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Abstract

Calodium hepaticum (Nematoda; Capillariidae) is a parasitic nematode of mammals with a cosmopolitan distribution. Adults of
this nematode can infect the liver of many mammalian species, including humans, but the main hosts are members of the
superfamily Muroidea. Among these, Rattus spp. have the highest apparent prevalences reported worldwide. There are only
two reports of C. hepaticum infecting Sigmodontinae species (Muroidea: Cricetidae). In this survey, we examined the occurrence
of C. hepaticum in two assemblages of Sigmodontinae rodents from Argentina (Santa Fe and Entre Rios provinces). The
diagnosis was made by morphological features, histopathological exam, and molecular characterization of 18S ribosomal
RNA gene region. Here, we show that C. hepaticum is a common parasite of Sigmodontinae. We report the infection in six
species (all new hosts): Akodon azarae, Calomys callidus, Calomys venustus, Oligoryzomys flavescens, Oligoryzomys nigripes,
and Oxymycterus rufus. This is the first report of C. hepaticum in Sigmodontinae rodents from Argentina and the second record in
this subfamily for South America. It is also the first confirmation of C. hepaticum infection in Sigmodontinae by molecular
diagnosis. The genetic findings and the prevalences observed, together with the existing information on C. hepaticum, lead us to
propose that Rattus spp. brought C. hepaticum to the New World exposing Sigmodontinae rodents, which are frequently infected
by this parasite. The high prevalence of infection in A. azarae (41.2%) suggests that this host may be playing an important role in
C. hepaticum dynamics in the New World.
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Introduction

Calodium hepaticum Moravec, 1982 (Nematoda,
Capillariidae) is a cosmopolitan parasite of mammals, includ-
ing humans (Ferreira and Andrade 1993; Duque et al. 2012,
Fuehrer et al. 2011; Fuehrer 2014a, b). The main hosts of this
parasite are rodents of the superfamily Muroidea (Fuehrer
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2014a). Adults of C. hepaticum are found in the liver.
Hepatic infections occur following ingestion of embryonated
eggs by a mammal. After hatching, the larvae penetrate
through the intestinal wall, migrate into the hepatic portal
system, and develop as adults in the hepatic parenchyma
(Spratt and Singleton 2001). Gravid females lay immature
eggs there, and they are exposed to the next host after the
death and decomposition of the infected host or when it be-
comes prey (Spratt and Singleton 2001; Camargo et al. 2010).
Rothenburger et al. (2014) suggested that cannibalism may be
important in transmission among rats.

Among the Muroidea rodents, C. hepaticum has been re-
ported in over 90 host species of at least 44 genera of the
families Muridae (Murinae, Deomyinae) and Cricetidae
(Arvicolinae, Neotominae, Cricetinae, Sigmodontinae,
Gerbilinae, and Cricetomyinae) (Fuehrer 2014a). However,
this parasite is found frequently and at high prevalences (>
50%) in rats (Rattus spp.), for which rats are considered the
main hosts of C. hepaticum (Ceruti et al. 2001; Spratt and
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Singleton 2001; Duque et al. 2012; Moreira et al. 2013;
Fuehrer 2014a; Simdes et al. 2014). In the New World, the
predominant Muroidea rodents are the Sigmodontinae, which
comprise 381 species (D’Elia and Pardifias 2015). Many of
them live in sympathry with the introduced Murinae Ratfus
norvegicus Berkenhout, 1769 and Rattus rattus Linnaeus,
1758. Despite the large diversity of Sigmodontinae present
across the Americas, C. hepaticum has only been recorded
in Akodon venezuelensis Allen, 1899 and Sigmodon hispidus
Say & Ord, 1825, both diagnosed through morphological ex-
am (Vogelsang and Espin 1949; Kinsella 1974). Diagnosis of
C. hepaticum infection by molecular techniques has not been
reported in Sigmodontinae. Recently, there has been an in-
crease in the molecular analyses of Trichinelloidea nematodes
(including works on Trichuridae and Capillaridae) from ro-
dents (e.g., Robles et al. 2014, 2018; Callejon et al. 2016).
Particularly, a study had clarified the phylogenetic position
of C. hepaticum among the capillarids and the relationships
between some species of two families, Capillariidae and
Trichuridae (Guardone et al. 2013).

In this context, the aim of this paper was to document the
occurrence of C. hepaticum in two rodent assemblages of
central Argentina, basing the diagnosis on morphological
characteristics, histopathological exam, and 18S ribosomal
RNA sequences. Also, we provide a comprehensive summary
of existing records from rodents in South America and com-
pare our molecular findings with previous genetic studies.

Materials and methods
Data collection

A total of 409 Sigmodontinae rodents were trapped in
Esperanza (ES), Santa Fe Province (31° 24’ 20" S—60° 58’
16” W) and La Picada (LP), Entre Rios Province (31° 44’
06" S—60° 21’ 53" W), Argentina, during several field trap-
ping sessions carried out between June 2014 and September
2016. Rodents captured were identified to the species level by
assessing cranium morphology (Massoia and Fornes 1965;
Massoia 1973; Goncalvez and De Oliveira 2004). The
Sigmodontinae species captured and total count were as fol-
lows: Akodon azarae Fischer, 1829 (n=119 ES and 26 LP),
Calomys callidus Thomas, 1916 (n=29 LP), Calomys
venustus Thomas, 1894 (n=101 ES), Holochilus chacarius
Thomas, 1906 (n = 14 ES and 2 LP), Necromys lasiurus Lund,
1840 (n=5 ES), Oligoryzomys flavescens Waterhouse, 1837
(n=42 ES and 9 LP), Oligoryzomys nigripes Olfers, 1818
(n=15 ES), and Oxymycterus rufus Fischer, 1814 (n =47 LP).

All captured specimens were necropsied, and livers were
dissected and stored in plastic bags with ethanol (70%). At
the laboratory, they were examined under a stereoscopic
microscope in order to observe lesions consistent with C.
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hepaticum infection. The worm parts that could be recov-
ered from the lesions were cleared in lactophenol, studied
under light microscope, and then identified following
Wright (1961). In a subset of samples, diagnosis was
complemented by histopathology (following routine proce-
dures) and by molecular determination.

The prevalence (P) of C. hepaticum in each host population
was estimated by macroscopic and microscopic exams of the
lesions and helminths (as only part of the sample was proc-
essed by histopathology or molecular techniques) and was
calculated following Bush et al. (1997).

Molecular determination

Three specimens morphologically identified as C. hepaticum
(two from A. azarae and one from C. callidus) were washed
extensively in 0.9% saline solution and stored in 70% ethanol
until used for PCR and sequencing. Genomic DNA from in-
dividual worms was extracted using the AccuPrep® Genomic
DNA Extraction Kit (Bioneer) according to the manufac-
turer’s protocol. Genomic DNA concentration and purity were
assessed using the SPECTROstar Nano and the MARS Data
Analysis Software (BMG Labtech, Germany). 18S rRNA par-
tial gene was amplified by the polymerase chain reaction
(PCR), using primers 18S 965 and 18S 1573R (Powers et al.
2009). The PCR was performed in an Ivema T-18
thermocycler (Ivema Desarrollos, Argentina) using 5 pl of
5% Phire® reaction buffer, 200 uM dNTP, 0.4 pM of each
primer, 100 ng of genomic DNA, and 0.5 pl of Phire® Hot
Start Il DNA polymerase (Finnzymes, Finland) and complet-
ed to 25 ul with molecular grade water. PCR conditions were
as follows: 1 cycle at 98 °C for 3 min, followed by 35 cycles at
98 °C for 105, 57 °C for 20 s, 72 °C for 35 s; and 1 final cycle
at 72 °C for 5 min. A negative control was included in each
amplification run.

A phylogenetic analysis using the 18S rRNA sequences ob-
tained in this study and others from closely related species pre-
viously published in the GenBank was performed with the max-
imum likelihood (ML) method by using the program MEGA
5.0 (Tamura et al. 2011). Best fitting substitution models were
determined with the Akaike information criterion using the ML
model test implemented in MEGA 5.0. Support for the topolo-
gies was tested by bootstrapping over 1000 replications.

Results

In the present survey, we found liver lesions consistent with C.
hepaticum infection in 64 of 409 rodents (15.6%), recovering
in all cases female nematodes and eggs. Table 1 shows details
of the findings by site and host species. The most frequently
parasitized species was A. azarae.
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Table 1 Host species parasitized by C. hepaticum in two studies sites (Esperanza [ES], Santa Fe, and La Picada [LP], Entre Rios, Argentina). P,
prevalence; CI, 95% confidence interval
A. azarae C. callidus C. venustus H. N. O. flavescens O. nigripes O. rufus
chacarius lasiurus
ES P=412% (49/119), - P=1% (2/100), 0/14 0/5 P=71% (3/42), P=6.7% (1/15), —
CI=32-50% CI=0.3-7% Cl=1-17% CI=0.3-30%
LP P=7.7% (2/26), P=13.8% (3/29), - 0/2 - 0/9 - P=6.4% (4/49),
CI=1-26% CI=4-32% CI=1-18%
Male specimens were not found. The morphological char- ~ Discussion

acters observed in female specimens agree with the descrip-
tion given by Wright (1961).

A fragment of the 18S rRNA gene was amplified from
three adult female worms. These worms were obtained from
heavily parasitized hosts (two A. azarae and one C.
callidus) and were selected because they could be dissected
completely, being free from host liver tissue. The resulting
sequences (excluding primers) were 100% identical (600/
600) to the corresponding 18S rRNA sequence of C.
hepaticum (KT875351) obtained from R. norvegicus in
Argentina. Complete identity was also observed with small-
er overlapping segments of 18S rRNA of C. hepaticum from
other hosts in the Old World (JX456635, Switzerland,
Arvicola terrestris Linnaeus, 1758) (Guardone et al.
2013). The phylogenetic tree (Fig. 1) inferred from maxi-
mum likelihood analysis of the 18S rRNA sequences from
C. hepaticum and other species of Trichinelloidea showed
that C. hepaticum from Argentina nested in a clade together
with C. hepaticum from Italy, Switzerland, Poland, and
Turkey. Consensus sequence from C. hepaticum 18S
rRNA gene from this study was deposited in GenBank (ac-
cession number MG686613).

Histopathology of 40 subsamples identified lesions consis-
tent with C. hepaticum infection.

Eucoleus boehmi JX456628

Eucoleus boehmi KC341986
100|-Eucoleus dispar EU004821

Eucoleus aerophilus JX411622
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96 |'—————————Capillaria tenuissima EU004822
Calodium splenaecum KC753538
Aonchotheca putorii JX456624
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Calodium hepaticum JX456634 Italy
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Fig. 1 Dendrogram based on the partial 18S rRNA gene sequences of
Calodium hepaticum and related species of Trichinelloidea

In this study, we report C. hepaticum infection in six
Sigmodontinae species, all new hosts for this parasite. This
is the first report of C. hepaticum in Sigmodontinae rodents
from Argentina and the second record in this subfamily for
South America. In addition, this is the first report of C.
hepaticum in Sigmodontinae rodents confirmed by molecular
analysis. In Table 2, we offer a summary of the existing reports
C. hepaticum in Muroidea rodents from South America, in-
cluding the results of this survey.

Spratt and Singleton (2001) described that C. hepaticum
females move through host hepatic parenchyma, destroying
hepatocytes. Subsequent encapsulation is by fibrous con-
nective tissue of the host (Rothenburger et al. 2014).
Interestingly, there are no studies describing the sex of adult
C. hepaticum recovered from the liver. The absence of
males in the liver parenchyma is surprising and suggests
that new studies should establish whether they are naturally
scarce or if they are present in other organs.

The dendrogram based on partial 18S rRNA gene sequences
(Fig. 1) shows a remarkable separation of Capillariidac nema-
todes, where one clade groups respiratory parasites (Eucoleus
aerophilus, Eucoleus boehmi, and Eucoleus dispar) and another
capillarids colonizing abdominal organs of mammals (Calodium
splenaecum, Aonchotheca putorii, Pearsonema plica, and C.
hepaticum), as previously shown by Guardone et al. (2013).
No difference was observed between the 18S rRNA sequences
obtained from C. hepaticum hosted in Sigmodontinae in the
present study and those reported from C. hepaticum hosted in
Rattus spp. from different geographical origins (Argentina,
KT875351, and Poland, KY488184) and in Arvicola terrestris
Linnaeus, 1758 (Switzerland, JX456635-JX456636). Moreover,
a minimal difference was observed (599/600 bp) when com-
pared to the 18S rRNA sequence of C. hepaticum infesting
Cricetulus migratorius Pallas, 1773 (Turkey, MF287972) and
Vulpes vulpes Linnaeus, 1758 (Italy, JX456631-JX456634).
Previous studies demonstrated that dissemination of invasive
species, as Rattus spp., played a key role in the introduction of
parasites in new geographical areas (Hayman et al. 2013; Kosoy
etal. 2015; Puckett et al. 2016), which in turn may lead to altered
parasite community dynamics (Telfer et al. 2010). In this regard,
our results suggest that C. hepaticum originally circulating in
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Table 2 Calodium hepaticum in
Muroidea rodents from South
America. Host species,
geographic location, infection
prevalence (P %), and references

Species P (%) Country (city) Reference
Rattus norvegicus 20.1 Colombia (Medellin) Duque et al. 2012
45.0 Brazil (Rio de Janeiro) Simoes et al. 2014
NA Brazil (Salvador-Bahia) Ferreyra and Andrade 1993
56.5 Brazil (Bahia) Galvao 1981
83.0 Brazil (Salvador) Walker et al. 2016
54.1 Brazil (Belém) Moreira et al. 2013
NA Chile (Santiago) Rojas et al. 1971
333 Chile (Valdivia) Torres and Gonzalez 1972
30.0 Argentina (Buenos Aires) Hancke et al. 2011
Rattus rattus 64.0 Brazil (Bahia) Galvao 1976
43.1 Brazil (Sao Paulo) Meira 1931
2.0 Brazil (Porto Velho) Rocha et al. 2015
NA Brazil (Bahia) Ferreyra and Andrade 1993
384 Brazil (Belém) Moreira et al. 2013
69.8 Brazil (Sao Paulo) Almeida-Silva et al. 2011
Species Prev. (%) Country- City Reference
Akodon venezuelensis NA Venezuela Vogelsang and Espin 1949
Akodon azarae 412 Argentina (Santa Fe) Present paper
7.7 Argentina (Entre Rios) Present paper
Calomys callidus 13.8 Argentina (Entre Rios) Present paper
Calomys venustus 0.9 Argentina (Santa Fe) Present paper
Oligoryzomys flavescens 7.1 Argentina (Santa Fe) Present paper
Oligoryzomys nigripes 6.7 Argentina (Santa Fe) Present paper
Oxymycterus rufiis 6.4 Argentina (Entre Rios) Present paper

NA, no prevalence data reported

Europe and Asia might have been introduced into the New
World by rats, which transmitted the parasite to sigmodontine
rodents. So far, paleoparasitological studies found no evidence
of the presence of this parasite prior to rat introductions in the
New World. However, further research on the phylogeography
of C. hepaticum is necessary to test this hypothesis. Like in other
parts of the world, in South America, Rattus spp. have high
prevalence of C. hepaticum, ranging from 2 to 83% (see
Table 2). In Argentina, C. hepaticum was only reported in R.
norvegicus with a prevalence above 30% in Buenos Aires
Province (Hancke et al. 2011). The only previous reports of C.
hepaticum in Sigmodontinae rodents are Akodon venezuelensis
from Venezuela (Vogelsang and Espin 1949) and S. hispidus
from Florida, USA (Kinsella 1974); however, these diagnoses
were attained only by assessment of the presence/absence of
gross lesions. The prevalences reported here in Sigmodontinae
rodents were lower than those found in rats, except for A. azarae
from Santa Fe, where the prevalence was 41.2%.

In summary, an analysis of the genetic findings and the prev-
alences observed here, together with the existing information on
C. hepaticum, leads us to propose that Rattus spp. brought C.
hepaticum to the New World exposing Sigmodontinae rodents,
which are frequently infected by this parasite. The prevalence
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levels observed in A. azarae suggest that this host may be playing
an important role in C. hepaticum dynamics in the New World.
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