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We report here that sera of children and adults infected with Schistosoma mansoni, S. haematobium, or S.
japonicum contain antibodies against GalNAcb1-4(Fuca1-2Fuca1-3)GlcNAc (LDN-DF) and to a lesser extent
to Galb1-4(Fuca1-3)GlcNAc (Lewisx) and GalNAcb1-4GlcNAc (LDN). Surface plasmon resonance (SPR)
spectroscopy was used to monitor the presence of serum antibodies to neoglycoconjugates containing these
carbohydrate epitopes and to define the immunoglobulin M (IgM) and IgG subclass distribution of the
antibodies. The serum levels of antibodies to LDN-DF are high related to LDN and Lewisx for all examined
groups of Schistosoma-infected individuals. A higher antibody response to the LDN-DF epitope was found in
sera of infected children than in sera of infected adults regardless of the schistosome species. With respect to
the subclasses, we found surprisingly that individuals infected with S. japonicum have predominantly IgG
antibodies, while individuals infected with S. mansoni mainly show an IgM response; high levels of both
isotypes were measured in sera of individuals infected with S. haematobium. These data provide new insights
in the human humoral immune response to schistosome-derived glycans.

In schistosomiasis, a major tropical parasitic disease caused
mainly by Schistosoma mansoni, S. haematobium, and S. ja-
ponicum, a strong humoral immune response against several
schistosomal glycoconjugates in infected animals or humans
has been found (10, 20). Vaccination studies of mice have
shown that the humoral immune response contributes to pro-
tection and that protective sera contain anticarbohydrate an-
tibodies (5, 22). The structures of a number of potentially
immunogenic schistosome glycans have recently been identi-
fied (reviewed in references 3, 4, and 24). Among these struc-
tures are glycans containing the Galb1-4(Fuca1-3)GlcNAc
(Lewisx), the GalNAcb1-4GlcNAc (LacdiNAc, LDN), or the
GalNAcb1-4(Fuca1-3)GlcNAc (LDN-F) antigen. Other gly-
cans that have been structurally defined are the circulating
cathodic antigen (CCA) and circulating anodic antigen (2, 23)
and several multifucosylated structures present on O-glycans
of the cercarial glycocalyx and on egg glycoproteins and egg
glycosphingolipids (12–14).

Antibodies from sera of animals or humans infected with
Schistosoma have been shown to recognize several of these
glycan epitopes. A strong and early humoral immune response
has been found against CCA (6), a poly-Lewisx-containing
excretory glycoconjugate antigen originating from the schisto-
some gut (23). Cytolytic immunoglobulin M (IgM) and IgG
antibodies directed against Lewisx-containing structures have
been demonstrated in infected humans and primates (17, 25).

Patients infected with S. mansoni elicit antibodies against CCA
which also show binding to synthetic trimeric Lewisx but with
lower affinity (1). Nyame et al.(19) reported that mice infected
with S. mansoni generate IgM and IgG antibody responses to
the LDN epitope.

Recently, we constructed neoglycoproteins containing the
glycan structures Lewisx, LDN, LDN-F, and GalNAcb1-
4(Fuca1-2Fuca1-3)GlcNAc (LDN-DF). From a large panel of
monoclonal antibodies (MAbs) derived from Schistosoma- in-
fected mice, several MAbs recognizing the aforementioned
glycan epitopes were obtained. This indicates that in mice, an
immune response against antigens containing these epitopes is
elicited during infection (28).

In this study, we determined the antibody responses against
Lewisx, LDN, and LDN-DF in different groups of patients
infected with S. mansoni, S. japonicum, or S. haematobium,
using surface plasmon resonance (SPR) analysis. These data
provide new insights in the human humoral immune response
to schistosomal glycans and the diagnostic potential of the
constructed neoglycoproteins.

MATERIALS AND METHODS

Sera. Sera from S. mansoni- and S. haematobium-infected individuals were
obtained from the WHO/TDR Reference Serum Bank for African Schistosomi-
asis. These sera were collected in areas in Kenya where Schistosomiasis is
endemic. Sera from S. japonicum-infected subjects were obtained from the Phil-
ippines (29). All sera were selected on the basis of positive stool egg counts in
case of S. mansoni and S. japonicum or positive urine egg counts in the case of
S. haematobium. Negative controls consisted of 20 sera from Dutch blood donors
with no history of schistosomiasis. The characteristics of the study groups are
given in Table 1.

SPR spectroscopy. SPR analysis was carried out using a BIAcore 3000 instru-
ment with a computer interface for system control, data acquisition, and data
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analysis (Biacore AB, Uppsala, Sweden). Sensor chip CM5, surfactant P-20
(Tween 20), and an amine coupling kit were also obtained from Biacore AB.

Lewisx, LDN, and LDN-DF were enzymatically synthesized and coupled to
bovine serum albumin (BSA) as described elsewhere (28). The amounts of
(molecules) oligosaccharides per molecule of BSA were 14, 12, and 11 for
Lewisx, LDN, and LDN-DF, respectively. The neoglycoproteins were immobi-
lized at a flow rate of 5 ml/min in 10 mM sodium acetate (pH 4.0) onto a
carboxylmethylated dextran CM5 sensor chip by covalent amine coupling ac-
cording to the instructions of the manufacturer until an increase of approxi-
mately 4,000 response units (RU) was observed. All analyses were performed at
a flow rate of 5 ml/min at 25°C using HEPES-buffered saline as an eluent. Sera
were diluted 1:40 in running buffer with 0.5% P-20. Injection times of sera were
2 min followed by 2 min of buffer injection to allow dissociation. The isotypes of
the antibodies were determined subsequently by 2-min injection pulses with goat
anti-human IgM (GaHuIgM) and goat anti-human IgG (GaHuIgG), each fol-
lowed by 2 min of dissociation time. Both anticlass antibodies were diluted 1:100
in running buffer with 0.5% P-20. Regeneration was performed using a 2-min
pulse of 100 mM HCl.

Data analysis. The data were analyzed using the BIA evaluation software
(version 3.0). To correct for refractive index change and nonspecific binding, the
BSA control surface was used as a blank. The negative control group was used
for cutoff definition (average and 3 standard deviations).

Spearman’s rank correlation coefficients were computed to check associations
between the various BSA-corrected responses. The correlation of total serum
antibody responses with IgG and IgM and the sum of IgG and IgM responses
(total) were calculated. Statistical analysis was performed using the SPSS for
Windows statistical package (SPSS Inc., Chicago, Ill.).

RESULTS

In this study, sera of individuals infected either with S. ja-
ponicum, S. mansoni, or S. haematobium were analyzed by SPR
for binding of IgG and IgM antibodies to the immobilized
LDN, Lewisx, and LDN-DF epitopes. Sera of uninfected indi-
viduals were used as a control. For each sample, the total
antibody responses as well as the specific IgG and IgM anti-
body responses were determined in a single run. Similar IgG
and IgM levels were measured independent of the order of
administration of the GaHuIgG and GaHuIgM antibodies.
The sensor chips have been regenerated at least 500 times with
excellent reproducibility of the measurements.

A typical example of a sensorgram illustrating binding of
antibodies to different neoglycoproteins and subsequent iso-
type determination is shown in Fig. 1. The antiglycan antibody
levels (IgG and IgM) are summarized in Table 2. In all groups

of patients, the median of the antibody responses to LDN as
well as to Lewisx was found to be lower than the median of
responses to LDN-DF. Only adult individuals infected with S.
haematobium showed elevated antibody responses for the
LDN epitope.

The anti-LDN-DF antibody responses (IgG and IgM) were
analyzed in more detail (Fig. 2). In general, all groups of
children gave higher antibody responses towards the LDN-DF
epitope than the adult groups. Infection with S. japonicum
seems to induce mainly an IgG antibody response against the
LDN-DF epitope, while patients infected with S. mansoni
mainly have an IgM response. In sera of individuals infected
with S. haematobium, high levels of both IgM and IgG were
found.

The specificity for schistosomiasis of the IgG and IgM re-
sponses to the different glycan epitopes was determined. Sera
of 20 uninfected individuals were used as a negative control.
For each isotype, the percentage of positive sera was calculated
(Table 3). Almost all infected individuals displayed a clear
positive immune response to the LDN-DF epitope, whereas a
lower and more variable positive response was shown to the
LDN or the Lewisx epitope. Individuals infected with S.
haematobium had both IgG and IgM antibodies against the
LDN-DF epitope (children, 92 and 100% respectively; adults,
100 and 100%, respectively). Sera of individuals infected with
S. japonicum contained predominantly IgG antibodies against
the LDN-DF epitope (children, 92% for IgG and 58% for IgM;
adults, 92% for IgG and 50% for IgM), while individuals in-
fected with S. mansoni showed mainly IgM antibodies (chil-
dren, 50% for IgG and 100% for IgM; adults, 25% for IgG and
83% for IgM). To check if the most important isotypes reacting
with the LDN-DF epitope had been identified, Spearman’s
rank correlations were calculated between the different RU
levels measured for total serum antibody levels and IgG and/or
IgM separately. It was shown that associations between total
serum antibody responses and either IgM or IgG were in most
cases highly significant. Associations between the sum of the
two isotype responses and the total serum antibody responses
were in all cases highly significant (Table 4). This implies that
by measuring IgM and IgG antibody classes, the most abun-
dant isotypes were identified. In the cases of Lewisx and LDN,
which display low RU, no associations were found (data not
shown).

DISCUSSION

An increasing number of studies indicate that carbohydrates
on glycoproteins, glycolipids, and glycosaminoglycans synthe-
sized by schistosomes are targets of humoral immunity and
may play a role in modulating host immune responses. To
achieve more insight in the host’s immune response to schis-
tosomes, we used neoglycoconjugates in combination with SPR
technology to analyze sera of infected individuals for their
antibody reactivities with specific glycans. The advantage of
using SPR technology over enzyme-linked immunosorbent as-
say (ELISA) is that only small amounts of the neoglycoconju-
gates, which are usually hard to synthesize and are available
only in low quantities, are needed. In addition, the sensor chips
can be regenerated many times. The SPR analysis is fully

TABLE 1. Characteristics of schistosomiasis patient and control
groups

Group n Minimum–maximum
(median) age

Minimum–maximum (median)
S. mansoni or S. japonicum

eggs/g of feces or
S. haematobium eggs/10 ml

of urine

S. haematobium
Children 12 10–18 (13.5) 2–624 (36)
Adults 8 19–53 (22) 0.3–17 (7.5)

S. mansoni
Children 10 8–17 (12) 7–3,287 (180)
Adults 12 19–53 (32.5) 7–1,680 (100)

S. japonicum
Children 12 8–18 (12.5) 23–9,913 (161)
Adults 12 25–48 (31) 23–4,600 (86.5)

Control 20 19–52 (34)
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automatic, and in one run different subtypes of immunoglobu-
lins can be determined without the use of labels.

The LDN, Lewisx, and LDN-DF epitopes studied here have
been shown by structural analysis to occur in schistosomes (12,
13). In several studies, mouse anti-carbohydrate MAbs that
recognize these epitopes have been identified (7, 18, 19, 28).
These MAbs were isolated from Schistosoma-infected or -im-
munized mice. This reactivity confirms that the respective car-
bohydrate epitopes are indeed present on schistosomes and
indicates that at least in the mouse, they are presented to the
immune system. Furthermore, immunofluorescent assay stud-
ies showed that the glycans mentioned above are expressed by
the schistosomes in various life cycle stages (28).

In this study, we demonstrate immunoreactivity against the
LDN-DF epitope and to a lesser extent to the LDN and Lewisx

epitopes in sera of different groups of patients, each infected
with one of the three major species of Schistosoma. Interest-
ingly, it was found that anti-LDN-DF antibodies from individ-
uals infected with S. japonicum were predominantly of the IgG

isotype and those from S. mansoni-infected individuals were of
the IgM isotype, whereas both isotypes were observed in S.
haematobium infected individuals. We have no clear explana-
tion for this finding.

Sera of animals or humans infected with Schistosoma con-
tained Lewisx antibodies (15, 17, 23), and recently Nyame et al.
found LDN-reactive antibodies in mice infected with S. man-
soni (19). In this study, high levels of LDN-DF-binding anti-
bodies were observed in Schistosoma-infected individuals,
which indicates that LDN-DF-containing glycoconjugates are
strongly immunogenic. Antibody reactivities against LDN and
Lewisx were found to be much lower than those against LDN-
DF, possibly because those epitopes are not unique for Schis-
tosoma but are also expressed on a number of human glyco-
proteins. For example, the LDN sequence has been found on
several vertebrate glycoproteins (26). Lewisx epitopes have
been found on a number of human tissues, cells, glycoproteins,
and glycolipids, e.g., on a1-acid glycoprotein, granulocytes and
respiratory mucins (8, 27). Still, anti-LDN and anti-Lewisx an-

FIG. 1. Sensorgram illustrating binding of serum antibodies interacting with LDN (– – –), Lewisx (—- z z), and LDN-DF (——) for individuals
infected with S. japonicum (A) or S. mansoni (B). The times of start of injection of serum (S), followed by GaHuIgM (M), GaHuIgG (G), and
100 mM HCl (R), are indicated by arrows.

2398 VAN REMOORTERE ET AL. INFECT. IMMUN.



tibodies were detected in sera of most patients, possibly due to
the persistent presentation of the glycan antigen to the im-
mune system. An alternative explanation may be that these
carbohydrate structures presented by the schistosomes to the
immune system as a repetitive glycan give rise to a more im-
munogenic and specific epitope, as illustrated by the strong
and early antibody response against CCA, a poly-Lewisx-con-
taining structure (6).

The anti-poly-Lewisx antibodies from infected humans are
potent in mediating the complement dependent cytolysis in
vitro of human granulocytes, thus implying an autoimmune
phenomenon (25). Lewisx glycans may alter cellular immunity

in infected hosts, by facilitating a shift from Th1 and Th2
response (21, 30). Recently, it was demonstrated that mice
sensitized with Lewisx-containing glycoconjugates displayed an
increased cellular immune response toward soluble egg anti-
gen-coated beads implanted in the liver, resulting in the for-
mation of large periparticular granulomas (11). The effect of
LDN or LDN-DF on the cellular immune response is not
known. In view of the highly immunogenic character of LDN-
DF, it may be postulated that LDN-DF containing glycocon-
jugates also play an important role in the pathology of schis-
tosomiasis.

In a previous study, we showed that MAb 114-5B1-A recog-

FIG. 2. Levels of IgG and IgM antibodies binding to the LDN-DF epitope for individuals infected with S. mansoni (M), S. japonicum (J), or
S. haematobium (H) and uninfected individuals (C). Thin lines indicate medians.

TABLE 2. Ranges of IgM and IgG antibody levels for all groups of schistosomiasis patients to the LDN-DF, LDN, and Lewisx epitopes

Response in:

Minimum–maximum (median) RUa

IgG IgM

LDN-DF LDN Lewisx LDN-DF LDN Lewisx

Children
S. haematobium 24–571 (122.5) 25–179 (39.5) 5–35 (13) 43–335 (165) 10–120 (46) 13–35 (18)
S. mansoni 3–1351 (35) 7–176 (25.5) 2–30 (6) 45–348 (103.5) 19–74 (32) 11–28 (12)
S. japonicum 33–382 (157) 12–186 (28.5) 4–11 (6.5) 15–222 (53.5) 8–125 (38.5) 5–37 (12)

Adults
S. haematobium 42–254 (97.5) 14–155 (62) 0–18 (15.5) 31–528 (122) 33–169 (86.5) 23–99 (11)
S. mansoni 16–125 (24.5) 14–185 (27) 5–27 (7) 5–165 (52.5) 3–50 (25) 6–19 (10.5)
S. japonicum 36–515 (75) 17–79 (43) 1–38 (7) 12–62 (25) 28–54 (18.5) 3–17 (6)

Control 9–28 (12) 7–77 (11) 217–19 (3) 10–24 (15) 25–39 (11.5) 226–35 (5.5)

a After subtraction of the response of the BSA surface.
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nizes the LDN-DF epitope (28). Using this antibody in a cap-
ture ELISA, circulating soluble egg antigens were detected in
serum pools of mice heavily infected with S. mansoni. This
assay was shown to be useful for the quantitative determina-
tion of egg antigens in urine samples of S. haematobium-in-
fected individuals (16). This illustrates that in the infected host,
antigens with the LDN-DF epitope are continuously released
by the eggs in relatively large amounts. The anti-LDN-DF
antibodies measured in the present study may be directed
against cercarial and worm as well as egg antigens, since im-
munofluorescent assay studies have shown that each of the
different stages stain to some extent with MAb 114-5B1-A (28).
However, in view of the relatively abundant release of LDN-
DF-containing egg antigens in relation to LDN-DF-containing
worm antigens, it is likely that the antibody responses mea-
sured here are mainly directed against these egg antigens.

In view of the number of sera having a positive antibody
response against the LDN-DF epitope, this glycan epitope
might be useful in the development of a specific diagnostic
assay for Schistosoma infections. A high sensitivity was ob-
served in particular for patients infected with S. haematobium,

which makes the LDN-DF interesting as a possible diagnostic
tool in follow-up and reinfection studies for individuals in-
fected with this species.

In conclusion, it should be mentioned that SPR is a valuable
technique for monitoring antiglycan antibody levels in serum.
Using this technique, we have shown that humans infected with
Schistosoma display specific antibody responses against the
LDN, the Lewisx, and in particular the LDN-DF epitope.
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