with NS due to 
neurological symptoms, despite no prior history of syphi-
lis infection. During the same period, healthy volunteers 
without T. pallidum, HIV infection or other central nerv-
ous system diseases were recruited as the control group; 
they also completed the MMSE and ANT assessments.

Clinical data collection
Clinical data of all participants, such as demographic 
characteristics, education levels, clinical symptoms and 
signs, serum and CSF-TRUST titers, CSF WBC count 
and protein levels, MMSE scores and ANT performance 
on admission, and brain MRI results during hospitaliza-
tion, were collected.

The MMSE is a widely used screening scale that 
assesses cognitive functions, including orientation, 

memory, attention, language, and structure. This exami-
nation comprises an objective structured scale with 11 
specific items and a total score of 30. There are differ-
ent cutoff points based on education levels, and a score 
of ≤ 24 is defined as abnormal [21]. All scores were accu-
rately assessed by trained physicians previously unaware 
of the patients’ clinical diagnosis.

ANT
ANT, designed by Fan et  al. [10], is a reliable and well-
known tool for assessing attention deficit (Supplemental 
Fig. 1). Each trial begins by presenting a fixation cross in 
the middle of a computer screen. The stimulus signal—
a warning cue (asterisk) or a target (arrow)—may appear 
above or below the center of the screen. Four cue condi-
tions are present: (i) no cue, in which the fixation cross 
continues to appear at the first site; (ii) center cue, in 

Fig. 1  Flowchart showing details of the participant flow in early forms of neurosyphilis and non-neurosyphilis groups
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which an asterisk appears at the central fixation cross; 
(iii) double cue, in which asterisks appear both above and 
below the central fixation cross; and (iv) spatial cue, in 
which an asterisk appears on the target location (either 
above or below the central fixation cross). Furthermore, 
three target conditions are present: (i) neutral target, in 
which there is only one central arrow; (ii) congruent tar-
get, in which there are five arrows in the same direction 
and the central arrow is the target; and (iii) incongruent 
target, in which the arrows flank the target point in the 
direction opposite to that of the central target arrow.

When the test starts, the eyes of the participants are 
60  cm away from the screen, and they are instructed 
to fix their eyes on the cross throughout the test. Each 
trial includes five steps and lasts for 4000  ms. First, the 
fixation cross appears in the middle of the screen for 
400–1600 ms. Second, the warning cue is presented for 
100  ms. Third, the fixation cross appears for 400  ms. 
Fourth, the target is displayed for < 1700 ms. The partici-
pants must determine the direction of the target arrow by 
pressing the direction key in the keyboard as quickly and 
accurately as possible. Finally, the fixation cross appears 
in the middle of the screen again. The initial practice 
block comprised 24 trials, followed by three experimen-
tal blocks, and each block comprised 96 trials; thus, the 
entire test comprised 312 trials. The entire test session 
lasts approximately 30 min; however, pauses and rests are 
allowed between the blocks. The computer records the 
response time (RT) and accuracy during the process. All 
subjects finished the ANT on the same computer with 
a resolution of 1366*768 pixels and a screen size of 12.5 
inches in this study.

The effects of the three attention networks were 
assessed using the differences in RTs [10]. The RTs of the 
three attention networks were calculated as follows:

RTalerting effect = RTno cue − RTdouble cue
RTorienting effect = RTcenter cue − RTspatial cue
RTexecutive function effect = RTincongruent − RTcongruent

Neuroimaging assessment
Brain MRI was performed on patients with and without 
NS, and the results were obtained by independent radi-
ologists and further assessed by experienced radiologists 
who were unaware of the clinical diagnoses. The images 
were acquired using a 1.5- or 3.0-T system (Magnetom 
Avanto 1.5  T, Siemens, Berlin, Germany or Signa HDxt 
3.0  T, GE Healthcare, Milwaukee, WI, USA), and all 
patients underwent axial plain scan without enhanced 
scan. The patients were placed in the supine position, 
and the head imaging plane was parallel to the line of 
the anterior and posterior union of the corpus callosum. 
A 1.5  T Siemens MRI scanning sequence was fast spin 
echo T1WI (TR 525 ms, TE 17 ms), T2WI (TR 3200 ms, 

TE 82  ms), fluid-attenuated inversion recovery (Flair) 
(TR 7500  ms, TE 122  ms), slice thickness 6  mm, spac-
ing 3 mm, fast spin echo 18 cm*18 cm, matrix 256*230; 
and a 3.0 T GE MR scanning sequence was fast spin echo 
T1WI (TR 2000  ms, TE 24  ms), T2WI (TR 3380  ms, 
TE 102  ms), fluid-attenuated inversion recovery (TR 
9000  ms, TE 120  ms) and diffusion-weighted imag-
ing (DWI) (TR 5200  ms, TE minimum), slice thickness 
6 mm, interval 1.5 mm, field of view 24 cm*24 cm, matrix 
384*224.

Statistical analyses
The TRUST titers were log2 transformed (log21/TRUST 
titer) for analysis. Quantitative variables were presented 
as means ± standard deviations or medians (inter-
quartile), as appropriate. One-way analysis of variance 
(ANOVA) or the Mann–Whitney U test was used to 
compare the quantitative variables, depending on the 
data distribution. The Chi-square test was used for quali-
tative variables. Multivariate ANOVA (MANOVA) was 
performed with the effects of the three attentional net-
works, mean RT, and overall accuracy as dependent vari-
ables among the three groups (i.e., patients with early 
forms of NS group vs. Non- NS group, patients with early 
forms of NS group vs. healthy controls; Non- NS group 
vs. healthy controls). To determine the possible asso-
ciation between the groups and the pattern of attention 
network function, MANOVA with Bonferroni post hoc 
test was performed, focusing on the effects of the three 
attentional networks, mean RT, and overall accuracy. 
Differences with two-sided P values of < 0.05 were con-
sidered statistically significant. Statistical analyses were 
performed using Statistical Package for the Social Sci-
ences (version 19.0; IBM Corp., Armonk, NY, USA) and 
GraphPad Prism (version 5.01; GraphPad Software, San 
Diego, CA, USA).

Results
Baseline data
As shown in Fig. 1, 61 HIV-negative patients with syphi-
lis were included in this study, comprising 30 patients 
with early forms of NS and 31 patients without NS (Non-
NS). All patients and 35 healthy controls completed the 
study. Table 1 summarizes the demographic and clinical 
characteristics of patients with or without NS. Unlike the 
non-NS group, men were predominant in the NS group 
(14/30 vs. 6/31; P = 0.03). The mean age of the patients 
was higher in the NS group than that in the non-NS 
group (49.5 ± 12.4 vs. 37.6 ± 11.8  years; P < 0.001). The 
median serum-TRUST titers were significantly higher in 
the NS group than those in the non-NS group [1:16 (1:4, 
1:32) vs. 1:1 (1:1, 1:4); P < 0.001]. CSF WBC count and 
CSF protein concentration were significantly higher in 
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the NS group than those in the non-NS group [7 (5, 13) 
vs.4 (3, 4) cells/µL, P < 0.001; 39.72 (28.19, 55.84) vs. 21.96 
(15.02, 27.27) mg/dL, P < 0.001; respectively]. No differ-
ences were observed in education levels or MMSE scores 
or syphilis infection time between NS group and non-NS 
group (both P > 0.05).

Differences in attentional network effects 
among the groups
Figure  2 illustrates the interactions between different 
conditions for medians of RT in each group. In the distri-
bution of the line chart, a difference in the performance 
was observed in the mean and standard deviation values 
of median RTs among the three groups under different 
cue or target conditions.

As shown in Table 2, significant differences in alerting 
(F = 8.794,  P = 0.004) and orienting (F = 6.952,  P = 0.011) 
effects and mean RT (F = 4.861, P = 0.031) were observed 
between the NS and the non-NS group. However, no 
significant differences were observed in executive effect 
(F = 0.001,  P = 0.980) and overall accuracy between the 
two groups (F = 1.820,  P = 0.183). Furthermore, the per-
formance of the ANT was examined using a three-way 
MANOVA to compare the differences in RTs according 
to the syphilis infection groups (non-NS and NS), sex, 
and age (≤ 45 and > 45  years). There was neither a sig-
nificant three-way multivariate interaction effect nor an 
interaction effect for sex ∗ syphilis infection groups and 
age group ∗ syphilis infection groups at the multivari-
ate level. A significant main effect on RTs was observed 
for the infection group (P = 0.001). Moreover, Bonfer-
roni post hoc test revealed that patients with NS exhib-
ited less efficient orienting attention (P = 0.023) and 
alerting attention (P = 0.003) but not executive attention 
(P = 0.99) than patients without NS. No other significant 
differences were found between the two groups.

Table 1  Demographic variables, clinical characteristics of patients with and without NS

MMSE Mini-Mental State Examination, serum-TRUST serum toluidine red unheated serum test, CSF cerebrospinal fluid, WBC white blood cell, NS neurosyphilis, IQR 
interquartile range

Characteristics NS (n = 30) Non-NS (n = 31) Statistics (NS vs. Non-NS)

Sex (male, %) 14 (46.7%) 6 (19.4%) χ2 = 5.161, P = 0.03

Age (years) 49.53 ± 12.39 37.65 ± 11.83 F = 14.696, P < 0.001

Age ≥ 45 years (n, %) 21 (70.0%) 7 (22.6%) χ2 = 13.805, P < 0.001

Education levels (years) 9.1 ± 3.00 9.8 ± 3.75 F = 0.721, P = 0.40

MMSE score 28.17 ± 1.74 29.00 ± 1.46 F = 2.666, P = 0.11

Serum-TRUST titers, (median, IQR) 1:16 (1:4, 1:32) 1:1 (1:1, 1:4) Z = − 4.890, P < 0.001

CSF WBC count (106/L) (median, IQR) 7 (5, 13) 4 (3,4) Z = − 4.222, P < 0.001

CSF protein level (mg/dL) (median, IQR) 39.72 (28.19, 55.84) 21.96 (15.02, 27.27) Z = − 4.112, P < 0.001

Syphilis infection time (months) (median, IQR) 24 (12.00, 39.00) 36 (12.00, 60.00) Z = − 1.802, P = 0.072

Fig. 2  The interactions between different conditions for medians 
of RT in each group
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As shown in Supplemental Table  1, significant differ-
ences in orienting effect (F = 17.451, P < 0.001), mean RTs 
(F = 13.378, P = 0.001), and overall accuracy (F = 14.621, 
P < 0.001) were revealed between patients with NS and 
controls. Moreover, a difference in overall accuracy was 
observed between patients without NS and controls 
(F = 4.427, P = 0.040). Post hoc analysis using the Bon-
ferroni method showed that patients with NS presented 
less efficient orienting attention than healthy controls 
(P < 0.001). No significant differences in alerting and 
executive attention were found between NS and non-NS 
group and healthy controls (both P > 0.05).

Comparison of neuroimaging between the groups
Overall, 25 patients with NS and 19 patients without 
NS underwent brain MRI. Table 3 shows the differences 
in neuroimaging between the NS and Non-NS groups, 
including white matter hyperintensity and lacunar infarc-
tion. No significant differences were noted in neuroimag-
ing lesions involving the brain region alone (i.e., frontal, 
temporal, parietal, insular, and periventricular lobes) 
between the two groups (all P > 0.05). However, the NS 
group had more patients with abnormalities in the fron-
tal and/or parietal lobes and/or the temporoparietal junc-
tion than the non-NS group (24/25 vs. 13/19, P = 0.032) 
(As shown in Supplementary Figs. 2, 3).

Discussion
In this study, the performance of the ANT was assessed 
for the first time among HIV-negative patients with early 
forms of NS compared to a Non-NS group, and healthy 

controls. Patients with early forms of NS exhibited poorer 
performance in orienting and alerting function compared 
to the Non-NS group and less efficient orienting function 
compared to healthy controls. However, no significant 
differences were observed in executive function among 
the groups. These findings suggest a selective impairment 
in attention functions particularly in orienting and alert-
ing, in HIV-negative patients with early forms of NS.

Cognitive impairment, including alterations in atten-
tion, disorientation to time and place [16, 22]; and 
impairments in language, memory recall, and visuos-
patial abilities, and frontal executive functions [5], has 
been commonly reported in patients with late-stage NS, 
particularly those with general paresis. In contrast, it 
remains unclear whether attentional impairment occurs 
in patients with early forms of NS who do not exhibit 
detectable cognitive decline. The ANT has been validated 
as a sensitive tool for assessing attention function impair-
ments, especially in the attentional networks, and is 
widely used in various conditions, including Alzheimer’s 
disease, posterior circulation ischemia, and HIV-associ-
ated cognitive disorder [23–25]. This study highlights the 
benefit of the ANT in detecting cognitive impairment 
in patients with early forms of NS who maintain normal 
MMSE scores.

This study demonstrated that HIV-negative patients 
with early forms of NS had significantly shorter RTs com-
pared to those without NS and healthy controls in tasks 
involving the orienting network. This suggests that these 
patients exhibit less efficient orienting attention func-
tions after receiving target stimuli or locating targets. In 

Table 2  Attentional network test response times and accuracy of patients with and without NS

Parameter NS (n = 30) Non-NS (n = 31) Statistics

Alerting effect (ms) 13.10 ± 39.60 38.29 ± 25.45 F = 8.794, P = 0.004

Orienting effect (ms) 16.57 ± 32.26 36.00 ± 24.96 F = 6.952, P = 0.011

Executive effect (ms) 90.23 ± 68.72 89.87 ± 41.76 F = 0.001, P = 0.980

Mean response time (ms) 777.37 ± 89.64 717.52 ± 119.70 F = 4.861, P = 0.031

Overall accuracy (%) 90.53 ± 11.09 94.29 ± 10.66 F = 1.820, P = 0.183

Table 3  Brain MRI characteristics of patients with and without NS

Abnormal neuroimagings NS (n = 25) Non-NS (n = 19) P value

Frontal lobe 15 (60.0%) 7 (36.8%) χ2 = 3.191, P = 0.074

Parietal lobe 9 (36.0%) 6 (31.6%) χ2 = 0.094, P = 1.0

Temporal lobe 2 (8.0%) 2 (10.5%) χ2 = 0.083, P = 1.0

Periventricular lobe 6 (24.0%) 1 (5.3%) χ2 = 2.833, P = 0.119

Insular lobe 2 (8.0%) 1 (5.3%) χ2 = 0.127, P = 1.0

The frontal and/or parietal lobes and/or the temporo-
parietal junction

24 (96.0%) 13 (68.4%) χ2 = 6.138, P = 0.032
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contrast, patients with early forms of NS showed similar 
response delays under both incongruent and congruent 
target conditions compared to healthy controls and those 
without NS, indicating that their executive attention 
function remains equally efficient. Additionally, there 
was a significant difference in alerting function between 
the NS and Non-NS groups, but not between the NS 
group and healthy controls. Previous studies have shown 
that age is associated with changes in alerting function 
[11, 26], and age was identified as a risk factor for HIV-
negative patients with NS in our earlier research [27]. 
Therefore, we employed MANOVA with Bonferroni post 
hoc test to determine whether patients with NS still dis-
played less efficient orienting and alerting attention func-
tions. The findings suggest that early forms of NS may be 
linked to specific structural impairments in the brain net-
works related to localization or alerting function rather 
than executive function.

The relationship between cognitive decline and cra-
nial imaging abnormalities has been determined in 
patients with NS [5, 14]. Patients with NS presenting 
with ischemic stroke and a higher burden of cerebral 
small vessel disease showed reduced cognitive function, 
accompanied by progressive brain damage [14]. Gao 
et al. reported that in patients with general paresis, cer-
ebral atrophy predominantly occurred in the anterior 
brain, and abnormal signals were distributed across vari-
ous brain regions, primarily in the frontal and temporal 
lobe. These patients experienced impairments in delayed 
recall, visuospatial/executive and language ability, with 
the temporal lobe potentially being the first brain region 
affected [15]. A pilot single photon emission com-
puted tomography (SPECT) study among HIV-negative 
patients with NS revealed perfusion abnormalities in the 
frontal, insular, and posterior cingulate regions, suggest-
ing potential links between regional structure and cogni-
tive deficits [28]. Our study found that patients with early 
forms of NS exhibited MRI abnormalities in the parietal 
lobes and/or frontal lobes, and/or the temporoparietal 
junction, correlating with impairments in orienting or/
and alerting functions. Inflammation and the immune 
response related to intracranial T. pallidum-related may 
contribute to neural network impairment, leading to 
functional abnormalities in these lobes, mild cognitive 
decline, and dementia. The observed MRI abnormalities 
in these brain regions indicated a potential shift in the 
neural structures associated with them.

This study has several limitations. First, it focused on 
early forms of NS in participants from a single center, 
and the sample size was limited. This might have intro-
duced selection bias. Second, although limited functional 
neuroimaging studies using SPECT or PECT/CT have 
adequately explored the association of cerebral perfusion, 

metabolic abnormalities, and cognitive decline, most 
have reported variable results. Further attentional assess-
ment at additional time points, such as post-antisyphilis 
therapy, could provide better insights into post-treatment 
cognitive development, which is an important area for 
future studies.

Conclusions
HIV-negative patients with early forms of NS exhibited 
significant impairments in orienting and alerting atten-
tion functions. The ANT proved to be an effective tool 
in identifying these specific attention deficits in patients 
with early forms of NS. MRI abnormalities observed in 
the frontal lobes, parietal lobes, and/or the temporopa-
rietal junction suggest the presence of potential neural 
structural and network priority lesions associated with 
these deficits. Further research is necessary to determine 
whether these attention deficits can be ameliorated fol-
lowing anti-syphilis treatment and to investigate the 
mechanisms underlying specific neuronal damage caused 
by T. pallidum in vitro.
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