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Abstract
Mink circovirus (MiCV), a virus that was newly discovered in 2013, has been associated with enteric disease. However, its 
etiological role in acute gastroenteritis is unclear, and its genetic characteristics are poorly described. In this study, the role 
of circoviruses (CVs) in mink acute gastroenteritis was investigated, and the MiCV genome was molecularly characterized 
through sequence analysis. Detection results demonstrated that MiCV was the only pathogen found in this infection. MiCVs 
and previously characterized CVs shared genome organizational features, including the presence of (i) a potential stem-loop/
nonanucleotide motif that is considered to be the origin of virus DNA replication; (ii) two major inversely arranged open 
reading frames encoding putative replication-associated proteins (Rep) and a capsid protein; (iii) direct and inverse repeated 
sequences within the putative 5ʹ region; and (iv) motifs in Rep. Pairwise comparisons showed that the capsid proteins of 
MiCV shared the highest amino acid sequence identity with those of porcine CV (PCV) 2 (45.4%) and bat CV (BatCV) 
1 (45.4%). The amino acid sequence identity levels of Rep shared by MiCV with BatCV 1 (79.7%) and dog CV (dogCV) 
(54.5%) were broadly similar to those with starling CV (51.1%) and PCVs (46.5%). Phylogenetic analysis indicated that 
MiCVs were more closely related to mammalian CVs, such as BatCV, PCV, and dogCV, than to other animal CVs. Among 
mammalian CVs, MiCV and BatCV 1 were the most closely related. This study could contribute to understanding the poten-
tial pathogenicity of MiCV and the evolutionary and pathogenic characteristics of mammalian CVs.

Circoviruses (CVs) are small nonenveloped icosahedral 
viruses measuring 16–26 nm in diameter and possessing 
a single-stranded circular DNA genome with a length of 
1.7–2.1 kb and a major structural protein [1]. In the cur-
rent taxonomy release, the family Circoviridae is divided 
into two genera: Circovirus and Cyclovirus [1, 2]. The most 
recent release of the Universal Virus Database of the Inter-
national Committee on Taxonomy of Viruses reported that 

the genus Circovirus includes 29 recognized species whose 
members infect mammals and birds (ICTV, https ://talk.ictvo 
nline .org/taxon omy/p/taxon omy-histo ry?taxno de_id=20175 
768, Released on July 2017).

CVs have been identified in numerous species associated 
with various clinical disorders, including asymptomatic 
infections and lethal diseases [3–5]. In birds, CV infections 
are associated with lethargy, weight loss, respiratory dis-
tress, diarrhea, and poor race performance [6–8]. In geese, 
these infections cause death. In other animals, these infec-
tions induce different clinical signs, including respiratory, 
vesicular, hemorrhagic, and gastroenteritic manifestations 
and reproductive failure [3, 9]. CV infections are also related 
to lymphoid depletion and immunosuppression, which likely 
increase the severity of secondary infection [10].

Mink circovirus (MiCV) is a novel pathogen that was 
found in cases of minks with diarrhea in Dalian City, Liaon-
ing Province, China, in 2013 [11]. Despite the discovery 
of CV infection in minks, the pathogenic role of MiCV in 
single or polymicrobial infections has not been determined, 
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and the prevalence and economic importance of this virus 
have yet to be elucidated.

In this study, MiCV was detected and molecularly char-
acterized from the collected feces of minks with acute 
gastroenteritis in Harbin City, Heilongjiang Province, in 
northeastern China in March 2015. The complete genome 
sequences of MiCV strains were compared with those of 
other CV strains, including recent CVs detected in birds and 
animals, to enhance our understanding of their genetic and 
biological differences.

In March 2015 an outbreak of acute gastroenteritis 
occurred on three farms under one cooperative in Harbin, 
Northeastern China. Minks had a sudden onset of gastroin-
testinal symptoms, and their clinical signs included severe 
diarrhea, vomiting, lethargy, anorexia, dehydration, and 
rough fur. Their stool was thin or soft and watery. More than 
2000 minks were owned by the cooperative in the reproduc-
tion period, and the same feed and immune procedures were 
used. A 5-year vaccination protocol against mink enteritis 
virus (MEV) and canine distemper virus (CDV) was com-
pleted. Fewer than 10 minks died after 1 week of illness, 
and most of those that died were malnourished. The other 
minks completely recovered within 5–7 days after showing 
clinical signs. Local veterinary clinicians sampled three or 
five diarrheic fecal samples from each farm and immediately 
submitted them to our laboratory in the Animal Teaching 
Hospital of the College of Veterinary Medicine, Northeast 
Agricultural University.

One mink carcass (after flaying) was frozen at −20 °C 
to −30 °C after 2 days of storage at 10 °C and sent to our 
department for necropsy and laboratory investigations. Sam-
ples from the heart, liver, spleen, lung, kidney, and intestine 
of the carcass were collected and homogenized in Dulbec-
co’s modified Eagle’s medium supplemented with 5% fetal 
calf serum and 1000 IU of penicillin, 1000 mg of streptomy-
cin, and 10 mg of amphotericin B per ml. Tissue homogen-
ates were clarified by centrifugation at 2500×g for 10 min.

The fecal samples were immediately examined for com-
mon enteric bacterial, protozoan, and viral pathogens, 
including Salmonella spp., Clostridium spp., Campylobac-
ter spp., shiga-toxin-producing Escherichia coli and entero-
toxigenic E. coli, Coccidium spp., Cryptosporidium spp., 
mink Aleutian disease virus [12], MEV [13], CDV [14], 
caliciviruses [15], rotaviruses [16, 17], coronaviruses [18], 
and astroviruses [19]. Standardized procedures were carried 
out to isolate bacteria commonly associated with enteritis 
in vitro. The samples were plated on 5% sheep blood agar 
(Biocell BioTech., Co., Zhengzhou, China) and cultured 
aerobically or anaerobically at 37 °C for 48 h for pathogen 
detection. Bacteriological investigations were conducted 
in accordance with standard biochemical procedures, and 
bacterial strains were identified using the Biolog Microbial 
ID System (GeneIII, Biolog Inc. USA). Feces or intestinal 

contents were examined to detect intestinal parasites by 
zinc sulfate flotation. Stools and intestinal sections were 
subjected to Ziehl–Neelsen staining to identify Crypto-
sporidium spp.

DNA/RNA extracts were screened to detect enteric viral 
pathogens that are common in minks. Tissue homogenates or 
fecal suspensions of each sample were prepared by diluting 
the feces in 0.01 M phosphate-buffered saline at a proportion 
of 1:10 and a pH of 7.2. The suspensions were then vortexed 
for 30 s and centrifuged at 1000×g for 15 min. The super-
natant (200 μl) was used for DNA/RNA extraction using a 
TIANamp Virus DNA Kit (TIANGEN BioTech. Co., Bei-
jing) or TRIzol LS (Gibco-BRL, Life Tech.) in accordance 
with the manufacturer’s protocol. Nucleic acid templates 
were stored at −80 °C until use. Nucleic acid templates 
were also extracted from healthy mink feces as a negative 
control. The primers and the PCR and RT-PCR conditions 
used to detect viral pathogens have been described elsewhere 
(Table 1).

PCR was performed as described previously to determine 
the full-length genome sequence of the newly identified 
MiCV strain, which we have named “HEB15” [20, 21]. The 
PCR product was analyzed via electrophoresis using an aga-
rose gel and visualized by staining with ethidium bromide. 
The amplified product from the positive sample was 600 bp 
long. The complete genome was amplified from the positive 
sample obtained via PCR using the primers CV-3, CV-4, 
repF, and repL. The target DNA bands were extracted from 
the gel using a QIAGEN Gel Extraction Kit in accordance 
with the manufacturer’s instructions. The purified PCR prod-
ucts were cloned into the pMD18-T Simple vector (Takara, 
Japan), and the plasmids were introduced into E. coli DH5a 
using a standard transformation technique. At least three 
independent plasmid clones were analyzed, confirmed, and 
sequenced by Comate BioTech. Co., Changchun, China.

Sequence reads were assembled using SeqMan 
(DNASTAR Inc., Madison, WI, USA), and the genome 
sequence of MiCV was analyzed with the aid of NCBI 
(http://www.ncbi.nlm.nih.gov) and EMBL (http://www.
ebi.ac.uk) analysis tools. Multiple alignments of nucleotide 
and predicted amino acid sequences were performed and 
compared with those of other members of the family Circo-
viridae, which were extracted from the GenBank database 
using ClustalW in MEGA 6.06 [22].

Putative open reading frames (ORFs) were identified 
using ORF Finder (NCBI; http://www.ncbi.nlm.nih.gov/
gorf/gorf.html). The nucleotide sequences of different ORFs 
were aligned with the cognate sequences of the reference 
MiCV strain DL13 and other CVs through translation-based 
alignment. The hairpin and stem-loop structures were iden-
tified using the mfold web server (http://unafo ld.rna.alban 
y.edu/?q=mfold ). Furthermore, direct and inverted repeat 
sequences within the intergenic regions were determined 

http://www.ncbi.nlm.nih.gov
http://www.ebi.ac.uk
http://www.ebi.ac.uk
http://www.ncbi.nlm.nih.gov/gorf/gorf.html
http://www.ncbi.nlm.nih.gov/gorf/gorf.html
http://unafold.rna.albany.edu/?q=mfold
http://unafold.rna.albany.edu/?q=mfold
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using an oligonucleotide repeat finder (http://wwwmg s.bione 
t.nsc.ru/mgs/progr ams/oligo rep/InpFo rm.htm).

Phylogenetic trees based on the full-length genome 
sequence and the nucleotide sequences of replicase and 
capsid protein genes were constructed in MEGA 6.06 
using neighbor-joining method, which provided statistical 
support with bootstrapping of over 1000 replicates. Other 
tree-building methods, including maximum parsimony and 
maximum likelihood, were used to confirm the topology of 
the neighbor-joining tree.

The following reference CV strains were used in the phy-
logenetic analysis: MiCV isolate DL13 (NC_023885.1, from 
Dalian City, Liaoning Province, China, in 2013), MiCV iso-
late Hebei (KM586846.1, from Hebei Province, China, in 
2013), BatCV 1 (JX863737), BatCV2 (KC339249), BatCV3 
(JQ814849.1), PCV-1 (NC_001944.1), PCV-2 (AY424401), 
PCV-3 (NC_031753.1), dogCV (NC_020904.1), duck CV 
(DuCV) (NC_008033.1), goose CV (GoCV, NC_003410.1), 
Cygnus olor CV (SwCV) (NC_025247.1), beak and feather 
disease virus (BFDV) (NC_001944.1), gull CV (GuCV) 
(NC_008522.1), columbid CV (CoCV) (NC_003054.1), 

starling CV (StCV) (NC_006561.1), finch CV (FiCV) 
(DQ845075), canary CV (CaCV) (AJ301633), raven CV 
(RaCV) (NC_008521.1), barbel CV (BarCV) (GU799606), 
human feces-associated CV (GQ404856.1), zebra finch CV 
(KP793918), human feces-associated CV (GQ404856.1), 
and European catfish CV (JQ011377.1). The distantly 
related human cyclovirus 1 (HuCyV-1) (KF031465), cyclo-
virus PKgoat21 (NC_014927.1), and cyclovirus PK5006 
(GQ404844.1) were used as outgroups.

Of the 12 samples tested, 11 (91.7%) were positive for 
MiCV. No evidence of mixed infection with different patho-
gens was found in the analyzed samples. The heart, kidney, 
and gut samples of the deceased mink tested positive in the 
PCR targeting the replicase gene of MiCV. E. coli isolated 
from the liver of the mink carcass harbored iutA, sfa viru-
lence genes and were pathogenic to mice.

The complete sequence was deposited in the Gen-
Bank database under accession no. KX268345. The com-
plete genome of MiCV strain HEB15 comprises 1753 
nucleotides as a covalently closed circular DNA and 
has a nucleotide composition of 25.50% A, 26.81% T, 

Table 1  Primers used for detection and cloning of mink circovirus

Target virus Primer name Primer sequence (5’-3’) Target gene Ampli-
con size 
(bp)

Annealing 
temperature 
(°C)

References

Mink circovirus F ATG CCC GTA AGA TCG CGA T Cap 684 54 [20]
R GGT ACC TTA AGT TTG CTT TGGG 
CV-F3 GCC CGC TTA AAC GGC TCA AAC CGC 

ATT TTC 
Partial genome 1547 49 [11]

CV-R3 TGG GAG GGG CCT GAG GGA TTA CGT 
CAT ACA 

repF ACA TCA GCG CTA ATGAT Rep 959 49 This study
repL GCT AAA ATC AAG TGT AGT ATC 

Mink enteritis virus P1 GGA TTT CTA CGG GTA CTT TC VP2 570 52 [13]
P2 GGT GTG CCA CTA GTT CCA GTAT 

CDV CDV1 ACA GGA TTG CTG AGG ACC TAT Nucleoprotein 287 59 [14]
CDV2 CAA GAT AAC CAT GTA CGG TGC 

Mink aleutian disease virus MADF CTT GTC ACG CTA CTA GAA TGGT VP2 693 55 [12]
MADR AGC TTA AGG TTA GTT TAC ATG GTT 

TACT 
Coronaviruses IN-2deg 5′-GGGDTGG GAY TAYCCHAAR TGY 

GA-3′
Polymerase 452 49 [18]

IN-4deg 5′-TARCAVACAACISYRT CRT CA-3′
Caliciviruses P290d GAT TAC TCCASSTGG GAY TCMAC RdRp 319 48 [15]

P289d TGA CGA TTT CAT CATCMCCRTA 
Astrovirus MA2 GGC TTT ACC CAC ATICCAAA Polyprotein 387 55 [19]

MA4 TGG ACC CGC TAT GAT GGC ACIAT
Rotaviruses Con 2 ATT TCG GAC CAT TTA TAA CC VP4 876 50 [16]

Con 3 TGG CTT CGC CAT TTT ATA GACA 
S9-as ACT TGC CAC CAY YTY TTC CAATT VP7 400 55 [17]
S9-csv ATG AAT GGT TAT GYA AYC CDATGGA 

http://wwwmgs.bionet.nsc.ru/mgs/programs/oligorep/InpForm.htm
http://wwwmgs.bionet.nsc.ru/mgs/programs/oligorep/InpForm.htm
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28.92% G, and 18.77% C, with a GC content of 47.69%. 
Sequence comparisons indicated that the genomes of the 
two MiCV isolates, namely, DL13 and HEB15, exhibited 
99.66% nucleotide sequence identity. The HEB15 genome 
sequence differed from that of DL13 by six nucleotides. 
The nucleotide sequence alignment was free of deletion 
or insertion events.

The genome sequence of MiCV isolate HEB15 was com-
pared individually to those of other CVs, and was found 
to be 20.3% identical to that of CoCV and 66.6% identical 
to that of BatCV 1. By contrast, MiCV was more closely 
related to BatCV 1 (66.6% nucleotide sequence identity) 
than to dogCVs and GoCVs (20.3.1%–55%).

Nucleotide sequence analyses indicated that the MiCV 
HEB15 strain exhibited a genome organization similar 
to that of previously characterized CVs, such as pig CVs 
(PCVs) and BFDV [9, 23]. Sequence features included a 
distinctive inverted repeat sequence to form a thermody-
namically stable stem-loop with a highly conserved nonanu-
cleotide motif TAG TAT TAC at its top, where rolling-circle 
replication (RCR) of the virus DNA strand has been postu-
lated to initiate. Accordingly, the convention for nucleotide 
numbering and labeling of ORFs has been adopted from 
previous reports [10]. Thus, the A residue, which is found 
in the eighth position in the nonamer and lies immediately 
downstream of the RCR cleavage site, is regarded as nucleo-
tide position 1.

The MiCV genome was found to contain seven ORFs 
potentially encoding proteins containing more than 50 amino 
acids. Similar to PCV 1, PCV 2, and BFDV, the MiCV 
genomes possessed two major ORFs, one in the viral sense 
orientation (V1, encoding the viral replicase) and one on 
the complementary strand in the opposite orientation (C1, 
encoding the capsid protein). Fig. 1 presents the genome 
locations of the major ORFs in MiCV. The largest ORF, V1, 
is located at nucleotide position 48–941 and is postulated to 
encode the replication-associated protein (Rep), with a pre-
dicted length of 297 aa. These values were within the range 

of 289 amino acids (BFDV) to 317 amino acids (pigeon CV, 
[PiCV]) observed in other CVs.

The rep gene of HEB15 contained one nucleotide mis-
match when compared with DL13, and the substitution 
resulted in a nonsynonymous codon change. The predicted 
Rep of MiCV shared 42.1% (GuCV) and 79.7% (BatCV 
1) amino acid sequence identity with those of other CVs. 
Pairwise comparisons showed that the amino acid identity 
levels of the putative V1 ORF product shared by MiCV with 
BatCV 1 (79.7%), dogCV (54.5%), and swan CV (51.1%) 
were broadly similar to those with PCVs (46.5%).

A sequence alignment of the putative Rep of MiCV with 
those of known members of the genus Circovirus identi-
fied several highly conserved amino acid motifs, including 
WWDGY (aa 195–199 in MiCV), DDFYGW (aa 208–213), 
and DRYP (aa 224–227) [24, 25]. A closer examination of 
the V1 ORF amino acid sequences showed that the amino 
acid motifs associated with RCR and the P-loop were present 
in the sequences of MiCV and those of BFDV and PCVs. 
The motifs related to RCR activity [26] include FTINN, 
which occurs at aa 13 to 17 in MiCV, and TPHLQG, which 
appears at aa 49 to 54 in FiCV. CSK is the sequence of the 
third RCR motif located at aa 91 to 93 in the MiCV Rep. 
G*GKS is the fourth motif, which is putatively associated 
with dNTPase activity [27], at aa 171 to 175 in the MiCV 
Rep.

The C1 ORFs, which were the putative cap genes of 
MiCV (nt 1032–1715), encode proteins with 270 amino 
acids. This value was the smallest and was below the range 
of 289 (BFDV) to 317 amino acids (PiCV) observed in other 
CVs. The predicted Cap of MiCV shared 20.7% (DuCV) 
and 45.4% (PCV 2 and BatCV) amino acid identity with 
those of other CVs. In addition to the high level of identity 
shared by PCV 2 and BatCV (45.4%), the highest amino acid 
sequence identity was shared by PCV 1 (43.6%). MiCV also 
shared higher levels of identity with mammalian CVs, such 
as PCVs (43.6% and 45.4%) and BatCV 1 (45.4%), than with 
avian CVs (20.7%–26.0%). Similar to other animal CVs, 

T
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G - C
G - C
C - G
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9411032
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Fig. 1  Diagram of the circovirus genome isolated from mink. The nucleotide position is indicated for each ORF. Rep, replicase; Cap, capsid pro-
tein. The hairpin-like palindromic structure, the origin of replication, is shown on the right
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MiCV had a putative capsid protein with an amino terminus 
containing an arginine (R)-rich stretch with a length of 30 
aa.

The cap nucleotide sequences of MiCV HEB15 and the 
two other strains of MiCV, namely, DL13 and Hebei13, were 
99.3% and 99.7% identical, respectively. Furthermore, a high 
degree of identity (99.3%–99.7%) was observed between 
the nucleotide sequences of MiCV strains. The cap gene 
contained five nucleotide mismatches compared with the 
DL13 isolate. Three of the five substitutions were transver-
sions, and all of the substitutions resulted in nonsynonymous 
codon changes. The alignment of the entire Cap protein 
sequence of MiCV HEB15 with the published sequences of 
DL13 and Hebei13 indicated that the sequences were gener-
ally highly conserved, showing no variation at all. Moreover, 
the five nucleic acid substitutions did not result in changes 
in amino acids.

Database searches with the MiCV sequence revealed 
that none of the minor ORFs shared significant amino acid 
sequence similarity with any of the ORFs specified by other 
CVs. However, a putative ORF, postulated to use an alter-
native TTG start codon, occurred on the complementary 
strands (nt 887–504), which shared weak homology with 
the C2 ORF of DuCV (26%) and was in a similar location 
to those of previously characterized CVs.

Like other CVs, the HEB15 genome was found to con-
tain two intergenic noncoding regions located between the 
replicase and the capsid protein genes (Table 2). The 5′ and 
3′ intergenic regions of MiCV were 85 and 90 nt in length, 
respectively (Table 2). In the 5′ intergenic region of MiCV, 
the conserved nonanucleotide motif of MiCV was flanked by 

a potential stem-loop with 11 base pairs in the stem. In addi-
tion, the intergenic region of MiCV possessed two tandemly 
repeated decamers GGC ACA CCTC (nt 13–22 and 23–32) 
adjacent to the potential stem-loop. In the 3′-intergenic 
region, a 45-nt stretch within the 3′ intergenic sequence 
showed 97.78% (44/45) nt sequence identity to its counter-
part in BatCV 1 (isolate XOR), which was recently detected 
in bats by metagenomic analysis of tissue samples [28].

Potential poly(A) signals appropriately located for use 
with possible transcripts containing the V1 and C1 ORFs 
were identified in the MiCV genomes by analogy to sim-
ilar sequences in the PCV and BFDV genomes [23, 24]. 
Potential poly(A) signals for the V1 ORF were determined 
at nt 924–929 (AAT AAA ) and nt 937–943 (ATT AAA A). 
In the complementary strand, three possible signals for the 
C1 ORF were identified at nt 944–950 (AAT AAA A), nt 
961–968 (GAT AAA AA), and nt 1030–1036 (CTT AAA A).

A phylogenetic analysis based on the complete genome 
sequences of the two MiCV strains and representative 
CVs was performed to investigate the genetic relationship 
between MiCV and other CVs (Fig. 2). In the neighbor-join-
ing tree, the MiCV strains were grouped with mammalian 
CV, which comprised BatCV 1, dogCV, and PCVs, and these 
were clearly separated from bird CVs. MiCVs were more 
closely related to PCV 1 and PCV 2 than to dogCV (Fig. 2a). 
A phylogenetic analysis based on rep sequences (Fig. 2b) 
demonstrated that the two MiCV strains were grouped with 
BatCVs and were more closely related to dogCV than to 
PCV 1 and PCV 2. In trees constructed based on the cap 
gene, the MiCVs were tightly intermingled with BatCV 1 
isolate and were close to PCV 1 and PCV 2, but dogCV 

Table 2  Summary of data relating to genome features of circoviruses

Virus Genome 
length 
(nucleotides)

Length of 5’ 
intergenic region 
(nucleotides)

Length of 3’ 
intergenic region 
(nucleotides)

Nonanucleotide 
sequence

Tandem repeat 
motif

Cap protein 
length (amino 
acids)

Rep protein 
length (amino 
acids)

MiCV 1753 85 90 TAG TAT TAC GGC ACA CCTC 227 297
PCV1 1759 82 36 TAG TAT TAC CGG CAG C 233 312
PCV2 1768 83 38 AAG TAT TAC CGG CAG CAC 

CTC 
233 314

BFDV 1993 145 234 TAG TAT TAC GGG GCA CCG 247 289
PiCV 2037 90 171 TAG TAT TAC GGA CCC AC 273 317
CaCV 1952 77 249 CAG TAT TAC GGA GCC AC 250 290
FiCV 1962 71 307 TAG TAT TAC TGG AAC C 249 291
GuCV 2035 207 72 TAG TAT TAC GGG GCC AT 245 305
GoCV 1821 132 54 TAT TAT TAC GTA CTC CG 250 293
DuCV 1996 111 232 TAG TAT TAC TAC TCC G 257 292
DogCV 2063 135 203 TAG TAT TAC CACAG 270 303
BatCV 1862 86 171 TAG TAT TAC CAC TTC GGCA 238 295
StCV 2063 79 293 CAG TAT TAC GGA GCC A 276 289
SwCV 1783 107 39 TAT TAT TAC ACTAC 251 293
RaCV 1898 86 204 GAG TAT TAC GGA GCC 243 291
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was grouped into a separate cluster (Fig. 2c). These results 
were verified using the maximum-likelihood and maximum-
parsimony methods, which yielded the same tree topology 
(data not shown).

MiCV circulated on mink farms in Dalian City, Liaoning 
Province, China, in 2013 [11]. Farmers observed disease 
in MEV-vaccinated minks in 1978. Clinical signs included 
diarrhea, lethargy, anorexia, pale muzzle, and unkempt 
fur. On farms with diseased minks, all of the animals were 
affected, and 70%–80% showed clinical signs. However, 
most of the animals recovered, and fewer than 10% of the 
affected minks died. MiCV was found in the liver, digestive 
tract, and fecal specimens of minks and was shown to be 
responsible for diarrhea [11]. However, its pathogenic role 
remains unknown, particularly its infection or coinfection 
process. In the present study, we investigated a major out-
break in a large population. Samples were tested for other 
causative agents, including MADV, MEV, CDV, coronavi-
rus, calicivirus, rotavirus, bacterial pathogens, and parasites. 
After these pathogens were excluded, MiCV was detected 
alone, and was not found in combination with other key 

pathogens, such as MADV, MEV, and CDV. Thus, our find-
ings suggested a possible association between MiCV and 
mink acute enteritis. Consistent with the detection results 
presented by Lian et al. [11], our findings showed that the 
virus was located in the gut and feces. The virus was also 
found in the heart and kidney, but not in the liver.

The sites where carcasses and feces were collected in this 
study were approximately 1000 km away from where Lian 
et al. obtained their samples [11], and the isolates were there-
fore of different geographical origin. Moreover, the mink 
breed, disease symptoms, and disease duration differed. 
As such, the sustained direct transmission of MiCV among 
minks was excluded, and MiCV HEB15 was considered a 
new strain. The data gathered in this study expanded the 
known geographical distribution of MiCV. Unfortunately, 
the carcass of the MiCV-infected mink was not stored prop-
erly by the resident veterinarians and underwent repeated 
cycles of freezing and thawing, making it unsuitable for 
histopathological examination. For this reason, valuable 
information on tissue localization and alterations of MiCV 
could not be collected. The present study could contribute 

Fig. 2  Phylogenetic analysis of 
the genome sequences of mink 
circovirus and other circo-
viruses, using the neighbor-
joining method, with 1,000 
bootstrap replicates (MEGA 
6.06). a Analysis of the whole 
genome sequence. b Analysis of 
the rep gene sequence. c Analy-
sis of the cap gene sequence. 
Only bootstrap support values 
greater than 60% are shown. 
The bar indicates the genetic 
distance. The sequence of the 
circovirus isolated in this study 
is indicated by a star. Other 
sequences were obtained from 
GenBank; accession numbers 
of those sequences are included 
in the tree
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to our knowledge of the pathogenic potential of MiCV and 
its association with mink enteritis if our results were cor-
roborated by further reports. The presence of MiCV might 
help to explain the different disease outcomes and sever-
ity often observed in MADV-/MEV-infected animals. Our 
results indicate that minks with acute gastroenteritis should 
be screened for MiCV and established pathogens, such as 
E. coli and MEV. This study was conducted to identify the 
viral agents associated with acute diarrhea in minks, and no 
attempt was made to determine the primary cause of death.

To date, attempts to isolate MiCV have been unsuc-
cessful. Current surveillance methods are limited to viral 
detection using molecular assays, and no seroprevalence 
information is available. As a consequence, the identifica-
tion and characterization of the virus depends on genetic 
approaches such as PCR and sequence determination and 
analysis. In this study, the nucleotide sequence of the 
MiCV genome was determined and analyzed. Our results 
showed that the genome sequence of MiCV isolate HEB15 
was highly similar to that of MiCV DL13 in terms of size 
(1753 nt), nucleotide sequence (99.66% identity), and ORF 
analysis. The examination of other MiCV sequences from 
different regions will help to assess the level of genetic 
diversity. In our study, sequence analysis confirmed that 
MiCV genomes displayed the characteristics of mem-
bers of the genus Circovirus, and the common features 
included their genome organization, the presence of a 
potential stem-loop and conserved nonanucleotide motif 

postulated to be the origin of viral DNA replication, and 
major ORFs and repeats [26, 27]. Conserved amino acid 
motifs, including WWDGY, DDFYGWLP, and DRYP, 
which have unknown functions, were also recognized 
within Rep associated with RCR and dNTPase activity. 
These motifs could be utilized to design primers that could 
amplify CV-specific DNA for discovery of new CVs in 
other hosts.

Additional MiCV surveillance in animals is required 
to clarify CV epidemiology. Further efforts are necessary 
to identify and characterize the infection or coinfection 
processes. Future studies should investigate experimental 
infections to obtain conclusive information on the patho-
genic role of MiCV and to monitor the circulation of these 
viruses and their effects on mink populations.

This study could contribute to our knowledge about 
the pathogenic potential of MiCV and its association with 
acute gastroenteritis in minks. The complete genome 
sequence of MiCV strain HEB15 is reported here to help 
elucidate the epidemiological, evolutionary, and patho-
genic characteristics of mammalian CVs. The availability 
of the MiCV genome sequence also provides a basis for 
the development of molecular reagents that could be used 
to identify other novel CVs that infect other mammalian 
species.

Fig. 2  (continued)
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