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Abstract: Parvoviridae family being an extremely fast-growing family and is open to novel viral discoveries. Many new
parvoviruses from different vertebrates and invertebrates hosts have been discovered in recent years. The taxonomy has
changed with new classification by the International Committee on Taxonomy of Viruses. The subfamily Hamaparvovirinae
has been added to the prior subfamilies that consisted of Parvovirinae and Densovirinae. Chaphamaparvovirus is a recently
identified genus of Hamaparvovirinae, including some members associated with nephropathy in laboratory mice and high
mortality in Tilapia fish. Samples from a deceased Northern paradise tanager (Tangara chilensis paradisea) with
nonsuppurative encephalitis, neuritis, and ventriculitis were examined by light microscopy and ancillary histochemical stains
for bacteria, protozoa, fungi, and other parasites. Samples were also analyzed by PCR for general protozoa, paramyxovirus,
avian bornavirus, and herpesvirus. None of these known pathogens were detected. Using viral metagenomics we identified
and characterized the genome of a novel chaphamaparvovirus in tissues of this bird. No other viral sequences were identified.
This virus’s contributory role to these lesions will require further studies.
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Ensefalit, Neurit ve Ventrikiilit’li Paradise Tanager Otiicii Kusunda Yeni

Chaphamaparvovirus

Oz: Parvoviridae ailesi son derece hizli biiyiiyen bir ailedir ve yeni virus kesiflerine agiktir. Son yillarda bu aileye ait farkli
omurgalilardan ve omurgasizlardan birgok yeni virus kesfedilmistir. Yapilan yeni kesiflerle Uluslararasi Virus Taksonomisi
Komitesi tarafindan taksonomi degistirilmistir. Daha 6nce Parvovirinae ve Densovirinae olan alt ailelere Hamaparvovirinae alt
ailesi eklenmistir. Chaphamaparvovirus, yakin zamanda tanimlanan bir parvovirus genusudur (Parvoviridae ailesi) bazi alt
tirleri laboratuvar farelerinde nefropati ile iliskili ve Tilapya baliklarinda yiiksek 6liim orani géstermektedir. Ensefalit, norit ve
ventrikdlitli bulgulari ile 6len bir Cennet Tangarasi (Tangara chilensis paradisea) kusundan alinan numuneler, 151k mikroskobu
ve bakteriyolojik, protozoer, mantar, ve diger paraziter etkenler yéniinden histokimyasal olarak incelendi. Ornekler ayrica
genel protozoa, paramiksovirus, avian bornavirus ve herpesvirus i¢in PCR ile analiz yapildi ve bulasici ajan tespit edilmedi.
Yeni nesil sekanslama methodu ile viral metagenomik kullanarak, bu kusun dokularindaki yeni bir chaphamaparvovirus
genomunu karakterize edildi Herhangi baska higbir viral sekans (etken) tanimlanmadi. Bu galisma yeni bir virus kesif yayini
olup bu virusun bu lezyonlara katkida bulunan roliiniin dogrulanmasi igin 6nci nitelikte olacaktir.

Anahtar Kelimeler: Cennet Tangarasi kusu, Chaphamaparvovirus, Chufflevirus, Metagenomics, Parvovirus.
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INTRODUCTION

P

colorful birds found in tropical and subtropical

aradise Tanager songbirds, in the Thraupidae

family of the Passeriformes order, are small

forests of the Western and Northern Amazon Basin,
including Brazil, Peru, Colombia, Venezuela, and
Ecuador. Thraupidae is the second-largest family of
birds representing 4% of all bird species (1).
Members of the Parvoviridae virus family have
been reported in numerous vertebrate and
invertebrate species (2,3) with single strain DNA
(ssDNA) genomes 4-6.3 kb in size encoding two to
four open reading frames (ORFs). Recently, the
Parvoviridae family has been re-organized into three
different (3). of the

Parvovirinae subfamily infect vertebrate hosts, those

subfamilies Members

of the Densovirinae subfamily infects invertebrates,
and those of the recently created Hamaparvovirinae

subfamily infect either invertebrate

(Penstylhamaparvovirus, Brevihamaparvovirus,

Hepanhamaparvovirus,  Ichthamaparvovirus)  or

(3).

Chaphamaparvoviruses have recently been detected

vertebrates (Chaphamaparvovirus)
in dogs (4, 5), pigs (6), rats (7,8), red-crowned cranes
(9), turkeys and chickens (10,11), macaques (12,13),
bats (14,15), Tasmanian devils (16), fish (17), human
(18) and most recently in cat (19).

Here we describe a novel member of the
Chaphamaparvovirus genus in tissues of a bird with

inflammation in the nervous and renal tissues.

MATERIALS and METHODS
Animal and Post-Mortem Examination and PCR

A vyoung, adult female Northern paradise
tanager (Tangara chilensis paradisea) housed in a
large aviary at a zoological institution was found dead
with no premonitory signs of disease. The bird that
contributed tissues for metagenomics and PCR was
necropsied due to a poor or grave prognosis for
recovery in accordance with the American
Association of Zoo Veterinarians Guidelines for

Euthanasia of Non-Domestic Animals (2006) and the
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American Veterinary Medical Association Guidelines
for the Euthanasia of Animals (2013). Ethics approval
and consent to participate samples were utilized
under San Diego Zoo Wildlife Alliance’s Institutional
Animal Care and Use Committee (#18-024). Tissues
utilized post mortem were collected as routine
practice for tissue archiving purposes.

A full post-mortem examination was conducted
the day the bird was found. A complete suite of
tissues was collected, fixed in 10% neutral-buffered
Paraffin-embedded

sectioned at 5 um, were stained with hematoxylin

formalin. tissue  samples,
and eosin (HE). Sections of the brain were also
stained with Gram and Steiner’s stains. Brain tissue
was tested by polymerase chain reaction (PCR) for
general protozoa, paramyxovirus, bornavirus, and
herpesvirus; the methods were used as explained by
others (20-23). Additionally, samples of the brain,

lung, liver, and intestine were saved at -70°C.

Viral Metagenomics

Liver tissue from the affected paradise tanager
which had been frozen at -70°C were thawed and
homogenized with the rotor in approximately 10x
Phosphate-buffered The

homogenized sample was again frozen and thawed

volume of saline.
twice on dry ice to facilitate the release of viral
particles. Centrifugation was performed at 15 000 x
g, 4°C for 10 minutes, and the supernatant filtered
using a 0.45 um pores filter (Millipore). DNAse and
RNAse enzymes were then incubated with filtrate to
enrich for viral nucleic acids. MagMAX Viral RNA
Isolation Kit (Ambion) was used for total nucleic acid
extraction (24) For random RT-PCR and library
preparation with dual barcoding we followed a
previously described protocol (25).

An in-house bioinformatic pipeline was used to
analyze raw sequence data. Before analysis, raw
sequence reads were pre-processed to remove
human and bacterial sequences, and duplicate and

low-quality reads. ENSEMBLE program was then used
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for de novo assembly (26), and both contigs and
singlets viral protein sequences were analyzed for
similarity with all annotated viral proteins available in
GenBank (BLASTx v.2.2.7). R10

program was used for sequence alignments and to

The Geneious

generate genomes and identify viral motifs.

Phylogenetic Analysis

Paradise tanager parvovirus non-structural
(NS1) and capsid protein (VP1) sequences were
aligned using MAFFT in the Geneious program and
the aa phylogenetic trees of parvoviruses were
constructed using the Maximum likelihood method
with two substitution models: Le_Gascule_2008
model (LG) with Freqs and gamma-distributed,
invariant sites (G + I) MEGA software ver. X (27). The
analysis involved 23 and 25 protein sequences of
chaphamaparvoviruses and aveparvoviruses for the
tree.

phylogenetic analysis

Evolutionary
conducted in MEGAX (28).

was

Figure 1. Leukoencephalitis of the cerebellum with
hypercellular white matter (asterisk) and aggregates
of lymphocytes and plasma cells around vessels
(arrow). Hematoxylin and eosin, 200X magnification.
Sekil 1. Hiperselliiler beyaz cevher (yildiz isareti) ve
damarlarin  gevresinde lenfosit ve plazma
hiicrelerinin agregalari (ok) iceren beyincikte
Iokoensefalit. Hematoksilen ve eozin, 200X biyitme.
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RESULTS
Animal and Histology

There was no evident cause of death at

necropsy and no gross lesions diagnosed.

Histologically, there were multifocal areas of mild
nonsuppurative inflammation in the brain, with
hypercellularity and perivascular cuffing in the white
matter of the cerebellum and optic lobe (Figure 1). In
the sciatic nerve, inflammation was more significant
with more moderate infiltration of mononuclear
cells, thick perivascular aggregates, and axonal
disruption (Figure 2). Brain tissue collected at
necropsy and stored at -70°C was negative by PCR for
general protozoa, paramyxovirus, bornavirus, and
herpesvirus. Lesions were negative for bacteria,
fungi, and other parasites by

protozoa, light

microscopy and ancillary histochemical stains,

including silver stain (Steiner) and Gram stain

(MacCallum-Goodpasture).
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Figure 2. Sciatic neuritis wi
lymphocytes and plasma cells and thick perivascular
aggregates (arrows), as compared to fairly
unaffected area of the nerve (asterisk). Hematoxylin
and eosin, 100X magnification.

Sekil 2. Sinirin oldukga etkilenmemis alani (yildiz
isareti) ile karsilastinldiginda, yogun lenfosit ve
plazma hiicreleri infiltrasyonu ve kalin perivaskiler
kiimeler (oklar) ile siyatik noérit. Hematoksilen ve
eozin, 100X biyltme.
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Viral Metagenomics

A liver tissue sample was processed and a total
number of 800 thousand reads were generated. The
raw data is available in Short Reads Archive-SRA
(National Center for Biotechnology Information-
NCBI) under accession number SUB7782092. A total
of 724 reads yielded matches to chaphamaparvovirus
proteins in GenBank with E score ranging from 1.73e"
71 to0 6.12e”, including a 2603 base contigs. No
matches to other eukaryotic viral proteins (E score
<101% were detected. We, therefore, detected
evidence for the presence of only one virus that we
named chufflevirus. The length of the paradise
tanager bird chaphamaparvovirus genome obtained
was 4196 nucleotide (nt) long with typical genome
organization of four major ORFs (Figure 3 -
MT764779). The terminal repeats at the extremities
of parvoviruses could not be detected, indicating that
only a partial genome sequence was generated. The
virus showed 41.7% G+C content with a distribution
of 33.7% A, 24.64% T, 20.3% G, and 21.4% C. Both the
ATP-/GTP-binding Walker A loop motif (GxxxxGKT/S;
GPSNTGKS) and Walker B motif (EE) were found in
the NS1 (29).

T

Figure 3. Chufflevirus genome structure (Created by
Geneious R10).

Sekil 3. Chufflevirus genom vyapisi (Geneious R10
tarafindan olusturulmustur).

Phylogenetically the proteins of the chufflevirus

clustered with recently generated
chaphamaparvoviruses sequences from anal swabs
of wild and zoo birds from China, particularly from
bunting birds (Emberizidae) which like paradise birds
(Thraupidae) are also members of the Emberizoidea

superfamily in the (Figure 4A-B). The nonstructural
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protein (NS1) and the capsid proteins (VP1) proteins
have shown the closest aa identity of 50 to 83.3% and
44.4 to 82.9% to proteins of these bird parvoviruses.
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Figure 4. 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 + 1) model MEGA software version
X.

Sekil 4. Filogenetik agaglar (A; NS1 ve B; VP1), cift
ikame modeliyle Maksimum olasilik yontemi
kullanilarak olusturulmustur: frekans ve gama
dagihmi, degismez bolgeler (G + I) modeli MEGA
yazilim striimu ile Le_Gascule_2008 modeli (LG).
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DISCUSSION and CONCLUSION

Although the Parvoviridae family is a DNA virus
family, it has a high mutation rate (30). Within this
family, multiple new genomes are detected every
year in different animal hosts and countries
(2,4,5,13,18). Chaphamaparvoviruses have recently
been detected in dogs (4), cats (19), pigs (6), rats
(7,8), red-crowned cranes (9), turkeys and chickens
(10,11,31), macaques (12,13), bats (14,15),
Tasmanian devils (16), murine (32) and fish
(17,33,34). A chaphamaparvovirus was recently
reported in the serum of a febrile Brazilian (18).
Chaphamaparvoviruses have been shown to cause
nephropathy in laboratory mice (32,35) and tilapia
fish (34). Some studies have shown an association
between cat and dog chaphamaparvoviruses
detection and diarrhea (4,19), while others have not
(36).

The paradise tanager brain was used for PCR to
test for pathogens often associated with brain
inflammation and remaining tissues (liver and lung)
were chosen for viral metagenomics. PCR for viruses
associated with avian encephalitis and
ganglioneuritis were negative, while other pathogens
associated with these lesions (bacteria and fungi)
were not seen in histologic sections. Despite these
negative results, a viral etiology was the primary
consideration based on the distribution and
character of inflammation.

The chufflevirus genome was the only viral
nucleic acid found in the lung and/or liver tissues
using metagenomics. The detection of related
chaphamaparvoviruses in fecal swabs of bunting
birds indicates that avian chaphamaparvoviruses
transmission likely occurs through the oral-fecal
route. Viral detection in internal organs of the sick
paradise tanager songbird indicated that chufflevirus
can also replicate beyond the digestive tract, as is the
case for other chaphamaparvoviruses including
mouse kidney parvovirus resulting in murine
nephropathy (32,35) and Tilapia parvovirus, which
infects kidney, spleen, liver, intestine, and brain,

resulting in massive fish mortality (34).
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Whether this novel parvovirus is related to the
inflammatory lesions in this songbird will require
induction of disease using virus inoculation,
observation of a disease outbreak involving this virus,
or significantly increased prevalence and viral loads
in a case-control epidemiological study. In situ
methods for demonstrating chaphamaparvoviral
DNA in anatomical lesions would also add support for
an association between infection and disease. While
uncommon, similar lesions have been seen in other
tanagers, so an investigation into this novel virus’s

role in disease is warranted.
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