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ABSTRACT Avian metapneumovirus (aMPV) is an
important causative agent that causes acute respiratory
disease and egg-dropping in chickens and turkeys. Here,
we characterized an aMPV subgroup C (aMPV/C)
from 320-day-old broiler breeder chickens with severe
respiratory diseases in Beijing, China, as evidenced by
RT-PCR typing and confirmation of the nucleoprotein
(N) gene sequence. The N gene sequence of the aMPV/
C strain (designated BJ17) exhibited no deletions or
insertions and possessed 94.6% to 99.6% identity to
those of published aMPV/C isolates. The phylogenetic
tree of the nucleotide sequences constructed using the
neighbor-joining clustering method showed that the
BJ17 strain formed one cluster with other aMPV/C
viruses and formed one subcluster with published Chi-
nese aMPV/C isolates regardless of Muscovy duck or
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chicken origins. Comparative analysis of the N proteins
showed that a unique amino acid residue D at position
110 might be associated with regional distribution due
to its occurrence in all the Chinese aMPV/C isolates
only. Strain BJ17 was successfully isolated by cultured
Vero cell passage and further inoculated in 3-wk-old spe-
cific-pathogen-free chickens for the examination of path-
ogenicity. Animal experimental results showed that
BJ17-inoculated chickens had severe respiratory diseases
and inflammatory lesions, as demonstrated by patholog-
ical changes and aMPV antigen in the nasal turbinate,
tracheae, and lung tissues. These results enrich the avail-
able information regarding the epidemiology and patho-
genicity of aMPV/C in chickens, which may facilitate
the development of effective measures against aMPV/C
infection in China.
Key words: avian metapneumovirus subgroup C (aMPV/C), isolation and characterization, respiratory disease,
nucleoprotein gene sequencing, pathogenicity
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INTRODUCTION

Avian metapneumovirus (aMPV) is an important and
widely distributed pathogen in turkeys, chickens, and
other avian species such as wild birds (Jones, 1996;
Cook, 2000; Cecchinato et al., 2012). Infection with
aMPV may cause severe respiratory diseases as well as
impaired egg production due to infections by secondary
pathogens, such as Escherichia coli (Droual and Wool-
cock, 1994; Giovanardi et al., 2014), thereby leading to
severe economic losses to both turkey and chicken
farming in many regions of the world (Mase et al., 2003;
Banet-Noach et al., 2005; Roussan et al., 2008;
Catelli et al., 2010). aMPV, a member of the genus
Metapneumovirus, belongs to the subfamily Pneumovir-
inae within the family Paramyxoviridae. Its genome is a
non-segmented, single-stranded, negative-sense RNA of
approximately 13 kb in length, and is ordered as 3-
leader-N-P-M-F-M2-SH-G-L-trailer-50. Four subgroups,
namely A, B, C, and D, have been recognized to be
dependent on genetic and antigenic properties
(Gough and Jones, 2008). Subgroup A (aMPV/A) was
first described in turkey flocks in South Africa in 1978
(Buys and Du Preez, 1980), and since then, aMPV/A
and subgroup B (aMPV/B) have been reported in
Europe (Jones et al., 1991; Hafez et al., 2000;
D’Arce et al., 2005; Banet-Noach et al., 2009; Cecchi-
nato et al., 2013a, 2013b; Listorti et al., 2014), Asia
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(Mase et al., 2003; Banet-Noach et al., 2005; Kwon et al.,
2010; Yu et al., 2019), and other parts of the world
(Dani et al., 1999; Mahmoud et al., 2008; Chacon et al.,
2011; Abdel-Azeem et al., 2014; Rivera-Benitez et al.,
2014). Subgroup C aMPV (aMPV/C) was first found in
turkeys in the USA (Seal, 1998; Cook et al., 1999) and
subsequently isolated from Mallard ducks, Muscovy
ducks, pheasants, guinea fowl, ostriches, geese, and
some wild birds in other parts of the world
(Toquin et al., 1999; Shin et al., 2002; Toquin et al.,
2006; Lee et al., 2007; Turpin et al., 2008). Subgroup D
(aMPV/D) has been detected in turkeys in France
(B€ayon-Auboyer et al., 2000).

In China, since aMPV was first found in 1999
(Shen et al., 1999), a series of serological surveys have
shown that aMPV infection has become prevalent in
chicken flocks (Guo and Qu, 2009; Zhang et al., 2017a,b).
Infection of broiler or breeder chickens with aMPV/A or
aMPV/B infection has been detected or isolated in China
(Owoade et al., 2008; Yu et al., 2019). In a previous
report, we first isolated an aMPV/C (strain JC) from Chi-
nese local 60-day-old meat-type chickens with acute respi-
ratory disease in South East China in 2013 (Wei et al.,
2013).

In this study, we identified an aMPV/C strain using a
typing RT-PCR method to examine nasal turbinate
samples taken from 320-day-old broiler breeder chickens
with severe respiratory clinical signs in Beijing, China,
in 2017. This aMPV/C strain has been successfully
adapted to Vero cell culture. To understand the genetic
and pathogenic characteristics of aMPV/C isolated in
the present study, we further analyzed the phylogenetic
relationships based on nucleoprotein (N) gene sequences
and evaluated the pathogenicity of the isolate in 3-wk-
old specific-pathogen-free chickens.
MATERIALS AND METHODS

Ethics Statement

The chicken experiment was conducted according to
the animal welfare guidelines of the Institutional Animal
Care and Use Committee (IACUC) of the Institute of
Animal Husbandry and Veterinary Medicine, Beijing
Academy of Agriculture and Forestry Sciences.
Case History and Sample Collection

In August 2017, ten nasal turbinate samples were col-
lected from 320-day-old broiler breeder chickens with
severe respiratory diseases at a breeder farm in Beijing,
China. The morbidity rates were 10% to 30% in different
chicken flocks, but no mortality was observed. Collected
samples were homogenized in PBS, centrifuged at
3,000 £ g for 15 min, and the supernatant was further
passed through a 0.45 mM Millipore membrane for
extraction of RNA and isolation of virus.
Sequencing of the Nucleoprotein Gene

Total RNA was extracted from the treated samples
using the RNeasy Mini Kit (Qiagen, Germantown, MD,)
according to the manufacturer’s instructions and sub-
jected to typing reverse transcription-polymerase chain
reaction (RT-PCR) with aMPV subgroup-specific pri-
mers as described (Gharaibeh and Algharaibeh, 2007).
The positive samples were further exploited to amplify
the whole nucleoprotein (N) gene sequences using the
sense primer (5’-CGCATATAAGACAACTTCCAAA
CA-3’) and antisense primer (5’-CTTTCCCCTCAG-
GAAAGGAC-3’). The RT-PCR protocol followed the
instructions of the TaKaRa PrimeScript one-step RT-
PCR Kit Ver.2 (TaKaRa, Dalian, China). After sequenc-
ing, the nucleotide (nt) and amino acid (aa) sequences
were predicted using DNAStar (Madison, WI). Multiple-
sequence alignments were generated using ClustalX 2.0,
and nucleotide sequence identities were further obtained
using the ClustalW method of DNAStar. All sequence
data were assembled using the DNAStar software. Phylo-
genetic trees were constructed by the neighbor-joining
tree method using MEGA 5.1 software, and bootstrap
values were calculated on 1,000 replicates of the align-
ment (Tamura et al., 2011).
Cell Culture and Virus Isolation

Vero cells were cultured in Dulbecco’s modified
Eagle’s medium (Gibco, 11995) supplemented with
100 units/mL penicillin, 100 mg/mL streptomycin, and
5% heat-inactivated fetal bovine serum (FBS; Gibco,
10099-141) at 37°C in an incubator with 5% CO2. Vero
cell monolayers in a 25 £ 25 cm2

flask were inoculated
with 1 mL each supernatant of nasal turbinate tissue
homogenates and incubated with a maintenance
medium containing 2% FBS at 37°C. The Vero cells
were checked for cytopathic effects (CPE) each day.
TCID50 Assay

The amount of aMPV/C produced was assayed using
Vero cell monolayers. Briefly, 96-well plates were seeded
with Vero cells and infected with 100 mL of serial 10-fold
dilutions of the aMPV/C strain BJ17. After 5 days of
incubation, plates were fixed with 4% paraformaldehyde
in PBS and an indirect fluorescence assay (IFA) was
conducted using aMPV/C hyperimmune chicken serum.
Titers were assayed by the Reed and Muench method
and expressed as 50% tissue culture infective dose per
milliliter (TCID50/mL). Virus growth was determined
in Vero cell cultures at 0.1 multiplicity of infection
(MOI). At the indicated times following BJ17 infection,
the culture supernatants were harvested for virus titra-
tion as described above.
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Indirect Immunofluorescence

Monolayer Vero cells were inoculated with the
aMPV/C strain BJ17 for 72 h, and the expression of N
protein was detected by IFA under a microscope. In
brief, the aMPV/C-infected cells were fixed with 4%
paraformaldehyde in PBS followed by incubation with
rabbit polyclonal antibody against an aMPV N protein
polypeptide (Alvarez et al., 2004) and goat anti-rabbit
fluorescein isothiocyanate (FITC)-conjugated antibody
(DAKO). The cells were washed with PBS and exam-
ined by fluorescence microscopy.
Western Blotting

Western blotting was used to analyze the expression
levels of aMPV nucleoprotein from the whole cell
lysates. The protein concentrations were assayed. Sam-
ples were loaded with 1 £ sample loading buffer, boiled
for 10 min at 100°C, separated by 12% SDS-PAGE, and
then transferred to a PE membrane. The membrane was
then washed and blocked for 2 h in TBST blocking
buffer (20 mM Tris-HCl [pH 7.4], 150 mM NaCl, 0.1%
Tween 20) with 5% nonfat dried milk, reacted with rab-
bit antibody against an aMPV N protein polypeptide
(Alvarez et al., 2004) overnight at 4°C, and diluted in
TBST. The membrane was then washed 3 times in
TBST and incubated with horseradish peroxidase
(HRP)-conjugated secondary antibody for 45 min at
room temperature. The membrane was washed and the
N protein expression was detected using a SuperSignal
West Femto Substrate Trial Kit (Thermo Scientific,
Waltham, MA; 34096) and then exposed to a chemilumi-
nescence apparatus (Proteinsample, Santa Clara, CA).
Chicken Experiment

Thirty 3-wk-old White Leghorn chickens, purchased
from Beijing Boehringer Ingelheim Vital Biotechnology
Co., Ltd, Beijing, China, were assigned randomly to 2
groups. Chickens from group 1 received 200 mL of Vero
cell supernatant as a sham-infected group (n = 15). Birds
in group 2 (n = 15) were intranasally infected with the
aMPV/C strain BJ17 at a dose of 104.5 TCID50 inocula.
Oropharyngeal swabs were harvested at 3, 5, and 7 d
postinoculation (dpi), and viral replication was deter-
mined using quantitative RT-PCR. All nasal turbinate,
tracheae, and lung tissue samples were collected from all
birds 7 d after inoculation for histopathological observa-
tion and immunohistochemical staining.
Histopathology and Immunohistochemical
(IHC) Staining

Turbinate, tracheae, and lung tissue samples of the
BJ17-inoculated chickens were harvested for histopatho-
logical examination and detection of aMPV viral antigens
by IHC staining as described previously (Wei et al., 2013).
Quantitative RT-PCR (qRT-PCR)

The viral RNA levels in the nasal turbinate, tracheae,
and lung tissues were assessed by qRT-PCR at the indi-
cated times following aMPV/C inoculation. Total RNA
was extracted from the nasal turbinate, tracheae, and
lung tissues of the inoculated- or sham-inoculated chick-
ens using the RNeasy Mini Kit (Qiagen) for qRT-PCR.
The sense primer (5’-AGATGTAGGGACAAC-
CACTGCT-3’) and antisense primer (5’-GTCAA-
TACTGCCTGCACTTCAC-3’) designed were used to
amplify a 204-bp nucleotide region of the N gene. The
qRT-PCR protocol was performed following the instruc-
tions of the iTaq Universal SYBR Green One-Step Kit
(Bio-Rad, Hercules, CA). The qRT-PCR parameters
comprised cDNA synthesis at 50°C for 10 min and inac-
tivation of reverse transcriptase at 95°C for 5 min, fol-
lowed by 40 cycles of denaturation at 95°C for 10 s and
annealing at 55°C for 30 s. Serial dilutions of a plasmid
pCMV-N (N gene cloned into pCMV-HA) were utilized
to determine the aMPV genomic copy number.
Statistics

Statistical analyses were performed using Student’s t-
test, and the results are shown as means § standard
deviations or errors of the means as indicated.
RESULTS

Isolation and Characterization of aMPV/C
Strain BJ17

Total RNA in the turbinate tissues of chickens with
clinical respiratory disease was extracted and subjected
to typing RT-PCR with aMPV subgroup-specific pri-
mers as previously described (Gharaibeh and Algharai-
beh, 2007). The typing RT-PCR results indicated that
all 10 turbinate samples corresponded to aMPV/C but
not aMPV/A, aMPV/B, or aMPV/D. Additionally, no
infections of other related viruses (influenza virus H5N1,
H7N9, and H9N2, Newcastle disease virus, infectious
bronchitis virus, and infectious laryngotracheitis virus)
were confirmed by PCR or RT-PCR. The turbinate
homogenate supernatants were inoculated into cultured
Vero cells for 10 blind passages. As shown in Figure 1A,
the turbinate homogenate-inoculated Vero cells showed
severe cytopathic effects (CPEs) at 120 h postinocula-
tion from three passages onward, as compared to that in
the noninfected cells. The isolate was designated as
strain BJ17. We examined aMPV/C replication in Vero
cells using IFA under a microscope. N protein expression
(green) was predominantly distributed in the cytoplasm
of aMPV/C-infected cells at 72 h after infection
(Figure 1B), but not in the sham-infected cells
(Figure 1B). We also determined aMPV/C replication
in Vero cells by detecting the level of N protein expres-
sion by Western blotting after infection, with the expres-
sion peak of the N protein being at 96 h after infection
(Figure 1C). Taken together, these data confirmed that



Figure 1. Infection of aMPV/C strain BJ17 in cultured Vero cells. (A) Cytopathic effects were observed in the Vero cells after strain BJ17 infec-
tion. (B) Vero cells at 72 h following aMPV/C infection were incubated with a rabbit antibody raised against aMPV N protein polypeptide followed
by incubation with a FITC-conjugated anti-rabbit IgG antibody. Vero cells expressing N protein stained in green. (C) aMPV/C-infected cell lysates
at various time points after infection were collected, electrophoresed by SDS-PAGE, and immunoblotted for analysis of the N protein expression.
b-actin was acted as the loading control.
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aMPV/C might be a major etiological agent in these
chickens with severe respiratory signs.

N Gene Sequencing and Phylogenetic Tree
Analysis

The full-length sequences of the N gene from these
nasal turbinate tissue samples were determined and no
difference of N gene sequences among these samples
were found. The N gene sequence from an aMPV/C iso-
late (designated as strain BJ17) was submitted to Gen-
Bank under the accession number MZ274341. Analyses
on phylogenetic and molecular evolution were performed
using MEGA 5.10 (www.megasoftware.net). This N
gene has a length of 1,185 nucleotides encoding 395
amino acids, which shared 94.6% to 99.6% nt identity
with other aMPV/C isolates from ducks, turkeys, pheas-
ants, and wild birds, but 65.8% to 69.3% nt identity
with the aMPV subgroups A, B, and D isolates. The iso-
late BJ17 was more closely linked to human metapneu-
movirus (hMPV) isolate CAN97.83 (75.9%) than other
aMPV/A, aMPV/B, and aMPV/D isolates. Notably,
the BJ17 isolate showed higher identities (99.2%
−99.6%) to Chinese aMPV/C isolates from native meat-
type chickens and white Muscovy ducks (JC, S01, and
GDY) than other aMPV/C isolates (94.9%−95.4%) out-
side China. The phylogenetic tree of the nucleotide
sequences of the N gene from all aMPV subgroups as
well as one hMPV strain was generated using the neigh-
bor-joining clustering method (Figure 2). Strain BJ17
formed one cluster with other aMPV/C isolates. Within
the cluster, all Chinese aMPV/C isolates and Franch
Muscovy duck aMPV/C isolates 99178 and 99350
(Brown et al., 2014) formed a separate subcluster as
compared to other subclusters, including other aMPV/
C isolates, suggesting that all the Chinese aMPV/C
isolates, regardless of Muscovy duck or chicken origins,
might be derived from French Muscovy ducks.
No amino acid deletions or insertions were found in

the N protein of strain BJ17 compared with that of other
aMPV/C isolates. The N protein of isolate BJ17 shared
98.0% to 99.2% aa identity with the other aMPV/C iso-
lates, but 70.7% to 73.2% aa identity with the aMPV/
A, aMPV/B, and aMPV/D isolates. The nucleoprotein
of aMPV/C strain BJ17 showed 98.2% to 99.2% amino
acid homology to that of other Chinese and French
aMPV/C isolates. The BJ17 isolate showed 88.6% aa
identity of N protein to that of the hMPV strain
CAN97.83. Three amino acid mutations were found at
positions 11 (L−S), 46 (L−H), and 77 (E−G) in the
nucleoprotein of the BJ17 strain compared to those of
other aMPV/C. In addition, a conservative position
110D of the N protein of the BJ17 strain was observed
only for the aMPV/C strains JC (Wei et al., 2013), S01
(Sun et al., 2014), and GDY (KC915036) isolated from
Chinese duck and chicken farms. In contrast, the protein
110E amino acid residue of the other aMPV/C isolates
outside China, including the French Muscovy duck iso-
lates 99178 and 99350 or turkey or wild bird isolates.
Whether this amino acid mutation at position 110 is
associated with the distribution of aMPV/C isolates
requires further investigation.
Pathogenicity of aMPV/C Strain BJ17 in 2-
Wk-Old SPF Chickens

The aMPV/C strain BJ17 was continuously passaged
10 times in Vero cells to increase viral titers. 3, 5, and 10
passages of the BJ17 strain were collected for sequencing
aMPV N gene and no nucleotide mutations were found
in the N gene (data not shown), suggesting the genetic

http://www.megasoftware.net


Figure 2. Phylogenetic analysis of aMPV viruses based upon the nucleotide sequences of the nucleoprotein gene by MAGE7. Isolate BJ17 is
highlighted by a marked symbol. The GenBank accession number of each aMPV sequence is listed as the accession number in parenthesis.

Figure 3. Growth kinetics of the aMPV/C strain BJ17 in cultured
cells. Vero cells were infected with BJ17 at an MOI of 0.1 and collected
at the indicated time points for the viral titration. Virus titers were
shown as TCID50/mL, and values are expressed as the mean § SD of
the results of triple independent experiments.
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stability of strain BJ17 during continued passage in
Vero cells. The titer of isolate BJ171 after 10 passages
was 105.5 TCID50/mL at 120 h post infection. To assess
the growth kinetics of aMPV/C in cultured cells, we
infected Vero cells with strain BJ17 (MOI = 0.1
TCID50) and collected the culture supernatants from
these cells at the indicated times to measure progeny
virus production. Figure 3 shows the growth of aMPV/
C (expressed as TCID50/mL) in Vero cells at different
time points postinfection. Vero cells displayed increased
titers at 24 h postinfection, peaked (105−106) at 120 h
postinfection thereafter decreased. These results showed
that aMPV/C replication in cultured Vero cells peaked
at 120 h postinfection.

We further determined the pathogenicity of strain
BJ17 in 3-wk-od SPF chickens. qRT-PCR was used to
determine viral shedding from oropharyngeal swabs of
chickens inoculated with strain BJ17 at 3 to 7 dpi.
Sham-inoculated chickens were negative for aMPV/C-
shedding. The aMPV/C genomic copy numbers in



Figure 4. aMPV shedding in oropharyngeal swabs of chickens
inoculated with strain BJ17 was quantitatively detected by real-time
RT-PCR. The values are expressed as the means of the results for all 15
BJ17-inoculated chickens at 3, 5, and 7 dpi; error bars represent the
standard deviations.
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oropharyngeal swabs ranged from 1.76 £ 102 to
3.65 £ 103 copies/sample for the BJ17-inoculated chick-
ens (Figure 4).

No clinical signs were seen in the sham-inoculated
chickens during the animal experiment. At 3, 5, and 7
dpi, 6 of 15, 13 of 15, and 14 of 15 chickens, respectively,
showed clinical signs such as depression, nasal discharge,
Figure 5. Histological lesions of respiratory tract samples from the BJ1
chicken shows intact ciliated epithelium. (B) Trachea section of a BJ17-inoc
trated inflammatory cells in the epithelium and submucosa. (C) Lung section
section of a BJ17-inoculated chicken displaying infiltration of inflammatory
lung. Bars, 20 mm.
sinus swelling, watery or frothy eyes, or gasping and
deeply seated gurgling (data not shown). None of the
sham-inoculated chickens showed any histopathological
changes. The presence of clinical disease in the BJ17-
inoculated chickens was related to histopathological
alterations characterized by moderate to severe inflam-
matory lesions in the turbinate, tracheae, and lungs,
including loss of ciliation, rupture of epithelial architec-
ture, shedding of epithelial cells, and inflammatory cell
infiltration (Figure 5 and data not shown) after 7 dpi.
For the nasal turbinate, diffuse and severe infiltration of
inflammatory cells, including macrophages, lympho-
cytes, and heterophils, was observed in the nasal epithe-
lium, mucosal lamina propria, and submucosa (data not
shown). Hemorrhage, lymphocyte infiltration, and
hyperplasia were observed in the tracheal epithelium
and lamina propria (Figure 5B). For the lungs, infiltra-
tion of macrophages, lymphocytes, and heterophils, as
well as sloughed epithelial cells were observed in the
bronchial lumens, and edema of the bronchial submu-
cosa was present in the lungs (Figure 5D). IHC staining
using rabbit polyclonal antibody raised against an
aMPV nucleoprotein polypeptide (Alvarez et al., 2004)
showed that viral antigen was present in morphologi-
cally normal or disrupted respiratory epithelial cells
(Figure 6). Moreover, basal cells, mucus cells, as well as
7-inoculated SPF chickens. (A) Trachea section from a non-inoculated
ulated chicken displaying loss of cilia, rupture of architenture, and infil-
from a non-inoculated chicken shows no overt inflammation. (D) Lung

cells, such as lymphocytes, disffused heterophils and macrophages in the



Figure 6. Immunohistochemical staining of respiratory tract samples from the aMPV/C strain BJ17-inoculated SPF chickens. Nasal turbinate
(A), tracheae (C), and lung tissue (E) from a non-inoculated chicken displays no positive cells for aMPV/C antigen. Nasal turbinate (B), tracheae
(D), and lung tissue (F) of a BJ17-inoculated chicken displays large amount of positive cells for aMPV/C antigen. Bars, 20 mm.
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luminal cellular debris that contained sloughed epithe-
lial cells and macrophages stained positive for the
aMPV antigen.
DISCUSSION

aMPV-mediated turkey rhinotracheitis was first
described in South Africa in 1978. Since then, rhinotra-
cheitis in turkeys as well as swollen head syndrome in
chickens mediated by aMPV infection have been
reported in many poultry rearing countries around the
world (Tanaka et al., 1995; Jones, 1996;
Chockalingam et al., 2010; Kwon et al., 2010; Abdel-
Azeem et al., 2014), causing severe economic losses. In
China, a series of serological and molecular epidemiologi-
cal surveys have shown that aMPV has widely infected
chickens (Owoade et al., 2008; Zhu et al., 2016;
Zhang et al., 2017a,b). However, only 2 reports on
aMPV/C isolation and characterization have been
reported for local meat-type commercial chickens in
southeastern China in 2012 (Wei et al., 2013) and
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Muscovy ducks in South China in 2012 (Sun et al.,
2014), and one report on aMPV/B isolation and patho-
genicity in chickens in northern China in 2018
(Yu et al., 2019). In this study, we successfully charac-
terized an aMPV subgroup C strain BJ17 isolated from
an outbreak of broiler breeder chickens with severe respi-
ratory disease in 2017 in northern China and found that
the strain BJ17 is severely pathogenic to 3-wk-old SPF
chickens. Together with the data on previous characteri-
zation of aMPV/C in native meat-type chickens in east-
ern China (Wei et al., 2013), the present study suggests
that aMPV/C infection might be widespread in Chinese
chicken flocks.

In the present study, the BJ17 isolate from breeder
chickens was classified as aMPV subgroup C based upon
phylogenetic analysis of the N gene (Figure 2). The phy-
logenetic tree of all aMPV subgroup isolates indicated
that all the aMPV/C isolates from ducks, turkeys, chick-
ens, pheasants, and wild birds formed an independent
cluster (Figure 2). Previous studies in the USA have
revealed the possible involvement of wild birds in
aMPV/C virus transmissions (Shin et al., 2000;
Bennett et al., 2004,2005; Velayudhan et al., 2005;
Turpin et al., 2008), suggesting that wild birds can act
as a reservoir of subgroup C aMPV and may possess a
potential mechanism for spreading aMPVs to poultry.
The results in the present study clearly show the possi-
bility of aMPV/C transmission from wild birds to chick-
ens.

The N gene sequence of strain BJ17 exhibited no dele-
tions or insertions, as observed for the aMPV/C isolates
deposited in GenBank under accession number
MZ274341. The N protein of strain BJ17 showed high
identity to those of the Chinese aMPV/C strains GDY,
S01 (Sun et al., 2014), and JC (Wei et al., 2013), regard-
less of chicken or duck origins. Moreover, the N protein
of these aMPV/C isolates from China showed a con-
served amino acid residue D at position 110 compared to
that of the other aMPV/C isolates outside China,
including French Muscovy duck isolates 99178 and
99350, as well as turkey, pheasant, or wild bird isolates
(Shin et al., 2000; Bennett et al., 2002; Bennett et al.,
2004; Velayudhan et al., 2005; Toquin et al., 2006;
Lee et al., 2007). These results indicate that the nucleo-
proteins of aMPV/C are highly conserved across isolates
from different periods, different countries, and different
host species (turkeys, ducks, chickens, and wild birds).
Further analysis of N protein amino acid sequences
showed that conserved amino acid residue at position
E110 occurred in the aMPV/A, aMPV/B, non-Chinese
aMPV/C, and aMPV/D viruses (data not shown). How-
ever, the contribution of a unique putative genetic
marker to the distribution or other characteristics of the
Chinese aMPV/C isolates will need further investigation
using a reverse genetic system for identifying the critical
sites required for the specific characteristics of the Chi-
nese aMPV/C isolates.

In the present study, we used aMPV/C strain BJ17 to
inoculate 3-wk-old SPF chickens and found that strain
BJ17 caused clinicopathological alterations as evidenced
by nasal discharge and symptoms of depression, sinus
swelling, watery or frothy eyes, gasping and deeply
seated gurgling, and inflammation in the turbinate, tra-
chea, and lungs, as observed for aMPV/C strain JC in
chickens (Wei et al., 2013). Severe histological lesions,
which were characterized by rupture of the epithelial
architecture, loss of cilia, hemorrhage, edema of the
bronchial submucosa, or infiltration of inflammatory
cells including macrophages, lymphocytes, and hetero-
phils, were observed in various organs or tissues, such as
the nasal turbinate tissue, trachea tissue, and lungs of
chickens after aMPV/C strain BJ17 infection (Figure 5).
IHC staining showed that aMPV antigen was detected
in various cells, such as epithelial cells, mucus cells, basal
cells, and macrophages, after aMPV/C BJ17 infection
(Figure 6). In contrast, infection with aMPV/A or
aMPV/B in chickens was considered to induce no appar-
ent or mild clinical signs, virus shedding, and histological
lesions (Gough et al., 1988; Kwon et al., 2010), which
might be due to only transient replication of aMPV in
upper respiratory tissues of chickens or a low tropism of
aMPV in chickens (Cook et al., 1993; Jones, 1996). How-
ever, the exact mechanism by which chicken aMPV/C
isolate possesses more severe pathogenic than aMPV/A
or aMPV/B isolates for chickens requires further study.
In summary, we successfully characterized an aMPV/

C strain isolated from chickens in Beijing, China, and
found high conservation among subgroup C aMPV iso-
lates regardless of turkey, duck, chicken, or wild bird ori-
gins. This chicken isolate is highly pathogenic and able
to initiate aMPV/C clinical disease outbreaks in suscep-
tible broiler breeder chickens, which might be due to
direct transmission of the virus between ducks and
chickens. Our results facilitate better understanding the
molecular characteristics of aMPV/C thereby helping
lay the groundwork for developing effective measures to
prevent aMPV/C infection in China.
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