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Abstract

Caprine parainfluenza virus type 3 (CPIV3) was first identified in goats named JS2013 in China. In 2019, a sheep herd broke
a disease with respiratory disease in Hebei province, China. In order to confirm the pathogen of the disease, the nasal swabs,
stool swabs and blood samples were collected from the sheep. Virus isolation was performed on MDBK cells and identification
was conducted by RT-PCR. The complete genome of the isolate was sequenced and phylogenetic analyzed. In order to evaluate
the pathogenicity of the virus, five seronegative sheep were experimental infected with the virus suspension. The phylogenetic
analyses based on the complete genome and the M gene indicated that the isolate strain was distinguished distinct from
previously reported CPIV3 lineage of JS2013. The virus-inoculated sheep displayed the syndrome with depression, cough, and
fever. Virus shedding were detected by RT-PCR from nasal swabs. All infected showed virus shedding during 2 - 21dpi and
viremia could be detected in serum samples. Gross pathological assessment of sheep in infected group showed gross lesion in the
lungs. Histopathological observation results indicated that lungs had mild to moderate interstitial pneumonia , with thickened
alveolar walls, decreased alveolar space, and increased amounts of inflammatory cells infiltration. This is the first report of
pathogenicity of the novel lineage of sheep-derived CPIV3. The results would be helpful for further studies on the prevention
and control strategies for CPIV3 infections in goat and sheep.
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ABSTRACT

Caprine parainfluenza virus type 3 (CPIV3) was first identified in goats named JS2013 in China. In 2019,
a sheep herd broke a disease with respiratory disease in Hebei province, China. In order to confirm the
pathogen of the disease, the nasal swabs, stool swabs and blood samples were collected from the sheep.
Virus isolation was performed on MDBK cells and identification was conducted by RT-PCR. The complete
genome of the isolate was sequenced and phylogenetic analyzed. In order to evaluate the pathogenicity of
the virus, five seronegative sheep were experimental infected with the virus suspension. The phylogenetic
analyses based on the complete genome and the M gene indicated that the isolate strain was distinguished
distinct from previously reported CPIV3 lineage of JS2013. The virus-inoculated sheep displayed the syn-
drome with depression, cough, and fever. Virus shedding were detected by RT-PCR from nasal swabs. All
infected showed virus shedding during 2 - 21dpi and viremia could be detected in serum samples. Gross
pathological assessment of sheep in infected group showed gross lesion in the lungs. Histopathological ob-
servation results indicated that lungs had mild to moderate interstitial pneumonia , with thickened alveolar
walls, decreased alveolar space, and increased amounts of inflammatory cells infiltration. This is the first
report of pathogenicity of the novel lineage of sheep-derived CPIV3. The results would be helpful for further
studies on the prevention and control strategies for CPIV3 infections in goat and sheep.
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1 | INTRODUCTION

Parainfluenza virus type 3 (PIV3) is one of the most important viral respiratory pathogens for humans and
many species of animals (Silvina S Maidana, 2012). The virus belongs to the genus respirovirus with respira-
tory syncytial virus (RSV), human parainfluenza virus (HPIV), and canine distemper virus (CDV), bovine
parainfluenza virus type 3 (BPIV3), caprine parainfluenza virus type 3 (CPIV3) in the family Paramyx-
oviridae. The members of this virus family are enveloped and have genomes consisting of a single segment
of negative-sense RNA, which usually have a length of 15kb (Selim, Comakli, Selguk, & Pathogens, 2019;
Walker, P. J. et al., 2019). The genome encodes six structural proteins including the nucleocapsid (N), phos-
phoprotein (P), matrix (M), fusion (F), hemagglutinin-neuraminidase (HN), and large (L) proteins. Three
accessory proteins are encoded by the P gene, including the C, V, and D proteins (Ohkura et al., 2015).

The PIV3 infections were found in a wide variety of mammals including cattle, humans, non-human primates,
rhinoceros (Fischer-Tenhagen et al.,2000), pigs (Qiao, Janke, & Elankumaran, 2010), dogs, dolphin (Qiao et
al., 2010), sheep (Mao et al., 2019), goats (Li,W. et al., 2016), bison (Zarnke & Erickson, 1990), guinea pigs
(Hao, Wang, Mao, Yang, & Jiang, 2019), black and white rhinoceros (Fischer-Tenhagen, Hamblin, Quandt,
& FroLich, 2000), moose (Thorsen & Henderson, 1971) chamois (Luzzago, Ebranati, Lavazza, Besozzi, &
Lauzi, 2020), bighorn sheep (Parks, Post, Thorne, & Nash, 1972), camels (Eisa, Karrar, & Abdel Rahim,
1979), and water buffaloes (Silvina S Maidana, 2012). BPIV3 has demonstrated strong hazard to both adult
and young cattle, which was identified one of the viral respiratory agents caused bovine respiratory disease
syndromes (BRDC) (Ren et al., 2015). The cross-species infections have been reported, including BPIV3 in
sheep, HPIV3 in guinea pigs and Atlantic bottlenose dolphins (Ohsawa et al., 1998; Kirsten et al., 2015).

The first CPIV3 strain, JS2013 was isolated from goats (Li, W. et al., 2014). To date, the CPIV3 strains
isolated from sheep and goats were classified as a similar clade with the JS2013 strain (Mao et al., 2019).
Moreover, the pathogenesis of CPIV3 infection in goats and the guinea pigs were conducted and reported.
However, no other lineage of CPIV3 was detected in sheep and goat herds in the world. In this study,
a caprine parainfluenza virus strain was isolated from sheep suffered severe respiratory disease with high
morbidity and varied mortality in Hebei province of China. The phylogenetic analysis and pathogenicity
indicated that the virus is distinct from previously reported CPIV3 strains.

2 | MATERIALS AND METHODS

2.1 | Samples and virus isolation



The nasal swabs, stool swabs and blood samples were collected from the sheep showed respiratory clinical
signs with nasal discharge and cough in Hebei province, China in 2019. The nasal swab samples were quickly
transferred to the laboratory and filtered through 0.22 um membrane (Millipore). The filtered supernatants
were inoculated to a monolayer of Madin-Darby bovine kidney (MDBK) cells cultured in DMEM (GIBCO,
USA) supplemented with 2% fetal bovine serum, 100U /ml penicillin and 100ug/ml streptomycin at 37, 5%
COg3 incubator. The cytopathic effect (CPE) was observed for 5 days. After three passages, the cell cultures
were harvested and freezing-thawing three times. The supernatant of cultures was collected and stored at
-80 for RT-PCR assay.

2.2 | RT-PCR assay

Total RNA was extracted using PrimeScrip TM II 1st Strand ¢cDNA Synthesis Kit (TaKaRa, Dalian, China)
and the cDNA was subject to amplification using Premix Taq (TaKaRa, Dalian, China). A CPIV3 specific
primer pair of fusion protein gene (the forward primer 5-CATTGAATTCATACTCAGCAC-3’ and reverse
primer 5-AGATTGTCGCATTT(AG)CCTC-3" was used for the reactions of amplification (Lyon et al.,
1997). The reaction was using a 25 ul reaction volume and optimized to 9.5 ul of RNase-free water, 15.5ul
of reaction mix (lul of Mix 20 uM each of primers forward 0.5 ul and reverse 0.5 ul, 12.5 ul of Premix Tagq,
2 ul of template RNA. The reaction was carried out using a Veriti 96-Well thermal cycler (Thermofisher)
with the following temperature profile: 95°C for 5 min, followed by 35 cycles of 30 s at 95°C, 30 s at 50°C
and 60 s,then with a final extension at 72 for 10 min. The PCR product were detected by electrophoresis
through a 1.5% agarose gel and visualized under UV light.

2.3 | Sequencing and Phylogenetic analysis

Total RNA was extracted and sequence analyses were performed directly on the RT-PCR product on the No-
vaSeq 6000 (Illumina). The library was prepared using Nextera XT reagents (Illumina). The representative
PIV3 genomic sequences in GenBank were used for genetic and phylogenetic analyses. Multiple sequence
alignments of viral genome and the M gene were carried out using Clustal W in the MegAlign program
(DNAStar software), together with reference sequences of the identified CPIV3, BPIV3 and HPIV3 strains.
Molecular phylogenetic trees were constructed using the Neighbour-Joining method with the MEGAT soft-
ware (Kumar, Stecher, & Tamura, 2016).

2.4 | Experimental infection

Ten 3-month old sheep were obtained from a farm in Inner Mongolia, China. All animals were negative
to CPIV3 and apparently healthy, presenting no signs of depression, cough or other health disorders. The
selected animals were transported to an animal facility in Inner Mongolia. All animal experiments were
approved by the Institutional Animal Ethics Committee of Inner Mongolia University (Approval No. IMU-
MO-2020-012).

Five sheep were intranasally infected with 4ml of CPIV3 TXO0l strain containing HA titer at 2°
and107-8TCIDs, /ml and other five sheep were inoculated with the cell culture medium to serve as the
controls. The temperature was taken at the same time for 21 days. Clinical assessment was observed daily
from day 1 to day 21. Clinical signs including depression, cough, asthma, and other respiratory disease were
recorded and scored using a scale of 0 — 3 (0 = absence; 1 = mild; 2 = moderate; 3 = severe).

The nasal swab specimens were collected at 1-day prior to challenge through 21 days post-challenge. The
serum sample was collected at 0, 4, 7, 14, 21day. The samples were used for the determination of virus
shedding and the viremia.

2.5 | Pathological and histopathological examination

The gross lesions in the lungs, trachea, lymph nodes and other tissues of sheep were observed and examined
at necropsy. The extent of gross lesions was evaluated and expressed as - (normal), + (mild), ++ (moderate)
and +++ (severe). The tissue samples of liver, spleen, lung, heart, kidney, intestine and mesenteric lymph
node were collected and fixed in 10% buffered formalin for histopathologic analysis.



3 | RESULTS

The nasal swabs, stool swabs and blood samples were detected by RT-PCR, and the amplified PCR product
was sized by electrophoresis as 400bp (data not shown). The PCR production was cloned and sequenced.
Blast research showed the sequence was related to the CPIV3 strain JS2013 (KT215610) with identity 97.5%.
The results showed that the isolate was CPIV3 and named TX01. The MDBK cells inoculated with nasal
swab samples developed obvious cytopathic effects (CPE) as cells appeared aggregated and formed net-like in
the monolayers after three passages. The complete genome sequence of the CPIV3 TX01 strain was submitted
to GenBank with the accession number of MT756864. Pairwise genomic alignment revealed that the complete
genome identity of the CPIV3 TXO01 strain was varied from 74.2% - 75.4% with BPIV3, and 72.6% - 73.0%
with the HPIV3 respectively. The genome sequence of the CPIV3 TXO01 strain has 97.76% identity, which
is the highest identity with the reference CPIV3 strain (GenBank accession number MF683167). (Figure
la). The phylogenetic analyses of the M gene showed that TX01 strains closely relate with CPIV3 but form
a separate branch of its own (Figure 1b). Additionally, high similarities of the nucleotide and amino acid
sequences of the CPIV3 TXO01 strain with reference strains of AHQJ2015-1, GS2007-2, JS2013, JSHA2016,
and JSHA2014-1 in the coding regions of N, M, fusion protein, Hemagglutinin/neuraminidase(HN)and Large
protein(L)were also be analyzed (Table 1).

The virus-inoculated sheep displayed the syndrome with depression, cough, and fever. The rectal temper-
atures raised from 2 - 12 dpi in the challenge group. The date was shown as the mean +- S.D (Figure
2) . The infected group showed virus shedding during 2-21 dpi and viremia could be detected in serum
samples. The lungs of virus-inoculated sheep showed mild to moderate diffuse purple consolidation (Figure
3). The histopathology analysis showed that alveolar walls were obviously thickened, the blood vessels were
dilated and congested, the fibrous histiocytosis and lots of inflammatory cells were infiltrated. No lesions
were observed in the control group (Figure 4).

4 | DISCUSSION

Respiratory diseases have been causing major economic loss to goat and sheep farms. Viral infection, stress
conditions, and secondary infection resulted in severe clinical signs in sheep and goats (Haanes et al., 1997;
Maidana et al., 2012.).

CPIV3 was confirmed one of the special pathogens causing respiratory disease in sheep and goats (Jizong
Li, et al., 2020.). In this study, we first reported a novel lineage of CPIV3 TXO01 strain isolated from sheep.
The alignment of genome sequences and phylogenetic analysis indicated that the CPIV3 TXO01 strain was
different from the reported CPIV3 lineages and appeared to be a potentially new genotype. According to
the current BPIV3 genotyping, the three genotypes A (BPIV3a) and B (BPIV3b) and genotype C (BPIV3c)
were grouped. Therefore, we hypothesized temporarily to divide the CPIV3 into two genotypes, namely,
CPIV3a and CPIV3b. As well, the TX01 strain was classified as genotype B (CPIV3b), which distinguished
from JS2013 lineage.

In 2018, the presence of CPIV3 infection in sheep was investigated, the positive rate of CPIV3 antibody was
59.3% (1793/3026). The antigen-positive rate was 21.5% (401/1863)(Mao et al., 2019) . Here, we summa-
rized the available publications and illustrated the areas of CPIV3 infections in China (Figure 5).Genbank
accession numbers are the following: MK091103, MK091093, MF693117, KT215610, MF693178, MF683167,
MKO091096, MK091094, MK091095, MK091101, MK091102, MK091097, MT756864, MK091099, MK091098,
MK091100.

In the CPIV3 TXO01 strain animal study, the typical clinical signs of the infected sheep were depression,
cough, sneezing, nasal discharge, tachypnea, and fever. Viremia was detected in the sheep in 7, 14, 21 days
.Virus shedding was confirmed by RT-PCR from nasal swabs during 2 - 21dpi. The results are consistent
with previous reports, except that rectal temperatures of the goats with JS2013 infected remained normal,
with no significant differences observed between the inoculated and non-treated groups (Li,W. et al., 2014).
Pathological examination results indicated that most of the virus-inoculated sheep showed mild to moderate
gross lesion in lungs, with diffuse purple consolidation. The results of histopathologic examinations founded



that the lungs had mild to moderate thickened alveolar walls, decreased alveolar space, increased amounts of
inflammatory cellular infiltrate congestion, and macrophage infiltration (Figure 3). In addition, the originally
infected virus was isolated from the lung of virus-inoculated sheep using MDBK cell, the result indicated
that CPIV3 TX01 was the main causative agent in this experimental infection. The pathogenicity caused
by the CPIV3 strain in goats and guinea pigs have been reported, (Li,W. et al., 2016; Fei Hao et al., 2019).
But it is still not clear whether sheep-derived PIV3 strain had pathogenicity in goats.

This study was reported a novel lineage of CPIV3 that originated from sheep in China which demonstrated
high virulence to sheep. The risks of cross-transmission between sheep and goat and the evolution mecha-
nisms, including genomic changes driven by the adaptation of CPIV3 to new hosts, are suggested.
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Figure legends

Figure 1. Phylogenetic tree based on the complete genome and M gene of the CPIV3 TX01
strain and other PIV3 strains.

(a) The evolutionary analyses based on the full-length genome sequence of the novel isolate and reference
respiratory strains showed that TXO01 significantly clustered with CPIV3 but formed a separated branch.
(b)The evolutionary analyses based on the M gene sequence. The evolutionary analyses were performed
using MEGA 7 software. The red circle indicates the novel sequence. Different strains isolated from different
species represented by different colors.

Table 1. Comparison of the nucleotide sequences and amino acid sequences between CPIV3
TXO01 strain and reference CPIV3 strains.

Figure 2. The rectal temperatures of the sheep infected experimentally with CPIV3 TXO01
strain in the infection group and control group.

Figure 3. Gross pathological lesions in the experimentally infected sheep lungs.

A. Normal control lungs. B. Interstitial lung disease at day 21 poi in one infected sheep. C. A consolidation
of 1.0 x 2.0 cm in one sheep lung. D. Consolidations in the pulmonary lobules in one infected sheep.

Figure 4. Histopathological observations in the sheep lungs. (200x).

A .Lung section of sheep of NC group necropsied at 21dpi. B-D.Lung section of one infected sheep showed
severe thickened alveoli septa. E. Lung section of one infected sheep showed thickened alveoli septa and
expansions of the alveolar interstitium. F. Lung section of one infected sheep showed thickened alveoli septa,
congestion, macrophage infiltration and compensatory emphysema.

Figure 5. Distribution map of CPIV3 strains from 2013 to 2019 in China.

The area of the gray color (0) express no CPIV3 strain has been reported in this area. The area of the
yellow color (1) express one CPIV3 strain has been reported in this area (QH2017-1, AHQJ2015-1). The
area of the blue color (2) express two CPIV3 strains has been reported in this area (GS2017-2, GS2017-1,
XJ2017-1, XJ2017-2). The area of the red color (3) express three CPIV3 strains has been reported in this
area (JS2013, JSHA2016, JSHA2014-1, NM2017-3, NM2017-1, NM2017-2, SD2017-1, SD2017-2, SD2017-3).
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