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Abstract

Background: Epileptic seizures were noted as one of the most overlooked manifestations in syphilis; therefore a few clinicians are
concerned about the relationship between epilepsy and syphilis. Our study sought to clarify the prevalence and clinical features of epileptic
seizures in patients with syphilis.

Methods: We retrieved relevant articles from different databases, using the keywords “syphilis and epilepsy” and then performed
statistical analysis to characterize the relationship between these diseases.

Results: Forty one articles were included in this study: eight described the prevalence of syphilis and epilepsy and the remaining
33 were case reports on syphilis with epileptic seizures. The meta-analysis included 1252 patients with syphilis. The pooled estimate
of proportion of prevalence (95% confidence interval) was 0.1384 (0.0955-0.2005), and the proportion and heterogeneity showed
different degrees of change among three subgroups. The systematic review included 46 cases of syphilis with epileptic seizures.
Thirty two (80%) patients had motor seizures, among whom 20 (62.5%) had tonic-clonic seizures. In addition, 30 (75%) patients had
impaired awareness and 18 (45%) had status seizures. Twenty five (62.5%) patients were 35-55 years of age, and 77.5% of the
included patients were men. Thirty seven (97.4%) patients were seizure-free after anti-syphilis treatment.

Limitations: Research in this field has been conducted for a relatively short period and publication bias may exist. Furthermore, some patients
with syphilis and epileptic seizures may not have received a clear diagnosis.

Conclusion: The proportion of prevalence was 0.1384. Most of the included patients were 35-55 years of age and had impaired
awareness and motor seizures. Many patients with syphilis and epileptic seizure showed full recovery or the development of minor
neurological sequelae, and nearly all patients were seizure-free after timely anti-syphilis treatment.
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Plain Language Summary

Syphilis is one of the most neglected pathogenic factors related to epileptic seizures. This study aimed to clarify the prevalence
of epileptic seizures due to syphilis and examine the clinical features by performing a meta-analysis and literature review.
The authors searched for articles using the key words “syphilis and epilepsy” in the different databases. After the exclusion
of duplicate and irrelevant studies, 49 articles were utilised for further analyses. The results suggested that the proportion of
prevalence of epileptic seizures among patients with syphilis was 0.1384 in a random-effect model. The cases with seizure
and syphilis were observed in 35-55 years of age. The most common seizure presentations are impaired awareness and motor
seizures.

Introduction many undesirable consequences. Traditional treatment with
Epilepsy affects approximately 65 million people worldwide antiepileptic drugs or the ketogenic diet can reduce the risk of
and is one of the most common neurological disorders.>  recurrence within the first few years after diagnosis but may
Notably, damage to the brain due to epilepsy may have  not enhance the quality of life in affected patients; epilepsy
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remains uncontrolled in more than one-third of patients.’*
Identification of the cause of epilepsy and limitation of the
disease’s further relapses is important to avoid potential
further neuronal damage.*¢

Syphilis is one of the most neglected pathogenic factors related
to epileptic seizures and can lead to serious consequences.’
In recent years, with the indiscriminate use of antibiotics,
the symptoms of syphilis have been considerably modified,
often leading to atypical or masked forms.® Neurosyphilis
has been proved to develop in the primary stage also,
although classically it occurs in the tertiary stage of syphilis,
and epilepsy has often been reported as the lone and initial
manifestation of neurosyphilis.”!® Briefly, the incidence
of syphilis has increased in recent years and has exhibited
a modification of its salient presentations; it is a challenge
for clinicians to distinguish epileptic seizures caused by
syphilis, especially in patients with no typical symptoms
of syphilis.'*!?> Our study aims to clarify the prevalence of
epileptic seizures due to syphilis and examine the clinical
features by performing a meta-analysis and literature review.

Methods
Literature search

To define the relationship between syphilis and epilepsy,
we searched for articles published through June 1, 2018,
using the keywords “syphilis and epilepsy” in the following
databases: PubMed, Cochrane Library, Embase, WHOLIS,
SciELO, Clinicaltrails.gov and Web of Science. To ensure
that search results were comprehensive and consistent, two
authors performed the same search independently.

Selection criteria

Epilepsy prevalence among patients with syphilis: To enable
theidentification of patients with syphilis and epileptic seizures,
the selected studies were required to include all patients with
syphilis in a certain area and period of time. We also required
patients to be divided into groups based on symptoms. We
required disease diagnoses to be made in accordance with the
diagnostic criteria of the time, and articles to be published in
English within the past 50 years (1968-2018). When the two
authors disagreed on the inclusion of an article, a third author
judged the article’s eligibility for inclusion.

Case reports of epileptic seizures in patients with syphilis:
to perform a comprehensive systematic review of epilepsy
and syphilis, we searched all articles describing epilepsy and
syphilis. Basic characteristics of the patients were required
for further analysis, as well as a brief description of the
main symptoms to define the type of epileptic seizure. In
addition, we required a clear diagnosis of syphilis, such as
at least one positive reaction from blood or cerebrospinal
fluid; either the Venereal Disease Research Laboratory test,
rapid plasma reagin test, toluidine red unheated serum test,
Treponema pallidum particle agglutination test, Treponema
pallidum hemagglutination assay, fluorescent treponemal
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antibody absorption test, or microhemagglutination assay for
Treponema pallidum."* As previously noted, selected articles
were those published in English within the past 50 years, and
disagreements, if any, were resolved by the third author.

Statistical analysis

Epilepsy prevalence among patients with syphilis: first, we
summarized all data from the articles and made a table for
further analysis. We then used R software (version 3.5.0) to
analyze the prevalence of epileptic seizures among patients
with syphilis. We used fixed- and random-effect models to
determine the degree of heterogeneity among studies and
fitted meta-regression models to assess the prevalence of
epileptic seizures among patients with syphilis." Analyses
was based on stratification into three subgroups to explore
heterogeneity, according to the case collection time and the
number of participant patients.

Case reports of epilepsy in patients with syphilis: we
summarized patient data from all collected articles, and
the details were extracted by the first author of our team
and checked by the second. We classified the information
based on the patients (age, sex and address), their health
characteristics, the details of the epileptic seizure (seizure
type, motor seizure or not and conscious state), additional
tests (electroencephalogram findings and imaging tests)
and prognosis. To assess the frequency of epileptic seizure
symptoms in patients with syphilis, we also determined
whether each patient had status epilepsy, and we classified
the seizure type in accordance with the International League
against Epilepsy (ILAE) 2017 classification.

Results

Literature search

Our search, using the keywords “syphilis and epilepsy,”
identified 431 articles. Figure 1 is a flow diagram describing
the selection of studies and their sources; 178, 5, 201, 2, 4 and
41 articles were selected from the PubMed, Cochrane Library,
Embase, WHOLIS, SciELO and Web of Science databases,
respectively. Clinicaltrails.gov had no relevant record. After
the exclusion of duplicate and irrelevant studies, 49 articles
were utilised for further analyses.>”1%1558 Notably, we found
only eight articles which discussed the prevalence of epileptic
seizures in patients with syphilis; the remaining articles
were case reports.®10:2435.40. 3436 The relationship between
syphilis and epilepsy was assessed from two perspectives:
a meta-analysis of the prevalence of epileptic seizures in
patients with syphilis [Table 1] and a systematic review of
clinical manifestations in these patients. In addition, five
case reports described epileptic seizure as a symptom of the
Jarisch-Herxheimer reaction.?'#24¢52 One article contained a
case report and investigation of the prevalence of epilepsy
in patients with syphilis; another article contained case
reports of two patients with syphilis and epilepsy and a
patient who exhibited the Jarisch-Herxheimer reaction; two
case reports described two patients each, and another case

484 Indian Journal of Dermatology, Venereology and Leprology | Volume 87 | Issue 4 | July-August 2021



Zhang, et al.

All records
identified : n=431

All records
excluded : n=382

—Duplicates : n=46

| | Not suitable :
n=345
Final eligible
records
included :n=49
I
[ | ]
Incidence of Case report of
epilepsy in epilepsy in Both : n=1
syphilis : n=7 syphilis : n=41

Figure 1: The details of the source of the records and the choices of the
matched literature

Table 1: Details of the articles about the meta-analysis

Article Syphilis with Syphilis Frequency
epileptic seizure (%)
Tong et al. (2013) 13 169 7.7
Punia et al. (2013) 22 178 124
Sinha et al. (2008) 30 119 252
Mitsonis et al. (2008) 3 81 3.7
Timmermans et al. (2004) 14 161 8.7
Alani et al. (1982) 1 21 4.8
Sivaraju et al. (1976) 68 282 24.1
Hooshmand et al. (1972) 58 241 24.1

report described three patients.!*!%3¢3” Thus, we collected a
total of 45 case reports describing patients with syphilis and
epilepsy (excluding one case report that solely described
electroencephalography findings®”).

Meta-analysis

A total of 1252 patients were included, among whom 209
had epileptic seizures. The frequency of epileptic seizures in
patients with syphilis ranged from 4.8% to 25.2%. We used
a random-effect model to analyze the prevalence of epileptic
seizure in patients with syphilis, given the large degree of
heterogeneity among studies; the proportion (95% confidence

Epilepsy and syphilis

interval) ranged from 0.04 (0.01-0.10) to 0.24 (0.19-0.30), and
the pooled estimate of proportion (95% confidence interval)
and tau’ value were 0.1384 (0.0955-0.2005) and 0.2034,
respectively [Figure 2]. For further analysis, the patients were
divided into two groups according to case collection time (before
and after 1985). One article summarized data from patients in
both periods (1965-1984 and 1985-2005); thus, we divided
patients in that study between the two groups in our analysis.>
Three articles that described studies of less than 150 patients
were excluded because their 1> metrics showed a different
degree of reduction.!®** The A group included cases collected
after 1985; in that group, the proportion (95% confidence
interval) ranged from 0.03 (0.00-0.18) to 0.25 (0.18-0.34) and
the proportion (95% confidence interval) in the random-effect
model was 0.1132 (0.0644-0.1992). The evaluation indices
of heterogeneity were tau’> = 0.3059, H = 2.49 (1.65-3.73)
and I = 83.8% (63.5%92.8%). The B group included cases
collected before 1985; in that group, the proportion (95%
confidence interval) ranged from 0.04 (0.00-0.13) to
0.24 (0.19-0.30), and the proportion (95% confidence interval)
in the random-effects model was 0.1991 (0.1351-0.2933).
The evaluation indices of heterogeneity were tau> = 0.0756,
H=1.79(1.05-3.04) and >°=68.7% (9.4%—89.2%). The C group
comprised excluded articles with less than 150 patients; in that
group, the proportion (95% confidence interval) ranged from
0.08 (0.04-0.13) to 0.24 (0.19-0.30) and the correlation values
were 0.1439 (0.0938-0.2210), tau? = 0.2016, H = 2.95 (2.03—
4.28) and I* = 88.5% (75.8%-94.5%) [Figure 3].

Case report and systematic review

We collected all patient information, including age, sex and
region of residence. The patients were divided into seven
groups based on their regional distribution. The patients were
located in the following regions: North America (n = 12),
Asia (n = 10), Europe (n = 8), Africa (n = 6). Latin
America (n = 1), Australia (n = 1) and not clear (n = 2). Men
were affected more often than women (31 vs. 9). The age range
was 18-84 years, with a mean of 45.15 years; the mean ages in
the regions examined ranged from 29.0 to 48.4 years, and the
age distribution differed among regions. The follow-up period
ranged from 20 days to 5 years; 37 (97.4%) patients were
seizure-free, and one patient had a single recurrent tonic-clonic
seizure during the 1% year of follow-up [Figure 4].*® Most
patients recovered fully or developed only minor neurological
sequelae, although four patients eventually showed severe
gross functional deficits or died of the disease.”!®313* Five
patients exhibited the Jarisch-Herxheimer reaction after
injection with penicillin (21-30 million units daily); only the
oldest article described the use of a dose slightly exceeding that
recommended in the guidelines.*® These patients had epileptic
seizures >10 h after penicillin treatment; three of these patients
were from North America, and the other two were from
Asia (n = 1) and Oceania (n = 1). The affected patients were
40-71 years of age; one woman was 71 years of age and the
other were men with age ranging from 40 to 57 years. The
epilepsy types differed among the five patients, and the seizure
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Weight Weight
Study Events Total Proportion 95%-Cl (fixed) (random)
Tong, M-L., et al. (2013) 13 169 —— i 0.08 [0.04;0.13] 53% 13.1%
Punia, V. and D. Marks (2013) 22 178 —&— 0.12 [0.08;0.18] 9.5% 14.7%
Sinha, S, et al. (2008) 30 119 E—+— 0.25 [0.18;0.34] 151% 15.7%
Mitsonis, C., et al. (2008) 3 181 ——— ! 0.04 [0.01;0.10] 1.2% 6.8%
Timmermans, M. and J. Carr (2004) 14 161 ——t H 0.09 [0.05;0.14] 5.8% 13.3%
Alani, S. and P. Millac (1982) 1 21 E 0.05 [0.00;0.24] 0.4% 3.1%
Sivaraju, A. and H. Hooshmand (1976) 68 282 — 0.24 [0.19;0.30] 33.8% 16.7%
Hooshmand, H., et al. (1972) 58 241 E—'— 0.24 [0.19;0.30] 28.8% 16.6%
Fixed effect model 1252 < 0.20 [0.17; 0.22] 100.0% =
Random effects model —_— 0.14 [0.10; 0.20] - 100.0%
Heterogeneity: /° = 85%, 2 = 0.2034, p < 0.001 g1 Pl
0050.10150202503
Figure 2: The forest plot of odds ratios for prevalence of epilepsy seizure in syphilis
Weight Weight
Study Events Total Proportion 95%-Cl (fixed) (random)
Tong, M.-L., et al. (2013) 13 169 —& i 008 [0.04;013] 147% 22.0%
Punia, V_and D. Marks (2013) 22 178 — 012 [008:018] 262% 24 0%
Sinha, S., et al. (2008) 30 119 P — 025 [0.18;0.34] 419%  251%
Mitsonis, C., et al. (2008) 1 20 —————— 003 [0.00;0.18] 11% 6.5%
Timmermans, M. and J. Carr (2004) 14 161 — 009 [0.05/0.14] 16.0% 22.4%
Fixed effect model 6566 .::;::? 014 [0.12; 0.18] 100.0% -
Random effects model —_— 011 [0.06;0.20] - 100.0%
Heterogeneity: I° = 84%, 1 = 0.3059, p < 0.01 | e e
0050101502025 03
Figure 3a: The forest plots of odds ratios for prevalence of epilepsy seizure in syphilis: Collection time after 1985
Weight Weight
Study Events Total Proportion  95%-Cl (fixed) (random)
Mitsonis, C., et al. (2008) 2 92 —— | 004 [0.00;013] 1.2% 7.0%
Alani, 5. and P. Millac (1982) 1 21 — 005 [0.00;0.24] 0.6% 3.8%
Sivaraju, A and H. Hooshmand (1976) 68 282 —— 024 [0.19030] 530%  451%
Hooshmand, H., etal. (1972) 58 241 —— 024 [0.19;0.30] 452%  44.1%
Fixed effect model 596 *-i:fl':- 0.23 [0.20; 0.27] 100.0% -
Random effects model —_— 0.20 [0.14; 0.29] - 100.0%

Heterageneity: I° = 69%, > = 0.0756, p = 0.02 '
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Figure 3b: The forest plots of odds ratios for prevalence of epilepsy seizure in syphilis: Collection time before 1985

type in one patient was a new one as defined by the author
of another report.’*%° Electroencephalograms showed similar
lateralized periodic discharges in three of the five patients.

We analyzed epileptic seizure types among patients with
syphilis from two perspectives to elucidate the common
symptoms of this disease. Eighteen (45%) patients had status
epilepticus and 22 (55%) did not; 32 (80%) patients had
motor seizures and six (15%) had nonmotor seizures; the
type of seizure (motor/nonmotor) was unclear for two (5%)
patients because the articles did not clearly describe their
symptoms; 20 (62.5%) patients in the motor seizure group

486

had tonic-clonic seizures. Furthermore, 30 (75%) patients
had impaired-awareness seizures, and five (12.5%) were
aware;, awareness status was not clear for five (12.5%)
patients [Figure 5]. All patients had at least one positive
reaction on syphilitic tests on blood and cerebrospinal fluid.
The most common electroencephalography finding was
epileptiform activity (21 of 25 patients); 11 (52.4%) of these
21 patients showed lateralized periodic discharges.

Discussion
Our study sought to clarify the prevalence of epileptic
seizures caused by syphilis. The results suggested that the
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Weight Weight
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Figure 4: The box and whisker plot of the ages of the patients in different
regions

proportion of prevalence of epileptic seizures among patients
with syphilis was 0.1384 in a random-effect model. In the
subgroups, the prevalence in group A (articles published after
1985) was lower than that in group B. Over time, widespread
antibiotic use and improved medical conditions may have
contributed to this difference.*® After excluding three articles
that described less than 150 patients, the prevalence in
those articles was consistent with the overall findings of our
analysis.

Syphilis involves multiple sites in the nervous system and
therefore has protean manifestations, with the presentation
ranging from a mild headache to coma and death. The clinical
features have been considerably modified by the widespread
use of antibiotics, and because of the inefficient treatment of
syphilis, this disease often occurs in atypical forms or alters
the clinical manifestation and obscures the diagnosis. Because
of this, epilepsy is an extremely easily overlooked symptom
in syphilis and is often misdiagnosed.®!** Epileptic seizures
occur in various phases, such as in syphilitic meningitis,
meningovascular syphilis, general paralysis, and in the initial

Figure 3c: The forest plots of odds ratios for prevalence of epilepsy seizure in syphilis: The number of patients more than 150

asymptomatic stage, but in the present time, the seizures
are more often concentrated in the meningovascular stage.
Because there is strong evidence of a positive relationship
between treatment delay and seizure duration, the diagnosis
and treatment are necessary and challenging.®' To identify
the etiology as soon as possible, we identified the clinical
features of epileptic seizures in patients with syphilis,
according to the summarized relevant published case reports.
Nearly half of the patients had status epilepsy, which is
more than the proportion of such cases among all patients
with epilepsy.®’ The status seizure is an emergency requiring
prompt treatment to reduce the risk of cerebral injury and
subsequent morbidity and mortality; seizure cessation is less
likely as time- to- therapy lengthens, and timely treatment for
the majority of patients is still not achieved.®' It is important
to identify the causes of epilepsy, especially for patients
with syphilis, who may achieve a favorable prognosis
with prompt treatment. According to our data, the largest
proportion of patients with syphilis and epileptic seizure was
in the middle-aged population and younger, consistent with
a previous report in which nearly half of the patients were
35-50 years of age.* These findings are consistent with the
overall epidemiology of epilepsy.®> There was no significant
difference in the mean and median age of patients in different
regions. In addition, the proportion of male to female patients
varied greatly among the included articles, with a mean of
3:1. This distribution may be explained by the increase in
high-risk sexual intercourse (seamen, homosexuals, drug
addicts) in males.?

We analyzed the seizure type from two perspectives, in
accordance with the International League against Epilepsy
classification position paper of the International League
against Epilepsy Commission. In our systematic review, the
most frequent seizure type among patients with syphilis was
motor seizure with impaired awareness, which was often
accompanied by tonic-clonic seizure; these results were
similar to those reported by Sinha et al.!° On the other hand,
in the additional tests, a large majority of patients had the
typical electroencephalography signs of epileptiform activity.
Interestingly, most patients with epileptiform activity showed
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Figure 5a: The classification according to the International League against
Epilepsy classification of the epilepsies position paper of the International
League against Epilepsy commission: The patients are status seizure or
nonstatus seizure

the same type, namely lateralized periodic discharges, which
has been associated with inflammatory and/or infectious
diseases, stroke, brain tumors and metabolic derangements.'”
The case report published by Markand and Daly, which was
not included, also mentioned the electroencephalography
finding of diffuse, slow background and lateralized periodic
discharges.'®” The electroencephalography can provide
laboratory data supporting the diagnosis of epilepsy, but we
cannot conclusively state that lateralized periodic discharges
constitute  the representative  electroencephalography
finding for patients with syphilis and epileptic seizure,
and we emphasize the need for controlled clinical trials or
larger confirmatory studies. There are no typical signs in
neuroradiological findings in neurosyphilis, as has been
shown in a previous South Indian study of 119 patients.®!°
During follow-up periods ranging from 20 days to five years,
nearly all patients were seizure-free and few had neurological
sequelae. Generally, the epileptic seizure does not affect
recovery in most patients with syphilis, especially in those
who receive effective treatment. Therefore, prompt diagnosis
is necessary, combined with appropriate etiological treatment
to prevent disease deterioration, thereby ensuring that all
patients can recover.

Only five case reports described the Jarisch-Herxheimer
reaction along with an epileptic seizure. This acute febrile
inflammatory reaction often includes headache, myalgia,

Figure 5b: The classification according to the International League against
Epilepsy classification of the epilepsies position paper of the International
League against Epilepsy commission: The patients have motor seizure or
nonmotor seizure

tachycardia, hyperventilation and worsening of lesions;
few patients experience epileptic seizure as the initial or
main symptom.®® In these five cases, seizures generally
occurred >10 h after treatment with the recommended dose;
symptomatic treatment was then provided; subsequently, the
seizures stopped and the patients continued the appropriate
anti-syphilis treatment. Clinicians should carefully monitor
patients receiving anti-syphilis treatment to avoid the
occurrence of the Jarisch-Herxheimer reaction.

Limitations

Although we searched all concerning articles published in
the past nearly 50 years, we only included eight articles in
the meta-analysis as research in this field has been conducted
for a relatively short period. Furthermore, some patients with
syphilis and epileptic seizure may not receive clear diagnoses.
Our data was collected from case reports; thus, most patients
may have had obvious symptoms and publication bias may
exist, which may have affected the conclusions of the review.
Thus, a significant knowledge gap remains with respect to
the relationship between epilepsy and syphilis, and additional
studies are needed to ascertain more clearly the prevalence
and mechanisms underlying their association.

Conclusion
The prevalence of epileptic seizures, which was noted as one
of the most overlooked and misdiagnosed manifestations
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Figure 5c: The classification according to the International League against
Epilepsy classification of the epilepsies position paper of the International
League against Epilepsy commission: The patients are aware or impaired
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in syphilis, is 13.8%. Mainly affected patients include
middle-age men worldwide, who exhibit status epilepticus
and motor seizure of the tonic-clonic type, with impaired
awareness. In addition, the typical electroencephalography
manifestation, lateralized periodic discharges, is an important
sign in patients with syphilis and epileptic seizure. Although
many articles describe both epilepsy and syphilis, most are
case reports. In light of the limited data and a small number
of articles, much additional research is necessary to elucidate
the connection between syphilis and epilepsy.
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