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arthralgias, and exacerbation of existing cutaneous lesions, 
which can subside spontaneously among patients with 
early syphilis [3–5]. However, neurosyphilis patients may 
undergo significant aggravation of neuropsychiatric symp-
toms due to a severe JHR in the central nervous system 
(CNS), including stroke, seizures, and alterations in con-
sciousness which could be life-threatening [6–9].

The world has experienced a resurgence of syphilis since 
the beginning of the 21st century [10, 11] Syphilis has also 
returned to China with a vengeance [12]. It has been esti-
mated that 34 cases per 100,000 persons were diagnosed as 
emerging infectious syphilis in 2021 in China [13], and the 
epidemiology of neurosyphilis has largely paralleled that 
of active syphilis [14]. Neurosyphilis can occur during any 
stage of Treponemal pallidum (TP) infection because TP, 
the causative agent of syphilis, can invade the CNS within 

Introduction

The Jarisch-Herxheimer reaction (JHR) is a febrile transient 
inflammatory syndrome triggered hours after antibiotic 
treatment of spirochete infections, including syphilis [1, 2]. 
Clinically, JHR is typically manifested as an abrupt onset 
of constitutional symptoms, including fever, chills, mal-
aise, headache, tachypnoea, tachycardia, nausea, myalgias, 
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Abstract
Purpose The purpose of this study is to outline a complete picture of Jarisch-Herxheimer reaction (JHR) in the central ner-
vous system among HIV-negative neurosyphilis patients.
Methods A prospective study cohort of 772 cases with almost all stages of neurosyphilis depicted the features of JHR 
including occurrence rate, risk profiles, clinical manifestations, medical management and prognosis.
Results The total occurrence rate of JHR was 9.3% (95% CI, 7.3-11.4%), including 4.1% (95% CI, 2.7-5.6%) with severe 
JHR. The reaction started 5 h after treatment initiation, peaked after 8 h, and subsided after 18 h. Patients with severe JHR 
experienced a longer recovery time (26 h). Patients with general paresis (OR = 6.825), ocular syphilis (OR = 3.974), pleo-
cytosis (OR = 2.426), or a high CSF-VDRL titre (per log2 titre increase, OR = 2.235) were more likely to experience JHR. 
Patients with general paresis had an 11.759-fold increased risk of severe JHR. Worsening symptoms included cognitive 
impairment, mania, nonsense speech, and dysphoria, while symptoms of hallucination, urination disorder, seizures, myoc-
lonus, or aphasia appeared as new-onset symptoms. Neurosyphilis treatment did not need to be interrupted in most patients 
with JHR and could be reinstated in patients with seizures under supportive medication when JHR subsided.
Conclusion Severe JHR displayed a 4.1% occurrence rate and clinicians should pay particular attention to patients at a 
higher risk of JHR. The neurosyphilis treatment regime can be restarted under intensive observation for patients with severe 
JHR and, if necessary, supportive medication should be initiated and continued until the end of therapy.
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days after exposure [15]. Therefore, prompt antimicrobial 
treatment is critical to alleviating the intensification of clini-
cal conditions [16–18]. Consequently, JHR will inevitably 
occur during the treatment of neurosyphilis.

The detailed epidemiology and clinical information of 
JHR in neurosyphilis patients has not been well described 
due to the paucity of population-based data. Here we depict 
the complete picture of JHR, including occurrence rate, risk 
profiles, clinical features, medical management, and prog-
nosis, among 772 HIV-negative neurosyphilis patients in 
Shanghai, China.

Materials and methods

Ethics statement

This observational prospective study was carried out at the 
Sexually Transmitted Disease Institute of Shanghai Skin 
Disease Hospital from July 2017 to December 2020. It was 
approved by the medical ethics committee of Shanghai Skin 
Disease Hospital (ethics number: 2016-011) and conducted 
according to the principles expressed in the Declaration of 
Helsinki. The written informed consent was obtained from 
all enrolled cases and all data for research analyses were 
anonymized.

Case definition and patient recruitment

Neurosyphilis was defined as having (1) serologic evidence 
of syphilis, (2) a reactive cerebrospinal fluid-venereal dis-
ease research laboratory (CSF-VDRL) test and CSF-Trepo-
nema pallidum particle assay (CSF-TPPA), or nonreactive 
CSF-VDRL but reactive CSF-TPPA with (3) elevated CSF-
protein levels (> 500 mg/L) and/or pleocytosis (> 10 white 
blood cells/µL) in the absence of other known causes of 
these abnormalities [16]. Symptomatic neurosyphilis was 
defined as having CSF abnormalities the above mentioned 
in the presence of neuropsychiatric signs or symptoms, oth-
erwise it was defined as asymptomatic neurosyphilis [16]. 
The criteria of each type of symptomatic neurosyphilis 
in detail were classified according to the STD guidelines 
[16–18].

JHR was defined as having constitutional symptoms after 
initiation of a neurosyphilis regimen without other known 
causes, including fever, chills, headache, malaise, some 
neuropsychiatric symptoms etc. [2]. It was further catego-
rized into two subtypes according to the severity of clinical 
presentations [2, 19, 20] as follows: (1) an elevation in body 
temperature (≥ 38.0℃) accompanied by flu-like symptoms 
with no neuropsychiatric symptoms flare in symptomatic 
neurosyphilis or no emergence of new neuropsychiatric 

symptoms in asymptomatic neurosyphilis, hereinafter 
referred to as a mild JHR; (2) an exacerbation of existing 
neuropsychiatric symptoms, or emergence of new neu-
ropsychiatric symptoms regardless of an increase in body 
temperature, hereinafter referred to as a severe JHR.

Neurosyphilis patients were recruited if they (1) were 
above 18 years old; (2) underwent a first episode of neu-
rosyphilis treatment; (3) did not receive oral or intravenous 
or intramuscular usage of antibiotics in the past 3 months; 
(4) did not have a recent history of other infections (e.g.: 
viral, bacterial, protozoal); (5) denied a history of febrile 
diseases in the past 3 months; (6) denied a history of neu-
rologic disorders and psychosis; (7) had a negative status 
of HIV. First-line therapy of neurosyphilis was aqueous 
crystalline penicillin G, 4 million units given intravenously 
every 4 h for 14 days, or 1 g of ceftriaxone administered 
intravenously every 12 h for 14 days in case of allergy to 
penicillin [16–18].

Collection of clinical data

All patients were hospitalized for neurosyphilis treatment. 
The baseline data were recorded as follows: gender, age, 
neurosyphilis type, accompanying features caused by syphi-
lis, history of syphilis treatment, current neurosyphilis ther-
apy regimen, serum titre of toluidine red unheated serum 
test (TRUST), the CSF examination results, including WBC 
count, protein content, and VDRL titre (BD BBL™ VDRL 
Antigen, REF 240,764, Franklin Lakes, NJ, USA).

At the beginning of neurosyphilis treatment, clinical 
monitoring was done by the study nurse and doctor at regu-
lar intervals, namely every 2 h for the first 12 h, then every 
4 h until the remission of JHR. The following detailed data 
were recorded: axillary temperature, blood pressure, heart 
rate, respiratory rate (by the nurse), and the clinical features 
during JHR such as changes in cognition, mental status, 
consciousness, gait, and movement (by the doctor). Com-
plete blood count and blood culture were carried out in all 
febrile patients to rule out other potential infections.

Statistical analysis

All data were recorded on a specially designed chart for 
each patient and independently double-coded with Epidata 
software (version 3.1; Denmark). Data were analysed using 
IBM SPSS statistics (version 24.0; Chicago, IL, USA). 
Descriptive statistics was used to calculate the median, 
interquartile range (IQR), percentage, frequency, and 95% 
confidence interval (CI). The titres of serum TRUST and 
CSF-VDRL were normalized by log2 transformation. A chi-
square test (p < 0.05 indicating statistical significance) was 
applied to analysed potential factors associated with JHR. 
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A multivariate binary logistic regression model was estab-
lished to further identify factors that were independently 
associated with JHR if significant factors were found by 
chi-square test.

Results

Baseline characteristics of neurosyphilis patients 
with or without JHR

From July 2017 to December 2020, 772 neurosyphilis 
patients were recruited according to the inclusion crite-
ria of the study (Fig. 1). The majority of patients (75.8%) 
were male. The median age was 59 years (IQR, 53 to 65). 
The predominant types of neurosyphilis were asymptom-
atic neurosyphilis (337 cases, 43.7%) and general pare-
sis (GP, 299 cases, 38.7%), followed by meningovascular 
syphilis (77 cases, 10.0%), tabes dorsalis (TD, 71 cases, 
9.2%), syphilitic meningitis (11 cases, 1.4%) and intra-
cranial gumma (3 cases, 0.4%). Simultaneously, 51 cases 
were complicated with ocular syphilis, 9 with syphilitic skin 
lesions, 6 with secondary epilepsy caused by neurosyphi-
lis, 3 with cardiovascular syphilis, and 1 with otosyphilis. 
Furthermore, 49.4% of patients received syphilis treatment 
at least 3 months ago prior to enrolment in this study. The 
median titre of TRUST was 1:32 (IQR, 1:16 to 1:64). CSF-
VDRL was positive in 670 cases (670/772, 86.8%) and the 
median titre of VDRL was 1:4 (IQR, 1:1 to 1:8). Addition-
ally, 54.8% of patients had a CSF-WBC count greater than 
10 cells/uL (median, 14; IQR, 4 to 46) and 84.7% had a 
CSF-protein concentration higher than 500 mg/L (median, 
792; IQR, 580 to 1055) (Table 1).

A total of 72 patients displayed JHR following the first 
dose of the neurosyphilis regimen. Of these, 72.2% were 
male, 93.1% had no history of syphilis treatment, the 
median age was 57 years (IQR, 52 to 62) and 59 cases were 
diagnosed with GP (81.9%). In addition, 6 cases were diag-
nosed with asymptomatic neurosyphilis, another 6 cases 
were diagnosed with meningovascular syphilis, 3 cases with 
TD, and 2 cases with syphilitic meningitis. In patients suf-
fering from ocular syphilis and syphilitic skin lesions, 4 and 
1 cases, respectively, experienced JHR. The median titre of 
TRUST was 1:32 (IQR, 1:16 to 1:64). The median titre of 
CSF-VDRL was 1:8 (IQR, 1:4 to 1:16). Furthermore, 86.1% 
of cases had a CSF-WBC count greater than 10 cells/uL 
(median, 48; IQR, 16 to 70) and 98.6% had a CSF-protein 
concentration greater than 500 mg/L (median, 1168; IQR, 
835 to 1532). (Table 1)

The occurrence rate and risk profiles of JHR in 
neurosyphilis patients

The total occurrence rate of JHR was 9.3% (72/772; 95% 
CI, 7.3–11.4%) among 772 neurosyphilis patients. Specifi-
cally, 5.2% (40/772, 95% CI, 3.6–6.7%) of patients suffered 
a mild JHR while 4.1% (32/772, 95% CI, 2.7–5.6%) suf-
fered a severe JHR. The occurrence rates of JHR in differ-
ent types of neurosyphilis were as follows: 19.7% (59/299) 
in GP, 18.2% (2/11) in syphilitic meningitis, 7.8% (6/77) 
in meningovascular syphilis, 4.2% (3/71) in TD, and 1.8% 
(6/337) in asymptomatic neurosyphilis. Particularly, the 
occurrence rate of JHR was 7.8% (4/51) in neurosyphilis 
patients who also had ocular syphilis.

A multivariate logistic regression model showed that pre-
vious treatment of syphilis was related to a lower risk of 

Fig. 1 Enrolment flow chart of neurosyphilis cases
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higher CSF-VDRL titre (per log2 titre increase, OR, 2.235; 
95% CI, 1.047 to 4.772; p = 0.038). Meanwhile, a patient 
with GP was more likely to suffer from severe JHR (OR, 
11.759; 95% CI, 1.427 to 96.872; p = 0.022). Gender, age, 
TRUST titre in serum, protein concentration in CSF, and 
neurosyphilis regimen had no statistically significant asso-
ciation with JHR.

Clinical features of JHR in neurosyphilis patients

Overall, the mean onset of JHR occurred at 5 h (range, 0.5 
to 13 h), the peak activity was reached at 8 h (range, 0.5 to 
20 h), and subsided at 18 h (range, 9 to 30 h) following the 
first dose of neurosyphilis treatment (Table 2). Patients with 
a severe JHR experienced a significantly longer recovery 
time compared with those with a mild JHR (15 h vs. 26 h; 
p < 0.05).

The general symptoms of JHR included fever, chills, 
malaise, headache, vertigo, nausea and emesis. Most (71 of 
72) cases with JHR displayed a fever from 38.1℃ to 40.4℃ 
with a median of 38.8℃. All febrile patients had negative 
results on blood culture. A transient and reversible lym-
phopenia and leucocytosis was found on complete blood 
count during JHR, but no association was found between 
the severity of JHR and changes in complete blood count 
or degree of body temperature elevation. The most fre-
quent neuropsychiatric symptoms were cognitive impair-
ment and mania, followed by nonsense speech, dysphoria, 

JHR (OR, 0.126; 95% CI, 0.048 to 0.332; p < 0.001). Con-
versely, a neurosyphilis patient had a greater risk of JHR if 
diagnosed with GP (OR, 6.825; 95% CI, 3.200 to 14.558; 
p < 0.001), suffered from ocular syphilis (OR, 3.974; 95% 
CI, 1.156 to 13.665; p = 0.029), had pleocytosis in CSF 
(OR, 2.426; 95% CI, 1.139 to 5.166; p = 0.022), or had a 

Table 1 Characteristics of neurosyphilis patients included in the cur-
rent study
Factors No. Patients 

(%) a 
(N = 772)

No. Patients 
with JHR (%) 
a (N = 72)

P value in 
multivari-
ate regres-
sion b

Male 585 (75.8) 52 (72.2) 0.105
Age (yr.), median (IQR) 59 (53–65) 57 (52–62) 0.158
Types of neurosyphilis c

 Asymptomatic 
neurosyphilis

337 (43.7) 6 (8.3) 0.212

 General paresis 299 (38.7) 59 (81.9) < 0.001
 Meningovascular 
syphilis

77 (10.0) 6 (8.3) 0.234

 Tabes dorsalis 71 (9.2) 3 (4.2) 0.167
 Syphilitic meningitis 11 (1.4) 2 (2.8)
 Intracranial gumma 3 (0.4) 0 (0)
Accompanying features 
caused by syphilis
 Ocular syphilis 51 (6.6) 4 (5.6) 0.029
 Syphilitic skin 
lesions

9 (1.2) 1 (1.4)

 Secondary epilepsy 6 (0.8) 0 (0)
 Cardiovascular 
syphilis

3 (0.4) 0 (0)

 Otosyphilis 1 (0.1) 0 (0)
Treatment of syphilis 
befored

381 (49.4) 5 (6.9) < 0.001

TRUST titre, median 
(IQR)

1:32 
(1:16 − 1:64)

1:32 
(1:16 − 1:64)

0.291

Cerebrospinal fluid
 VDRL titre, median 
(IQR)

1:4 (1:1–1:8) 1:8 
(1:4 − 1:16)

0.038

 WBC count (cells/
µL), median (IQR)

14 (4–46) 48 (16–70) 0.022

 Protein concentration 
(mg/L), median (IQR)

792 
(580–1055)

1168 
(835–1532)

0.231

Neurosyphilis regimen 0.329
 Aqueous crystalline 
penicillin G

679 (88.0) 62 (86.1)

 Ceftriaxone 93 (12.0) 10 (13.9)
a Data are number of patients (percentage), unless otherwise indi-
cated. b Nonsignificant factors based on the univariate analysis were 
not included in the multivariate regression model. Significant fac-
tors associated with JHR in the multivariate regression model are 
shown in bold. c Total number is greater than 772 because of mul-
tiple diagnoses for some patients. d Patients have received benzathine 
penicillin for syphilis before, but not for neurosyphilis, which do not 
reach treponemacidal levels in the central nervous system. Abbrevia-
tions: JHR, Jarisch-Herxheimer reaction; IQR, interquartile range; 
TRUST, toluidine red unheated serum test; VDRL, venereal disease 
research laboratory test; WBC, white blood cell

Table 2 Effect of JHR on the symptoms of neurosyphilis
Characteristics No. Patients 

(%) a (N = 72)
Temp. (℃) in patients with fever b

 Range 38.1–40.4
 Median (IQR) 38.8 

(38.5–39.3)
Time interval of JHR (hr.) (mean, range)
 Onset 5 (0.5–13)
 Peak 8 (0.5–20)
 Offset 18 (9–30)
Neuropsychiatric symptoms during JHR
 No symptoms in central nervous system 4 (5.6)
 Maintenance of existing symptoms 36 (50.0)
 Exacerbation of existing symptoms 17 (23.6)
 Occurrence of new symptoms 15 (20.8)
Type of JHR
 Mild JHR c 40 (55.6)
 Severe JHR d 32 (44.4)
a Data are number of patients (percentage), unless otherwise indi-
cated. b Almost all patients had a fever except for one patient. c eleva-
tion in body temperature accompanied by flu-like symptoms without 
neuropsychiatric symptoms flare. d exacerbation of existing psycho-
ses and focal neurologic signs, or emergence of new neuropsychiatric 
symptoms. Abbreviations: JHR, Jarisch-Herxheimer reaction; IQR, 
interquartile range
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a mild JHR nor was treatment interrupted in most patients 
with a severe JHR.

One patient with GP had two unremitting generalized sei-
zures for three minutes, 10 min apart, which were triggered 
30 min after aqueous crystalline penicillin G infusion. The 
symptoms gradually subsided 30 h later with the supportive 
infusion of dexamethasone, diazepam, and mannitol. Sub-
sequently, this patient developed a consecutive episode of 
obtundation and depression. Aqueous crystalline penicil-
lin G was then reinstituted uneventfully for 14 days under 
intensive observation. Another patient with GP undergo-
ing complex partial seizures during JHR received aqueous 
crystalline penicillin G infusion without interruption. This 
patient did not experience deterioration of her neurologic 
disorder due to prompt usage of intravenous dexametha-
sone and diazepam at the instant of JHR occurrence. Only 
one patient with GP discontinued neurosyphilis treatment 
and was transferred to a psychiatric ward because of uncon-
trolled aggressive behaviours. None of the patients with 
ocular syphilis experienced deterioration of visual acuity 
during JHR. The neurosyphilis patients complicated with 
cardiovascular syphilis, gumma, or otosyphilis in this study 
did not experience JHR during neurosyphilis treatment.

Discussion

The initial description of JHR in the literature was inde-
pendently given in 1895 by Adolf Jarisch (an Austrian der-
matologist) and in 1902 by Karl Herxheimer (a German 
dermatologist), who described it as a transient exacerbation 
in the appearance of mucocutaneous lesions after treating 

obtundation, hallucination, depression, confusion, agitation, 
insomnia, instability of gait, urination disorder, seizures, 
myoclonus, and aphasia. (Fig. 2)

The predominant diagnosis in patients with JHR was GP, 
especially in those with a severe JHR. It was observed that 
31 patients with GP suffered from a severe JHR, including 
17 with a flare-up of existing neuropsychiatric symptoms 
and 14 who developed new neuropsychiatric symptoms. 
None of these patients had a history of syphilis treat-
ment. The worsening symptoms mainly included cognitive 
impairment, mania, nonsense speech, and dysphoria. Hallu-
cination, urination disorder, seizures, myoclonus, or aphasia 
appeared as new-onset symptoms during JHR. Meanwhile, 
in 40 patients with a mild JHR, 4 asymptomatic neurosyphi-
lis cases had flu-like symptoms without CNS involvement, 
while the other 36 cases had no aggravation of existing neu-
ropsychiatric symptoms. (Table 2; Fig. 3)

The management and prognosis of JHR in 
neurosyphilis patients

All symptomatic neurosyphilis patients were managed sta-
bly with supportive medications before neurosyphilis treat-
ment. Premedication with corticosteroids was not a routine 
in our cohort except in neurosyphilis patients complicated 
with ocular syphilis. Antipyretics were used to relieve 
febrile symptoms when the body temperature was greater 
than 38.5℃. To mitigate worsening psychosis in patients 
with GP during a severe JHR, the scheduled doses of olan-
zapine were increased with the addition of clonazepam. 
Neurosyphilis treatment was not interrupted in patients with 

Fig. 2 Symptoms occurring 
during JHR in 72 neurosyphilis 
patients * New-onset symptoms 
during JHR; Arabic numerals 
indicated the number of patients; 
Abbreviations JHR, Jarisch-Herx-
heimer reaction
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probably resulted from the current extensive usage of anti-
biotics. Particularly, penicillin- or cephalosporin-related 
antibiotics used for infectious diseases had a partial effect 
on syphilis by reducing the loads of TP in the body. The 
occurrence of JHR might depend on the spirochete loads 
in the body [3, 27]. Our finding that previous syphilis treat-
ment was a protective factor (0.126-fold risk) could verify 
this viewpoint. However, interestingly, when considering 
the severity of JHR, the rate of 4.1% in the severe reac-
tion group was consistent with previous studies (1.7–11.0%) 
[19]. Additionally, almost all patients with severe JHR in 
this study were diagnosed with GP and denied a history of 
syphilis treatment. Therefore, clinicians should be particu-
larly vigilant with these patients after initiation of the neu-
rosyphilis treatment regime.

Previous studies listed several clinical manifestations 
of JHR in the CNS including hallucination, changes in 
consciousness or orientation, seizures, hemiparesis, facial 
nerve weakness, diplopia, stroke, and abnormal magnetic 
resonance imaging or electroencephalography [7–9, 20, 25, 
28–32]. Our study found that in addition to the above symp-
toms, negative symptoms of psychoses such as depression, 
agitation, or insomnia could be the main manifestations, 
which were not mentioned before. Moreover, symptoms 
including aphasia, urination disorder, instability of gait, or 
myoclonus also could be presented during JHR in neuro-
syphilis patients. The JHR in the CNS was more likely in 

syphilis with mercury [21, 22]. For several decades, JHR 
was usually defined as a self-limiting condition in early 
syphilis [21]. Until the 1940 and 1950 s, studies showed that 
the occurrence rate of JHR varied from 64 to 79% among 
neurosyphilis patients [19, 23, 24] and that between 1.7 and 
11% of patients underwent a severe reaction in the CNS 
[19]. Since the start of the 21st century, a wide range of 
occurrence rates (from 8 to 75%) has been reported in JHR 
among neurosyphilis patients [8, 25, 26].

In the past 10 years, two observational studies have 
discussed JHR in syphilis patients based on large sample 
sizes. One study from Taiwan, China, found an overall rate 
of JHR of 31.5% in 355 syphilis patients, including 34.6% 
in HIV-infected patients and 25.2% in noninfected patients 
[3]. The other study from Beijing, China, revealed that the 
JHR occurred much less frequently with a rate of 1.4% in 
1125 syphilis patients [4]. However, the above studies did 
not investigate neurosyphilis patients. Here we conducted 
a prospective study among a cohort of 772 neurosyphilis 
patients with different clinical stages, including asymp-
tomatic, early, and late parenchymatous neurosyphilis. We 
found a total occurrence rate of JHR of 9.3% among HIV-
negative neurosyphilis patients, including 5.2% in a mild 
JHR group and 4.1% in a severe JHR group.

The lower occurrence rate of JHR in neurosyphilis 
patients in our study compared with those in previous stud-
ies in the 1940 and 1950 s (9.3% vs. 64–79%) [19, 23, 24] 

Fig. 3 Patient distribution according to neuropsychiatric symptoms 
during JHR * Some patients showed a combination of multiple forms 
of neurosyphilis pathology; Arabic numerals indicated the number of 
patients; Mild JHR included no neuropsychiatric symptoms and neuro-

psychiatric symptoms maintenance during JHR; Severe JHR included 
neuropsychiatric symptoms flare and new neuropsychiatric symptoms 
during JHR; Abbreviations JHR, Jarisch-Herxheimer reaction; NS, 
neurosyphilis
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was 4.1%. It is recommended that the clinician should be 
forewarned and pay great attention to those patients who 
are diagnosed with GP or ocular syphilis, received no 
syphilis care previously, or displayed pleocytosis or a high 
CSF-VDRL titre. The treatment of neurosyphilis can be 
reinitiated in patients with a severe JHR under supportive 
medication following the subsiding of JHR.
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JHR, subsided no later than 30 h following treatment initia-
tion. When JHR subsided, the neurosyphilis therapy could 
be reinstated, even in patients with seizures, under intensive 
observation and supportive medication.

Worldwide, syphilis is far from eradicated, especially in 
resource-limited areas, and it can affect any part of the neur-
axis at any stage of infection [10, 15, 37]. There is a grow-
ing consensus that neurosyphilis patients can benefit from 
prompt standardized treatment [38]. The current study is an 
observational prospective study outlining the JHR rates in 
a cohort of 772 patients diagnosed with almost all stages 
of HIV-negative neurosyphilis. All patients were admitted 
to the STD ward and clinical data were collected at regular 
intervals in order to reduce the unrecognized bias and recall-
ing bias. However, there were some limitations to this study. 
Firstly, we could not further investigate the imaging charac-
teristics of patients with neuropsychiatric symptoms during 
JHR because electroencephalography and brain MRI were 
unavailable. Secondly, the present study did not test for 
potential biomarkers such as cytokines in the CSF during 
JHR. And then, the definitions for JHR were nonspecific, 
which might be limited by the absence of readily available 
surrogate markers to detect JHR. Finally, neurosyphilis 
patients that were co-infected with HIV were not included 
in the cohort due to the paucity of HIV-positive cases. These 
factors might limit the generalization of our findings.

Conclusion

The current study describes the largest cohort of HIV-neg-
ative neurosyphilis patients in the modern era. The total 
occurrence rate of JHR was 9.3% and that of severe JHR 
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