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Abstract
Purpose  Brazilian anurans are considered the most diverse and species rich around the world. Although in recent years there 
has been a strong focus on research related to this group of animals, their parasites have not received the same attention. Thus, 
this study aimed to provide morphological and molecular data on haemogregarines biodiversity infecting Brazilian anurans.
Methods  During 2020, 116 anurans were collected from four Brazilian States and their blood and fragment of organs were 
screened for haemogregarine parasites.
Results  From the total, seven (6.03%) animals were found infected with species of Hepatozoon and Dactylosoma. Based 
on the morphological and molecular analysis, four anurans were found infected with Hepatozoon latrensis. The phyloge-
netic analysis has shown the isolates from this study grouping with the Brazilian anuran Hepatozoon clade, also with gene 
similarity ranging from 99.70 to 100% to H. latrensis isolates available on GenBank. Furthermore, three specimens (Tra-
chycephalus typhonius, Leptodactylus latrans, and Rhinella diptycha) were infected with the same species of Dactylosoma 
(100% genetic similarity), with a genetic similarity of 98.56% to Dactylosoma piperis the only other species described in 
Brazil. In support of the molecular data, different morphological characters were observed in the blood smears as compared 
to D. piperis, suggesting that the species of Dactylosoma from the present study infecting three different species of Brazil-
ian anurans is an undescribed species.
Conclusion  Thus, this study increases the knowledge of Brazilian anuran blood parasites and demonstrates the importance 
of using integrative approaches for the diagnosis of haemoparasites.

Keywords  Haemoparasite · Haemogregarine · Hepatozoon · Amphibian · Phylogeny · 18 S rRNA

Introduction

Amphibians are considered a diverse group of vertebrates, 
whose distribution extends from Tropical regions to the Arc-
tic and North temperate zones [1]. Recently, the amphib-
ian populations are declining around the world, due to their 
susceptibility of environmental pollution and emerging 
diseases, studies on these animals have increased, however, 
their parasites have not received the same attention [2, 3].

Anurans are exposed to a great variety of pathogens, 
and some of their blood parasites include filarial nema-
todes, haemoflagellates, and apicomplexans [4–6]. Intra-
cellular haemogregarines are a diverse group of adeleori-
nid coccidia (Apicomplexa: Adeleorina) comprising four 
families: Dactylosomatidae Jakowska and Nigrelli, 1955, 
Haemogregarinidae Léger, 1911, Hepatozoidae Miller, 
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1908, and Karyolysidae Labbé, 1894. The genus Hepato-
zoon includes the most common haemogregarines found in 
anurans. Several species have been described from Africa, 
Asia, and Europe [4, 7, 8] and according to Netherlands et 
al. [9] and Úngari et al. [10] there are 48 recognized species 
of Hepatozoon infecting anurans globally. In Brazil, four 
species of Hepatozoon are known, Hepatozoon leptodactyli 
(Lesage, 1908) Pessoa, 1970 described from a Leptodactylus 
sp. based solely on morphological data [11], and recently, 
three additional species described infecting Brazilian anu-
rans, using morphological, morphometric and molecular 
tools [10].

Other haemogregarines found in anurans belong to the 
family Dactylosomatidae. These parasites are intracellular 
haemoparasites that comprises the genera Dactylosoma 
Labbé, 1894 and Babesiosoma Jakowska and Nigrelli, 1956. 
In anurans, there are only five recognised species of Dacty-
losoma [12] with Dactylosoma piperis Úngari, Netherlands, 
Silva and O´Dwyer, 2020 being currently the only species 
described from Brazilian anurans [12].

Due to the limited data of anuran haemogregarine para-
sites from Brazil, this study aimed to bring new insights on 
haemogregarine parasites diversity on Brazilian anurans, 
including a characterization of a new species of Dactylo-
soma using morphological and molecular methods.

Materials and Methods

Anuran Collection

During fieldwork in 2020, 116 anurans were collected from 
four Brazilian states (Mato Grosso, Mato Grosso do Sul, 
São Paulo, and Goiás) (Table 1). Specimens were physi-
cally restrained and the blood samples were collected by 
puncture of the cervical paravertebral sinus using sterile and 
disposable syringes and needles [13]. No ectoparasites were 
observed on collected animals.

After the blood collection, three thin blood smears were 
made on glass slides and the remaining blood sample was 
stored in EDTA tubes and frozen at − 10 ºC for further 
molecular analysis. All applicable international, national, 
and institutional guidelines for the ethical handling of ani-
mals were followed (SISBIO licence 60,640–1; CEUA-
UNESP 1061).

For histological slides, the anurans were euthanized using 
50 mg/kg sodium thiopental (Tiopentax®) administered 
intracerebrally, following the guidelines of Sebben [14] and 
the Animal Ethics Committee of Veterinary Medicine. The 
liver, spleen, heart, and kidney were fixed in 4% buffered 
neutral formalin and stained with hematoxylin–eosin [15].

Morphological Analysis

The blood smears were fixed with absolute methanol and 
stained with 10% Giemsa Methylene Blue Eosin Merck® 
diluted in distilled water (pH 7.0 for 50 min), according 
to Eisen and Schall [15]. For morphological analysis of 
the blood and tissue parasite stages, digital images were 
captured and measured using a compound microscope at 
1000 × magnification with the Leica software application 
suite LAS V3.8 (Leica Microsystems). Measurements are 
in micrometres (µm) comprising the parasite´s length and 
width, with mean and standard deviation (means ± standard 
deviation) given. Parasitaemia was calculated per 100 eryth-
rocytes, with ~ 104 erythrocytes examined per blood smear 
following Cook et al. [16].

Molecular Analysis

DNA was extracted from whole blood samples following 
the blood protocol of the DNeasy Blood & Tissue Kit (Qia-
gen, Valencia, CA, USA). Partial 18 S rRNA gene frag-
ments were amplified using two different pairs of primers 
HepF300/Hep900 (600 bp) and Hemo1/Hemo2 (900 bp) 
[17, 18]. The PCR amplification reactions for each pair of 

Table 1   Data on Brazilian anurans collected in 2020 from Mato Grosso, Mato Grosso do Sul and São Paulo States, positives for Hepatozoon and 
Dactylosoma species through morphological analysis

HI Hemoparasite infection, RPPN Private Reserve of Natural Heritage, MT Mato Grosso State, MS Mato Grosso do Sul State, SP São Paulo 
State

Species HI Locality Coordinates

Leptodactylus labyrinthicus (Spix, 1824) Hepatozoon Cocalinho city, MT 14°26′19.98″S, 51° 35′20.17″W
L. labyrinthicus Hepatozoon Araguaiana city, MT 14°32′13.49″ S, 51°40′38.81″ W
Leptodactylus sp. Hepatozoon Cocalinho city, MT 14°28′39.27″S, 51°36′31.95″W
Rhinella mirandaribeiroi (Gallardo, 1965) Hepatozoon Cocalinho city, MT 14°31′40.16″S, 51°41′34.07″W
Rhinella diptycha (Cope, 1862) Dactylosoma Cocalinho city, MT 14°31′10.77″S, 51°41′43.99″W
Leptodactylus latrans (Steffen, 1815) Dactylosoma RPPN Cisalpina city, MS 21°19′53.47″S, 51°56′39.61″W
Trachycephalus typhonius (Linnaeus, 1758) Dactylosoma Gavião Peixoto city, SP 21°50′43.34″S, 48°27′8.95″W
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primers and thermocycler conditions were carried out fol-
lowing Úngari et al. [10].

PCR products were subjected to the electrophoresis 
at 80 V in a 1.5% agarose gel, stained with Gel Red, and 
observed using an ultraviolet transilluminator. The prod-
ucts 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 Analyser capillary sequencer (Applied Bio-
systems) and after BigDye Terminator Cycle Sequencing 
Ready Reaction Kit v.3.1 (Applied Biosystems) according 
to the manufacturer´s recommendations.

The sequence chromatograms obtained (forward and 
reverse sequences) were assembled and edited from each 
primer to obtain a partial 18 S rDNA consensus sequence, 
and then concatenated [~ 1200 bp] using the Geneious ver-
sion 7.1.3 [19] (Bomatters, www.​genei​ous.​com). Sequences 
from the haemogregarine group available on GenBank were 
aligned using Geneious version 7.1.3 [19] with MUSCLE 
algorithm (Bomatters, www.​genei​ous.​com). Adelina dimid-
iata Schneider, 1875, Adelina grylli Butaeva, 1996, and 
Klossia helicina Schneider, 1875 were selected as outgroups 
following Úngari et al. [10]. Phylogenetic relationships were 
inferred via Bayesian inference (BI) using MrBayes 3.2.2 
[20] and Maximum likelihood (ML) analysis using RAxML 
7.2.8. [21]. For the BI analysis, the Markov Chain Monte 
Carlo (MCMC) algorithm was run for 1 million genera-
tions, sampling every 100 generations. The first 25% of the 
trees were discarded as “burn-in”. The Tracer tool was used 
to assess convergence and the “burn-in” period [22]. For 
the ML analysis, nodal support was assessed using 1000 
rapid bootstrap replicates [23]. The aligned sequences of 
haemogregarine species from anurans were compared using 
a pair-wise distance (p-distance) matrix.

Results

From 116 anurans screened (Table 1, Fig. 1), seven (6.03%) 
which correspond to three genera (Rhinella, Trachycehpalus 
and Leptodacylus) and three families (Bufonidae, Hylidae 
and Leptodactylidae), were found infected with species 
of Dactylosoma and Hepatozoon based on morphological 
screening [10, 11, 24, 25].

A species of Hepatozoon, latter molecularly identified 
as Hepatozoon latrensis Úngari, Netherlands, Silva and 
O´Dwyer, 2021, was identified in four anurans collected at 
Mato Grosso State, namely two Leptodactylus labyrinthi-
cus, one Leptodactylus sp., and one Rhinella mirandaribei-
roi with a parasitaemia of 3.24 and 5.17%, 1.92 and 0.05% 
respectively. The blood smears were analysed using a light 

Fig. 1   Brazilian anuran species surveyed for Hepatozoon and Dacty-
losoma species from this study

http://www.geneious.com
http://www.geneious.com
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microscope at 100 × magnification, and mature gamonts, 
immature gamonts, and free gamonts were observed in 
the peripheral blood of the four positive anurans (Fig. 2). 
From all the tissue fragments collected, only the spleen 
and liver were positive for Hepatozoon’s merogony; the 
histological slides of the four positive anurans revealed 
micromeronts with micromerozoites and macromeronts 
with macromerozoites (Fig. 3). The morphometric data 
are reported in Table 2.

Regarding species of Dactylosoma, three anurans were 
found positive: one Leptodactylus latrans from Mato 
Grosso do Sul State, one Trachycephalus typhonius from 
São Paulo State and one Rhinella diptycha from Mato 
Grosso State with a parasitaemia of 0.09, 0.06 and 0.16%, 
respectively. Based on the morphological analysis of the 
peripheral blood stages, it was possible to observe pri-
mary merogonic (trophozoites, early-stage meront, mer-
onts, and merozoites) and secondary merogonic (young 

Fig. 2   A–E Morphological data on Hepatozoon latrensis in four anu-
rans blood smears from Mato Grosso State, Brazil. A Mature gamont 
found in one anuran Rhinella mirandaribeiroi (268); B Mature 
gamont found in one Leptodactylus labyrinthicus; C-D) Free gamonts 

C and mature gamonts D found in one Leptodactylus sp.; E-Immature 
(head-arrow) and mature gamonts (arrow) found in one Leptodactylus 
labyrinthicus. Scale bar: 20 µm



1744	 Acta Parasitologica (2022) 67:1740–1755

1 3

Fig. 3   A–F Histological slides containing tissue stage merogony of 
Hepatozoon latrensis in four anurans from Mato Grosso State, Brazil. 
A Trizoic cyst found in the liver of the anuran Rhinella mirandaribei-
roi; B Macromeronts with macromerozoites found in the liver of Lep-
todactylus labyrinthicus; C–D Micromeronts with micromerozoites 

found in the spleen of one Leptodactylus sp.; E–F Macromeront (E) 
and two micromeronts found in the spleen of one Leptodactylus laby-
rinthicus. Black arrow (macromeronts). White arrow (micromeronts). 
Scale bar: 20 µm
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Fig. 4   A–P Morphological data on Dactylosoma amphibia n. sp. 
infecting Brazilian anurans. A–K Primary merogony: A–C Trophozo-
ites (young trophozoite—arrow); D–E Early-stage meront; F Amoe-
boid appearance meront G Fan-like shaped primary meront. H Mero-

zoites. I–P Secondary merogony: I–J Young meronts; K–O Mature 
meronts; K Fan-like shaped meront L Meront with dactylate apper-
ance; P Merozoites. Scale bar: 20 µm

Table 3   Dactylosoma amphibia n. sp. measurements (mean ± standard deviation) of the blood stages from Brazilian anurans

M merogony, DS Developmental stage, N number of parasites, PL parasite length, PW Parasite width, PA Parasite area, NL Parasite nuclei 
length, NW Parasite nuclei width, NA Parasite nuclei area, Nu nuclei

DS N PL (µm) PW (µm) PA (µm2) NL (µm) NW (µm) NA (µm2) Nu (µm)

Primary Merogony
 Throphozoite 13 5.37 ± 0.99 2.99 ± 0.53 13.98 ± 2.46 1.94 ± 0.83 1.96 ± 0.93 2.95 ± 1.15
 Early-stage meront 10 6.78 ± 0.58 3.95 ± 0.50 19.90 ± 3.67 2.40 ± 1.04 2.15 ± 0.76 2.96 ± 1.37
 Amoeboid appearance meront 9 12.98 ± 1.09 9.35 ± 1.39 76.78 ± 16.16 2.20 ± 0.40 1.05 ± 0.40 2.90 ± 0.18 5–7
 Fan-like shaped meront 2 10.11 ± 0.19 7.37 ± 0.13 58.94 ± 1.21 0.99 ± 0.14 0.57 ± 0.20 0.89 ± 0.21 13; 20
 Merozoite 10 3.05 ± 1.13 1.72 ± 1.81 3.71 ± 1.03 1.33 ± 0.33 1.69 ± 0.40 3.35 ± 1.58

Secondary Merogony
 Young meronts 2 5.57 ± 0.47 4.13 ± 1.0 16.04 ± 1.2 0.85 ± 0.2 0.94 ± 0.3 2.35 ± 0.41 3; 4
 Fan-like shaped meront 2 7.01 ± 0.22 3.99 ± 0.14 16.98 ± 0.52 1.15 ± 0.24 1.02 ± 0.07 1.59 ± 0.71 6
 Dactylate apperance meront 1 6.24 4.19 17.52 0.56 ± 0.11 0.89 ± 0.31 1.91 ± 0.32 5
 Mature meronts 3 10.0 ± 0.65 6.13 ± 1.06 42.64 ± 5.30 1.78 ± 0.45 1.32 ± 0.52 2.44 ± 1.20 5–6
 Merozoites 3 5.33 ± 0.14 4.39 ± 0.44 17.24 ± 0.11 2.02 ± 0.35 1.89 ± 0.43 4.85 ± 1.36
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meront and meronts) developmental stages, of an uniden-
tified species of Datylosoma (Fig. 4). The morphometric 
data are reported in Table 3.

Species Description

Dactylosoma amphibia n. sp. Úngari, Netherlands, Da Silva 
and O´Dwyer n. sp.

Type-host: Rhinella diptycha [Cope, 1862] (Anura: 
Bufonidae).

Other hosts: Trachycephalus typhonius [Linnaeus, 1758] 
(Anura: Hylidae) and Leptodactylus latrans [Steffen, 1815] 
(Anura: Leptodactylidae).

Type-locality: Mato Grosso State (14°31′10.77″S, 
51°41′43.99″W).

Other localities: L. latrans: Mato Grosso do Sul State 
(21°19′53.47″S, 51°56′39.61″W). T. typhonius: São Paulo 
State (21°50′43.34″S, 48°27′8.95″W).

Site of infection: Peripheral blood.
Prevalence: The total prevalence found was 2.58% 

(3/116).
Parasitaemia: 0.16%
Other parasitaemia: L. latrans with 0.09% and T. typho-

nius with 0.06%
Etymology: The epithet “amphibia” refers to the ana-

lysed host group (amphibians), since this species has low 
host specificity parasitizing different species of the amphib-
ian group.

Gene sequence: The 18S rDNA gene sequences obtained 
were 599 bp (R. diptycha) [OP480618], 593 bp (T. typho-
nius) [OP480172], and 609 bp (L. latrans) [OP480169].

Type-material: Hapantotype 1 X blood smear from R. 
diptycha was deposited in the collection of the National 
Institute of Amazonian Research (INPA), Manaus, Brazil 
[TO BE ADDED]. Parahapantotype 2 X blood smears: 1 
X from T. typhonius and 1X from L. latrans were depos-
ited in the collection of the National Institute of Amazonian 
Research (INPA), Manaus, Brazil [INPA26].

Note: The authors of the new taxon are different from 
the authors of this paper; Article 50.1 and Recommendation 
50A of the International Code of Zoological Nomenclature 
[26].

Morphological and Morphometric Analysis

The developmental stages of an unidentified species of Dac-
tylosoma were observed in three hosts, of which when the 
developmental stage was identified in more than one host, 
presented similar morphology and morphometry among 
them. The developmental stages observed were: trophozo-
ites, early-stage meronts, meronts (amoeboid appearance 
and fan-like shaped meronts), and merozoites from primary 
merogony. For secondary merogony, early-stage meronts, 

meronts (fan-like shaped, dactylate appearance, and round-
shaped meronts), and merozoites were identified. During 
primary merogony, meronts producing up to 20 chromatin 
divisions were observed and during secondary merogony, 
meronts producing up to six-chromatin divisions were 
observed (Fig. 4, Table 3). The total number of each devel-
opmental stages found in all the positive hosts is included 
as the letter “n” in the end of each developmental stage 
description.

Primary Merogony

Trophozoite (Fig. 4A–C): small ovoid to elongated, with both 
extremities rounded, cytoplasmic vacuoles evidenced and 
cytoplasm staining whitish, measuring 5.37 ± 0.99 µm long, 
2.99 ± 0.53 µm wide, and with area of 13.98 ± 2.46 µm2. 
Nuclei not clearly defined, sometimes placed at the middle 
or slightly towards one end of the parasite, non-dense chro-
matin, and stained dark-purple, measuring 1.94 ± 0.83 µm 
long, 1.96 ± 0.93 µm wide, and with area of 2.95 ± 1.15 µm2 
(n = 13).

Early-stage meront (Fig. 4D–E): Ovoid shape, with large 
cytoplasmic vacuoles evidenced, occupying half to almost 
the entire parasite, dislocating towards one end of the cyto-
plasm and nuclear chromatin of the parasite, with the cyto-
plasm stained purple-bluish, measuring 6.78 ± 0.58 µm long, 
3.95 ± 0.50 µm wide, and with area of 19.90 ± 3.67 µm2. The 
nuclear chromatin in the division process stained purple, 
always located close to the parasite’s membrane, measuring 
2.40 ± 0.37 µm long, 2.15 ± 0.28 µm wide, and with area of 
2.96 ± 0.87 µm2. In some cases, the parasite displaced the 
cell nuclei towards one side causing hypertrophy of the host 
cell (n = 10).

Amoeboid shaped meront (Fig.  4F): Large meront 
with one end tapered and the other rounded, cytoplasm 
stained bluish with vacuoles always presents, measur-
ing 12.98 ± 1.09 µm long, 9.35 ± 1.39 µm wide, and with 
area of 76.78 ± 16.16 µm2. Multinucleate with 5–7 nuclei, 
non-dense nuclear chromatin distributed towards the cyto-
plasm stained in dark-purple, measuring 2.20 ± 0.40 µm 
long, 1.05 ± 0.40 µm wide, and with area of 2.90 ± 0.18µm2 
(n = 9).

Fan-like shaped meront (Fig.  4G): Large and multi-
nucleate meronts (13 and 20 nuclei), measuring 
10.11 ± 0.19 µm long, 7.37 ± 0.13 µm wide, and with area 
of 58.94 ± 1.21 µm2. In some cases, it is possible to observe 
small vacuoles in the cytoplasm, which is stained purple-blu-
ish. Ovoid dense nuclear chromatin positioned on one side of 
meront, forming fan-like shape, measuring 0.99 ± 0.14 µm 
long, 0.57 ± 0.20 µm wide, and with area of 1.09 ± 0.21 µm2. 
These shaped meronts always cause dislocation of the nuclei 
cell towards one side and, in some cases, hypertrophy of the 
host cell (n = 2).



1748	 Acta Parasitologica (2022) 67:1740–1755

1 3

Merozoite (H): Small, grouped together in the eryth-
rocyte, measuring 3.05 ± 1.13 µm long, 1.72 ± 0.40 µm 
wide, and with area of 3.71 ± 1.03 µm2. Ovoid small and 
dense nuclear chromatin stained dark-purple, measuring 
1.33 ± 0.33 µm long, 1.69 ± 0.40 µm wide, and with area 
of 3.35 ± 1.58 µm2 (n = 10).

Secondary Mergony

Early-stage meront (Fig. 4I–J): (I) Round shape with cyto-
plasm stained whitish, with or without small vacuoles evi-
dent, measuring 6.13 µm long, 4.09 µm wide, and with 
area 17.17 µm2. Multinucleate with four slender nuclei dis-
tributed peripherally with chromatin stained dark-purple, 
measuring 0.41 ± 0.10 µm long, 0.78 ± 0.32 µm wide, and 
with area of 1.99 ± 0.24 µm2 (n = 1). (J) Elongated with 
one end tapered and the other rounded, with or without 
cytoplasmic vacuole, measuring 5.09 µm long, 4.17 µm 
wide, and with area of 14.91 µm2. Rounded end containing 
three nuclei, with dense and circular chromatin staining in 
deep magenta peripherally distributed, the measurements 
of the three nuclei are 1.15 ± 0.2 µm long, 1.02 ± 0.07 µm 
wide, and with area of 1.6 ± 0.71 µm2 (n = 1).

Fan-like shaped meront (Fig. 4K): Multinucleate meront 
with a tapered side and the other rounded with 6 nuclei, 
forming fan-like shape; in some cases, it is possible to 
observe small cytoplasmic vacuoles, the cytoplasm stained 
bluish, measuring 7.01 ± 0.22 µm long, 3.99 ± 0.14 µm 
wide, and with area of 16.98 ± 0.52 µm2. Ovoid dense 
chromatin positioned on one side of meront stained dark-
purple, measuring 1.15 ± 0.24 µm long, 1.02 ± 0.07 µm 
wide, and with area of 1.59 ± 0.71 µm2 (n = 2).

Dactylate shaped meront (Fig. 4L): Round shape (hand-
like appearance) with transparent cytoplasm with or with-
out small cytoplasmic vacuoles evidenced, measuring 
6.24 µm long, 4.19 µm wide, and with area of 17.52 µm2. 
Multinucleate with five nuclei located peripherally with 
dense chromatin staining in deep magenta, with the five 
nuclei measuring 0.56 ± 0.11 µm long, 0.89 ± 0.31 µm 
wide, and with area of 1.91 ± 0.32 µm2 (n = 1).

Mature meronts (Fig. 4M–O): Ovoid multinucleated (up 
to six nuclei) meronts, in some cases with one end more 
tapered than the other, intra or extracellular, with or with-
out cytoplasm vacuoles; measuring 10.0 ± 0.65 µm long, 
6.13 ± 1.06 µm wide, and with area of 42.64 ± 5.30 µm2. 
Rounded to irregular shaped nuclei stained purplish, meas-
uring 1.78 ± 0.45 µm long, 1.32 ± 0.52 µm wide, and with 
area of 2.44 ± 1.20 µm2 (n = 3).

Merozoites (Fig.  4P): Small and located within the 
erythrocyte, with one end more tapered, measuring 
5.33 ± 0.14 µm long, 4.39 ± 0.44 µm wide, and with area of 
17.24 ± 0.11 µm2. Rounded and dense nuclear chromatin 

stained in dark-purple, measuring 2.02 ± 0.35 µm long, 
1.89 ± 0.43 µm wide, and with area of 4.85 ± 1.36 µm2 
(n = 3).

Remarks  Regarding morphological and morphometric data, 
the seven species currently recognized have their peculi-
arities, which proved the one described here to be a new 
species. Of these seven, two were described infecting fish 
hosts, Dactylosoma salvelini Fantham, Porter and Richard-
son, 1942 from Canada and Dactylosoma iethrinorum Saun-
ders, 1960 from Egypt. The other five were described from 
anuran hosts: Dactylosoma sylvatica Fantham, Porter and 
Richardson, 1942 infecting Lithobates sylvatica LeConte, 
1825 from Canada; Dactylosoma taiwanensis Manwell, 
1964 infecting Fejervarya limnocharis Gravenhorst, 1829 
from Taiwan; Dactylosoma ranarum Kruse, 1890 (syn. D. 
splendes) infecting Pelophylax kl. esculentus Linnaeus, 
1758; Dactylosoma kermiti Netherlands, Cook, Du Preez, 
Vanhove, Brendonck and Smit, 2020 infecting Ptychadena 
anchietae Bocage, 1868; Sclerophrys gutturalis Power, 1927 
from South Africa; and Dactylosoma piperis Úngari, Neth-
erlands, Silva and O´Dwyer 2020 infecting Leptodactylus 
labyrinthicus Spix, 1824 from Brazil (Table 4).

Dactylosoma amphibia n. sp. has unique characteristics 
that distinguish it from the seven previously described and 
recognized species. The first merogony is characterized by 
small trophozoites with cytoplasmic vacuoles, early-stage 
meronts with cytoplasmic vacuoles occupying almost the 
entire parasite, and mature meronts containing variable 
shapes and sizes with up to 20 nuclei per meront. Second-
ary merogony contained of mature meronts with up to six 
nuclei and free, small, and elongated intraerythrocytic mer-
ozoites. In both merogonic cycles, variable meront shape 
were observed, such as the fan-like, dactylate, amoeboid, 
and rounded shape.

According to literature, primary merogony is charac-
terized by producing up to 16 merozoites forming a large 
multinucleate meront in hand-like or rosette-like shape [27]. 
From this study, up to 20 chromatin divisions (nuclei) in 
a fan-like shape and amoeboid appearance were observed. 
However, the second merogony is represented by up to eight 
merozoites [27] and in this study up to six-chromatin divi-
sion were observed.

Netherlands et al. [12] reported secondary merogony of 
D. kermiti with meronts producing up to six nuclei (chro-
matin division), similar to the present study. However, the 
trophozoite morphology reported in D. kermiti can be distin-
guished from Dactylosoma amphibia n. sp. with the nuclei 
not evident in D. kermiti, while in this study it was possible 
to identify in some cases placed at the middle or slightly 
towards one end of the parasite, non-dense chromatin and 
stained dark-purple. Moreover, D. kermiti primary merogony 
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was characterized by up to 14 nuclei formed differing from 
this study.

Regarding D. ranarum, the first species in Dactylosoma-
tidae, it has some similarities with Dactylosoma amphibia 
n. sp.; the secondary merogony of both species reported a 
nucleus formation stage with up to six-chromatin divisions. 
However, the morphometric values of D. ranarum are dis-
tinct in comparison with Dactylosoma amphibia n. sp.

Comparing the new species with D. taiwanensis and D. 
sylvatica different morphometric values were observed. 
Dactylosoma taiwanensis also presented square-shaped mer-
onts and second merogony up to eight chromatin divisions, 
differing from this study. Moreover, only a single, most 
probably the secondary merogonic cycle of D. sylvatica is 
reported in the literature, with meronts only producing up to 
eight merozoites, differing from this study.

Regarding the only Brazilian species described so far, D. 
piperis, there are some differences observed in comparison 
with the species from this study. The morphometric values 
from both species, the number of chromatin divisions from 
the two merogonies, and the presence in this study of amoe-
boid appearance meronts from the first merogony.

Molecular and Phylogenetic Analysis:

From the seven positive specimens, four with Hepato-
zoon and three with Dactylosoma, seven newly generated 
sequences were obtained, with the species of Dactylo-
soma generating amplicons of 599 bp (OP480168), 609 bp 
(OP480169), and 593 bp (OP480172); and the species of 
Hepatozoon generating four concatenated sequence ampli-
cons of 1.319 bp (OP477334); 1.365 bp (OP477337), 1359 
(OP477331), and 1.391 (OP477333).

In the phylogenetic analysis based on the alignment of the 
SSU rRNA sequences available on GenBank, both Maxi-
mum likelihood (ML) and Bayesian inference (BI) meth-
ods reported the same topologies with supported nodes 
and values in the clades (Fig. 5). The trees were generated 
with isolates from adeleorinid parasites (Haemogregarini-
dae, Hepatozoidae, Karyolysidae, and Dactylosomatidae) 
with Klossia helicina (HQ224955), Adelina dimidiata 
(DQ096835), and Adelina grylli (DQ096836) as outgroups. 
From the trees, the Dactylosomatidae clade forms a sister 
group to the large well-supported clade comprising isolates 
of Haemogregarinidae, Karyolysidae, and Hepatozoidae 
clades. The Dactylosomatidae clade comprises only Dac-
tylosoma species, of which the isolates from this study 
grouped close to D. piperis (MW264134), but in a sepa-
rate branch. Regarding the large well-supported clade, the 
monophyletic Haemogregarinidae clade was located as a 
sister group of a larger-clade comprising both Karyolysidae 
and Hepatozoidae polyphyletic groups. Species of Hepato-
zoon isolated from large mammals formed a sister group to 

Fig. 5   Consensus phylogram of haemogregarines based on 18S rDNA 
sequences (486 nt). The topology trees were inferred by Bayesian (BI) and 
Maximum Likelihood (ML) methods (represented by ML tree). The scale 
bar represents 0.01 nucleotide substitutions per site. The isolates Adelina 
dimidiata (DQ096835), Adelina grylli (DQ096836) and Klossia helicina 
(HQ224955) were used as an out-group
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the Karyolysidae clade comprising species of Karyolysus. 
Within the reptile and anuran Hepatozoon clade, the isolates 
from the present study grouped with isolates from Brazil, 
H. formosus Úngari, Netherlands, Da Silva and O´Dwyer, 
2021 (MW584356), H. longinucleus Úngari, Netherlands, 
Da Silva and O´Dwyer, 2021 (MW584361), and H. latren-
sis. (MW584362/ MW584365). The isolates from Brazilian 
anurans formed a sister group to a clade comprising species 
of Hepatozoon from Brazilian snakes, Hepatozoon musa 
Borges-Nojosa, Borges-Leite, Maia, Zanchi-Silva, Braga 
and Harris, 2017 (MF497767), Hepatozoon sp. (MF497768), 
and Hepatozoon cuestensis O’Dwyer, Moço, Kdos, Spenas-
satto, da Silva and Ribolla, 2013 (MF497077).

The Hepatozoon isolates from the current study, were 
identified as H. latrensis, with similarity varying beetween 
99.70–100% with H. latrensis (MW584365) from GenBank, 
with an intragenetic pair-wise divergence of 0.001 observed 
in the isolate OP477334 (Table 5).

Discussion

In the present study anurans of Bufonidae, Hylidae, and 
Leptodactylidae were screened for intracellular blood para-
sites, and have been found infected with Hepatozoon lat-
rensis and Dactylosoma amphibia n. sp. Haemogregarines 
are considered to have a cosmopolitan distribution and have 
been found in all continents, except the Arctic and Antarctic 
regions. Some interesting questions still need to be answered 
regarding the evolution and dispersal of these parasites. How 
have they adapted to so many different host species distrib-
uted across so many varying environmental conditions and 
habitats? Brazilian anurans are considered a rather diverse 
group and more studies are required to understand their 
haemogregarine parasites. The present study has provided 
new information, helping to set a base for future work on 
the biodiversity of haemogregarine parasites from Brazil-
ian anurans. Build on this knowledge will aid in answer-
ing questions on the biodiversity, evolution and dispersal of 
these parasites. Moreover, understanding the parasitic bio-
diversity and its occurrence in anurans may lead to a better 
comprehension of the host species condition, adaptation to 
the surrounding environment, and how they are affected by 
these parasites.

In Brazil, to date, only a handful of studies on haemogre-
garine parasites from anurans have been published (10, 
24, 33–35). Côelho et al. [33] reported the occurrence of 
Dactylosoma sp. infecting four Rhinella major [Muller and 
Hellmich, 1936] with a prevalence of 5.5%, and Rhinella 
marina [Linnaeus, 1758] (the only one screened). Úngari et 
al. [24] reported on species of Dactylosoma, with a descrip-
tion of a new species, D. piperis, infecting one L. labyrin-
thicus. With regards to species of Hepatozoon, from the 145 

frogs screened by Leal et al. [35], 18 (26.47%) Leptodac-
tylus chaquensis Cei, 1950 and 24 (31.17%) Leptodactylus 
podicipinus Cope, 1862 were found parasitized. Another 
study from Ferreira et al. [34] analysed 36 anurans, and two 
(5.5%), one L. latrans and one R. diptycha, were infected 
with Hepatozoon sp. In addition, Úngari et al. [10] screened 
66 anurans and reported a prevalence of 2.64% (4 host speci-
mens) positive for species of Hepatozoon, two L. latrans 
and two L. labyrinthicus. As shown above, there have only 
been a few studied on haemogregarine parasites from Brazil-
ian anurans. Furthermore, is it clear from the current data 
that the preevelence of haemogregarines infecting anurans 
from Brazil is surprisingly low. The prevalence found in the 
present study is 6.03%, supporting the results from similar 
studies conducted in Brazil [10, 33].

Four anurans were infected with H. latrensis in the pre-
sent study. Úngari et al. [10] reported this parasite infect-
ing two L. latrans from Mato Grosso State. Anurans of 
Leptodactylidae are known to harbour a great number of 
haemoparasites globally (30–32). Moreover, studies on 
haemogregarine parasites and different genera of anurans 
have shown more infection around anurans of the Lepto-
dactylidae [10, 32]. According to Netherlands et al. [36], 
semi-aquatic and aquatic anurans normally show higher 
prevalence compared to terrestrial anurans, suggesting that 
the vectors may live around aquatic habitats, such as leeches. 
Besides, in Brazil, the first species of Hepatozoon described 
from an anuran host was Hepatozoon leptodactyli [Lesage, 
1908] Pessoa, 1970 infecting Leptodactylus sp. based solely 
on morphological data [11]. Costa et al. [11] screened 90 
L. latrans [Steffen, 1815] and Leptodactylus pentadactylus 
[Laurent, 1768] reporting 17 infected with H. leptodactyli. 
Furthermore, the leech Haememteria lutzi Pinto, 1920 was 
considered as the possible vector of H. leptodactyli [11]. 
Although the hosts from the present study were collected 
from the same State where H. latrensis was described 
[10], the anuran hosts were different, R. mirandaribeiroi, 
L. labyrinthicus, and Leptodactylus sp. Anurans from the 
Bufonidae include nocturnal and terrestrial anurans, while 
in the Leptodactylidae, the species were semi-aquatic and 
have nocturnal behaviour [11]. Leeches as possible vectors 
could be related to anurans of the Leptodactylidae, but are 
less likely for anurans from the Bufonidae, since bufonids 
spend time in the aquatic environment only in the breeding 
season, so it is more likely that possible vectors could be 
mosquitoes, sandflies, and other dipteran vectors [11]. Fur-
thermore, it is important to highlight the generalist specific-
ity of H. latrensis, infecting anurans from different families 
of Brazilian amphibians. This species has been proving how 
well adapted it is, infecting hosts with different ecological 
habits and behaviour.

To date, the complete cycle of Dactylosoma has not 
been clarified. However, Barta [43] experimentally infected 
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Desserobdella picta (Verrill, 1872), the natural vector of 
B. stableri, with D. ranarum using frogs captured on the 
French island of Corsica. Although there was no develop-
ment of zygote formation or gametes, it was observed D. 
ranarum sporogonic formation in the intestinal epithelium of 
the experimentally infected leech host (Barta, 1991). Moreo-
ver, Nöller [44] was the first to attempt transmission of D. 
ranarum using the leech Hemiclepsis margmata (Müller, 
1774), but failed despite repeated attempts. In another study, 
Boulard et al. [45] tested Culicoides nubeculosus (Meigen, 
1830) mosquitoes as a potential vector of D. ranarum, but 
the experiments were inconclusive. Therefore, studies aimed 
at possible vectors of Dactylosoma were developed experi-
mentally. Future studies should be done emphasizing life 
cycles, with possible vectors captured in their environment, 
enriching the poor knowledge about Dactylosoma life cycles.

Regarding the morphological data, H. latrensis from this 
study presented some new developmental stages in blood 
smears, with free gamonts and microgamonts reported for 
the first time. Moreover, through molecular analysis, it was 
possible to identify the haemoparasites species found in this 
study, and also aid in the description of an undescribed spe-
cies. Thus, the usefulness of molecular analysis as a diag-
nostic tool is shown in this study. Moreover, although the 
molecular tool provides inferences about species description, 
only by integrating the techniques of morphology, morpho-
metry and molecular analysis, we can have advances in spe-
cies description and how these parasites behave in different 
hosts.

These biodiversity of parasites infecting anurans only 
shows how important it is study this group of animals, of 
which is experiencing large-scale declines in species diver-
sity. Over the last years, a third of the estimated amphib-
ian species have declined, according to the IUCN Global 
Amphibian Assessment [28]. Nowadays, 8,425 anuran spe-
cies have been described around the world, with a notable 
number of 1,146 Brazilian species [29]. Therefore, since 
anurans are known to harbour a great number of haemopar-
asites, with haemogregarines being the most commonly 
reported [30–32], this study has its relevancy for science, 
increasing the knowledge of parasites biodiversity.

Conclusion

The number of studies focussing on amphibian has been 
increasing in recent years, due to the possible extinction of 
this group [1]. However, in Brazil, the richest country in 
amphibian diversity, studies on parasites have not received 
the same attention, even with researches showing that para-
sites directly influence their quality of life, behaviour, repro-
duction, fecundity, fitness, and reproduction [32, 37, 38].
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Thus, the first step for a better comprehension of host-
parasite relation, potential pathogenicity, and their conse-
quences for the anuran hosts is the correct identification of 
these parasites. Based on the information reported above, 
our study contributes to reducing the lack of knowledge on 
haemogregarine biodiversity infecting Brazilian anurans 
from the Midwest and Southeast regions, and includes the 
description of a new species of Dactylosoma, Dactylosoma 
amphibia n. sp., through morphological, morphometric and 
molecular approaches.
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