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Schistosoma mansoni Heat Shock Protein 70 Elicits an Early
Humoral Immune Response in S. mansoni Infected Baboons
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A study was undertaken to search for DNA recombinant Schistosoma mansoni proteins responsible for eliciting
an antibody response from the host at a very early phase after infection. A S. mansoni adult worm cDNA expression
library was screened using pooled sera from baboons with four weeks of infection. Based on their specific reactivity
with the S. mansoni infected sera and no reactivity when tested against the pre-infection sera from the same baboons,
four clones were selected for further studies. Sequence analysis revealed that they were homologous to the S.
mansoni heat shock protein 70 (hsp70). The insert sizes of the four selected clones varied from 1150 to 2006 bp. The
preliminary characterization for antibody reactivity against a panel of baboon sera showed that the longest clone
was the most reactive, eight out of eight acute and three out of four chronic sera reacting positively to this clone. The
shortest clone was the least reactive. Our results suggest that the S. mansoni hsp70 elicits an early and strong
antibody response in baboons and that antibodies to this protein can be detected in chronically infected animals.
Therefore S. mansoni hsp70 may be a valid target for immunodiagnosis. However further studies are needed to
identify the portion of the hsp70 that best fits the requirements for a valuable diagnostic antigen.
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Schistosomiasis continues to be one of the most im-
portant and widespread parasitic diseases, despite the
great efforts dedicated to eradicating it through drug treat-
ment, control of the snails, health education and sanitary
measures. It is still a serious public health problem in more
than 70 countries, where, from 600 million at risk, about
200 million people are estimated to be infected (Chitsulo
et al. 2000, Gibodat & Bergquist 2000, WHO 2001).  Thus,
much research has been done to identify and characterize
antigens that may have vaccine and/or diagnostic poten-
tial. The application of the recombinant DNA techniques
to the studies of Schistosoma antigens has provided some
remarkable findings, with definitive characterization of
many different antigens (Bergquist 1995, Hamilton et al.
1998, Davis 2000).   The humoral immune response to S.
mansoni has been shown to be directed against a great
number of egg, larval and adult stage antigens of the para-
site. Among them, a 70 kDa protein molecule was shown
to be one of the most immunogenic antigens in S. mansoni.
Sera of S. mansoni infected humans and animals, and also
mice vaccinated with irradiated cercariae, uniformly rec-

ognized this antigen, identified as a 70 kDa heat shock
protein (hsp70) (Hedstrom et al. 1987, 1988).   Members of
the hsp70 family of proteins have been extensively stud-
ied, since hsp70 proteins are one of the most abundant
family of proteins expressed by all living organisms, both
eukaryotic and prokaryotic (Kaufmann 1990, Mosely
2000).  In spite of its high sequence conservation, the
hsp70 has been shown to be an immunodominant target
of the humoral and cellular response in infections caused
by different bacterial, fungal, and parasite pathogens (Dav-
enport et al. 1992, Kakeya et al. 1999, Oliveira-Ferreira et
al. 1999, Rico et al. 1999).

Different authors have suggested the use of recombi-
nant S. mansoni hsp70 (Smhsp70) for immunodiagnostic
purposes (Hedstrom at al. 1988, Newport et al.1988, Moser
at al. 1990), but not much work has been done to deter-
mine the frequency of anti-Smhsp70 antibodies in healthy
individuals and in patients with autoimmune diseases.
Also there is a need to better identify the epitopes of the
hsp70 specifically recognized by the host.  In the present
paper, we report the results of a preliminary characteriza-
tion of the antibody reactivities demonstrated by four
clones isolated from a S. mansoni cDNA expression li-
brary screened with a pool of sera from baboons in a very
early phase of S. mansoni infection.  This aspect can be
important to further characterize the hsp70 as a valid tar-
get for an early diagnosis of schistosomiasis. The size of
the inserts and the nucleotide sequence of the clones
showed that they are coding for different segments of the
Smhsp70. The results obtained against a panel of sera
from baboons with acute and chronic schistosomiasis
suggest different antibody reactivities of the proteins ex-
pressed by the four isolated hsp70 clones.
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MATERIALS AND METHODS

Baboon sera - Seven naive baboons (Papio cyno-
cephalus) were infected with about 350 S. mansoni cer-
cariae per kg of body weight. Serum and stool samples
were collected weekly until the 12th week postinfection.
All of the baboons excreted S. mansoni eggs, beginning
between 38 and 41 days after infection, and all harbored
from 1,600 to 3,900 adult worms upon autopsy. These ba-
boons, with acute infections, were identified as AC-1 to
AC-7, and screened for antibody activity against S.
mansoni adult worm microsomal antigen (MAMA). Based
on the MAMA-FAST-ELISA (Hancock & Tsang 1986)
results, 4-week infection serum pools were formed and
used to screen the cDNA expression library. Nine to 11
week postinfection sera were used for the secondary and
tertiary rounds of plaque purification of the positive clones
from the initial screen.

Additional S. mansoni infected baboon sera were used
for preliminary evaluation of the positive clones.  Serum
from another acutely infected baboon (AC-8), collected
at 13 weeks postinfection, and serum from four chroni-
cally infected baboons were tested for antibody reactiv-
ity with the positive clones. The chronic infection sera
were collected from baboons with long lasting S. mansoni
infection: CR-1 and CR-2, 5 years; CR-3, 8 years; and CR-
4, 10 years.  The baboons CR-2, CR-3, and CR-4 were
treated with praziquantel, respectively 4, 6 and 8 years
after infection.  However, they were not completely cured,
as determined by the presence of S. mansoni eggs in the
feces, 3 to 6 months after treatment. The first baboon CR-
1 was not treated.

Screening of cDNA library - A S. mansoni adult worm
cDNA expression library, constructed in the vector lambda
UniZap XR (Stratagene, La Jolla, CA), was screened us-
ing standard methods (Sambrook et al. 1989), as already
described (Kanamura & Hancock 1997).

For the primary screening, equal volumes of 4-week
postinfection sera from baboons AC-1, AC-2, AC-4, and
AC-5 were pooled and used to screen the library.  The
serum pool was diluted 1:50 with PBS, 0.3% Nonidet P40,
5% nonfat dry milk, 5 mg/ml Escherichia coli lysate, 1
mM Pefabloc (Boehringer-Mannheim, Indianapolis, IN), 1
µg/ml leupeptin (Calbiochem, San Diego, CA), and 1 µg/
ml pepstatin A (Boehringer-Mannheim).  The lysate was
prepared from an overnight culture of XL1-Blue E. coli
cells.  The cells were washed with PBS then lysed in 0.05
M Hepes, pH 7.2, 0.5 M NaCl, 0.5% Nonidet P40, 0.1%
NaN3, and protease inhibitors, as above, by sonication.
All sera used for screening or evaluating plaques were
absorbed with E. coli lysate and diluted as above.  Bound
antibodies were detected with goat anti-human immuno-
globulin labeled with peroxidase, followed by H2O2 at
0.003% and 3,3’-diaminobenzidine at 0.5 mg/ml.  Sera and
conjugate incubations were for 3 h at room temperature or
overnight at 4°C. After each incubation, the membranes
were washed extensively with PBS, 0.3% Tween 20. Then,
the membranes were thoroughly washed with PBS, and
incubated with substrate for 10 min at room temperature.

For the secondary and tertiary screening, a pool of 9,
10, and 11-week postinfection sera was used.  At the ter-

tiary screening, it became difficult to identify positive
plaques without a surrounding background of negative
plaques.  To overcome this problem, we included on the
agar plate, with the antibody reactive positive clone that
we were plaque purifying, a non schistosome clone. A
lambda UniZap XR phage clone isolated from a
Cryptosporidium parvum cDNA library and coding for
C. parvum elongation factor 1-alpha was used to provide
the surrounding background of negative plaques.  We
refer to this method as the immunoenzymatic plaque ex-
pression assay (Kanamura & Hancock 1997).  At the ter-
tiary screening, the antibody reactive positive clones were
also examined with a pool of preinfection sera from ba-
boons AC-1, AC-2, AC-4, and AC-5, with the C. parvum
clone as a negative background clones.  Clones that re-
acted positively with the preinfection pool were discarded.
Well-isolated positive plaques, reactive only with the in-
fection serum pool, were selected from the tertiary screen-
ing and plated again, without the negative background,
before they were amplified.

The amplified clones were evaluated for antibody re-
activity, by means of the immunoenzymatic plaque expres-
sion assay, with a panel of S. mansoni infected baboon
sera: acute and chronic infection sera, and serial samples
from an acute infection.  Like the tertiary screening, these
clones were plated with the C. parvum elongation factor
1-alpha clone providing the negative clone background.

DNA sequencing - All phage clones positive with the
early infection sera pool and negative with the preinfection
sera pool were DNA sequenced.  The insert DNA was
amplified using T3 and T7 primers and AmpliTaq poly-
merase (Perkin-Elmer, Foster City, CA), then purified us-
ing a Qiaquick column (Qiagen Inc., Chatsworth, CA).
Sequencing was by dye terminator cycle sequencing with
AmpliTaq polymerase FS (Perkin-Elmer) followed by poly-
acrylamide gel electrophoresis using the ABI PRISM 377
DNA sequencer (Perkin-Elmer).  Clones were analyzed
using the Sequence Navigator software and identified by
a BLAST search of GenBank with the computation per-
formed at the National Center for Biotechnology Informa-
tion using the BLAST network service.

RESULTS

The acutely infected baboons first showed an anti-
body response to MAMA at three weeks postinfection
(Fig. 1B).  At four weeks postinfection, low levels of anti-
MAMA antibodies could be detected in five of the seven
baboons.  Four of these baboons, AC-1, AC-2, AC-4, and
AC-5, were selected to form the serum pool for screening
the cDNA library.  Baboons AC-3 and AC-6 were excluded
because of their low level of antibody response at 4 weeks.
Baboon AC-7 was excluded because of an atypical pat-
tern of antibody reactivity.  Antibody reactivity patterns
of the seven baboons are presented on Fig. 1A, B.

Based on their positive reactivity with the S. mansoni
infected baboon serum pools, and negative reactivity with
the preinfection serum pool, four clones were selected
and DNA sequenced.  All were identified as identical to
the previously reported Smhsp70 gene, accession #L02415
(Neumann et al. 1992).  The gene is on an EcoRI restric-
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tion enzyme fragment that is 3511 bases in length. The
insert sizes of the four selected clones, B4, A40, A47, and
A27, varied from 1150 to 2006 bp (Fig. 2).

We took advantage of the different 5’ ends of our
cDNA clones and did some preliminary B cell epitope
mapping.  Using the C. parvum clone as the negative
background, the four Smhsp70 clones were examined for
antibody reactivity with a panel of baboon S. mansoni
infection sera (Table).  An example of the results from the
immunoenzymatic plaque expression assay is shown in
Fig. 3.  The longest clone, B4, proved to be the most reac-
tive, and the shortest clone, A27, the least reactive one.

Fig. 1: antibody reactivity of sera from baboons acutely infected with Schistosoma mansoni to the S. mansoni adult worm microsomal
antigen (MAMA), from 0 to 12 weeks postinfection. Antibody reactivity was measured in an ELISA assay, by comparison to a standard
curve generated by dilutions of a positive sera pool, and expressed as units/µl. A: an overview of the pattern of response; B: a magnification
of the early antibody response, from 0 to 6 weeks postinfection.

Clone A40 showed a reactivity pattern identical to clone
B4.  Clone A47 was less reactive than clones B4 and A40
and was more reactive than clone A27. Of the twelve S.
mansoni infected baboons only one, a chronically infected
animal CR-4, lacked antibody reactivity with all of the
clones. The preinfection sera from the twelve baboons
lacked antibody reactivity with all of the clones.

Serial bleeds of one acutely infected baboon, AC-5,
were tested in the immunoenzymatic plaque expression
assay to determine the pattern of antibody development
(Table).  With this baboon, the pattern of antibody devel-
opment corresponds to the overall antibody reactivity of

Fig. 2: the Schistosoma mansoni hsp70 gene.  The coding sequence is indicated by the broad arrow and runs from base 533 to base 2446.
The mRNA begins at base 478 and ends at base 2509, the poly A site.  The location of the 5’ ends of our four hsp70 cDNA clones is shown.
Clone B4 begins at base 503, 30 bases upstream of the translational start codon.  Clones A40, A47, and A27 begin within the mRNA at
bases 1001, 1163, and 1358 respectively.
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the clones.  Antibodies to clones B4 and A40 were first
evident at 6 weeks postinfection.  A weakly positive reac-
tion to clone A47 was seen at week 7 and at week 8, all
clones were reactive.

DISCUSSION

We were interested in identifying S. mansoni proteins
potentially useful for detection of antibody in an early
phase of acute infection. It is known that Smhsp70 in-
duces a dominant antibody response in human and ani-
mals with both acute and chronic S. mansoni infection,
and also in mice vaccinated with irradiated cercariae
(Hedstrom et al. 1987, Moser et al. 1990). Our data showed
that Smhsp70 could elicit a very early antibody response
in the course of infection, at 6 weeks post infection; also,
in three out of four cases, the antibody response was
maintained in chronic infections.

An alignment of the Smhsp70 with Homo sapiens hsp70
have shown relatively few amino acid differences between

the schistosome protein and the mammalian homologue,
these differences being concentrated mainly on the C-
terminal portion (Hedstron et al.1988, Newport et al. 1988,
Neumann et al. 1992). In spite of this, the immune response
to Smhsp70 appears to be specific. Healthy individuals
and also patients with other helminthiasis, like clonorchi-
asis, schistosomiasis mekongi, loaiasis, bancroftian filari-
asis or cysticercosis did not react positively with the
Smhsp70 (Newport et al. 1988). S. japonicum  (Sj) hsp70
also showed an immunodominant response in schistoso-
miasis japonicum patients. Crossreactivity with the S.
mansoni homologous antigen was not observed, suggest-
ing some degree of species specificity (Hedstrom et al.
1988). The antibody response to our Smhsp70 clones, as
observed in the S. mansoni infected baboons, seemed to
be specific, since antibodies to hsp70 were not detected
in any of the preinfection sera.  So, considering the highly
conserved nature of the members of this protein family, it
seemed that the antibodies to hsp70 in schistosome in-
fections are likely to be directed toward non-conserved
regions of the protein.

The immunodominance of the hsp70 observed in dif-
ferent infections might reflect the relative abundance of
this group of proteins, which are normally produced in
higher amounts in response to a variety of stress condi-
tions. Hsp70 was shown to be one of the first proteins
synthesized by the transforming schistosomulae
(Yukenberg et al. 1987). Analysis of RNA from different
developmental stages of S. mansoni demonstrated expres-
sion of hsp70 in miracidia, sporocyst and adult worm, but
not in cercaria. There is some evidence indicating that
stage-specific expression of hsp70 is regulated not only
by stress, but also by a developmental program. Cercaria/
schistosomula transformation can be considered as a
physiological stress, involving increases of temperature
and salt concentration, but these conditions alone were
not sufficient to promote the enhancement of hsp70 ex-
pression. The loss of the cercarial tail was an obligatory
event for hsp70 expression (Neumann et al. 1993). Its ex-
pression as soon as the cercaria have penetrated the skin
and transformed in schistosomula may explain the early
antibody response to hsp70 we observed in baboons,
confirming results obtained by Hedstrom et al. (1987) in
mice.

Smhsp70 seems to continue stimulating immune re-
sponse in the chronic phase of infection, as shown by the
detection of antibodies to this protein in three baboons
with long lasting infection. The only chronically infected
baboon (CR-4) that did not show antibody reactivity to
the Smhsp70 clones was one that also showed very low
antibody levels when tested by ELISA with total worm
and egg antigens. The other three chronically infected
baboons (CR-1, CR-2, CR-3) had high levels of antibodies
against worm and egg antigens detected by ELISA (un-
published observations). So, the lack of response to hsp70
in this one baboon may be related more to the immune
status of this baboon.

Moser et al. (1990) evaluated the diagnostic potential
of two recombinant proteins corresponding to 121 and
230 amino acids of the C-terminal portion of the Smhsp70.
They concluded that hsp70 was of limited value in the

TABLE

Summary of the antibody reactivity of Schistosoma mansoni
hsp70 clones; B4, A40, A47, and A27; in the plaque

expression screening assay.  Antibody reactivity was assessed
with three groups of S. mansoni infected baboon sera.  The

first group contains eight, AC-1 through AC-8, acute infection
sera obtained at 12 weeks postinfection.  The second group
contains four, CR-1 through CR-4, chronic infection sera

obtained 5 to 10 years postinfection.  The third group contains
serial samples from one acutely infected baboon, AC-5.  The
antibody reactivity of the negative clone, Cryptosporidium

parvum elongation factor 1-alpha, alone, is shown in the last
column

Clones

Baboon sera B4 A40 A47 A27Negative

AC-1 + + +/- - -
AC-2 + + + + -
AC-3 + + + +/- -
AC-4 + + +/- - -
AC-5 + + + + -
AC-6 + + + + -
AC-7 + + + + -
AC-8 + + +/- _ -

CR-1 + + + + -
CR-2 + + + + -
CR-3 + + +/- - -
CR-4 - - - - -

AC-5 1st wk pi - - - - -
5th wk pi - - - - -
6th wk pi + + - - -
7th wk pi + + +/- - -
8th wk pi + + + + -
9th wk pi + + + + -

10th wk pi + + + + -
11th wk pi + + + + -

(+): reactive; (-): nonreactive; (+/-): variable result from assay to
assay, sometimes weakly positive and sometimes negative; wk:
week; pi: postinfection
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diagnosis of schistosomiasis, because their recombinant
proteins were not able to detect antibodies in patients
with known recent infections. Their results confirmed that
Sm and Sj hsp70 are antigenicaly distinct, but cross-reac-
tive antibodies were observed in some individuals with
schistosomiasis haematobium and also in a small but sig-
nificant number of patients with other parasitic infections.
Our results showing strong reactivity of the baboon S.
mansoni infected sera with the full-length recombinant
protein (clone B4), and poor reactivity of the shorter clone
(A27), can partially explain these results. Thus, it can be
suggested that although a B-cell epitope must be present
within the most immunogenic and hypervariable C-termi-
nal portion of the protein (Davenport et al. 1992, Wallace
et al. 1992, Amorim et al. 1996), other antigenic determi-
nants in the N-terminal portion must contribute to the
humoral immune response to hsp70. According to our
data, epitopes that account for the greater reactivity of
clones B4 and A40, as compared to A27, are between the
sequences of clones A40 and A27. Of course, it is impor-
tant to note that secondary structure and not just primary
sequence may be involved. Our observations are in agree-
ment with the results obtained by Quijada et al. (1996)
that tested a recombinant L. infantum hsp70 with canine
viscero-cutaneous leishmaniasis. They showed that while

100 % of the infected dog sera recognized the complete
recombinant protein, only 30% of those sera recognized
the 20 carboxyl-terminal amino acids of the protein.

Other authors (Andrade et al. 1992, Wallace et al. 1992,
Arora et al. 1995, Quijada et al. 1996) have also demon-
strated the immunodominance of hsp70 in patients with
leishmaniasis, however conflicting data regarding to the
cross reactivity of the leishmania hsp70 were presented.
Epitope mapping studies carried out on hsp70 from differ-
ent origins have demonstrated multiple antigenic deter-
minants distributed along the protein in both conserved
and non-conserved regions (Davenport et al. 1992,
Wallace et al. 1992, Requena et al. 1993, Amorim et al.
1996). Since there are no other studies related to the vari-
able antibody response against different segments of
Smhsp70, the data presented in this paper can indicate
the necessity of further studies to identify the cross reac-
tive and specific epitopes of this protein. These studies
will be important in order to determine the real value of
hsp70 as an early diagnostic tool for schistosomiasis.
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Fig. 3: antibody reactivity of Schistosoma mansoni hsp70 clones, B4 and A27, in the plaque expression screening assay, with sera from
three baboons acutely infected (AC-1, AC-2, AC-3) and one baboon chronically infected with S. mansoni (CR-1).  The hsp70 clones are
plated with a negative clone background.  The antibody reactivity of the negative clone, Cryptosporidium parvum elongation factor
1-alpha, alone is also shown.
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