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Molecular approaches for the detection of Schistosoma mansoni:
possible applications in the detection of snail infection,

monitoring of transmission sites, and diagnosis of
human infection
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The detection of specific DNA sequences by polymerase chain reaction (PCR) has proved extremely valuable for
the analysis of genetic disorders and the diagnosis of a variety of infectious disease pathogens However, the appli-
cation to the detection of Schistosoma mansoni is rare, despite a recommendation of the World Health Organization
that a major focus of research on schistosomiasis should be on the development and evaluation of new strategies and
tools for control of the disease. In this context, a few studies were published for the detection of the parasite in snails,
monitoring of cercariae in water bodies, and diagnosis of human infection. The present minireview describes
sensitive and specific PCR based systems to detect  S. mansoni, indicating possible applications in the detection of
snail infection, monitoring of transmission sites, and diagnosis of human infection.
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Schistosomiasis is a disease transmitted by fresh wa-
ter snails. It affects more than 200 million people world-
wide and is endemic in 74  countries, with more than 80%
of infected persons living in Africa. In Brazil, Schistosoma
mansoni is the only causative species of schistosomia-
sis, and there are three species of intermediate hosts:
Biomphalaria glabrata, B. straminea, and B. tena-
gophila. Adult S. mansoni live in the bloodstream. Their
eggs pass out of the host with the  faeces. In contact with
water, free-swimming miracidia emerge from the egg and
penetrate the soft tissues of the snail host. Within the
snails, miracidia immediately differentiate into sporocysts
and, as they migrate through the snail tissues, give rise to
cercariae. Cercariae are shed from the snails and  are in-
fective to humans by direct penetration of  the skin. Thus,
molecular approaches can be used to detect DNA of dif-
ferent life cycle stages of S. mansoni by analyzing differ-
ent biological samples: feces, snail tissues, and infested
water bodies, resulting in diagnosis of vertebrate and in-
vertebrate host infections, and identification of transmis-
sion sites.

The detection of specific DNA sequences by poly-
merase chain reaction (PCR) has proved extremely valu-
able for the analysis of genetic disorders and the diagno-
sis of a variety of infectious disease pathogens (Leal et al.
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1996, Lucena et al. 1998, Schindler et al. 2001, Rodrigues
et al. 2002). However, the application to the detection of S.
mansoni is rare, despite a recommendation of the World
Health Organization that a major focus of research on schis-
tosomiasis should be on the development and evaluation
of new strategies and tools for control of the disease (WHO
2004). In this context, a few studies were published for the
detection of the parasite in snails (Hanelt et al. 1997,
Jannotti-Passos et al. 1997, Hamburger et al. 1998a,  Melo
et al. 2006), monitoring of cercariae in water bodies (Ham-
burger et al. 1998b), and diagnosis of human infection
(Pontes et al. 2002). The use of PCR for diagnosis of hu-
man infection, using fecal samples was evaluated in pa-
tients living in endemic areas (Pontes et al. 2002). How-
ever, the approaches with potential for use in the identifi-
cation of transmission sites (Hanelt et al. 1997, Jannotti-
Passos et al. 1997, Hamburger et al. 1998a), were neither
appropriate for large scale use nor formally validated in
endemic areas. The sensitive and accurate identification
of human infection, and the precise monitoring of schis-
tosome transmission sites may be important tools for the
long term control of the disease. The present minireview
describes the development of sensitive and specific PCR
based systems to detect S. mansoni DNA, indicating the
possible applications of these techniques.

Detection of S. mansoni by PCR

Identification of snail infection - The identification of
schistosome transmission sites involves the detection of
S. mansoni infected snails by exposure of individual snails
to artificial light and observation of cercarial shedding.
Alternatively, snails may be crushed between glass slides
and  inspected for the presence of sporocysts. However,
there are limitations to detecting the parasite in situations
such as, low parasite burden, prepatent infections (detec-
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tion of cercarial shedding is only possible 30 days after
infection), aborted development of sporocysts,  and death
of the molluscs after collection and prior to exposure to
light (Barbosa 1992, Hanelt et al. 1997), resulting in
understimation of the true prevalence of infection. The
conventional techniques for identification of infected
snails are simple, cheap, but time consuming and associ-
ated with high operational costs because of the necessity
for trained personnel and an appropriate laboratory struc-
ture; the whole process involves collection of snails in
suspected areas, as well as the maintenance and analysis
of individual snails. In addition, discrimination of S.
mansoni cercariae from other trematodes can be problem-
atic. In the particular case of B. straminea, even the ex-
amination of many snails from endemic areas can be nega-
tive (Barbosa & Silva 1992, Favre et al. 1995). Thus, con-
ventional methods for the identification of transmission
sites have limitations.

A nested PCR targeting the 18S rDNA of S. mansoni
was developed for the identification of infection in snails
(Hanelt et al. 1997). In another study, a PCR assay based
on a highly repeated tandemly arranged DNA sequence
was developed for detection of prepatent S. mansoni in-
fection (Hamburger et al. 1998a). The use of PCR amplifi-
cation of the minisatellite repeat from S. mansoni mito-
chondrial DNA was proposed to identify infected snails
(Jannotti-Passos et al. 1997). As the latter two approaches
result in a ladder profile reflecting the amplification of
tandem repeats (Jannotti-Passos et al. 1997, Hamburger
et al. 1998a), the possibility exists for some variation of
the profile due to genetic variability, posing difficulties
for the use of this procedure on large scale.

It is crucial that the assays discriminate S. mansoni
from other parasites that may co-exist in naturally infected
snails and which may pose problems for the differential
diagnosis based on morphology (Chingwena et al. 2002,
Hertel et al. 2003, Thiengo et al. 2004). We extended previ-
ous studies, by aligning multiple SSU rRNA sequences
from vertebrate and invertebrate host, and trematodes
closely related to S. mansoni, allowing for the design of
very discriminative primers (Melo et al. 2006).  Indeed, the
novel PCR systems developed were highly specific for
the detection of Schistosoma DNA, not amplifying, as
suggested by multiple sequence alignment, DNA from
vertebrate and invertebrate hosts of the parasite, or spe-
cies representative of families of parasites commonly in-
fecting Biomphalaria in Brazil (Thiengo et al. 2004).

Very recently, a PCR system targeting a specific S.
haematobium tandemly repeated DNA sequence, termed
Dra I (Hamburger et al. 2004), was used to study the dy-
namics of snail infection in endemic areas for schistoso-
miasis haematobium (Hamburger et al. 2004). A ladder pat-
tern of amplicons was produced, and the detection limits
was less than 10 fg. Nonetheless, it was based on DNA
purification of individual snails, and the system was not
considered practical for field use by these authors. Purifi-
cation of DNA from pools of snails, followed by PCR is
more appropriate for large scale screening in endemic ar-
eas. Thus, purification methods were adapted for process-
ing pools of 25-50 B. glabrata (Melo et al. 2006). This
decreases costs and allows for the use of molecular de-

tection tools on a large scale. To evaluate the ability of
the molecular approaches in detecting snail infection un-
der natural conditions, snail pools (including B. glabrata
and B. straminea) were collected in water bodies sus-
pected of being transmission sites of schistosomiasis in
the state of Pernambuco, Northeastern Brazil. The PCR
based methods were significantly more efficient in de-
tecting S. mansoni infection than the conventional method
of induction of cercaria shedding (Melo et al. 2006).

The published PCR systems aimed at detecting S.
mansoni DNA presented detection limits ranging from 1
fg to 1 pg, and were able to identify prepatent snail infec-
tions (Hanelt et al. 1997, Jannotti-Passos et al. 1997, Ham-
burger et al. 1998a). Detection of prepatency would cap-
ture the summation of factors affecting water contamina-
tion by schistosome eggs, and infectivity of miracidia
(Hamburger et al. 2004). It has been shown that extraction
of 10  S. mansoni miracidia yields approximately 0.45 ng
DNA (Jannotti-Passos et al. 1997). Thus, it is estimated
that 1 miracidium contains ~ 45 pg of genomic DNA. Since
the genome of S. mansoni contains ~ 580 fg,  theoretically
the PCR systems available can detect DNA correspond-
ing to less than 1 miracidium, and the nested PCR variants
can detect DNA corresponding to less than a single cell
of the multicelular parasite S. mansoni.

Identification of infested water bodies - The risk of
infection in transmission sites may be estimated by de-
tecting infected snail capable of shedding cercariae. How-
ever, since seasonal fluctuations exist in snail population
densities, infection rates, and cercarial output, informa-
tion on both snail infection and presence and distribution
of cercariae is required for evaluating the risk of infection
(Hamburger et al. 1998b).

Schistosome cercariae are difficult to recover for iden-
tification in natural water bodies. The use of sentinel mice
for this purpose is inaccurate, time consuming, and lim-
ited. Alternatively, methods for collection and morphogical
identification are not appropriate for large scale use. Spe-
cies identification of schistosome cercariae cannot be done
by morphology, and since in many endemic areas animal
schistosomes may appear together with human schisto-
somes in the same trasmission sites, species identifica-
tion of schistosome cercariae is often required.  To over-
come the limitations of current methods for identification
of cercariae in water, Hamburger et al. (1998b) developed
a PCR for identifying S. mansoni cercariae. The relevant
primers were designed based on a highly 121-bp repeated
tandemly arranged DNA sequence that constitutes more
than 10% of the genome of S. mansoni (Hamburger et al.
1991). Amplification of this sequence yields a ladder of
products; the smallest band is 42 bp, and the others are
progressively larger by 121-bp increments. The PCR as-
say should enable identification of cercariae even when
the parasites are masked, or disintegrated. However, if the
cercarial DNA persists for a long time in natural transmis-
sion sites, it may be detectable even after snails shedding
cercariae are no longer present. The technique was able
to detect 10 fg of S. mansoni DNA, and consequently, a
single cercaria suspended in water or trapped on a filter
(Hamburger et al. 1998b). Thus, this approach may be
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useful for the definition of the distribution of cercariae in
a site. Although the assay seems to be specfic, testing
additional non-schistosome trematodes is still required
for establishing the species-specificity (Hertel et al. 2004).

Diagnosis of human infection - The Kato-Katz parasi-
tologic technique is currently the recommended method
for diagnosing schistomiaisis mansoni because it is
quantitiative, relatively inexpensive, and simple (Katz et
al. 1972). However, the sensitivity of this technique de-
creases when the prevalence and intensity of infection
are low (Ebrahim et al. 1997). Thus, this method is less
efficient in areas of low endemicity, in post-treatment situ-
ations, and in the control of transmission. The usefulness
of PCR for detecting S. mansoni DNA in human fecal
samples was described (Pontes et al. 2002). These au-
thors designed primers to target a   tandem repeat DNA
sequence of S. mansoni described previously (Hamburger
et al. 1991). The specificity of this test was demonstrated
by the absence of amplification when DNA from other
helminthes (Ascaris lumbricoides, Ancylostoma duo-
denale, Taenia sollium, and Thrichiuris trichiuria), com-
monly infecting people in endemic areas for schistoso-
miasis were tested. Using an artificially prepared positive
fecal sample, PCR was able to detect S. mansoni DNA in
fecal samples containing 2 eggs/g, an amount not detect-
able by the Kato-Katz examination (detection limit = 20
eggs/g). Subsequently, the same group reported the re-
sults of a more extensive comparison between the PCR
assay and the parasitologic Kato-Katz technique, using
fecal samples collected from individuals living in a Brazil-
ian endemic area (Pontes et al. 2003). The prevalence of S.
mansoni infection, calculated with one, two, or three Kato-
Katz examinations were 25.3, 29.4, and 30.9%, respectively.
The prevalence observed using the PCR technique was
38.1, 13% higher than that determined with one Kato-Katz
examination (Pontes et al. 2003). Taken collectively these
data (Pontes et al. 2002, 2003) indicate that PCR detection
of S. mansoni eggs in fecal samples is more sensitive than
the conventional parasitological approach. Probably the
molecular approach will not replace the conventional para-
sitological examination, due to the need of more sophisti-
cated laboratory equipments and well trained personnel,
and, consequently, operational costs. In addition, con-
ventional PCR does not allow for quantification of para-
site burden. Nonetheless, the PCR technique might prove
to be especially useful in circumstances of lower inten-
sity or prevalence of infection (Pontes et al. 2003), a con-
dition for which the parasitologic examination shows a
well-documented limitation of its sensitivity (Ebrahim et
al. 1997).

The possibility of detecting S. mansoni DNA in sera
of schistosomiasis patients was suggested (Pontes et al.
2002). However, the number of reported positive samples
were very small, and it was not clear how many serum
samples had been tested. Thus, it is still not demonstrated
that there is enough free S. mansoni DNA in these kind of
clinical samples to make them useful for PCR detection.
We are currently investigating this issue by quantitative
real time PCR (unpublished results). One of the advan-
tages of real time PCR over conventional PCR is the pos-

sibility to quantify parasite DNA in the samples, an indi-
rect measure of the parasite burden.

Conclusions

In conclusion, the PCR systems available are sensi-
tive, and have the potential  to detect parasite DNA in
snails,  monitoring of cercariae in water bodies, and diag-
nosis of human infection. However, more extensive vali-
dation studies in endemic areas are crucial to fully inves-
tigate the suitability of the tools for these purposes, with
benefits for the control of schistosomiasis. Quantitative
real time PCR for S. mansoni detection, would have the
additional advantage of estimating the parasite burden of
the infection. Although the cost per reaction is still rela-
tively high, the reagents and equipments for molecular
techniques are becoming cheaper, making the discussion
concerning high cost less relevant.
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