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Background: Laboratory detection of intrathecal synthesis of specific antitreponemal antibodies re-
mains a challenge. Traditional syphilis serology is unable to provide a satisfactory result; therefore, sev-
eral other diagnostic procedures were used to demonstrate central nervous system (CNS) involvement
in this disease. The introduction of molecular methods makes today’s laboratory testing easier.
Objective: Our study used a new commercially available test, the INNO-LIA™ Syphilis Score, intended
for use on serum samples, to detect specific antitreponemal antibodies in the cerebrospinal fluid (CSF)
of patients with the tertiary stage of syphilis.
Patients and methods: We tested 26 patients suspected of neurological complications of late syphilis
with conventional immunological tests such as VDRL-RPR, TPHA, FTA-ABS IgG, FTA-ABS-IgM, and the
molecular INNO-LIA™ Syphilis Score test for the presence of nontreponemal and treponemal antibod-
ies. All tests were performed simultaneously in serum and CSF. The test results were evaluated with
descriptive statistics and the probability was tested with an ANOVA test.
Results: All 26 samples of serum were LIA-S (line immune assay in serum) positive and presented
anticardiolipin and antitreponemal antibodies in high titer. Seventeen samples of CSF were LIA-L (line
immune assay in liquor) positive and nine were LIA-L negative. Anticardiolipin and antitreponemal anti-
bodies were detected only in the group of LIA-L positive samples. Anticardiolipin antibodies were present
in two cases, antitreponemal (TPHA) in five cases, specific IgG (FTA-ABS IgG) in six cases, and specific
IgM (FTA-ABS IgM) in one case. Six patients with antitreponemal antibodies in CSF presented with
pathologic albumin index, two with a milder form, and four with a severe form. Two had a pathological
IgG index and four a pathological IgM index. Altogether, two of the patients had laboratory signs of
neurosyphilis.
Conclusions: Detecting anticardiolipin and antitreponemal antibodies in CSF in patients with a late
form of syphilis is laborious. Using the new INNO-LIA™ Syphilis Score molecular test, we were able to
identify patients with silent neurosyphilis together with patients with active intrathecal synthesis of IgG
antibodies. The development of a new generation of tests for the detection of specific antitreponemal
antibodies in CSF offers a valuable tool for discovering possible CNS involvement in syphilis.
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Introduction

Detection of specific cerebrospinal fluid (CSF) anti-
bodies in patients with suspected neurosyphilis remains
a challenge for immunological laboratories as well as
for clinicians (1). Today, in a developed country with
good medical education of the general population and
functioning health care institutions, only a few cases of
syphilis are detected per year, and this is therefore con-
sidered a disease of marginal concern (2). However,
these few cases are of enormous importance for public
health because of the possible uncontrolled spread of
the disease and serious complications for patients if the
disease is overlooked. One of the most important late
complications of syphilis is neurosyphilis (3–6). If syphi-
lis is not treated or is treated inappropriately, a chronic
form of the disease may develop years after infection.
Neurosyphilis is a consequence of inflammation caused
by treponemas and their metabolic products passing
the blood-CSF barrier. Inflammatory changes together
with specific antitreponemal antibodies found in the
CFS are important for diagnosing neurosyphilis (7). Be-
cause of the infrequency of neurosyphilis today, there
are few data on the adequacy of modern methods for
the detection of specific antitreponemal antibodies in
CSF. In recent years, immunologic laboratories quali-
fied for syphilis screening have developed a new mo-
lecular method (LIA, line immune assay) suitable for
the detection of small quantities of specific antibodies
against Treponema pallidum in serum or plasma (8, 9).
We used this test to detect antitreponemal antibodies in
the CSF of patients suspected of neurosyphilis.

Materials and methods

Subjects

Samples of serum and CSF from twenty-one men
(31 ± 11 years old) and five women (29 ± 9 years old)
were examined in a special laboratory for advanced
diagnosis of syphilis (Institute of Microbiology and Im-
munology, Medical faulty Ljubljana, University Ljubljana,
Laboratory for cellular immunology, and diagnostics of
complement system and syphilis). All 26 study subjects
were patients at the Department of Dermatovenere-
ology, University Medical Center diagnosed with latent
syphilis and were admitted for medical survey and then
routinely tested for the presence of anticardiolipin and
antitreponemal antibodies in serum. Because neurologi-
cal complications of the disease were suspected, lum-
bar puncture was performed and a CSF sample col-
lected.

Laboratory tests used for screening CSF

VDRL-RPR (venereal disease research laboratory,
rapid plasma regain) tests (RPR-nosticon®II, Ref. 280446,
bioMerieux, France) were used to detect anticardiolipin
antibodies relevant to treponemal infection. The prin-
ciple of the tests is the precipitation of lipid (cardio-
lipin) antigen in the presence of appropriate antibod-
ies in a sample. The qualitative method was used to
screen for the presence of antibodies; the quantitative
method was used to follow up the effects of antibiotic
treatment.

Table 1. Descriptive statistics with ANOVA calculations on serum and CSF anticardiolipin and specific
antitreponemal antibodies in samples from patients suspected of neurosyphilis.

            LIA positive                 LIA negative           ANOVA 

Sample Test Units Mean SD Mean SD p

CSF and serum Albumin Q mg/l/mg/l 7.83 5.4 4.23 1.33 0.0475
IgG i mg/l/mg/l 0.64 0.75 0.44 0.06 0.4439
IgM i mg/l/mg/l 0.29 0.72 0.04 0.01 0.3143

CSF VDRL-RPR AU 0.12 0.33 0.00 0.00 0.3031
TPHA titer × 10−1 689.41 2480.30 0.00 0.00 0.4170

FTA-ABS IgG titer × 10−1 690.29 2480.04 0.00 0.00 0.4164
FTA-ABS IgM titer × 10−1 0.47 1.94 0.00 0.00 0.4781

LIA-L AU 5.59 5.15 0.17 0.08 0.0046
Serum VDRL-RPR AU 0.76 0.44 0.56 0.53 0.2902

TPHA titer × 10−1 7661.18 10231.54 466.66 793.98 0.0478
FTA-ABS IgG titer × 10−1 6400.53 6428.28 848.89 1635.33 0.0186
FTA-ABS IgM titer × 10−1 16.00 21.66 11.56 15.55 0.6238

LIA-S AU 12.38 3.00 8.39 3.10 0.0039

CSF = cerebrospinal fluid, SD = standard deviation, LIA-L = line immune assay in CSF (liquor), LIA-S = line immune assay in serum, boldface
= statistically significant, i = index, Q = Quotient
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TPHA: Treponema pallidum hemagglutination tests
(BAG-TPHA-Test, Ref. 6040, Biologische Analysen-
system GmbH, Germany) were used to detect specific
antitreponemal antibodies. The principle of the test is
the agglutination of erythrocytes coated with specific
Treponema pallidum (Nichols strain) antigens with spe-
cific antitreponemal antibodies present in the sample.
The test was performed as the quantitative variant.

FTA-ABS IgG: A fluorescent antitreponemal IgG
antibody absorption test was used as one of the most
sensitive tests available for the detection of specific
antitreponemal antibodies in serum and CSF. The sam-
ples were treated with special absorbent containing Tre-
ponema reiterii antigens (ABS-FTA, Ref 75; 661, bioMe-
rieux, France). In this way unspecific treponemal anti-
bodies were removed. Then the absorbed sample was
used in the assay. The principle of the test is the detec-
tion of antitreponemal antibodies bound to Treponema
pallidum (Nichols strain) microorganisms adhered to
glass slides (Trepo-Spot IF, Ref. 75; 681, bioMerieux,
France). With antihuman IgG FITC labeled secondary
antibodies, a specific human IgG bound to microorgan-
isms was detected (Fluoline G, Ref. 75; 692, bioMerieux,
France). The test was performed as a qualitative and
quantitative variant.

FTA-ABS IgM: The fluorescent antitreponemal IgM
antibody absorption test was used as one of the most
sensitive tests available for the detection of early spe-
cific antitreponemal antibodies in serum and CSF. The
samples were first treated on an affinity column to re-
move the IgG fraction of serum or CSF immunoglo-
bulines (Mini Rapi-Sep™-M, Panbio, Maryland, USA),
and then treated with a special absorbent containing
Treponema reiterii antigens (ABS-FTA, Ref 75; 661,
bioMerieux, France). In this way unspecific trepone-
mal antigens were removed. Then the absorbed sample
was used in the assay. The principle of the test is the
detection of antitreponemal antibodies bound to Tre-
ponema pallidum (Nichols strain) microorganisms ad-
hered to glass slides (Trepo-Spot IF, Ref. 75; 681,
bioMerieux, France). With antihuman IgM FITC labeled
secondary antibodies, a specific human IgM bound to
microorganisms was detected (Fluoline M, Ref. 75; 672,
bioMerieux, France). The test was performed as quali-
tative and quantitative variant.

INNO-LIA™ Syphilis Score: The INNO-LIA™ Syphi-
lis Score (Ref. 80542, Innogenetics N.V., Belgium) is a
molecular technique designed for testing antibodies
against several specific treponemal antigens. Three of
these are recombinant proteins (TpN47, TpN17, and
TpN15) and one is a synthetic peptide (TmpA). These
antigens are lined up on a paper strip together with
control lines. If the paper strip is soaked with serum,
plasma, or liquor containing antibodies against the an-
tigens bound, the resulting immune complexes are dis-
covered through a specific enzymatic reaction.

Sample preparation, test procedure,
reading of results, and validation

CSF samples were diluted 1:100 in test troughs and
incubated at room temperature overnight on an orbital
shaker, followed by three washing steps with a wash-
ing buffer before the addition of goat anti-human IgG
conjugated to alkaline phosphatase. After a 30-minute
incubation on the orbital shaker, three washing steps
were performed again, followed by the addition of a
substrate solution containing 5-bromo-4-chloro-3-
indolyl phosphate/nitroblue tetrazolium. After a 30-
minute incubation on the orbital shaker, color devel-
opment was stopped with a stop solution containing
0.1 mol/l sulfuric acid. After a 10-minute incubation on
the orbital shaker, the strips were removed from the
test troughs and placed on absorbent paper to dry.

In a visual reading protocol, each line was compared
to the control line, and the intensities were evaluated
as follows: for no line or a line less intense than the
cutoff line (score 0); for a line with an intensity of the
cutoff line (score 1); for a line with an intensity higher
than that of the cutoff line, but lower or equal to that of
the control line (score 2); for a line with an intensity
between that of the 1st control line and that of the 2nd

control line (score 3); 2nd for a line equal to that of the
2nd control line (score 4); and for a line with an inten-
sity greater than that of the 2nd control line (score 5).

IgG, IgM indexes, and albumin quotient

The intrathecal IgG and IgM production and blood-
CSF barrier permeability were quantitated by CSF/se-
rum IgG and IgM indexes, and albumin quotient. For
this purpose, albumin, IgG, and IgM were measured
by nephelometry using a BN ProSpec nephelometer
(Dade Behring, Germany) in matched serum and CSF
pairs using commercially available kits (Dade Behring,
Germany). The IgG index was calculated according to
the following formula: (CSF IgG (mg/l) × serum albu-
min (mg/l)) / (serum IgG (mg/l) × CSF albumin (mg/
l)). An IgG index above 0.7 was indicative of an intrath-
ecal IgG synthesis (10, 11). Similarly, the IgM index was
calculated according to the following formula: (CSF IgM
(mg/l) × serum albumin (mg/l)) / (serum IgM (mg/l) ×
CSF albumin (mg/l)). An IgM index above 0.1 was in-
dicative of an intrathecal IgM synthesis (10, 12). The
albumin quotient was calculated according to the fol-
lowing formula: (CSF albumin (mg/l)/ serum albumin
(mg/l)) × 1000. An albumin quotient above 7.8 was in-
dicative of a blood-CSF barrier dysfunction (13). In ad-
dition, the serum and CSF IgG, IgM, and albumin re-
sults were also interpreted by Protis (Results Interpre-
tation Software, Dade Behring, Germany). The Protis
CSF assessment supported us with a graphic results pre-
sentation using Reiber diagrams (7).
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Results

Twenty-six patients with a history of syphilis and
suspected of having neurological complications of the
disease were tested for the presence of antitreponemal
antibodies in CSF. The samples of CSF and serum were
simultaneously tested with conventional tests such as
VDRL-RPR, TPHA, FTA-ABS IgG, and FTA-ABS IgM to-
gether with the INNO-LIA™ Syphilis Score. The INNO-
LIA™ Syphilis Score in CSF was expected to be the test
able to detect minute amounts of antitreponemal anti-
bodies in CSF, and therefore relevant for discriminating
patients with neurosyphilis from patients without neu-
rological complications. All patients were also tested
for signs of inflammation in the cerebrospinal space or
disturbance of the blood-CSF barrier. Albumin quotient,
and IgG and IgM indexes were calculated from the data
obtained from the determinations of serum albumin,
CSF albumin, total serum and CSF IgG, and total serum
and CSF IgM. For statistical evaluation, the patients were
divided into two groups, one LIA-L-positive (L for li-
quor = CSF) and the other LIA-L-negative. Descriptive
statistics were performed on each group of data and
the statistical significance of differences was calculated
using an ANOVA, with p > 0.05 taken as significant.

All 26 patients were positive for anticardiolipin and
antitreponemal antibodies in serum, detected with all
the tests listed. Nine of the 26 patients examined were
LIA-L–negative and 17 were LIA-L–positive in the CSF.
The group of LIA-L–negative patients had 0.17 ± 0.08
AU of antitreponemal antibodies in the CSF, and in the
LIA-L–positive group 5.59 ± 5.15 AU of the same anti-
bodies was determined. The groups tested were statis-
tically different from each other (p = 0.046). Other char-
acteristics of the samples examined are listed in Table
1.

We found that the LIA-L–positive and LIA-L–nega-
tive group of patients differ from each other in the
amount of specific antitreponemal antibodies. Both
groups had specific antitreponemal and antilipid anti-
bodies present in the serum. The serum concentrations
of all measured antibodies are much higher then the
CSF concentrations. The most important difference be-
tween both groups seems to be that the antibodies in
the CSF were detectable with conventional methods
only in a few cases and, if they were detected, the mean-
ing of their presence was irrelevant for the diagnosis of
neurosyphilis. On the other hand, the LIA antibodies
together with pathological albumin quotient (> 7.8)
were detected in four patients in the LIA-L-positive
group. Two of them had also a pathological IgM index
and one IgG index. In conclusion, four patients in the
LIA-L group presented a possible defect of the blood-
CNS barrier with an albumin quotient higher than 7.8,
three patients presented a higher IgM index (> 0.1), and
one a higher IgG index (> 0.7). Thus,, only two pa-

tients in the LIA-L–positive group had the required labo-
ratory signs of neurosyphilis.

Discussion

A group of 26 patients suspected of neurological
complications of late syphilis were tested for the pres-
ence of intrathecal anticardiolipin and specific
antitreponemal antibodies. A battery of laboratory tests
(VDRL-RPR, TPHA, FTA-ABS IgG, FTA-ABS IgM, and
LIA) was employed. All of the patients had
antitreponemal antibodies in their serum and 17 of them
in their CSF as well. Four LIA-positive patients had a
possible blood-CNS barrier deficit, and two of them
expressed laboratory signs of neurosyphilis. None of
them had clinical signs of neurosyphilis. Our study rec-
ognized the need for simultaneous testing of serum or
plasma and CSF if neurological complications of syphi-
lis are anticipated. Demonstration of specific antitrepo-
nemal antibodies in CSF is indicative of a blood-CNS
barrier defect or intrathecal antibody synthesis.

As early as 1988, Walters et al. reported on the prob-
lem of intrathecal synthesis of anticardiolipin and spe-
cific antibodies in CSF in patients with suspected neu-
rosyphilis (12). In their study, 203 syphilitic patients
were tested for the presence of anticardiolipin antibod-
ies (VDRL), raised CSF cell count and protein content,
and specific antitreponemal antibody production
(TPHA). To facilitate the evaluation of the results, they
proposed that the calculation of immunoglobulin G and
M index would be a helpful criterion for ruling in asymp-
tomatic neurosyphilis. Moskophidids and Muller later
reported that intrathecal synthesis of Treponema
pallidum–specific IgG and IgM antibodies may be dem-
onstrated in neurosyphilis (14). Due to atypical symp-
toms of central nervous system alterations during T.
pallidum infection, the detection of specific antibodies
is expected to be helpful. The sera and CSF of 302 syphi-
litic patients were tested with a modification of an en-
zyme immunoassay and specific antibodies quantitated
as ELISA units per mg of total IgG or IgM. In 197 of 237
patients with neurosyphilis, an intrathecal synthesis of
specific IgG and IgM antibodies could be demonstrated
by a 3- to 450-fold higher antibody concentration in the
CSF than in the corresponding serum. Hens et al. evalu-
ated the occurrence and levels of intrathecal synthesis
of IgG, IgM, IgA, and IgD. They examined eight pa-
tients with definite and four with suspected or possible
neurosyphilis and calculated Ig indices according to the
class. Four patients with active neurosyphilis displayed
intrathecal synthesis of IgG, IgM, and IgA, and only two
of them showed an elevated IgD index. The synthesis
of IgD was connected with a possibility of severe CNS
inflammation in response to diffuse treponemal dam-
age. Penicillin therapy incited a transitory elevation of
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one or more of the immunoglobulin index values in
most studied patients that appeared to be a response to
a massive treponemal lysis inside the CNS (15). Engohan
et al. carried out a study in Gabon looking for the spe-
cific antitreponemal antibodies in the CSF of 13 chil-
dren with active congenital syphilis. They used a VDRL
test, TPHA test, FTA-ABS IgG, and IgM test. In 7 of the
13 children, they found positive IgG antibodies, but
without correlation with the severity of the disease; the
TPHA test was positive in four children and VDRL was
always negative (16). Gendrel et al. reported on the
same cases and concluded that a more sophisticated
test would be needed, especially for the specific IgM
antibodies (3). Drobocheff et al. reported the case of
63-year-old patient with tertiary cutaneous syphilis with
neurological dysfunction. However, at that time tertiary
tubercular syphilis was extremely rare. They were nev-
ertheless successful in establishing a diagnosis. After
treatment with penicillin, cutaneous lesions regressed,
but neurological symptoms did not. In CSF, the VDRL
test was negative, but FTA-ABS IgG and TPHA were
positive. CSF protein was not increased, which was not
in support of the assumption that the syphilitic process
was active at that time (17). Gallo et al. examined the
CSF of 70 patients with inflammatory and non-inflam-
matory neurological disease for the presence of
anticardiolipin antibodies of class G and M. High levels
of IgG and IgM anticardiolipin antibodies were synthe-
sized intrathecally only in patients with neurosyphilis.
Patients with other infectious or inflammatory neuro-
logical diseases very rarely showed detectable levels of
anticardiolipin antibodies (5). These reports indicate
how great the problem of laboratory diagnosis of neu-
rosyphilis was at that time. Old valuable tests were in-
sufficient for detecting minute amounts of antibodies,
and there was a need for more sensitive methods that
could detect specific antitreponemal antibodies in CSF.

In 1992, Sanchez et al. reported a specific IgM re-
sponse to T. pallidum antigens (47-kd antigen) in the
CSF of some infants with clinical and laboratory evi-
dence of congenital syphilis. They used a novel immu-
noblotting technique for the detection of antibodies
against treponemal antigens with molecular weight of
72, 59, 47, 45, 42, 37, 34, 17, and 15 kd. All of these
antigens elicited specific IgG antibody production, and
the antigens with molecular weight of 47, 45, and 17 kd
elicited production of IgM antibodies (18). In 2000, Ebel
presented a report on a new test for the detection of
antitreponemal antibodies. The test is a commercially
available diagnostic test for syphilis. Up to that time,
serologic techniques were also shown to be cross-re-
active with antibodies directed to other treponemal
species. False positive reactions were known in condi-
tions such as Lyme borreliosis, autoimmune disease,
and HIV infection. Instead of natural antigens, the INNO-
LIA™ Syphilis Score test uses recombinant and synthetic
peptides derived from T. pallidum (Nichols strain).

Three immunodominant proteins (TpN47, TpN17, and
TpN15) expressed in E. coli and synthetic peptide
(TmpA) are used to manufacture a line immune assay
strip with appropriate control bands (8). By measuring
the sensitivity and specificity, a sensitivity of 100% and
specificity of 99.3% were observed (9). The INNO-LIA
Syphilis test is important for discriminating diseases
caused by microorganisms with very similar antigenic
determinants, such as Lyme borreliosis and syphilis (19).
A new improved line immunoassay was recently intro-
duced (the INNO-LIA™ Syphilis Score, Immunogenet-
ics, Belgium) with 100% sensitivity and 98% specificity,
and with 100% reproducibility of positive and negative
results. It is recommended that this system has to be
used in laboratories engaged in the expert diagnosis of
syphilis (20).

In 1999, Paris-Hamelin et al. reported on immuno-
blotting as a useful tool for serodiagnosis of syphilis.
They also found their test valuable for detecting spe-
cific antitreponemal antibodies in CSF. Because of the
difficulties of performing the Nelson test in places other
than specialized laboratories, they proposed that highly
specific and sensitive immunoblotting could be used
instead of the Nelson test (21). Neurosyphilis can de-
velop during any stage of syphilis. Neurosyphilis can
be grouped into two categories: early (meningeal and
meningovascular neurosyphilis) and late (progressive
paralysis and tabes dorsalis). The CSF changes in neu-
rosyphilis include elevated cell count with lymphocytic-
plasmocytic cell reaction, increased protein content,
strongly positive IgG index, and positive blood and CSF
serology. Serological tests are often difficult to inter-
pret. CSF examination has played a major role in the
diagnosis and treatment of all forms of neurosyphilis.
CSF abnormalities usually improved with clinical im-
provement in early forms of neurosyphilis. Improve-
ment in paresis and tabes are slow or nonexistent (22).
During inflammation, the intrathecal synthesis of
immunoglobulines takes place. It has been reported that
the CSF of 50% of patients with parenchymal or
meningovascular neurosyphilis shows the presence of
IgA synthesis and, occasionally, a concomitant IgM syn-
thesis (23). Therefore, intrathecal IgA synthesis does not
necessarily contradict the diagnosis of neurosyphilis,
as was proposed by Gschnait et al. (4). Not only immu-
noglobulines, also other products of immunity are found
in CSF. Complement protein isoforms are possible
biomarkers for neurodegenerative diseases and neuro-
syphilis (24).

Syphilis and HIV infection affect similar groups of
patients and co-infection is common. Syphilis may
present with atypical features in HIV-positive patients.
There is often a high rate of asymptomatic primary
syphilis and, proportionally, more HIV-positive patients
present with secondary disease. Secondary infection
may be more aggressive and there is an increased rate
of early CNS and ophthalmic involvement (25). All HIV-
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positive patients should be considered for evaluation
of neurosyphilis. A lumbar puncture should be always
performed when a serum RPR of 1/32 or more is present
(6). Patients with latent syphilis or syphilis with un-
known duration of the disease sometimes present with
the tertiary disease or neurosyphilis. In these patients,
a VDRL test is important for discrimination of CNS in-
volvement. Not a single patient with neurosyphilis in
the study by Wohrl et al. was VDRL-negative in serum
and the median titer was significantly higher in patients
with neurosyphilis than in those without. Hence, neu-
rosyphilis is very unlikely in patients with a negative
blood VDRL. Lumbar puncture is not recommended in
these patients (26).

We can conclude that laboratory diagnosis of neuro-
syphilis remains laborious. Effective guidelines are wel-
come for making examination protocols clear and un-

derstandable. The MMWR recommendation reports are
valuable sources of such information and should be fol-
lowed, but also improved with relevant clinical and labo-
ratory research data (1, 2, 27–30). The new INNO-LIA™
Syphilis Score molecular test is of great value in deter-
mining intrathecal synthesis of specific antitreponemal
antibodies and provides new insight into the evolution
of the specific CNS changes during late syphilis.
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