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Abstract: Spirometra Faust, Campbell et Kellogg, 1929 is a genus of cestodes belonging to the family Diphyllobothriidae. To date,
amphibians, reptiles, and mammals are known second intermediate hosts of these parasites; humans can also be infected (the zoonotic
disease is known as sparganosis or spirometrosis). Although the number of phylogenetic studies on Spirometra spp. has increased
worldwide in recent years, there are few in South America. Specifically in Uruguay, molecular studies have shown that tapeworms of S.
decipiens (Diesing, 1850) complexes 1 and 2 are present in this country. In this study, we characterised the larvae of Spirometra present
in the annual fish Austrolebias charrua Costa et Cheffe. Phylogenetic analysis of the cytochrome ¢ oxidase subunit I (COI) sequences of
these larvae showed that they belong to S. decipiens complex 1. This is the first report of teleost fishes serving as a second intermediate

host for tapeworms of the genus Spirometra in nature.
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Spirometra Faust, Campbell et Kellogg, 1929 is a ge-
nus of cestodes belonging to the family Diphyllobothrii-
dae. These organisms have a complex allogenic life cycle
that includes small crustaceans as first intermediate hosts,
vertebrates (amphibians, ophidians, mammals) as sec-
ond intermediate hosts, and carnivorous foxes or felids
as definitive hosts (Waeschenbach et al. 2017, Scholz et
al. 2019, Arrabal et al. 2020). Humans have been reported
to become infected with this parasite as incidental hosts
and contract the zoonotic disease known as sparganosis
(Holtz and Gilman 2013, Liu et al. 2015, Waeschenbach et
al. 2017, Scholz et al. 2019). This zoonotic disease is not
very common in South America, possibly due to underdi-
agnosis; there are only a few cases in Brazil, Argentina,
Venezuela, Paraguay, and Uruguay (Sakamoto et al. 2003,
Oda et al. 2016, Kikuchi and Morayama 2019), while it is
ubiquitous in the wild as reported by several authors (Sci-
oscia et al. 2014, Petrigh et al. 2015, Almeida et al. 2016,
Arrabal et al. 2020, Armua-Fernandez et al. 2021, Brabec
et al. 2022, Fredes et al. 2022).

Recent work on the taxonomy of Spirometra spp. has
yielded a plausible species-level classification with at least
six molecularly distinct taxa (Kuchta et al. 2021). This clas-
sification was originally consistent with the geographical
distribution of taxa identified by molecular characterisa-
tion, with Spirometra decipiens (Diesing, 1850) complex 1
and 2 being the species occurring in the Americas. Howev-
er, recent reports have indicated that Spirometra mansoni
(Cobbold, 1883) may also occur in South America (Brabec
et al. 2022), suggesting that more extensive sampling may
eventually reveal further complexity in the systematics and
distribution of the taxon.

In Uruguay, larval forms of Spirometra sp. (also called
sparganum, pl. spargana) have been found infecting the
coelom, musculature, or subcutaneous tissues of mam-
mals, reptiles, and amphibians, and have always been
identified by morphology (Oda et al. 2016). More recently,
Armua-Fernandez et al. (2021) identified Spirometra de-
cipiens complex 1 in reptiles and mammals, and S. de-
cipiens complex 2 in reptiles from Uruguay by molecular
analyses.
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Fig. 1. Hydrological basin map of Uruguay. Painted yellow is Dos Patos Lagoon basin, located in eastern Uruguay and southern Brazil.
Red dots show the three localities from where Austrolebias charrua Costa et Cheffe were collected in this study. A — India Muerta;

B — Ruta 9 km 272; C — La Coronilla.

The anuran second intermediate hosts reported for
Spirometra in Uruguay are known to inhabit wetlands
and temporary ponds (Berois et al. 2015, Oda et al. 2016).
These ecosystems are abundant in Uruguay, and an impor-
tant component of their fauna is the large diversity of fresh-
water annual fishes (Cyprinodontiformes, Aplocheiloi-
dei), particularly of the genus Austrolebias Costa, 1998.
These organisms are an attractive model for various topics
in biology due to their particular life cycle and the abil-
ity of their drought-resistant eggs to survive dry periods
through diapauses in their embryonic development (Costa
2002, 2003, 2006, Loureiro et al. 2004, 2011, Arezo et al.
2007, Berois et al. 2015). However, a neglected aspect of
the biology of this genus is its parasite fauna, with only
seven published parasitological reports (Pereira and Vaz
1933, Taberner et al. 2003, Luque et al. 2011, Delgado and
Garcia 2015, Montes et al. 2017, Marcotegui et al. 2018,
Vettorazzi et al. 2020).

To increase knowledge of the biology and distribution
of the genus Spirometra and to supplement reports of par-
asites infecting Austrolebias, we conducted a molecular
identification study to characterise spargana found in the
annual fish Austrolebias charrua Costa et Cheffe.

MATERIALS AND METHODS

Twenty-six annual fish of the species Austrolebias charrua
were collected in October 2019 from temporary ponds at three
sites of the Dos Patos Lagoon basin (sensu Albert and Reis 2011)
in Uruguay (Fig. 1). Fish were kept alive in the laboratory un-
til euthanasia, according to guidelines approved by the corre-
sponding Honorary Commission on Animal Experimentation
(CHEA,; Facultad de Ciencias, Universidad de la Republica, Uru-
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guay), based on the International Guidelines for Fish Euthanasia
(AMVA; Leary et al. 2013).

After euthanasia and necropsy of 4. charrua specimens, ces-
todes were manually removed from the body cavity, fixed, and
preserved for molecular analysis in 95% ethanol and stored at
4°C until use. Parasites were observed morphologically to identi-
fy them a priori, using the taxonomic descriptions in Noya et al.
(1992) and Waeschenbach et al. (2017) as reference. Ecological
indices were calculated following Bush et al. (1997), using the
open-license software QPweb (Reiczigel et al. 2019) to obtain
confidence intervals for prevalence using the Blaker method (for
deviation from normality) and bias-corrected and accelerated
bootstrap confidence intervals for mean intensity of infection.
Voucher specimens were deposited at the Museo Nacional de
Historia Natural (MNHN) in Montevideo, Uruguay, under lot
number MNHN 4262.

Molecular identification

Total genomic DNA was extracted from whole specimens
by proteinase K digestion, followed by extraction with sodium
chloride and ethanol precipitation (modified from Medrano et al.
1990). Amplification by polymerase chain reaction (PCR) began
with an initial denaturation step at 94°C for 5 min, followed by
35 cycles of denaturation at 94°C for 50 s, annealing at 49 °C for
1 min, and extension at 72 °C for 1 min, followed by a final exten-
sion step at 72°C for 10 min. Primers used for PCR were based
on Bowles et al. (1992): 2575 (5’TTT TTT GGG CAT CCT GAG
GTT TAT3’) and 3021 (5"TAA AGA AAG AAC ATA ATG AAA
ATG Y3’), which were designed to amplify a cytochrome oxi-
dase subunit 1 (COI) region of approximately 446 bp (Bowles et
al. 1992). Genomic sequencing of the amplicons was performed
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—— [KJ599680] Spirometra erinaceieuropaei (Korea) Homo sapiens Spirometra sp.
[KM248533] Spirometra sp. (Sudan) Homo sapiens
[KM248536] Spirometra sp. (Sudan) Homo sapiens

711 [KM248530] Spirometra sp. (Sudan) Homo sapiens S. folium

[KM248535] Spirometra sp. (Sudan) Homo sapiens
[KM248534] Spirometra sp. (Ethiopia) Homo sapiens
[MK955901] Spirometra theileri (Tanzania) Panthera pardus
F\K/IJ13; ggg]] gpirometra cf. ?S?Z\ifns (USA) Coluber constrictor
55 pirometra sp. Pantheropsis obsoletus iDi¢
o7 [KF740507] Spirometra sp. (Brazil) Leopardtes pardalis S. dectplleng
[KF740506] Spirometra sp. (Brazil) Leopardus pardalis complex
[MW692099] Spirometra decipiens complex 2 (Uruguay) Philodryas patagoniensis

96/0.99

[MT131820] Spirometra cf. decipiens (USA) Lynx rufus
[AB015753] Sparganum proliferum (Venezuela) Homo sapiens

/1 [MH892077] Spirometra sp. (Argentina) Puma concolor

[MW692105] Spirometra decipiens complex 1 (Uruguay) Leopardus munoai

o7/1| [KF572950] Spirometra sp. (Argentina) Lycalopex gymnocercus

[LC258572] Spirometra sp. (Chile) Felis silvestris catus

[MW692102] Spirometra decipiens complex 1 (Uruguay) Didelphis albiventris

[ON564699] Spirometra sp. PA71 (Uruguay) Austrolebias charrua

[’EAOVI\‘II(;%%; (‘)1%%' .‘Sspi_romelg?a decigl:g? E:Smplex ‘; (Uruguay) Philodryas patagoniensis

pirometra sp. ruguay) Austrolebias charrua
I[:gmvsﬁé)f;)ogoﬁ] éSpiromez‘ra dec#)A%%s( l(3'omple)<)1 (Uruguay) Philodryas patagoniensis
pirometra sp. ruguay) Austrolebias charrua
[MW692101] Spirometra decipiens complex 1 (Uruguay) Didelphis albiventris

[MW692097] Spirometra decipiens complex 1 (Uruguay) Philodryas patagoniensis

[MW692098] Spirometra decipiens complex 1 (Uruguay) Philodryas patagoniensis

[MW692103] Spirometra decipiens complex 1 (Uruguay) Cerdocyon thous

[MW692104] Spirometra decipiens complex 1 (Uruguay) Cerdocyon thous

[ON564701] Spirometra sp. PA79 (Uruguay) Austrolebias charfua

[MT131825] Spirometra erinaceieuropaei (Finland) Lynx lynx
[MT131830] Spirometra erinaceieuropaei (Ukraine) Canis familiaris
99/1(| [MT131827] Spirometra erinaceieuropaei (Poland) Lutra lutra

[MT131826] Spirometra erinaceieuropaei (Poland) Nyctereutes procynoides
[MT131829] Spirometra erinaceieuropaei (Poland) Meles meles
[JX860633] Diphyllobothriidae sp. (Finland) Lynx lynx
[MT131828] Spirometra erinaceieuropaei (Poland) Canis lupus

[KJ599679] Spirometra decipiens (Korea) Rhabdophis tigrinus

[KF539838] Spirometra mansoni (Thailand) Homo sapiens

[KY114889] Spirometra erinaceieuropaei (China) Hylarana guentheri

[KT376530] Spirometra erinaceieuropaei (China) Philodryas patagoniensis

[KT376533] Spirometra erinaceieuropaei (China) Philodryas patagoniensis

— [KY114888] Spirometra erinaceieuropaei (China) Hoplobatrachus rugulosus

[KC551943] Spirometra erinaceieuropaei (Thailand) Homo sapiens

[MN264212] Spirometra ranarum (Tanzania) Panthera leo

[AB278575] Spirometra erinaceieuropaei (Indonesia) Canis familiaris

[GQY99952] Spirometra erinaceieuropaei (China) Rana nigromaculata

[KM099138] Spirometra mansoni (Myanmar) Ptyas korros

[AB278574] Spirometra erinaceieuropaei (Japan) Canis familiaris

— [KY552887] Spirometra erinaceieuropaei (Vietnam) Xenochrophis flavipunctatus

[AP017668] Spirometra erinaceieuropaei (China to Great Britain) Homo sapiens

[MF682495] Spirometra erinaceieuropaei (Vietnam) Homo sapiens

[AB369250] Spirometra mansoni (Japan) Homo sapiens

[KM099134] Spirometra mansoni (Laos) Ptyas korros

[AB278576] Spirometra erinaceieuropaei (Indonesia) Canis familiaris

[LC177064] Spirometra erinaceieuropaei (Laos) Canis familiaris

[LC177065] Spirometra erinaceieuropaei (Laos) Canis familiaris

[AB015754] Spirometra erinaceieuropaei (Japan)snake

[LC328901] Spirometra mansoni (Korea) Elaphe quadrivirgata

[KM099136] Spirometra mansoni (Laos) Ptyas korros

85/1 [KM099137] Spirometra mansoni (Laos) Ptyas korros

[LC177067] Spirometra erinaceieuropaei (Laos) Canis familiaris

[KM099139] Spirometra mansoni (Thailand) ptyas korros

[LC177060] Spirometra erinaceieuropaei (Laos) Canis familiaris

[MT131822] Spirometra mansoni (Romania) Pelophylax esculentus

[MT131824] Spirometra mansoni (Romania) Pelophylax esculentus

[MT131823] Spirometra mansoni (Romania) Pelophylax esculentus

[KM099122] Spirometra mansoni (Laos) Ptyas korros

[LC177061] Spirometra erinaceieuropaei (Laos) Canis familiaris

[LC177069] Spirometra erinaceieuropaei (Laos) Canis familiaris

[AJ810518] Spirometra erinaceieuropaei (New Zealand) Felis catus

[MT131821] Spirometra mansoni (Australia) Austrelaps superba

[AB278577] Spirometra erinaceieuropaei (Indonesia) Canis familiaris

[MH298843] Spirometra ranarum (Myanmar) Hoplobatrachus rugulosus

[MK910864] Spirometra erinaceieuropaei (Thailand to Switzerland) Homo sapiens

[KF539833] Spirometra mansoni (Thailand) Homo sapiens

[KF539839] Spirometra mansoni (Thailand) Homo sapiens

[KF539840] Spirometra mansoni (Thailand) Homo sapiens

[LC328894] Spirometra mansoni (Japan) Elaphe quadrivirgata

[KY552886] Spirometra erinaceieuropaei (Australia) Canis familiaris

[KY114886] Spirometra erinaceieuropaei (China) Pelophylax nigromaculatus

[KY009916] Spirometra erinaceieuropaei (Iran) Felis silvestris

[AB522603] Spirometra erinaceieuropaei (Japan) Elaphe quadrivirgata

[KY114887] Spirometra erinaceieuropaei (China) Rana sp.

AB278573] Spirometra erinaceieuropaei (Japan) Canis familiaris

9611 —22Y [MF371237, KX227385] Diphyliobothrium tetrapterum (USA)
941 [AP017648] Diphyllobothrium stemmacephalum (Japan)
[KY552884, AB474567] Diplogonoporus balaenopterae (Japan)

Fig. 2. Phylogenetic tree resulting from the Maximum Likelihood (ML) and Bayesian Inference (BI) methods used to analyse partial
sequences of cytochrome ¢ oxidase subunit I (COI) corresponding to the six accepted species of Spirometra and the spargana found in
annual fish from Uruguay. Both phylogenetic approaches yielded the same topology. The node supports shown on the branches corre-
spond to the bootstrap values resulting from 1,000 pseudo-replicates of the ML method (in percentage), and posterior probability values
of the BI method. Only bootstrap support values above 70 and the corresponding posterior Bayesian probability are shown. Taxa are
shown in the form “species name (locality) host”. Specimens studied in this work are in bold.

S. decipiens
complex 1

S. erinaceieuropaei

S. mansoni

using the standard sequencing service of Macrogen Inc (Korea)
standard sequencing service (ABI 3730x1 system).

A preliminary nBLAST search of the GenBank database was
performed to determine if phylogenetic analysis could be restrict-
ed to only one genus, resulting in high percentages of identity
with Spirometra species. In accordance with the methodology of
Armuia-Fernandez et al. (2021), multiple sequences of species of
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Spirometra available in GenBank were downloaded to create a
final data alignment, and the resulting database was analysed us-
ing the open-license software DnaSP v.6 (Rozas et al. 2017) to
identify haplotypic redundant sequences that could be removed.
Three Diphyllobothrium species D. tetrapterum (von Siebold,
1848), D. stemmacephalum Cobbold, 1858, and D. balaenop-
terae (Lonnberg, 1892) were selected as outgroups based on the
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Table 1. Sampling information of Austrolebias charrua Costa
et Cheffe captured in October 2019 at three temporary ponds in
different localites in southern Dos Patos Lagoon basin (southeast-
ern Uruguay). Confidence intervals were calculated by Blaker’s
method for prevalence and bias-corrected and accelerated boot-
strap for mean intensity. Confidence intervals for locality A could
not be estimated due to the low number of samples.

India Muerta  Ruta 9 km 272  La Coronilla
-33.655368, -34.203320, -33.900624,
-54.062627 -53.788991 -53.526706
Number of hosts (NH) 2 12 12
Total number of par-
asites per temporary 4 11 60
pond (NP)
Prevalence (P%) 50 42 (18-71) 58 (29-83)
Mean intensity (MI) 4 22(1444) 8.6(3.6-13.9)

currently accepted phylogenies of the family Diphyllobothriidae
(Waeschenbach et al. 2017; Fraija-Fernandez et al. 2021). Align-
ment of the sequences was performed with MUSCLE algorithm
in the program MEGA v.10 (Kumar et al. 2018). The nucleotide
substitution model for the Akaike Information Criterion (Akai-
ke 1974), the corrected Akaike Information Criterion (Sugiura
1978), and the Bayesian Information Criterion (Schwarz 1978)
was TrN + G, which was selected as the best model using JMod-
eltest2 (Darriba et al. 2012).

A heuristic Maximum Likelihood (ML) search was performed
using Subtree Pruning and Regrafting (SPR) and the robustness of
the nodes was determined using Bootstrap analysis (1,000 pseu-
doreplicates) with PhyML 3.0 software (Guindon et al. 2010).
In addition, Bayesian Inference (BI) with four Markov chains
Monte Carlo (MCMC) was performed for 12 runs of 20 million
generations using MrBayes software (Huelsenbeck and Ronquist
2001) in the CIPRES portal (Miller et al. 2010). The Tracer v1.7
package (Rambaut et al. 2018) was used to check stationarity of
MCMC. The genetic distance between lineages included in the
final alignment was calculated by computing the mean uncorrect-
ed p-distance (1,000 bootstrap pseudo-replicates) between eight
predefined groups of taxa: the six accepted species of Spirometra,
the new sequences obtained in this study, and the outgroup. This
was performed in MEGA v.10 (Kumar et al. 2018).

RESULTS

A total of 75 spargana were found free in the body cav-
ity (coelom) of Austrolebias charrua collected from three
sites in southeastern Uruguay, with locality C (La Coronil-
la) being the one with the highest parasitological indices
(Table 1). The larval parasites were tentatively identified as
Spirometra sp. This was based on general morphological
features such as the simple, enlarged scolex with distinct
transverse folds (Scholz et al. 2019), the absence of aber-
rant proliferation, and the presence of an apical slit as op-
posed to two longitudinal bothria across the entire scolex
(Waeschenbach et al. 2017) (see Supplementary Material 1).
In this case, no further identification could be made be-
cause the specimens were not sexually developed.

Molecular identification
Six new sequences for the mitochondrial marker COI
were obtained (accession numbers ON564699, ON564701,
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ON&818245, ON818247), but only the sequences longer
than 300 bp were used for the analyses, resulting in an av-
erage length of 357 (311-375) bp (ON564699, ON564700,
ONS564701, ON818245). The preliminary nBLAST search
in the GenBank database revealed 99% identity with Uru-
guayan sequences of Spirometra decipiens complex 1 ob-
tained from amphibians and reptiles (Armua-Fernandez et
al. 2021), confirming the morphological classification a
priori and restricting the study to the genus Spirometra.
The final alignment consisted of 90 partial sequences of
the mitochondrial COI gene: 81 sequences of Spirometra
spp. downloaded from GenBank, four new sequences ob-
tained in this study, and five sequences corresponding to the
outgroup (see Supplementary Material 2). On average, the
sequences had a length of 381 (311-391) bp, 139 variable
sites, and 125 parsimony informative sites. Both phyloge-
netic approaches used (ML and BI) showed a topology of
six defined lineages, consistent with the results of previous
authors (Armua-Fernandez et al. 2021, Kuchta et al. 2021).
The specimens studied in this work belonged to the mono-
phyletic clade of S. decipiens complex 1, with a ML boot-
strap support of 97 and a BI posterior probability of 1 (Fig.
2). They were also more closely associated with sequenc-
es from southern South America (Argentina, Chile, and
Uruguay), which indicates some geographic consistency
in the phylogeny. Genetic distance analysis supported this
result by yielding the lowest uncorrected p-distance value
between the spargana found in A. charrua and those of S.
decipiens complex 1 (mean p-distance = 0.0228 + 0.0041).

DISCUSSION

This work is the first report in the world of a Spirometra
species (S. decipiens complex 1 sensu Kuchta et al. 2021)
occurring naturally in a fish host, namely Austrolebias
charrua. The term ‘natural’ is used here to emphasise that
this parasitic association between S. decipiens and A. char-
rua was found in natural systems and not experimentally
enforced. This clarification is necessary because artificial
infections have been performed in fish in the past to inves-
tigate the ability of Spirometra sp. to exist in these hosts
(Joyeux et al. 1934, Yutuc 1951, Bearup 1957, Mueller
1960, Odening and Bockhardt 1982). While some authors
were able to obtain a few spargana from artificially infect-
ed fish (Joyeux et al. 1934, Odening and Bockhardt 1982),
most failed to obtain successful infections. For example,
all attempts by Yutuc (1951) were unsuccessful because
the spargana were either regurgitated, stuck in the posterior
chamber of the buccal cavity, or digested.

Bearup (1957) used procercoid-bearing copepods to in-
fect fish and also reported failure in all experiments. Final-
ly, Mueller (1960) cultured spargana in fish sera and inject-
ed them intramusculary into fish. After having no success,
he concluded that fish could not serve as intermediate hosts
for Spirometra spp. under any circumstances. While it is
true that the partially successful infections were early indi-
cators of the potential ability of Spirometra sp. to develop
in fish hosts, such reports are not comparable to what we
found in 4. charrua. In these annual fish, spargana thrived
in the host body cavity, suggesting successful development
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of procercoids into plerocercoids as well as active migra-
tion through the intestinal wall.

Although annual fishes are a poorly studied system in
terms of their parasites, they are known to harbour predom-
inantly larval stages of endoparasites, as shown by parasi-
tological studies of the African counterpart of the rivulids,
the nothobranchiids. This may be due to their annual life
cycles, which result in annual local extinction events that
most adult endoparasites cannot survive (Nezhybova et al.
2016). This is consistent with A. charrua acting as a sec-
ond intermediate or accidental host of S. decipiens com-
plex 1, with larvaec most likely ingested as procercoids in
small crustaceans and developing into plerocercoids after
migrating through the gut wall. Although there are no offi-
cial reports of mammals or reptiles consuming annual fish
as part of their diet in Uruguay, the finding of Spirometra
in A. charrua may indicate a possible trophic relationship
between these hosts.

The disparity in the number of spargana found at the
various sites draws attention. A likely explanation could
be that the samples were taken in October, the end of the
rainy season in Uruguay, and the beginning of the drought
season (Berois et al. 2015). This meant that the water of
the temporary ponds was in an advanced state of evapora-
tion, resulting in heterogeneous scenarios in the different
temporary ponds due to their irregular shapes and mor-
phologies. This led to an inevitable sampling bias in the
number of hosts collected (only two hosts could be found
in locality A), which was obviously reflected in the infec-
tion indices. Some other variables that may have affected
the number of spargana found in annual fish would be host
competition (presence of amphibian larvae that could also
act as second intermediate hosts for spargana), proximity
to other water sources, availability of definitive hosts in the
area, and anthropological influence.

At the observational level, anthropological effects ap-
peared to vary among the temporary ponds sampled in this
study. Locality C (La Coronilla) is closest to human set-
tlements, so domestic animals and opportunistic mammals
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such as some foxes, e.g., Cerdocyon thous (Linnacus) may
be more abundant in this area, likely resulting in high num-
bers of spargana in fish. Locality B (Ruta 9 km 272) is lo-
cated near a highway, possibly affecting the abundance of
definitive hosts in this area that reach the temporary pond,
and hence the lower numbers of spargana. Locality A (In-
dia Muerta) is the least anthropologically impacted, but
was nearly dry at the time of sampling, making it difficult
to draw further conclusions.

Knowledge of the life cycles of Spirometra spp. infect-
ing wildlife in South America, especially in Uruguay, is
still scarce (Armua-Fernandez et al. 2021). With 4. char-
rua as anew link in the trophic interactions that the parasite
uses to reach adulthood, the scenario becomes even more
complex. This highlights the need for further studies that
should encompass a broader range of hosts and environ-
ments. Exploring the link between Spirometra decipiens
complex 1 and 4. charrua from an ecological perspective
could also deepen the understanding of this novel niche
and thus contribute to the understanding of the life history
of these parasites.

Acknowledgements. We are grateful to Marcelo Loureiro (Zo-
ologia de Vertebrados, Udelar, Uruguay) for his guidance and co-
operation in the sampling of fish hosts. RV gratefully acknowledges
the support of ANII (Agencia Nacional de Investigacion e Inno-
vacion; POS NAC 2017 1 140766), PEDECIBA (Programa de
Desarrollo de las Ciencias Basicas, Uruguay) and CSIC (Comision
Sectorial de Investigacion Cientifica, Universidad de la Republica,
Uruguay), in financing his MSc postgraduate studies.

Author contributions. R.V. conceived the idea, carried out the ex-
periments, corresponding analyses, and wrote the manuscript. W.N.
and S.M. worked as overseers of the research process and contrib-
uted to the correction of the draft. WN. co-administered the pro-
ject, supervised and helped in the visualization and writing of the
manuscript. G.G. reviewed the manuscript. S.M. aided R.V. in the
initial taxonomic identification by morphology. N.R. reviewed the
manuscript, oversaw, and helped plan the experiments, aided R.V. in
carrying out the phylogenetic analyses and in writing the manuscript.

AKAIKE H. 1974: A new look at the statistical model identification.
Automat. Contr. 19: 716-723.

ALBERT J.S., RE1s R. 2011: Historical Biogeography of Neotropical
Freshwater Fishes. University of California Press, Berkeley, 408
pp.

ALMEIDA G.G., CosCARELLI D., MELO M.N., MELO A.L., PINTO
H.A. 2016: Molecular identification of Spirometra spp. (Cesto-
da: Diphyllobothriidae) in some wild animals from Brazil. Para-
sitol. Int. 65: 428-431.

AREZO M.J., D’ALESSANDRO S., Papa N., DE SA R., BEro1s N.
2007: Sex differentiation pattern in the annual fish Austrolebi-
as charrua (Cyprinodontiformes: Rivulidae). Tissue Cell 39:
89-98.

ARMUA-FERNANDEZ M.T., BURUTARAN M., BAzzANoO V., FELIX
M. L., Castro O., VENZAL J. M. 2021: Molecular character-
ization of Spirometra decipiens complex (Eucestoda: Diphyllo-
bothriidea) from Uruguay. Taxonomy 1: 270-277.

Folia Parasitologica 2023, 70: 008

ARRABAL J.P., PEREZ M.G., ARCE L.F., KAMENETZKY L. 2020:
First identification and molecular phylogeny of Sparganum pro-
liferum from endangered felid (Panthera onca) and other wild
definitive hosts in one of the regions with highest worldwide bio-
diversity. Int. J. Parasitol. Parasites Wildl. 13: 142—149.

Bearup A.J. 1957: Experimental vectors of the first larval stage
of Dibothriocephalus latus (Cestoda) in Australia. Aust. J. Exp.
Biol. Med. Sci. 35: 187-192.

BEerois N., GARrciA G., DE SA R.O. 2015: Annual Fishes: Life His-
tory Strategy, Diversity, and Evolution. CRC Press, Boca Raton,
327 pp.

BowLESs J., BLAIR D., McMaNus D.P. 1992: Genetic variants
within the genus Echinococcus identified by mitochondrial
DNA sequencing. Mol. Biochem. Parasitol. 54: 165-173.

BrABEC J., URIBE M., CHAPARRO-GUTIERREZ J.J., HERMOSIL-
LA C. 2022: Presence of Spirometra mansoni, causative agent

Page 5 of 7



doi: 10.14411/1p.2023.008

of sparganosis, in South America. Emerg. Infect. Dis. 28: 2347—
2350.

Busa A.O., LArrerTY K.D., Lotz J.M., SHOSTAK A.W. 1997:
Parasitology meets ecology on its own terms: Margolis et al.,
revisited. J. Parasitol. 84: 575-583.

Costa W.J.E.M. 2002: Monophyly and phylogenetic relationships
of the neotropical annual fish genera Austrolebias and Megale-
bias (Cyprinodontiformes: Rivulidae). Copeia 2002: 916-927.

Costa W.J.E.M. 2003: Rivulidae (South American annual fish-
es). In: R. E. Reis, S. O. Kullander and Jr. C. J. Ferraris (Eds.),
Checklist of the Freshwater Fishes of South and Central Ameri-
ca. EDIPUCRS, Porto Alegre, pp. 526—548.

Costa W.J.E.M. 2006: The South American annual killifish genus
Austrolebias (Teleostei: Cyprinodontiformes: Rivulidae): phy-
logenetic relationships, descriptive morphology, and taxonomic
revision. Zootaxa 1213: 1-162.

DarRriBA D., TABoADA G.L., DoaLLO R., Posapa D. 2012: jMod-
elTest 2: more models, new heuristics, and parallel computing.
Nat. Methods 9: 772-772.

DeLGADO C., GARciA G. 2014: Coevolution between Contracae-
cum (Nematoda, Anisakidae) and Austrolebias (Cyprinodon-
tiformes, Rivulidae) host-parasite complex from SW Atlantic
coastal basins. Parasitol. Res. 114: 913-927.

FRAIJA-FERNANDEZ N., WAESCHENBACH A., BRrRISCOE A.G.,
HockING S., KucHTtA R., NYmanN T., LitrtLEwoop D.T.J.
2021: Evolutionary transitions in broad tapeworms (Cestoda: Di-
phyllobothriidea) revealed by mitogenome and nuclear riboso-
mal operon phylogenetics. Mol. Phylogenet. Evol. 163: 107262.

FRrREDES F., MERCADO R., SALAS I.P., SuciyaAMA H., KOBAYASHI
H., Yamasakr H. 2022: Morphological observation and molec-
ular phylogeny of Spirometra decipiens complex 1 (Cestoda:
Diphyllobothriidae) found in cat from Chile. Parasitol. Int. 87:
102493.

GUINDON S., DUFAYARD J.F., LEFORT V., ANISIMOVA M., HORDI-
JK W., GascuEiL O. 2010: New algorithms and methods to es-
timate maximum-likelihood phylogenies: assessing the perfor-
mance of PhyML 3.0. Syst. Biol. 59: 307-321.

Hortz M.L., GiLmaN R. 2013: Sparganosis. In: A.J. Magill, D.R.
Hill, T. Solomon, E.T. Ryan (Eds.), Hunter’s Tropical Medicine
and Emerging Infectious Disease. Saunders, Philadelphia, pp.
917-920.

HuEeLSENBECK J.P., RoNQuisT F. 2001: MRBAYES: Bayesian in-
ference of phylogeny. Bioinformatics 17: 754-755.

JovEux C., HoUDEMER F.E., BAER J.G. 1934: Recherches sur la bi-
ologie des ““Sparganum” et I’étiologie de la sparganose oculaire.
Bull. Soc. Pathol. Exot. 27: 70-78

KikucHi T., MarRuYAMA H. 2019: Human proliferative spargano-
sis update. Parasitol. Int. 75: 102036.

KucuTA R., KOLODZIEJ-SOBOCINSKA M., BRABEC J., MLOCICKI
D., SALAMATIN R., ScHoLZ T. 2021: Sparganosis (Spirometra)
in Europe in the molecular era. Clin. Infect. Dis. 72: 882—890.

KumaRr S., STECHER G., L1 M., KNyaz C., Tamura K. 2018:
MEGA X: Molecular Evolutionary Genetics Analysis across
computing platforms. Mol. Biol. Evol. 35: 1547-1549.

Leary S.L., UNDERWOOD W., ANTHONY R., CARTNER S., Co-
REY D., GRANDIN T., GREENACRE C., GWALTNEY-BRANT
S., McCRrACKIN M.A., MEYER R., MILLER D. 2013: AVMA
guidelines for the euthanasia of animals: 2013 edition. American
Veterinary Medical Association, Chicago, 102 pp.

Liu Q., Lt M.W., WANG Z.D., Zuao G.H., Zuu X.Q. 2015: Hu-
man sparganosis, a neglected food borne zoonosis. Lancet In-
fect. Dis. 15: 1226-1235.

LOUREIRO M., AZPELICUETA M.M., GARcia G. 2004: Austrole-
bia arachan (Cyprinodontiformes, Rivulidae), a new species of
annual fish from northeastern Uruguay. Rev. Suisse Zool. 111:
21-30.

LourReIRO M., DUARTE A., ZARUCKI M. 2011: A new species
of Austrolebias Costa (Cyprinodontiformes: Rivulidae) from
northeastern Uruguay, with comments on distribution patterns.
Neotrop. Ichthyol. 9: 335-342.

Folia Parasitologica 2023, 70: 008

Vettorazzi et al.: First report of Spirometra in fish

Luque J.L., AGguiar J.C., VIEIRA F.M., GiBsoN D.I., SANTOS
C.P. 2011: Checklist of Nematoda associated with the fishes of
Brazil. Zootaxa 3082: 1-88.

MARCOTEGUI P.S., MONTES M.M., BARNECHE J., FERRARI W,
MARTORELLI S. 2018: Geometric morphometric on a new spe-
cies of Trichodinidae. A tool to discriminate trichodinid species
combined with traditional morphology and molecular analysis.
Int. J. Parasitol. Parasites Wildl. 7: 228-236.

MEDRANO J.F., AASEN E., SHARROW L. 1990: DNA extraction
from nucleated red blood cells. Biotechniques 8: 43.

MiLLER M.A., PFEIFFER W., ScHWARTZ T. 2010: Creating the
CIPRES Science Gateway for inference of large phylogenet-
ic trees. In: M.A. Miller (Ed.), Proceedings of the Gateway
Computing Environments Workshop (GCE). IEEE Press, New
Orleans, pp. 1-8.

MONTES M.M., BARNECHE J., GARCIA 1., PREISZ S., MARTOREL-
L1 S.R. 2017: New data on the acanthocephalan Neoechinorhy-
nchus villoldoi Vizcaino, 1992 (Neoechinorhynchidae: Acan-
thocephala), based on specimens found in Austrolebias bellottii
(Steindachner, 1881) (Rivulidae: Cyprinodontiformes) from
Punta Indio, Argentina. Check List 13: 53—59.

MUELLER J.F. 1960: The immunologic basis of host specificity in
the sparganum larva of Spirometra mansonoides. In: E. Caballe-
ro y Caballero (Ed.), Libro Homenaje al Doctor Eduardo Cabal-
lero y Caballero. Jubileo, Mexico, D.F., pp. 435-442.

NEZHYBOVA V., REICHARD M., BLAZEK R., ONDRACKOVA M.
2016: Metazoan parasites of African annual killifish (Notho-
branchiidae): abundance, diversity, and their environmental cor-
relates. Biotropica. 49: 229-238.

Nova O., bE NoyAa B., ARRECHEDERA H., TORRES J., ARGUEL-
Lo C. 1992: Sparganum proliferum: an overview of its structure
and ultrastructure. Int. J. Parasitol. 22: 631-640.

Opa F.H., BORTEIRO C., DA GRAGA R.J., TAVARES L.E.R., CRAM-
PET A., GUERRA V., LimA F.S., BELLAY S., KARLING L.C.,
CasTrO O., TAKEMOTO R.M. 2016: Parasitism by larval tape-
worms genus Spirometra in South American amphibians and
reptiles: new records from Brazil and Uruguay, and a review of
current knowledge in the region. Acta Trop. 164: 150—164.

ODENING K., BockHARDT I. 1982: Two European Spirometra
forms (Cestoidea: Diphyllobothriidae) with different sparganum
growth factors. Angew. Parasitol. 23: 15-27.

PEREIRA C., VAaZ Z. 1933: Nematode parasite of Cynolebias bellotti
(Pisces: Cyprinodonta). Rev. Biol. Hyg. 4: 59—-61.

RamBAUT A., DRUMMOND A.J., XIE D., BAELE G., SUCHARD
M.A. 2018: Posterior summarization in Bayesian phylogenetics
using Tracer 1.7. Syst. Biol. 67: 901.

REICZIGEL J., MAROZZI M., FABIAN 1., Rozsa L. 2019: Biostatis-
tics for parasitologists — a primer to Quantitative Parasitology.
Trends Parasitol. 35: 277-281.

RozASJ., FERRER-MATA A., SANCHEZ-DELBARRIO J.C., GUIRAO-
Rico S., LiBRADO P., RAMOS-ONSINS S.E., SANCHEZ-GRACIA
A. 2017: DnaSP 6: DNA sequence polymorphism analysis of
large data sets. Mol. Biol. Evol. 34: 3299-3302.

SakamoTo T., GUTIERREZ C., RODRIGUEZ A., SAauTo S. 2003:
Testicular sparganosis in a child from Uruguay. Acta Trop. 88:
83-86.

ScuaoLz T., KucHTA R., BRABEC J. 2019: Broad tapeworms (Di-
phyllobothriidae), parasites of wildlife and humans: recent pro-
gress and future challenges. Int. J. Parasitol. Parasites Wildl. 9:
359-369.

ScuwaArz G. 1978: Estimating the dimension of a model. Ann.
Stat. 6: 461-464.

Scioscia N.P., PETRIGH R.S., BELDOMENICO P.M., DENEGRI
G.M. 2014: The Pampas fox (Lycalopex gymnocercus) as new
definitive host for Spirometra erinacei (Cestoda: Diphylloboth-
riidae). Acta Trop. 133: 78-82.

SuGIURA N. 1978: Further analysts of the data by Akaike’s infor-
mation criterion and the finite corrections: further analysts of
the data by Akaike’s. Commun. Stat. — Theory and Methods. 7:
13-26.

Page 6 of 7



doi: 10.14411/1p.2023.008 Vettorazzi et al.: First report of Spirometra in fish

TABERNER R., VOLONTERIO O., DE LEON R.P. 2003: Description =~ WAESCHENBACH A., BRABEC J., ScHoLz T., LirTLEWOoOD D.T.J.,

of the pulli stages of Telotha henselii (Von Martens, 1869) (Iso- KucHTA R. 2017: The catholic taste of broad tapeworms—multi-
poda, Cymothoidae), with new hosts and locality records from ple routes to human infection. Int. J. Parasitol. 47: 831-843.
Uruguay and Argentina. Crustaceana 76: 27-37. Yutuc L.M. 1951: Observations on Manson’s tapeworm, Diphyl-

VETTORAZZI R.1., NORBIS W.A., MARTORELLI S.R. 2020: Novel lobothrium erinacei Rudolphi, 1819, in the Philippines. Philipp.
host report for Catadiscus uruguayensis Freitas and Lent, 1939 J. Sci. 80: 33-51.

(Trematoda, Diplodiscidae) infecting Austrolebias Costa, 1998
species from Uruguay. Check List 16: 1277-1282.

Received 30 November 2021 Accepted 22 December 2022 Published online 4 April 2023

Cite this article as: Vettorazzi R., Norbis W., Martorelli S.R., Garcia G., Rios N. 2023: First report of Spirometra (Eucestoda;
Diphyllobothriidae) naturally occurring in a fish host. Folia Parasitol. 70: 008.

Folia Parasitologica 2023, 70: 008 Page 7 of 7



