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The first discovery of Chaphamaparvovirus in sheep with
encephalitis and anemia
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ABSTRACT

Objective:  Parvoviruses have been shown to
exist in sheep since 1987. To this date there are only
three reports pertaining to the existence parvoviruses
in sheep. The first reported parvovirus study did not
provide genomic information whereas the latter two
belonged to the tetraparvovirus and copiparvovirus
genera. This study focused on discovering the possible
reasons of encephalitis and anemia in a dead sheep

whose tissue samples were submitted to our laboratory.

Methods:

sequencing (NGS) was utilized. Nextera™ XT Sample

In the present study next-generation

Preparation Kit was used to generate a library for
Illumina MiSeq using dual barcoding. An in-house
pipeline was used for analyzing raw data generated from
Miseq. Several software were used to create in house-
pipeline to trim sequences and de novo assembly. For
the alignment genome and phylogenetic tree Geneious

and MEGA X software were used.

Results: A novel ovine chaphamaparvovirus and
pestivirus D both were characterized simultaneously.
Although chaphamaparvoviruses had had been reported
in various animals, this is the first time they have been
reported in sheep. PCR analyses confirmed the presence
of chaphamaparvovirus in multiple tissues. The partial

nonstructural protein (NS1) and the complete capsid

OZET

Amag: Parvovirusler koyunlarda ilk olarak 1987
yiinda tespit edilmistir. Gunimize kadar koyunlarda
parvovirislerin - varligina iliskin sadece {ic rapor
vardr. ilk bildirilen parvoviriis calismast genomik bilgi
saglamazken, son ikisi tetraparvovirus ve copiparvovirus
doku

belli

ensefalit ve anemi tespit edilen oli bir koyunda olas

cinslerine aittir  Bu calismada ornekleri

laboratuvarimiza gonderilen sebebi olmayan

nedenleri kesfetmeye odaklanilmistir.

Yontem: Bu calismada yeni nesil dizileme (NGS)
kullamilmistir. Nextera™ XT Numune Hazirlama Kiti,
ikili barkod kullanarak Illumina MiSeq platformu icin
bir kitaplik olusturmada kullanildi. Miseq’ten Uretilen
ham verileri analiz etmek icin sirket ici bir data analiz
altyapist kullanmldi. Okuma dizilerini kirpmak ve de
novo baglama analizi icin cesitli yaziimlar kullanildi.
Genomun hizalama islemi ve filogenetik agac¢ icin

Geneious ve MEGA X yazilimindan faydalanildi.

Bulgular: Calismada yeni bir kucikbas hayvan
chaphamaparvoviriisi ve pestivirus D aynm anda
karakterize edildi. Chaphamaparvovirisler cesitli

hayvanlarda bildirilmis olmasina ragmen koyunlarda ilk
kez rapor edilmektedir. PCR analizleri, bircok dokuda
chaphamaparvovirus varligim dogruladi. Kismi yapisal

olmayan protein (NS1) ve tam kapsid proteinleri (VP1)
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proteins (VP1) protein sequences displayed the closest
amino acid identity of 49% and 69%, respectively, to the
proteins of a non-human primate chapparvovirus from

Macaca fascicularis.

Conclusion: This ovine parvovirus is the fourth
parvovirus and the first chaphamaparvovirus reported
in sheep. Both chaphamaparvovirus and pestivirus
were shown to co-exist simultaneously in sheep. The
role of this dual virus infection in the disease signs
of this sheep remains to be determined. This study
will shed light on future chaphamaparvovirus studies

in sheep.

Words:

Parvovirus, Chaphamaparvovirus, ovine

Key Next-generation sequencing,

protein dizileri, insan olmayan bir primat Macaca
fascicularis’te bulunan chapparvoviriisiin proteinlerine
sirasiyla %49 ve %69’luk en yakin amino asit 6zdesligini
sergiledi.

Sonug: Bu kiciikbas hayvan parvovirisi koyunlarda
bildirilen dordiinciiparvoviris ve ilk chaphamaparvovirustur.
Hem chaphamaparvovirus hem de pestiviriis’iin koyunlarda
ayn anda birlikte var oldugu gosterilmistir. Bu koyunun
hastalik belirtilerinde bu ikili virlis enfeksiyonunun roli
heniiz belirlenmemistir. Bu calisma ileride koyunlarda
yapilacak olan chaphamaparvovirus calismalarina 151k

tutacak niteliktedir.

Anahtar Kelimeler: Yeni nesil dizileme, Parvovirus,

Chaphamaparvovirus, kiiclikbas hayvan

INTRODUCTION

The genomes of members of the Parvoviridae
family members are ssDNA and 4-6.3 kb in size with
two to four recognized open reading frames (ORFs).
Parvoviridae family is now classified into 3 different
subfamilies:
capable of
vertebrate, Parvovirinae infecting vertebrate hosts,

recently added Hamaparvovirinae

infecting either invertebrate or
Densovirinae infecting invertebrate hosts (1). The
subfamily Hamaparvovirinae can be divided into five
genera. Members of four of them infect invertebrates
(Penstylhamaparvovirus, Brevihamaparvovirus,
Hepanhamaparvovirus, Ichthamaparvovirus)
while members of Chaphamaparvovirus genus
infect vertebrates (1). Chaphamaparvovirus genus
members have been defined in multiple animal
species including human (2), dogs (3, 4), cats (4),
bear (5), wild birds (6), red-crowned cranes (7),
turkeys and chickens (8, 9), reptile (10), bats (11,
12), macaques (13, 14), pigs (15), tasmanian devils

(16), fish (17), and rats (18, 19). Disease association

Turk Hij Den Biyol Derg

has not been established in most species, however
a murine Chaphamaparvovirus, named Mouse kidney
parvovirus causes chronic tubulointerstitial nephritis
in both immonocompromised and immunocompetent
laboratory mice (20, 21). Another Chaphamaparvovirus
has been associated with massive mortality in
tilapia fish. Chapahamaparvoviruses have also been
associated with diarrhea in dogs (3) and cats (4).
Small ruminants are important to the livelihoods
of farmers around the world, and food security is
important for both their milk and meat products
consumed by the public. Diverse viruses including
pestivirus (Border disease), bunyavirus (Rift valley
fever), pox virus (Contagious ecthyma, Sheep and goat
pox), orbivirus (Bluetongue), retrovirus (Pulmonary
adenomatosis-Jaagsiekte, Driving sickness),
lentivirus (Ovine progressive interstitial pneumonia)
and orthonairovirus (Nairobi sheep disease) are
known to cause pathogenic infections in sheep (22).
The first parvovirus in sheep was reported in 1987



and named ovine parvovirus but detailed information
including its genome is not available (23). In 2011, a
parvovirus (ovine hokovirus 1) in the liver and spleen
of a sheep was sequenced, and classified into the
Ungulate tetraparvovirus four species (24). This virus
has not (yet) been associated with clinical symptoms
(24). Recently, another sheep parvovirus belongs to
copiparvovirus genera was reported from Brazil (25).

Here, we used deep sequencing to evaluate the
virome of multiple tissues from a sheep that had both
anemia and encephalitis of unknown origin. A novel
Chaphamaparvovirus genome was characterized and
its presence in multiple tissues confirmed by PCR.

MATERIAL and METHOD

The animals were submitted with owner consent
for routine necropsy to the Anatomic Pathology
Service of the Veterinary Medical Teaching Hospital
at the School of Veterinary Medicine at UC Davis.
Lung, spleen and liver samples were collected at the
time of routine necropsy from a sheep with a clinical
evaluation of encephalopathy and anemia. The
main histologic findings were myelitis (spinal cord
white matter degeneration), crusting skin lesions,
lymphocytic perivascular cuffing in multiple tissues,
gastrointestinal erosion, and proliferative colitis.

Viral Discovery

A tissue pool of lung, spleen and liver tissues
stored at -80°C from index sheep case was thawed
and a hand-held rotor was used with 10X volume of
phosphate-buffered saline for tissue homogenization.
Homogenate was then rapidly frozen and thawed
on dry ice 5 times. Centrifugation (10 min, 15
000 x g) used to collect the supernatant (400 ml).
The supernatant was filtered through a 0.45 mm
centrifugal filter (Millipore). The filtrate was treated
with enzyme cocktail at 37°C for 90 minutes for viral
enrichment (26). The MagMAX Viral RNA Isolation kit
(Ambion) protocol was used with small modification
(without carrier RNA) for nucleic acid extraction.

SuperScript™ Il Reverse Transcriptase (invitrogen) was
used for reverse transcription step and than random
PCR reaction was performed with random primer (26).
Nextera™ XT Sample Preparation Kit (lllumina) was
used to generate a library for Illumina MiSeq (2 x 250
bases) using dual barcoding (26). An in-house pipeline
was used for analyzing raw data generated from
Miseq. Several software were used to create in house-
pipeline to trim sequences and de novo assembly (27,
28). BLASTx (version 2.2.7). BLASTx (version 2.2.7)
was used to analyze singlets and contigs for similarity
to all viral protein sequences available in GenBank’s
virus RefSeq and non-redundant database using an
E-value cutoff of 0.001. DIAMOND (version 0.9.6) was
then used to compare initial viral hits to all protein
sequences in NR and were retained only when the
top hit was to a sequence annotated as viral. The
Geneious R10 program was used for alignments,
The
amino acid (aa) pairwise alignments of Parvoviruses

translation to amino acid, and ORF finding.

Non-structural protein 1 (NS1) and Capsid protein
(VP1) and pestivirus were performed by the Genious
using the in-built MAFFT algorithm. The amino acid
phylogenetic trees were constructed using the
Maximum likelihood method with two substitution
models: Le Gascuel 2008 model based with gamma
distributed (G+) for NS1 and VP1 and D polyprotein in
MEGA software version X (29, 30).

PCR detection

To confirm that the parvoviral genome was present
in tissues from this animal, PCR primers Ovichap_F
(5’- GCAGAGAGGACAACAACCCATA-3’) and Ovichap_R
(5’- ACCATTTCCCCATTGCTCTCAT-3’) were used to
amplify a 471 bp size of ovine chaphamaparvovirus
NS1 region. The mixture was placed in a thermal cycler
(Biorad, Chromo-4) and the polymerase activated, by
incubation at 95°C for 5 min. Cycling conditions were
95°C for 30s, 56°C for 30 s, and 72°C for 1 min for 35
cycles, a final extension at 72°C for 10 min. Bands of
expected size were isolated and extracted and Sanger
sequenced.
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RESULTS

The lung, liver and splenic tissue of a neurologic,
anemic sheep were pooled and processed for
(VLP)-
associated DNA and RNA fragments were processed

viral metagenomics. Virus like particle

for sequencing following enrichment and random
amplification. Illumina MiSeq platform was used
for library generation (materials and methods) and
resulting raw sequence data can be accessed at
NCBI’s GenBank with accession number SRP13198876.
BLASTx analyses of the fragments yielded to
chaphamaparvovirus proteins with E score ranging
from 3.44e34to 4.64°"" including a 2603 bases contigs.
Also detected were 7321 reads matching Pestivirus D
yielding a complete polyprotein encoding sequence.
The chaphamaparvovirus contigs were used to design
PCR primers. Lung, liver, and splenic tissues were
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100] | KU172423 Bovine hokovirus 2

%' MH814981 Bovine hokovirus2
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separately extracted and individually tested by PCR
and Sanger sequencing and all tissues contained
detectable parvoviral genome.

A partial genome of a virus we callled ovine
chaphamaparvovirus (GenBank accession number
MW344047) of 2603 nucleotides was generated. The
genome was 42.8% G+C with a distribution of 37.1%
A, 20.1% T, 20.6% G and 22.1% C. The expected ATP-
or GTP-binding Walker A loop motif (GxxxxGKT/S;
GPSNTGKS) and Walker B motif (EE) were found in
NS1(31).

The partial nonstructural protein (NS1) and the
complete capsid proteins (VP1) proteins had closest
aa identity of 49% and 69%, to the corresponding
proteins of Macaca fascicularis
(MN3122221) (Figure 1).

chapparvovirus
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Figure 1. Phylogenetic trees (A; NS1 and B; VP1) were constructed using the Maximum likelihood method with two
substitution models: Le_Gascule_2008 model (LG) with Freqs and gamma distributed, invariant sites (G + |) model MEGA

software version X.
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Protein based phylogenetic trees of this new
chaphamaparvovirus and of the pestivirus D strain
were constructed using Maximum likelihood method
(see materials and methods). The novel ovine
chaphamaparvovirus proteins both fell within the
Chaphamaparvovirus genus.

Cilt 78 B Sayl 3H 2021 m——————

The complete pestivirus D polyprotein coding
region also detected in this sheep tissue pool
was assembled (MT108680) showing best amino
acid identity of 94% to Border disease virus strain:
BD31 from the USA (U70263), FNK2012-1 from
Japan (AB897785), and strain Coos Bay 5 from USA

(KJ463422) (Figure 2).
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Figure 2. PThe complete pestivirus D polyprotein phylogenetic tree.
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DISCUSSION and CONCLUSION

the first
chaphamaparvovirus. The viral genome encoded

We describe here ovine

typical genome organization and ORFs. Based
on ICTV criteria (1) the low level of sequence
identity (<85% identity in NS1) between the ovine
chaphamaparvovirus genome and those of the other
known chaphamaparvoviruses indicates membership
in a distinct viral species. We propose the name
ungulate chaphamaparvovirus 2 as the species name
following ungulate chaphamaparvovirus 1 containing
porcine parvovirus 7 (KU5637330), the only member

of that species to date (15).

Pestivirus D (Border disease virus) first discovered
in 1959 and has been reported world wide in both
sheep and goats. Acute infections of Border disease
generally are associated with a mild leukopenia and
slight-fever. The main significant, but less common,
clinical sequelae is abortion (32, 33). The disease
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