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Abstract
Astyanax lacustris (n = 26) and Geophagus brasiliensis (n = 28) were collected from two sampling sites along the Pardo 
River, in Botucatu, São Paulo, Brazil, and examined for parasites. Nematodes were found encysted in the intestinal 
serosa, heart, and fatty tissue. Morphological analysis identified the helminths as L3 larvae of Contracaecum, 
which was further confirmed by molecular analyses using cytochrome c oxidase subunit 2 (COX II) and large 
subunit ribosomal RNA (28S) genes. Phylogenetic inferences placed these larvae within a well-supported clade of 
Neotropical and Panamanian Contracaecum, containing sequences of Contracaecum jorgei (Argentina and Colombia) 
and other sequences identified as Contracaecum sp. and Contracaecum multipapillatum (Mexico, Costa Rica and 
Guatemala). Molecular distance analyses suggest that this Neotropical/Panamanian lineage of Contracaecum 
represents a single species, highlighting the fact that C. multipapillatum is currently non-monophyletic, with 
divergent lineages distributed across the Nearctic, Palearctic, Oriental, and Neotropical regions. Haplotype analysis 
supports this hypothesis with evidence of recent speciation events or ongoing gene flow within these Neotropical/
Panamanian Contracaecum lineages. This new record of Contracaecum sp. larvae infecting fish in the Pardo River, 
Brazil, provides valuable insight into the phylogeny of this genus, which is suspected to have zoonotic potential, 
though no documented human infections have been reported in the Americas.
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Resumo
Astyanax lacustris (n = 26) e Geophagus brasiliensis (n = 28) foram coletados de dois locais de amostragem ao longo 
do Rio Pardo, em Botucatu, São Paulo, Brasil, e examinados para parasitas. Nematoides foram encontrados encistados 
na serosa intestinal, coração e tecido adiposo. A análise morfológica identificou os helmintos como larvas L3 de 
Contracaecum, o que foi posteriormente confirmado por análises moleculares usando genes da subunidade 2 
do citocromo c oxidase (COX II) e do DNA ribossômico da subunidade grande (28S). Inferências filogenéticas 
colocaram essas larvas dentro de um clado bem suportado de Contracaecum neotropical e panamenho, contendo 
sequências de Contracaecum jorgei (Argentina e Colômbia) e outras sequências identificadas como Contracaecum sp. 
e Contracaecum multipapillatum (México, Costa Rica e Guatemala). Análises de distância molecular sugerem que 
esta linhagem Neotropical/Panamenha de Contracaecum representa uma única espécie, destacando o fato de que 
C. multipapillatum é atualmente não monofilético, com linhagens divergentes distribuídas pelas regiões Neártica, 
Paleártica, Oriental e Neotropical. A análise de haplótipos apoia esta hipótese e sugere ainda que eventos recentes 
de especiação ou fluxo gênico em andamento podem estar ocorrendo dentro destas linhagens Neotropicais/
Panamenhas de Contracaecum. Este novo registro de larvas de Contracaecum sp. infectando peixes no Rio Pardo, 
Brasil, permite que interpretações importantes sejam feitas sobre a filogenia deste gênero, que é suspeito de ter 
potencial zoonótico, embora nenhuma infecção humana tenha sido relatada nas Américas.

Palavras-chave: biodiversidade, filogenia molecular, haplótipo, helmintos, neotropical.
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In South America, anisakidosis remains an 
underrecognized risk. Despite this, immunological responses 
to Anisakis have been reported, including cases involving 
pregnant women (Figueiredo Junior  et  al., 2013, 2015; 
Eiras et al., 2018; Falla-Zuñiga et al., 2021). Yet, endoscopic 
observations have also linked larvae resembling Anisakis to 
gastrointestinal lesions (Rosa-da-Cruz et al., 2010). While 
marine fish are the primary source of infection, freshwater 
species can also carry anisakids, and the rising consumption 
of freshwater fish in Brazil (FAO, 2024) may elevate the risk.

Brazilian freshwater fish harbor diverse anisakid larvae, 
with Contracaecum being the most prevalent (Luque et al., 
2011). However, both taxonomic and phylogenetic 
understanding of these larvae remain limited. Some 
studies have classified them based on morphometric traits, 
identifying two morphotypes: Contracaecum sp. Type 1, 
characterized by an elongated ventricular appendix, and 
Contracaecum sp. Type 2, which is larger but has a 
proportionally shorter appendix (Moravec, 1998). Despite 
these efforts, no direct associations with adult specimens 
have been established. The advent of DNA sequencing has 
made such connections more feasible, providing a more 
robust approach to resolving taxonomic uncertainties 
(see Sardella et al., 2020). Nevertheless, there are still few 
Contracaecum sequences from Brazil available in GenBank 
(Borges  et  al., 2014; Jacobus  et  al., 2016; Sayers  et  al., 
2022; Santana et al., 2023), with none originating from 
freshwater lineages. Therefore, expanding research in this 
area is critical for developing a comprehensive framework 
to support public health policies.

Astyanax lacustris (Lütken, 1875) (Characidae) and 
Geophagus brasiliensis (Quoy and Gaimard, 1824) (Cichlidae) 
are two common and native freshwater fish species 
distributed in rivers from Brazil (Froese and Pauly, 2005), 
with established commercial productions (Castellani 
and Barrella, 2005) and frequently consumed by the 
population. Contracaecum larvae have been documented 
infecting A. lacustris (Negrelli et al., 2018) and G. brasiliensis 
(Bellay  et  al., 2012) in Brazil. During a parasitological 
survey of fish from the Pardo River in the Paranapanema 
River Basin, São Paulo, numerous Contracaecum sp. larvae 
were discovered infecting the internal organs of both fish 
species. Considering the potential public health significance 
of this finding, our objective was to provide a description 
of these larvae based on morphology, molecular analysis 
and phylogenetic inferences.

2. Material and Methods

2.1. Fish and parasite collection

We analyzed 26 specimens of A. lacustris: standard 
length = 6.57 (3.30–10.30) cm; weight = 10.51 (0.94–33.80) 
g and 28 specimens of G. brasiliensis: standard 
length = 7.44 (4.20–10.40) cm; weight = 16.57 (3.95–45.58) 
g caught using different fishing methods (e.g. cast nets, drag 
nets, fishing sieves, gills nets, rod fishing) from June, 15 to 
October, 01, 2020. Two localities (Figure 1) in the Pardo River, 
municipality of Botucatu, São Paulo State, were selected 
for the host sampling: an area near the river source of a 

1. Introduction

Fish are remarkable vertebrates that host a diverse 
array of metazoan parasites, ranging from cnidarians to 
arachnids (Woo et al., 2011; Thatcher, 2006). Compared to 
other vertebrate groups, fish exhibit the highest diversity 
of helminth parasites (Carlson et al., 2020), thriving in 
marine, brackish, and freshwater environments. Among 
these helminths, nematodes are particularly important 
as they often act as endoparasites of several fish species 
and play crucial roles in the parasitic dynamics of aquatic 
ecosystems (Anderson, 2000).

Both adult and larval stages of nematodes can 
affect their hosts in various ways, by appropriating 
the fish nutrients, attacking host tissues, organs, 
fluids, or blood, and causing direct physical harm that 
triggers inflammatory responses (Menezes et al., 2006; 
Molnár et al., 2006; Abdelmonem et al., 2010; Santoro et al., 
2013; Horbowy et al., 2016; Sayyaf-Dezfuli et al., 2016; 
Austin et al., 2022). They can also cause hematological 
alterations (Kundu et al., 2016), atrophy of the liver and 
striated musculature (Margolis, 1970; De Buron and 
Roumillat, 2010), impair host fecundity (Oliva et al., 1992; 
Hesp et al., 2002), and significantly increase the mortality 
rate of infected hosts, especially in severe infections 
(Molnár et al., 2006; Horbowy et al., 2016).

In addition to the injuries caused to hosts, certain 
helminths in fish pose significant health risks to humans, 
particularly the larvae of nematodes from the family 
Anisakidae, known to cause anisakidosis, a zoonotic 
threat. Although considered rare by some medical 
practitioners (Khan and Williams, 2016), its incidence has 
been increasing, perhaps due to globalization in culinary 
habits of consuming raw fish (Shamsi and Barton, 2023). 
However, the failure to perform differential diagnoses, 
especially in individuals consuming raw or undercooked 
fishes, has resulted in numerous misdiagnoses due to 
symptoms resembling those of other conditions, such as 
cancer and Crohn’s disease (Ishikura et al., 1993; Shamsi 
and Barton, 2023).

Anisakidosis is primarily caused by larval anisakids 
from the genera Anisakis Dujardin, 1845, Contracaecum 
Railliet & Henry, 1912, Pseudoterranova Mozgovoi, 1951, 
and Phocanema Mozgovoi, 1951, which parasitize fish and 
other hosts (Ishikura et al., 1993; Falla-Zuñiga et al., 2021; 
Shamsi and Barton, 2023). Anisakis simplex (Rudolphi, 
1809) is the most frequently identified species in human 
infections (Ishikura et al., 1993; Shamsi and Barton, 2023), 
but taxonomic challenges complicate species identification, 
as larval morphology is difficult to assess (Shamsi and 
Barton, 2023). Moreover, molecular phylogenetic studies 
have led to reclassifications, including the reassignment 
of Phocanema decipiens (Krabbe, 1878) and Skrjabinisakis 
physeteris (Baylis, 1923), previously classified under 
Pseudoterranova and Anisakis, respectively (Ishikura et al., 
1993; Safonova et al., 2021; Bao et al., 2023; Shamsi and 
Barton, 2023). Additionally, Hysterothylacium species, 
once grouped within Anisakidae, are now placed in 
Raphidascarididae (Pereira and Luque, 2017; Li et al., 2018; 
Shamsi and Barton, 2023).
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tributary of Pardo River, in the Boa Vista Farm (Locality 1: 
22° 59’ 59.76” S, 48° 22’ 37.38” W) (Figure 1A), and a stream 
tributary of the main channel of the Rio Pardo, in the 
Paineiras Farm (Locality 2: 22° 59’ 34.00” S, 48° 26’ 52.13” W) 
(Figure 1B). Fish sampling was authorized by the Instituto 
Chico Mendes de Conservação da Biodiversidade – ICMBio 
through the System of Authorization and Information on 
Biodiversity (SISBIO # 60640-1) and all procedures followed 
the recommendations of the Ethical Commission for Animal 
Experimentation from the São Paulo State University (Unesp), 
Institute of Biosciences, Botucatu, Brazil (CEUA # 9415260520).

The fishes were killed and refrigerated, then transported 
to the laboratory for necropsy. In the laboratory, the 
internal organs were removed, placed separately in 
Petri dishes, and analyzed under a stereomicroscope to 
survey parasites. The parasites found in the organs were 
fixed in a hot AFA solution and preserved in 70% ethanol 
for morphological analysis. For molecular biology, fresh 
samples were transferred to absolute ethanol.

2.2. Statistical analysis on parasitic intrapopulation

Quantitative descriptors of parasite populations 
(prevalence, mean abundance, and mean intensity of infection) 
were calculated following Bush et al. (1997). For G. brasiliensis, 
the abundance and intensity of infection with Contracaecum 
larvae found in localities 1 and 2 were compared using the 
Mann-Whitney test. Prevalence was compared using Fisher’s 
exact tests, Chi-square tests with Yates’ correction, and Chi-
square tests with Monte Carlo simulation. All statistics were 
performed in R version 4.3.1 (R CoreTeam, 2021), running on 
RStudio version 2023.06.0+421 (RStudio Team, 2024). The 
significance level was 5%.

2.3. Morphological analysis

For the morphological analysis, nematodes were 
cleared with lactophenol and analyzed using a system for 

image analysis (Leica Application Suite software - LAS V3) 
coupled in a light microscope equipped with differential 
interference contrast (DIC). The taxonomical identification 
was according to Moravec (1998) and Luque et al. (2011). 
Some specimens were analyzed using scanning electron 
microscopy (SEM). The nematodes were dehydrated in 
a graded ethanol series (96%, 70%, 50%, and 30%), dried, 
and mounted on a strip of carbon conductive tape. 
Samples were sputter coated with gold and observed 
at 10 Kv in a Hitachi Stereoscan Model SU1510 (Hitachi 
Ltd, Tokyo, Japan).

Voucher specimens were deposited in the Coleção 
Helmintológica do Instituto de Biociências de Botucatu 
(CHIBB) under collection numbers CHIBB 10636–10644.

2.4. Molecular analysis and phylogenetic inferences

The samples for DNA extraction were prepared by 
cutting the nematodes into three sections: (I) anterior 
or cephalic – including buccal parts, nerve-ring, and 
esophagus; (II) middle-carrying portions of the digestive 
tract; and (III) posterior – with tail, anal opening, and 
papillae. Anterior and posterior sections were selected 
for morphological identification, while the middle 
sections were stored in absolute ethanol for molecular 
purposes. The genomic DNA was extracted from the 
samples using DNeasy® Blood & Tissue Kit (Qiagen) 
according to the manufacturer’s protocol, with a final 
volume of 30 μl. In order to generate proper molecular 
and phylogenetic analyses, the cytochrome c oxidase 
subunit 2 (COX II) and large subunit ribosomal RNA (28S) 
genes were selected for this paper due to the richness of 
sequences available, but also to include a highly conserved 
nuclear ribosomal gene widely used for resolving deep 
phylogenetic relationships (28S rDNA) and a gene (COX II) 
that evolves more rapidly than nuclear markers, making 
it particularly useful for resolving recent divergences 
and distinguishing closely related species.. Polymerase 
chain reactions (PCR) were executed using an Eppendorf 
Mastercycler® thermocycler. The primers and cycling 
conditions for the amplification of the 28S rDNA (partial) 
gene were according to García-Varela and Nadler (2005): 
primer forward 502F (5’-CAAGTACCGTGAGGGAAAGTTGC) 
and primer reverse 536R (5’-CAGCTATCCTGAGGGAAAC), 
cycling parameters including denaturation at 95 °C for 
3 min, followed by 35 cycles of 94 °C for 30 seconds, 
annealing at 55 °C for 15 seconds, and extension at 72 °C 
for 1.5 min, followed by a post-amplification incubation 
at 72 °C for 10 min. The primers and cycling conditions for 
amplification of the cytochrome oxidase subunit II (COX 
II) gene were according to Marigo et al. (2015): primer 
forward COXF (5’-TTGRTTTCATAAYTTTAATTGTAG) and 
primer reverse 210R (5’-CACCAA CTCTTAAAATTATC) set 
to denaturate at 95 °C for 3 min, followed by 30 cycles of 
95 °C for 45 seconds, annealing at 47.5°C for 30 seconds, 
and extension at 72 °C for 45 seconds, followed by a 
post-amplification incubation at 72 °C for 5 min. The 
reactions were made with a final volume of 25 μl: 4 μl 
of DNA, 1 μl of each primer, 6.5 μl of ultrapure water 
(Sigma- Aldrich, United Kingdom), and 12.5 μl Master 
Mix MyFiTM Mix Bioline®.

Figure 1. Collection sites of the fish hosts, in the Pardo River, 
Paranapanema River Basin, Botucatu, São Paulo, Brazil. (A) Locality 1 (22° 
59’ 59.76” S, 48° 22’ 37.38” W); (B) Locality 2 (22° 59’ 34.00” S, 
48° 26’ 52.13” W).
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The PCR products were subjected to gel electrophoresis 
at 80 V in a 1.5% agarose gel, stained with Gel Red, and 
observed using an ultraviolet transilluminator. The products 
of interest were purified by adding 2 μL of ExoSAP-IT® 
(Affymetrix, Santa Clara, CA, USA) to 5 μL of PCR product 
according to the manufacturer’s recommendations. 
Amplicons were then sequenced using PCR primers on 
a 3500 Genetic Analyzer capillary sequencer (Applied 
Biosystems) and after BigDye Terminator Cycle Sequencing 
Ready Reaction Kit v.3.1 (Applied Biosystems) according 
to the manufacturer’s recommendations.

The newly generated sequences were assembled and 
edited using the software Geneious® 7.1.3 (Kearse et al., 
2012). Newly generated sequences were compared 
with other sequences (Table S1) through the Basic Local 
Alignment Search Tool (BLAST) (Altschul et al., 1990) to 
build molecular matrices for both genes. Specific sequence 
searches targeting certain clades or regions that did not 
appear in BLAST were conducted using the Nucleotide 
Advanced Search Builder (Sayers et al., 2022).

To infer phylogeny, two distinct algorithms were 
employed, both executed on the CIPRES Science Gateway 
(Miller et al., 2010). Bayesian Inference (BI) was performed 
using MrBayes on XSEDE (Ronquist et al., 2012), while 
Maximum Likelihood (ML) was conducted via RAxML 
HPC-2 on ACCESS (Stamatakis, 2015). For the COX II matrix, 
Phocanema species were selected as the outgroup, whereas 
the 28S matrix included Ascaris lumbricoides Linnaeus, 
1758 along with other anisakids from genera Anisakis, 
Pseudoterranova, Skrjabinisakis, and Phocanema. The ML 
tree branches were supported by bootstrapping with 1000 
repetitions. For BI, two independent Markov Chain Monte 
Carlo (MCMC) analyses were run, each consisting of two 
chains with 10,000,000 generations, sampling every 100 
generations, and the initial 25% of samples were discarded as 
burn-in. The evolutionary model used was ‘lset nst = mixed’ 
and ‘rates = invgamma’. Phylogenetic trees were visualized 
and edited using FigTree v1.4.4 (http://tree.bio.ed.ac.uk/
software/figtree/) and Inkscape version 1.3 (Bah, 2011). To 
evaluate molecular divergence among species, a distance 
analysis was conducted in Mega 11 (Tamura et al., 2021), 
utilizing the p-distance substitution method, variance 
estimation based on 1000 bootstrap replicates, Gamma 
Distributed evolution rate, and gaps treated as Pairwise 
deletion. The distance matrices for both genes are available 
as Supplementary Material (Tables S2 and S3). The resulting 
trees of the phylogenetic searches were constructed based on 
the topology of the Bayesian Inference and complemented 
by the bootstrap values of Maximum Likelihood. In both 
trees, a legend was added to indicate the country of origin, 
the zoogeographical region (Holt et al., 2013), and the 
host’s species and environment for each of the sequences 
(excluding the outgroups).

We also conducted a haplotype network analysis 
focusing on the COX II gene of the phylogenetically and 
molecularly close Contracaecum spp. These analyses were 
performed using the ‘pegas’ package (Paradis et al., 2023) 
implemented in R version 4.3.1 (R Core Team, 2021), 
running on RStudio version 2023.06.0+421 (RStudio Team, 
2024). Additionally, haplotype network analyses were 
carried out using the Population Analysis with Reticulate 

Trees (PopART) software (Leigh et al., 2015), where we 
also prepared a georeferenced haplotype analysis. For 
these analyses, the files were prepared in DNA Sequence 
Polymorphism (DnaSP) software (Rozas et al., 2017).

The specimens were registered in SISGEN (Sistema 
Nacional de Gestão do Patrimônio Genético e do 
Conhecimento Tradicional Associado) according to Brazilian 
laws under the registration number (A1100BF). Additionally, 
the Contracaecum sp. sequences obtained in this study 
were deposited in GenBank under accession numbers 
PQ115179–PQ115183 and PQ108980–PQ108984 (Table S1).

3. Results

Specimens of A. lacustris were exclusively collected at 
locality 1, and out of the 26 specimens sampled, only five 
were found to be infected with Contracaecum sp. larvae 
(Table 1). Individuals of G. brasiliensis were collected from 
both localities, with a higher number of Contracaecum sp. 
larvae found in locality 1. However, the prevalence (p > 0.05), 
the mean abundance (U = 585.5; p = 0.840) and infection 
intensity (U = 10,000; p = 0.857) were similar across both 
areas (Table 1).

3.1. Taxonomic summary

Phylum Nematoda Rudolphi, 1808
Class Chromadorea Inglis, 1983
Order Rhabditida Chitwood, 1933
Family Anisakidae Railliet & Henry, 1912
Genus Contracaecum Railliet & Henry, 1912
Contracaecum sp.
Hosts: Astyanax lacustris (Lütken, 1875) (Characidae) 

and Geophagus brasiliensis (Quoy and Gaimard, 1824) 
(Cichlidae).

Localities: River source of a tributary of the Pardo 
River, in the Boa Vista Farm (Locality 1 - 22° 59’ 59.76” S, 
48° 22’ 37.38” W); a stream tributary of the main channel 
of the Rio Pardo, in the Paineiras Farm (Locality 2 - 
22° 59’ 34.00” S, 48° 26’ 52.13” W), municipality of Botucatu, 
São Paulo State, Brazil.

3.2. Morphological data

The nematode larvae in this study were found encysted, 
were white in color, and presented a transversely striated 
cuticle (Figures 2A–C). The cephalic extremity was rounded 
with three underdeveloped lips and a small ventral tooth 
(Figures 2A, 2C). There were four cephalic papillae surrounding 
the oral aperture (Figure 2A). The excretory pore was located 
just below the cephalic tooth (Figures 2A, 2C). The esophagus 
was narrow, with a small and round ventricle and a short 
ventricular appendix (Figures 2D–F). It also had a long 
intestinal caecum (Figures 2D). The tail was conical with a 
pointed end (Figure 2B). No morphological or morphometric 
difference could be observed between the specimens of all 
Contracaecum sp. larvae here examined (Tables 2, S2 and S3).

3.3. Molecular and phylogeographic findings

Five 28S rDNA sequences ranging from 814 to 855 base 
pairs (bp) and five COX II sequences spanning 524 to 576 bp 
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Table 1. Total of fish collected, number of infected hosts, number of nematode parasites, and ecological data.

Locality Total Infected Parasites P (%)
MA ± SE  

(Min-Max; CI)
MII ± SE  

(Min-Max; CI)
Site of 

infection

Astyanax 
lacustris 
(n = 26)

1 26 5 22 19.2 0.85 ± 0.47 (0-
11; 0.96)

4.40 ± 1.78 (1-
11; 4.94)

Intestine and 
fatty tissue

Geophagus 
brasiliensis 

(n = 28)

1 23 6 8 26.1 0.35 ± 0.14 (0-2; 
0.28)

1.33 ± 0.21 (1-2; 
0.54)

Heart and 
gastrointestinal

2 5 2 3 40 0.60 ± 0.40 (0-2; 
1.11)

1.50 ± 0.50 (1-2; 
6.35)

Heart and 
gastrointestinal

P (%) = Prevalence; MA = Mean abundance; MII = Mean intensity of infection; SE = standard error; Min = minimum value; Max = maximum 
value; CI = 95% Confidence Interval.

Figure 2. Morphology of the Contracaecum larvae found in Astyanax lacustris and Geophagus brasiliensis: (A and B) Scanning electron 
micrograph of Contracaecum larvae (scale-bar = 50 μm). (A) Apical view of the worm’s mouth. Arrows indicate the four papillae on the 
lips; (B) posterior end of the worm, showing anus and conical tail. (C, D, E and F) Light microscopy pictures of Contracaecum larvae; 
(C) Anterior portion of the worm, ventral tooth and excretory pore visible; (D) Anterior portion of the worm, showing esophagus and 
intestinal caecum (E) Middle portion of the worm, showing the end of the esophagus and the ventriculus connected to it; (F) Middle 
portion of the worm, showing ventriculus and ventricular appendix. Abbreviations: M = mouth opening, T = ventral tooth, Ep = excretory 
pore, Es = esophagus, Ic = intestinal caecum, V = ventriculus, Va = ventricular appendix, An = anus.
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were successfully obtained. The 28S rDNA gene matrix 
included 43 taxa and 763 characters, while the COX II gene 
matrix comprised 42 taxa and 494 characters. For BI using the 
28S gene, the most likely DNA substitution model selected 
was the GTR submodel 123343. In the BI using COX II, the 
highest probability was assigned to the GTR submodel 123323. 
A total of 200,002 trees were read in 2 files for each analysis, 
from which 150,002 trees were sampled. For ML analysis, 
the best evolutionary model selected was the General Time 
Reversible (GTR) model with gamma rates.

In both phylogenetic analyses, inferred using 28S 
(Figure  3) or COX II (Figure  4), the five sequences of 
Contracaecum sp. obtained in this study, consistently 
formed a well-supported clade (posterior probability = 1; 
bootstrap value = 100) composed by Contracaecum species 
from Panamanian and Neotropical freshwater environments. 
In the 28S tree (Figure 3), our sequences grouped with 
Contracaecum sp. from Mexico forming the clade C. In the COX 
II tree (Figure 4), our sequences clustered with Contracaecum 
multipapilatum (Rudolphi, 1819) from Colombia, Costa Rica, 
Guatemala, and Mexico, and with Contracaecum jorgei 
Sardella, Mancini, Salinas, Simões & Luque, 2020 from 
Argentina and Colombia. Internal phylogenetic relationships 
in both trees were inconclusive due to low support for their 
subclades. In the 28S tree (Figure 3), there were only two 
highly supported subclades, one formed by sequences of 

Contracaecum sp. from Brazil (PQ108983 and PQ108981, 
posterior probability = 0.92) and the other, by sequences of 
Contracaecum sp. from Mexico (OR537901 and OR537902, 
bootstrap value = 95). Notably, in the COX II tree (Figure 4), 
only the clade of Contracaecum sp. from Brazil (PQ115182 and 
PQ115183) was well-supported (PQ115182 and PQ115183, 
posterior probability = 0.93). Also in both inferences, the 
clade containing Contracaecum sp. from Brazil appeared as 
a sister group to a clade primarily comprising sequences of 
C. multipapilatum from the Palearctic, Nearctic, and Oriental 
regions (Figures 3 and 4), beside a sequence from Ecuador, 
on the Pacific coast (Figure 4).

Molecular distance analyses based on 28S suggest a 
single species within the clade composed of Contracaecum 
sp. from Brazil and Mexico, with populations differing by 
approximately 0-0.3% (0-2 base pairs) (Table S2). Conversely, 
using COX II, higher molecular distances were observed 
but remained within the range (0-2.1%; 0-14 base pairs) 
(Table S3), indicating these are likely the same species. 
This includes Contracaecum sp. from Brazil, C. jorgei from 
Colombia and Argentina, and Panamanian C. multipapilatum 
from freshwater environments. Comparatively, molecular 
variation between Panamanian lineages of C. multipapilatum 
and those lineages of C. multipapilatum from Ecuador, Neartic, 
Paleartic, and Oriental regions, ranged from 10.2-13.8% in 
COX II and 5.6-9.1% in 28S (Tables S2 and S3).

Table 2. Morphometric analysis (mm) of Contracaecum L3 larvae with short ventricular appendix.

Contracecum sp. 
type II

Contracecum jorgei Contracecum jorgei
Contracecum sp.  

G. brasiliensis

Moravec et al. (1993) Sardella et al. (2020) Duarte et al. (2025) Present study

Body length 15.7-25.7 11.10-12.23 (11.56) 11.17-18.33 (15.64) 19.25-22.98 (20.81)

Body width 0.45-0.84 0.24-0.39 (0.29) 0.27-0.38 (0.31) 0.66-0.77 (0.70)

Excretory pore length 0.04-0.05 (0.05) 0.04-0.05 (0.04) 0.04-0.05 (0.04)

Nerve ring from the 
anterior end

0.31-0.38 0.18-0.28 (0.25) 0.25-0.28 (0.27)

Oesophagus length 1.97-2.1 1.63-1.89 (1.76) 1.60-1.63 (1.62) 1.94-2.13 (2.03)

Oesophagus width 0.06-0.16 (0.10) 0.06-0.16 (0.11) 0.07-0.15 (0.10)

Ventriculus length 0.06-0.08 0.03-0.05 (0.04) 0.036-0.05 (0.04) 0.05-0.12 (0.09)

Ventriculus width 0.04-0.06 (0.05) 0.049-0.05 (0.05) 0.05-0.13 (0.09)

Ventricular appendix 
length

0.30-0.37 (0.34) 0.42 0.52-0.59 (0.55)

Ventricular appendix 
width

0.04-0.07 (0.06) 0.06 0.09-0.13 (0.11)

Ratio ventricular 
appendix/body length 

(%)

2.76-3.07 2.5-2.8 (2.67)

Intestinal caecum 
length

1.5-1.58 0.98-1.30 (1.08) 0.90-1.33 (1.12) 1.46-1.81 (1.62)

Intestinal caecum 
width

0.10-0.12 (0.12) 0.10-0.15 (0.13) 0.11-0.17 (0.14)

Ratio intestinal caecum 
length/body length (%)

8.86-11.57 7.00-9.39 (7.82)

Tail length 0.09 0.11-0.13 (0.13) 0.11-0.14 (0.13) 0.09-0.15 (0.12)



Brazilian Journal of Biology, 2025, vol. 85, e290054 7/15

A new record of Contracaecum sp. nematodes parasitizing two fishes from a river in southeast Brazil

Figure 3. The majority-rule consensus tree inferred for the 28S rDNA gene. The topology presented is the result of Bayesian Inference. 
Branch supports are indicated by posterior probabilities from the Bayesian inferences and corresponding bootstrap values from the 
Maximum Likelihood. The colored squares represent the zoogeographic regions where the parasites occur, as well as the habitats in 
which their hosts and/or the parasites themselves are found. New sequences of Contracaecum are highlighted in bold.

Haplotype network analysis, conducted using both pegas 
and PopART, identified 13 distinct haplotypes (Figure 5). 
The most frequent haplotype was X, found in Argentina and 
Costa Rica, followed by haplotype VI, which is exclusive to 
Brazil. Except for the haplotype X, the remaining haplotypes 
are not present in different countries. In Brazil, there 
was the highest haplotype diversity (haplotypes II, IV, VI, 
and XIII), followed by Costa Rica (haplotypes III, X, and 
XII). Guatemala (haplotypes VII and VIII) and Argentina 
(haplotypes V and X) have two haplotypes recognized, 
while Colombia (haplotype IX), Mexico (haplotype XI) 
and Ecuador (haplotype I) have one each. While statistical 
differences between populations from different countries 
were not significant, substantial variation was noted 
among subpopulations, indicating the presence of different 
haplotypes within the same country, or at least differing 
in part of the subpopulations from each locality. The most 
divergent haplotype was haplotype I, representing the 
Pacific lineage of C. multipapilatum from Ecuador.

4. Discussion

The morphometric data indicated that the Contracaecum 
sp. larvae examined in this study, collected from A. lacustris 
and G. brasiliensis resemble the L3 larvae of Contracaecum 
sp. Type 2 of Moravec, Kohn & Fernandes (Moravec, 1998) 

and Contracaecum jorgei Sardella, Mancini, Salinas, Simões 
& Luque, 2020, such as the ones described by Sardella et al. 
(2020), mainly owing the relatively short ventricular appendix. 
This is backed up by the molecular data, which consistently 
placed our samples within highly supported clades (Figure 3, 
Clade C and Figure 4, Clade F) containing sequences of C. jorgei 
and others of Contracaecum multipapilatum (Drasche, 1882). 
The phylogenetic relationships inside these clades, however, 
were poorly supported, which could be the result of using 
samples of suboptimal length (Rosenberg and Kumar, 2001) 
or an insufficient number of loci for the task at hand (Rokas 
and Carroll, 2005), or yet, to the persistence of ancestral 
haplotypes (Posada and Crandall, 2001).

Each tree searches successfully reconstructed clades 
exclusively composed of freshwater and brackish 
Neotropical and Panamanian Contracaecum lineages 
(Figure  3, Clade C and Figure  4, Clade F), where our 
sequences were clustered. The minimal molecular distance 
among members of these clades suggests that they could 
be conspecific, pointing towards intraspecific variation. 
However, the possibility of recent divergence or ongoing 
gene flow cannot be ruled out.

In 28S (Table  S2), the molecular distances ranged 
from 0.0%, as seen between Contracaecum sp. from 
Mexico (OR537901 and OR537902) and Brazil (PQ108982, 
PQ108980, and PQ108984), to 0.1-0.3% between sequences 
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Figure 4. The majority-rule consensus tree inferred for the cytochrome oxidase II (COXII) gene. The topology presented is the result of 
Bayesian Inference. Branch supports are indicated by posterior probabilities from the Bayesian inferences and corresponding bootstrap 
values from the Maximum Likelihood. The colored squares represent the zoogeographic regions where the parasites occur, as well as 
the habitats in which their hosts and/or the parasites themselves are found. New sequences of Contracaecum are highlighted in bold.

from Brazil (PQ108981 and PQ108983) and the remaining 
Contracaecum species of this clade (Figure  3, Clade C). 
This finding highlights two key points. First, it reinforces 
the robustness of the clade formed by Contracaecum sp. 
from Brazil (PQ108981 and PQ108983), as identified in the 
phylogenetic analysis (Figure 3), suggesting a composition 
of more divergent lineages. Second, it supports the idea 
that these lineages correspond to a single species.

For the COX II gene (Table S3), which exhibited greater 
molecular distances than 28S, divergence ranged from 0.0% 
(0 nucleotides) between C. multipapillatum (MH044677) and 
C. jorgei (MT304463), and between Contracaecum sp. from 
Brazil (PQ115182 and PQ115183), to 2.1% (10 nucleotides) 
between C. multipapillatum from Guatemala (MH044680) 
and Mexico (OR543981). Notably, Contracaecum sp. from 
Brazil (PQ115182 and PQ115183) diverged by 1.3-1.5% (6-7 
nucleotides) from C. multipapillatum from Guatemala 
(MH044680), Mexico (OR543981), Costa Rica (MH044674), 
and other Contracaecum sp. from Brazil (PQ108980 and 
PQ108981). This further reinforces the robustness of the 

clade recovered in the phylogenetic inference (Figure 4), 
highlighting this more divergent lineage within Brazil. 
Additionally, it suggests that the entire clade is composed 
of a single species.

On the other hand, molecular distance analysis focusing 
on the sister clades (Figure 3, Clade B and Figure 4, Clade E) 
of the Neotropical-Panamanian freshwater clade yielded 
higher values of divergence. In the 28S tree (Figure 3), 
Clade B includes sequences from C. multipapillatum 
found in the Nearctic (U94755, U94756) and Palearctic 
regions (MH398587, AF226574), along with a sequence of 
Contracaecum sp. from the Oriental region (MZ935683). 
While the Palearctic lineage of C. multipapillatum from 
Crimea (MH398587) was identical to the one from Greece 
(AF226574) (Table S2), C. multipapillatum from the USA 
(U94756) in the Nearctic region exhibited a divergence 
of 2.3-2.5% from the remaining C. multipapillatum 
sequences and 1.2% from Contracaecum sp. in the 
Oriental region (Table S2). These results are relevant as 
the divergence between sequences of the same species, 
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such as C. multipapillatum from the USA (U94755) and 
Greece (AF226574), was higher than the divergence 
observed between different species, which was as low as 
0.2% between Contracaecum miroungae (AF226581) and 
Contracaecum radiatum (AF226577) in Antarctica (Figure 3, 
Clade E, Table S2).

In the COX II, the sister clades (Figure 4, Clade E) of 
the Neotropical-Panamanian freshwater clade, including  
C. multipapillatum from the Palearctic (EU852337), 
Neotropical (PP740830), and Nearctic regions (AF179910), 
exhibited divergences ranging from 9.7-9.8% (49-50 
nucleotides) among themselves and 10.5-12% from the 
C. multipapillatum of the Neotropical-Panamanian freshwater 
clade (Figure 4, Clade F, Table S3). The distance matrix for 
COX II, as presented by Garbin et al. (2023), showed that 
the smallest divergence between sequences of different 
species was 6%, while the largest divergence within the 
same species was 1%. Therefore, the molecular distances 
observed between the different lineages of C. multipapillatum 
suggest that there is more than one species into this group.

To explain the unexpected molecular distance patterns, 
where distances between different species are lower and 
distances within the same species are higher, we must 
consider the likelihood of species misidentification. Our COX 
II analysis (Figure 4, Table S3) suggests that C. multipapillatum 
is not monophyletic, since the Neotropical-Panamanian 
freshwater C. multipapillatum sequences clustered more 
closely with C. jorgei samples from Argentina and Colombia 
(Figure  4, Clade F), while the other two samples of  
C. multipapillatum from Ecuador and the USA (both from 
coastal waters) clustered more closely with Contracaecum 
gibsoni Mattiucci, Paoletti, Solorzano and Nascetti, 2010 and 
Contracaecum overstreeti Mattiucci, Paoletti, Solorzano and 

Nascetti, 2010 (Figure 4, Clade E). This evidence strongly 
suggests that the C. jorgei from Argentina and Colombia 
(Clade F, Figure  4) may indeed be conspecific with  
C. multipapillatum from Costa Rica, Guatemala, and Mexico 
and with Contracaecum sp. from Brazil.

In 2020, Sardella et al. described C. jorgei, revealing 
genetic distances of 10.5–10.7% compared to C. overstreeti 
and 11.8% when compared to C. gibsoni, both using 
COX II gene. Interestingly, these authors did not include 
comparisons with C. multipapillatum in their phylogenetic 
inferences. Later that same year, Choc-Martinez et al. (2020), 
made available sequences of COX II for C. multipapillatum 
from Costa Rica and Guatemala, identifying conspecific 
larvae in Rhamdia sp. (MH044678), Parachromis sp. 
(MH044674), and Hoplias sp., and reporting genetic 
distances of 12% and 6% compared to C. multipapillatum from 
the USA (AF179910) and Greece (EU852344), respectively. 
More recently, another sequence of C. multipapillatum 
(PP740830) was made available from Ecuador, where the 
larva was found in Mugil sp. (Hernandez-Alomia et al., 
2024). This sequence likely corresponds to the same species 
as the one reported as C. multipapillatum from the USA 
(AF179910), given their minimal divergence of just 1.2% in 
the COX II gene. It, however, diverges significantly by 10.7%, 
11–11.5%, and 10.9–12% from C. multipapillatum samples 
from Mexico (OR543981), Guatemala (MH044678 and 
MH044680), and Costa Rica (MH044677, MH044674, and 
MH044675), respectively.

It is likely that C. jorgei, the Neotropical and Panamanian 
lineages of C. multipapillatum, and Contracaecum sp. 
from Mexico and Brazil are conspecific. Although 
Li  et  al. (2016) suggested Cuba as the type locality of  
C. multipapillatum, Drasche (1882) explicitly stated that 

Figure 5. Haplotype network on Neotropical Contracaecum spp. phylogenetically and molecularly close to the Brazilian sequences of 
Contracaecum sp. On the left, a haplotype network of the 13 (I-XIII) identified haplotypes, with its corresponding legend in the center, 
and to the right, a map showing the geographical distribution and the diversity of Neotropical haplotypes close to Contracaecum sp. of 
this study. Each circle on the left represents a haplotype, while on the right, a haplotype, or a group of them, is/are depicted, with the 
diameter of the circles proportional to the frequency of the haplotype occurrence. Hash marks over the lines connecting the circles 
represent the number of mutations which distinguish one haplotype from other. Statistical analysis revealed high genetic differentiation 
among populations (Phi_ST = 0.93571), although not statistically significant (p = 0.077). However, there was nearly complete genetic 
differentiation among subpopulations within groups (Phi_SC = 0.98695), with strong statistical significance (p < 0.001).
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his description was based on specimens collected by 
Natterer in Brazil. Following Drasche’s description, Brazil 
was also recognized as a distribution area for this species 
by other authors, including Lucker (1941) and Yamaguti 
(1961), who listed the country as the primary geographic 
reference for this parasite.

It remains challenging to determine whether C. jorgei 
is a junior synonym of C. multipapillatum or if any of 
these sequences truly correspond to C. multipapillatum, 
as none originate from the type host and locality  
(i. e. Mycteria americana Linnaeus, 1758 from Brazil). 
Molecular and phylogenetic analyses based on 28S 
rDNA identified four distinct lineages in the clades of 
C. multipapillatum: i) C. multipapillatum from Crimea 
(MH398587) and Greece (AF226574); ii) a USA lineage 
of C. multipapillatum (U94755); another USA lineage of 
C. multipapillatum (U94756); and iv) Contracaecum sp. 
from India (MZ935683). Additionally, COX II analyses 
revealed two primary lineages of C. multipapillatum:  
i) one comprising specimens from the USA (AF179910) and 
Ecuador (PP740830); another grouping the Panamanian 
and Neotropical lineages of C. multipapillatum, including 
C. jorgei and Contracaecum sp. from Brazil. The low 
molecular distance values (0–0.1% in the COX II) between 
C. jorgei from Brazil and C. jorgei from Argentina, recently 
reported by Duarte  et  al. (2025), indicate that this 
Brazilian lineage, despite inhabiting a brackish lagoon, 
likely belongs to the Neotropical and Panamanian lineage 
here recovered. These findings highlight the urgent 
need for a taxonomic reassessment to clarify species 
boundaries within this complex and resolve the status 
of C. multipapillatum across its range.

The broad geographic range of haplotype X, its central 
position in the haplotype network, and its numerous 
connections (Figure 5) strongly indicate that it is likely 
the most ancestral haplotype (Posada and Crandall, 
2001), a pattern commonly observed in other organisms 
(Loretán  et  al., 2020; Qi  et  al., 2023). The remaining 
haplotypes are likely experiencing different levels 
of divergence, as also indicated by our phylogenetic 
(Figures  3  and  4) and molecular distance analyses 
(Tables S2 and S3). However, these divergence events seem 
to be relatively recent, or perhaps some level of gene flow 
continues between these populations.

Twelve out of the thirteen haplotypes identified in 
this study (Figure 5) are geographically confined. At least 
eight of these haplotypes (III, IV, VI, VIII, XII, IX, XI, and 
XIII) appear to have directly evolved from haplotype X. 
Nevertheless, not all haplotypes trace their origins back 
to haplotype X, and within each country they do not all 
descend from a single ancestral haplotype. For example, 
in Brazil, haplotypes VI and VIII are more closely related 
to each other and to haplotype VII from Guatemala than to 
haplotypes II and IV from Brazil (Figure 5), a relationship 
that aligns with the phylogenetic analysis, although with 
limited support (Figure 4). A similar pattern emerges in 
Argentina, where haplotype V is more closely associated 
with haplotype IX from Colombia than with haplotype 
X from Argentina. Conversely, in Costa Rica, haplotype 
X is closely linked to haplotypes III and XII, presenting a 
different scenario altogether.

Geographic isolation is a well-known driver of 
genetic divergence, often resulting in the emergence of 
distinct haplotypes (Templeton et al., 1992; Avise, 2000). 
However, the divergence observed within the Panamanian-
Neotropical freshwater Contracaecum clade lacks sufficient 
statistical support to clearly define these as distinct species. 
Despite this, there appears to be a degree of isolation 
contributing to the formation of haplotypes VII from 
Guatemala, II from Brazil, and V from Argentina. These 
haplotypes have originated from others and, therefore, 
are not directly derived from haplotype X.

The correct identification of the lineage of Contracaecum 
from the Neotropical and Panamanian regions is important 
from a public health perspective. There is evidence of zoonotic 
potential in Contracaecum larvae from marine, coastal, and 
freshwater environments since they are parasites of low 
host specificity (Shamsi et al., 2018), which could explain 
how several studies of experimental infection with L3 
Contracaecum have successfully infected animals which 
are not typically part of their life cycle: Contracaecum 
osculatum (Rudolphi, 1802) from baltic cod can parasitize 
rats (Fagerholm, 1988) and pigs (Strøm et al., 2015), L3 
larvae of the Contracaecum ogmorhini complex obtained 
from Cynoscion guatucupa (Cuvier, 1830) from Argentina are 
capable of infecting mice (Galeano et al., 2022). Two studies 
using Contracaecum multipapillatum resulted in infection: in 
one, the larvae obtained from one euryhaline fish from Mexico 
called Mayaheros urophthalmus (Günther, 1862) parasitized 
a domestic cat (Vidal-Martinez et al., 1994); In the other, the 
helminths from a freshwater fish from Brazil called Hoplias 
malabaricus (Bloch, 1794) managed to parasitize rabbits 
(Barros et al., 2004). It has been proven that Contracaecum 
larvae can escape from the fish’s digestive tract and migrate 
to muscular tissue and also survive cooking, freezing, salting, 
and marinating if some standards are not properly followed 
(Buchmann and Mehrdana, 2016; Hamouda and Younis, 
2022). Marinating the fish meat was proven to be especially 
inefficient in killing anisakid larvae. It is important to note 
that accidentally eating dead larvae in well-prepared fishes 
is also not completely safe. Dead or alive, these helminths 
still contain allergens that may trigger an immune response. 
There have been a few examples of real zoonotic infection 
of Contracaecum in humans, in France (Dei–Cas et al., 1986), 
the Baltic region (Schaum and Müller, 1967), Korea (Im et al., 
1995), Japan (Nagasawa, 2012), and Australia (Shamsi and 
Butcher, 2011), neither of these cases, referring to lineages 
of Contracaecum from freshwater environments.

This study highlights three important conclusions:  
I) A distinct clade of Contracaecum from the Panamanian-
Neotropical region has been identified, encompassing  
C. multipapillatum from Guatemala, Mexico, and 
Costa Rica, C. jorgei from Argentina and Colombia and 
Contracaecum sp. from Brazil; II) C. multipapillatum is 
currently non-monophyletic, with distinct lineages found in 
the Palearctic region, others in Nearctic, Neartic extending 
to the Pacific Coast of Ecuador and Oriental region; III) To 
date, no cases of Contracaecum species infecting humans 
have been reported in the Americas, which raises important 
questions: Do these clade members truly possess zoonotic 
potential or is the absence of documented cases simply 
due to underreporting?



Brazilian Journal of Biology, 2025, vol. 85, e290054 11/15

A new record of Contracaecum sp. nematodes parasitizing two fishes from a river in southeast Brazil

Acknowledgements

We gratefully acknowledge Pedro Frade, Curator of 
Invertebrate Zoology (Collection Evertebrata Varia), 
and Stefan Szeiler, Collection Manager at the Natural 
History Museum Vienna, Austria, for providing valuable 
information on the type locality of the syntypes of 
C. multipapillatum (NHMW-ZOO-EV-727). We also extend 
our gratitude to the Coordenação de Aperfeiçoamento de 
Pessoal de Nível Superior (CAPES), the Conselho Nacional 
de Desenvolvimento Científico e Tecnológico (CNPq) and 
the Fundação de Amparo à Pesquisa do Estado de São Paulo 
(FAPESP #2020/05412-9). HLR was founded with a master’s 
degree grant from CAPES #88887.798934/2022-00. JCCA 
was founded by a post-doctoral fellowship provided by 
FAPESP #2022/04715-3. RBN was founded with a doctorate 
grant provided by FAPESP #2019/26831-2. CFS was founded 
with a doctorate grant provided by CNPq #140871/2017-9. 
DHMDV was founded with a post-doctoral grant provided 
by FAPESP #2019/19060-0.

Data Availability Statement

The entire data set that supports the results of this study 
was published in the article itself or in the supplementary 
material.

References

ABDELMONEM, A.A., METWALLY, M.M., HUSSEIN, H.S. and 
ELSHEIKHA, H.M., 2010. Gross and microscopic pathological 
changes associated with parasitic infection in European eel 
(Anguilla anguilla, Linnaeus 1758). Parasitology Research, vol. 
106, no. 2, pp. 463-469. http://doi.org/10.1007/s00436-009-
1688-2. PMid:19953271.

ALTSCHUL, S.F., GISH, W., MILLER, W., MYERS, E.W. and LIPMAN, 
D.J., 1990. Basic local alignment search tool. Journal of Molecular 
Biology, vol. 215, no. 3, pp. 403-410. http://doi.org/10.1016/
S0022-2836(05)80360-2. PMid:2231712.

ANDERSON, R.C., 2000. Nematode parasites of vertebrates: their 
development and transmission. Wallingford: CABI. http://
doi.org/10.1079/9780851994215.0000.

AUSTIN, L., SANTOS, Q.M. and AVENANT‐OLDEWAGE, A., 2022. 
Aspects of the pathology induced by Spinitectus petterae 
Boomker, 1993 in the stomach of Clarias gariepinus (Burchell, 
1822) using light and scanning electron microscopy. Journal of 
Fish Diseases, vol. 45, no. 6, pp. 861-869. http://doi.org/10.1111/
jfd.13611. PMid:35420217.

AVISE, J.C., 2000. Phylogeography: the history and formation 
of species. Cambridge: Harvard University Press. http://
doi.org/10.2307/j.ctv1nzfgj7.

BAH, T., 2011. Inkscape: guide to a vector drawing program. 4th ed. 
Upper Saddle River: Prenctice Hall.

BAO, M., GIULIETTI, L., LEVSEN, A. and KARLSBAKK, E., 2023. 
Resurrection of genus Phocanema Myers, 1959, as a genus 
independent from Pseudoterranova Mozgovoĭ, 1953, for nematode 
species (Anisakidae) parasitic in pinnipeds and cetaceans, 
respectively. Parasitology International, vol. 97, pp. 102794. 
http://doi.org/10.1016/j.parint.2023.102794. PMid:37573003.

BARROS, L.A., TORTELLY, R., PINTO, R.M. and GOMES, D.C., 2004. 
Effects of experimental infections with larvae of Eustrongylides 

ignotus Jäegerskiold, 1909 and Contracaecum multipapillatum 
(Drasche, 1882) Baylis, 1920 in rabbits. Arquivo Brasileiro de 
Medicina Veterinária e Zootecnia, vol. 56, no. 3, pp. 325-332. 
http://doi.org/10.1590/S0102-09352004000300007.

BELLAY, S., UEDA, B.H., TAKEMOTO, R.M., PEREZ LIZAMA, M.A. 
and PAVANELLI, G.C., 2012 [viewed 5 November 2024]. Fauna 
parasitária de Geophagus brasiliensis (Perciformes: Cichlidae) 
em reservatórios do estado do Paraná, Brasil. Brazilian Journal of 
Biology = Revista Brasileira de Biologia [online], vol. 10, no. 1, pp. 
74. Available from: https://seer.ufrgs.br/index.php/rbrasbioci/
article/view/115605

BORGES, J.N., SANTOS, H.L.C., BRANDÃO, M.L., SANTOS, E.G.N., 
MIRANDA, D.F.D., BALTHAZAR, D.D.A. and SANTOS, C.P., 
2014. Molecular and morphological characterization of 
Contracaecum pelagicum (Nematoda) parasitizing Spheniscus 
magellanicus (Chordata) from Brazilian waters. Revista Brasileira 
de Parasitologia Veterinária, vol. 23, no. 1, pp. 74-79. http://
doi.org/10.1590/S1984-29612014010. PMid:24728364.

BUCHMANN, K. and MEHRDANA, F., 2016. Effects of anisakid 
nematodes Anisakis simplex (sl), Pseudoterranova decipiens 
(sl) and Contracaecum osculatum (sl) on fish and consumer 
health. Food and Waterborne Parasitology, vol. 4, pp. 13-22. 
http://doi.org/10.1016/j.fawpar.2016.07.003.

BUSH, A.O., LAFFERTY, K.D., LOTZ, J.M. and SHOSTAK, A.W., 
1997. Parasitology meets ecology on its own terms. The 
Journal of Parasitology, vol. 83, no. 4, pp. 575-583. http://
doi.org/10.2307/3284227.

CARLSON, C.J., DALLAS, T.A., ALEXANDER, L.W., PHELAN, A.L. and 
PHILLIPS, A.J., 2020. What would it take to describe the global 
diversity of parasites? Proceedings. Biological Sciences, vol. 287, 
no. 1939, pp. 20201841. http://doi.org/10.1098/rspb.2020.1841.

CASTELLANI, D. and BARRELLA, W., 2005. Caracterização da 
piscicultura na região do Vale do Ribeira-SP. Ciência e 
Agrotecnologia, vol. 29, no. 1, pp. 168-176. http://doi.org/10.1590/
S1413-70542005000100021.

CHOC-MARTINEZ, L.F., JIMENEZ-ROCHA, A.E., ARGUEDAS-CORTÉS, D. 
and DOLZ, G., 2020. Contracaecum multipapillatum (Nematoda: 
Anisakidae) en peces de aguas continentales de Guanacaste, 
Costa Rica e Izabal, Guatemala. Revista Colombiana de Ciencia 
Animal Recia, vol. 12, no. 2, pp. 40-50. http://doi.org/10.24188/
recia.v12.n2.2020.76.

DE BURON, I. and ROUMILLAT, W.A., 2010. Histopathology of two 
philometrid parasites of the southern flounder, Paralichthys 
lethostigma. Journal of Wildlife Diseases, vol. 46, no. 1, pp. 277-282. 
http://doi.org/10.7589/0090-3558-46.1.277. PMid:20090044.

DEI-CAS, E., VERNES, A., POIRRIEZ, J., DEBAT, M., MARTI, R., BINOT, 
P. and CORTOT, A., 1986. Anisakiase humaine: cinq nouveaux 
cas dans le nord de la France. Gastroenterologie Clinique et 
Biologique, vol. 10, pp. 83-87.

DRASCHE, R., 1882. Helminthologische Notizen. Verhandlungen der 
Zoologisch-Botanischen Gesellschaft in Wien, vol. 32, pp. 139-142.

DUARTE, R., MARTINATTI, B., LIMA, V., TUBINO, R., OLIVEIRA, M., 
BERTO, B. and SANTOS-CLAPP, M., 2025. Contracaecum jorgei in 
common snooks in Brazil: new host, locality record and remarks 
on misidentifications of Contracaecum spp. in GenBank. Anais da 
Academia Brasileira de Ciências, vol. 97, no. 1, e20240332. http://
doi.org/10.1590/0001-3765202520240332. PMid:40136198.

EIRAS, J.C., PAVANELLI, G.C., TAKEMOTO, R.M. and NAWA, Y., 2018. 
Fish-borne nematodiases in South America: neglected emerging 
diseases. Journal of Helminthology, vol. 92, no. 6, pp. 649-654. 
http://doi.org/10.1017/S0022149X17001006. PMid:29067898.

FAGERHOLM, H.P., 1988. Incubation in rats of a nematodal larva 
from cod to establish its specific identity: Contracaecum 

https://doi.org/10.1007/s00436-009-1688-2
https://doi.org/10.1007/s00436-009-1688-2
https://pubmed.ncbi.nlm.nih.gov/19953271
https://doi.org/10.1016/S0022-2836(05)80360-2
https://doi.org/10.1016/S0022-2836(05)80360-2
https://pubmed.ncbi.nlm.nih.gov/2231712
https://doi.org/10.1079/9780851994215.0000
https://doi.org/10.1079/9780851994215.0000
https://doi.org/10.1111/jfd.13611
https://doi.org/10.1111/jfd.13611
https://pubmed.ncbi.nlm.nih.gov/35420217
https://doi.org/10.2307/j.ctv1nzfgj7
https://doi.org/10.2307/j.ctv1nzfgj7
https://doi.org/10.1016/j.parint.2023.102794
https://pubmed.ncbi.nlm.nih.gov/37573003
https://doi.org/10.1590/S0102-09352004000300007
https://doi.org/10.1590/S1984-29612014010
https://doi.org/10.1590/S1984-29612014010
https://pubmed.ncbi.nlm.nih.gov/24728364
https://doi.org/10.1016/j.fawpar.2016.07.003
https://doi.org/10.2307/3284227
https://doi.org/10.2307/3284227
https://doi.org/10.1098/rspb.2020.1841
https://doi.org/10.1590/S1413-70542005000100021
https://doi.org/10.1590/S1413-70542005000100021
http://doi.org/10.24188/recia.v12.n2.2020.76
http://doi.org/10.24188/recia.v12.n2.2020.76
https://doi.org/10.7589/0090-3558-46.1.277
https://pubmed.ncbi.nlm.nih.gov/20090044
https://doi.org/10.1590/0001-3765202520240332
https://doi.org/10.1590/0001-3765202520240332
https://pubmed.ncbi.nlm.nih.gov/40136198
https://doi.org/10.1017/S0022149X17001006
https://pubmed.ncbi.nlm.nih.gov/29067898


Brazilian Journal of Biology, 2025, vol. 85, e29005412/15

Rocha, H.L. et al.

osculatum (Rudolphi). Parasitology Research, vol. 75, no. 1, pp. 
57-63. http://doi.org/10.1007/BF00931191. PMid:3205872.

FALLA-ZUÑIGA, L.F., CASTELLANOS-GARZÓN, J.A., SALAZAR, L. and 
PUSTOVRH, M.C., 2021. Anisakis and anisakidosis: hosts and 
case reports in South America: systematic review. Revista de 
la Facultad de Medicina, vol. 69, no. 2. http://doi.org/10.15446/
revfacmed.v69n2.79105.

FIGUEIREDO JUNIOR, I., VERICIMO, M.A., CARDOSO, L.R., CLEMENTE, 
S.C.S., NASCIMENTO, E.R. and TEIXEIRA, G.A.P.B., 2013. Cross-
sectional study of serum reactivity to Anisakis simplex in healthy 
adults in Niterói, Brazil. Acta Parasitologica, vol. 58, pp. 399-404. 
http://doi.org/10.2478/s11686-013-0157-3.

FIGUEIREDO JUNIOR, I., VERICIMO, M.A., TERRA, L., FERREIRA, 
T., SÃO CLEMENTE, S.C. and TEIXEIRA, G., 2015. Association 
between immunoreactivity to Anisakis spp. antigens and high-
risk pregnancy. Acta Parasitologica, vol. 60, no. 4, pp. 609-613. 
http://doi.org/10.1515/ap-2015-0085. PMid:26408579.

FOOD AND AGRICULTURE ORGANIZATION OF THE UNITED NATIONS 
– FAO, 2024 [viewed 23 July 2024]. Consumption of aquatic 
products. In: FOOD AND AGRICULTURE ORGANIZATION OF THE 
UNITED NATIONS – FAO, ed. Fisheries and aquaculture [online]. 
Rome: FAO. Available from: https://www.fao.org/fishery/en/
collection/global_fish_consump

FROESE, R. and PAULY, D., 2005 [viewed 5 November 2024]. FishBase 
[online]. Available from: http://www.fishbase.org

GALEANO, N.A., GUAGLIARDO, S.E., TITTARELLI, E., STREITENBERGER, 
E. and TANZOLA, R.D., 2022. Evaluation of the invasive potential 
of L3 juveniles of the Contracaecum ogmorhini Johnston 
& Mawson, 1941 complex (Nematoda; Anisakidae) in an 
experimental murine model. Neotropical Helminthology, vol. 16, 
no. 2, pp. 107-122. http://doi.org/10.24039/rnh20221621481.

GARBIN, L.E., SERVIÁN, A., FUENTES, L., MORGENTHALER, A., 
MILLONES, A., FUCHS, D., DIAZ, J.I. and NAVONE, G.T., 2023. 
Phylogenetic relationship between Contracaecum spp. 
(Nematoda, Anisakidae) parasitizing cormorants (Aves, 
Phalacrocoracidae) in Argentina. Parasitology Research, vol. 
123, no. 1, pp. 61. http://doi.org/10.1007/s00436-023-08070-4. 
PMid:38112785.

GARCÍA-VARELA, M. and NADLER, S.A., 2005. Phylogenetic 
relationships of Palaeacanthocephala (Acanthocephala) 
inferred from SSU and LSU rDNA gene sequences. The Journal of 
Parasitology, vol. 91, no. 6, pp. 1401-1409. http://doi.org/10.1645/
GE-523R.1. PMid:16539024.

HAMOUDA, A.H. and YOUNIS, A.E., 2022. Molecular characterization 
of zoonotic anisakid Contracaecum spp. larvae in some fish 
species from Lake Nasser, Egypt. Aquaculture Research, vol. 53, 
no. 6, pp. 2548-2561. http://doi.org/10.1111/are.15774.

HERNANDEZ-ALOMIA, F., BASTIDAS-CALDES, C. and CALVOPINA, M., 
2024 [viewed 28 August 2024]. Contracaecum multipapillatum 
isolate CR1 cytochrome c oxidase subunit II (cox2) gene, partial 
cds; mitochondrial [online]. Bethesda: NCBI. Available from: 
https://www.ncbi.nlm.nih.gov/nuccore/PP740830.1

HESP, S.A., HOBBS, R.P. and POTTER, I.C., 2002. Infection of 
the gonads of Glaucosoma hebvaicum by the nematode 
Philometva lateolabracis: occurrence and host response. 
Journal of Fish Biology, vol. 60, no. 3, pp. 663-673. http://
doi.org/10.1111/j.1095-8649.2002.tb01692.x.

HOLT, B.G., LESSARD, J.-P., BORREGAARD, M.K., FRITZ, S.A., ARAÚJO, 
M.B., DIMITROV, D., FABRE, P.-H., GRAHAM, C.H., GRAVES, G.R., 
JØNSSON, K.A., NOGUÉS-BRAVO, D., WANG, Z., WHITTAKER, 
R.J., FJELDSÅ, J. and RAHBEK, C., 2013. An update of Wallace’s 
zoogeographic regions of the world. Science, vol. 339, no. 
6115, pp. 74-78. http://doi.org/10.1126/science.1228282. 
PMid:23258408.

HORBOWY, J., PODOLSKA, M. and NADOLNA-AŁTYN, K., 2016. 
Increasing occurrence of anisakid nematodes in the liver of 
cod (Gadus morhua) from the Baltic Sea: does infection affect 
the condition and mortality of fish? Fisheries Research, vol. 
179, pp. 98-103. http://doi.org/10.1016/j.fishres.2016.02.011.

IM, K.I., SHIN, H.J., KIM, B.H. and MOON, S.I., 1995. Gastric anisakiasis 
cases in Cheju-do, Korea. Korean Journal of Parasitology, vol. 33, 
no. 3, pp. 179-186. http://doi.org/10.3347/kjp.1995.33.3.179. 
PMid:8528624.

ISHIKURA, H., KIKUCHI, K., NAGASAWA, K., OOIWA, T., TAKAMIYA, 
H., SATO, N. and SUGANE, K., 1993. Anisakidae and anisakidosis. 
Progress in Clinical Parasitology, vol. 3, pp. 43-102. http://
doi.org/10.1007/978-1-4612-2732-8_3. PMid:8420604.

JACOBUS, K., MARIGO, J., GASTAL, S.B., TANIWAKI, S.A., RUOPPOLO, 
V., CATÃO-DIAS, J.L. and TSENG, F., 2016. Identification of 
respiratory and gastrointestinal parasites of three species of 
pinnipeds (Arctocephalus australis, Arctocephalus gazella, and 
Otaria flavescens) in southern Brazil. Journal of Zoo and Wildlife 
Medicine, vol. 47, no. 1, pp. 132-140. http://doi.org/10.1638/2015-
0090.1. PMid:27010274.

KEARSE, M., MOIR, R., WILSON, A., STONES-HAVAS, S., CHEUNG, 
M., STURROCK, S., BUXTON, S., COOPER, A., MARKOWITZ, 
S., DURAN, C., THIERER, T., ASHTON, B., MEINTJES, P. and 
DRUMMOND, A., 2012. Geneious Basic: an integrated and 
extendable desktop software platform for the organization 
and analysis of sequence data. Bioinformatics, vol. 28, no. 12, 
pp. 1647-1649. http://doi.org/10.1093/bioinformatics/bts199. 
PMid:22543367.

KHAN, M.Q. and WILLIAMS, J., 2016. Anisakidosis: a fortuitous 
mimicker of gastrointestinal malignancy. BMJ Case Reports, 
vol. 2016, pp. bcr2016216164. http://doi.org/10.1136/bcr-2016-
216164. PMid:27600057.

KUNDU, I., BANDYOPADHYAY, P.K., MANDAL, D.R. and GÜRELLI, 
G., 2016. Study of pathophysiological effects of the nematode 
parasite Eustrongylides sp. on freshwater fish Channa punctatus 
by hematology, serum biochemical, and histological studies. 
Turkiye Parazitoloji Dergisi, vol. 40, no. 1, pp. 42-47. http://
doi.org/10.5152/tpd.2016.4551. PMid:27222335.

LEIGH, J.W., BRYANT, D. and NAKAGAWA, S., 2015. POPART: full-
feature software for haplotype network construction. Methods 
in Ecology and Evolution, vol. 6, no. 9, pp. 1110-1116. http://
doi.org/10.1111/2041-210X.12410.

LI, L., GIBSON, D.I. and ZHANG, L.P., 2016. An annotated catalogue 
of the ascaridoid nematode parasites of Chinese vertebrates. 
Systematic Parasitology, vol. 93, pp. 1-35. http://doi.org/10.1007/
s11230-015-9617-5.

LI, L., LÜ, L., NADLER, S.A., GIBSON, D.I., ZHANG, L.P., CHEN, H.X., 
ZHAO, W.T. and GUO, Y.N., 2018. Molecular phylogeny and 
dating reveal a terrestrial origin in the early carboniferous for 
ascaridoid nematodes. Systematic Biology, vol. 67, no. 5, pp. 
888-900. http://doi.org/10.1093/sysbio/syy018. PMid:29528459.

LORETÁN, G., RUEDA, E.C., CABRERA, J.M., PÉREZ-LOSADA, M., 
COLLINS, P.A. and GIRI, F., 2020. Geographical isolation and 
restricted gene flow drive speciation of Aegla singularis 
(Decapoda: Anomura: Aeglidae) in southern South America. 
Biological Journal of the Linnean Society. Linnean Society of 
London, vol. 129, no. 1, pp. 177-189. http://doi.org/10.1093/
biolinnean/blz148.

LUCKER, J .T. ,  1941. A redescription of  Contracaecum 
multipapillatum (Drasche, 1882) (Nematoda: anisakidae). 
The Journal of Parasitology, vol. 27, no. 6, pp. 505-512. http://
doi.org/10.2307/3272525.

LUQUE, J.L., AGUIAR, J.C., VIEIRA, F.M., GIBSON, D.I. and SANTOS, 
C.P., 2011. Checklist of Nematoda associated with the fishes 

https://doi.org/10.1007/BF00931191
https://pubmed.ncbi.nlm.nih.gov/3205872
https://doi.org/10.15446/revfacmed.v69n2.79105
https://doi.org/10.15446/revfacmed.v69n2.79105
https://doi.org/10.2478/s11686-013-0157-3
https://doi.org/10.1515/ap-2015-0085
https://pubmed.ncbi.nlm.nih.gov/26408579
http://doi.org/10.24039/rnh20221621481
https://doi.org/10.1007/s00436-023-08070-4
https://pubmed.ncbi.nlm.nih.gov/38112785
https://pubmed.ncbi.nlm.nih.gov/38112785
https://doi.org/10.1645/GE-523R.1
https://doi.org/10.1645/GE-523R.1
https://pubmed.ncbi.nlm.nih.gov/16539024
https://doi.org/10.1111/are.15774
https://doi.org/10.1111/j.1095-8649.2002.tb01692.x
https://doi.org/10.1111/j.1095-8649.2002.tb01692.x
https://doi.org/10.1126/science.1228282
https://pubmed.ncbi.nlm.nih.gov/23258408
https://pubmed.ncbi.nlm.nih.gov/23258408
https://doi.org/10.1016/j.fishres.2016.02.011
https://doi.org/10.3347/kjp.1995.33.3.179
https://pubmed.ncbi.nlm.nih.gov/8528624
https://pubmed.ncbi.nlm.nih.gov/8528624
https://doi.org/10.1007/978-1-4612-2732-8_3
https://doi.org/10.1007/978-1-4612-2732-8_3
https://pubmed.ncbi.nlm.nih.gov/8420604
https://doi.org/10.1638/2015-0090.1
https://doi.org/10.1638/2015-0090.1
https://pubmed.ncbi.nlm.nih.gov/27010274
https://doi.org/10.1093/bioinformatics/bts199
https://pubmed.ncbi.nlm.nih.gov/22543367
https://pubmed.ncbi.nlm.nih.gov/22543367
https://doi.org/10.1136/bcr-2016-216164
https://doi.org/10.1136/bcr-2016-216164
https://pubmed.ncbi.nlm.nih.gov/27600057
https://doi.org/10.5152/tpd.2016.4551
https://doi.org/10.5152/tpd.2016.4551
https://pubmed.ncbi.nlm.nih.gov/27222335
https://doi.org/10.1111/2041-210X.12410
https://doi.org/10.1111/2041-210X.12410
https://doi.org/10.1007/s11230-015-9617-5
https://doi.org/10.1007/s11230-015-9617-5
https://doi.org/10.1093/sysbio/syy018
https://pubmed.ncbi.nlm.nih.gov/29528459
https://doi.org/10.1093/biolinnean/blz148
https://doi.org/10.1093/biolinnean/blz148
https://doi.org/10.2307/3272525
https://doi.org/10.2307/3272525


Brazilian Journal of Biology, 2025, vol. 85, e290054 13/15

A new record of Contracaecum sp. nematodes parasitizing two fishes from a river in southeast Brazil

of Brazil. Zootaxa, vol. 3082, no. 1. http://doi.org/10.11646/
zootaxa.3082.1.1.

MARGOLIS, L., 1970. Nematode diseases of marine fishes. In: S.F. 
SNIEZKO, ed. A symposium on diseases of fishes and shellfishes. 
Washington: American Fisheries Society, pp. 190-208.

MARIGO, J., TANIWAKI, S.A., PINTO, P.L.S., SOARES, R.M. and 
CATAO-DIAS, J.L., 2015. Identificação molecular de larva de 
Pseudoterranova azarasi em bacalhau (Gadus sp.) vendido para 
consumo humano no Brasil. Revista do Instituto de Medicina 
Tropical de São Paulo, vol. 57, pp. 537-539. http://doi.org/10.1590/
S0036-46652015000600015. PMid:27049712.

MENEZES, R.C., TORTELLY, R., TORTELLY-NETO, R., NORONHA, D. 
and PINTO, R.M., 2006. Camallanus cotti Fujita, 1927 (Nematoda, 
Camallanoidea) in ornamental aquarium fishes: pathology 
and morphology. Memórias do Instituto Oswaldo Cruz, vol. 
101, no. 6, pp. 683-687. http://doi.org/10.1590/S0074-
02762006000600018. PMid:17072484.

MILLER, M.A., PFEIFFER, W. and SCHWARTZ, T., 2010. Creating the 
CIPRES Science Gateway for inference of large phylogenetic trees. 
In: Proceedings of the 2010 Gateway Computing Environments 
Workshop (GCE), 2010, New Orleans, LA, USA. New York: IEEE, 
pp. 1-8. http://doi.org/10.1109/GCE.2010.5676129.

MOLNÁR, K., BUCHMANN, K. and SZÉKELY, C., 2006. Phylum 
Nematoda. In: P.T.K. WOO, ed. Fish diseases and disorders: 
protozoan and metazoan infections. Wallingford: CABI, pp. 
417-443. (vol. 1). http://doi.org/10.1079/9780851990156.0417.

MORAVEC, F., 1998. Nematodes of freshwater fishes of the neotropical 
region. Praha: Academia.

MORAVEC, F., KOHN, A. and FERNANDES, B.M.M., 1993. Nematode 
parasites of fishes of the Paraná River, Brazil. Part 2. Seuratoidea, 
Ascaridoidea, Habronematoidea and Acuarioidea. Folia 
Parasitologica, vol. 40, pp. 115.

NAGASAWA, K., 2012. The biology of Contracaecum osculatum sensu 
lato and C. osculatum A (Nematoda: Anisakidae) in Japanese 
waters: a review. Biosphere Science, vol. 51, pp. 61-69. http://
doi.org/10.15027/34527.

NEGRELLI, D.C., ABDALLAH, V.D. and AZEVEDO, R.K., 2018. Metazoan 
parasites of the lambari Astyanax altiparanae collected in the 
Batalha River, State of São Paulo, Brazil. Brazilian Journal of 
Biology = Revista Brasileira de Biologia, vol. 78, no. 3, pp. 535-
539. http://doi.org/10.1590/1519-6984.172601. PMid:29995114.

OLIVA, M.E., BÓRQUEZ, A.S. and OLIVARES, A.N., 1992. Sexual status 
of Paralabrax humeralis (Serranidae) and infection by Philometra 
sp. (Nematoda: dracunculoidea). Journal of Fish Biology, vol. 40, 
no. 6, pp. 979-980. http://doi.org/10.1111/j.1095-8649.1992.
tb02645.x.

PARADIS, E., JOMBART, T., KAMVAR, Z.N., KNAUS, B., SCHLIEP, K., 
POTTS, A. and WINTER, D., 2023. Package ‘pegas’. Vienna: R 
Foundation for Statistical Computing.

PEREIRA, F.B. and LUQUE, J.L., 2017. An integrated phylogenetic analysis 
on ascaridoid nematodes (Anisakidae, Raphidascarididae), 
including further description and intraspecific variations of 
Raphidascaris (Sprentascaris) lanfrediae in freshwater fishes 
from Brazil. Parasitology International, vol. 66, no. 1, pp. 898-904. 
http://doi.org/10.1016/j.parint.2016.10.012. PMid:27771461.

POSADA, D. and CRANDALL, K.A., 2001. Intraspecific gene 
genealogies: trees grafting into networks. Trends in Ecology 
& Evolution, vol. 16, no. 1, pp. 37-45. http://doi.org/10.1016/
S0169-5347(00)02026-7. PMid:11146143.

QI, H., SUN, X., WANG, C., CHEN, X., YAN, W., CHEN, J., XIA, T., YE, 
H., YU, J., DAI, J., CHEN, Y. and ZHENG, D., 2023. Geographic 
isolation causes low genetic diversity and significant pedigree 
differentiation in populations of Camellia drupifera, a woody 

oil plant native to China. Industrial Crops and Products, vol. 
192, pp. 116026. http://doi.org/10.1016/j.indcrop.2022.116026.

R CORE TEAM, 2021 [viewed 21 June 2023]. R: a language and 
environment for statistical computing. Version 4.3.1 [online]. 
Vienna: R Foundation for Statistical Computing. Available 
from: http://www.r-project.org/

ROKAS, A. and CARROLL, S.B., 2005. More genes or more taxa? 
The relative contribution of gene number and taxon number 
to phylogenetic accuracy. Molecular Biology and Evolution, 
vol. 22, no. 5, pp. 1337-1344. http://doi.org/10.1093/molbev/
msi121. PMid:15746014.

RONQUIST, F., TESLENKO, M., VAN DER MARK, P., AYRES, D.L., 
DARLING, A., HÖHNA, S., LARGET, B., LIU, L., SUCHARD, M.A. 
and HUELSENBECK, J.P., 2012. MrBayes 3.2: efficient Bayesian 
phylogenetic inference and model choice across a large model 
space. Systematic Biology, vol. 61, no. 3, pp. 539-542. http://
doi.org/10.1093/sysbio/sys029. PMid:22357727.

ROSA-DA-CRUZ, A., SOUTO, P., KUSANO, C., FERRARI, C., ALLEGRETTI, 
S. and ARRAIS-SILVA, W., 2010 [viewed 5 November 2024]. 
Endoscopic imaging of the first clinical case of anisakidosis in 
Brazil. Revista Scientia Parasitologica [online], vol. 11, no. 2, pp. 97-
100. Available from: https://scientia.zooparaz.net/2010_11_02/
sp2010-pp097-100%20-%20Cruz.pdf

ROSENBERG, M.S. and KUMAR, S., 2001. Incomplete taxon sampling 
is not a problem for phylogenetic inference. Proceedings of the 
National Academy of Sciences of the United States of America, 
vol. 98, no. 19, pp. 10751-10756. http://doi.org/10.1073/
pnas.191248498. PMid:11526218.

ROZAS, J., FERRER-MATA, A., SÁNCHEZ-DELBARRIO, J.C., GUIRAO-
RICO, S., LIBRADO, P., RAMOS-ONSINS, S.E. and SÁNCHEZ-
GRACIA, A., 2017. DnaSP 6: DNA sequence polymorphism 
analysis of large data sets. Molecular Biology and Evolution, 
vol. 34, no. 12, pp. 3299-3302. http://doi.org/10.1093/molbev/
msx248. PMid:29029172.

RSTUDIO TEAM, 2024 [viewed 5 November 2024]. RStudio: integrated 
development for R [online]. Boston: Rstudio Team. Available 
from: http://www.rstudio.com

SAFONOVA, A.E., VORONOVA, A.N. and VAINUTIS, K.S., 2021. 
First report on molecular identification of in from the fish 
market, with taxonomical issues within Anisakidae. Journal 
of Nematology, vol. 53, no. 1, pp. 1-10. http://doi.org/10.21307/
jofnem-2021-023. PMid:33860240.

SANTANA, R.L.S., CARVALHO, E.L., SINDEAUX NETO, J.L., SILVA, M.V.O., 
PINHEIRO, R.H.D.S., GONÇALVES, E.C. and GIESE, E.G., 2023. 
Morphological and molecular characterization of Contracaecum 
australe (Nematoda: Anisakidae) parasitizing Phalacrocorax 
brasilianus (Aves: Phalacrocoracidae) on the north coast of 
Brazil. Revista Brasileira de Parasitologia Veterinária, vol. 32, 
no. 2, e003723. http://doi.org/10.1590/s1984-29612023039. 
PMid:37403884.

SANTORO, M., MATTIUCCI, S., WORK, T., CIMMARUTA, R., NARDI, 
V., CIPRIANI, P., BELLISARIO, B. and NASCETTI, G., 2013. Parasitic 
infection by larval helminths in Antarctic fishes: pathological 
changes and impact on the host body condition index. Diseases 
of Aquatic Organisms, vol. 105, no. 2, pp. 139-148. http://
doi.org/10.3354/dao02626. PMid:23872857.

SARDELLA, C.J., MANCINI, M., SALINAS, V., SIMÕES, R.O. and 
LUQUE, J.L., 2020. A new species of Contracaecum (Nematoda: 
Anisakidae) found parasitizing Nannopterum brasilianus 
(Suliformes: Phalacrocoracidae) and Hoplias argentinensis 
(Characiformes: Erythrinidae) in South America: morphological 
and molecular characterization of larval and adult stages. Journal 
of Helminthology, vol. 94, pp. e184. http://doi.org/10.1017/
S0022149X20000644. PMid:32847645.

https://doi.org/10.11646/zootaxa.3082.1.1
https://doi.org/10.11646/zootaxa.3082.1.1
https://doi.org/10.1590/S0036-46652015000600015
https://doi.org/10.1590/S0036-46652015000600015
https://pubmed.ncbi.nlm.nih.gov/27049712
https://doi.org/10.1590/S0074-02762006000600018
https://doi.org/10.1590/S0074-02762006000600018
https://pubmed.ncbi.nlm.nih.gov/17072484
https://doi.org/10.1109/GCE.2010.5676129
https://doi.org/10.1079/9780851990156.0417
https://doi.org/10.15027/34527
https://doi.org/10.15027/34527
https://doi.org/10.1590/1519-6984.172601
https://pubmed.ncbi.nlm.nih.gov/29995114
https://doi.org/10.1111/j.1095-8649.1992.tb02645.x
https://doi.org/10.1111/j.1095-8649.1992.tb02645.x
https://doi.org/10.1016/j.parint.2016.10.012
https://pubmed.ncbi.nlm.nih.gov/27771461
https://doi.org/10.1016/S0169-5347(00)02026-7
https://doi.org/10.1016/S0169-5347(00)02026-7
https://pubmed.ncbi.nlm.nih.gov/11146143
https://doi.org/10.1016/j.indcrop.2022.116026
https://doi.org/10.1093/molbev/msi121
https://doi.org/10.1093/molbev/msi121
https://pubmed.ncbi.nlm.nih.gov/15746014
https://doi.org/10.1093/sysbio/sys029
https://doi.org/10.1093/sysbio/sys029
https://pubmed.ncbi.nlm.nih.gov/22357727
https://doi.org/10.1073/pnas.191248498
https://doi.org/10.1073/pnas.191248498
https://pubmed.ncbi.nlm.nih.gov/11526218
https://doi.org/10.1093/molbev/msx248
https://doi.org/10.1093/molbev/msx248
https://pubmed.ncbi.nlm.nih.gov/29029172
https://doi.org/10.21307/jofnem-2021-023
https://doi.org/10.21307/jofnem-2021-023
https://pubmed.ncbi.nlm.nih.gov/33860240
https://doi.org/10.1590/s1984-29612023039
https://pubmed.ncbi.nlm.nih.gov/37403884
https://pubmed.ncbi.nlm.nih.gov/37403884
https://doi.org/10.3354/dao02626
https://doi.org/10.3354/dao02626
https://pubmed.ncbi.nlm.nih.gov/23872857
https://doi.org/10.1017/S0022149X20000644
https://doi.org/10.1017/S0022149X20000644
https://pubmed.ncbi.nlm.nih.gov/32847645


Brazilian Journal of Biology, 2025, vol. 85, e29005414/15

Rocha, H.L. et al.

SAYERS, E.W., CAVANAUGH, M., CLARK, K., PRUITT, K.D., SCHOCH, 
C.L., SHERRY, S.T. and KARSCH-MIZRACHI, I., 2022. GenBank. 
Nucleic Acids Research, vol. 50, no. D1, pp. D161-D164. http://
doi.org/10.1093/nar/gkab1135.

SAYYAF-DEZFULI, B., FERNANDES, C.E., GALINDO, G.M., CASTALDELLI, 
G., MANERA, M., DEPASQUALE, J.A., LORENZONI, M., BERTIN, 
S. and GIARI, L., 2016. Nematode infection in liver of the fish 
Gymnotus inaequilabiatus (Gymnotiformes: Gymnotidae) from 
the Pantanal Region in Brazil: pathobiology and inflammatory 
response. Parasites & Vectors, vol. 9, no. 1, pp. 473. http://
doi.org/10.1186/s13071-016-1772-2. PMid:27576434.

SCHAUM, E. and MÜLLER, W., 1967. Die heterocheilidiasis. Deutsche 
Medizinische Wochenschrift, vol. 92, no. 48, pp. 2230-2233. 
http://doi.org/10.1055/s-0028-1106122.

SHAMSI, S. and BUTCHER, A.R., 2011. First report of human 
anisakidosis in Australia. The Medical Journal of Australia, vol. 
194, no. 4, pp. 199-200. http://doi.org/10.5694/j.1326-5377.2011.
tb03772.x. PMid:21401462.

SHAMSI, S., TURNER, A. and WASSENS, S., 2018. Description 
and genetic characterization of a new Contracaecum larval 
type (Nematoda: Anisakidae) from Australia. Journal of 
Helminthology, vol. 92, no. 2, pp. 216-222. http://doi.org/10.1017/
S0022149X17000360. PMid:28473011.

SHAMSI, S. and BARTON, D.P., 2023. A critical review of anisakidosis 
cases occurring globally. Parasitology Research, vol. 122, no. 8, 
pp. 1733-1745. http://doi.org/10.1007/s00436-023-07881-9. 
PMid:37233816.

STAMATAKIS, A., 2015. Using RAxML to infer phylogenies. Current 
Protocols in Bioinformatics, vol. 51, no. 1, pp. 6.14.1-6.14.14. 
http://doi.org/10.1002/0471250953.bi0614s51. PMid:26334924.

STRØM, S.B., HAARDER, S., KORBUT, R., MEJER, H., THAMSBORG, 
S.M., KANIA, P.W. and BUCHMANN, K., 2015. Third-stage 
nematode larvae of Contracaecum osculatum from Baltic cod 
(Gadus morhua) elicit eosinophilic granulomatous reactions 
when penetrating the stomach mucosa of pigs. Parasitology 
Research, vol. 114, no. 3, pp. 1217-1220. http://doi.org/10.1007/
s00436-014-4306-x. PMid:25563618.

TAMURA, K., STECHER, G. and KUMAR, S., 2021. MEGA11: molecular 
evolutionary genetics analysis version 11. Molecular Biology and 
Evolution, vol. 38, no. 7, pp. 3022-3027. http://doi.org/10.1093/
molbev/msab120. PMid:33892491.

TEMPLETON, A.R., CRANDALL, K.A. and SING, C.F., 1992. A cladistic 
analysis of phenotypic associations with haplotypes inferred 
from restriction endonuclease mapping and DNA sequence 
data. III. Cladogram estimation. Genetics, vol. 132, no. 2, pp. 619-
633. http://doi.org/10.1093/genetics/132.2.619. PMid:1385266.

THATCHER, V.E., 2006. Amazon fish parasites. Moscow: Pensoft 
Publishers. (vol. 1).

VIDAL-MARTÍNEZ, V.M., OSORIO-SARABIA, D., OVERSTREET, R.M. 
and VIDAL-MARTINEZ, V.M., 1994. Experimental Infection 
of Contracaecum multipapillatum (Nematoda: Anisakinae) 
from Mexico in the Domestic Cat. The Journal of Parasitology, 
vol. 80, no. 4, pp. 576-579. http://doi.org/10.2307/3283194. 
PMid:8064526.

WOO, P.T.K., LEATHERLAND, J.F. and BRUNO, D.W., 2011. 
Fish diseases and disorders. Volume 3: viral, bacterial 
and fungal  infections .  Wallingford: CABI.  http://
doi.org/10.1079/9781845935801.0000.

YAMAGUTI, S., 1961. Systema helminthum. Volume III, pts. I–II: the 
nematodes of vertebrates. New York: Interscience Publishers.

https://doi.org/10.1093/nar/gkab1135
https://doi.org/10.1093/nar/gkab1135
https://doi.org/10.1186/s13071-016-1772-2
https://doi.org/10.1186/s13071-016-1772-2
https://pubmed.ncbi.nlm.nih.gov/27576434
https://doi.org/10.1055/s-0028-1106122
https://doi.org/10.5694/j.1326-5377.2011.tb03772.x
https://doi.org/10.5694/j.1326-5377.2011.tb03772.x
https://pubmed.ncbi.nlm.nih.gov/21401462
https://doi.org/10.1017/S0022149X17000360
https://doi.org/10.1017/S0022149X17000360
https://pubmed.ncbi.nlm.nih.gov/28473011
https://doi.org/10.1007/s00436-023-07881-9
https://pubmed.ncbi.nlm.nih.gov/37233816
https://pubmed.ncbi.nlm.nih.gov/37233816
https://doi.org/10.1002/0471250953.bi0614s51
https://pubmed.ncbi.nlm.nih.gov/26334924
https://doi.org/10.1007/s00436-014-4306-x
https://doi.org/10.1007/s00436-014-4306-x
https://pubmed.ncbi.nlm.nih.gov/25563618
https://doi.org/10.1093/molbev/msab120
https://doi.org/10.1093/molbev/msab120
https://pubmed.ncbi.nlm.nih.gov/33892491
https://doi.org/10.1093/genetics/132.2.619
https://pubmed.ncbi.nlm.nih.gov/1385266
https://doi.org/10.2307/3283194
https://pubmed.ncbi.nlm.nih.gov/8064526
https://pubmed.ncbi.nlm.nih.gov/8064526
https://doi.org/10.1079/9781845935801.0000
https://doi.org/10.1079/9781845935801.0000


Brazilian Journal of Biology, 2025, vol. 85, e290054 15/15

A new record of Contracaecum sp. nematodes parasitizing two fishes from a river in southeast Brazil

Supplementary Material

Supplementary material accompanies this paper.
Table S1. Sequences used in molecular analysis and phylogenetic inferences.
Table S2. Molecular distance analysis of 28S rDNA. Data in the lower triangle are the percentage of base differences 

per site between sequences. Absolute number of nucleotides are in the upper triangle. CSV file.
Table S3. Molecular distance analysis of COX II. Data in the lower triangle are the percentage of base differences 

per site between sequences. Absolute number of nucleotides are in the upper triangle CSV file.
This material is available as part of the online article from https://doi.org/10.1590/1519-6984.290054


