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Hedgehogs have been recently identified as carriers of Betacoronavirus erinacei (also known as Erinaceus coro-
navirus, EriCoV) a virus closely related to B. cameli responsible for human Middle East Respiratory Syndrome
(MERS), raising questions about the risk of hedgehog-to-human transmission and suggesting the need for

Eiﬁ;‘;vimses coronavirus (CoV) surveillance in hedgehogs. This study investigated the presence of CoVs in fecal samples of
Exotic pet hedgehogs kept as pets in Italy in 2021-2022. A pan-CoV nested RT-PCR targeting the RARp gene was used for

screening and positive samples were sequenced and phylogenetically analyzed. Two (6.2%) out of 30 hedgehogs
analyzed were positive for B. erinacei represented by 2/3 (66.7%) long eared hedgehog (Hemiechinus auritus)
while all the 27 tested African pygmy hedgehog (Atelerix albiventris) were negative. Whole genome sequence
obtained from one B. erinacei-positive sample showed closest homology (85.7%) with B. erinacei previously
detected in Erinaceus sp. from Eastern Russia. Phylogeny showed that the virus of this study formed a separate
clade in the cluster with other B. erinacei identified in Europe and European Russia and did not cluster with other
B. erinacei identified in China in Amur hedgehog (E. amurensis). No recombination events were observed.
Analysis of the Spike protein revealed the presence of six out of the 11 key receptor binding residues, including
two out of the three critical residues recently identified for the binding of Erinaceus europaeus receptor APN and
B. erinacei. Results of this study suggest the presence of a long-eared hedgehog-specific strain of B. erinacei.
Overall results support the circulation of coronaviruses along a phylogenetic continuum among different species
of hedgehogs and geographic locations, suggesting the need for further CoV surveillance in both domestic and
wild animals. There is also a need for studies on the affinity of EriCoV with the H. auritus APN specific receptor to
confirm its involvement in the viral entry process.

1. Introduction

Coronaviruses (CoVs) are RNA viruses capable of causing disease in
many vertebrate hosts. During the last decades a considerable number of
novel viral species have been identified [1]. The family Coronaviridae,
subfamily Orthocoronavirinae, contains the four genera Alpha-, Beta-,
Gamma- and Deltacoronavirus. Members of the genus Betacoronavirus

have emerged worldwide as highly pathogenic viruses in humans
causing severe respiratory infections [1]. The viral species Betacor-
onavirus pandemicum (previously classified as Severe acute respiratory
syndrome-related coronavirus, SARS-CoV), belonging to the subgenus
Sarbecovirus, emerged in 2002 in China and was responsible for the se-
vere acute respiratory syndrome (SARS) epidemic, caused by the SARS-
CoV. The Betacoronavirus cameli (previously classified as Middle East
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respiratory syndrome-related coronavirus MERS-CoV), subgenus Mer-
becovirus emerged in 2012 in Saudi Arabia, causing the MERS epidemic.
The recent global coronavirus disease 2019 (COVID-19) pandemic was
caused by SARS-CoV-2 (B. pandemicum) [1,2].

All these three CoVs have emerged in humans through spillovers
from animal hosts [3]. Following the SARS epidemic, many bat coro-
naviruses have been described in insectivorous bats (order Chiroptera).
The presence of coronaviruses has also been observed in hedgehogs,
animals that are phylogenetically related to the order Chiroptera [4,5].
Early studies have investigated the presence of CoVs in wild hedgehogs
[5]. The Erinaceus coronavirus (EriCoV), belonging to the viral species
Betacoronavirus erinacei (previously classified as Hedgehog coronavirus 1)
subgenus Merbecovirus was described for the first time in wild European
hedgehogs (Erinaceus europaeus) from Germany, showing a close rela-
tionship with B. cameli and bat coronaviruses [5]. Subsequently, the
presence of EriCoV has been reported in wild European hedgehogs from
France, United Kingdom, Italy, Poland, Portugal and European regions
of Russia [6-12]. Besides the EriCoV detected in European hedgehogs,
two other phylogenetically distinct EriCoV have been reported in wild
Northern white-breasted hedgehogs (Erinaceus roumanicus) in Hungary
and in wild Amur hedgehogs (Erinaceus amurensis) from China, sup-
porting the idea that there may be geographical and host species distinct
lineages of hedgehog coronaviruses [13-15]. Several species of hedge-
hogs are widespread in Europe and other countries and have occasion-
ally become synanthropic animals in rural areas and small towns, where
they may come into contact with humans [10,11]. Among the most
common species, the African pygmy hedgehogs (Atelerix albiventris) are
distributed in Africa, the European hedgehogs also known as the West-
ern European hedgehogs, and the Northern white-breasted hedgehogs
(E. roumanicus) and their hybrids are distributed across Europe and parts
of Central Asia (e.g., western Siberia and Kazakhstan), the Amur
hedgehogs are naturally found in East Asia, and the long-eared hedge-
hogs (Hemiechinus auritus) occur in Central and Western Asia [16-22].
These geographical ranges show partial overlap (Fig. 1), raising interest
in the possible role of ecological and geographic factors in coronavirus
host specificity and transmission dynamics [5,13,14].
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Imported “exotic” species of hedgehogs from outside of Europe are
frequently traded and increasingly kept as pets in Europe [23-26], with
the majority of hedgehog pets being African pygmy hedgehogs. To date,
only one study has investigated the presence of CoVs in African pygmy
hedgehogs kept as pets in Japan, reporting the absence of CoV RNA in all
the tested animals [27]. Considering the potential cross-species trans-
mission risks between EriCoV and other mammal species [10,28] and
given the close contact between human and their pets within the
household environment, the need of coronavirus surveillance in
hedgehog pets is warranted. Therefore, the aims of this study were i) to
investigate the presence of CoVs in hedgehogs kept as pets in Italy and ii)
to genetically characterize the detected CoVs using whole genome
sequencing analysis.

2. Materials and methods
2.1. Animals and samples collection

This study investigated the presence of CoVs in pet hedgehogs by
convenience sampling. Fecal samples were collected from privately
owned hedgehogs from leftover material submitted to the Veterinary
Teaching Hospital (VTH) of Lodi, University of Milan, Italy or laboratory
for diagnostic purposes from 2021 to 2022. Residual fecal samples from
hedgehogs collected for diagnostic purposes at the VTH with the
informed consent of the owners were used for this study without any
additional formal request for authorization, according to the decision of
the Ethical Committee of the University of Milan (EC decision 29
October 2012, renewed with protocol no. 02-2016).

Samples were stored in sterile container at 4 °C until arrival at the
laboratory (within 24 h from collection). Samples were subsequently
stored at —80 °C until molecular analysis. Data regarding signalment
(species, sex and age), geographic localization within Italy (Northern or
Southern) clinical history (healthy or unhealthy) and management (type
of housing and outdoor access) were retrieved. For the purpose of this
study age was divided into two categories: juvenile (< 1 year old) and
adult (> 1 year old) [29].

Fig. 1. Distribution map of selected hedgehog species and hedgehogs analyzed in this study, based on the spatial data provided by the IUCN red list [17-20,22]. (For
interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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2.2. RNA extraction, RT-PCR protocols, sequencing and phylogeny

RNA from fecal samples was extracted using a commercial Nucleo-
Spin viral RNA isolation kit (Macherey-Nagel, Bethlehem, PA, USA),
following the manufacturer's instructions. Samples were subjected to
RNA quality control targeting the vertebrate 12S rRNA gene [30].

Extracted RNA was subjected to a nested RT-PCR targeting CoV
partial sequence of the RNA-dependent RNA polymerase (RdRp) gene,
as previously described [31]. Briefly, the outer reaction was set up using
a commercial kit (LeGene One-Step RT-PCR, Biosciences, San Diego, CA,
USA) and the following primer pairs: forward: AARTTY-
TAYGGHGGYTGG; reverse: GARCARAATTCATGHGGDCC [32]. The
inner reaction was set up using Phire Green Hot Start I PCR Master Mix
(Thermo Scientific™, Segrate, Italy) and the following primer pairs:
inner forward: GGTTGGGACTATCCTAAGTGTGA; inner reverse:
CCATCATCAGATAGAATCATCAT [33,34]. In each reaction, Feline
Coronavirus (FCoV) RNA previously sequenced and obtained from a
field sample from a cat from our laboratory was used as the positive
control and RNase-free water as the blank control. The PCR was
considered positive in the presence of a 440 bp amplicon in the second
round of the nested RT-PCR.

PCR products were visualized under a UV transilluminator on a 1.5%
agarose gel stained with ethidium bromide. The amplicons were purified
using a commercial kit (NucleoSpin Gel and PCR Clean-up, Macherey-
Nagel, Germany) following the manufacturer's instruction and Sanger
sequenced (Microsynth Seqlab, Germany) using the inner forward and
inner reverse primers used for nested RT-PCR amplification. The se-
quences were compared with those available in GenBank using BLAST
(http://blast.ncbi.nlm.nih.gov/Blast.cgi; accessed 18 January 2026).

Partial RdRp sequences obtained from this study and selected
reference sequences of other coronaviruses retrieved from NCBI dataset
(accessed on 18 January 2026) were aligned and used to build the
phylogenetic tree. Sequences were aligned using Clustal X; manual
editing was performed with Bioedit software version 7.0 (freely avail-
able at http://www.mbio.ncsu.edu/bioedit/bioedit.html).

Phylogeny was estimated by maximum likelihood (ML) methods
using MEGA v.12 [35-37]. The model used for phylogeny based on ML
method was chosen according to the lowest AIC value. The robustness of
the tree topology was evaluated after 1000 bootstrap replicates. For
sequence comparisons, the percentage nucleotide similarity of pairwise
evolutionary distances between the two CoV partial RdRp sequences of
this study was calculated using MEGA v.12.

2.3. Whole genome sequencing and complete genome assembly

Positive samples were sent for whole genome sequencing, and mRNA
sequencing was performed on one positive sample (with sufficient
quality RNA) by Novogene (Novogene Company Limited, United
Kingdom) with the Illumina NovaSeq 6000 platform using a library
preparation and protocol for unenriched mRNA sequencing. Quality
filtering, adapters, duplicates and low-quality read removal was per-
formed using fastp v 0.23.4 [38]. Read taxonomic classification was
performed using Kraken2 v2.1.2 and the viral Refseq database [39].

Reads were assembled using coronaSPAdes v 3.15.5 [40]. CheckV v
1.0.3 was used for quality assessment of contigs and genome
completeness [41]. The assembled genome was annotated using Gene-
ious Prime v2023.2 using NCBI coronavirus reference sequences of
EriCoV (Taxonomy ID: 1965093).

2.4. Genome analysis and phylogeny

The genome sequence was compared with those available in Gen-
Bank using BLAST (http://blast.ncbi.nlm.nih.gov/Blast.cgi; accessed 18
January 2025).

The complete spike gene and complete genome sequence from CoV
detected in this study, selected reference sequences of other
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Merbecovirus and all available complete nucleotide genome sequences of
EriCoVs retrieved from the NCBI database (accessed on 18 January
2025) were aligned using Clustal X and manual editing was performed
with Bioedit software version 7.0 (freely available at http://www.mbio.
ncsu.edu/bioedit/bioedit.html) [42]. Maximum likelihood phylogenetic
trees were reconstructed using IQ-TREE v 2.3.6 [43] using 1000 boot-
strap approximations following implementation of UFBoot2 within IQ-
TREE v 2.3.6 [44]. Phylogenetic trees were visualized in FigTree
v1.4.4 (https://github.com/rambaut/figtree/).

Additionally, the nucleotide sequence of the S gene was translated
into amino acids using Bioedit software version 7.0 and analyzed for the
presence of the 18 key residues of the receptor binding domain (RDB)
critical for binding of MERS like viruses to the human cellular receptor
type II transmembrane protein, hDPP4 [45]. The amino acid sequence of
the S protein RBD was also analyzed for the presence of the 11 key
residues of the RDB important for binding of EriCoV to the Erinaceus
europaeus receptor Aminopeptidase N (APN) [46].

2.5. Genome recombination analysis

To detect recombination events among the assembled genome,
complete genome sequences were analyzed using RDP5 v5.45 using
multiple different methods: RDP, GENECONV, Bootscan, Maxchi,
Chimaera, SiSscan, 3Seq, and LARD [47]. Only recombination events
detected by at least six methods were considered significant, as previ-
ously described [48].

2.6. Power calculations

The estimated number of African Pygmy hedgehogs that would need
to be sampled to be reasonably sure of detecting disease at the 10.8%
rates reported in wild European hedgehogs [7] was estimated using
Epitools (sample size to estimate a simple proportion, precision level
0.05 and confidence interval of 0.95) with an estimate of 149 (for a large
population) (https://epitools.ausvet.com.au/).

3. Results
3.1. Betacoronavirus erinacei detection

In total, fecal samples obtained from 30 domestic hedgehogs in
2021-2022 were analyzed in this study, including samples from 27 Af-
rican pygmy hedgehogs and three long-eared hedgehogs (Fig. 1). Ani-
mals were all captive and housed in cages with no outdoor access.
Demographic characteristics of the hedgehogs sampled are summarized
in Table 1.

Table 1
Characteristics of hedgehogs analyzed in this study and EriCoV positivity.

Population characteristics No. EriCoV positive no.
(%) (%)
Species African pigmy 27(90) -
hedgehog
Long-eared hedgehog 3(10) 2(67)
N Male 18(60) 1 (5)
Sex’
Female 8(27) 1(12)
Age” <1 year 12(400 2017
>1 year 13 (43) -
Geographic Northern Italy 19(63) 2(10)
localization Southern Italy 11 (37) -
Clinically healthy 13(43) 2(15)
Health status Unhealthy 1767 -
. Single 20 (67) -
Type of housing Group 1033) 220

- negative results (0).
# Sex was unknown for four hedgehogs.
> Age was unknown for five hedgehogs.
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Overall, CoVs were detected in fecal samples by nested RT-PCR in 2/
30 (6.7%; 95% confidence interval: 0.8-22.0%) of the tested hedgehogs.
Particularly, CoVs were detected in 2/3 (66.7%) long-eared hedgehogs
from the same litter born from wild-caught individuals and housed in
the same cage, whereas all African pygmy hedgehogs were negative.

The two positive samples were named EriCoV/H. auritus 26/Italy/
2022 and EriCoV/H. auritus 27 /Italy/2022. The homology between the
two CoV partial RdRp sequences from this study was 98.6%. BLAST
analysis showed 87.3-91.6% and 87.5-90.7% nucleotide homology
with B. erinacei (EriCoV) sequences deposited in GenBank for EriCoV/H.
auritus 26/Italy/2022 and EriCoV/H. auritus 27/Italy/2022, respec-
tively. The highest nucleotide similarity for both partial RARp sequences
detected in this study was observed with B. erinacei sequences obtained
from European hedgehogs/Northern white-breasted hedgehogs from
Europe and European Russia and the lowest homology was observed
with EriCoV from Amur hedgehogs from China. According to phylogeny
the partial RARp sequences obtained from this study clustered within the
subgenus Merbecovirus, clade B. erinacei sequences from Europe and
European Russia but not from China (Fig. 2).

3.2. Whole genome sequencing, genome organization and recombination
analysis

Of the two samples sent for RNA sequencing, only one exhibited
sufficient quality to undergo sequencing, namely the EriCoV/H. auritus
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27/Ttaly/2022. Kraken taxonomic classification of the sample EriCoV/
H. auritus 27 /Italy/2022 showed the presence of reads belonging to the
Coronaviridae family. De novo assembly of the reads yielded one coro-
navirus contig (100% quality, 100% completeness) of 30,481 bp. BLAST
analysis showed that the whole genome of the hedgehog CoV detected in
this study possessed nucleotide identity ranging from 83.3% to 85.7%
with other EriCoV whole genome sequences from Europe, European
Russia and China, showing the highest similarity (85.7%) to EriCoVs
previously found in European/Northern white-breasted hedgehogs from
European Russia (GenBank accession number PP421220 and
PP421221). The lowest homology of 83.3% was observed with EriCoVs
from Amur hedgehogs from China (GenBank accession numbers
MK907286 and OM451213).

Genome annotation showed a typical organization of Betacoronavirus
consisting of 5" and 3’ untranslated regions (UTR), ORF1ab encoding for
16 non-structural peptides, genes encoding four structural proteins
(spike —S—, membrane —-M-, envelope -E- and nucleocapsid —N—) and
several accessory genes (ORF3a, ORF4a, ORF4b, ORF5 and ORF8b)
(Fig. 3 and supplementary table 1). BLAST analysis showed a lower
nucleotide homology of the complete S gene with all the other EriCoVs
compared to whole genome sequences, ranging from 79.7% to 81.7%.

Whole genome analysis did not show the presence of the additional
ORF CD200 ortholog observed in some Italian strains [8].

The phylogenetic trees based on whole genome sequences (Fig. 4)
confirmed the findings of the partial RdRp sequence, showing that the

Merbecovirus Betacoronavirus
B-M01/2021
| Hibecovirus
| Sarbecovirus
| Embecovirus
| Nobecovirus
Alphacoronavirus

Fig. 2. Phylogenetic tree generated with ML analysis constructed with 1000 bootstrap based on partial RARp sequences (440 bp) obtained from CoVs belonging to
the genus Betacoronavirus retrieved from GenBank databases and the two EriCoVs from this study. Partial RARp sequences from Alphacoronaviruses were used as
outgroup. Sequences are indicated by GenBank accession number (available at www.ncbi.nlm.nih.gov/pubmed/) and name of isolate. General Time Reversible and
gamma distribution with invariant sites (G + I) model was used as parameters of nucleotide substitution, and the analytical procedure encompassed 30 nucleotide
sequences with 440 positions in the final dataset. Bootstrap values >70% are shown. Sequences from this study are highlighted with an orange star and are rep-
resented by light orange colour background. Light green represents EriCoV from Western European hedgehogs and/or White-breasted hedgehogs from Europe and
European Russia, and light yellow represents EriCoVs from China. (For interpretation of the references to colour in this figure legend, the reader is referred to the web

version of this article.)
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Fig. 4. Phylogenetic tree generated with maximum likelihood analysis constructed with 1000 bootstrap based on whole genome and partial whole genome sequences
from EriCoVs retrieved from GenBank databases and the EriCoV obtained in this study. Betacoronavirus pandemicum whole genome sequences, subgenus Sarbecovirus
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orange colour background. Light green represents EriCoV from Western European hedgehogs and/or Northern white-breasted hedgehogs from Europe and European
Russia, and light yellow represents EriCoVs from China. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of

this article.)

sequence from this study clustered with other EriCoV sequences iden-
tified in Europe and European Russia from Erinaceus sp. but not with
Chinese hedgehogs. More precisely, the EriCoV/H. aritus 27 /Italy/2022
sequence from this study formed a separate clade compared to all viruses
from European and European Russian hedgehogs. Similar results were
observed in the phylogenetic analysis of the complete Spike gene
(Supplementary Fig. 1).

Recombination events were not observed in the whole genome
sequence from this study.

3.3. Spike protein sequence analysis

Comparison of RBD of the S protein of the EriCoV/H. auritus 27/
Italy/2022 strain and other European, European Russian and Chinese
EriCoV based on the analysis of the 18 critical residues identified in
previous studies for hDPP4 and MERS-CoV binding [45,49,50], showed
that five residues (Y498, D532, D534, Y535 and V547) were found in the
EriCoV/H. auritus 27/Italy/2022 strain, similarly to other EriCoVs
analyzed (Table 2). On the other hand, six other residues out of these 18
critical residues were identical in all analyzed EriCoVs, although amino
acid variability was also observed among the remaining of the 18 critical
residues. Out of the 11 key residues reported for E. europaeus APN re-
ceptor and EriCoV from European hedgehogs, the EriCoV/H. auritus 27/
Italy/2022 strain showed the presence of six residues (R521, Y527,

G529, Q533, G534, T536), including two out of the three critical resi-
dues previously identified (Table 3). The EriCoV/H. auritus 27/Italy/
2022 strain and the EriCovs from Amur hedgehogs from China showed
the highest differences among the 11 residues compared to the other
analyzed EriCoVs from Erinaceus spp. from Europe and European-Russia.

3.4. Whole genome and nucleotide sequence accession numbers

Raw sequencing data have been deposited in the NCBI SRA database
under BioProject accession number PRIJNA1405345 and the whole
genome assembly of EriCoV/H. auritus 27 /Italy/2022 obtained in this
study was uploaded to the GenBank database under accession number
PX905642. The partial sequence of the RARp gene obtained from the
other positive sample not subjected to whole genome sequencing (Eri-
CoV/H. auritus 26/Italy/2022) was deposited in GenBank under acces-
sion number PX905643.

4. Discussion

Hedgehogs have been suggested as potential natural reservoirs of
coronaviruses in Eurasia [8,9,13]. Hence, this study investigated the
presence of coronavirus in fecal samples collected in 2021-2022 from
hedgehogs kept as pets in Italy, namely African pygmy hedgehog
(A. albiventris) and long-eared hedgehog (H. auritus).
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Table 2

Sequence alignment showing variations in the 18 crucial key amino acid binding residues of the Spike protein. The critical residues themselves and residues responsible for critical bond formation previously identified for

hDPP4 and MERS-CoV binding are labelled with * and **, respectively. White boxes refer to residues observed in EriCoV sequences identical to the MERS-CoV reference sequence. Conserved amino acid residues observed

in all EriCoVs sequences differing from the reference sequence are highlighted in bold. All sequences are identified by GenBank accession numbers.

W535 E536 D537 G538 D539 Y540 R542 W553 V555
V 533 Y 545

N 530
P 522

E 513

D 510 R 511

L 506
T 505

K 502

N 501
S 500
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Detection of B. erinacei in hedgehogs kept as pets with an overall
6.7% EriCoV positivity observed in this study is similar to previous re-
ports in wild hedgehogs from China and the UK [7,14] but lower
compared to other reports showing higher prevalence ranging from
58.3% to 68.5% in wild hedgehogs in Italy, Germany and France
[5,6,10,11,28,51]. However, the overall positivity detected in our study
may have been influenced by the convenience sampling of this study,
and it does not allow us to infer EriCoV prevalence in the population of
pet hedgehogs in Italy.

Regarding positivity in hedgehog species, the results of our study
showed the first identification of B. erinacei in long-eared hedgehogs.
This result is in accordance with previous studies showing different
species of wild hedgehogs as natural reservoirs of coronavirus (mainly
European hedgehogs, Northern white-breasted hedgehogs and Amur
hedgehogs) across Eurasia [5-15,28,51]. Positivity in long-eared
hedgehogs may be explained by their distribution in Asia overlapping
in some areas the distribution of Northern white-breasted hedgehogs
and Amur hedgehogs previously found to be EriCoV-positive
[11,13,15,21] along with the fact that they have been kept as pets only
recently [52].

On the other hand, decades of captive breeding as well as the indi-
vidual housing requirement for African pygmy hedgehog [53], which
may reduce the risk of CoV introduction and transmission within
captive animals, may account for the absence of CoV in pet African
pygmy hedgehog fecal samples observed in this study. The negative
results in African pygmy hedgehogs kept as pets is in line with a pre-
vious report that did not detect CoVs using oral swabs in captive
hedgehogs of this species from Japan [27]. However, to be sure of this
finding, sampling a larger number of animals (estimated to be at least
149 based on an estimated prevalence of 10.8%) would be required.
Further studies with a higher number of animals and adequate sampling
strategies are needed to confirm the results from this study in pet
hedgehogs as well as to assess the potential presence of CoVs in wild
African pygmy hedgehog and long-eared hedgehog populations.

With regards to the pathogenicity of hedgehog coronaviruses, there
are some studies where EriCoVs have been identified in hedgehogs with
clinical signs of disease. However, the presence of EriCoV in two clini-
cally healthy pet hedgehogs in this study is in line with the absence of
correlation between EriCoV positivity and animal health conditions
previously reported [28]. This suggests that betacoronaviruses are more
likely to be commensal than pathogenic in hedgehogs [14,51,54]. The
finding in our study of EriCoV in two juvenile animals aligns with
previous observations showing five times higher odds of being EriCoV
positive in juvenile hedgehogs [28].

The partial RARp sequence and the whole genome sequence exhib-
iting features similar to other European/European Russian EriCoVs was
expected and the absence of an additional ORF CD200 ortholog
observed in some Italian strains [8] was not surprising and confirms
previous reports not detecting its presence in other B. erinacei whole
genome sequences [28].

The viruses identified here in long-eared hedgehogs sit phyloge-
netically between isolates from Asian and European/European Russia
hedgehogs. They are more closely related to isolates from European
Russian animals than previous Italian isolates. However, the viruses in
this study were isolated from recently domesticated animals (born in
captivity from wild caught parents) from a species with a host range in
central Asia that overlaps with the species sampled in the European
Russian study [11]. This indicates that hedgehog coronaviruses likely
display a continuum across Eurasia as also demonstrated in a recent
study of wild Hungarian Northern white-breasted hedgehogs [15]. The
finding in our study of a separate clade within the EriCoVs in long-eared
hedgehogs naturally distributed in Asia and that have not been analyzed
in previous studies also suggests the presence of species-specific strains
of EriCoVs, in line with previous reports showing that in general, each
coronavirus has a narrowly restricted host range and coronaviruses are
species-specific [55]. Sampling of further wild animals and species may
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Table 3
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Sequence alignment showing variations in the 11 key amino acid binding residues of the Spike protein for APN hedgehog. The residues responsible for critical bond
formation previously identified for APN hedgehog and EriCoV-12-19 (MW246800) binding are labelled with *. White boxes refer to amino acid residues that are
identical to the ones observed in EriCoV-12-19 RBD sequence. Conserved residues observed in all analyzed sequences are highlighted in bold. All sequences are

identified by GenBank accession numbers.

Zone of the RBD as described by Jin et al., 2026 1 1 1 2 3 3 3 3 3 3 2

ErinCoV-12-19 RBD (MW246800) R 521 P 522 A 525 Y 527 G 529 Y 530 S 531 Q533 G 534 T 536 Y 538
EriCoV/ H. auritus 27/Italy/2022 (PX905642, this study) R 529 N 530 V533 Y 535 G 537 T 538 Q539 Q 541 G 542 T 544 F 546
EriCoVs Italy (MW246795, MW246797, MW246801) R 521 P 522 A 525 Y 527 G 529 Y 530 S 531 Q533 G 534 T 536 Y 538
EriCoV Italy (MW246796) L 522 P 523 A 526 Y 528 G 530 Y 531 $ 532 Q534 G 535 T 537 Y 539
EriCoVs Italy (MW246798, MW246799) M 522 Q523 A 526 Y 528 G 530 Y 531 $532 Q534 G 535 T 537 Y 539
EriCoVs Italy (MW246802) M 522 Q523 V 526 Y 528 G 530 Y 531 S 532 Q534 G 535 1537 Y 539
EriCoV Portugal (PP724614) R 523 P 524 A 527 Y 529 G531 Y 532 $533 Q535 G 536 T 538 Y 540
EriCoV Germany (NC_039207) R 521 P 522 A 525 Y 527 G 529 Y 530 S 531 Q533 G 534 N 536 Y 538
EriCov France (PQ869635) R 518 P 519 A 522 Y 524 G 526 Y 527 S 528 Q 530 G531 T 533 Y 535
EriCoV UK (MK679660) W 520 P 521 A 524 Y 526 G 528 Y 529 S 530 Q 532 G533 T 535 Y 537
EriCoVs Poland (PP721361) W 521 P 522 A 525 Y 527 G 529 Y 530 S 531 Q533 G 534 T 536 Y 538
EriCoVs Poland (PP721362) R 521 P 522 A 525 Y 527 G 529 Y 530 S 531 Q533 G 534 T 536 Y 538
EriCoV Hungary (PX460032) R 521 P 522 A 525 Y 527 G 529 Y 530 S 531 Q533 G 535 T 536 Y 538
EriCoVs European Russia (PP421220, PP421221) R 522 P 523 A 526 Y 528 G 530 Y 531 T 532 Q534 G 535 T 537 Y 539
EriCoVs China (MK907286, MK907287) L 522 S 523 V 526 Y 528 G 520 Y 531 N 532 N 534 G 535 1537 Y 539
EriCoV China (PV953136) L 522 P 523 V 526 Y 528 G 530 Y 531 N 532 N 534 G 535 N 537 Y 539

likely demonstrate more viruses of this group in hedgehogs.

Host susceptibility to CoVs is determined by the interaction between
the receptor-binding domain (RBD) of the S protein of coronaviruses and
host cell receptor proteins [56]. The presence of several conserved
amino acids of the RBD in the EriCoV from this study and all European,
European Russian and Chinese EriCoVs confirms previous reports sug-
gesting an affinity for the same receptor in hedgehog body tissues [28].
Previously it was speculated that the EriCoV receptor in host cells may
be the same as for MERS-CoV, namely DPP4 [10]. However, a recent
virus pseudotype and cell entry study has demonstrated that the re-
ceptor for European strains of EriCoV in hedgehogs is Aminopeptidase N
(APN), a receptor used by a range of mammalian alphacoronaviruses
including canine and feline alphacoronaviruses and human coronavirus
HCoV-229E [46]. This is in line with many studies demonstrating low
affinity of EriCoVs for hedgehog or human DDP4 [5,7,8,10,13,28].
Moreover, recent structural evidence suggests that species-specific dif-
ferences in APN may represent a significant barrier to cross-species
transmission of EriCoVs. In particular, key amino acid residues
required for EriCoV spike binding differ between hedgehogs and
humans, resulting in steric incompatibilities that likely impair viral
attachment. Additionally, differences in glycosylation patterns of human
APN may introduce further steric impediment, reducing the likelihood
of efficient binding [46]. Overall, these findings suggest that despite the
phylogenetic relationship between EriCoV and MERS-related viruses,
differences in receptor usage are likely to limit its capacity to infect
humans, highlighting the importance of studying molecular receptor
interactions when evaluating zoonotic risk.

The presence in the sequence from this study of key residues of the
RBD similar to the ones reported for hedgehogs from Europe and Eu-
ropean Russia suggests that hedgehog APN may be an interesting
candidate for further studies. The differences in the key residues of the
RBD among EriCoVs from the long-eared hedgehog of this study, Amur
hedgehogs and Erinaceus spp. suggest that further studies should also
compare RBD binding affinity with APN from long-eared and Amur
hedgehogs. It is also possible that hedgehog viruses might use alternate
receptors in other species with Cruz et al. 2024's protein docking studies
of EriCoV RBD indicating that European EriCov shows higher binding
affinity for fox and cat DPP4 and human ACE2 than the hedgehog var-
iants of these proteins [10]. Also these receptor binding affinities need to
be further explored.

Overall, the identification of B. erinaceus in hedgehogs kept as pets in
Italy is of concern, given the close contact between human and exotic
pets within the household environment and the potential cross-species

transmission risks between EriCoV and other mammal species [10,28].
Hedgehogs are among exotic animals that have become popular as pets
in Europe [26], with the international trade of wild animals as pets
becoming a multi-billion-dollar industry, with the EU being one of the
largest markets, with an increasing demand for exotic pets [23-25].
Hedgehogs may carry several potentially zoonotic pathogens
[11,57-59] and the risks of their transmission to humans supports the
debate on the role of wildlife trade as a potential source of emerging
zoonotic diseases [60], further highlighting the need of continuous
surveillance studies not only on CoVs in hedgehogs kept as pets.

5. Conclusion

In conclusion, the present study added information on coronaviruses
in hedgehogs, showing circulation of EriCoV with genetic features sug-
gesting the presence of species-specific strains of EriCoVs in long eared
hedgehogs kept as pets in Italy, highlighting the need of further coro-
navirus surveillance in both domestic and wild animals also focused on
the identification of EriCoV entry receptor in order to define the risk of
hedgehog-to-human transmission of coronaviruses.
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