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Abstract Trypanosomes of anurans and fish are
grouped into the Aquatic Clade which includes species
isolated from fish, amphibians, turtles and platypus,
usually transmitted by leeches and phlebotomine sand
flies. Trypanosomes from Brazilian frogs are grouped
within the Aquatic Clade with other anuran try-
panosome species, where there seems to be coevolu-
tionary patterns with vertebrate hosts and association
to Brazilian biomes (Atlantic Forest, Pantanal and
Amazonia Rainforest). We characterised the anuran
trypanosomes from two different areas of the Cerrado
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biome and examined their phylogenetic relationships
based on the SSU rRNA gene. A total of 112 anurans
of six species was analysed and trypanosome preva-
lence evaluated through haemoculture was found to be
7% (8 positive frogs). However, only three isolates
(2.7%) from two anuran species were recovered and
cryopreserved. Analysis including SSU rDNA se-
quences from previous studies segregated the anuran
trypanosomes into six groups, the previously reported
AnO1 to An04, and An05 and An06 reported herein.
Clade An05 comprises the isolates from Leprodactylus
latrans (Steffen) and Pristimantis sp. captured in the
Cerrado biome and Trypanosoma chattoni Mathis &
Leger, 1911. The inclusion of new isolates in the
phylogenetic analyses provided evidence for a new
group (An06) of parasites from phlebotomine hosts.
Our results indicate that the diversity of trypanosome
species is underestimated since studies conducted in
Brazil and other regions of the world are still few.

Introduction

Trypanosomes are protozoan haemoparasitic flagel-
lates that infect all classes of vertebrates (fish,
amphibians, reptiles, birds and mammals) with life-
cycles involving alternation between vertebrate and
invertebrate hosts. Most species develop in haemato-
phagous arthropods, which may belong to different
orders and families, whereas amphibian and fish
parasites are transmitted by blood-sucking leeches
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and insects (Gruby, 1843; Hoare 1972; Vickerman
1994; Stevens et al., 2001; Cavalier-Smith, 2004;
Hamilton et al., 2005; Simpson et al., 2006; Hamilton
et al., 2007). Trypanosoma rotatorium (Mayer, 1843)
isolated from Pelophylax esculentus L. (=Rana escu-
lenta) is the first species described in the genus
Trypanosoma Gruby, 1843. Trypanosomes of anurans
exhibit high morphological and genetic diversity and
are generally more complex and polymorphic than
mammalian trypanosomes (Bardsley & Harmsen,
1973; Ferreira et al., 2007).

Traditionally, the phylogenies of Trypanosoma spp.
based on SSU rRNA and gGAPDH genes segregated
species into different clades which exhibit asso-
ciations with hosts, geographical origin or host
biology (Stevens et al., 2001; Hamilton et al., 2004;
Marcili et al., 2013). The Aquatic Clade includes
trypanosome species isolated from fish, amphibians,
turtles and platypus that are generally transmitted by
leeches and phlebotomines (Stevens et al., 2001;
Hamilton et al., 2004; Simpson et al., 2006; Ferreira
et al., 2007, 2008). Trypanosomes from Brazilian
frogs are grouped within the Aquatic Clade together
with other anuran trypanosome species, where there
seems to be coevolutionary patterns with vertebrate
hosts, and association to Brazilian biomes (Atlantic
Forest, Pantanal and Amazonia Rainforest), though
sampling gaps are huge (Ferreira et al., 2007; 2008).

In this study, we have collected and isolated anuran
trypanosomes from frogs in two different areas of the
Brazilian Cerrado biome. The new isolates were
characterised molecularly based on the rRNA gene
and their relationships with the other anuran try-
panosomes from Brazil were inferred from phyloge-
netic analyses.

Materials and methods

Study area and animal capture

Anurans were captured in two areas in the Cerrado
biome: an indigenous reserve for Tapirapé ethnicity,
municipality of Confresa (10°38'22"S, 51°34'08"W),
Mato Grosso State (average annual temperature 27°C;
annual precipitation higher than 1,800 mm), and an
island formed by damming the River San Francisco for
the construction of hydroelectric reservoir Trés Marias
and transformed into conservation area (Ecological
Station of Pirapitinga), municipality of Morada Nova
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de Minas (18°20'S-18°23'S; 45°17"W-45°20'W),
Minas Gerais State (average annual temperature
22°C; annual precipitation 1,300 mm). Pittfall traps
and manual capture were used to capture the anurans
in two field trips (ten days each) in October 2013 and
March 2014. Anurans were identified using identifi-
cation keys and original descriptions and anesthetised.
Blood samples were collected by means of heart
puncture. Some specimens were collected as vouchers
and deposited in museum herpetological collections.
These specimens were killed by anesthetic overdose,
fixed in formalin 10%, preserved in alcohol 70%, and
deposited at the Museum of Zoology, University of
Sao Paulo. All animals were captured and manipulated
in accordance to the recommendations of the Brazilian
Institute for the Environment and Renewable Natural
Resources Chico Mendes Institute of Biodiversity
Conservation (IBAMA ICMbio) and approved by the
Animal Research Committee of the Faculty of
Veterinary Medicine, University of Sao Paulo
(FMVZ-USP), Brazil.

Isolation of anuran trypanosomes

For trypanosome isolation, blood samples from
anurans were inoculated into Vacutainer tubes con-
taining a biphasic medium consisting of 15% sheep
red blood cells as the solid phase (blood agar base),
overlain by liquid LIT medium supplemented with
20% FBS at ambient temperature (25-30°C) (Marcili
et al., 2013). Epimastigote forms from positive
cultures were used to infect monolayers of insect cells
(SF9) in 25 cm® flasks kept in TC100 medium
containing 10% bovine calf serum at 28°C. The
isolates were cryopreserved in liquid nitrogen in the
Brazilian Trypanosomatid Collection (Colecdo Brasi-
leira de Tripanossomatideos, CBT), Department of
Preventive Veterinary Medicine and Animal Health,
FMVZ-USP. The primary samples (blood) were fixed
in ethanol for molecular detection.

Molecular data and phylogenetic analysis

DNA was extracted from the trypanosome culture
samples using the phenol-chloroform method and the
primary samples (blood) were purified using the
Wizard DNA Clean-Up System (Promega, Madison,
USA). The DNA samples were subjected to poly-
merase chain reaction (PCR) amplification for try-
panosome barcode (V7-V8 region of SSU rDNA)
according Marcili et al. (2013). PCR products of the
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expected size were purified and sequenced in an
automated sequencer (ABI Prism 310). The nucleotide
sequences generated were deposited in GenBank
(Table 1).

The newly-generated sequences were aligned with
sequences previously determined for other trypanosome
species available in GenBank (Table 1) using ClustalX
(Thompson et al., 1997) and were adjusted manually
using GeneDoc (Nicholas et al., 1997). The alignment
was used to construct phylogenetic trees using max-
imum parsimony, as implemented in PAUP version
4.0b10 (Swofford, 2002) with 500 bootstrap replicates
and Bayesian analysis performed using MrBayes v3.1.2
(Huelsenbeck & Ronquist, 2001) with 1,000,000 repli-
cates. The first 25% of the trees represented ‘burn-in’,
and the remaining trees were used to calculate Bayesian
posterior probabilities.

Results

A total of 112 anurans belonging to six species was
captured (Table 2). Trypanosome prevalence, as
evaluated through haemoculture, was 7% (n = 8).
Positive haemocultures were recovered from Rhinella
schneideri (Wemer), Leptodactylus latrans (Steffen),
Leptodactylus fuscus (Schneider) and Pristimanis sp.,
but only three isolates (ex L. latrans and Pristimanis sp.)
were established and cryopreserved in the Colecao
Brasileira de Tripanossomatideos (CBT) (Table 1).
Parasites were initially grown in biphasic isolation
media, but epimastigote forms started dying probably by
nutritional requirements not supplied in the liver infusion
tryptose (LIT) medium. The transfer of parasites to the
monolayer of SF9 cells led to the growth and isolation of
trypanosomes. Primary samples (blood) were obtained
from only 57 anurans when collection of sufficient
quantities for molecular studies was possible, with
priority to haemoculture for parasite isolation. All
samples were negative for trypanosome DNA barcod-
ing, including the blood from the positive animals.
Sequences of the SSU rDNA (V7-V8 region) from
three isolates recovered were aligned with sequences
for different trypanosome species of the Aquatic Clade
retrieved from GenBank (Table 1). The phylogenetic
relationships based on SSU rDNA sequences inferred
by maximum parsimony and Bayesian analysis cor-
roborated the monophyly of the Aquatic Clade and the
fish and anuran subclades in congruent topologies

(Fig. 1). Species of Trypanosoma in the Anuran Clade
(maximum support in both analyses) were segregated
into six groups, An01 to An04, described previously
(Ferreira et al., 2007), An06 comprising isolates from
phlebotomines previously included in group An03
(Ferreira et al., 2008) and AnO5, a new clade,
discovered in the present study. The latter comprises
three isolates of anuran trypanosomes captured in the
Cerrado biome (maximum node support, see Fig. 1);
these exhibited intraspecific (An05) divergence of
0.46% and 3.62%, excluding and including 7. chat-
toni, respectively. The divergence between An05 and
the remaining groups within the Anuran Clade was
8.19%, 10.28%, 10.86%, 11.98% and 21.25% with
An03, An06, An02, An0O1 and An04, respectively.

Discussion

The determination of how many anuran trypanosomes
represent valid species or lineages is a subject far from
being solved. Different authors consider differently
the validity of species and the morphological charac-
ters that should be used to classify anuran try-
panosomes (Desser, 2001; Ferreira et al., 2007).
Morphological polymorphism of blood forms is
common, and anuran trypanosomes with distinct
geographical origins or hosts can be morphologically
similar (Desser, 2001; Martin et al., 2002; Lemos
et al., 2008). More than 70 anuran trypanosomes are
described with a worldwide distribution. However,
world regions are far from being adequately sampled,
isolates are difficult to obtain and parasite detection is
difficult or imprecise because of the low levels of
infection and the inadequacy of molecular markers for
diversity exploration and phylogenetic studies.

Many phylogenetic studies have positioned the
anuran trypanosomes into the Aquatic Clade together
with fish, turtle and platypus trypanosomes transmit-
ted by leeches (Stevens et al., 2001; Hamilton et al.,
2004; Simpson et al., 2006; Ferreira et al., 2007;
Bartlett-Healy et al., 2009; Paparini et al., 2014).
However, anuran trypanosomes can also be transmit-
ted by terrestrial leeches (Hamilton et al., 2005),
phlebotomines (Ferreira et al., 2008) and mosquitoes
(Bartlett-Healy et al., 2009). In Brazil, trypanosomes
of anurans from different biomes are found and
segregated into four subgroups (An01-An0O4) in
relation to other species from North America, Europe
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Table 1 Isolates of Trypanosoma spp., their host and geographical origin and GenBank accession numbers for sequences of SSU

rDNA used in phylogenetic analyses

Species Isolate Host Geographical ~ Acession
code origin Number
Anuran trypanosomes
T. ranarum (Lankester, 1871) Lithobates pipiens (Schreber) USA AF119810
T. neveulemairei Brumpt, 1928 Rana cf. esculenta (Linnaeus) Yugoslavia AF119809
T. therezieni Brygoo, 1963 Chamaeleo brevicornis (Giinther) Africa AJ223571
T. mega Dutton & Todd, 1903 Amietophrynus regularis (Reuss) Congo AJ223567
T. fallisi Martin & Desser, 1990 Anaxyrus americanus (Holbrook) Canada AF119806
T. rotatorium Mayer, 1843 Lithobates catesbianus (Shaw) Canada AJ009161
T. rotatorium Mayer, 1843 Lithobates catesbianus (Shaw) USA U39583
T. chattoni Mathis & Leger, 1911 Lithobates pipiens (Schreber) USA AF119807
Trypanosoma sp. TryCC305 Trachycephalus typhonius (Linnaeus) Brazil EF457286
Trypanosoma sp. TryCC315 Trachycephalus typhonius (Linnaeus) Brazil EF457287
Trypanosoma sp. TryCC358 Phyllomedusa sp. Brazil EU021235
Trypanosoma sp. TryCC406 Scinax ruber (Laurenti) Brazil EU021236
Trypanosoma sp. TryCC444 Leptodactylus chaquensis Cei Brazil EF457288
Trypanosoma sp. TryCC646 Aplastodiscus leucopygius (Cruz & Peixoto) Brazil EF457285
Trypanosoma sp. TryCC660 Scinax hayii (Barbour) Brazil EU267075
Trypanosoma sp. TryCC322 Rhinella schneideri (Wemer) Brazil EF457289
Trypanosoma sp. TryCC346 Rhinella hoogmoedi Caramaschi & Pombal Brazil EF457292
Trypanosoma sp. TryCC362 Rhinella margaritifera (Laurenti) Brazil EF457293
Trypanosoma sp. TryCC858 Rhinella icterica (Spix) Brazil EF457290
Trypanosoma sp. TryCC339 Rhinella marina (Linnaeus) Brazil EF457294
Trypanosoma sp. TryCC364 Rhinella marina (Linnaeus) Brazil EF457295
Trypanosoma sp. TryCC398 Leptodactylus pentadactylus (Laurenti) Brazil EF021227
Trypanosoma sp. TryCC399 Rhinella margaritifera (Laurenti) Brazil EU021233
Trypanosoma sp. TryCC408 Pristimantis gr. lacrimosus (Jimenez de la Brazil EU021224
Espada)
Trypanosoma sp. CBTO06" Pristimantis sp. Brazil KP019969
Trypanosoma sp. CBT175% Leptodactylus latrans (Steffen) Brazil KP019970
Trypanosoma sp. CBT177* Leptodactylus latrans (Steffen) Brazil KP019971
Trypanosomes from sand flies
Trypanosoma sp. 101 Sciopemyia sordellii (Shannon & Del Ponte) Brazil EU021242
Trypanosoma sp. 103 Evandromyia infraspiosa Mangabeira Brazil EU021237
Trypanosoma sp. 120 Sciopemyia sordellii (Shannon & Del Ponte) Brazil EU021243
Trypanosoma sp. 887 Sciopemyia sp. Brazil EU021245
Trypanosoma sp. 888 Sciopemyia servulolimai (Damasceno & Brazil EU021241
Causey)
Trypanosoma sp. 1155 Sciopemyia sordellii (Shannon & Del Ponte) Brazil EU021244
Trypanosoma sp. IKAZ/ Phlebotomus kazeruni Theodor & Mesghali Pakistan AB520638
SKF32
Fish trypanosomes
T. triglae Neumann, 1909 Trigla lineata Gmelin Senegal U39584
T. boissoni Ranque, 1973 Zanobatus atlanticus (Chabanaud) Senegal U39580
T. murmanensis Nikitin, 1927 Hippoglossus hippoglossus (Linnaeus) Canada DQO016616
T. chelodinae Johnson, 1907 Emydura signata (Gray) Australia AF297086
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Table 1 continued
Species Isolate Host Geographical ~ Acession
code origin Number
T. binneyi Mackerras, 1959 Ornithorynchus anaticus Dun Australia AJ620565
T. ophiocephali Chen, 1964 Channa argus (Cantor) China EU185634
T. granulosum Laveran & Mesnil, Anguilla anguilla (Linnaeus) Portugal AJ620552
1902
Trypanosoma sp. CLAR Clarias angolensis Steindachner Africa AJ620555
Trypanosomes from leeches
T. cobitis Mitrophanow, 1883 Hemiclepsis marginata (Miiller) Europe AJ009143
Trypanosoma sp. K& A UK AJO09167
Other trypanosomes
T. avium Danilewsky, 1885 Corvus frugilegus Linnaeus Czech U39578
Republic
T. theileri (Laveran, 1902) Bos taurus Linnaeus Japan AB007814
T. lewisi (Kent, 1880) Rattus sp. USA AJ223566

# Isolates from the present study

Table 2 Host species examined in this study and trypanosome isolates detected by haemoculture (HE) and molecular diagnosis

Species Locality No. of Cryopreserved Primary samples/positive
examined/positive HE isolates® PCR
Leptodactylus fuscus Trés Marias, Minas 9/1 0 3/0
(Schneider) Gerais
Leptodactylus latrans (Steffen) Trés Marias, Minas 12/5 2 4/0
Gerais
Rhinella schneideri (Werner) Trés Marias, Minas 66/1 0 50/0
Gerais
Rhinella mirandaribeiroi Confresa, Mato 22/0 0 -
(Gallardo) Grosso
Physalaemus nattereri Trés Marias, Minas 1/0 0 -
(Steindachner) Gerais
Pristimantis sp. Confresa, Mato 2/1 1 —
Grosso
Total 112/8 3 57/0

* Total no. of isolates established and cryopreserved in Colec@o Brasileira de Tripanossomatideos (CBT)

and Africa based on phylogenetic analyses (Ferreira
etal., 2007). Brazilian isolates from these groups seem
to be related to host species and/or biomes (Atlantic
Forest, Pantanal and Amazonia) (Ferreira et al., 2007).
Samples originating from frogs captured at the Cer-
rado biome have never been included in a phyloge-
netic analysis; these were segregated into a new
subgroup which we named An05. Isolates from
phlebotomines previously included in An03 (Ferreira
et al., 2008) were segregated in An06 subgroup. The
groups AnOl to An(04 were recovered and their

position within the anuran trypanosomes and inside
the Aquatic Clade was confirmed.

The subgroups in the Anuran Clade do not exhibit
clear association with different factors that can
interfere with and modulate the evolution of the
group. Previous studies conducted by Ferreira et al.
(2007, 2008) suggest an association with the different
biomes studied (Amazonia, Pantanal and Atlantic
Forest) and/or host families. The results of our study
also suggest an association with the biome of origin
because of the differentiation of separate ANOS group
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Fig. 1 Maximum parsimony (MP) tree inferred from SSU rRNA gene sequences for 48 trypanosomes with Trypanosoma avium as an
outgroup (827 characters; 296 parsimony-informative sites) with indication of the nodal support from Bayesian inference analysis.
Numbers at nodes are the support values ordered as MP/BI. The sequences obtained in this study are indicated in bold. The scale-bar

indicates the expected number of substitutions per site

from hosts captured in the Cerrado biome. However,
the recovery of the new group An06 formed by
trypanosomes isolated from phlebotomines suggests
that evolutionary patterns in anuran trypanosomes can
be associated with vectors/hosts.

In spite there appears a relation among the Brazilian
anuran trypanosomes and their origin (Brazilian
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biomes), the correlations are still weak due to large
sampling gaps. Amphibians have more restricted
distributions compared to other vertebrates due to
their restricted niches and limited dispersal (Buckley
& Jetz, 2007; Smith & Green, 2005). The Neotropical
region has the greatest diversity of frogs in the world
and this diversity decreases from wet to dry areas, and
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with altitude (Buckley & Jetz, 2007). Roughly, these
species can be split into two ecological groups, one
associated with forests, and the other associated with
open formations (Heyer, 1988). Yet, the variety of
natural history and reproductive modes of the species
is very high within these groups, and usually related to
microhabitat specificity.

Anuran trypanosomes from Cerrado presented
different nutritional requirements compared with the
other already described groups, since they required
insect cell monolayer for their development whereas
the other groups have been cultured in LIT medium
supplemented with bovine fetal serum. The LIT
medium was originally described for the isolation of
Trypanosoma cruzi (Chagas, 1909) and mimics the
conditions found in the insect gut (Camargo, 1964);
this medium has been effective in isolating various
species of trypanosomes (Ferreira et al., 2007; Viola
et al., 2009a, b). Haemocultures can select growth of
the trypanosome species (Maia da Silva et al., 2009;
Marcili et al., 2013).

The subgroup ANO4 comprises species of try-
panosomes described from Africa, Europe, Asia and
North America, except for Trypanosoma chattoni
(Mathis & Leger, 1911) that clustered within the
AnO5 group. Trypanosoma chattoni was described from
North America and has not been so far included in other
phylogenetic clusters described (Ferreira et al., 2007,
2008). Despite the great morphological variability of
blood trypomastigotes and cultured epimastigotes,
parasites with morphology similar to 7. chattoni have
been described in other studies conducted in Brazil
(Ferreira et al., 2007; Lemos et al., 2008).

The phylogenetic relationships and the position of
anuran trypanosome subgroups are still provisional,
since the inclusion of isolates from different geo-
graphical origins in the Americas and other continents,
different anuran species with distinct microhabitats
and vectors, may change the relationships and position
of species in the phylogeny. The absence of clear
evolutionary patterns reflects the small number of
species or isolates of anuran trypanosomes described
and included in phylogenetic studies compared to high
diversity of frogs and phlebotomines and other
possible vectors. The inclusion of new Brazilian
isolates in phylogenetic analysis revealed greater than
previously known diversity within the Anuran Clade.
In addition to sampling effort, nutritional requirements
represent another major factor for the isolation of frog

trypanosomes. The use of new culture media in
association with cell monolayers has increased the
success of isolation and assessment of the diversity
within the Anuran Clade. Further efforts should be
concentrated on the isolation of trypanosomes from
different species of frogs and vectors from already
sampled or different locations but with culture media
different from those used in previous studies.
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