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ABSTRACT

Neurosyphilis (NS) is the severe form of syphilis caused by the invasion of Treponema pallidum subspecies
pallidum in the Central Nervous System (CNS). The laboratory diagnosis is based on the analyses of Cerebrospinal
Fluid (CSF) with the VDRL, considered “gold standard”, despite recent studies reporting low sensitivity (40%-
70%). The treponemal tests based on hemagglutination were performed for use in serum and plasma with great
diagnostic accuracy. PURPOSE: This systematic review aims to analyse original studies with treponemal tests based
hemagglutination on CSF in order to verify the diagnostic accuracy of these tests in the diagnosis of NS.

Methods: A search was performed in the electronic databases: EMBASE, Scielo, MEDLINE/PUBMED, LILACS,
Cochrane Library, Trials and “grey literature” with the following DECS contained in the title or abstract, in English,
Portuguese and Spanish: “Neurosyphilis” and "Cerebrospinal fluid" and "diagnosis" and "TPPA" or "TPHA" from
2010 to June 2021.

Results: 317 articles were identificated for reading the title and abstract and 27 articles were selected for full reading.
Studies have shown that treponemal tests based on hemagglutination are useful when the CSF-VDRL is non-reactive
and there are neurological symptoms.

Conclusion: The sensitivity of CSE-TPPA or CSF-TPHA ranges from 75%-85% and specificity ranges from 88.9%
to 100% with titers > 1:640 in TPPA and > 1:80 in TPHA for the diagnosis of NS while when titers <1:640 are used,

the sensitivity and specificity tend to decrease. There was no difference in the accuracy of the tests between PLWHIV
and without HIV.
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INTRODUCTION

Water Neurosyphilis (NS) is a form of presentation of syphilis
caused by the spirochete Treponema pallidum subspecies pallidum

rate until 2018, with 76.8 cases per 100.000 inhabitants. In 2018
and 2019 there was a reduction in the number of notifications,
reaching 54.5 cases per 100.000 population, which may have been
caused by underreporting of cases due to the greater mobility of

(Tp) that happens when the bacterium invades the Central
Nervous System (CNS). Transmission occurs through contact with
the mucosa and the neurological involvement is due to the ability
of Tp to cross vascular barriers [1]. The clinical manifestations of
NS can occur at any stage of syphilis, but in some cases the disease
is asymptomatic [2].

Since 2010, syphilis has become a notifiable disease in Brazil.
According to the Epidemiological report of the Brazilian Ministry
of Health (2021), there was an increase in the syphilis detection

health professionals in combating the COVID-19 pandemic [3].

The HIV-Syphilis confection alters the clinical management and
therapeutic response of both infections. HIV can alter the lesions,
diagnosis and response to syphilis treatment as well as accelerate
the progression. There are reports of overlapping of primary
and secondary phases in co-infected patients [4]. It’s important
to highlight that soon after the emergence of HIV, increasing
reports of NS were observed among patients infected with the HIV
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virus, even among those who had received adequate therapy with
penicillin [5].

Otherwise syphilis can increase the risk of HIV transmission and
infection through transient immunosuppression and a weakening
of the host's response to the virus. In addition, syphilitic lesions are
well vascularized and exposed, which facilitates the entry of HIV
into the bloodstream [6].

The diagnosis of NS is performed through clinical aspects and
the analysis of Cerebrospinal Fluid (CSF) with a combination
of pleocytosis (cells > 5/uL), blood barrier dysfunction and the
reactivity of the Venereal Disease Research Laboratory (VDRL)
which is considered the “gold standard” for the diagnosis of NS [7].
Studies with the CSF-VDRL report a high specificity of the test,
however, a low sensitivity (30%-70%), which makes the diagnosis
of NS a constant challenge, especially in asymptomatic patients [8].

The Fluorescent Treponemal Antibody Absorption Test (FTA-Abs)
in the CSF is a treponemal test with a lower specificity but with
high sensitivity compared to the CSE-VDRL [9]. The Center for
Disease Control and Prevention (CDC) considers FTA-Abs as a

confirmatory test in the diagnosis of NS so NS is unlikely with a
FTA-Abs test in non-reactive CSF [10,11].

The Treponema pallidum Hemagglutination Test (TPHA) and
the Treponema pallidum Particle Agglutination Assay (TPPA) are
treponemal tests similar to FTA-Abs, using serial dilutions and are
based on a hemagglutination reaction in the presence of antibody
against Tp, which enables a reading the result with the naked eye,
unlike the FTA-Abs which requires a fluorescence microscope [12].

The sensitivity of treponemal tests in the CSF is greater than 90%
when the NS criterion consists of CSF-VDRL reactive, and lower
when the NS criterion is based on neurological symptoms [13].
Marra et al. In their study of CSF-TPPA demonstrated a sensitivity
of 77.5% based on the symptomatic criterion and 95% when based
on the criterion of reactive CSF-VDRL. The specificity with TPPA
titers > 1:640 were 93.9% with the definition of NS based on the
CSFVDRL and 85.2% if using symptomatic criteria. The study
also reports a possible increase of 21.3% in the diagnosis of NS
with the combination of CSF-VDRL and CSE-TPPA with titers >
1:640 [14].

This systematic review aims to analyze original studies with CSF
hemagglutination-based treponemal tests in order to verify the
diagnostic accuracy of these tests in the diagnosis of NS.

MATERIALS AND METHODS

For this survey, an electronic search was carried out in the following
databases: EMBASE, Scielo, MEDLINE/PUBMED, LILACS,
Cochrane Library with the descriptors in English, Portuguese
and Spanish: “Neurosyphilis” and “Cerebrospinal Fluid” and
“diagnosis” and “TPPA” or “TPHA”. The same descriptors were
also searched in Trials databases (Clinical Trials, ICTRP, as well
as in the Brazilian databases of "grey literature” in the Catalog of
Theses and Dissertations in the database of the Ministry of Science
and Technology. The search was limited to the period of January
2010 to June 2021, with the purpose of selecting recent studies on
the use of these treponemal tests based on hemagglutination in
cerebrospinal fluid in the diagnosis of NS.

Inclusion/Exclusion criteria

The inclusion criteria used were: studies involving treponemal tests
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that use the hemagglutination method as a basis, more specifically
TPHA and TPPA, in PLHIV and without HIV infection related to
the diagnosis of NS, which should contain: study site, number of
the sample, characteristics of the population in relation to HIV,
type of hemagglutination-based treponemal test (TPPA or TPHA),
test titulation and measures of diagnostic accuracy.

RESULTS AND DISCUSSION

A total of 317 articles were identified in the following databases:
18 in Scielo, 170 in Pubmed, O in LILACS, 106 in Embase, 12
in the Cochrane Library and 11 in the Catalog of Theses and
Dissertations in the database of the Ministry of Science and
Technology. 27 articles were selected for full reading, and 290 were
excluded after reading the title and abstract (Figure 1).

Among the articles excluded after reading the title and abstract,
68 were case studies, 6 review studies, 4 observational studies,
21 addressed other pathogens, 16 associated syphilis with other
pathogens, 6 addressed the treatment of syphilis, 3 reported
other techniques used in the CSF and 167 articles addressed only
serological techniques.

After the complete reading of the 27 selected articles, 11 articles
were included and 16 were excluded for not following the inclusion
criteria, such as: four studies use the TPHA as an inclusion criteria,
two report NS as a neurological finding, one uses other techniques
of diagnosis, one is a review article, two due to inability to access
the full article, one article published in 1988 and five duplicate
articles (Figure 1).

Number of articles identified in selected databases: 317
Theses and Dissertations Catalog: 11 ~ SCIELO: 18 EMBASE: 106 B.DT.D:0
LILACS:0  Cochrame Library: 12 PubMed:170

[ 27 articles read in full by the evaluators ]

/ 11 articles excluded: \

TPHA as inclusion criteria: 4

Qther diagnostic technigues; 1

Review article: 1

Impossibility of accessing the full version of
thearticle: 2

Article published over 10 years ago: 1

[ 5 duplicated articles ’
NS as a neurological finding: 2

[ 11 articles included in the systematic review ]

Figure 1: Flowchart of electronic search in databases.

It was observed that the selected articles included a total of 2,168
patients who met the inclusion criteria proposed in this review.

Regarding the groups of patients living with HIV (PLHIV), only
seven of the selected studies studied the PLHIV and non-HIV
group, two studies analyzed only PLHIV and six studies did not
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include people living with HIV.
Sensitivity and specificity

When analyzing the selected articles, a total of 3.096 patients
were observed, being 1.247 PLWHIV and 1.878 without HIV. The
studies involving patients from both groups did not differentiate
the sensitivity and specificity of the test according to each group
except for two studies [14,15] that reported no difference in the
sensitivity and specificity of the test between PLWHIV and those
without HIV.

Only seven of the 11 studies reported the sensitivity and specificity
found in the titulation of the test used for the diagnosis and or
follow-up of the treatment of NS. According to the analysis of
selected articles, four articles report a sensitivity of CSE-TPPA or
CSF-TPHA of 75%-85% and five articles with a specificity of 88.9%
to 100%, it is important to emphasize that when the titration
parameter for NS is <1:640 the specificity and sensitivity of the test
tend to decrease. In controversy to what is reported in the study by
Marra et al. Where a sensitivity of 12%-48% and specificity of 89%-
96% were found with titers > 1:640 in TPPA in the CSF.

A study in PLWHIV uses the division into two groups: symptomatic
NS and asymptomatic NS and reports specificity and sensitivity of
each. The TPPA test in the symptomatic NS group had a sensitivity
of 72% and specificity of 52% and in the asymptomatic NS group,
a sensitivity of 50% and specificity of 47% [16].

In a study that followed three patients before and after NS
treatment, the TPHA titer declined one titer in two patients and
two titers in the remaining patient. There was a conversion of CSF-
VDRL non-reactivity in two of the three patients [12].

Only five of the seven studies using TPPA reported having followed
(SERODIA®TP-PA, Fujirebio

the manufacturer's guidelines

Table 1: Selected articles relation with titration and diagnostic accuracy data.
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Diagnostics Inc), while the TPHA studies did not describe
guidelines or manufacturers except for one Cuban study that used
the TPHA from the manufacturer CENTIS®. In addition, TPHA
is not available in all countries, being more commonly found in
South American countries. In Brazil we have Imuno-HAI®TPHA
(WAMA Diagnéstica) being commercially used for serum and
plasma samples.

Diagnostic screening

When analyzing the diagnostic screening, it was observed that
only two studies didn’t include neurological signs and symptoms,
all studies included LCRVDRL reactivity, five determined LCR-
RPR reactivity, one in TRUST, one in FTA-Abs (IgG) and one with
detection of Tp by the CSF RT-PCR technique.

Indefinite syphilis and patients with serological scarring were
considered inclusion criteria only by Salamano et al. Findings
such as pleocytosis and proteinorrhachia were associated in NS
cases in 5 studies. All studies involving only PLWHIV considered
the serological levels in the VDRL or RPR > 1:32 and the
T-CD4+lymphocyte count with a cutoff of 350 cells/mm3 as
diagnostic screening.

Comparison of TPHA/TPPA titers between PLHIV and
seronegative groups

Among the studies analyzed with TPHA, only Pérez et al. (2013),
in their HIV+ and HIV- population, reported the manufacturer

(CENTIS®) and its use in the CSF followed the instructions insert
for use in serum/plasma, with reactivity titration > 1:80.

A wide use of SERODIA-TPPA® (5 of 11 studies) was observed,
differing in population data, CSF reactivity titulation and
diagnostic accuracy test, summarized in Table 1.

Population HIV

Diagnostic accuracy test Sensitivity

Article title Author Year OU HIV - Manufacturer Titration and specificity
Diagnostic role of SERODIA
CXCL13 and CSF  Li D, Huang X, Shi TPPA (Fujirebio o Specificity:
serology in patients M, Luo L, Tao C. 2021 HIV - America, >1:320 Sensitivity: 84,09 88,89%
with neurosyphilis Fairfield, NJ)
Jeannette Guarner
: , MD, Heather
Evaluation of )
treponemal serum Jost, Allan Pillay , SERODIA
tests performed on PhD, Yongcheng TPPA (Fujirebio
. i Sun , MD, David 2015 HIV -e HIV + ) 1:640 Sensitivity: 83,3% Specificity : 100%
cerebrospinal fluid America,
for diagnosis of Cox;, PhD, Robert Fairfield, NJ)
neurosyphilis Notenboom , PhD, e
Kimberly Workowski
, MD
Chen YY, Zhang YF,
Clinical and Qiu XH, Zhang Q,
laboratory Chen FY, Liu L, Fan SERODIA
characteristics in  JY, Gao K, Zhu XZ, 2015 HIV - TPPA (Fujirebio 1.80 96.47% of patients had reactive CSF-
patients suffering ~ Zheng WH, Zhang America, ’ TPPA

from general paresis HL, Lin LR, Liu LL,
Tong ML, Niu J],
Yang TC.

in the modern era.

Fairfield, NJ)
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Clinical prediction Dumaresq J,

and diagnosis Langevin S, Gagnon SERODIA The articl Symptomatic - Symptomatic -
of neurosyphilis S, Serhir B, Deligne TPPA (Fujirebio ©ar . o Sens.72% and  Spec. 52% and
) i 2013 HIV + ) hasn't . .
in HIV-infected B, Tremblay C, America, informed Asymptomatic -  Asymptomatic -
patients with early Tsang RS, Fortin C, Fairfield, NJ) forme Sens. 50% Spec. 47%
Syphilis Coutlée F, Roger M.
Comparing the
perforrr‘lar'me SERODIA Agreement of LCR-TPPA
characteristics of GuW. Yane Y. Wu TPPA (Fujirebio with LCR-VDRL: 71.9%
CSETRUSTand |y %\] LK 2012 HIV - . rilcae ¢ 1:80 Agreement of TPPA with TRUST:
CSFVDRL for ) AR e e 69.2% and Reactivity with TPPA

syphilis: a cross-
sectional study

Fairfield, NJ) was 52.9% and with VDRL 24.8%

Two studies with SERODIA-TPPA that analyzed the population
only without HIV used a titer of > 1:80 and their statistical results
were in agreement with CSF-VDRL and CSF-TRUST and total
percentage of patients with reactive CSFE-TPPA (19-20). LI et al.
use the same HIV population with a titer > 1:320 and obtain a
sensitivity of 84.09% and a specificity of 88.89%.

Dumaresq and collaborators (2013) performed the study only
with PLWHIV, resulting in a sensitivity of 72% and specificity of
52% in the symptomatic NS group and 50% sensitivity and 47%
specificity in the asymptomatic NS group. However, the authors do
not describe which cut-off titulation for reactivity, which prevents a
better understanding and comparison of the present review [16-22].

In the study by Guarner et al. The study population included
PLWHIV and without HIV using the SERODIA-TPPA® with a
CSF reactivity cutoff of > 1:640, resulting in a diagnostic accuracy
with a sensitivity of 83.3% and 100% specificity [22].

Despite the tests routinely used for the diagnosis, it is necessary to
develop and innovate new techniques to improve the diagnostic
accuracy of NS. Recently, molecular biology techniques and
detection of new markers such as CXCL13 and allelic profiling
have been introduced in the diagnosis of NS [23-25].

CONCLUSION

Treponemal methods based on hemagglutination in the CSF
are targets of research with the aim of improving the laboratory
diagnosis of Ns, especially when the VDRL, considered as the "gold
standard" for diagnosis, is not reactive, due to its low sensitivity

(40%-70%) in the LCR.

Hemagglutination-based Treponemal tests (TPHA and TPPA) are
commercially validated for use in Serum or Plasma and their use in
CSF is reported for research purposes, being useful when the VDRL
is not reactive and there are neurological symptoms compatible with
the NS. There was no difference between PLWHIV and without
HIV in the accuracy of the CSF-TPPA and CSE-TPHA tests.

The sensitivity of CSF-TPPA or CSE-TPHA ranges from 75%-85%
and specificity from 88.9% to 100% with titers > 1:640 in TPPA
and > 1:80 in TPHA for the diagnosis of NS. When titers <1:640
are used, the sensitivity and specificity of the CSF treponemal
hemagglutination tests tend to decrease.
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