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Isolation and Characterization of Avian Metapneumovirus from
Broiler Breeder Chickens in Korea

Kang-Seuk Choi*, Woo-Jin Jeon, Mi-Ja Park, Eun-Kyoung Lee and Jun-Hun Kwon

Avian Diseases Division, National Veterinary Research and Quarantine Service, Anyang, Korea

Avian metapneumovirus (AMPV) is an emerging pathogen causing respiratory and reproductive illness in poultry
worldwide. To demonstrate the presence of AMPV in domestic chickens in Korea, we attempted to isolate AMPV from
affected chickens. A cytopathic agent was isolated using chicken tracheal ring culture from dead chickens from a broiler
breeder farm with reduced egg production in Korea. This agent, termed SC1509 strain, subsequently passed in Vero
cells with distinct cytopathic effects. The SC1509 strain was confirmed as avian metapneumovirus (AMPV) using both

RT-PCR test and monoclonal antibody-based immunofluorescence assay. Sequence analysis based on the G glycoprotein
revealed that the SC1509 strain had 22.5 to 96.0% nucleotide sequence identity and 11.1 to 92.7% predicted amino acid
sequence identity with previously published AMPV strains, particularly with the highest sequence homology (95.8 to
96% for nucleotides and 92.2 to 92.7% for amino acids) to European strains belonging to genotype B. The SC1509
strain was phylogenetically clustered with genotype B viruses, confirming that the SC1509 strain belongs to genotype B.

This is the first report of genotype B avian metapneumovirus from chickens in Korea.
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& Hole AHllA APMV FEEAIE HE Bag A
o] Hzxeo] ¥y Bl Atgleltt (19). o] Ak v d
oA zAPAItoARE, ofv] Sl AR ElIA = DA
Ao znt 1990 ] & ool iel sk AES
el Far gleh Htells AN AFAtel ojste] AMPY
FATol SR 83, S, AAdAolA vkl E o]
WS A HAAARE AR dto] Bag bt 9)
o (20~23). 2Rl Etatal, ofH7bA] AL el

B AHZE gl Aotk B
e AMPYV 7 So] EAe = 3 &8 AT

Ross &2 S84 AS5do2, AA AR AF &
Al Akt 3327 0% 4 A E o, galgto] 5%

dEE SRkl = AESith A A HAE Hol
i 407 WA 5074 FEHATE vpel s EEE
st AMPY 450l BAE S857 sF o2 Y ¥
AL B 67 E AT o5 #HAF HES B4 B4
AR A A= A HlEo] 411 Ab
= Fetglon, HAM 3 G ot
W A270S Yepth A AR HAL Bhe
I vz oA giidato] felE Ak
Holg| 2 Y& flsto] W B sAelA HAt
oo FH]%F (nasal turbinate) 22 AAF A|EE AAF
Av Ed HES AREste]l HAL He] HIQlF
(nasopharyngeal fluid)< *|FH 3Tt A|HT Fuls =
A ANEE HE FE 10% (viv) =A FABA (Gibeo™
antibiotic-antimycotic solution, GibcoBRL, Grand Island, NY,
USA)E &3t 0.01 M phosphate buffered saline (PBS) (pH
72)5 H7Vste] 723} (homegenization)dt Tl Vortexer
(Thermolyne Corp, Dubuque, IA, USA)E Al-8-35le] <F 28
b AASA EFEATE HIAFA Alme] Ag- 7)ot

28 PBS £ 1.0 mlol #7138 U3 vortexerE A&}
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of of 283F HABHAl EFaGit) 7 AL Alm e
A15-2]7] (Beckman Coulter™, Fullerton, CA, USA)Z ©o]-&
aked 3,000 rpm, 104 Bt AT E AAEITE AHH
3 4] ASNS 045 um Pall Acrodisc syringe filter (Pall
Co., Ann Arbor, MI, USA)ell o Z}A|A vlo]g| 2 HE]E 9
& AT Al=E ARSI

AMPV HEE RT-PCR

ArE AlEW AMPY =2 o555 918 Hrbe oA
At TEE AN (reverse transcription polymerase
chain reaction, RT-PCR) 2.2 2 A|5}5 T} RT-PCRS $3}
o] Bayon-Auboyer 5 (1999)°] AF&-3F AMPV & o}¥
S A& 4 A+ forward primer (Nd: 5-AGCAGGATG-
GAGAGCCTCTTTG-3)9} reverse primer (Nx: 5-CATGGC-
CCAACATTATGTT-3)E AHS-8I3ATH (24). Nd/Nx primer
sett= AMPV N vl 542 55 haslsh= 11571
o] drto] SHHE=F A E U

RNeasy RNA extraction kit (Qiagen, Valencia, CA, USA)=
o]g-sto] A|xzALY] el whel A AlEZHE A
H AMPV AA| AlE 82 RNAE FZ3131TE AMPY
N o §42ke] oDNA 3> 3 Zetolm Ne
(5-TTCTTTGAATTGTTTGAGAAGA-3")%} AccPower™ RT
premix kit (Bioneer, Dagjeon, Korea)E AF8-3}0] #l| 2412
o] whel 3 WAl 7H cDNAE Hdsklth
Ch, 438 cDNA A3, Nd Zakes] 2 Nx Zako]H
E AFE3le] AccPower” RT/PCR premix kitZ AR-8-3}o]
PCRS A3}tk PCR HHg-2 PCR 57| (PTC-220,
MJ-research, Waltham, MA, USA)°ll 4] 94 Co|A] 1531+ &
A gk F- 94°C 2023 WA, 51°COlA 45531 o],
72CoNA 4523 B8-S F 303] AAste] PCR 5355
AABAaL, v ke 2 72T 5EF WHAI7 DNA 4
= #AT g5tk PCR 55 o2 A
719°5S AAlEte] 115 bp 1719 ko] FEHE B9
AMPV oz 31atal F7h 4o ARg-salth

oX

HEHO} 7| 2HuH f

Aefo} 7138228l %F (tracheal organ culture)H-> Gough
5 (1998)9] Wl Fsto] AAEkdtt (25). = 199
specific pathogen free (SPF) & F&2] Ao} 7]#=
forcep . & FarA 0% 7ol HE ] Fi 7|

S4B Belda Qe AN RS AAdAt 1
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< 0.6 mmolAl 0.8 mm T2 7]#F (tracheal ring)©]
FAEHA 713 A8ttt FAAE 3 Eagle's
minimum essential medium(EMEM) (GibcoBRL) 1.0 ml7} &
71 5 ml ¥j%F 52 (BD Falcon™; Erembodegem, Belgium)
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Aleteiet. 71 a2 el A AR5 A (ciliastasis) 7+
HEE A5 wFA S 2AF sk frE] B (glass plate)

=

A 1% (viv) B A8 &3t %%‘8}04 Z@? O
59 A 8T 4%

disease virus} avian influenza virus
ulolg] 2= ki) Ad T S50l ¥ Qﬂ O}%
74%- Mycoplasma sppell gk PCR #HA} (26)%} infectious
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aL FAA BN x9e= EMEMS MY 8719 5 ml
A JA7¥ekaL 5% CO7F sl Mol wied —8]'3}\]:]'-
g Setol= SUAE 7] IFA } I
ARSI =, AHEAETE e ETel=E WY
oA A= Aol MFELH N (acetone : ethanol = 1:4)~
2 20TelM 1023 ALZAZT 71§ AMPY So] &
SE3H4] 12.2.1 (National Veterinary Research & Quarantine
1:100 3]4js}o] &efo] =
Wede dojrmy Az ] IA7)A shleh A2
oA 1A St WA thE AMPV 5ol WEEE
iﬂ 122.1E5 A|718kaL PBS &N o= 33] A3t} 1
FIHE (FITC)7F Adhel F-vke-2 23F A &9
(Klrkegaard and Perry Laboratories, Gaithersburg, MD, USA)
S 1:1008] 3]AEe] &Efole= ZFlxo HA ST A
Lo A 1A]7F EoF Wk A7 TS 23} 314 {908 A A
skal PBS &40 33] ML 1§ EgfolE =
g8 FFEAE L& ﬂ]'ﬂo*g 89 (Blomeda Co., Foster
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AMPV U E#F9] Vero AIE (ATCC CCLS8I;
American Type Culture Collection, Manassas, VA, USA)°l| 4]
9] F2AS AT A9} 5% fetal bovine serum
(GibcoBRL)®] #H7}¥l EMEM wjekel oz oF 10° A3/
ml7b H A Vero A5 F-HAIZ] T AE Fro) 5 ml
£ 25 em® AEZA|YE Zepael JUlske] 5% Co7b

SR e A ST RA bes AR

29 Vero A7 G5S &H3] =S v
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ol

FNE w871 5 miH A7kl 5% COF E

= 37T Wl SA WS 1 5 AT
og Saste] B WOz 108 A% ATsA
MAEHAE I (cytopathic effects, CPE) 4 oJH-E #2s
AUtk o]F T WHOo R AMPVE HE T F 484171

o WlRgE RS Hsle] vhole 2 ke Sk



376

Hfo|2{ & HIF 5

71dzA ol eJgh nfol 2 g7 FA9 - &
7oA 7)eet 71 S wiYket FEE ARESRiTh vle]
22wkl S 101 ©HA B4 % vk, SA NS REE
100 pl 3]A" 571 FEA HES vhy dFA1E 3]l
FehaA 71T R & oS BEEITh Vero AlXEE
o]k nfoj# 2~ A7t A ] A A YL 96-well
microtiter plates AH8-3te] 7AW FU g
Mo AAjsta HF F 793t 5% CO7t = v
&7l A wksliA CPE 4 o F-5 skl vle]

©

T
Lo
oM.

2] 2=9] 7 vk 7]dEA T 1A R &
o] TAE FHI} 50%5 = A2l 94 (50% cilia
infective dose, CIDs))%, Vero A|X2] 7-$- CPE7} ¥z
= wello] 50% ¥+ 3)2ai4=2] A4 (50% tissue culture
infective dose, TCIDs) = ¥EA3}% 2.1, CIDs$} TCIDsp>
Reed & Muenche] el wha} AFE3FI T (28).

AMPV #8E & AIS

Hr

AMPV =Uji2]F9] 43 #£42> AMPV G &4
fradzte] Q7IME HAE Fste] AAlEgih ol& 9ls)
o forward primer (Gfl; 5~ATGGGGTCAGAGCTCTACATC-
3") ¥ reverse primer (Grl; 5-TTATTGACTAGTACAGCA-
CCAC-3)E A8 RT-PCREC.E AMPV G T4 /-7
2} 1245709] MakE FH3QIch

AMPV RNAT RNeasy RNA extraction kit (Qiagen)E
o]-§3to] AxALe] wiiFde] whel w2 wjgR o R
FE FE319tE AMPY G @A f-71212] ¢DNA $H4
& %3} RNA, Gfl primer 2 Grl primerS AccuPower ™
RT/PCR premix kit (Bioneer)?l| 4] #|--gt 720l Grl primer
£ #A7rste] AxARe] wirdel Wt RT-PCRS A A8
Atk PCR WS- 95Tl 1587 IA23 %
95CollA 60%7F WA, 58ColA 6027t oId®d 2 72T
oA 9027+ Fsh= AlolES 353] wHEakal, mpx|ut
© % 72T 5%3F DNA @45 AAlshs 3= &3l
RT-PCR®] &\ 3 1245 bp F7]9] Ak SZ AL o}
7hR Ao A7) ES AAlste] g<lskgith. AMPY
G @A fzte] A AL AERTIMEEA
7] (ABI 377, Perkin-Elmer Co., Norwalk, CT, USA)ZS AF&
&lo] RTLPCR TEHAMHE 258 A4 24813k

T2k A2 RT-PCRY 93l 54171 1,245 bpe] G
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Figure 1. Detection of AMPV RNA in dead chickens using
RT-PCR. Total RNA was isolated from nasopharyngeal swabs (A)
or nasal turbinate tissues (B). Lane M, molecular marker; lanes
1~6, dead chickens tested. The arrow represents the expected size
of PCR products amplified by PCR.

Az A A7IAEE FHste]l AT AlE Ry
A 742 B4 (phylogenetic analysis)S $3F 32k ¢17]
AEd WA (editing), o} =t AL dE 2 alignementsi=
Lasergene 7.0 (DNASTAR Inc., Madison, WI, USA)E A}-&
sto] AAlSFATE &e] vy 29 FHAF 7MY A
X3 GenBankoll o|m] &7H¥E AMPV #37F 7144
AR} vl FASIGITE AlSE 74 42 Clustal
X Z 273 YollA] neighboring-joining method = 1,000
bootstrappingd}e] A3} TreeView T2 138 F3

=28} sk
2 1
AMPV 2t 5oz RE| Hloj2A 22 U 57

H AFelA AMPY o] BAgE Ao Xy
SE&TA 577 A BE ddoR vl EelE

L=5hoith AMPY A7) HAL B 6 RAE AHF
g HHE (NT-1914] NT-6)3} B]Q1F AR (OP-1914]
OP-6)Z A} O & Nd/Nx primer setZ A3+ AMPV RT-
PCRE AAEGITE 1 A3 A A= HIQIFH AJ=9
8% 691 (OP-6) Al mollA, FHls AL AJ5e] A5 49
(NT-4)3} 61 (NT-6) AAF AlEolA 115 bp 7] A
o] &=} (Fig. ).

o] PCR 44 A=E 7|dhldzae] 3Esto] ulo]
Y2 28 AlEsIolth 11 A9 NT4 Al5E HES 7]
ThijFzAloll A HE 3dATY 7]HA ] o] dA
8] A8t 7] AlFFsllom, HE sYA 7R &F

A

o] &3] AA AT} NT-6 & OP-6 A5 F% A=

Al
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Figure 2. Immunofluorescent staining of AMPV (SC1509
strain)-infected Vero cells using AMPV-specific monoclonal
antibody 12.2.1. A: Mock-infected Vero cells, B: AMPV-infected
Vero cells.
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= 48+ $5%59] A+ Newcastle disease virusS} avian
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virust AEE A LU
AMPVel| tjg RT-PCR 43
21et7] #18ke] NT-6 Al =ellA Zeld vto]E =5 Vero
A3z HE3 the, AMPV 5°] T2 12215 A}
gsto] PFHARMES AAlsieh 1 A, e vlel
2 AAAE H9- AT dFEFA 1221919
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(B)

Figure 3. Cytopathic effects of AMPV SC1509 strain in Vero
cells. A: Mock-infected Vero cells, B: AMPV-infected Vero cells.
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Table 1. Comparison of nucleic acid and deduced amino acid sequences of the G protein of AMPV SC1509 strain with other strains of
AMPV

Deduced amino acid

1 2 3 4 5 6 7 8 9 10 11 12 13
1. SC1509 100 32.6 32.6 323 925 92.2 92.7 11.1 15.2 25.6 25.6 6.4 4.7
2.CVL14/1 (A) 514 100 98.4 98.2 32.6 32.6 32.6 7.8 10.3 253 253 5.8 7.5
3. 1556 (A) 511 99 100 99.7 32.6 32.6 32.6 8.0 10.5 253 253 5.8 7.5
4.LAH/A (A) 51.1 98.8 99.8 100 323 323 323 8.0 10.5 253 253 5.8 7.5
5.2119 (B) 96.0 52.1 51.7 51.6 100 98.7 99.2 10.4 14.8 27 27 59 4.2
6. 872S (B) 95.8 522 51.8 51.7 99.4 100 99.5 104 14.8 272 272 5.7 4.2
7.6574 (B) 95.9 523 51.9 519 99.5 99.6 100 104 14.8 27 27 5.7 4.2
8. Colorado (C) 225 24.5 24.7 24.6 22.1 222 222 100 529 12.6 12.6 18.1 9.8
9. Mn-2a (C) 35.1 38.1 38.0 37.8 353 353 353 61 100 15.2 15.2 10 5.8
10. Fr/85/1 (D) 453 52.6 52.3 522 45.5 45.6 45.6 259 37.6 100 99.7 8.1 7.7
11. Fr/85/2 (D) 453 52.5 52.4 522 455 45.6 45.6 259 37.6 99.8 100 8.1 7.7
12. HMPV 20.1 19.5 19.6 19.7 20.1 20.2 20.1 34.7 224 20.7 20.7 100 10.5
13. BRSV 223 20.3 20.4 20.3 21.7 21.8 21.6 32.8 21.2 21.2 213 30.6 100
Nucleic acid
Z=7] A28 (Fig. 3). Vero A|lEZCA] 10t Aldish genotype B H}0]# 2~E-3} 92.2~92.7%, genotype C H}o|
F npolg] A FAES =AE A3 AMPV SCI509FE 253} 11.1~152%, genotype D HFo] 2] 253} 256%<] A

mlg 2 107°TCIDs, 2] wlolei~ 749 971E vehy

b9
2

AMPV =UH=E|F2| G

CHHE REA A S 24

A4S B

AMPV SC15097-2] G @A {32} Q74 E JHE
Azt Ag A4S AAEITh 1 AR 2 ATl A
2 ¥ AMPV SCI15095- 8728, 657-4, 2119553} $H7|

2 AFdA Z2lg AMPVe] EAMATHY EA4S genotype B2 -F5 AT} (Fig. 4).
23] lste] AMPY W el G ] M4
#7048 RIPCRH 2 FEato] 97|MAe 489 A4E
th. AMPV G ©d §AxE SE3te] 7| ES B4
gk Ad}, Aol A Eeldk AMPV SC1509F9] G & & ATE Skl U S8 o Ry
MAL T 414709 oprintow A S & 5 B AMPVE ZElohs d ettt £ dyelA &

[e]

ASAT} (Table 1). & ATl AMPV SC15095-2] &4t
4 oluiAl ES 7]E AMPY 53} H I #4819
t} (Table 1). ©]= 9)3}o] 7]&0] HH 9= AMPV
FE59 G E FHA AHE GenBank ZH-E| | 3}o]

Rl
o]

~
o

TUALS HollAe] Hx
olo|7} A} sth 1 B9t IlelA] AMPV S
ZA3E 1990 o] HFEE ol A5k Aoz ¥4

2 BUHE A Fel Bas AR (19), b7

AREsEITE 1 A Ak A7 A FEell A= genotype g AL 258 AMPVZE 8] Halg vb glgdct gl
A Hlo]H2=ET} 51.1~51.4%, genotype BE H}o]|#H~EX 7red 3 mA o]ulol| virus clearance”} Qojubar, 7kl o

95.8~96.0%, genotype C H}o] & ~E3} 22.5~35.1%, D&
nlo] B 25} 453%2] deAdS Halth opn|wAl 7]
M G50l A= genotype A HFO| 21253} 323~32.6%,

o 557] J71welAle] ufole 2 FA o] vrow], uh
Belag w3 ug ] gl @), ol
g ol Sl ohet 9570 ofe] Vet A% @
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Genotype

BRSV (NC_001989)

HMPV (GQ153651)

[ Colorado (AY579780)
1000 C

— Mn-2a (AY590693)

1000

Fr/85/1 (AJ251085) }

Fr/85/2 (AJ288946)

CVL14/1 (L34032)
1000

1556 (L34030) A
999

LAH A (AY640317)

1000

[ SC1509
1000
2119 (L34031)
1000 B
872S (L34034)
707

0.1 6574 (L34033)

Figure 4. Phylogenetic anlaysis of AMPV SC1509 strain.
Nucleotide sequences were analyzed based on the complete G
coding region. AMPV field isolate from this study is shown in
bold. Designation in parenthesis represents accession number of
reference strains obtained from the GenBank database. The
provisional designations including genotypes are indicated on the
right.
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