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Abstract
Urban agriculture is very common in the cities, as Rio de Janeiro and adjacencies, being important as economic 
activity. However, this practice can create appropriate conditions for establishment and maintenance of life cycle 
of many parasites. Lymneid snails can act as intermediate hosts of many trematodes species, including those that 
infect humans and wild and domestic. In the present study, the snail Lymnaea columella was collected from an urban 
watercress plantations and the morphology of cercariae released by them was analyzed by light and scanning electron 
microscopy. The specimens were identified as xiphidiocercariae, belonging to the Cercariae Ornatae group, of the 
order Plagiorchiiformes. Histological examination of the digestive gland of the infected snails revealed the presence 
of developing sporocysts, with hemocitary infiltration and metaplasia in the epithelial tissue.
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Xifidiocercárias obtidas em Lymnaea columella (Mollusca, Gastropoda) 
naturalmente infectadas em área urbana: morfologia e ultraestrutura da 

larva e alterações histológicas do molusco hospedeiro

Resumo
Agricultura urbana é muito comum nas cidades, como Rio de Janeiro e adjacências, sendo uma importante atividade 
econômica de subsistência. No entanto, esta prática pode criar condições adequadas para o estabelecimento e manutenção 
do ciclo de vida de muitos parasitos. Os moluscos limneídeos podem atuar como hospedeiros intermédios de muitas 
espécies de trematódeos, incluindo aqueles que infectam humanos e animais selvagens e domésticos. No presente estudo, o 
molusco Lymnaea columella foi coletado de plantações urbanas de agrião e a morfologia das cercárias liberadas por eles foi 
analisada por microscopia eletrônica de varredura leve e de varredura. As larvas foram identificadas como xifidiocercárias, 
pertencentes ao grupo das Cercariae Ornatae, Ordem Plagiorchiiformes. Análises histológicas da glândula digestiva dos 
moluscos infectados evidenciaram esporocistos, com formação de granuloma e metaplasia do tecido epitelial.

Palavras-chave: limneídeos, Trematoda, cercária, histologia.

1. Introduction

The snails of Lymnaeidae family are known by the 
reports of many species that act as intermediate hosts of 
different digenetic trematodes, including species with medical 

and veterinary (Keiser and Utzinger, 2005; Coelho et al., 
2009). Lymnaea columella (Say, 1817) is one of the 
main snail species, which participates in the life cycle of 
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helminthes, and has been reported as intermediate host by 
trematodes of the families Fasciolidae, Haematoloechidae, 
Prosthogonimidae, Plagiorchiidae and Echinostomatidae 
(Olsen, 1974; Abílio and Watanabe, 1998; Carvalho et al., 
2001; Pinheiro et al., 2009). Among the cercariae type 
found in L. columella are the xiphidiocercariae, which 
is characterized mainly by the presence of a stylet in the 
anterior end of oral sucker. This type of cercaria belongs 
to the order Plagiorchiiformes (Olsen, 1974).

These trematodes larvae cause important impacts on 
their hosts. Tissue changes of the snail host caused by 
these parasites in different developmental phases have been 
observed in different organs, including digestive gland, 
kidneys and ovotestis (Souza et al., 1995; Brandolini and 
Amato, 2006; Pinheiro et al., 2009). Information on the 
parasite-host interaction, in turn, can contribute to biological 
control programmes of both parasite and host populations 
(Rao et al., 1985; Carvalho et al., 2002; Zakikhani, et al., 
2003), and consequently, of diseases related.

Thus, the present study aimed to describe the morphology 
of cercariae found in naturally infected specimens of 
L. columela, collected from urban watercress plantations, 
using light and scanning electron microscopy, and to 
analyze possible histological changes in parasitized snails.

2. Material and Methods

Snails collection - Adult specimens of L. columella 
were manually collected from irrigation ditches at two 
watercress plantations, identified as plantations 1 and 2, 
both located in the Água Santa, Rio de Janeiro City, RJ 
(longitude 43°18’18”W and latitude 22°54’12”S). The three 
collections occurred from March to December/2007, forming 
a convenience sample. For malacological identification, 
aspects of the snails’ external morphology, mainly the 
shell characteristics, were considered, through comparison 
with the descriptions of Paraense (1983). Because of the 
lower temperature and greater snail activity, the collections 
were always made in the early morning (60 specimens 
from plantation 1 and 20 from plantation 2). The snails 
were placed in plastic bottles partially filled with local 
water and transported to the Biophysics Laboratory of the 
Physiological Sciences Department, Institute of Biological 
and Health Sciences, Universidade Federal Rural do Rio 
de Janeiro (UFRRJ), Seropédica, RJ, Brazil.

Cercariae obtaining - The snails were placed individually 
in 24-hole plates containing distilled water, under a 100-W 
light bulb, and were examined for 2-4 hours. After this 
period, the plates were analyzed under stereomicroscope, 
and the positive snails (those that released cercariae) were 
identified. The cercariae released were collected with a 
Pasteur pipette connected to a rubber bulb and placed in 
glass jars containing AFA fixative (ethanol 70°GL + formalin 
+ acetic acid), prepared according to Amato et al. (1991), 
for observation by light and scanning electron microscopy.

Light microscopy - The fixed larvae were mounted 
between glass slides and cover slips and observed under 
an Olympus BX 51 light microscope, using bright field 

and differential (or Nomarski) interference contrast (DIC), 
coupled to an Olympus DP12 digital camera. The images 
were used to obtain the morphological and morphometric 
data on the cercariae by processing with the iTEM software. 
The measurements were obtained from at least five cercariae 
to calculate the means, expressed in micrometers.

Scanning electron microscopy - Fixed larvae were 
hydrated in a decreasing ethanol series for 15 minutes at 
each concentration. The material was then washed three 
times for 15 minutes each in sodium cacodylate buffer 
0.1M, pH 7.2. Afterward, the material was post-fixed in 
1% osmium tetroxide for 5 minutes, and 0.8% potassium 
ferrocyanide for 40 minutes, washed again in the same 
cacodylate buffer. The post fixed material was dehydrated 
in an increasing ethanol series for 15 minutes at each 
step and dried by the critical point method using liquid 
CO2 (CPD Balzers, Balzers Union). The dried material 
was mounted on metal supports with carbon tape and 
sputtered with gold (20-25 nm deposited). The prepared 
samples were observed under a Jeol JSM 5310 scanning 
electron microscope operating at acceleration of 20 kV 
and the images were captured with the SemAfore software 
(Pinheiro et al., 2005).

The cercariae were identified according to Lühe (1909), 
Olsen (1974) and Faltýnková et al. (2008).

Histology - For histological processing, the snails 
were fixed with the shell in modified Duboscq-Brasil fluid 
(Fernandes, 1949). The paraffin blocks were then cut with 
a microtone to obtain 5-µm histological sections.

The sections were mounted on slides, deparaffinized 
in xylene and stained with hematoxylin and eosin (HE) 
and also with Gomori’s trichrome to stain the collagen 
fibers (Humason, 1979), covered with glass cover slips in 
synthetic Canada balsam and observed under an Olympus 
BX51 microscope equipped with a DIC system, coupled to 
an Olympus DP 12 digital camera to capture the images.

3. Results

Among the snails collected from both farms, only two 
specimens from plantation 1 released cercariae (3.3% of 
the snails gathered there). These two snails each released 
a large number of cercariae when stimulated by light.

3.1. Xiphidiocercariae: light microscopy
The cercariae are oval, with an evident anterior 

oral sucker and elongated tail (Figure 1 A, B, C and D). 
The acetabulum is located in the medial-posterior region 
of the body (Figure 1A). In the anterior region of the body, 
the cercariae have a well-developed stylet located above 
and behind the oral sucker (Figure 1A e B). The primordial 
genital organs and oral sucker can be seen in a dorsal view of 
the body of a cercaria (Figure 1C). The tail region contains a 
tegumental projection forming the fin fold. That membrane 
starts at the middle third of the tail and reaches to the end 
of the tail and then projects to the opposite side through its 
entire final third (Figure 1D). The presence of elongated 
tails, associated with the presence of fin folds, indicates 
that the larvae belong to Cercariae Ornatae Group.
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Figure 1. A. Body region with oral sucker (os), acetabulum (a) and stylet (arrow). B. Oral sucker (os) with stylet (arrow). 
C. Dorsal view of a whole cercaria showing body region with oral sucker (os) and early genital structures (arrows). D. Detail 
of the tail region with tegumental projection, named the fin fold. E. Whole cercaria showing the acetabulum (a). Inset. Detail 
of spines located at the edge of oral sucker. F. Cercaria tail with evident fin fold (ff), starting in the midline and projecting to 
the end of the tail and circumventing the opposite side until the final third. G. Tail insertion.
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Measurements. Body: length 156.4 (132.4-169.4), width 
83.0 (69.3-92.4); tail: length 130.3 (89.3-143.2), width 
21.93 (21.05 – 23.16); oral sucker: diameter 38.8 (28.5-49.3); 
acetabulum: diameter: 28.1 (24.4-33.3); distance from the 
oral sucker to the acetabulum 65.2 (61.6-67.7); stylet: 
length 25.8 (23.1-28.8), width 4.61 (4.11-6.32).

3.1.1. Xiphidiocercariae: scanning electron microscopy
The scanning electron microscopy revealed details of 

the surface topography of the xiphidiocercariae. Besides 
the structures observable under the light microscope, it 
was possible to observe a difference in the texture of the 
body in comparison with the tail. The tegument in the 
anterior region of the body is covered by spiny structures, 
while the tail has a smooth surface (Figure 1E and inset). 
The ventral surface of the body contains openings for the 
oral suckers at the anterior end, and the acetabulum is 

located in the medial-posterior region. It was possible to 
identify the presence of the stylet in the region above the 
oral sucker, projecting outside the tegument (Figure 1E).

The tail is long, without bifurcation, and contains a 
projection from the tegument, forming a membranous 
structure, the fin fold (Figure  1F). The tegument has 
irregularities, and in some regions striations and small folds 
can be observed (Figure 1F). The region where the tail and 
body meet does not present specializations (Figure 1G).

3.2. Histology
The infected snails had a large number of sporocysts 

located in the loose connective tissue. These larvae were 
enclosed in the connective tissues and presented intense 
hemocytic infiltration, forming a granuloma-like barrier 
(Figure 2 A-B).

Figure 2. A. A high number of larvae in development in the digestive gland region. B. Detail of a larva in development 
causing a compression of the acini. C. General view of a digestive gland of an infected snail. D. Folds in the acinar structure, 
with narrowing of the lumen in the acinus and vacuolation of the cytoplasm. E. Larva (sporocyst – e) in development, 
showing accumulation of hemocytes (h) around them, where a section of the intestine (i) can also be observed. Stained with 
hematoxylin-eosin (HE). F. Detail of a sporocyst in development near the intestine (i) region, showing intense hemocyte 
infiltration, forming a granuloma-like structure surrounding the larvae (40x). G. General view of digestive gland of an 
uninfected snail, showing a high number of larvae (20x).
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The high presence of parasites in the connective tissue 
caused compression of the ducts of the digestive glands, in 
turn causing a change in the epithelial level (Figure 2C). 
The reduced height of this epithelium led to the formation 
of folds in the lumen of the ducts, forming papilliferous 
structures (Figure 2D). It was also possible to observe 
epithelial desquamation, presence of vacuolated cells and 
ductal stenosis (narrowing of the lumen).

Intense agglomeration of hemocytes around the 
developing larvae inside the snails could be observed through 
staining with Gomori’s trichrome (Figure 2E, F and G). 
This staining also revealed a positive reaction.

4. Discussion
4.1. Xiphidiocercariae

The stylet is a typical structure of xiphidiocercariae type 
(Olsen, 1974; Lühe, 1909) and the presence of elongated 
tails, associated with the presence of fin folds, indicates 
that the xiphidiocercariae described here belong to the 
subgroup of the cercariae Ornatae, order Plagiorchiiformes 
(Olsen, 1974). We believe the stylet is associated with 
a muscle system, which gives it reversibility, allowing 
it to project outside the larva’s body in the moment of 
penetration in the vertebrate host, since it was observed 
in different stages of projection.

The xiphidiocercariae described here is similar to 
those reported by Carvalho  et  al. (2001) regarding the 
proportions between the body and tail size, the length 
and width of the stylet, and the presence of a tail that 
presents a densely pleated dorsoventral terminal fin fold. 
However, the cercariae here observed and described differs 
from those described by Souza and Melo (2012) and by 
Boaventura et al. (2002) by being smaller and having a 
tail shorter than the body. Boaventura et al. (2002) also 
reported the presence of sensitive papillae, which they 
called “sensitive hair”, laterally to the oral sucker and 
are evenly distributed to the posterior end of the cercarial 
body. However, these structures were not observed in our 
study. Initially, our observations indicate that the cercariae, 
observed in the present study, are larval trematodes genus 
Haematolechus. However, in view of the divergences 
observed, it is more prudent not to carry out identification 
to the genus level.

In the same place where the snails were collected, 
adult and larval Odonata, as well as, fishes and amphibians 
were observed. These animals are reported in literature, 
respectively, as second intermediate host and definitive 
host to digentic trematodes of Haematolechus genus, 
as cited by Boaventura  et  al. (2002), referring to the 
xiphidiocercariae from snails collected in the micro region 
of Rio de Janeiro. Also, Pinto and Melo (2013), which stated 
that the Xiphidiocercaria larvae are found in freshwater 
gastropods, being produced in sporocysts, metacercariae 
are formed mainly in larvae of aquatic insects (Odonata, 
Diptera, Coleoptera) or in amphibians. In addition, the 
Ornatae Group cercariae are the only ones whose adults are 
found parasites of amphibians, the vertebrate host widely 
distributed in the watercress plantations where the snails 
were collected in our study.

4.2. Histology
The large number of sporocysts in digestive gland 

of L. columella observed in this study also was observe 
by Carvalho  et  al. (2001). They also reported that the 
sporocysts gave origin to xiphidiocercariae.

The formation of a granuloma with intense 
agglomeration of hemocytes around sporocysts also 
observed by Souza et al. (1995) in Schistosoma mansoni 
in Biomphalaria tenagophila and B. straminea. Major 
changes in the epithelial region of the digestive gland were 
also observed by Bakry (2009), who reported that infection 
of snails with B. alexandrina with S. mansoni miracidia 
caused great damage in the epithelial region of the host, 
the cells seemed to be ‘empty’, secretory cells disappeared 
and connective tissue was damaged. Probably the author 
should be referring to the process of vacuolization that 
occurs in response to the loss of nutrient by the cell as 
a function of the drainage performed by the developing 
larvae, such as glycogen.

The presence of collagen fibers around the developing 
larvae here observed was not observed by Souza et al. (1995) 
in the granuloma formation in different species of 
Biomphalaria infected with S. mansoni.

Silva (2003), in his doctoral thesis, also reported the 
larval development of Echinostoma paraensi (Lie and Basch, 
1967) in the digestive gland of L. columella. He observed 
that the digestive gland presented a disorganized acinar 
structure, with hypertrophied acini filled with abundant 
amorphous material and cells with extensive vacuolization.

Brandolini and Amato (2006) also observed sporocysts 
in the digestive gland of Subulina octona Bruguière, 1792 
infected experimentally by Paratanaisia bragai (Santos, 
1934). They reported significant destruction of the acini of 
this gland by sporocysts, along with significant destruction 
of the digestive gland by metacercariae.

The results obtained in this study confirm that trematode 
larvae cause significant alterations in their intermediate 
hosts. The Lymnaeidae as well as the Planorbidae has been 
incriminated as important host of larvae of trematodes that 
cause swimmer’s itch, which can affect extensive areas of 
the body of people who have been in contact with water 
containing infected snails. This ailment has been reported in 
various places in the United States and Europe (Żbikowska, 
2004), but in Brazil there have been no published articles 
reporting the occurrence of this dermatitis caused by trematode 
larvae. Nevertheless, the presence of L. columella, a snail 
that is widely distributed throughout Brazil, infected with 
a trematode whose cercariae can actively penetrate their 
host brings an alert to the possible occurrence of cases 
of swimmer’s itch caused by penetration of cercariae in 
non-host humans in the country.
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