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A B S T R A C T

Introduction: Syphilis is a highly prevalent sexually transmitted infection worldwide. Patients living with Human 
Immunodeficiency Virus (HIV) have a higher risk of developing neurosyphilis. Actual guidelines advise to 
proceed with lumbar puncture only if neurologic symptoms are present. However, asymptomatic neurosyphilis 
patients are not rare in the HIV population and other risk factors should be defined to guide screening.
Methods: We performed a retrospective cohort to evaluate risk factors related to neurosyphilis in HIV patients. 
Adults with HIV infection and laboratory confirmed syphilis between 2011 and 2021 were included. Patients 
with no record of syphilis treatment, VDRL titers ≤ 1:4, other neurologic diseases or non-HIV related immu
nological impairment were excluded. The patients were followed for 2-years after syphilis diagnosis.
Results: One-hundred and forty patients (190 syphilis episodes) were included, with mean age of 45.0 ± 9.2- 
years-old, 111 (79.3 %) were male, 48 (25.8 %) had CD4 count ≤ 350 cells/mm3 at syphilis diagnosis (me
dian: 522.5 cells/mm3; IQR: 315.5‒703.5), 127 (66.8 %) of 172 had a HIV viral load ≤ 400 copies/mm3 and 
median serum VDRL titer was 1:64 (IQR: 1:16‒1:128). In multivariate analysis, serum VDRL titers ≥ 1:32 and 
the presence of neurologic symptoms were associated with neurosyphilis, while HIV viral load ≤ 400 copies/ 
mm3 was a protective factor.
Discussion: In addition to the presence of neurological symptoms, HIV viral load > 400 copies/mm3 and VDRL 
titers ≥ 1:32 were shown to be risk factors for neurosyphilis in this study and diagnostic lumbar puncture should 
be considered in these cases.

Introduction

Syphilis is a systemic bacterial infection caused by Treponema pal
lidum, a Gram-negative bacterium from the spirochete group. It is 
transmitted sexually or vertically and there is worldwide concern due to 
the progressively increasing incidence that has been observed in recent 
years.1,2 Neurosyphilis is usually a late complication of untreated 
syphilis which occurs in approximately 30 % of the patients3 Syphilis 
incidence is estimated to be 77-times greater in HIV infected individuals 
than that of the general population.4,5 Untreated syphilis facilitates HIV 
transmission; on the other hand, HIV infection interferes with the clin
ical manifestations of syphilis and increases risk of treatment failure.6

Additionally, due to immunosuppression, progression to neurosyphilis is 

more common among HIV patients, in which about 30 % of patients with 
untreated syphilis develop neurosyphilis.7

The benefit of CSF analysis in HIV patients with syphilis and 
neurological symptoms is clear. The Centers for Disease Control (CDC) 
2013 guidelines proposed that only patients with clinical evidence of 
neurological involvement ‒ such as cognitive dysfunction, motor or 
sensory deficit, visual or hearing symptoms, among others ‒ should be 
submitted to Cerebrospinal Fluid (CSF) analysis.8 However, diagnosing 
neurosyphilis in asymptomatic patients poses a challenge. A retrospec
tive cohort study evaluated 7083 patients with syphilis. This cohort 
showed that the incidence of neurosyphilis among those infected with 
HIV compared to those without HIV was 2.1 % and 0.6 %, respectively, 
culminating in 67 % of neurosyphilis cases was diagnosed in 
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HIV-infected participants (21 % were asymptomatic).9

Since Central Nervous System (CNS) involvement can occur at any 
syphilis stage,10 and CSF abnormalities are common in patients with 
early syphilis,11,12 even in the absence of symptoms, submitting only 
symptomatic patients to CSF analysis could lead to underdiagnosis of 
neurosyphilis. Some studies reported a greater level of neurocognitive 
impairment or CNS inflammation in HIV positive patients with previous 
early-syphilis but no diagnosis of neurosyphilis who were treated with 
standard benzathine penicillin G, which does not cross the blood-brain 
barrier.13,14 However, it is often not possible to submit all patients 
with HIV infection and syphilis to a lumbar puncture. Potential risk 
factors other than neurological symptoms could help base the decision 
on which patients should undertake CSF analysis, such as viral load, CD4 
count and VDRL titers. Therefore, this study aims to evaluate the impact 
of these factors on the development of neurosyphilis in a two-year span 
in a high-HIV prevalence setting.

Materials and methods

Study design, patients and settings

We performed a retrospective cohort of adult patients (> 18-years- 
old) with HIV infection who were diagnosed with syphilis between 
2011 and 2021 and were followed in outpatient clinic or in-hospital care 
in two teaching hospitals (335 and 836 beds each) in the city of Porto 
Alegre, Brazil.

Patients were excluded if there was no record of syphilis treatment or 
if other neurologic diseases or non-HIV related immunological impair
ment were present. Patients presenting VDRL titers ≤ 1:4 were also 
excluded as we could not rule out the possibility of a false-positive result 
in previously treated patients. Patients were followed for two years after 
syphilis diagnosis.

Variables and definitions

Syphilis diagnosis was made by a positive treponemal titer (FTAbs) 
followed by a positive non-treponemal test (VDRL). In previously 
diagnosed patients, a new syphilis diagnosis was considered when VDRL 
titer raised ≥ 4-fold or 2 dilutions. Neurosyphilis was defined as syphilis 
diagnosis and CSF with positive VDRL or leukocyte count > 10 cells/ 
mm3. As HIV itself can cause CSF pleocytosis and the threshold for 
neurosyphilis diagnosis is not a consensus, we also explored how diag
nostic rates would be impacted if we considered a CSF leukocyte count 
criteria of ≥ 20 cells/mm3. Adequate response for latent syphilis treat
ment was defined as serological response (defined as a ≥ 4-fold or 2 
dilutions decrease in VDRL titer or reversion of the test to nonreactive) 1 
year after treatment in the absence of neurological symptoms within 2 
years. Reinfection was defined as ≥ 4-fold or 2 dilutions increase in 
VDRL titers during follow-up.

The primary outcome was confirmed neurosyphilis within 2 years of 
follow-up. Follow-up losses were considered as not having the primary 
outcome, favoring the null hypothesis.

Potential risk factors for neurosyphilis development evaluated were: 
demographic characteristics (age and sex); clinical neurological symp
toms (headache, dizziness, stroke, meningism, coma, seizures, gummas, 
visual and otologic symptoms); antiretroviral therapy; antimicrobial 
treatment for syphilis and laboratory parameters (VDRL, FTAbs, CSF 
biochemistry, CD4+ lymphocyte, HIV viral load). Data were collected 
through review of medical records. Both centers have neurologists on- 
site for medical care, but patients were only evaluated in cases that 
the attending team requested based on patient complaints.

Statistical analysis

The data were presented as median and Interquartile Range (IQR), 
25th (p25) and 75th (p75) percentiles, for ordinal or non-normally 

distributed continuous variables and total and percentage values for 
categorical variables. Bivariate analysis was performed separately for 
each variable to evaluate the differences between patient outcomes 
groups (confirmed neurosyphilis versus others); p-values were calcu
lated using Fisher’s exact test for categorical variables and Student’s t- 
test or Wilcoxon-Mann-Whitney test for continuous variables. We also 
explored whether the change in the 2015 CDC guideline recommenda
tion for performing lumbar puncture only in symptomatic patients 
impacted clinical practice by comparing patients’ profiles and diagnosis 
in the two periods.

A logistic regression model was set to evaluate risk factors for 
developing neurosyphilis. Variables with p < 0.2 in univariable analysis 
were included in the model, and variables with p < 0.05 in the multi
variate analysis remained in the final model. We performed an alter
native analysis considering only patients with CSF positive VDRL titers 
as having confirmed neurosyphilis. Subgroup analysis was performed: 1) 
Excluding patients that did not reach serologic response and were not 
submitted to lumbar puncture, as we could not rule out neurosyphilis; 2) 
Including only patients who were submitted to CSF analysis; and 3) 
Excluding patients who presented with neurological symptoms. All tests 
were two-tailed and a p ≤ 0.05 were considered significant. Analyses 
were performed in SPSS, version 29.0.

Ethical aspects

This study was approved by the ethics committee of the involved 
hospitals (CAAE 89054518.5.0000.5336 and 89054518.5.3001.5327). 
The informed consent was waived by the ethics committee due to 
retrospective data collection from medical records, without direct in
terventions to participants.

Results

Cohort characteristics

From 2011 to 2021, 250 registered syphilis episodes from patients 
followed up in the HIV outpatient clinic were evaluated for this cohort 
(Fig. 1). From these, 36 (14.4 %) were excluded for VDRL titers < 1:4 at 
diagnosis, 16 (6.4 %) for no registry of treatment and 8 (3.2 %) for other 
neurologic conditions. One-hundred and ninety syphilis episodes were 
included for analysis, accounting for 140 patients. Patients’ median age 
was 46.4 (34.0‒54.0) years old and 111 (79.3 %) were male. Forty-nine 
(25.8 %) episodes occurred in patients who had CD4 count < 350 cells/ 
mm3 at syphilis diagnosis. Median CD4 count was 522.5 cells/mm3 

(IQR: 315.5‒703.5). One-hundred and twenty-seven (66.8 %) of 172 
had a HIV viral load < 400 copies/mm3. Median VDRL titer was 1/64 
(IQR: 1/16‒1/128). To treat these syphilis episodes, the patients 
received penicillin benzathine 147 (77.4 %), penicillin cristalin 17 (8.4 
%), ceftriaxone 27 (14.2 %), doxycycline 14 (7.4 %).

In 84 (44.2 %) of the 190 syphilis episodes, patients were submitted 
to lumbar puncture. Twenty-five (29.8 %) of these patients had a 
confirmed diagnosis of neurosyphilis: 19 (76.0 %) of 25 due to positive 
CSF VDRL titers and 6 (24.0 %) due to cytologic criteria with median 
leukocyte count of 16 (IQR: 15‒80) cells/mm3. Four of the six patients 
who were diagnosed due to cytologic criteria had CSF leukocyte count <
20 (12‒16) cells/mm3. Therefore, if a threshold of ≥ 20 cells/mm3 was 
considered for diagnosis, 21 (25.0 %) of 84 patients who performed 
lumbar puncture would meet the criteria for confirmed neurosyphilis.

Among the 165 latent syphilis episodes, 142 (86.1 %) fulfilled cure 
criteria after treatment (twofold reduction in subsequent serum VDRL 
test titers and no clinical symptoms in two years). In the 23 (13.9 %) 
episodes that did not achieve cure criteria, patients had been treated 
with benzathine penicillin 19 (82.7 %), ceftriaxone 2 (8.7 %), doxycy
cline 2 (8.7 %) and cristalin penicillin 1 (4.3 %).

When comparing patients who performed lumbar puncture from 
2011‒2014 and 2015‒2021, 4 (8.2 %) of 49 had neurologic symptoms 
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versus 12 (34.8 %) of 35, respectively, p = 0.004. Confirmed neuro
syphilis rates were 11 (12.8 %) of 86 and 14 (13.5 %) of 104, in the first 
and second period of the cohort respectively, p = 0.99. Nine (81.8 %) of 
11 patients diagnosed with neurosyphilis were asymptomatic between 
2011‒2014, versus 7 (50.0 %) of 14 patients in the second period, p =
0.21.

Risk factors for neurosyphilis

Risk factors for developing neurosyphilis in univariate analysis were 
presented in Table 1. In the multivariate logistic regression model, 
neurologic symptoms Odds Ratio (OR = 4.23), 95 % Confidence Interval 
(95 % CI 1.50‒11.93), p < 0.01, HIV viral load ≤ 400 copies/mm3 (OR 
= 0.28, 95 % CI 0.11‒0.70, p < 0.01) and VDRL serological titers ≥ 1:32 
(OR = 5.1, 95 % CI 1.11‒23.0, p = 0.036) were independently related 
factors. In an alternative analysis, considering only CSF positive VDRL 
titers as confirmed neurosyphilis criteria, neurologic symptoms (OR =
5.74, 95 % CI 1.72‒19.09, p = 0.004), VDRL serological titers ≥ 1:32 
(OR = 8.9, 95 % CI 1.10–73.4, p = 0.043) and CD4 count ≤ 350 cells/ 
mm3 (OR = 4.4, 95 % CI 1.5‒13.6, p < 0.001) were independent risk 
factors, while HIV viral load ≤ 400 copies/mm3 (OR = 0.25, 95 % CI 
0.8‒0.76, p = 0.015) was a protective factor.

Subgroup analysis

We did subgroup analysis excluding patients initially considered to 
have latent syphilis but who failed to achieve cure criteria after treat
ment, considering that neurosyphilis could not be completely excluded 

in this population. One-hundred and sixty-seven syphilis episodes were 
included in this model. HIV viral load ≤ 400 copies/mm3 was an inde
pendent protective factor (OR = 0.29, 95 % CI 0.15‒0.72, p = 0.007), 
while neurological symptoms increased the risk for neurosyphilis diag
nosis (OR = 4.6, 95 % CI 1.64‒12.69, p = 0.004).

We also evaluated separately only the subgroup of patients who 
performed lumbar puncture. Eighty-four patients were included in this 
analysis. Neurological symptoms (OR = 3.6‒4.5, 95 % CI 1.05‒12.1, p 
= 0.041), HIV viral load ≤ 400 copies/mm3 (OR = 0.28, 95 % CI 0.10‒ 
0.81, p = 0.018) and VDRL serological titers ≥ 1:32 (OR = 5.5, 95 % CI 
1.10‒27.7, p = 0.041) were the variables in the final model.

Finally, we excluded patients who presented with neurological 
symptoms at syphilis diagnosis, in order to understand risk factors in the 
population of asymptomatic patients. One-hundred and sixty-six pa
tients were included in this analysis, with 16 (9.6 %) neurosyphilis 
confirmed diagnosis: 11 with CSF VDRL positive titers and 5 due to 
cytologic criteria. An HIV viral load ≤ 400 copies/mm3 (OR = 0.20, 95 
% CI 0.06‒0.65, p = 0.008) was an independently protective factor, 
while serum VDRL titer ≥ 1:32 (OR = 13.4, 95 % CI 1.6‒113.4, p =
0.017) and CD4 count ≤ 350 cells/mm3 (OR = 4.0, 95 % CI 1.23‒1289, 
p = 0.021) increased the risk for confirmed neurosyphilis. Considering 
only the 11 patients with CSF VDRL positive titers as having confirmed 
neurosyphilis, HIV viral load ≤ 400 copies/mm3 (OR = 0.16, 95 % CI 
0.031‒0.83, p = 0.029) and CD4 count ≤ 350 cells/mm3 (OR = 10.0, 95 
% CI 1.94‒51.21, p = 0.006) were independent risk factors to this 
outcome. Among 128 (77.1 %) of the 166 asymptomatic patients which 
had CD4+ ≤ 350 cells/mm3 or VDRL titer ≥ 1:32, 15 (11.7 %) had 
confirmed neurosyphilis: 11 with CSF VDRL positive titers and 4 due to 
cytologic criteria. In contrast, none of the asymptomatic patients with 
HIV viral load ≤ 400 copies/mm3 and VDRL titers ≤ 1:32 were diag
nosed with neurosyphilis, see Fig. 2.

Discussion

In this cohort of 190 syphilis episodes in HIV-infected patients, 25 
(13.2 %) were diagnosed with neurosyphilis. Neurological symptoms 
and VDRL titers ≥1:32 were independent risk factors for confirmed 
neurosyphilis, while HIV viral load ≤400 copies/mm3 was a protective 
factor. The findings were the same in the subgroup in which all patients 
had CSF evaluation. When we considered only patients with CSF VDRL 
positive titers as having confirmed neurosyphilis, results were main
tained and CD4 count ≤ 350 cells/mm3also appeared as a risk factor. In 
the subgroup of patients without neurologic symptoms, 9.6 % were 
diagnosed with neurosyphilis. VDRL titers ≥ 1:32, HIV viral load ≤ 400 
copies/mm3 and CD4 count ≤ 350 cells/mm3 were independent factors 
for neurosyphilis diagnosis. Therefore, results were consistent among 
different subgroups and outcome analysis.

The correlation between the increased risk of neurosyphilis in pa
tients with neurological symptoms and higher VDRL titers has been 

Fig. 1. Inclusion flowchart.

Table 1 
Risk factors for developing neurosyphilis in univariate analysis.

Risk factors Total Cohort Neurosyphilis

n = 190 Yes = 24 No = 166 p

Age (years) 46.4 (34.0‒ 
54.0)

49.0 (41.5‒ 
53.3)

44.2 (34.0‒ 
54.0)

0.318

Gender (male) 148 (77.9) 10 (80.0) 128 (77.6) 0.99
CD4+ < 350 cells/ 

mm3
49 (25.8) 11 (44.0) 38 (23.0) 0.047

VDRL titer > 1:32 133 (70.0) 23 (92.0) 110 (66.7) 0.009
HIV viral load < 400 

U/mm3
127 (66.8) 10 (40.0) 117 (70.9) 0.005

Neurologic symptoms* 24 (12.6) 9 (36.0) 15 (9.1) 0.001
Headache 8 (4.2) 0 8 (4.8) 0.600
Dizziness 5 (2.6) 3 (12.0) 2 (1.2) 0.017
Stroke 6 (3.2) 4 (16.0) 2 (1.2) 0.003
Meningism 1 (0.5) 0 1 (0.6) 0.99
Sensorium depression 3 (1.6) 2 (8.0) 1 (0.6) 0.046
Seizures 1 (0.5) 1 (4.0) 0 0.132
Panuveitis 2 (1.1) 1(4.0) 1(0.6) 0.246
Venous sinus 

thrombosis
1 (0.5) 1(4.0) 0 0.132
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previously described in the literature.11,15-18 Until 2015, the recom
mendation to proceed with lumbar puncture was the presence of 
neurologic symptoms, CD4+ ≤ 350 cells/mm3 or VDRL titer ≥1:32.19

The recommendation changed in 2015 to only proceed with lumbar 
puncture in symptomatic patients.8,17,20 The background for this change 
was the fact that CSF leukocyte count is commonly elevated in persons 
with HIV infection during early syphilis11 and are of unknown signifi
cance in the absence of neurologic signs or symptoms.12 In 2018, a 
retrospective study was published with 59 asymptomatic patients with 
CD4 < 350 cells/mm3 and/or Rapid Plasma Reagin (RPR) titer > 1:32 
who were evaluated with lumbar puncture after treated with standard 
benzathine penicillin G (median 8-months).21 Only one patient had 
neurosyphilis.21 In contrast, in our cohort, 15 (11.7 %) of the 128 
asymptomatic patients with CD4 ≤ 350 cells/mm3 and/or VDRL titers ≥
1:32 were diagnosed with neurosyphilis. Our findings are in accordance 
with other recent studies which have shown that CD4+ count and serum 
VDRL titers, among other factors, were risk factors to neurosyphilis 
diagnosis in the HIV-infected population.15,16

The correlation between the increased risk of neurosyphilis and the 
HIV viral load is not appointed by international guidelines.8,22 Previous 
studies have found that HIV viral load may be a risk factor for neuro
syphilis or that use of any highly active antiretroviral therapy before 
syphilis infection reduced the odds of neurosyphilis.23 Although anti
retroviral therapy is widely available in our country, patient adherence 
to therapy is often challenging, especially in more vulnerable pop
ulations.24 Identifying individuals who are not yet on therapy or who 
have poor adherence, reflected by detectable viremia in the blood, could 
help in the diagnosis of possible asymptomatic neurosyphilis cases ac
cording to our findings.

This study has some limitations. Some risk factors, such as the 
presence of neurological symptoms, especially mild symptoms, such as 
cognitive complaints, may have been under identified due to the retro
spective design. Patients did not undergo standardized neurological 
assessments and were not always evaluated by neurologists, which may 
have compromised the recording of less apparent neurological symp
toms. Likewise, antimicrobial treatment performed may not have been 
properly. Also, the adherence to the prescribed treatment could not be 

measured. As the recommendations for performing lumbar puncture in 
HIV patients changed in 2015, the rate of lumbar puncture performance 
in asymptomatic patients was significantly lower after that period. 
Therefore, patients may have been underdiagnosed after this new 
guideline, however we followed patients in order to observe if neuro
logical symptoms would develop or if they would fail to decrease VDRL 
titers. Finally, some patients were diagnosed with neurosyphilis based 
on CSF cytologic criteria only, which can lack specificity, and most of 
them did not perform a CSF control after treatment. To minimize this 
potential bias, we excluded patients with other neurologic conditions or 
alternative diagnosis. We also explored how diagnostic rates would have 
been impacted if we had used a CSF leucocyte count criteria of ≥ 20 
cells/mm3 and performed a separate analysis considering only CSF 
VDRL positive titers as confirmed neurosyphilis criteria with results 
going in the same direction.

The strengths of this cohort were the relative high number of syphilis 
cases analyzed in HIV patients, and a long follow-up (2-years). This 
magnitude reflects the local epidemiology. In Brazil, we have been 
observing an increasing incidence of syphilis cases, which has reached 
more than 160,000 cases a year in 2021.1 The state of Rio Grande do Sul 
(Brazil), in which the study was conducted, has the highest prevalence of 
HIV in the country.1,25 It also belongs to the region with the highest 
prevalence of acquired syphilis cases, which has shown a 9-fold increase 
from 2011 to 2021.1 Like Brazil, the United States has experienced a rise 
in syphilis incidence between 2018 and 2022, from 115,000 to more 
than 207,000 cases.26 Therefore, the current epidemiological situation 
of syphilis is significantly worse than during the periods when the 
studies informing the changes in diagnostic criteria were conducted. 
These variations in syphilis prevalence across different locations and 
time periods affect the pre-test probability of neurosyphilis and may 
influence study outcomes. Analyses within this high HIV-syphilis prev
alence setting are essential to further explore potential risk factors for 
neurosyphilis beyond the presence of neurological symptoms.

In conclusion, our study showed a correlation between VDRL titers, 
HIV viral load, CD4 count and neurological symptoms with the diagnosis 
of neurosyphilis. Incorporating these variables in the decision process of 
performing lumbar puncture in HIV patients with syphilis may be 
important, especially in high prevalence settings.
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1. Secretaria de Vigilância em Saúde M da S. Boletim epidemiológico ‒ sífilis 2022 
[Internet]. 2022 [cited 2024 May 1]. Available from: https://www.gov.br/saude/pt- 
br/centrais-de-conteudo/publicacoes/boletins/epidemiologicos/especiais/2022/bo 
letim-epidemiologico-de-sifilis-numero-especial-out-2022.

2. Mayer KH. Old pathogen, new challenges: a narrative review of the multilevel 
drivers of syphilis increasing in American men who have sex with men. Sex Transm 
Dis. 2018;45(9S Suppl 1):S38–S41.

3. Tuddenham S, Ghanem KG. Neurosyphilis: knowledge gaps and controversies. Sex 
Transm Dis. 2018;45:147–151.

Fig. 2. The figure illustrates the distribution of confirmed neurosyphilis cases 
among asymptomatic HIV-syphilis co-infected patients, stratified by VDRL 
serum titers (≥ 1/32 vs. < 1/32) and HIV viral load (≤ 400 copies/mL). 
Notably, no neurosyphilis cases were observed in patients with VDRL serum 
titers < 1/32 and HIV viral load ≤ 400 copies/mL.

B. Arns et al.                                                                                                                                                                                                                                     

https://www.gov.br/saude/pt-br/centrais-de-conteudo/publicacoes/boletins/epidemiologicos/especiais/2022/boletim-epidemiologico-de-sifilis-numero-especial-out-2022
https://www.gov.br/saude/pt-br/centrais-de-conteudo/publicacoes/boletins/epidemiologicos/especiais/2022/boletim-epidemiologico-de-sifilis-numero-especial-out-2022
https://www.gov.br/saude/pt-br/centrais-de-conteudo/publicacoes/boletins/epidemiologicos/especiais/2022/boletim-epidemiologico-de-sifilis-numero-especial-out-2022
http://refhub.elsevier.com/S1413-8670(25)00022-4/sbref0002
http://refhub.elsevier.com/S1413-8670(25)00022-4/sbref0002
http://refhub.elsevier.com/S1413-8670(25)00022-4/sbref0002
http://refhub.elsevier.com/S1413-8670(25)00022-4/sbref0003
http://refhub.elsevier.com/S1413-8670(25)00022-4/sbref0003


Brazilian Journal of Infectious Diseases 29 (2025) 104519

5

4. Chesson HW, Heffelfinger JD, Voigt RF, Collins D. Estimates of primary and 
secondary syphilis rates in persons with HIV in the United States. Sex Transm Dis. 
2002;2005(32):265–269.

5. Kidd S, Torrone E, Su J, Weinstock H. Reported primary and secondary syphilis cases 
in the United States: implications for HIV infection. Sex Transm Dis. 2018;45(9S 
Suppl 1):S42–S47.

6. Wu MY, Gong HZ, Hu KR, Zheng HY, Wan X, Li J. Effect of syphilis infection on HIV 
acquisition: a systematic review and meta-analysis. Sex Transm Infect. 2021;97: 
525–533.

7. Ghanem KG. REVIEW: Neurosyphilis: a historical perspective and review. CNS 
Neurosci Ther. 2010;16:e157–e168.

8. Workowski KA, Bolan GA, Centers for Disease Control and Prevention. Sexually 
transmitted diseases treatment guidelines. MMWR Recomm Rep. 2015;64(RR-03): 
1–137, 2015.

9. Taylor MM, Aynalem G, Olea LM, He P, Smith LV, Kerndt PR. A consequence of the 
syphilis epidemic among men who have sex with men (MSM): neurosyphilis in Los 
Angeles, 2001–2004. Sex Transm Dis. 2008;35:430–434.

10. Firlag-Burkacka E, Swiecki P, Cielniak I, Siwak E, Gizinska J, Bakowska E, et al. High 
frequency of neurosyphilis in HIV-positive patients diagnosed with early syphilis. 
HIV Med. 2016;17:323–326.

11. Marra CM, Maxwell CL, Smith SL, Lukehart SA, Rompalo AM, Eaton M, et al. 
Cerebrospinal fluid abnormalities in patients with syphilis: association with clinical 
and laboratory features. J Infect Dis. 2004;189:369–376.

12. Lukehart SA, Hook 3rd EW, Baker-Zander SA, Collier AC, Critchlow CW, 
Handsfield HH. Invasion of the central nervous system by Treponema pallidum: 
implications for diagnosis and treatment. Ann Intern Med. 1988;109:855–862.

13. Marra CM, Deutsch R, Collier AC, Morgello S, Letendre S, Clifford D, et al. 
Neurocognitive impairment in HIV-infected individuals with previous syphilis. Int J 
STD AIDS. 2013;24:351–355.

14. Ho EL, Maxwell CL, Dunaway SB, Sahi SK, Tantalo LC, Lukehart SA, et al. 
Neurosyphilis increases human immunodeficiency virus (HIV)-associated central 
nervous system inflammation but does not explain cognitive impairment in HIV- 
infected individuals with syphilis. Clin Infect Dis. 2017;65:943–948.

15. Yang Y, Gu X, Zhu L, Cheng Y, Lu H, Guan Z, et al. Clinical parameter-based 
prediction model for neurosyphilis risk stratification. Epidemiol Infect. 2024;152:e21.

16. Ceccarelli G, Borrazzo C, Lazzaro A, Innocenti GP, Celani L, Cavallari EN, et al. 
Diagnostic issues of asymptomatic neurosyphilis in HIV-positive patients: a 
retrospective study. Brain Sci. 2019;9:278.

17. Ghanem KG, Moore RD, Rompalo AM, Erbelding EJ, Zenilman JM, Gebo KA. 
Lumbar puncture in HIV-infected patients with syphilis and no neurologic 
symptoms. Clin Infect Dis. 2009;48:816–821.

18. Libois A, De Wit S, Poll B, Garcia F, Florence E, Del Rio A, et al. HIV and syphilis: 
when to perform a lumbar puncture. Sex Transm Dis. 2007;34:141–144.

19. Centers for Disease Control and Prevention, Workowski KA, Berman SM. Sexually 
transmitted diseases treatment guidelines. MMWR Recomm Rep. 2006;55(RR-11): 
1–94, 2006.

20. Yang CJ, Chang SY, Hung CC. Sensitivity and specificity of lumbar puncture in HIV- 
infected patients with syphilis and no neurologic symptoms. Clin Infect Dis. 2009;49 
(162):162–163. author reply.

21. Tomkins A, Ahmad S, Cousins DE, Thng CM, Vilar FJ, Higgins SP. Screening for 
asymptomatic neurosyphilis in HIV patients after treatment of early syphilis: an 
observational study. Sex Transm Infect. 2018;94(5):337–339.

22. Workowski KA, Bachmann LH, Chan PA, Johnston CM, Muzny CA, Park I, et al. 
Sexually transmitted infections treatment guidelines. MMWR Recomm Rep. 2021;70 
(4):1–187, 2021.

23. Ghanem KG, Moore RD, Rompalo AM, Erbelding EJ, Zenilman JM, Gebo KA. 
Neurosyphilis in a clinical cohort of HIV-1-infected patients. AIDS. 2008;22(10): 
1145–1151.

24. Detsis M, Tsioutis C, Karageorgos SA, Sideroglou T, Hatzakis A, Mylonakis E. Factors 
associated with HIV testing and HIV treatment adherence: a systematic review. Curr 
Pharm Des. 2017;23:2568–2578.

25. Kojima N, Klausner JD. An update on the global epidemiology of syphilis. Curr 
Epidemiol Rep. 2018;5:24–38.

26. 2022 U.S. Syphilis cases reach highest numbers since the 1950s [Internet]. 2024 
[cited 2024 Dec 14]. Available from: https://www.cdc.gov/nchhstp/newsroo 
m/releases/2024/STI-Surveillance-Report-2022.html.

B. Arns et al.                                                                                                                                                                                                                                     

http://refhub.elsevier.com/S1413-8670(25)00022-4/sbref0004
http://refhub.elsevier.com/S1413-8670(25)00022-4/sbref0004
http://refhub.elsevier.com/S1413-8670(25)00022-4/sbref0004
http://refhub.elsevier.com/S1413-8670(25)00022-4/sbref0005
http://refhub.elsevier.com/S1413-8670(25)00022-4/sbref0005
http://refhub.elsevier.com/S1413-8670(25)00022-4/sbref0005
http://refhub.elsevier.com/S1413-8670(25)00022-4/sbref0006
http://refhub.elsevier.com/S1413-8670(25)00022-4/sbref0006
http://refhub.elsevier.com/S1413-8670(25)00022-4/sbref0006
http://refhub.elsevier.com/S1413-8670(25)00022-4/sbref0007
http://refhub.elsevier.com/S1413-8670(25)00022-4/sbref0007
http://refhub.elsevier.com/S1413-8670(25)00022-4/sbref0008
http://refhub.elsevier.com/S1413-8670(25)00022-4/sbref0008
http://refhub.elsevier.com/S1413-8670(25)00022-4/sbref0008
http://refhub.elsevier.com/S1413-8670(25)00022-4/sbref0009
http://refhub.elsevier.com/S1413-8670(25)00022-4/sbref0009
http://refhub.elsevier.com/S1413-8670(25)00022-4/sbref0009
http://refhub.elsevier.com/S1413-8670(25)00022-4/sbref0010
http://refhub.elsevier.com/S1413-8670(25)00022-4/sbref0010
http://refhub.elsevier.com/S1413-8670(25)00022-4/sbref0010
http://refhub.elsevier.com/S1413-8670(25)00022-4/sbref0011
http://refhub.elsevier.com/S1413-8670(25)00022-4/sbref0011
http://refhub.elsevier.com/S1413-8670(25)00022-4/sbref0011
http://refhub.elsevier.com/S1413-8670(25)00022-4/sbref0012
http://refhub.elsevier.com/S1413-8670(25)00022-4/sbref0012
http://refhub.elsevier.com/S1413-8670(25)00022-4/sbref0012
http://refhub.elsevier.com/S1413-8670(25)00022-4/sbref0013
http://refhub.elsevier.com/S1413-8670(25)00022-4/sbref0013
http://refhub.elsevier.com/S1413-8670(25)00022-4/sbref0013
http://refhub.elsevier.com/S1413-8670(25)00022-4/sbref0014
http://refhub.elsevier.com/S1413-8670(25)00022-4/sbref0014
http://refhub.elsevier.com/S1413-8670(25)00022-4/sbref0014
http://refhub.elsevier.com/S1413-8670(25)00022-4/sbref0014
http://refhub.elsevier.com/S1413-8670(25)00022-4/sbref0015
http://refhub.elsevier.com/S1413-8670(25)00022-4/sbref0015
http://refhub.elsevier.com/S1413-8670(25)00022-4/sbref0016
http://refhub.elsevier.com/S1413-8670(25)00022-4/sbref0016
http://refhub.elsevier.com/S1413-8670(25)00022-4/sbref0016
http://refhub.elsevier.com/S1413-8670(25)00022-4/sbref0017
http://refhub.elsevier.com/S1413-8670(25)00022-4/sbref0017
http://refhub.elsevier.com/S1413-8670(25)00022-4/sbref0017
http://refhub.elsevier.com/S1413-8670(25)00022-4/sbref0018
http://refhub.elsevier.com/S1413-8670(25)00022-4/sbref0018
http://refhub.elsevier.com/S1413-8670(25)00022-4/sbref0019
http://refhub.elsevier.com/S1413-8670(25)00022-4/sbref0019
http://refhub.elsevier.com/S1413-8670(25)00022-4/sbref0019
http://refhub.elsevier.com/S1413-8670(25)00022-4/sbref0020
http://refhub.elsevier.com/S1413-8670(25)00022-4/sbref0020
http://refhub.elsevier.com/S1413-8670(25)00022-4/sbref0020
http://refhub.elsevier.com/S1413-8670(25)00022-4/sbref0021
http://refhub.elsevier.com/S1413-8670(25)00022-4/sbref0021
http://refhub.elsevier.com/S1413-8670(25)00022-4/sbref0021
http://refhub.elsevier.com/S1413-8670(25)00022-4/sbref0022
http://refhub.elsevier.com/S1413-8670(25)00022-4/sbref0022
http://refhub.elsevier.com/S1413-8670(25)00022-4/sbref0022
http://refhub.elsevier.com/S1413-8670(25)00022-4/sbref0023
http://refhub.elsevier.com/S1413-8670(25)00022-4/sbref0023
http://refhub.elsevier.com/S1413-8670(25)00022-4/sbref0023
http://refhub.elsevier.com/S1413-8670(25)00022-4/sbref0024
http://refhub.elsevier.com/S1413-8670(25)00022-4/sbref0024
http://refhub.elsevier.com/S1413-8670(25)00022-4/sbref0024
http://refhub.elsevier.com/S1413-8670(25)00022-4/sbref0025
http://refhub.elsevier.com/S1413-8670(25)00022-4/sbref0025
https://www.cdc.gov/nchhstp/newsroom/releases/2024/STI-Surveillance-Report-2022.html
https://www.cdc.gov/nchhstp/newsroom/releases/2024/STI-Surveillance-Report-2022.html

	Risk factors for neurosyphilis in HIV patients: A retrospective cohort study
	Introduction
	Materials and methods
	Study design, patients and settings
	Variables and definitions
	Statistical analysis
	Ethical aspects

	Results
	Cohort characteristics
	Risk factors for neurosyphilis
	Subgroup analysis

	Discussion
	Funding
	CRediT authorship contribution statement
	Conflicts of interest
	References


