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A B S T R A C T   

This is the first study reporting the detection and molecular characterization of Eimeria in bats in Spain, spe
cifically in 12 of 32 chiropteran species described in the Iberian Peninsula. A total of 76 faecal samples were 
collected from different bat roosting sites across Spanish territory. The DNA was extracted from the samples and 
sequenced by targeting the Eimeria SSU-rRNA gene. Two Eimeria species were detected in 29 of the 76 faecal 
samples (38%), and the bat-specific Eimeria rioarribaensis and rodent-specific Eimeria jerfinica were detected in 4 
(5%) and 25 (33%) of the samples, respectively. This is the first report of E. rioarribaensis in the bats Rhinolophus 
euryale, Myotis myotis and Nyctalus lasiopterus, extending the host and geographical ranges for this bat coccidian 
parasite. The identification of the rodent-specific parasite species E. jerfinica in bats indicates the occurrence of 
this species in Spain, although its presence has not previously been reported in wild rodents in this country. 
Considering that most of the Eimeria spp. reported in bats were described only on the basis of morphometric data, 
molecular studies are required to determined which Eimeria species occur in bats, to complete the identification 
of these species and to clarify the phylogeny.   

1. Introduction 

The order Chiroptera, which comprises about 1400 known bat spe
cies distributed throughout the world, is the second most numerous 
mammalian order [1]. Bats live in large colonies, inhabiting foliage, 
caves, rock crevices and tree hollows. They become active at night, 
feeding on diverse food items such as insects (mainly in the orders 
Coleoptera, Diptera, Lepidoptera and Hymenoptera), nectar, fruits, 
seeds, frogs, fish and small mammals like rodents [2]. Bats are naturally 
infected by different types of microorganisms and can act as potential 
reservoirs of many pathogens and play an important role in the trans
mission of emerging infectious diseases worldwide [3]. In the Iberian 
Peninsula, the order Chiroptera is the best represented mammalian 
order, with 32 different species belonging to 11 genera and 4 families 
[4,5]. All bat species are protected by state legislation in Spain as some 
serious environmental problems have led to bats being endangered [6]. 

Members of the genus Eimeria Schneider, 1875 (Apicomplexa: 
Eimeriidae) are obligate protozoan parasites that typically infect the 
digestive tracts of various vertebrates (mammals, birds, reptiles, am
phibians and fish). These coccidian parasites have direct life cycles, 

completing their development in a single host species. They are ubiq
uitous in vertebrates and represent some of the most prevalent parasites 
known. However, Eimeria species are less common in chiropteran hosts 
than in other mammalian orders (i.e. >400 Eimeria species are known to 
infect rodents) [7]. 

The first description of Eimeria in bats was made by Wheat [8] in the 
tri-colored bat (Perimyotis subflavus Cuvier, 1832; formerly Pipistrellus 
subflavus) in Alabama, USA. Since then, 40 Eimeria species have been 
described in bats worldwide, although molecular data are only available 
for six species: Eimeria antrozoi, Eimeria catronensis, Eimeria hessei, 
Eimeria macyi, Eimeria pilarensis and Eimeria rioarribaensis [9–11]. 

The aim of this work was to investigate the presence of Eimeria spp. 
in bat faecal samples obtained in several locations in Spain using mo
lecular methods (amplification and sequencing of the small subunit 
rRNA gene) and analyse their phylogenetic relationship with other 
species. 
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2. Materials and methods 

2.1. Sample origin and processing 

Between December 2019 and June 2021, a total of 76 faecal samples 
were mainly collected from captured bats by the authors and some of 
them were also provided by the Bat Evolutionary Ecology and Conser
vation Group (Doñana Biological Station, Spanish National Research 
Council) and DROSERA Association for the Study and Conservation of 
the Natural Environment. The samples came from different bat roosting 
sites across Spain: Galicia (n = 9), Castile-Leon (n = 2), Murcia (n = 53) 
and Andalusia (n = 12) (Fig. 1). The roosting sites belong to 15 different 
insectivorous bat species: the Isabelline serotine bat (Eptesicus isabellinus 
Temminck, 1839, n = 1); the serotine bat (Eptesicus serotinus Schreber, 
1774, n = 1); Savi's pipistrelle bat (Hypsugo savii Bonaparte, 1837, n =
1); Schreiber's bat (Miniopterus schreibersii Kuhl, 1817, n = 17); the lesser 
mouse-eared bat (Myotis blythii Tomes, 1857, n = 6); the long-fingered 
bat (Myotis capaccinii Bonaparte, 1837, n = 7); Daubenton's bat (Myo
tis daubentonii Kuhl, 1817, n = 1); Geoffroy's bat (Myotis emarginata 
Geoffroy, 1806, n = 1); the greater mouse-eared bat (Myotis myotis 
Borkhausen, 1797, n = 18); the greater noctule bat (Nyctalus lasiopterus 
Schreber, 1780, n = 14); Leisler's bat (Nyctalus leisleri Kuhl, 1817, n = 1); 
the common pipistrelle bat (Pipistrellus pipistrellus Schreber, 1774, n =
2); the Mediterranean horseshoe bat (Rhinolophus euryale Blasius, 1853, 
n = 1); the greater horseshoe bat (Rhinolophus ferrumequinum Schreber, 
1774, n = 4); and the lesser horseshoe bat (Rhinolophus hipposideros 
Bechstein, 1800, n = 1) (Fig. 1; Table 1). The captured bats were 
identified by Xosé Pardavila and other bat specialists belonging to the 
group and the association cited previously. All samples were stored at 
4 ◦C until analysis. 

The faecal samples were processed using a previously described 
diphasic concentration method [12]. Briefly, 0.1–0.5 g of each sample 
was individually ground in a mortar with 30 mL of 0.04 M phosphate 
buffered saline (PBS) pH 7.2, filtered through a set of two sieves (150 
and 45 μm of mesh size), shaken vigorously with diethyl ether (2:1) and 
finally concentrated by centrifugation at 1250 ×g, 4 ◦C, for 15 min. The 
supernatant was carefully removed and discarded. The pellets were 

resuspended in 500–1000 μL of PBS 0.04 M pH 7.2 and stored at − 20 ◦C. 

2.2. Molecular characterization 

Total genomic DNA was extracted from 200 μL aliquots of the sedi
ments by using the Stool DNA Isolation Kit (Norgen Biotek Corp., 
Thorold, ON, Canada) according to the manufacturer's instructions. The 
extracted DNA was stored at − 20 ◦C until use. A heminested PCR 
technique was used to amplify a ~ 420 bp fragment of the SSU-rRNA 
gene of Eimeria [12]. In all PCR runs, genomic DNA of Eimeria tenella 
from naturally infected chickens was used as a positive control, and 
molecular biology grade water was used as a negative control. The PCR 
products were electrophoresed on 2% agarose gels and stained with Real 
Safe (Real Laboratory S.L., Paterna, Valencia, Spain). Those amplicons 
corresponding to the expected size were purified using the Nucleospin® 
gel and PCR clean-up kit (Macherey-Nagel GmbH & Co KG, Düren, 
Germany) and sequenced in both directions. 

The sequences obtained were aligned using SeqMan™ 7.0 software 
(DNASTAR®, Madison, WI, USA) and the computed sequences were 
edited using BioEdit 7.2.3 software (©1997–2013 Tom Hall, Ibis Ther
apeutics, Carlsbad, CA, USA). The derived consensus sequences were 
compared with other Eimeria sequences deposited in the GenBank® 
database [13], by using the public web interface of the BLAST® 2.12.0 
program [14]. Phylogeny analyses were conducted in MEGA X [15] and 
were constructed by the neighbour-joining method on the basis of the 
genetic distances calculated by the two-parameter model proposed by 
Kimura [16], with discrete Gamma distribution. 

3. Results 

By analysis of the SSU-rRNA gene, Eimeria spp. were detected in 29 of 
76 faecal samples (38%) from 12 of 15 bat species considered in the 
study, being not detected in samples from R. ferrumequinum, 
R. hipposideros and M. emarginata (Table 1). The bat-specific Eimeria 
species, E. rioarribaensis, was identified in 4 of 76 (5%) faecal samples 
from the following species: the Mediterranean horseshoe bat (R. euryale) 
(1/1; 100%) in Galicia; the greater mouse-eared bat (M. myotis) (2/18; 

Fig. 1. Geographical locations of roosting sites where the bat faecal samples were collected.  
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11%) in Murcia, and the greater noctule bat (N. lasiopterus) (1/14; 7%) 
in Andalusia (Table 1; Fig. 1). Three consensus sequences were 100% 
identical, and the remaining sequence showed 1 nucleotide difference, 
exhibiting 99.5% similarity relative to the GenBank® sequence 
AF307877 (the newly obtained sequences have been deposited in Gen
Bank® database under accession numbers MT598820, MW182393, 
MW182400 and MW182404). 

A rodent-specific Eimeria species, Eimeria jerfinica, was identified in 
25 of 29 Eimeria-positive samples (86%) from all locations sampled. 
Thus, this coccidian was identified in faecal samples from the Isabelline 
serotine bat (E. isabellinus) (1/1; 100%), in the serotine bat (E. serotinus) 
(1/1; 100%), in Savi's pipistrelle bat (H. savii) (1/1; 100%), in 
Schreiber's bat (M. schreibersii) (2/17; 12%), in the lesser mouse-eared 
bat (M. blythii) (2/6; 33%), in the long-fingered bat (M. capaccinii) (1/ 
7; 14%), in Daubenton's bat (M. daubentonii) (1/1; 100%), in the greater 
mouse-eared bat (M. myotis) (2/18: 11%), in the greater noctule bat 
(N. lasiopterus) (11/14; 79%), in Leisler's bat (N. leisleri) (1/1; 100%) and 
in the common pipistrelle bat (P. pipistrellus) (2/2; 100%) (Table 1; 
Fig. 1). A total of 12 consensus sequences were obtained, nine of which 
were 100% identical and the three remaining sequences showed 1–2 
nucleotide differences. The consensus sequences exhibited similarities of 
99.3–99.8% relative to the GenBank® sequence KU192975 (the 
consensus sequences obtained in the present study were deposited in 
GenBank® database under accession numbers MT813028, MW182395- 
MW182399, MW182401-MW182403, MW182405-MW182406 and 
OL588525). 

Phylogenetic analysis revealed that three isolates were 100% ho
mologous to E. rioarribaensis, whereas the other isolate clustered with 
this bat-specific Eimeria species exhibited 0.5% genetic distance. More
over, 25 isolates were 99% homologous to E. jerfinica, exhibiting genetic 
distances ranging between 0.2% and 0.7% (Fig. 2). 

4. Discussion 

To our knowledge, this is the first time that the coccidian Eimeria was 
investigated in bat faecal samples in Spain, which belongs to 15 of 32 
chiropteran species (7 genera and 2 families) described in the Iberian 
Peninsula [4,5]. 

Molecular analysis of the SSU-rRNA gene identified Eimeria spp. in 
29 of 76 (38%) faecal samples from insectivorous bats. This prevalence 
rate is within the range described for Eimeria in different bat species 

(4–100%) by various authors [17–22]. Remarkably, this coccidian 
parasite was more predominant in insectivorous bats than in fruit bats as 
was previously reported by Adhikari et al. [22]. 

A bat-specific Eimeria, E. rioarribaensis, was detected in only 4 of the 
76 samples analysed (5%). This species has been described in the 
western small-footed bat (Myotis ciliolabrum Merriam, 1886) in North 
America with prevalence rates ranging from 5% to 18% [18]. Further
more, it was reported in 1 of 3 (33%) northern bats (Eptesicus nilssonii 
Keyserling and Blasius, 1839) in Japan after histopathological and mo
lecular studies [23]. Therefore, to our knowledge, this is the first report 
of the presence of E. rioarribaensis in R. euryale (100%), M. myotis (11%) 
and N. lasiopterus (7%), thus indicating new hosts and geographical 
distribution records for this bat-infecting coccidian species. 

The identification of E. jerfinica in 25 of the 76 (33%) faecal samples 
belonging to 11 of 15 chiropteran species from all locations sampled is 
remarkable. This Eimeria species was described by Musaev and Veisov 
[24] in the wood mouse (Apodemus sylvaticus) in Azerbaijan and it was 
recently detected by molecular characterization in rodents, specifically 
A. sylvaticus, Apodemus flavicollis and Apodemus agrarius, from several 
countries in Europe [25]. Data from the present study suggests that 
E. jerfinica may be a parasite species on both rodents and bats, being 
needed further histological studies to confirm a true infection in 
chiropteran hosts. However, we believe that this finding may be 
explained by a spurious infection acquired through the trophic chain, as 
the bat species studied are insectivores and mainly feed on Lepidoptera, 
Diptera and Coleoptera, the last of which includes coprophagous beetles 
of the Scarabaeidae and Geotrupidae families, which could act as me
chanical carriers of Eimeria oocysts [26–28]. In addition, possible direct 
contamination via faeces from infected hosts cannot be ruled out, as 
insectivorous bats share roosting sites with other animals, including 
rodents [4]. Although the presence of E. jerfinica has not been confirmed 
officially in Apodemus species in Spain, the identification of this rodent- 
specific Eimeria species in bats likely demonstrates its existence in ro
dents in the Iberian Peninsula. 

Eimeria species have traditionally been identified on the basis of the 
morphology of sporulated oocysts, host specificity, geographical distri
bution and pathology. However, these characteristics are often insuffi
cient for identification purposes, as they may overlap among Eimeria 
species [29]. Amplification and sequencing of the SSU-rRNA gene is 
currently one of the most extensively used techniques for characterizing 
Eimeria species and examining their phylogenetic relationships [9]. In 

Table 1 
Molecular characterization of Eimeria spp. in bat faecal samples from several locations in Spain.  

Location Host scientific name Host common name n analysed n positive Molecular characterization GenBank® AN 

Galicia 

Eptesicus serotinus Serotine bat 1 1 Eimeria jerfinica MW182398 
Myotis daubentonii Daubenton's bat 1 1 Eimeria jerfinica MW192396 
Nyctalus lasiopterus Greater noctule bat 1 1 Eimeria jerfinica MT813028 
Pipistrellus pipistrellus Common pipistrelle bat 1 1 Eimeria jerfinica MW182397 
Rhinolophus euryale Mediterranean horseshoe bat 1 1 Eimeria rioarribaensis MT598820 
Rhinolophus ferrumequinum Greater horseshoe bat 3 0 – – 
Rhinolophus hipposideros Lesser horseshoe bat 1 0 – – 

Castile-Leon Nyctalus lasiopterus Greater noctule bat 1 1 Eimeria jerfinica MT813028 
Nyctalus leisleri Leisler's bat 1 1 Eimeria jerfinica MW182395 

Murcia 

Eptesicus isabellinus Isabelline serotine bat 1 1 Eimeria jerfinica MW182403 
Hypsugo savii Savi's pipistrelle bat 1 1 Eimeria jerfinica MW182402 
Miniopterus schreibersii Schreiber's bat 17 2 Eimeria jerfinica (n = 2) MW182405 
Myotis blythii Lesser mouse-eared bat 6 2 Eimeria jerfinica (n = 2) MW182406 
Myotis capaccinii Long-fingered bat 7 1 Eimeria jerfinica MW182399 
Myotis emarginata Geoffroy's bat 1 0 – – 

Myotis myotis Greater mouse-eared bat 18 4 
Eimeria rioarribaensis (n = 2)  MW182400 

Eimeria jerfinica (n = 2) OL588525 
Pipistrellus pipistrellus Common pipistrelle bat 1 1 Eimeria jerfinica MW182401 
Rhinolophus ferrumequinum Greater horseshoe bat 1 0 – – 

Andalusia Nyctalus lasiopterus Greater noctule bat 12 10 
Eimeria rioarribaensis (n = 1)  

MW182393 

Eimeria jerfinica (n = 9) MT813028 

n = number of samples; AN = accession number. 

S. Couso-Pérez et al.                                                                                                                                                                                                                           



Parasitology International 91 (2022) 102621

4

the present study, the phylogenetic analysis revealed that one Eimeria 
isolate from the Mediterranean horseshoe bat (R. euryale), two isolates 
from the greater mouse-eared bat (M. myotis) and one isolate from the 
greater noctule bat (N. lasiopterus) were grouped with the bat-infecting 
species E. rioarribaensis, whereas the remaining 25 Eimeria isolates ob
tained from 12 different bat species formed part of a clade along with the 
rodent-derived species E. jerfinica and with the bat coccidian E. macyi 
(Fig. 2). This finding is consistent with the results of phylogenetic ana
lyses reported by several authors, who observed that Eimeria species 
detected in bats did not form a different clade from the Eimeria species 
isolated from rodents [9,23,29,30]. 

In conclusion, this is the first report of the occurrence of 
E. rioarribaensis in R. euryale, M. myotis and N. lasiopterus, thereby 
increasing the hosts and geographical distribution ranges of this bat- 
infecting coccidian parasite. The identification of E. jerfinica, a rodent- 
specific species, in faecal samples from the roosting sites of 12 
different bat species in all locations sampled indicates the likely pres
ence of this species in wild rodents in Spain. Moreover, it would be 
necessary to increase the number of samples and species examined to 
provide epidemiological data more reliable. Considering the high 
number of Eimeria species described in bats only on the basis of 
morphometric analysis, molecular characterization should be conducted 
in order to complete their identification and to clarify the phylogeny. 
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Fig. 2. Phylogenetic relationships between Eimeria 
isolates from bats and other Eimeria spp. inferred by 
neighbour-joining analysis of the small subunit ribo
somal RNA (SSU-rRNA) locus on the basis of genetic 
distances calculated by Kimura's two parameter 
model with discrete Gamma distribution. The tree 
was generated using a total of 322 positions in the 
final data set and the percentages of replicate trees in 
which associated taxa clustered together in the 
bootstrap test (10,000 replicates) are shown at the 
internal nodes for distance (>50%). The Eimeria 
species found to infect bats are indicated by shading. 
The isolates and their corresponding accession 
numbers obtained in this study are highlighted in 
bold type.   
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