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Abstract

Introduction

Neurosyphilis can occur at any stage of syphilis. After treatment, 30%-40% of syphilis

patients remained serofast. But the prevalence of asymptomatic neurosyphilis (ANS)

among serofast syphilis patients remains unclear. Untimely treatment or improper manage-

ment for ANS may result in neurological complications. So we perform the meta-analysis to

evaluate the prevalence of ANS cases among HIV-negative serofast syphilis patients for

exploring their relationship and addressing their clinical management.

Methods

We searched CNKI, Wan Fang, VIP, CBMdisc, PubMed, Embase and Medline from January

1st 1990 to September 22nd 2020 for both English and Chinese records. We strictly restrict the

eligibility criteria. STROBE was used for reporting quality assessment. We examined forest

plots and conducted both fix-effects and random-effects to estimate prevalence by R version

3.6.2/R studio 1.2.1335 statistical software packages META version 4.9–9. If appropriate,

between-study heterogeneity was examined using the I2 statistic and subgroup analysis.

Results

Of 77 screened records, 5 were included. The pooled prevalence of ANS among HIV-nega-

tive serofast syphilis patients was 13% (95% CI 3%-23%; I2 = 93% P<0.01, 417 people).

The prevalence of ANS for the verified ANS classification definition was 3% (95% CI 0%-

7%; I2 = 67% P = 0.08, two studies, 189 people), and 21% (95% CI 6%-36%; I2 = 86%

P<0.01, three studies, 228 people) for the likely ANS classification. The prevalence of ANS

among the serofast syphilis patients who were followed up for one year was 29% (95% CI

22%-36%; I2 = 0% P = 0.5, two studies, 167 people) and 5% (95% CI 0%-13%; I2 = 79% P =

0.03, two studies, 144 people) for two years. The prevalence in the studies from different

geographical subgroups was as follows: 9% (95% CI 0%-19%; I2 = 82% P<0.01, three stud-

ies, 169 people) in South-central China, 6% (95% CI 1%-10%; one study, 106 people) in

East China, and 30% (95% CI 23%-38%; one study, 142 people) in North China.
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Conclusion

This meta-analysis showed a high estimated prevalence of ANS in HIV-negative serofast

syphilis patients, the prevalence of ANS among patients diagnosed with the verified ANS

case definition is much lower than that for the likely ANS classification. It may be necessary

to carry out nontreponemal test, protein test and leukocyte count for cerebrospinal fluid

(CSF) in treated serofast patients for better clinical management to avoid neurological com-

plications. The case classification definition of ANS is a key factor to evaluate the preva-

lence. Geographical heterogeneity needs more studies to detect. In future we need better-

design studies to explore relationship between ANS and serofast status.

Introduction

Syphilis is a systemic and chronic sexually transmitted disease, which caused by Treponema
pallidum subspecies pallidum, can disseminate to any organ after infection, even damage the

nervous and cardiovascular system [1]. The World Health Organization (WHO) estimated 6

million new cases of syphilis globally between 15 and 49 years old in 2016 [2]. Syphilis has

been continually increasing in China and reached 36 cases per 100,000 population in 2018 [3],

which has become a concerned public health problem. In 2010, the China’s Ministry of Health

(MOH) officially launched the first national program specially and directly aimed at control-

ling syphilis: the National Plan for Prevention and Control of Syphilis in China (2010–2020)

[4], which required to strengthen the screening and standard treatment of syphilis patients to

stop transmission and reduce harm.

After the recommended syphilis therapy, 30% to 40% of syphilis patients remained serofast

[5]. Serofast is a status where low-level of nontreponemal antibody titers persist without ser-

oreversion following initial� 4-fold decline after standard treatment [6, 7]. As a puzzling

clinical problem for serofast, it is uncertain for both clinician and patient whether the persis-

tent positive serological reaction indicates persistent foci of spirochetes or progressive syphi-

litic lesions or whether it reflects the persistence of regain in the circulating blood following

therapy [5], and studies showed the effect of retreatment was limited [8, 9]. Some studies

think that treponema infection of nervous system may be one of the important reasons for

serofast status [10, 11], so it is necessary to understand the prevalence of neurosyphilis in sero-

fast patients with treated syphilis.

Neurosyphilis can occur at any stage of syphilis. As the most common form of neurosyphi-

lis, the asymptomatic neurosyphilis (ANS) is characterized by the abnormality of cerebrospinal

fluid (CSF) with no symptoms or signs of involvement of the central nervous system [12, 13].

There were a few studies on the prevalence of ANS among serofast patients in the world, and

most in HIV-positive serofast patients. In 2010, a study from Isreli showed 31% of HIV-posi-

tive serofast patients were neurosyphilis [11]. Another study from Poland in 2018 showed the

prevalence of HIV-positive early syphilis serofast patients was 42% [14]. A study from China

in 2017 showed the prevalence of ANS in HIV-negative serofast patients was 30% [15]. How-

ever, no systematic review was performed on the prevalence of ANS among serofast patients

according to the Cochrane Library. HIV infection can also cause CSF abnormalities, which

makes it hard to differentiate the effect of nervous invasion of syphilis among HIV co-infection

syphilis patients. Therefore, it is necessary to obtain the prevalence of ANS in HIV-negative

syphilis serofast group, which has not been well-established [16, 17]. There still exists contro-

versy about undergoing lumbar puncture and CSF testing among HIV-negative serofast
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syphilis patients. Untimely treatment or improper management of ANS may result in neuro-

logical complications [18, 19]. Aqueous crystalline penicillin G is the recommended dosage for

neurosyphilis patients, which is different from those without nervous infected patients [20].

Furthermore, two problems obstructed the estimation of the prevalence of neurosyphilis,

one is the relatively small retrospective cohort studies whose case definitions differ, and the

other is the lack of consistent reporting data [21]. In order to fill this gap and control the het-

erogeneity, we are going to collect existing studies with consistent reporting data and perform

a meta-analysis to evaluate the prevalence of those studies on ANS among HIV-negative sero-

fast syphilis patients in China, to guide the management of serofast syphilis patients for clini-

cians, and to understand their relationship between neurosyphilis and serofast status.

Materials and methods

We developed a plan before data collection and data processing. Our study was not registered

in the PROSPERO database. This study was reported according to Preferred Reporting Items

for Systematic Reviews and Meta-Analysis (PRISMA) guidelines [22].

Data sources and search strategy

Seven bibliographic databases, including China National Knowledge Infrastructure (CNKI),

Wan Fang, VIP, China Biology Medicine disc (CBMdisc), PubMed, Embase and Medline,

were used to search for publications regarding serofast patients with CSF outcomes in China

from Janunary 1st 1990 to September 22nd 2020. We used the terms “Serofast” or “Seroresis-

tance”, and “neurosyphilis” or “cerebrospinal fluid”, and “China” in English databases. “xue-

qingguding” or “xueqingdikang”, and “shenjingmeidu” or “naojiye” in Chinese databases.

Eligibility criteria

Studies reporting the proportion of ANS among serofast patients, or the results of CSF testing

of serofast patients, were included in this current study. All the patients were treated at least

once before, no symptoms or signs, and underwent lumbar puncture to get CSF outcomes.

And we restrict the number of tested serofast patients to at least 20. Considering the possible

distribution differences between different countries, we limited our study in mainland China.

Studies which had HIV-positive patients were excluded. Those stated no definition or

unclear criteria of ANS or serofast, were out of our study. Furthermore, review articles, case-

control studies and book chapters were also excluded.

Serofast status was defined by persistently positive low-level nontreponemal antibody titers

without seroreversion after initial� 4-fold decline to avoid the situation of treatment failure

or serological non-response [6, 7].

According to the neurosyphilis case definition from Centers for Disease Control and Pre-

vention of America (CDC) [23], we defined the ANS cases into two categories or groups: veri-

fied and likely ANS cases. A verified ANS case was defined as a person with the reactive VDRL

in CSF in the absence of grossly bloody contamination of the CSF without clinical symptoms

of neurosyphilis; A likely case was defined as a person with an elevated CSF protein (>50mg/

dL2) or leukocyte count (>5 WBC/mm3 CSF) in the absence of other known causes of these

abnormalities without clinical symptoms of neurosyphilis.

Study selection

Two researchers (XTT, JHZ) reviewed the records included independently, first of abstracts

and titles and then of full text records. Differences were resolved by discussion or adjudication
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by a third reviewer (XDG). We searched for all relevant studies and supplemented the search

by screening bibliographies of identified articles. If two or more studies were published based

on the same sample, the article with the greatest epidemiological quality was included. More-

over, we did not contact the authors of original studies for additional information. The full

citation screening process is detailed using the PRISMA flow diagram.

Quality assessment

The quality of included studies and risk of bias were assessed using the STROBE checklist for

observational studies reporting [24].

Data extraction

For each record we extracted first author, publication year, study period, CSF testing methods

for ANS, total number of serofast syphilis patients and ANS cases. We also extracted some fac-

tors such as sex, age, geographical region, serum RPR titers and follow-up time among original

samples.

Statistical methods

The pooled prevalence of ANS among HIV-negative serofast syphilis patients was calculated

upon the number of receiving CSF testing patients with a meta-analysis. Fix-effects and ran-

dom-effects models by the τ2 estimator were both used to calculate and prepare forest plots

using R version 3.6.2/R studio 1.2.1335 statistical software packages META version 4.9–9. Hig-

gins inconsistency test (I2) was used to assess heterogeneity with the percentage of observed

variation across studies. The potential sources of heterogeneity were further investigated using

subgroup analysis. The factors investigated comprised the geographical region, case classifica-

tion and follow-up time. To examine the potential publication bias, we used the funnel plot

and tested using Egger’s test. A P<0.05 was considered to be statistically significant.

Results

Included studies

In this study, a total of 148 papers were returned by the search, and 107 articles were excluded

by duplicates and abstracts, 36 studies were excluded based on full-text review. Only 5 studies

were included for the final analysis which met the eligibility criteria. The flowchart of reviews

showed the detailed process of selection (S1 Fig).

Quality assessment

All of the included articles were assessed for quality with the STORBE in S2 Checklist. All of

the studies gave adequate source of population and study time. All studies had follow-up at

least for one year. The inclusion and exclusion had made clear despite most of them were

referring to previous publications. There were 3 studies presenting specific testing outcomes

for us to assurance the quality [15, 25, 26]. None stated details about handling the missing data

and confounding.

Study characteristics

Table 1 summarised the characteristics of studies included in this review [15, 25–28]. Five

studies published from 2009 to 2017, comprised of 417 serofast patients. All studies were

retrospective cross-sectional and hospital-based. There were two studies published in English
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[15, 25], and three in Chinese [26–28]. Two studies showed the same median age in 30-year

old [26, 27]. One study demonstrated as high as 72% of female cases and the serum RPR titers

of all serofast patients after treatment were�1:4 [26] (Table 1).

Overall pooled prevalence of ANS among HIV-negative serofast syphilis

patients

5 studies with 417 serofast patients were included. The prevalence of five studies was from 1%

to 30%. The pooled prevalence of ANS among HIV-negative serofast patients was 13.0% (95%

CI 3%-23%; I2 = 93%; P<0.01) with high significant level of heterogeneity for combined effect

size by using random effects model (S2 Fig).

Subgroup analysis

Case classification definition level. Due to the heterogeneity of case classification, ran-

dom effects model was performed in the subgroup analysis. There were two case classification

categories among the included studies, verified ANS cases were defined by a reactive VDRL in

CSF, and likely ANS cases were defined by elevated WBC or protein in CSF. The pooled preva-

lence of studies using the verified ANS classification was 3% (95%CI 0%-7%; I2 = 67%

P = 0.08). The pooled prevalence of studies using the likely ANS classification was 21% (95%CI

6%-36%; I2 = 86% P<0.01) (S3 Fig).

Follow-up time. Follow-up time can be divided to one to two years. The prevalence for

one year was 29% (95%CI 22%-36%; I2 = 0% P = 0.5, two studies) by fixed effects model with

no heterogeneity, and the prevalence for two years was 5% (95%CI 0%-13%; I2 = 79% P = 0.03,

two studies) by random effects model (S4 Fig).

Different regions. Random effects model was preferred in this subgroup analysis. The

prevalence in South-central China was 9% (95%CI 0%-19%; I2 = 82% P<0.01), one was 24.0%

conducted in Hunan, other two both conducted in Guangdong were 1.2% and 9.8%

Table 1. Characteristics of studies included in the meta-analyses.

Study Language Province, Region Case Classification No. of

ANS

No. of

serofast

patients

Prevalence of

ANS

Stage of pre-treated

syphilis

Median serofast

patient age

(years)

follow-up

time

�Zhu et al.

(2009) [26]

Chinese Hunan, South-

central China

Likely: elevated CSF

protein or (and) WBC

6 25 24.00% 36% with early

syphilis, 64% with

late syphilis

30.9 1 year

Lin et al.

(2010) [27]

Chinese Guangdong,

South-central

China

Verified: reactive

VDRL in CSF

1 83 1.20% 100% with latent

syphilis

34.2 2 years

Zhou et al.

(2012) [25]

English Shanghai, East

China

Verified: reactive

VDRL in CSF

6 106 5.70% 100% with secondary

syphilis

NM NM

Zheng et al.

(2016) [28]

Chinese Guangdong,

South-central

China

Likely: elevated CSF

protein or (and) WBC

6 61 9.80% NM NM 2 years

Cai et al.

(2017) [15]

English Beijing, North

China

Likely: elevated CSF

protein or (and) WBC

43 142 30.30% NM NM 1 year

Prevalece of ANS, the prevalence of asymptomatic neurosyphilis among serofast syphilis patients; NM, not mentioned;

�This study stated the serum RPR titers of all serofast patients were�1:4 with a male to female ratio at 7/18.

Diagnostic classification: the likely ANS case is using elevated CSF protein (>50mg/dL2) or leukocyte count (>5 WBC/mm3 CSF) in the absence of other known cause

of these abnormalities, the verified ANS case is using a reactive VDRL in CSF.

https://doi.org/10.1371/journal.pone.0241572.t001
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respectively. One study performed in Shanghai, East China, was 5.7%. And one in Beijing,

North China, was 30.3% (S5 Fig).

Publication bias

Funnel plot graphic and egger’s regression asymmetry test showed no statistically significance

over five studies (t = 2.37, P = 0.098) (S6 Fig).

Discussion

Only five studies were included in this meta-analysis which met the selection criteria, and the

results showed the pooled prevalence of ANS among HIV-negative serofast syphilis patients

was high. A number of studies were ruled out at the screening records phrase, because some

didn’t have clear case definition, some didn’t consider the effect of past treatment. So we

strictly restricted our eligibility criteria and excluded both treatment failure and serological

non-response patients from the serofast status.

Subgroup analysis showed follow-up time and case classification definition had great

impact on the pooled prevalence. Future research should be focused on developing or employ-

ing a standardized definition of syphilis serofast and case classification criteria of ANS. When

follow-up time was prolonged, the prevalence would drop greatly. It might be associated with

the case classification definition, because the studies following up for one year were both using

the likely ANS case definition. The prevalence of those using the likely ANS case definition

was higher than that for the verified ANS case definition. Case classification definition is

related to the specificity and sensitivity of diagnostic techniques. The specificity of the verified

ANS case classification using VDRL testing is proved to be very high (91.6%-100%), the sensi-

tivity of the CSF-VDRL is not enough high with range varying from 1.5% to 69% [29–32],

which might underestimate the prevalence of ANS. As lumbar puncture is already an invasive

procedure, we might suggest a higher sensitive case definition to avoid a missed diagnosis,

especially among ANS. Currently there is no single highly sensitive and specific diagnostic test

existed for neurosyphilis, the diagnosis depends on the clinical findings and CSF abnormalities

as well as clinical judgment, but also this needs a deep understanding of the disease spectrum

and the strengths and limitations of diagnostic techniques [33]. The CSF abnormality is not

only a sign of neuroinvasion, but also for making a judgment on the success or failure of treat-

ment. CSF testing results have a guiding role for clinicians in the selection of further treatment.

For those neurosyphilis patients, aqueous crystalline penicillin G would be supposed to be

used rather than benzathine penicillin G [20].

Subgroup analysis also found the heterogeneity existed between different regions. Since

only one study was included in both North and East China, our study cannot draw the conclu-

sion whether the prevalence in the north region is highest or not. It is necessary to carry out

more relevant studies in this region to confirm the rate. In addition, our included studies were

from Beijing, Shanghai, Guangdong, and Hunan province, no related studies from other prov-

inces or cities, the pooled prevalence did not reflect the situation of the whole China.

Egger’s test didn’t indicate any evidence of publication bias of all. It is necessary of regular

follow-up to avoid the possibility of the process developing into symptomatic neurosyphilis

among those serofast patients.

There are some limitations to this meta-analysis. First, only five studies met inclusion and

exclusion criteria. Second, limited characteristics were described in those included studies,

thus we did not get more reliable information of relevant risk factors between serofast syphilis

patients and neurosyphilis. Future it is still necessary to prolong follow-up time among serofast

patients because it is better to resolve early neurosyphilis clinical abnormalities than late. It is
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supposed to have more well-designed studies to better describe the prevalence and risk factors

between ANS and serofast status, such as the follow-up time, the success or failure outcome of

treatment, their basic chronic disease situation and so on.

Conclusions

The pooled prevalence of ANS among HIV-negative serofast patients was high. The case classi-

fication definition of ANS is a key factor to evaluate the prevalence, the prevalence of those diag-

nosed with the verified ANS classification definition is much lower than that for the likely ANS

classification. It may be necessary to carry out nontreponemal test, protein test and leukocyte

count for cerebrospinal fluid (CSF) in treated serofast patients for better clinical management to

avoid neurological complications. Geographical heterogeneity needs more studies to detect. In

future study, consistent definition of serofast status should be unified, and more well-designed

studies are needed for detecting relationship between neurosyphilis and serofast status.
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