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Abstract 
Blood parasites of the order Adeleiorina (protozoan phylum Apicomplexa) are a 
diverse group of haemoparasites reported from almost all vertebrate classes. The 
most commonly recorded haemoparasites of anurans are species of Dactylosoma 
Labbé, 1894. To date, six Dactylosoma species have been described from 
anurans and fishes. In the present study, we used molecular characterization to 
identify haemoparasites detected by microscopy in blood smears of Pelophylax 
ridibundus, a frog in the north of Iran. Blood samples were examined from four 
adult individuals. Smears were prepared and stained with Giemsa. Microscopy 
investigation revealed that one individual was positive for blood parasites. 
According to morphological characteristics, it was identified as belonging to 
genus Dactylosoma. In genetic analyses, the blast of obtained partial 18S rRNA 
gene sequences showed 100% identity with Dactylosoma sp. and D. ranarum 
(Kruse, 1890). Phylogenetic analysis showed the Dactylosoma sp. of the present 
study as a monophyletic group in Dactylosoma species, clustered with 
Dactylosoma sp. and D. ranarum (support > 80%). This study is the first report 
of a dactylosomatid parasite in Pelophylax ridibundus. 
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Anurans play an important role in the ecosystem, 
preying on various invertebrates and serving as prey for 
different animal groups (Faggioni et al., 2017). Studies 
in several geographical regions have indicated that 
anurans, in their aquatic and terrestrial habitats, are 
exposed to a variety of haemoparasites, including 
protozoans, microfilariae, rickettsia, and viruses (Barta 
and Desser, 1984). Protozoan haemoparasites in 
amphibians comprise a large group of apicomplexan 
blood parasites belonging to the genera Haemogregarina 
Danilewsky, 1885; Hepatozoon Miller, 1908; 
Lankesterella Labbé, 1899; Schellakia Reichenow, 
1919; Babesioma Jakowska and Nigrelli, 1956; and 
Dactylosoma Labbé, 1894. Their form may be oval, 
round, or banana-shaped inclusions in red blood cells or 
even in leucocytes (Poynton and Whitaker, 2001; 
Ferreira et al., 2020). Dactylosomatidae is a small 
family of apicomplexan haemogregarines that currently 
comprises Dactylosoma and Babesiosoma. According to 
Barta (2012), the systematics of Dactylosomatidae are  

not clear and reclassifications and systematic revisions 
are needed. To date, six species of Dactylosoma have 
been described; two of them are fish parasites, and four 
are found in anurans (Úngari et al., 2020). Dactylosoma 
ranarum (Kruse, 1890) was the first described from an 
anuran, the European frog Pelophylax esculentus 
(Linnaeus, 1758) (Úngari et al., 2020). 

Parasites and pathogens have deleterious effects in 
some frog populations, e.g., decreased growth, 
reduced development, and behavioral modification 
(Ponton et al., 2009). The infection of blood cells by 
hematic protozoa can cause changes in the blood cell 
morphology (Davies and Johnston, 2000), but no 
pathological effect has been described in their natural 
hosts (Bernal and Pinto, 2016). However, it is 
suggested that haemoparasite infections can cause 
clinically significant inflammatory disease in the 
visceral organs of rice field frogs, and the severity 
of lesions is tentatively related to levels of 
parasitemia (Sailasuta et al., 2011). 
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Over the last century, there has been a greater focus 
on parasites of medical or veterinary importance 
(Davies and Johnston, 2000). However, literature 
regarding the haemoparasites of amphibian wildlife 
is scare, especially regarding anurans (Davies and 
Johnston, 2000). Currently, 7,166 anuran species 
have been described worldwide (Frost, 2021); of 
which 19 species occur throughout Iran. In Iran, there 
have been few studies on anuran haemoparasites, 
e.g., the presence of Hepatozoon in the Marsh frog 
Pelophylax ridibundus by Rajabi et al. (2017). The 
Marsh frog P. ridibundus is a member of the family 
Ranidae that represents a species complex that has 
been previously known as “Rana ridibunda”, and it is 
the largest type of frog in most of its range (Frost, 
2021). This species lives in mixed and deciduous 
forests, forest-steppe, steppe, semi-desert, and desert 
zones. It is reported from all over Iran except in the 
southeast and central deserts. The latest report of 
Iranian water frogs of the genus Pelophylax 
Fitzinger, 1843 suggested the marsh frog recorded 
from the Caspian Sea border to be Pelophylax sp. 
(Pesarakloo et al., 2016). The aim of this study was 
to report haemoparasite species in four Marsh frog 
(Pelophylax ridibundus) individuals from the north 
of Iran using the traditional morphological screen of 
peripheral blood stages and molecular techniques. 

This study was conducted on the border of Rasht, 
which is located in the northern region of Iran 
(37.1531 N, and 49.6523 E). Four frogs were 
collected between May and June 2021. The 
specimens were captured by hand and net. The frogs 
were identified according to the descriptions by 
Yousefi Siahkalroodi et al. (2013). Blood was 
obtained from the heart, and blood smears were 
prepared, air-dried, and then fixed in absolute 
methanol for 2 minutes, then dried in the air and 
stained with Giemsa (1 part Giemsa’s stain: 9 parts 
phosphate buffer saline pH 7.0) in a staining trough for 
15 minutes. The slide was examined by light 
microscopy at ×10 and ×40. Micrographs were taken 
using a digital camera (UCMOS10000KPA, China) 
with a Nikon microscope (Alphaphoto, YS, Japan). The 
intensity of infection in the blood smears was 
determined by counting the total number of cells 
infected per 104 erythrocytes. 

Genomic DNA was extracted from the blood sample 
using buffer detergent (Triton X- 100). We amplified 
fragments of the 18S rRNA gene using universal 
primers for Protista: HepF300 (5′-GTT TCT GAC 
CTA TCA GCT TTC GACG-3′) and HepR900 (5′-
CAA ATC TAA GAA TTT CAC CTC TGA C-3′). 
PCR reactions were run targeting a fragment 
(approximately 600 bp) of the 18S rDNA gene 
(Ujvari et al., 2004) in a 25 μl reaction mixture using 
12.5 l Thermo Scientific DreamTaq PCR master 
mix (2) (2 DreamTaq buffer, 0.4 mM of each 
dNTP, and 4 mM MgCl2), 1.25 l of each primer, 
and at least 25 ng DNA (Cook et al 2015). The PCR 

conditions were as follows: initial denaturation at 95 
°C for 3 min, followed by 35 cycles, entailing a 95 
°C denaturation for 30 s, annealing at 60 °C for 30 s 
with an end extension at 72 °C for 1 min, and 
following the cycles a final extension of 72 °C for 10 
min as detailed according to previous methods 
(Netherlands et al., 2014). 

After confirmation under ultraviolet light on a 1% 
agarose gel, the amplified product was sent to a 
commercial sequencing company (Macrogen, South 
Korea) for sequencing in both directions. The obtained 
sequence was compared with the GenBank database, and 
similar sequences were downloaded and aligned to the 
sequence generated in this study. Sequences were aligned 
using Clustal W in BioEdit v 7.0.5.3 (Hall, 2005). The 
final alignment consisted of 26 sequences with 538 bps 
(Table 1). The model of evolution was estimated using 
the AIC criteria using the jModelTest v 0.1.1 program. 
Two different analyses (Maximum likelihood and 
Bayesian inference) formed the phylogenetic analyses. 
The best evolutionary model for ML analysis was 
identified as MTV+I+G. Maximum likelihood (ML) 
analysis with random sequence addition (100 replicate 
heuristic searches) was used to assess evolutionary 
relationships using the software PhyMl 3.0 (Guindon et 
al., 2010). Bayesian analysis was implemented using 
MrBayes v.3.2 with parameters estimated as part of the 
analysis. The best-fit model for BI identified by AIC was 
GTR+I+G. The analysis was run for 10,000,000 
generations, saving one tree every 1,000 generations. 
Adelina grylli, Klossia helicina and Adelina dimidiata 
were used as outgroups following Ferreira et al. (2020). 
The FigTree v1.4.0 Program was used to visualize the 
phylogenetic tree. The new sequences were uploaded to 
GenBank with accessing number PP355366. All stages of 
this research complied with Iranian laws and with 
authorization from the University of Guilan. 

One individual was determined as positive for blood 
parasites of the genus Dactylosoma using microscopy 
screening of blood smears. The diagnosis was initially 
based on the hyaline appearance of the variable oval and 
amoeboid forms occurring in red blood cells (Fig. 1). The 
intensity of parasites was about 0.02% per 104 red blood 
cells. Red blood cells were infected with trophozoites. 
Trophozoites are oval, round, or lobate; their cytoplasm 
does not stain (Fig. 1). These intra-erythrocyte parasites 
do not change the shape of the erythrocyte’s nucleus nor 
the shape of the red blood cells. 

The blast of obtained sequences from partial 18S 
rRNA gene sequences showed 100% identity with D. 
ranarum that were previously detected in the frog 
species Rana esculenta (Linnaeus, 1758) and 
Dactylosoma sp.  from Pelophylax lessonae in Europe 
(Reis Ferreira et al., 2020). The genetic distance 
between the species of Dactylosoma ranged between 0 
and 0.01%. Bayesian inference (p-value= 0.99) and 
Maximum likelihood (p-value= 82) analyses had 
similar topologies and showed that obtained sequence 
clustered in the group D. ranarum (Fig. 2).  
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Table 1: The data set of Dactylosoma, Karyolysus, Hepatozoon, and Hemogregarina species that are reported in 
this study. The information includes the accession numbers, locality, and origin of the 18S rRNA gene. 

Origin Locality Accession numbers Species No. 
Rasht, Iran PP355366 Dactylosoma sp. 1 

Brazil MW264134.1 Dactylosoma piperis 2 
South Africa  MN879395.1 Dactylosoma kermiti 3 
South Africa MN879398.1 Dactylosoma kermiti 4 

France HQ224958.1 Dactylosoma ranarum 5 
France HQ224957.1 Dactylosoma ranarum 6 

Belgium  MN879399.1 Dactylosoma sp 7 
Poland, Odolanow  KJ461940.1 Karyolysus sp. 8 
Hungary, Godollo  KJ461941.1 Karyolysus sp. 9 
Slovakia, Cabrad  KJ461939.1 Karyolysus sp. 10 

Spain, Rambla los Vaquerizos JX531941.1 Hepatozoon sp. 11 
Portugal, Viana do Castelo  JX531928.1 Hepatozoon sp. 12 

Brazil AY471615.2 Hepatozoon canis 13 
Spain, Burgos EF222257.1 Hepatozoon sp. 14 

France HQ224961.1 Babesiosoma stableri 15 
USA, Tyler, Texas  KX507248.1 Haemogregarina sp. 16 
USA, Tyler, Texas KX507250.1 Haemogregarina sp. 17 

Colombia MT754268.1 Haemogregarina sp. 18 
Tunisia MT345290.1 Haemogregarina sp. 19 

VietNam  KM887508.1 Haemogregarina pellegrini 20 
VietNam  KM887507.1 Haemogregarina sacaliae 21 
France HQ224959.1 Haemogregarina balli 22 

Turkey, Diyarbakir  KF992697.1 Haemogregarina stepanowi 23 
France HQ224955.1 Klossia helicina 24 

Bulgaria DQ096836.2 Adelina grylli 25 

This study 
Ungari (2018) 

Netherlands et al. (2020) 
Netherlands et al. (2020) 

Barta et al. (2012) 
Barta et al. (2012) 
Netherlands (2020) 

Haklova (2014) 
Haklová-Kočíková et al. (2014) 
Haklová-Kočíková et al. (2014) 

Maia et al. (2012) 
Maia et al. (2012) 

Criado-Fornelio et al. (2006) 
Criado-Fornelio et al. (2009) 

Barta et al. (2012) 
Alhaboubi (2017) 
Alhaboubi (2017) 

Gutiérrez-Liberato et al. (2021) 
Attia El Hili et al. (2020) 
Dvorakova et al.  (2015) 
Dvorakova et al.  (2015) 

Barta et al. (2012) 
Kvicerova et al. (2014) 

Barta et al. (2012) 
Kopecna (2006) 
Kopecna (2006) Bulgaria DQ096835.1 Adelina dimidiata 26 

Figure 1: Photographs of the erythrocytes of Marsh frog (Pelophylax ridibundus) infected with a Dactylosoma 
blood parasite (arrows) from Iran. 

They formed a sister clade with Dactylosoma sp. and 
Babesiosoma stableri. All dactylosomids species 
including Dactylosoma kermiti parasitizing 
Ptychadena anchietae and Sclerophrys gutturalis 
from South Africa and Dactylosoma piperis 
parasitizing Leptodactylus labyrinthicus from Brazil 
clustered together in one clade, as a sister group to 
the other haemoparasite clades. The interspecific 
distance between the Dactylosoma sp. presented in 
this study and D. kermiti was 0.01%, while the 
distance with D. ranarum and Dactylosoma sp. from 
Pelophylax lessonae was 0% (Table 2). This is the 
first report of parasitism by Dactylosoma species in 
Pelophylax ridibundus. 

Amphibians are among the vertebrate groups with the 
highest rate of decline in species diversity. According to 
the IUCN Global Amphibian Assessment, the main 
causes are linked to human activities, environmental 
changes, fragmentation, and loss of habitat including 

climate change, habitat destruction, pollution, and 
emerging diseases that greatly affect these animals, 
(Frost, 2019). In addition, this group of vertebrates is 
disposed to host a wide variety of haemoparasites, such as 
bacteria, fungi, helminths, and haemoparasites, such as 
haemogregarines and trypanosomatids (Netherlands et 
al., 2018). Dactylosoma ranarum is a cosmopolitan 
species reported from several anuran species in Europe, 
Central and South America, Africa, and Asia 
(Netherlands et al., 2020). However, this study is the first 
report of Dactylosoma in Pelophylax ridibundus. 

In the present study, the prevalence of Dactylosoma was 
considerably lower (25%) as compared to the results of a 
frog blood parasite survey from South Africa by 
Netherlands et al. (2020), in which 38% (61/160) of the 
Ptychadena anchietae screened were reported infected. 
However, the present rate was higher than in Pelophylax 
lessonae from Belgium where 7% of individuals were 
infected. These findings could be due to the droughts in 
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South Africa that potentially affect on water-borne 
invertebrate vector numbers (Archer et al., 2017). 
Moreover, the present sample size is small (25% infection 
rate may be higher than in others studies as only four 
individuals were examined, which can cause a difference 
in the percent positive).  

Parasitaemia of some parasites such as Dactylosoma 
may remain or even potentially increase over time 
within the host without reinfection. This is due to 
their ability to multiply asexually in the red blood 
cells, allowing them to outcompete parasites of the 
genus Hepatozoon, which require reinfection. This 
may be a possible explanation for species of 
Dactylosoma that were found to be the most 
prevalent blood parasite in anurans (Netherlands et 
al., 2020). Certain species of Hepatozoon, such as 
Hepatozoon ixoxo Netherlands, Cook, and Smit, 
2014 may maintain a constant and high infection 
over long periods without re-infection (Netherlands 
et al., 2014). As we expected, Dactylosoma sp. from 
the present study formed a clade with D. ranarum 
[GenBank: HQ224957, Hq224958], completely 
distinct from the other species of Dactylosoma for 
which sequences were available. It can be separated 
based on the conservative 18S rRNA marker. P-
uncorrected distance ranges between 0 and 0.01% in 
dactylosomids species (Table 2). 

 

Table 2: Uncorrected p-distances between 31 
haplotypes of Dactylosoma, Haemogregarina, 
Karyolysus, and Hepatozoon species using the 18S 
rRNA gene. Table S1 includes the names of 
species with GenBank accession numbers. 

Sequences p-distances 

Hepatozoon sp. this study - 
Hepatozoon canis 0.084 
Adelina dimidiata 0.119 

Adelina grylli 0.104 
Hepatozoon sp. 0.065 
Klossia helicina 0.125 

Dactylosoma ranarum 0.000 
Dactylosoma ranarum 0.000 
Haemogregarina balli 0.062 
Babesiosoma stableri 0.002 

Hepatozoon sp. 0.086 
Hepatozoon sp. 0.081 

Haemogregarinastepanowi 0.062 
Karyolysus sp. 0.077 
Karyolysus sp. 0.075 
Karyolysus sp. 0.073 

Haemogregarina sacaliae 0.067 
Haemogregarina pellegrini 0.060 

Haemogregarina sp. 0.042 
Haemogregarina sp. 0.046 
Dactylosoma kermiti 0.006 
Dactylosoma kermiti 0.006 

Dactylosoma sp. 0.000 
Haemogregarina sp. 0.048 
Haemogregarina sp. 0.051 
Dactylosoma piperis 0.009 

 

 
 

 

Figure 2:  The phylogenetic tree of Dactylosoma, Hepatozoon, Karyolysus, and Haemogregarina species 
implemented in PhyML and MrBayes based on the 18S rRNA gene. Posterior probabilities are shown above 
branches and bootstrap values are shown below. 
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Regarding the low support and lack of genetic distance 
between Dactylosoma sp. of this study and Dactylosoma 
sp. of Pelophylax lessonae, it can be concluded that they 
are the same species. To date, a low interspecific 
divergence value (0.01% and below) based on the 
conservative 18S rRNA gene sequence comparisons 
is known between Anurans dactylosomids. Similarly, 
a low interspecific divergence value (less than 1%) 
was detected between other haemogregarines such as 
Haemogregarina, Karyolysus, Hemolivia, and 
Hepatozoon (Netherlands et al., 2020). 

Therefore, it is imperative to increase the sampling of 
Dactylosoma species, particularly from diverse potential 
hosts, especially fish hosts. This expanded sampling will 
help ascertain whether the observed pattern of low 
interspecific divergence values is common among all 
dactylosomatids, or if it is specific to those associated 
with anuran hosts. 

This study provides new haemoparasite geographical 
records and a new anuran host record. Future studies 
should be performed to obtain more sequences from 
regions to better the phylogenetic identification and 
clarify the true diversity in these taxa  which are 
fundamental for the conservation programs of anurans 
that are particularly sensitive to habitat fragmentation and 
habitat loss, climate change, and pathological effects. 
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