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1. Introduction

Tapeworms belong to the monophyletic group of 
flatworms, which are obligate endoparasites of vertebrates 
inhabit the digestive tract of hosts such as birds, mammals 
and elasmobranchs (Caira and Jensen, 2017). Cestodes 
comprise the second most diverse group of flatworms in 
terms of species, with more than 5,000 species, distributed 
in 751 currently recognized genera, and are found in 
hosts of terrestrial, marine and freshwater environments 
(Waeschenbach et al., 2012; Caira and Littlewood, 2013). The 
life cycle of tapeworms can involve diverse intermediate 
hosts that are transmitted exclusively through the diet 
of the hosts, generally within a wide variety of animal 
phyla, mainly arthropod species (Caira and Littlewood, 
2013; Littlewood et al., 2015).

The most notable group of tapeworms in snakes 
belongs to the family Proteocephalidae La Rue, 1911, 
found in diverse of Old and New World hosts (Freze, 1965; 
Rego, 1994; Ernst, 2006). Within this family, the genus 
Crepidobothrium Monticelli, 1900 has been identified as 
parasitizing only South American snakes (Rego, 1994). 
Tapeworms Crepidobothrium gerrardii Baird, 1860 have 
been recorded parasitizing snakes of the families Boidae 
such as Eunectes murinus Linnaeus, 1758 in Venezuela and 
Boa constrictor Linnaeus, 1758 in Belém municipality, Brazil, 
as well as viperidae Bothrops jararaca Wied, 1824 in state 
of Bahia, Brazil (Chambrier 1988, 1989a).

Viperid snakes of the genus Bothrops Wagler, 1824 are 
abundant and widely distributed from Mexico to Argentina, 
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with the Brazilian College of Animal Experimentation – 
COBEA. Specimens of hosts were subsequently fixed with 
10% formalin, preserved in 70% alcohol and deposited in the 
Herpetological Collection of the Amazonian Herpetology 
Research Unit (LPHA) of the Unama University Center, 
Santarém, Pará, Brazil. The snakes were identified using 
Uetz et al. (2023). License for sample collection of snakes 
(Sisbio No. 14018-8) was obtained in Chico Mendes Institute 
for Biodiversity Conservation (ICMBio).

2.2. Parasite collection and morphological characterization

Once hosts were anesthetized and euthanized, an 
incision was made in the ventral part of the specimens with 
a scalpel and exam for endoparasites was then performed 
with the aid of a stereomicroscope. All endoparasites 
found were removed and placed in microtubes with a 70% 
alcohol solution for later morphological characterization 
and identification, and cestodes were subsequently fixed 
in Raliett Heney solution and stained in the carmine 
stain method. For morphological characterization, the 
specimens of cestodes were photographed in microscope 
(Zeiss Axioplan, Lab. A1, Germany) with an Axiocam 
camera (ERc 5s, Germany), and the images were processed 
with Zen Blue Edition 2 software. Parasite taxonomic 
identification was performed using recommendations 
of Rego et al. (1974) and Chambrier (1989b). Specimens 
of parasites were subsequently fixed on glass slides with 
coverslip and deposited in the Herpetological Collection 
(UFOPA-PCes01), at the Federal University of Western Pará, 
Santarém, Pará, Brazil. The ecological terms (prevalence, 
abundance and mean intensity) were calculated according 
to Bush et al. (1997), and Quantitative Parasitology 3.0 
software (Reiczigel et al., 2019).

3. Results

Of 36 B. atrox collected, 13 (36.1% I.C: 20.4% - 51.7%) 
were parasitized by a cestode species and a total of 147 
parasites were recovered, and mean abundance of 4.1 (I.C: 
8.4% - 18.7%) and mean intensity of 11.3 (I.C: 6.1% - 16.4%). 
For infection sites, 88.4% (n = 130) of the cestodes were 
found in the small intestine, 9.52% (n = 14) in the large 
intestine and 2% (n = 3) in the stomach of hosts.

Based on the morphology of the cestodes, such 
as proglottids and scolex, these were identified as 
Crepidobothrium Monticelli, 1900, presenting the diagnoses 
for genus as such large scolex with vestigial apical organ, 
with four prominent and notched suckers at posterior 
margin (hear or horseshoe-shaped) with a well-marked 
cord-shaped border (Figure 2 and 3).

4. Discussion

We present here the first record of Crepidobothrium sp. 
infecting B. atrox, expanding the knowledge concerning 
these cestode parasites with capable for infecting this 
species of Viperidae snake with a wide distribution 
in South America. Taxonomic studies on cestodes of 
genus Crepidobothrium validated s only five species 

with 48 known species (Nogueira et al., 2019). In Brazil, 
species of this genus are distributed throughout the country, 
with 31 species (Nogueira et al., 2019; Guedes et al., 2023), 
making it the most speciose genus of the family Viperidae 
in the country (Campbell and Lamar, 2004; Uetz et al., 
2023). Bothrops atrox Linnaeus, 1758, is a snake most 
found in the Brazilian Amazon. Members of the species 
are medium-sized snakes, reaching 125 cm in length, 
are more active during the rainy season, and inhabit a 
wide variety of environments with different vegetation, 
including forests and open areas near the banks of rivers 
and streams (Martins et al., 2002; Silva et al., 2019). Species 
of Bothrops present food habit carnivorous (Silva et al., 
2019), makes them susceptible to parasitic infections. 
While the association between Crepidobothrium species 
and viperid snakes is already known, there are no reports 
of infection in h B. atrox.

The current study reports the first record of parasitism by 
Crepidobothrium sp. in B. atrox from the Brazilian Amazon.

2. Materials and Methods

2.1. Study area

The study area was located in the Tapajós National Forest 
(Flona do Tapajós), a federal conservation unit established 
by decree No. 73,684 on February 19, 1974, which covers 
some 582,149 hectares across four municipalities (Aveiro, 
Belterra, Rurópolis and Placas) in state of Pará, Brazil 
(Brocardo & Giacomin, 2021). The Tapajós Flona consists 
of a dryland forest, classified as dense ombrophilous forest 
(Veloso et al., 1991), with predominantly AmW climate 
(hot and humid tropical climate) and mean temperature 
of 25°C (Peel et al., 2007).

The specimens of B. atrox were collected at km 83 on 
highway BR 163 (Figure 1), during December 2009 and 
December 2011, using pitfall traps (Cechin and Martins, 
2000). Following collection, snakes were euthanized 
by cardiac puncture with 1 mL of anesthetic (Lidocaine 
hydrochloride and Epinephrine). Such procedures 
are in accordance with Resolution No. 714 of June 20, 
2002 (Federal Council of Veterinary Medicine – CFMV), 

Figure 1. Map showing the collection area of Bothrops atrox in the 
conservation unit of the Tapajós National Forest, state of Pará, Brazil.
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parasite parasitizing species of snakes: Crepidobothrium 
gerrardii Baird, 1860; Crepidobothrium dollfusi Freze, 
1965; Crepidobothrium lachesidis MacCallum, 1921; 
Crepidobothrium viperis Beddard, 1913 and Crepidobothrium 
garonii Chambrier, 1988 (Chambrier 1988, 1989a, b). 
Chambrier (1989b) reported that there appears to be a 
host-specificity between Crepidobothrium species and 
snake species. Unfortunately, studies to identification of 
the species was not carried out as the collection of the 
material had been preserved for a long time, rendering 
it impossible to examine the structures of the mature 
proglottids. This study corroborates the records previous 
by Silva  et  al. (2001), and Chambrier (1989a, b), who 
recorded Crepidobothrium sp. parasitizing Bothrops 
moojeni Hoge, 1966 and B. jararaca Wied-Neuwied, 1824 
from states of Mato Grosso do Sul, São Paulo and Bahia 
(Brazil), respectively. However, this is the first record of 
these cestodes for B. atrox from the Brazilian Amazon.

In reptiles, parasite diversity varies according to diet, 
habitat use and availability, as well as environmental 
factors, locomotion patterns, longevity and size, so that 
reptile parasite richness and sites of infection are closely 
linked (Aho, 1990). According to Benesh  et  al. (2021), 
the complex life cycle of cestodes includes intermediate 
hosts, with food ingestion being the means by which the 
definitive host is infected. Bothrops atrox eats a variety 
of prey across its ontogenetic development, with young 
individuals tending to consume ectothermic prey such as 
frogs, lizards, snakes and centipedes, while adults prefer 
endothermic prey, such as small mammals (Ferreira 
Bisneto and Kaefer, 2019). However, studies analyzing 
about diversity species of intermediate hosts and their 
contribution in snakes infection, definitive hosts, are scarce, 
therefore requiring urgent investigations.

Many species of tapeworms have been recorded from 
all orders of reptiles, acting as definitive, paratenic or 
intermediate hosts (Frezza et al., 2021; Scholz et al., 2023). 
Although most are non-pathogenic for hosts, in cases with 
high infection rates, cachexia and death have been reported 
(Fraser et al., 2002). Despite several detailed ecological 
studies with B. atrox (Frazão  et  al., 2020; Martins and 
Oliveira, 1998; Masseli et al., 2019; Oliveira and Martins, 
2001), knowledges about parasites diversity and parasite-
host interactions in Neotropical snakes are yet limited, 
and thus require further investigations. Furthermore, 
comprehensive studies to investigate the diversity of 
potential hosts, the main infection routes related to these 
cestodes and its pathological effects in definitive hosts are 
required to better elucidate the dynamic of this interaction.
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