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Effect of early and late syphilis on central nervous
system: cerebrospinal fluid changes and neurological
deficit
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SUMMARY Neurological examination and investigation of the cerebrospinal fluid (CSF) was
performed on 24patients with early and 1 80patients with late syphilis. In 21 (1 2%)patients with late
syphilis positive CSF treponemal test results and neurological deficits suggestive of symptomatic
neurosyphilis were found. Concomitantly all but three patients with neurosyphilis showed one or
more of the following abnormal CSF variables: CSF concentration of albumin x 10/serum concen-
tration (albumin ratio) > 7-9; mononuclear cells >55,l; ratio ofCSF to serum IgG concentrations/
ratio ofCSF to serum albumin concentrations (IgG index) > 0.7 or of IgM/albumin (IgM index) 2
0 1; or oligoclonal CSF immunoglobulins. In 20 (95%) patients with neurosyphilis evidence of the
production oftreponemal antibodies within the central nervous system (CNS )was shown. Ten (48%)
patients with neurosyphilis had been treated previously for late syphilis. These observations
emphasise the need to screen for neurosyphilis in patients with late syphilis.

Intrathecal production oftreponemal antibodies was detected in six (25%)patients with early and
44 (28%) with late syphilis who did not show any neurological deficit. Intrathecal production of
treponemal antibodies indicating that the CNS was affected led us to suspect asymptomatic
neurosyphilis in these patients. Seventeen (1 1%) patients with late syphilis but no neurosyphilis and
only one (4%) with early syphilis showed additional abnormal CSF variables . Surprisingly, six out of
22 patients with treated early and 20 out of 68 patients with treated late syphilis showed evidence of
treponemal antibody production within theCNS .We do not know whether these findings indicate that
the CNS was affected because of inadequate treatment or merely reflect persistent synthesis of
treponemal antibodies associated with cured infection. In one (4%) patient with early and in 21
( 1 3%)with late syphilis but no neurosyphilis abnormal CSF variables in the absence ofpositive CSF
treponemal test results were observed, which excluded syphilitic inflammation of the CNS.

Introduction

Treponema pallidum is known to invade the central
nervous system (CNS) within a few weeks of the
original infection .Abnormalities in theCSF thought to
reflect meningeal inflammation are found in 10% of
patients with primary and 30% of those with secon-
dary syphilis.' Though early syphilitic CSF changes
are usually transient ,some patients will have persistent
CSF abnormalities as a consequence of chronic
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meningitis?2 In the absence of neurological symptoms
this condition is referred to as asymptomatic
neurosyphilis, and people affected are at risk of
developing symptomatic neurosyphilis? Detecting
asymptomatic neurosyphilis by examinating the CSF
followed by adequate treatment can prevent its
progression to symptomatic disease.
The diagnostic value of traditional CSF variables

for monitoring treponemal invasion of the CNS, such
as increased mononuclear cell count, raised total
protein concentration, and positive non-treponemal
test results, has been questioned. Nonnal test results
have often been found in patients with symptomatic
neurosyphilis 4-6
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Though the T pallidum haemagglutination assay
(TPHA) and the fluorescent treponemal antibody
(FTA) test are more sensitive than the non -treponemal
tests in CSF samples from patients with symptomatic
neurosyphilis , 8 their diagnostic value in patients with
syphilis who lack other evidence of CNS disease
remains uncertain. A positive CSF treponemal test
result could be due either to the passive transfer of
antibodies from the blood or their production within
the CNS.
To establish more reliable indicators of treponemal

invasion of the CNS several new variables have been
proposed. These include evidence ofthe local produc-
tion of IgG, IgM, and treponemal IgG by estimating
the ratios ofCSF to serum IgG concentrations/ratios
of CSF to serum albumin concentrations (the IgG
index),910 IgM/albumin (IgM index),'0 or treponemal
to total IgG," or by detecting oligoclonal IgG ,IgM ,or
treponemal IgG in the CSF .10 12
The study reported here was performed to evaluate

variables indicatingthat theCNS ofpatients with early
or late syphilis was affected. For this purpose patients
were examined for neurological signs and intrathecal
treponemal antibody production in relation to other
signs of an inflammatory process in the CNS.

Patients and methods

CSF AND SERUM SAMPLES
CSF and serum samples were collected from 24
patients with early (ess than one year's duration)
syphilis and 180 patients with late (more than one
year's duration) syphilis . All patients attended clinics
for sexually transmitted diseases. Treatment with
penicillin had been given to 22 patients with early
syphilis one year before sampling and to 78 patients
with late syphilis one to 15 (mean 3.5) years before
sampling.
The diagnosis and classification of syphilis was

made on the basis of history and clinical and
laboratory findings . All patients were examined by the
same neurologist (EChW).Evidence of a neurological
deficit was based on the results ofclinical examination
and their correlation with underlying anatomical and
physiological bases. In addition to neurological fmd-
ings and psychiatric signs, special attention was given
to neuro-ophthalmic signs. Chest x rays and
electrocardiograms were performed to exclude
cardiovascular syphilis. Duration of the disease was
estimated according to the patient's history, and the
results of contact tracing and clinical and laboratory
investigations. Treatment consisted of benzathine
benzylpenicillin (Penidural) 2-4 MIU by intra-
muscular injection on days 1, 8, and 15.

Patients with CSF antibodies to human immuno-
deficiency virus (HIV) were excluded from the
study.

TESTS FOR SYPHILIS
All CSF and serum samples were tested with the
TPHA (Japan Lyophilisation Company) and the
Venereal Diseases Research Laboaratory (VDRL)
tests.TPHA results forCSF samples were considered
to be positive at a dilution of 1:4 or more. Serum
samples were also investigated with the fluorescent
treponemal antibody absorption (FTA-ABS) test, the
19S(IgM)-FTA-ABS test, and the T pallidum
immobilisation (TPI) test. The FTA and the
(IgM)FTA test were performed on CSF samples
diluted 1:5 in phosphate buffered saline (PBS).

CSF AND SERUM INVESTIGATION
CSF cell counts were performed in triplicate in a
Fuchs-Rosenthal counting chamber. Albumin and
IgG concentrations in CSF and serum were measured
by a turbidimetric procedure.'3 IgM concentrations
were measured by a fluoroimmunoassay.'4
The albumin ratio (CSF albumin concentration x

103/serum albumin concentration) was estimated as a
measure of blood brain barrier function. The IgG or
IgM index was calculated from the ratio of CSF to
serum IgG or IgM concentrations/ratios of CSF to
serum albumin concentrations.'5 Oligoclonal immuno-
globulins in CSF were shown by the use of cellulose
acetate electrophoresis.16 CSF was regarded as being
abnormal if the albumin ratio was 7.9 or more, there
were more than 5/l mononuclear cells, the IgG index
was 0.7 or more, the IgM index was 0 1 or more, or
there were oligoclonal immunoglobulins.

Local production of treponemal IgG was investi-
gated by calculating the intrathecal T pallidum
antibody (ITPA) index from the ratio ofCSF to serum
TPHA IgG reciprocal titres/mg total IgG." '17
Theoretically an ITPA index ofmore than 1 indicates
that treponemal antibody production takes place
within the CNS .From the standard deviations (SD )of
the assays used to measure theTPHA titre and the IgG
concentration, however, we calculated a cut off value
of 2.6(1.0+ 3SD).

STATISTICAL ANALYSIS
Fisher's exact test and the x2 test were used to assess
differences between two independent populations.
Significant differences were p < 0 05.

Results

CSF CHANGES AND NEUROLOGICAL DEFICIT
Neurological examination and investigation of the
CSF and serum were undertaken in 24 patients with
early and 180 patients with late syphilis. In 21 (12%)
patients with late syphilis at least one positive CSF
treponemal test result in combination with neurological
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TABLE I Results ofcerebrospinal fluid (CSF) investigation in different groups ofpatients with syphilis

No (%o) with CSF treponemal test results:

Negative t and Positive § and Positive § and
No of CSF variables CSF variables CSF variables

Diagnostic category patients abnormal* normal abnormalt

Neurosyphilis 11 0 2 (18) 9 (82)
Treated* neurosyphilis 10 0 1 (10) 9 (90)
Late syphilis 91 10 (11) 37 (41) 19 (21)
Treated late syphilis 68 11 (16) 25 (37) 11 (16)
Early syphilis 2 0 0 2 (100)
Treated early syphilis 22 1 (5) 11 (50) 2 (9)

* Previously treated for late syphilis.
t Treponema pallidum haemagglutination assay (TPHA) and fluorescent treponemal antibody (FTA) test.
t Albumin ratio (CSF concentration x 103/serum concentration) > 7 9, IgG index (ratio ofCSF to serum concentration) 2 0.7, IgM index >
0.1, oligoclonal immunoglobulins present, or mononuclear cell count > 50/,ul.
§ TPHA or FTA, or both.

deficit was found. According to the neurological
features, 12 patients were classified as having
meningovascular and the remaining nine patients as

having parenchymatous forms of symptomatic
neurosyphilis (a detailed study of the neurological
symptomatology is in progress). Ten (48%) of the
patients with neurosyphilis had been treated
previously with benzathine benzylpenicillin for late
syphilis.
Table I summarises the results ofCSF investigation

in six groups of patients with treated and untreated
early and late syphilis and neurosyphilis. Changes in
the CSF were grouped into the following categories:
negative CSF treponemal (TPHA or FTA)test results
and abnormal CSF variables; positive CSF
treponemal test results and normal CSF variables,or a

combination of positive CSF treponemal test results
and abnormal CSF variables.

All but three patients with neurosyphilis had
positive CSF treponemal test results and abnormal
CSF variables. The remaining three patients had only
positive CSF treponemal test results.
Of the 91 patients with late syphilis and 68 with

treated late syphilis, 37 (41%) and 25 (37%) respec-

tively had positive CSF treponemal test results only,
and 19 (21%) and 11 (16%) respectively had a

combination of positive CSF treponemal test results
and abnormal CSF variables. CSF changes in the
absence of reactive CSF treponemal test results were
found in 10 (1 1%) patients with late syphilis and 1 1
(16%) with treated late syphilis.
Eleven (50%) patients with treated early syphilis

gave positive CSF treponemal test results, two (9%)
also had abnormal CSF variables, and one (5%) had
abnormal CSF variables only. Both patients with early
syphilis had positive CSF treponemal test results as

well as abnormal CSF variables.

Subgrouping the patients into categories according
to the presence or absence of a record of treatment did
not show any significant differences.

RESULTS OF TESTS FOR SYPHILIS IN CSF
Table II compares the incidence of positive CSF test
results for syphilis in the three diagnostic groups of
patients with syphilis. TPHA results were generally
positive more often than the results of other tests
for syphilis.
Of the 21 CSF samples from patients with

neurosyphilis, all were reactive to the TPHA, 18
(90%) to the FTA test, three (14%) to the VDRL test,
and only one (5%) to the (IgM) FTA test. Smaller
percentages of samples from patients with early and
late syphilis were reactive. Samples from 89 (56%)
patients with late syphilis were TPHA positive, 56
(35%)were reactive to the FTA,and only two (1%) to
the IgM-FTA test. Of the 24 patients with early
syphilis, 15 (63%) were reactive to the TPHA and six
(25%) to the FTA.

TABLE 11 Results oftestsfor syphilis in cerebrospinalfluid
(CSF)from djfferent groups ofpatients with syphilis

No (%) positive to:
Diagnostic No of
category patients TPHA FTA IgM-FTA VDRL

Neurosyphilis 21 21 (100) 18 (90)* 1 (5)* 3 (14)
Late syphilis 159 89 (56) 56 (35) 2 (1) 0
Early syphilis 24 15 (63) 6 (25) 0 0

TPHA = Treponema pallidum haemagglutination assay.
FTA = Fluorescent treponemal antibody test.
VDRL = Venereal Diseases Research Laboratory test.
* Only 20 patients tested.
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TABLE in Incidence of intrathecal Treponema pallidum
antibody (ITPA) production (ITPA index > 2 6) and
abnormal* cerebrospinalfluid (CSF) variables in diferent
groups ofpatients with syphilis

No (%) producing ITPA
with CSF variables:

Diagnosis No of
category patients Normal Abnormal Total

Neurosyphilis 21 3 (14) 17 (81) 20 (95)
Late syphilis 159 27 (17) 17 (11) 44 (28)
Early syphilis 24 5 (21) 1 (4) 6 (25)

ITPA index = ratio of CSF to serum IgG reciprocal titres in the
Tpallidum haemagglutination assay/mg total IgG.
* Albumin ratio (CSF concentration x 103/serum concentration) >
7 9, IgG index (ratio ofCSF to serum concentrations/ratio ofCSF to
serum albumin concentrations) 2 0 7, IgM index > 0-1, oligoclonal
immunoglobulins present, or mononuclear cell count > 5/,ul.

INTRATHECAL PRODUCTION OF TREPONEMAL
ANTIBODY
To establish the incidence of intrathecal treponemal
antibody production in the three diagnostic groups of
patients with syphilis, the ITPA index was calculated
from the ratio ofCSF to serum TPHA IgG reciprocal
titres/mg total IgG. The results are summarised in
table III.
All but one patient with neurosyphilis gave an ITPA

index value greater than the cut off value of 2.6 (mean
21.3, range 2.8 to 88), reflecting treponemal antibody
production within the CNS . One patient who had been
treated previously for late syphilis had an ITPA index
of 1.8. An increased ITPA index and abnormal CSF
variables were found in 17 (81%) patients.
Ofthe 159 patients wth late syphilis 44 (28%), 20 of

them treated, had an IPTA index greater than the cut
off value (mean 8.7, range 2.6 to 43.5). Seventeen
(11%) of them also had abnormal CSF variables.

Of the 24 patients with early syphilis, six (25%), all
treated, had an ITPA index value greater than the cut
off value (mean 6.0, range 4-1 to 10-2). One (4%) also
had abnormal CSF variables.

INCIDENCE OF SINGLE ABNORMAL CSF VARIABLE
Table IV shows the incidence of single abnormal CSF
variables in different groups of patients with
syphilis.
Of the 21 patients with neurosyphilis, only four

(19%) had a raised CSF mononuclear cell count, 13
(62%) had a raised IgG index, nine (43%) had
oligoclonal CSF immunoglobulins ,and six (29%)had
a raised IgM index. The blood brain barrier was
damaged in eight (38%) cases.

The presence of CSF oligoclonal immunoglobulins
(23 cases (14%)), a damaged blood brain barrier ( 18
cases (1 1%)), or a raised CSF mononuclear cell count
(18 cases (11%)) were the variables that most often
changed in late syphilis .Five patients had a raised IgM
index and four (3%) had a raised IgG index.
Ofthe 24 patients with early syphilis, two (8%) had

an increased IgG index or a damaged blood brain
barrier, and one (4%) had a raised mononuclear cell
count or CSF oligoclonal immunoglobulins.

In comparing the percentages of single abnormal
CSF variables in early and late syphilis according to
the presence or absence of positive CSF treponemal
test results (table IV) or to evidence of intrathecal
treponemal antibody production (results not shown)
no significant differences (p > 0.05) were observed.

Discussion

The present study showed 21 (12%) patients suffering
from symptomatic neurosyphilis among 180 with late
syphilis. About half of those with neurosyphilis had
been treated previously for late syphilis. All but one

TABLE iv Incidence of single abnormal cerebrospinalfluid (CSF) variable in different groups ofpatients with syphilis

No (%) with
neurosyphilis No (%o) with late syphilis No (%) with early syphilis

Abnormal CSF Positive* Positive* Negative§ Total Positive* Negative§ Total
variables (n=21) (n=92) (n=67) (n=159) (n=15) (n=9) (n=24)

Albumin ratio* 2 7 9 8 (38) 11 (12) 7 (11) 18 (11) 2 (13) 0 2 (8)
Mononuclear cells 4 (19) 12 (13) 6 (9) 18 (11) 0 1(11) 1(4)
> 5 0/,ul

IgG indext > 07 13 (62) 3 (3) 1 (1) 4 (3) 2 (13) 0 2 (8)
IgM indext > 0 1 6 (29) 4 (4) 1 (1) 5 (3) 0 0 0
Oligoclonal 9 (43) 11 (12) 12 (18) 23 (14) 1 (7) 0 1 (4)

immunoglobulins

* CSF albumin concentration x 103/serum albumin concentration.
t Ratio of CSF to serum immunoglobulin concentrations/ratio of CSF to serum albumin concentrations.
$ Treponema pallidum haemagglutination assay (TPHA) or fluroescent treponemal antibody (FTA) test, or both.
§ TPHA and FTA test.
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Effect of early and late syphilis on CNS: CSF changes and neurological deficit
patient with neurosyphilis produced intrathecal
treponemal antibodies, and all but three had abnormal
CSF variables. These findings emphasise the need to
screen patients with late syphilis for neurosyphilis.

It has been reported that penicillin dosage regimens
commonly used to treat late syphilis do not consistently
reach treponemicidal concentrations in the CSF'819
and are insufficient to treat syphilis when the CNS is
affected.202' The results of our study confirm these
findings. It could not, however, be established beyond
doubt whether the patients with neurosyphilis in this
study who had been treated for late syphilis represented
treatment failures or reinfection.
Only one patient with positive CSF treponemal test

results and clinical features ofneurosyphilis showed an
ITPA index below the cut off value of 2.6. Antibiotic
treatment for late syphilis two years before examina-
tion had apparently suppressed intrathecal treponemal
antibody production.
Evidence of intrathecal treponemal antibody

production and local synthesis of immunoglobulin,
which was indicated by an increased IgG index or the
presence of oligoclonal CSF bands, was found in 14
(67%) patients with neurosyphilis. An association
between treponemal antibody production within the
CNS and oligoclonal CSF immunoglobulins has been
established in neurosyphilis.'7 Most of these
oligoclonal CSF bands have been shown by antibody
immunofixation to represent treponemal antibodies.' 012

Intrathecal production of IgM, which is said to
reflect active neurosyphilis,22 was shown by six (29%)
patients with neurosyphilis, all of whom had raised
IgG indices. In only one of these patients were
treponemal IgM antibodies found in the CSF. This
would imply that the observed local production ofIgM,
in contrast to that of IgG, is mainly non-specific and
might be the result of polyclonal B cell activation.
Consistent with this view is the finding that treponemal
IgM antibodies were not detected by antibody
immunofixation in the oligoclonal CSF band of
patients with neurosyphilis with an increased IgM
index."'

In most ofthe patients with neurosyphilis theVDRL
test of the CSF gave negative results and the CSF
mononuclear cell count was normal, which indicated
the insensitivity of these tests as markers for invasion
oftheCNS by treponemes The absence ofincreased
numbers of mononuclear cells in the CSF of patients
with syphilis who produce intrathecal immuno-
globulins seems to be contradictory. It could, however,
be assumed that most mononuclear cells reside in the
depth of the brain tissue from where immunoglobulins
are secreted by plasma cells into the CSF space.
Assuming that local treponemal antibody produc-

tion indicates that the CNS is affected, asymptomatic
neurosyphilis was found in 44 (28%)patients with late

syphilis who did not show any signs of neurological
impairment. These patients represent about half of
those giving TPHA positive results in the CSF. In 27
(1 7%) patients with late syphilis and local synthesis of
treponemal antibodies we found no other indications of
an inflammatory process within the CNS. As the ITPA
index values of patients with late syphilis and abnormal
CSF variables were similar to those of patients with
normal CSF, it seems reasonable to conclude that
treponemal antibodies are not the main constituent of
the antibody response within the CNS in patients with
abnormal CSF. Whether the observed increased IgG
index or oligoclonal CSF bands ,or both, are caused by
unspecific activation of B cells due to treponemal
invasion of the CNS or represent a CNS immune
response to other agents remains to be established.

In 21 (13%) patients with late syphilis we observed
abnormal CSF variables in the absence of a positive
CSF treponemal test . The CSF abnormalities in these
patients were evidently not caused by syphilitic inflam-
mation of the CNS.

Six out of 22 patients with treated early syphilis and
20 out of 68 patients with treated late syphilis showed
evidence of local treponemal antibody production.
One of our questions was whether these findings
indicated inadequate treatment or solely reflected
synthesis oftreponemal antibodies as a scar syndrome
in cases ofcured infection. To find the answer it will be
important to follow up these patients over extended
periods to assess the outcome ofincreased ITPA index
values and abnormal CSF variables. A continuous
tendency to normalise CSF changes, or complete
recovery, would indicate adequate treatment and a
cured infection. Alternatively, the effects of treatment
achieving treponemicidal concentrations of penicillin
in the CSF'8 '9 could be investigated.

Available data suggest that progression *from
adequately treated early syphilis to symptomatic
neurosyphilis is unlikely. Complete resolution of
abnormal CSF variables is usually observed,23 and
symptomatic neurosyphlis does not normally
develop.24 In contrast, serious doubt has been raised
about the efficacy of penicillin treatment in cases of
late syphilis when the CNS is affected.20 21 Evidence of
local treponemal antibody in patients treated for late
syphilis should therefore be handled cautiously.

We thank M J van Niekerk and J C Compeer for carrying
out the serology tests for syphilis.
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