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Dynamics of the IgG3 responses following immunisation of BALB/c
mice with somatic and excretory/secretory antigens from various
Trichinella species
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Abstract. Comparison of the dynamics and antigen recognition profiles of IgG3 following immunisation with larval crude
extracts (LCE) and excretory-secretory (ES) products from muscle larvae of different species of Trichinella (T. spiralis, T.
nativa, T. britovi, T. nelsoni and genotype T6) was made in BALB/c mice. High levels of IgG3 response were obtained in ELISA
following immunisation with LCE from all species with maximum levels achieved between days 59 and 64 post-immunisation
(p.i.) and maintained up to the limit of the observation (day 164). Antigen recognition profiles as measured by western-blot
showed dense and numerous bands in the range 45-64 kDa that were consistent from week 5th with variation in epitope
recognition among the different species. Following immunisation with ES antigens a significant decrease in IgG3 response was
observed for all species especially for T. nativa in comparison to LCE. Antigen recognition on ES antigens showed three main
bands in the range of 45-60 kDa for all species excepting T. nelsoni and T. britovi where an additional band was also present.
These results clearly show that IgG3 epitopes are more abundant in somatic (LCE) than in ES products of Trichinella muscle
larvae and that quantitative as well as qualitative variations exist among different species.

Chronic infections by Trichinella are due to the
survival of the L1 stage inside a nurse cell surrounded
by a cyst within the striated muscle fibres (Despommier
1975). Before this stage is reached an acute process
occurs involving the intestine and circulatory systems
that induces strong cellular and humoral immune
responses (Wakelin 1993). Specific antibodies are
measurable about two weeks after infection and can last
for long time over all depending on the host species and
the intensity of infection (Crandall and Crandall 1972,
Ottesen et al. 1975).

Following Trichinella spiralis infections a two-phase
humoral response is induced by two groups of antigens
defined as group I (G-I) and II (G-II), as shown in mice
by Denkers et al. (1990a, b). Antibodies against G-I
reach maximum levels on day 13 p.i. and may be
involved in effective responses against intestinal
infection whereas those against G-II appeared between
days 27 and 35 p.i.; they are mainly of the IgG1 and
IgM class and are protective against re-infections. On
the other hand, following infection of rats by T. spiralis
it was shown that antibodies against excretory-secretory
(ES) antigens (slow responders) appear after four weeks
of infection and last for a long period of time (32
weeks) whereas those against somatic components
(rapid responders), appear after two weeks and last for
about 8 weeks (Takahashi et al. 1990).

Correlation between antibody responses and protection
have been established by passive transfer experiments
following immunisation by L1 extracts (Robinson et al.

1995a) or by protection against secondary infections
either in rats (Wakelin and Denham 1983, Appleton and
McGregor 1984, Bell 1992a) or in mice (Bell 1992b).
Among isotypes the IgG1 subclass appears to play the
most important role in protective responses (Appleton
and McGregor 1987, Robinson et al. 1995b). IgG isotype
responses have been widely investigated in both
experimental and clinical trichinellosis, mainly involving
the acute stage of infections by T. spiralis (Almond and
Parkhouse 1986, Ljungstrom et al. 1988, Zakroff et al.
1989, Robinson et al. 1994) although few studies
concerned the IgG3 subclass. IgG3 subclass isotype
responses are related to carbohydrate epitopes (Snapper et
al. 1992). It has been shown that certain thymus-
independent antigens can induce the CD5+ B cell
population to undergo an IgG3 class switch (Drabek et al.
1997). In mice, IgG3 subclass antibodies predominate in
humoral responses to bacterial polysaccharide antigens
with enhanced binding capacity to N-acetylglucosamine
(GlcNAc) residues (Greenspan and Cooper 1992). In
Trichinella spiralis, a high proportion of GlcNAc and
GalNAc was also found in the TSL-1 antigens
(Wisnewski et al. 1993) and therefore this could be
related with high levels of IgG3 response measured in the
chronic stage of T. spiralis infections (personal
observations).

Carbohydrate structures play important roles in the
survival strategies of parasites such as Schistosoma spp.
(Dunne et al. 1990) or Trypanosoma brucei (Ferguson
et al. 1988). In Trichinella species relevant glycans
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bound to proteins of TSL-1 antigens have been
identified (Denkers et al. 1991, Ellis et al. 1994,
Romaris et al. unpublished results) that may be involved
in muscle invasion and nurse cell development.

Therefore, in the present paper the dynamics of the
IgG3 response following immunisation of BALB/c mice
with somatic and ES products from L1 larvae of various
species of Trichinella is compared towards further
characterisation of IgG3 epitopes.

MATERIALS AND METHODS

Parasites. The following isolates of five Trichinella
species were used: MFEL/SP/62/GM-1, T. spiralis (Owen,
1835); MPAN/SU/87/T-2, T. nativa Britov, 1971);
MCAN/SP76/C-76, T. britovi Pozio, La Rosa, Murrell et
Lichtenfelds, 1992), MFEL/US/85/ T-6-FC (Pozio et al.
1992); MCRO/KE/75/T-7, and T. nelsoni Britov, 1971. They
are reference strains kept in the Trichinella Reference Centre
(Istituto Superiore di Sanitá, Rome).

Experimental hosts. Female BALB/c mice of 8 weeks of
age were used. They were bred in our Animal Breeding Unit
under controlled light and temperature conditions. Food and
water were supplied “ad libitum”.

Preparation of larval crude extracts (LCE). L1 muscle
larvae were obtained after artificial digestion following the
method described by Wakelin and Lloyd (1976). After
selection of live larvae by the Baermann method, they were
washed 10 times by sedimentation in PBS pH 7.2-7.4. After
washing the settled larvae were placed in an eppendorf tube
and sonicated in a Virsonic 5 sonicator for several 10-second
pulses at 70% power. The crude extract was allowed to extract
overnight at 4°C and then centrifuged at 40,000 g for 1 hour.
The supernatant was collected and the protein content
estimated by the Bradford (1976) method. Once aliquoted the
samples were stored at -80ºC.

Preparation of excretory/secretory (ES) products. L1
muscle larvae were recovered and washed as described for
LCE preparation. After washing, the settled larvae were
suspended in Minimum Essential Medium with Earle’s salts
(5000 worms/ml), at pH 7.2-7.4, with added 2 mM L-
glutamine, 10 mM Hepes buffer and antibiotics (50 units/ml
penicillin and 50 µg/ml streptomycin) following sterilisation
by filtration through a 0.22 µm membrane. The larvae were
cultured for 24-30 hours at 37ºC and 5% CO2.

After culture the medium containing the ES products was
collected by centrifugation at 600 g and them dialysed against
PBS and concentrated by Amicon YM-10 membrane. Protein
contents were estimated by the Bradford method (Bradford
1976).

Immunisation. Groups of six animals were prepared per
isolate. Each group was immunised with LCE or ES from the
corresponding strain emulsified in equal volume of Freund`s
Complete Adjuvant, at a dose of 500 µg/mouse of LCE or 100
µg/mouse of ES, given once by the intramuscular route.

Serum samples. Groups of six mice per strain and immu-
nising  antigen  were  bled  weekly  for  18-21  weeks,  from

the retro-orbital venous sinus under ether anaesthesia. Blood
samples were allowed to clot and then centrifuged at 900 g for
15 minutes. Sera samples from the animals of each group were
pooled, aliquoted and stored at -30ºC until use.

ELISA for the measurement of specific antibodies. Each
of the 96-well microtiter plates (Nunc-Immunoplate Maxi
SorpTM) was coated with 100 µl of LCE or ES products from
each isolate at a concentration of 2 µg/ml diluted in 0.1 M
carbonate buffer at pH 9.6 and kept overnight at 4ºC. Several
wells were kept uncoated as a control for non-specific
reactions. After washing three times with 0.05% PBS-Tween
20, 250 µl per well of 0.1% BSA in PBS-Tween were added
and the plates then incubated for 1 hour at 37ºC. After
washing, 100 µl of the 1/100 PBS-Tween 0.1% BSA diluted
sera samples were added in quadruple and the plate was
incubated at 37ºC for 2 hours. As negative controls sera
samples taken on the day of infection or immunisation were
used. Once the plates were washed, 100 µl per well of goat
affinity-isolated, horseradish peroxidase-conjugated antibody
specific to mouse IgG3 (Caltag Laboratories, San Francisco,
CA), at the appropriate dilution in PBS-Tween, 0.1% BSA,
were added and incubated for 1 hour at 37ºC. After washing,
100 µl per well of substrate (o-phenylenediamine, Sigma) was
added at 0.04% in phosphate-citrate buffer (pH 5.0) with
0.04% hydrogen peroxide. The reaction was stopped with 50
µl 3N sulphuric acid and the plates were read at 492 nm.
Results were expressed as optical densities of test sera minus
optical densities of control sera values once the values
corresponding to non-specific wells were subtracted.

Immunoblot. LCE or ES products from each strain were
separated by SDS-PAGE in 5-20% gradient gels (Laemmli
1970) in two sets. One set of separated proteins was stained by
Coomasie brilliant blue as a control of native antigens. The
other set was used for transference to nitrocellulose paper (0.2
µm size pore) in a semi-dry system. The paper was blocked
overnight at 4ºC with 5% skimmed milk in PBS pH 7.2. The
paper was cut into appropriate strips and then incubated with
the corresponding sera samples taken from infected or
immunised mice on weeks 0, 8 and 15 post-infection or
immunisation, at 1/25 dilution in 1% skimmed milk, 1%
Triton X-100 in PBS-Tween 20 and incubated for three hours
at 37ºC. After washing three times in PBS-Tween 20 the strips
were incubated with goat affinity-isolated, horseradish
peroxidase-conjugated antibody specific to mouse IgG3
(Caltag Laboratories, San Francisco, CA), at the appropriate
dilution in 1% skimmed milk, 1% Triton X-100 in PBS-
Tween 20 for three hours at room temperature. After washing,
the bands were developed by adding the substrate (6 µl H2O2
in 10 ml PBS plus 0.03g 4-chloro-1-naphthol (Sigma) in 10 ml
methanol, in dark at room temperature.

Statistics. For statistical study the data belonging to days
10, 17, 24, 38, 80 and 129 were chosen as representative of
the whole period of study. The data were submitted to the
ANOVA test for the variables species/time. When the inter-
action was significant (p<0.05) the unifactorial variance
analysis was applied to the species variable and when
significant (p<0.05) the Duncan`s multiple comparison test
was applied (Sokal and Rohlf 1979).
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RESULTS

Dynamics of the IgG3 response following immuni-
sation of BALB/c mice with LCE from various
Trichinella species

The dynamics of IgG3 antibodies are summarised in
Fig. 1. Overall high levels of IgG3 were recorded for all
species when the sera were tested in ELISA against the
homologous corresponding antigens. The highest
responses (near 3 O.D.) were recorded in animals
immunised with T. nelsoni. Antibody levels began to
increase sharply by day 31 post-immunisation (p.i.)
reaching a maximum by day 66 p.i. and afterwards
maintained until the end of the experiment (day 164
p.i.). Similar profiles were recorded for animals
immunised with T. nativa although the response was
slightly delayed with maximum levels reached by day
115 p.i (2.5 O.D.). Immunisations with T. spiralis, T.
britovi and T6 LCE yielded similar IgG3 maximum
levels but antibodies appeared earlier in animals
immunised with T. spiralis (above 0.5 O.D. by day 25
p.i. when the values were at baseline-levels for the
remainder).

Dynamics of the IgG3 response following immuni-
sation of BALB/c mice with ES antigens from
various Trichinella species

Following immunisation with ES antigens from
various species of Trichinella a significant decrease in
IgG3 responses were observed when measured in
ELISA against the homologous ES antigens with
respect to those recorded in the immunisations with the
corresponding LCE (Fig. 2). The earliest response was
detected in animals immunised with T. britovi with 0.5
O.D. values by day 10 p.i. Antibodies were detected
later for the other species although for T. spiralis, T6,
and T. nelsoni the values increased up to maximum
levels similar to those for T. britovi between days 38
and 52 p.i., afterwards maintained without significant
variation up to the end of the observations (day 164
p.i.). The dynamics of IgG3 following immunisation
with T. nativa ES antigens varied significantly from
those observed in the other species as values remained
near basal levels up to day 38 p.i., afterwards reaching
the maximum on day 73, to progressively decrease from
then up to the end of the observation (near 0.2 O.D.).

Fig. 1. Dynamics of IgG3 responses following immunisation of BALB/c mice with larval crude extracts (LCE) from isolates of
five Trichinella species. Sera samples were taken weekly during a period of 164 days p.i. and tested in ELISA against
homologous antigens. Statistical analyses were carried out on data corresponding to days 10, 17, 24, 38, 80 and 129 p.i. as
indicated in Materials and Methods. The indications *, $ and + show statistically significant differences at p< 0.01.
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Fig. 2. Dynamics of IgG3 responses following immunisation of BALB/c mice with excretory-secretory (ES) antigens from
isolates of five Trichinella species. Sera samples were taken weekly during a period of 164 days p.i. and tested in ELISA against
homologous antigens. Statistical analyses were carried out on data corresponding to days 10, 17, 24, 38, 80 and 129 p.i. as
indicated in Materials and Methods. The indications $, *, #, θ and + show statistically significant differences at p< 0.01.

Fig. 3. Dynamics of IgG3 responses following immunisation of BALB/c mice with excretory-secretory (ES) antigens from
isolates of five Trichinella species. Sera samples were taken weekly during a period of 164 days p.i. and tested in ELISA against
corresponding larval crude extracts (LCE) antigens. Statistical analyses were carried out on data corresponding to days 10, 17,
24, 38, 80 and 129 p.i. as indicated in Materials and Methods. The indications *, #, θ, + and $ show statistically significant
differences at p< 0.01.
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Fig. 4. Antigen recognition by IgG3 following immunisation of BALB/c mice with larval crude extracts (LCE) from isolates of
five Trichinella species. Sera samples were assayed for 15 weeks after immunisation by western-blot using homologous
antigens. The numbers below the lines indicate weeks p.i. Lanes numbered 0 correspond to pre-immunisation serum samples. a –
T. spiralis; b – T. nativa; c – T. britovi; d – T6; e – T. nelsoni.
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Fig. 5. Antigen recognition by IgG3 following immunisation of BALB/c mice with excretory-secretory (ES) antigens from
isolates of five Trichinella species. Sera samples were assayed for 16 weeks after immunisation by western-blot with
homologous antigens. The numbers below the lines indicate weeks p.i. a – T. spiralis; b – T. nativa; c – T. britovi; d – T6; e – T.
nelsoni.
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When the sera from animals immunised with ES
antigens were tested in ELISA against the
corresponding LCE, the IgG3 responses again
significantly decreased in relation those measured
against the homologous ES antigens (Fig. 3). In all
cases values remained below 1.0 O.D. with almost no
response for animals immunised with T. nativa. For
those immunised with T. britovi the maximum IgG3
response (0.7 O.D.) was recorded by day 52 p.i. and
from then the values progressively dropped up to the
end of the observation (near 0.2 O.D. on day 157 p.i.)
The dynamics observed for animals immunised with T.
spiralis, T. nelsoni and T6 were similar with maximum
values reached between days 65 and 73 p.i. and
afterwards maintained with significant fluctuations up
to the end of the observation.

Antigen recognition profiles following immunisation
of BALB/c mice with LCE or ES antigens from
various Trichinella species

IgG3 antigen recognition in western-blot with LCE
by sera from animals immunised with homologous
antigens is shown in Fig. 4a-e. Recognition profiles
were quite complex with high reactivity between 45 and
64 kDa in animals immunised with T. nativa, T. britovi
and T. nelsoni LCE. Two bands of about 40 and 53 kDa
respectively were recognised in animals immunised
with T. nativa and T. britovi LCE from week 2nd

onwards with the number of bands increasing from
week 5th. IgG3 recognition profiles in animals
immunised with LCE from T. nelsoni were quite
different from those mentioned above as new bands of
about 48 and 64 kDa were present from week 3rd to 6th

followed by three major bands in the range of 35-45
kDa that were apparent throughout the observation
(week 15th p.i.). Less complex IgG3 recognition profiles
from the former species  were  observed  following
immunisation  with T. spiralis and T6 although the
patterns were quite different from each other. In animals
immunised with T. spiralis LCE a few faint bands
between 45 and 55 kDa were apparent from week 6 p.i.
and were maintained up to the end of the experiment
whereas in those immunised by T6 LCE a clear band of
about 50 kDa was visible from week 2nd and three new
prominent bands of about 32, 35 and 45 kDa were
observed from week 4th onwards.

Following immunisation with ES antigens from
different species the IgG3 recognition profiles as
measured in western-blot with the homologous antigens
were quite simple (Fig. 5a-e). The patterns were almost
identical for animals immunised with T. spiralis, T.
nativa and T6 ES antigens where three major bands
between 45 and 50 kDa were present from weeks 4-5
p.i. onwards. In animals immunised with T. britovi and
T. nelsoni ES antigens an additional band of about 40-
43 kDa was also present from week 6 p.i. onwards.

DISCUSSION

The results presented here clearly show the influence
of the species and the type and source of antigen used
for immunisation on the IgG3 antibody subclass
response. The highest IgG3 antibody response was
induced by somatic antigens from Trichinella nelsoni
and T. nativa. Very high levels of IgG3 were also
induced by somatic products from T. spiralis, T. britovi
and from T6 with the earliest response observed in T.
spiralis (Fig. 1). These variations were confirmed in the
recognition profiles obtained by western-blot with
homologous antigens particularly at the highly dense
reactive areas (between 45 and 64 kDa) (Fig. 4). These
highly dense reactive areas of Trichinella larval
antigens have been shown to contain glycoproteins
involved in important functions of the parasite such as
infectivity (McVay et al. 1998) and nurse cell
development (Vassilatis et al. 1992, 1996).

The IgG3 response was significantly lower following
immunisation with ES antigens in all species especially
in animals immunised with T. nativa (Figs. 2, 3). This
was consistent with the simplified recognition profiles
observed in western-blot with the homologous antigens
where only three main bands appeared for most species
thus suggesting a lower content of IgG3 epitopes in ES
antigens in comparison to somatic LCE (Fig. 5).
Likewise a dramatic reduction in IgG3 responses was
shown in all species when the sera from animals
immunised with ES antigens were tested in ELISA
against homologous LCE (Fig. 3) although this reduc-
tion was lower when the same sera were tested against
the homologous ES antigen (Fig. 1). The apparent
higher IgG3 epitopes in the LCE could simply be due to
the different amount of antigens used in immunisation
assays as about five times more LCE than ES was used.
This patterns of immunisation was chosen for
comparative purposes as much of the ES antigens
constitutes also a small part of the LCE content.
Nevertheless it does not seem to be the case as IgG3
response against LCE should not be markedly higher
than that against ES antigens if the IgG3 inducing
epitopes were mainly present in the later. Contrarily,
despite the higher IgG3 responses in animals
immunised with ES when tested in ELISA with
homologous antigens (Fig. 2), these responses still
clearly remained under those obtained when the animals
were immunised with the LCE (Fig. 1).

The protein profiles of ES and LCE from the
different isolates were assessed by SDS-PAGE analysis
with no major variations among the species (data not
shown). Nevertheless significant variation was observed
in both the dynamics and the antigen recognition
profiles by IgG3 generated against the LCE from
different species  suggesting  the  presence  of  different
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IgG3 epitopes. This is consistent with the antigenic
variation among Trichinella species evidenced in
previous studies (Bolas-Fernández and Wakelin 1990,
1992, Goyal and Wakelin 1993, Saito et al. 1994,
Boireau et al. 1997, Goyal et al. 1997) although little is
known on the chemical structure and biological
functions of these species- and isolate-variant antigens.

For comparative purposes the experiments here
described were designed as immunisation- rather than
infection-based assays owing to the great variation in
infectivity shown by the different species as assessed in
complementary experiments (data not shown).
Therefore comparison of our results with those from
previous authors working only with T. spiralis, and
mainly at the early stages of infection, is not applicable
as the amount of antigens released and their dynamics
in infection and in immunisation are likely to be quite
different.

IgG3 response against carbohydrate-containing ES
antigens (Group II of Denkers et al. 1990b) was found
to be very low when tested on day 28 after injection of
these antigens in AKR/J mice with the major response
being IgG1 mediated. These findings seem to correlate
with our results obtained in a different strain of mice
where values were significantly lower than those

obtained with LCE. In addition we corroborate that
IgG3 responses against ES products did not increase
with time whereas those against somatic (LCE)
products were progressively increasing up to very high
levels reached between days 59 and 66 p.i. afterwards
maintained in all species (Fig. 1). Therefore our results
suggest that despite the presence of relevant carbo-
hydrates in ES antigens of Trichinella (TSL1) as
previously reported these antigens do not seem to be the
main targets for Ig3 antibodies. Glycoproteins are also
abundant components of the somatic antigens (LCE)
(Parkhouse and Ortega-Pierres 1984) and some carbo-
hydrates present in ES antigens were also identified in
somatic products (Wisnewski et al. 1993). Whether
these or other carbohydrates as well as other bio-
molecules of the LCE play an important role in
triggering IgG3 responses deserves further
investigation.

The precise characterisation of IgG3 epitopes by
controlled deglycosylation protocols combined with
competitive immunoassay with monoclonal antibodies
against particular carbohydrates together with the
assessment of the dynamics of IgG3 in equivalent
infections by different species is currently being
investigated.
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