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The development of immunoglobulin G (IgG) subclass-specific anti-Treponema pallidum antibodies during
the course of syphilis in humans was studied with sera from 50 untreated male patients. The patients were
divided into five diagnosis groups. In the fluorescent treponemal antibody test, which delineates the presence
of cross-reacting antibodies, as well as specific antitreponema antibodies, IgG1, IgG2, and IgG3 subclass
antibodies were already present during the seronegative primary stage. Specific antibodies, which were
detected by the fluorescent treponemal antibody absorption test, were first present during the serotype-variable
primary stage. These antibodies were almost exclusively of the IgG1 and IgG3 subclasses. In later stages,
antibodies of other subclasses were detectable. Titration of IgG1 antitreponema antibodies in three electro-
phoretically different IgG fractions revealed an asymmetric distribution in these fractions during primary
syphilis. The antibodies were largely confined to the most basic fraction during primary syphilis. A sudden
change in the distribution was noted between the end of the primary stage and the secondary stage; an even
distribution of IgG1 antitreponema antibodies existed in the late latent stage. These findings confirm and extend
previous results from our laboratory. The development of antibodies detected by both tests is discussed in terms
of a sequential stimulation of the immune system due to the presence of an extracellular layer covering the

treponemas or, alternatively, in terms of a suppression of the immune response during early syphilis.

The development of immunity to syphilis is poorly under-
stood. In patients in which the disease had reached latency
(18) and in experimental animals approximately 3 months
after the initial infection (30), resistance to intradermal
challenge with pathogenic treponemas was observed. The
degree of protection provided by infections for shorter
periods correlates with the duration of infection (18, 30).
This suggests that for the development of immunity, the
disease has to follow its natural course for a rather long
period. ,

The relative contributions of humoral and cellular immune
mechanisms to the defense against treponemas in syphilis
are unknown. The role of a humoral mechanism has been
investigated by the transfer of an immune serum to normal
rabbits. Several investigators (20, 24, 29) observed a delay in
lesion development and less severity of the lesions with an
absence of ulceration and reported a failure to demonstrate
the presence of treponemas in the lesions. Protection against
challenge during prolonged periods was obtained by a series
of injections with immune sera (3, 37). However, in these
studies, lesions appearéd in at least some of the protected
rabbits after the cessation of immune serum injections and
protection against asymptomatic infection was not obtained
(3). Titus and Weiser (28) provided evidence that the active
entity was immunoglobulin G (IgG).

The slow development of host defense mechanisms on the
one hand and the absence of positive results in certain in
vivo and in vitro immunological tests (14, 16, 26, 27) on the
other could complement each other and led to the hypothesis
that the immune system is suppressed during early syphilis.
However, it i$ not clear whether some of these findings are
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attributable to either a suppressed or a not yet sénsitized
immune system. We previously reported evidence for a slow
development of 1gG responses (33). In the present study, we
extended these results by comparing the development of IgG
subclass-specific anti-Treponema pallidum antibodies in the
sera of patients with various stages of syphilis by using the
fluorescent treponemal antibody (FTA) and FTA-absorption
(FTA-ABS) tests. Furthermore, it was anticipated that a
comparison of the development of nonspecific and specific
antitreponema antibodies would provide further information
on a possible suppression of the immune system with respect
to IgG production during early syphilis.

MATERIALS AND METHODS

Sera. Serum samples were obtained from untreated male
patients, 18 to 73 years old (average age, 37 years), and
stored at —70°C until use. The clinical diagnosis of syphilis
was made by the criteria described by Menke et al. (H. E.
Menke, Ph.D. thesis, Erasmus University, Rotterdam, The
Netherlands, 1975; N. H. L. de Jong, J. J. van der Sluis, J.
van Dijk, and T. E. W. Feltkamp, Letter, Br. J. Vener. Dis.
54:283, 1978) and was confirmed by positive dark-field
examination or a positive T. pallidum immobilization reac-
tion or both. The diagnosis of primary syphilis was differen-
tiated by using four serological reactions (the Wasserman-
Kolmer complement fixation reaction, the Reiter protein
complement fixation reaction, the Venereal Disease Re-
search Laboratory test, and the T. pallidum immobilization
reaction). These reactions were performed as reported pre-
viously (33). Patients whose sera showed a negative reaction
in all four tests were classified as seronegative (S 1-),
patients whose sera were reactive in all four tests were
classified as seropositive (S 1+), and patients whose sera
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were reactive in at least one of the tests (but not in all four)
were classified as serotype variable (S 1*). Patients with
secondary syphilis (S II) showed the typical papular or
macular skin rash, and their sera were reactive in all four
reactions. The incubation times (in weeks) of these stadia
were as follows: S1-,3.0+1.1;S1+,39+1.1;S1+,5.9
+ 1.4; S 11, 12.4 = 4.3 (Menke, Ph.D. thesis). The patients
with late latent syphilis (LL) had no clinical manifestations
of infection, and their case histories showed no previous
history of syphilis or syphilis treatment. In all cases, their
sera had shown positive results in the T. pallidum immobi-
lization reaction on one or more occasions, whereas the
results of the cardiolipin reactions were negative or showed
only a low antibody titer. Ten sera from each of the five
diagnosis groups were investigated. Patients in whom con-
comitant disease was diagnosed were excluded from the
study. Ten sera obtained from healthy blood donors were
used as controls.

IgG fractions. Three IgG-containing fractions, differing in
electrophoretic mobility, were prepared from five individual
serum samples from each of the diagnosis groups, except the
S 1- group, by DEAE-Sephadex ion-exchange chromatog-
raphy. Isolation of the fractions and densitometric control of
their charge differences were performed as described previ-
ously (33). Fraction 1 contained the most basic IgG mole-
cules, and fraction 3 contained the most acidic. The protein
concentrations in the fractions were estimated from the
extinction at 280 nm, with human IgG as the standard. The
protein content was adjusted to 1 mg/ml before use.

FTA slides. The following procedures were used for the
preparation of FTA slides. The pathogenic Nichols strain of
T. pallidum was used as the antigen. The organisms were
extracted in Nelson medium by our standard procedure (34)
from the testes of a rabbit which had been inoculated 1 week
earlier. An equivalent amount (milliliters) of medium was
added to the minced testicular tissue. The extraction was
performed by shaking for 45 min under an atmosphere of
95% N,-5% CO,. After decantation, the supernatant was
centrifuged at 800 X g for 10 min to remove particulate
matter. Next, the treponemas were sedimented by further
centrifugation at 40,000 X g for 15 min. The treponemas
were washed once with phosphate-buffered saline (PBS)
containing 0.01% NaN; (wt/vol) and stored in 2-ml aliquots
at —70°C. FTA slides were prepared on Cooke microprint
stock slides (Nutacon; CL 100; Cell-Line Associates, Inc.,
Newfield, N.J.) containing 10 spots per slide. The thawed
treponemal suspension was adjusted to 30 treponemas per
microscope field (380%) and applied to the spots with a wire
loop. The slides were air dried, left overnight, and fixed in
dry acetone for 10 min before storage at 4°C.

Antisera. Antisera against the four human IgG subclasses,
raised in sheep, were obtained from the Central Laboratory
of the Netherlands Red Cross Blood Transfusion Service,
Amsterdam. According to the supplier, these antisera were
specific for their subclass in the passive hemagglutination
assays with erythrocytes coated with IgG of the various
subclasses and in passive hemagglutination inhibition assays
with IgG of the relevant subclass. The method of their
production has been reported (7). The specificity of these
antisera has been verified by others with different techniques
(15, 17, 21), including fluorescence methods (31, 36). Fluo-
rescein isothiocyanate-labeled rabbit anti-sheep IgG was
obtained from the same supplier and used as the conjugate.

Absorptions. Preliminary experiments showed that the
antisubclass antisera were reactive with T. pallidum. This
reactivity was successfully removed by absorption with T.
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pallidum Nichols. A pellet of 10® treponemas was suspended
in 0.2 ml of each of the antisubclass antisera. The mixture
was incubated for 30 min at 4°C, and the treponemas were
removed by centrifugation. To minimize nonspecific back-
ground staining of IgG2 subclass antiserum and IgG serum
fractions, absorption with normal rabbit testes powder,
prepared as described by Johnson et al. (13), was performed.
Approximately 10 mg of testes powder was suspended in
PBS and sedimented by centrifugation. The pellet was
suspended in 1.0 ml of the appropriate dilution of the
antiserum or serum fraction, and the mixture was incubated
for 30 min at 4°C with occasional shaking. The testes powder
was sedimented by centrifugation, and the supernatant was
used in further experiments. The Reiter ultrasonic extract,
which was used to absorb patient sera and serum fractions in
the FTA-ABS test, was obtained from the Dutch National
Institute of Health, Bilthoven, The Netherlands. It was
prepared by sonifying 50 g (wet weight) of Treponema
phagedenis biotype Reiter, suspended in 1 liter of PBS (pH
7.4), at 0°C for 10 min with a Sonifier (Branson Sonic Power
Co., Danbury, Conn.) operated at 100 W. The final sonic
extract was obtained from this crude mixture by centrifuga-
tion at 5,000 x g for 45 min. As a preservative, 1 ml of 40%
formaldehyde was added per 100 ml of the final sonic
extract.

Working dilutions. The antisubclass antisera were used at
a dilution of 1:10 in combination with a 1:80 dilution of the
conjugate. Although checkerboard titrations of the conjugate
and the antisubclass antisera on FTA slides incubated with a
1:5 dilution of S II sera showed plateau levels at much higher
dilutions (IgG1, 1:80; IgG2, 1:40; IgG3, 1:40; IgG4, 1:20; in
combination with a 1:160 dilution of conjugate), lower dilu-
tions were chosen to avoid false-negative results due to
overdiluted antisera in combination with weak syphilitic
sera. The controls (see below) performed on each occasion
indicated that this introduced no false-positive results.

FTA procedure. Sera were tested in a 1:5 dilution with
either PBS (FTA test) or an ultrasonic extract of T.
phagedenis biotype Reiter (FTA-ABS). After a 30-min pre-
incubation at room temperature, 20 pl of diluted serum was
applied to the spots, and the slides were incubated for 30 min
in a moist chamber at room temperature. The slides were
rinsed and then washed with PBS containing 2% Tween 80
for 30 min with continuous stirring. The washing fluid was
changed twice during this period. After the slides were air
dried, 20 pl of diluted antisubclass antiserum was applied to
the spots. After incubation, washing, and drying as de-
scribed above, 20 ul of diluted conjugate was applied, and
the incubation, washing, and drying procedure was re-
peated. Next, 2 drops of mounting medium, consisting of 1
part PBS and 9 parts glycerol, were applied to the slides. The
slides were covered with a cover glass and sealed with nail
polish.

Serum fractions containing 1 mg of IgG per ml were tested
by the FTA-ABS procedure in a double dilution series. The
titer of each fraction was recorded as the reciprocal of the
highest dilution which gave a 1+ positive reaction. The mean
titer and standard deviation were calculated from log, val-
ues. For graphical purposes, these values were converted to
dilutions. The experiments were arranged in such a way that
only sera or serum fractions from one diagnosis group and
one type of antisubclass antiserum were applied to a slide.

Controls. The following controls were used. The positive
control comprised antigen incubated with S II serum, anti-
IgG subclass antiserum, and conjugate. The negative con-
trols were as follows: (i) antigen incubated with conjugate,
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TABLE 1. Number of patients showing positive results for each of the four IgG subclasses in the FTA and FTA-ABS tests

No. of patients showing positive results for indicated stage® in:

1gG subclass FTA test FTA-ABS test
S1- S1+ S1+ S LL S1- S1+ S1+ S LL
IgG1 3 10 10 10 10 0 10 10 10 10
I1gG2 4 10 10 10 10 0 1 10 10 3
1gG3 2 10 10 10 10 0 9 10 10 6
1gG4 0 1 7 10 9 0 0 0 1 0

2 Ten patients were tested per stage.

(ii) antigen incubated with S II serum or the appropriate IgG
fraction and conjugate, (iii) antigen incubated with
antisubclass antiserum and conjugate, and (iv) antigen incu-
bated with control serum, anti-IgG subclass antiserum, and
conjugate. In these controls, S II serum and the control
serum were diluted 1:5 in either PBS or Reiter ultrasonic
extract. The negative controls gave consistently negative
results.

Microscopic examination. Slides were examined with a
Leitz Orthoplan binocular microscope equipped with an
epiilluminator. The light source was a xenon XBO 75 lamp;
the filter combination was a BG 38 filter (4 mm) and
filterblock K (Leitz) containing the excitation filters 2x KP
490 and GG 475 (2 mm), the dichroic mirror TK 510, and the
barrier filter K 515. The microscope was equipped with a
dark-field illumination (condenser D 1.20) objective (95X)
with an adaptable numerical aperture and 4x oculars. The
slides were observed under alternating dark-field and UV
illumination. The results with UV light were scored as
follows: 4+, very strong fluorescence; 3+, strong fluores-
cence; 2+, definite fluorescence; 1+, weak fluorescence; *,
treponemas were recognized without any specific fluores-
cence; and —, neither specific fluorescence nor treponemas
were recognized, but treponemas could be recognized under
dark-field illumination. The results were finally recorded as
either positive or negative. The *+ and — reactions were
considered negative.

RESULTS

The results of the FTA test are shown in Table 1. It can be
seen that the IgGl, IgG2, and IgG3 subclass antibodies
appeared simultaneously. Within these three subclasses, a
minority of the S 1— stage sera showed positive reactions. In
the S 1+ stage, all sera showed strong positive reactions,
which persisted during the more progressive stages. The first
antibodies that were detectable with anti-IgG4 antiserum
were observed in the S 1=+ stage for one serum. The number
of positive serum samples with this antiserum increased to 7
for the S 1+ stage patients and to 10 for the S II stage
patients. In the LL stage, nine patients showed a positive
IgG4 reaction. All 10 donor serum samples were negative in
both the FTA and FTA-ABS tests.

The results of the FTA-ABS test were as follows (Table 1).
All sera from S 1— stage patients showed a negative reaction
with the four subclass antisera. In the S 1+ stage, all 10
patients showed a positive reaction with anti-IgG1l and 9
showed a positive reaction with anti-IgG3. Only one patient
in this group was positive with anti-IgG2. For the S 1+ stage
patients, all sera showed positive reactions with anti-IgG1,
-IgG2, and -IgG3 antisera. This remained during the S II
stage. In the LL stage, strong positive reactions were found
for all 10 sera with anti-IgGl. In this stage, six serum

samples gave positive reactions for IgG3 and three gave
positive reactions for IgG2. In the FTA-ABS reaction, no
positive results were obtained with anti-IgG4 antiserum,
except for one S II stage serum.

The results of the FTA-ABS test showed a successive
involvement of the various IgG subclasses in the anti-
treponema response, which followed the sequence IgGl,
1gG3, 1gG2, and finally IgG4 in one S II stage patient. This is
compatible with a shift of antitreponema antibodies from the
basic type of heterogeneous IgG to a more acidic type during
early syphilis. Accordingly, IgG fractions of different elec-
trical charge were isolated and titrated for their IgGl
antitreponema antibodies. The initial IgG content of the
various fractions was adjusted to 1 mg/ml before titration.
The results of these titrations are shown in Fig. 1. It can be
seen that in the S 1+ and S 1+ stages basic fraction 1
contained most of the antitreponema activity. In the S 1+
stage, antibodies became detectable in fractions 2 and 3,
with fraction 2 containing a slightly higher level of antibody
activity than fraction 3. However, in the S II stage, high
titers were found in all three fractions. In fraction 1 the mean
titer showed a 3.5-fold increase as compared with the titer of
this fraction in the S 1+ stage; the increase in fraction 2 and
fraction 3 was 14-fold. In the LL stage, the mean titers of
fractions 1, 2, and 3 were 1:10.6, 1:3.5, and 1:5.3, respec-
tively. This shows that eventually an even distribution of
antitreponema activity developed in the three electrophoret-
ically different IgG fractions.

DISCUSSION

A comparison of the results of the FTA and FTA-ABS
tests shows that the demonstration of antibodies of the four
IgG subclasses in the S 1— and S 1+ stage patients was
different in the two tests. In the S 1— stage, some patients
showed positive results for IgG1, IgG2, and IgG3 in the FTA
test; in this stage all patients showed negative results for the
four IgG subclasses in the FTA-ABS test. In the S 1+ stage,
all patients showed positive reactions for IgG1, IgG2, and
IgG3 in the FTA test; in the FTA-ABS test, positive reac-
tions were confined to the IgG1 and IgG3 subclasses, with
the exception of one patient, who was positive for the IgG2
subclass. These results provide additional support for the
specificity of the subclass antisera. They exclude cross-
reactivity between the IgG4 subclass and the other sub-
classes (FTA test, S 1+ stage), between IgG2 and IgG1 or
IgG3 (FTA-ABS test, S 1+ stage), and between IgGl and
I1gG2 or IgG3 (FTA-ABS test, LL stage). This confirms the
reported specificity (15, 17, 21, 31, 36) of the subclass
antisera from the supplier. Based on this specificity, we
conclude that from the end of the primary stage onward,
antitreponema antibodies were found in all four IgG sub-
classes when the FTA test was used and in the IgG1, IgG2,
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FIG. 1. Titration in FTA-ABS test of IgGl subclass antitre-
ponema antibodies in three IgG-containing fractions differing in
electrophoretic mobility. The initial IgG content was 1 mg/ml.
Symbols: @, fraction 1; A, fraction 2; M, fraction 3. The stages of
human syphilis are shown on the abscissa; titers, as reciprocals of
the highest dilutions giving a 1+ positive reaction, are shown on the
ordinate.

and IgG3 subclasses when the FTA-ABS test was used.
These results contradict those of Puritz et al. (22) who
observed a restriction of antitreponema antibodies to the
IgG1 subclass in patients with primary and secondary syph-
ilis.

The complicated structure of the treponemas makes it
difficult to compare the results for antitreponema antibodies
with the results for subclass antibody formation to better
defined antigens. The relatively few published studies of this
kind show that, in humans, IgG antibodies to protein anti-
gens (i.e., thyroglobulin [11], diphtheria toxoid [25], and
tetanus toxoid [31]) are formed in the four IgG subclasses in
quantities that parallel the relative amounts of the subclasses
in normal serum. With tetanus toxoid there were indications
that IgG1 subclass antibodies were produced first (31), but
no charge relationship was investigated. However, the na-
ture of the antigen may elicit antibodies belonging to selec-
tive subclasses. Antibodies to polysaccharide antigens (8,
38) and to grass-pollen antigen during immunotherapy (32)
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were produced preferentially in the IgG2 and IgG4 sub-
classes, respectively. It is not known whether such selective
mechanisms play a part in the formation of antitreponema
antibodies.

The simultaneous appearance of specific antitreponema
antibodies of the IgG1 and IgG3 subclasses followed by the
appearance of IgG2 subclass antibodies in syphilis patients
resembles the sequence in which the IgG subclasses equili-
brate at the basic end after isoelectrofocusing of pooled
human IgG (12). IgG1 extends to a higher isoelectric point
than does IgG3, which in turn extends to a higher isoelectric
point than does IgG2. Control experiments showed that the
absorption procedure efficiently removed antibodies that
were reactive with T. phagedenis biotype Reiter from the
donor sera as well as high-titered syphilitic patient sera. The
FTA results demonstrate that the antibody conjugate system
used readily delineated the presence of antitreponema anti-
bodies of at least the IgG1, IgG2, and IgG3 subclasses. The
present results therefore confirm our previous findings that
an antitreponema IgG response starts with basic components
of heterogeneous IgG. This results in an uneven distribution
of antitreponema IgG antibodies during primary syphilis.

Because IgGl is present in all heterogeneous IgG, the
results with whole sera do not allow for a definite conclusion
concerning a shift within the IgG1 subclass. An increase in
the IgG1 antibodies could be due to an increase in antibodies
already present at early infection or, alternatively, to a
spread of IgG1 antibodies to the acidic side of IgG hetero-
geneity. The titration of the IgG fractions of different relative
mobilities showed that antibodies are to a large extent
confined to basic fraction 1 during the S 1+ and S 1+ stages.
In the secondary stage, all three fractions showed high titers,
indicating that IgG1 subclass antibodies are subject to a
similar shift through IgG heterogeneity. However, during the
period between the S 1+ and S II stages a sudden change in
the production of IgG1 antitreponema antibodies occurred.
In the latter stage, high titers of antitreponema antibodies
were present in all three fractions. This suggests that as late
as the S II stage complete IgG heterogeneity is involved in
antitreponema antibody production. This raises the question
of whether the extension to more acidic antibodies involves
previously uninvolved antigens. This seems likely because
several investigators (2, 9, 19, 35) showed that with the T.
pallidum polypeptides, electrophoretically separated on so-
dium dodecyl sulfate-polyacrylamide gels, almost all bands
react on blots with IgG antibodies in sera from patients with
secondary syphilis. However, only a limited number of
bands react with IgG antibodies in sera from patients with
primary syphilis. The results are similar for IgM antibodies
o, 19, 35).

This evidence indicates that during primary syphilis, spe-
cific IgG antibodies of limited heterogeneity arise against a
limited number of treponemal components. These limita-
tions are overcome during the secondary stage. This points
to a slow sensitization of the immune system to some of the
treponemal antigens. An explanation, which seems the most
likely one, is that until the S II stage, an optimally function-
ing humoral immune system is not stimulated by the relevant
antigens. This could be due to the inaccessibility of these
antigens, either because they are located inside the
treponemas or because they are covered by a protective
layer surrounding the treponemas or both. The presence of
such a layer was first hypothesized by Christiansen (4). Host
serum proteins (1), as well as mucopolysaccharides, have
been implicated (5, 39). Evidence that a layer acts as a
barrier inhibiting the reaction of antibodies with treponemal
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antigens has been obtained from serological tests. No anti-
gen-antibody reactions occurred with freshly harvested
treponemas; positive results were obtained only after a
period of in vitro aging (10). This has been attributed to the
loss of a protective layer.

A second explanation for the observed limited IgG re-
sponse is that cellular processes underlying the production
of IgG could be suppressed as a consequence of a more
general suppression of cell-mediated immunity during syph-
ilis. There is experimental evidence from in vitro lympho-
cyte stimulation experiments both supporting and contra-
dicting such a suppression in patients with syphilis. Anti-
genic stimulation with whole T. pallidum Nichols cells
showed a gradually increasing response of lymphocytes
isolated from peripheral blood of patients with sequential
progressive stages of syphilis (6). This favors the hypothesis
of a gradually increasing sensitization to treponemal antigens
and contradicts the immunosuppression hypothesis. The
evidence favoring suppression stems from the diminished in
vitro mitogenic stimulation of peripheral blood lymphocytes
from patients. This suppression is maximal during the sec-
ondary stage and is attributed to one or more serum factors
(16, 27). Since we found that the limitations of the initial IgG
response were overcome just before the secondary stage, it
seems unlikely that IgG production is connected to this
postulated immune suppression. This conclusion is sup-
ported by the IgG production early in infection, as delineated
by the FTA test.

A second observation often cited to support immune
suppression during early syphilis is the absence of positive
skin reactions to treponemal antigens in patients with pri-
mary and secondary syphilis, in contrast to results for
patients with later stages of syphilis (14, 26). Since IgG
production, as well as the elicitation of delayed-type hyper-
sensitivity reactions, requires T lymphocytes presensitized
to the relevant antigens, the absence of a positive skin
reaction early in infection could be related to the limited
sensitization demonstrated here.

The basic IgG response, as delineated by the FTA-ABS
procedure, is suggestive of a mechanism involving an in-
verse charge relationship early in the syphilitic infection
(23). Negatively charged molecules, such as mucopolysac-
charides, could play a role in this mechanism by modifying
the electrical charge of treponemal antigens. In this manner,
antigens with a net negative carrier component could be
provided, which in turn could give rise to the IgG response
in the basic region.
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