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Immune studies in infants with congenital syphilis
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SUMMARY

Seventeen neonates with congenital syphilis were studied to determine the immune response of the
fetus following intra-uterine infection with Treponema pallidum. The results were compared with
those from healthy controls matched for gestational age, birth weight and sex. B cells, IgM, and
circulating immune complexes were significantly elevated in the infected newborns. There were no
differences in lymphocyte transformation to phytohaemagglutinin (PHA) and in the CD3, CD4, and
CD8 lymphocytes between infants with congenital syphilis and controls. Newborns with congenital
syphilis have a heightened humoral response but no quantitative abnormality in cell-mediated
immunity. Speculation on the role of the circulating immune complexes is presented.
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INTRODUCTION

Congenital syphilis continues to be a major clinical problem in
the developing world as well as in the industrialized world
(Chawla, Gupta & Raghu, 1985; Mascola et al., 1985). Its
pathogenesis is not well understood, and the immune response
of the affected newborns has not been fully documented.

Most of the research into the immune response in syphilis
has been performed in adults with acquired disease (Levene,
Wright & Turk, 1971; Jensen & From, 1982; Folds, Maret &
Rauchbach, 1982). Reviews on immune mechanisms in syphilis
(Musher, Schell & Knox, 1976; Metzger, 1979; Pavia, Folds &
Baseman, 1978) have noted that despite the high titres of anti-
treponemal IgG and IgM, the humoral immune system on its
own neither neutralizes nor confers immunity against the
spirochaetal infection. Cell-mediated immune responses were
thought to play a major role in protective immunity, a
phenomenon emphasized by Friedmann (1977) in one of the few
published studies on immune reactivity in congenital syphilis.

Since there are very few published data on the immune
response in neonates with congenital syphilis, we examined
aspects of the immune response in such infants.

PATIENTS AND METHODS
Patients
Infants in this study were seen in the hospitals of the Peninsula
Maternity and Neonatal Service, Cape Town. A diagnosis of
early or neonatal congenital syphilis was based on clinical and
serological criteria as proposed by Kaufman et al. (1977).
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We studied 17 newborns with early congenital syphilis. Their
gestational ages as evaluated by the Ballard score (Ballard,
Novak & Driver, 1979) ranged from 32 to 37 weeks. Clinical
details of the subjects are shown in Table 1. Peripheral blood
samples were obtained at the time of clinical presentation,
before initiation of treatment.

Affected neonates were matched, on the basis of weight, sex
and gestational age, with 17 healthy controls. Informed consent
was obtained from all the mothers to enlist their infants in the
study and the research protocol was approved by the Ethics and
Research Committee of the University of Cape Town.

Lymphocyte transformation assay
Approximately 5 ml of heparinized blood were collected in
sterile test tubes. Lymphocyte transformation responses to
phytohaemagglutinin (PHA) were measured in microtitre plates
as previously described (Beatty & Dowdle, 1979).

T and B cell determinations
CD3+, CD4+ and CD8+ cells were counted using monoclonal
antibodies (Orthomune OrthoDiagnostics) (Beatty et al., 1984).
B cells were quantified by initially labelling surface membrane
immunoglobulins with F(ab)2 rabbit anti-human IgG, IgM and
IgA, and then counted with fluorescein-conjugated goat anti-
rabbit IgG, IgM and IgA. At least 50 cells were counted. The
absolute number of cells was calculated from the total lympho-
cyte count.

Serum immunoglobulins
Immunoglobulins M, G and A were assayed by turbidimetry
(Multistat III Centrifugal Analyzer) in the Chemical Pathology
Laboratory, Red Cross Childrens' Hospital, Cape Town.
Results were expressed as g/l.
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Table 1. Clinical details of the patients

Congenital
Syphilis Controls
(n= 17) (n= 17)

Birthweight (g)* 2018 + 581 2008 +504

Gestational age (weeks)* 35 4+ 1.9 35-5 + 1-6

Sex (M/F) 11/6 11/6

Clinical features
Hepatomegaly/splenomegaly 15
Skin lesions 9
Metaphysitis 15

Serology
Elevated VDRL titre 17
Positive FTA-IgM + 15

* Mean +s.d.
FTA, Fluorescent treponemal antibody absorption; IgM test.

Serum immune complexes
Immune complexes in serum were assayed by Clq binding and
the results expressed as a percentage. (Zubler et al., 1976). In
order to obtain normal values for the newborn period serum
from cord blood of 20 healthy male and female infants were
measured. The assay was performed at the Renal Laboratory,
Groote Schuur Hospital, Cape Town.

Haemolytic complement (CH50)
Measurement of the classical complement pathway (CH50) was
based on the method of Kabat & Mayer (1971). In one of the
patients and in four of the controls serum was insufficient to
measure the CH50.

Statistical analysis
Student's t-test was employed in the analysis of the data, and
P< 0 05 was taken as significant.

RESULTS

The results of the immune studies are depicted in Table 2. No
differences were found in the lymphocyte transformation re-
sponse to PHA or in the numbers of CD3+, CD4+ or CD8+
cells.

The absolute numbers of B cells were significantly greater in
the patients with congenital syphilis. In addition, syphilitic
infants displayed significantly elevated levels of serum total
IgM. The results of the IgG and IgA are not depicted but there
were no differences (P= 0-15 and P= 0 12, respectively) between
patients and controls.

Measurements of circulating immune complexes (CICs)
were significantly raised and CH50 significantly reduced in
affected infants. Cord blood immune complexes (ICs) from 20
additional healthy infants had a mean value of 3 1% (s.d. 0-6,
range 0-4%).

DISCUSSION

Cell-mediated immune (CMI) responses are now recognized as

playing a prime role during active syphilis (Levene et al., 1971;
Pavia et al., 1978; Metzger, 1979). Alterations in T cell subsets
(Jensen & From, 1982) and reduced reactivity oflymphocytes to
mitogens have led researchers to conclude that the CMI
response is impaired and blunted in acquired syphilis in adults
(Folds et al., 1982; Levene et al., 1969, 1971; Musher, Schell &
Knox, 1974).

In this study congenitally infected infants had a normal CMI
response as expressed by the absolute numbers of T cells and
subsets and the lymphocyte transformation responses to PHA
(Table 2). This quantitative response suggests an adequate
mobilization of T cells from the lymphoid organs during a

syphilitic infection.
However, in the face of an overwhelming infection the

lymphoid tissues can become totally depleted of cells leading to
a lymphopenia and subsequent death ofthe infant (Levene et al.,
1971). Two neonates in our study died; both had a marked
peripheral lymphopenia and died within 24 h of birth.

The lymphocyte transformation assay as a measure of the
functional capabilities of lymphocytes has produced inconsis-
tent results in the analysis of CMI responses in adults with
syphilis. Some investigators have shown an increase in lympho-
cyte reactivity (Friedman & Turk, 1975) while others (Levene et
al., 1969, 1971; Folds et al., 1982) have concluded that
lymphocyte transformation in adult syphilis is impaired. Fried-
mann (1977) in his study of infant-mother pairs with syphilis
showed a reduced activity to treponemal antigen. The different
findings from his study and ours could be due to age differences:
in the Friedmann study the infants were older (2 months to
2 years) than ours (1-7 days, neonates of various gestational

Table 2. Comparison between infants with congenital syphilis and control infants

Study Syphilis n Controls n P

PHA lymphocyte transformation (d/min) 41 523 + 13 861 17 48 707 + 12 865 17 0-16
CD3 (x 109/l) 393+1-37 17 3 16+1-16 17 006
CD4 (x 109/l) 2 25+ 1-34 17 1 91 +0 77 17 0 74
CD8(x 109/1) 1 17+066 17 1-11+062 17 0-98
B cells ( x 109/l) 1 21 +099 17 0-55±0-28 17 0 003
Total IgM (g/l) 3 79 + 3-64 17 0-11 +0 08 17 0 0007
Immune complexes (% binding) 205+ 18-5 17 34+ 19 17 0007
Haemolytic complement (CH50) (U/ml) 16 7+8-3 16 22-6±6 2 13 0 037

All values expressed as mean +1 s.d.
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ages); or to the use of the treponemal antigen as the lymphocyte
stimulant.

Although human fetal B cells are immature, they are capable
of recognizing virtually any antigenic determinant by approxi-
mately 24 weeks gestation (Wilson, 1985) and the increased
numbers of B cells and elevated IgM levels seen in our syphilitic
infants illustrate this (Table 2). Production of a humoral
response of such magnitude suggests that there is normal T-B
cell interaction. Measurement ofserum IgM, either as total IgM
on a radioimmunodiffusion plate (Alford, 1971) or as rheuma-
toid factor in a latex agglutination test (Meyer& Malan, 1987) is
an easy and cheap way of screening for congenital syphilis in
high risk populations.

This mileu of IgM antibody and presumably antigen excess
must inevitably lead to the formation of circulating IgM
containing immune complexes and this has been reported by
Dobson, Taber & Baughn (1988) in their study of CICs in
congenital syphilis. Our study confirms that syphilitic fetuses
and newborns have high levels of serum ICs compared with the
low levels as measured in cord blood and in the controls.
Measurement of the CICs by Clq binding and the low serum
CH50 level suggests that the CICs contain antibodies that
principally activate the classical complement pathway.

Theofilopoulus & Dixon (1980) in their review of CICs in
human disease clearly define the importance of IC formation in
the normal immune response. While in most cases this response
is beneficial to the host, there are clinical circumstances in
syphilitic patients where CICs are associated with organ damage
(Wiggelinkhuizen et al., 1973; Jorizza et al., 1986) and to a
defective humoral and CMI response (Folds et al., 1982).

Jensen, Jorgensen & Thesturp-Pedersen (1982) in their in
vitro study on the activity of natural killer cells in syphilitic
serum and in the presence of ICs, showed such activity to be
suppressed in the presence of both the syphilitic serum and the
immune complexes. They concluded that this suppression of
natural killer cell activity by ICs provided indirect evidence for
the role of ICs as immunosuppressive factors. Pichler, Lum &
Broder (1978) in their work on Fc receptors on human T
lymphocytes showed that ICs are capable of reacting with
suppressor cells, leading to irreversible loss of the Fc receptor
for IgG. There are several other studies implicating the role of
CICs in defective immune responses (Baughn, Tung & Musher,
1980; Folds et al., 1982). Although the syphiltiic newborn has a
normal quantitative immune response as judged by the tests
used in our study, the cytotoxic, killing and other functional
capabilities of these cells are not known. Such functional
abnormalities could account for the clinical impression that
infants with congenital syphilis have an increased susceptibility
to secondary bacterial infections.

The pathogenesis of the skeletal and placental lesions in
congenital syphilis have remained largely unexplained. It is
possible that the deposition of CICs in the highly vascularized
metaphysis and in the fetal vessels of the placenta are respon-
sible for the pathological lesions. We are at present engaged in
such a study.

The immune profile of neonates with congenital syphilis
demonstrates a normal CMI response, significantly increased B
cells and IgM levels, and an intense production of CICs.
Functional abnormalities ofT cells have not been excluded and
it is postulated that CICs may play a role in the modulation of
the immune response and in various tissue lesions.
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