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Development of Competitive ELISA for Detection of Avian
Metapneumovirus Antibodies in Chicken

Kang-Seuk Choi*, Jin-Won Kim, Eun-Kyoung Lee, Woo-Jin Jeon, Mi-Ja Park,
Yeh-Na Lyoo and Jun-Hun Kwon

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

Avian metapneumovirus (aMPV) causes an acute and highly contagious upper respiratory tract infection in turkeys
and chickens. In this study, a competitive ELISA (C-ELISA) was developed for the detection of antibodies to aMPV in
chicken sera and/or their egg yolks. This assay is based on the competitive binding of monoclonal antibody with serum
antibodies to recombinant aMPV N protein expressed by a recombinant baculovirus. The C-ELISA showed specificity
and sensitivity of 100% and 98.0%, respectively, when compared to the virus neutralization test. In specific pathogen-free
chickens experimentally infected with aMPV SC1509 strain, the C-ELISA started to detect antibodies to aMPV as early
as 5 days post infection from birds infected with aMPV, while a commercial ELISA kit detected first 10 days post
infection. The C-ELISA was similar or superior to a commercial ELISA kit when serum and egg yolk samples collected
from chickens on six outbreak farms were tested for diagnosis. The C-ELISA developed in the present work provides a
short turnaround time and can be a useful diagnostic and screening tool for aMPV infection in the field.
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USA)ollA Z2] ujekslqint. uijek nloleizo 7+ o7}
= 96-well microplateol| 4] Vero AX& A3l 7351
o1, Reed & Muench (34)2] WiHol e} Az a7}
(cytopathic effect, CPE)7} #H2=]= well®] 50% =& BfO]
2 FAugre] d4= (50% tissue culture infective dose,

TCIDy) 2 AT

O_L4 0_>d, E
ol

bol'

RT—-PCRO| 28t aMPV N && F&EA 5% &
z24d

iy

e EOE SR
olo] 3}ol® tho

= vt el

ol 2]# = o] subtype A aMPV 7+
F-H]%5 (nasal turbinate) =2 Al&2E
aMPV N & 2 358 AJ52 ARSIl =
2 ANge HAF 5% 10% vw)E A A (Gibco™
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Competitive ELISA for Detection of Anti-aMPV Antibodies

271914 RT-PCReY 9Jall 538 N #7514 DNA 4H2
AgtasrAe glo], vlZ pGEM-T easy vector (Promega,
Madison, WI, USA)oll A3to] cloningdtel pGEM/
AMPVN-S- 2g 33t

Recombinant baculovirus 2

4719l pGEM/AMPVN 9 ElE A$ta A BamHl 2L
Kpn1 .2 A gjate] WEW 495 o] 9= aMPV N
A} DNA ©@HS F=389tk. 1 th, baculovirus
polyhedron promoter (Ppy)E 7} pBacPAKS transfer vector
(BD Clontech, Palo Alto, CA, USA)2] multicloning sitel}]
aMPV N 345 4918te] pBacPAK/AMPVNE A2}
3F3itE ©]% pBacPAK/AMPVNE baculovirus & 2| 7|
(BD Clontechy& AR&ale] Alz=Abe] wifFde] wet
DHI10Bac th7drell FA5=115t] Ba/AMPVN DNAE
2+ 35t 1Bac/AMPVNE- linearized baculovirus DNA 2}
S Spodoptera fiugiperda (Sf9) ++% A3l co-transfection
Ao 2ZA aMPV N TS W S= recombinant
baculovirusE 2}4 3} T} Recombinant baculovirus= 1.5%
low melting agarose gel-S A8 plaque assayS A3+
cloning3} %It Plaque clone Sf9 L&Al ZHzZ} 54
AR o AAAEES FAst aMPV A A S o
43t immunoblotting®. 2 N Tl o] WHARE FHF
glslgitt. aMPV N ©@¥18- &3+ recombinant

baculovirus™= rBac/AMPVN#}aL %5}t
SDS—PAGE %! immunoblotting

Recombinant baculovirus (rfBac/AMPVN)ol| 2]3F A %3t
N oz o] ol ZR1S 9)3te] immunoblotting S
BT =, A A 55 TS NuPAGE”
Novex bis-tris gel (Invitrogen Inc., Carlsbad, CA, USA)Z}
Xcell SureLock™ Mini-cell (Invitrogen Inc.)S AF&-3le] A
ZAke] mirdol] whet d7]g S AAlste] o E8lE
S gel AollA Commassie blue® FA3FALE Xeell T™
Blot Module (Invitrogen inc.)= AF&-3le] A|Z2ALe] wlwd
1= nitrocellulose (NC) membrane &= oA th 1 &
NC membrane “goll aMPV W EH & H713to] A4
A 1AIZE SRF RESAIZATE 1 T Y -FA anti-
species IgG (H+L) conjugated with alkaline phosphatase<}
BCIP/NBT 7]4d-8&< (Kirkegaard-Perry Laboratories Inc.,
Gaithersburg, MD, USA) HF&-S A 2ol 1A17F &9 2
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Aol CELISAS) A% WA A8E] 9%
aMPVE o] W22 S AT WEE Al A

ok =, A71e] N @il 3kl NS incomplete Freund
adjuvant®} FFO 2 72 £33 U3, Balb/c mouse
9] footpadoll &&< 0.05 mA FEsIACE HWA 5 10
Aol A 159 Ato]ell popliteal lymph node2] lymphocyte S
FAoR 2FH 3 v, polyethylene glycol (PEG) 1500
(Sigma Chemical Co, St Louis, MO, USA)2 AF&-3}o] SPY/
0-Agl4 mouse myeloma cells®} 3}&t4 o2 F3AIF Y.
S A= hypoxanthine aminopterin thymidine (HAT) Bl %
NG ARESto] AdEA o2 SAAA cloningdtoith. 2H
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ELISA ¥F&-& H<Ql 79 Choi 5 (29)°] AF&-3F HY Y
B3 A (immunofluorescent assay, IFA)Sl 2|sle] #HF
sFelstgict. W
Antibody Isotyping kit (Roche Applied Science, Indianapolis,
IN, USA)E AHgate] AlAbe] iyl whel #2443k31
q rolaeli el ZRAu el By Fold
Z A 1221 EF (ascites)= 2 ATl F7E= A}
%5] A} o] @EE A= aMPV VCO3 strain (subtype
B)2] N el ol st &2 A2, [gG2a light chain}
7HAL e T2 AT 35).

2 A9 isotype Mouse Monoclonal

kappa heavy chains-

1) 353 9] specific pathogen free (SPF) Eol4 2] aMPV
&5 SC1509 strain (29) 7453 28 3 367,

2) aMPV Al 54 FFo= Rl 3 dAsH
EAR, AN & &

3) aMPV A A o gele 37 Al
(FA2, AN FEEH 1027,

4) WA O oF|Ho] aMPV AT TR X
9H o7 S Ul |F 8 805 B o5 sl
Al AR AR GEFEAIE 1057,

N 0| Cfg BlojEY

C-ELISAS] <} t=83 (positive control) &2 A&
'3]'7] flsted N ol digh A S Az
T 9] SPF ¥ (Lohmann, Cuxhaven, Germany)®l] %+

] } ;(H 61— aMPV N zs]—é?l o
THE Ao 23] 5
JE s HAF WY 5 35 Foll fPste] A=z
o} 22 B

Freund adjuvant$}
& E3e o 7 1 mY 27

. © A=} S-S complete Freund adjuvantE
d %2 incomplete Freund adjuvants AR&-8}At} gk
3579 SPF HS Adsto] A= d4S aMPV &4 T
Z8H o7 A5t
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= g HA 20& S54357] 91ste] indirect ELISAS
ARGt 7]l Alxd Az N gl el
0.01 M PBS, pH 722 1:508] 7] &A1& b5 2% ©
Al BA& AAlEte] 7} 8]4] S Nunc Maxisorp ELISA
plate (Nunc, Roskilde, Denmark)2] wellol] 50 w2 &5-3%F
5 37CoA 1A7F st WA ZA ojuf 54 X &
Aogx A ZFAE FEAS ARSIl 1 o
+, ELISA plate®] F-2}#] %2> 4HE5- PBST buffer
(0.002 M PBS, 0.05% Tween 20)% 33] A|2ske] A A3
t}. L ¥, blocking buffer [0.01 M PBS, 0.05% (v/v) Tween
20, 3% (w/v) skimmed milk] &= 1:80008) 343 G2
A 12.2.1. HFNE well'd 50 pl #7381l 37TolA] 1
Al E<E WEGSHAl skelth 7] wEgo] ¥ ¥, PBST
2 33] A|H3}aL blocking buffer® 2,0008] 3]4]%}+ anti-
mouse immunoglobulins peroxidase conjugate (Kirkegaard-
Perry Laboratories Inc.) -&8-2 Z} wellol] 50 ul® H7}3sk
5 37ColA 1ARE B3t whgEHAl skl A vk
o] £+ 3 ELISA plateE PBST buffer® 33] Al2|slaL
OPD (o-phenylenediamine) &< (Sigma Chemical Co.)S 2t
welloll 50 pl# H7bebar A-2ox 1087 A AT
% 125 M H,S0, £4S welld 100 pl¥ H7)ske] o
Al WSS ZA) A7) AL, 490 nmoll A FHES =A STk
]

olul, 7P¢ =2 ELISA 453 83l A3 N vz
Fel 514 FEE ELISA 39 H4 zdow A48}

P

%2 AT
A 17&% ARG 7] 95te] =
ELISAS AAIsISleh o] wl A|x3F N o
71e] HA 2z
blocking buffer= Z} A olf
ELISAC #-&sl3itt. 24 dad AT Hi 534=
75% ol Fsh= ELISA & = )
AH)|4S C-ELISAY| AME-3F 2= a9 A 1
7o s ARSIk

C—ELISA

%3719] indirect ELISAE &3lo] AAE HA 34 =

ZAstell C-ELISAES T} o] AAIekSit) o 7)ol A A}

&3 7+ %QH% 718 o7 A7) indirect ELISACA]

AR AP FAsth 4, HA o] AEF N
o

A &S Nunc Maxisorp ELISA plate2] X wellll 50 ul
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6] 9l ELISA plaes] AAMIA (&
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Competitive ELISA for Detection of Anti-aMPV Antibodies
A e & 37T A A7 EQF WAL v, 2 el FF)
ELISA plateZS PBST buffer2 A% 3k thg % Fxo = W3 A 8) Hrlske] Aol 3087 SHd-3kA) Wk
922 Aot 1wl A AAF Als (8 e U o AAgE % kitel 4] #|83k= anti-chicken/anti-turkey
gahE 7 sty 7 AlEE T owelld WHES) horseradish peroxidase conjugate 8-S FH7}sto] Aol
welld 50 pl ¥F38kaL 37°ColA 1A17F B¢t w-3-31A A1 304, 1213l TMB 28-S Aol A 1537 7}
shoith owl Zb ELISA platem}tt g iz & dH3 72 WA & J%%X |0 S FAAT &
w4 Uiz ¥ @3S IAFTh 22 O E ELISA 650 nmollA F3 =5 SA8skqlth A Alse] A A
plate® A2 3t ¥ anti-mouse immunoglobulins peroxidase F}:= S/P (sample to positive) ratio= F-3Fs}o] #2181},
conjugate (1:220008] 3]4]) &85 welld 50 W& A7kl HAF Al &9] SP ratio”} 02 o] - &4 Fow
o 37CelA 1AIZE <t WHg-abAl ekl 1 5 Fel- sl
&) Wkg-o] A= OPD €93} 125 M H,S0, £915 S/P ratio = (Sx-Nx) / (Px-Nx)
ARgste] ZRAlstete]l 1 Hd s SASIAT AR oA7IM Sx&= AAF AR Hit FEEE, Nk o4
A & FARE AR well (G2 A4 iz dixE B $HEE, 193 Pxe WYt He 54
wel)] S4= thu] HAAF A2 well®] EH%E percent =2 &Jn]ghth
inhibition (P2 3Hitsle] B350 HAL welle] PIE
tho] s2o oA st AHgstalth 4 1t
PLI=100 _‘(7‘%“ vell S45)/ aMPV N & SFxlC| 5=
(S22 A UZ well)*100
AAE AlE9] C-ELISA A¥= PIX7L 50% o3 -3 AAA FE ANEEFEH FET RNA A Fo
a}A| kAo 7 7HFskoith 2 NF1 primer®} NR1 primerE AF8-3}%] aMPV N f-7
Hio[B|A Z5iAIH A AANS 33 1,220 nt A7]9) A (Fig 1) 5
ZA7]7] ¢5te] RT-PCRYES AASHITE 1 A3} o
AL AR (BH e 3E5E AR) Tl A6k &3 g2 1.220 bpe] 17]el sF3sk= DNA AHE-o] A
aMPV =38} A= Lee (35)7F AFS-S Wil w2} 96 THoR2 FEHJT (Fig. 1B). A4t A7144E 24
well-microplate©l| 4] A A3} = v]E] 56C, 307 A AAs A3} RT-PCRO ]3] 53%% DNA A= N ©
23 HAF dHES 12v) #3143 thy, 270 9| 3 WA TSRS 391709 opn|weAkS S 5)s= open
A3le] 7+ 84S 96 well- microplate®] welld 25 pl™ reading frame (ORF)'O— xghekar YAk A E N fF4
53 3200 TCIDs 2] BFe]2]2s (aMPV SC1509 strain) Z}e] ORF 714942 GenBankel] 553+ t} (accession
Ne FFOE HIFsITE 1 % 37T, 3084 WAl No. HM638199). N -+%1 2} ORFE 338k ofv| At A
21 % Vero AlI2E (10°71/mD)E Well‘;P 100 W #7}sto] d& B431ES | subtype A (8544 strain)®} subtype B
37°Col A 597 kst 1 CPEZF WA € (2119 strain)eH= ZFZF 99.1%9} 91 1%4 homology*— 5.9
< AT Ao J5E FEATER 2453 th aeER 2 AToA FEHT % } ~H=2 subtype
th AANEA Al T 4] ool F3F dAVEE Bl Aol &8k aMPV A SEE AYS vERdTh
o .
AT aMPY A G S S aMPV X T8 N BTl g
aMPV N 73 AE X338} recombinant baculovirus
H71E (Bac/AMPVN)E Sf9 Aol HE3e 5 71¢d 4UofA 5
Ao FAMNESS T3 tF, dids FE5H
aMPV N thii o] WA H Q=] o -5 AT -
A, & @S SDS-PAGES A% & 35 o)
o] Bars SA% A3 Azl aMPV N &)

Commercial ELISA kit
£ Aol A ZEl C-ELISAS] #&4 Bl
95te] A aMPV A HEE 02 A|FH52 FlockCheck
APV Ab ELISA (IDEXX-ELISA) kit (IDEXX Laboratories
&3t o, Azl A
LT

Liebefeld-Bern, Switzerland)E A}-8-3}
AFehe A4 el we AASIT. vl vl
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o I 2 | : y
N (1,776 nt) [—1 P
— -«—
NF1 RT-PCR product (1,220 bp) NR1

Figure 1. RT-PCR amplification of full-length N gene of aMPV from a nasal turbinate sample of aMPV-infected chicken. (A) Schematic
diagram for amplification of full-length N gene of aMPV by RT-PCR using primers NF1 and NR1. (B) RT-PCR result. M, molecular marker;
Lane 1, nasal turninate sample.
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Figure 2. Expression of recombinant aMPV N protein by the rBac/AMPVN. The cell extracts of expressed protein were either fractionated
using SDS-PAGE and then visualized by Commassie blue staining (A) and immunoblotting using anti-aMPV antiserum (B) or titrated by
ELISA using mAb12.2.1 (C). Lane 1, normal Sf9 cells; lane 2, Sf9 cells infected with rBac/AMPVN; M, molecular marker. Arrow

represents recombinant protein having molecular weight of 44 kDa.
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100

75

(6}
o

Pl value (%)

25

1G11 (IgM, k) 4G5 (IgM, k) 5D7 (IgG2b, k)  5H7 (IgG2a, k) BA7 (IgM, k) 12.2.1 (IgG2a, k)

Monoclonal antibody tested

Figure 3. Competitive binding of mAbs and serum antibodies to the recombinant aMPV N protein in a competitive ELISA. Serum
panel comprising 10 aMPV antibody-positive and 10 aMPV antibody-negative chicken sera were used for the ELISA. Filled and empty
bars represent positive and negative chicken sera, respectively.
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heavy chains 7FA| 3L ASloH, 39 EE &4 (1G1, aMPV N o] £2]8}+= immunodominant epitope
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ArE Z ES] AL Avket vlalstgity. C-ELISAR ZAL
g A3 aMPV B EONA JHAE A HEE0] 40%



Competitive ELISA for Detection of Anti-aMPV Antibodies 139

(A ©

100 r 50 r —0—APV-CS1
—e—APV-CS2
80 | 4.0 —0—APV-CS3
—a—APV-CS4
3.0
g 60 ° —A—APV-CS5
3 L 5, — & APV-CS6
-~ o
o 40 %) ---0--- Contol-1
1.0 ---@--- Contol-2
\ ---0--- Contol-3
20 —
0.0 ---m--- Contol-4
---A-- Contol-5
0 ] ] ] _1 0 | | |
0 5 10 0 5 10 A~ Contol6
Days post inoculation Days post inoculation

Figure 5. Detection of anti-aMPV antibodies in experimentally aMPV (subtype B)-infected chickens by a competitive ELISA and
comparison with IDEXX-ELISA. Cutoff values of C-ELISA (A) and IDEXX-ELISA are PI value of 50 and S/P ratio of 0.2, respectively.

Table 1. Detection of antibodies to aMPV in clinical samples of infected chicken farms in Korea by competitive ELISA

. Age Serum Yolk
Farm?® SHS
(w.0) C-ELISA IDEXX-ELISA C-ELISA IDEXX-ELISA
KS (B) Yes 32 38/40 (95%)° 39/40 (98%) NT NT
SI(B) Yes 30 NT NT 9/15 (60%) 10/15 (67%)
SD (A) Yes 35 NT NT 12/30 (40%) 11/30 (37%)
. 16 9/10 (90%)" 4/10 (40%)° NT NT
HM (A) No
20 10/10 (100%) 10/10 (100%) NT NT
PA (B) Yes 30 NT NT 21/30 (70%) 23/30 (77%)
CS (B) No 65 18/20 (90%) 19/20 (95%) 29/30 (97%) 28/30 (93%)

*Letter in parenthesis represents subtype of aMPV at the time of diagnosis. aMPV subtype was determined by phylogenetic analysis based
,on the sequence of G protein gene of aMPV (7).
®SHS represents swollen head syndrome observed in affected birds at the time of diagnosis.
No positive/No. tested (percent positive). NT, not tested.
YHN farm was diagnosed as aMPV infection at the 16 weeks old and 4 weeks later re-sampled from the same chicken flock.
* Values between C-ELISA and IDEXX-ELISA differ significantly (Duncan test, p < 0.05)

ol A 100%7H4] B+gsiAl A& ATt IDEXX-ELISA 7 Hbo) o)A e 2kolE YERNSITE (Duncan test, p
A R Eof gk AL A¥pe}l HWEIS w1675 9 <0.05). ZL2L}, %%J 53 ATt (flock)oll tisle] 457 3
HM 53 AaEs A ymx] BE A oA Adste] HAAeS wl A4 o Als BFelA
C-ELISA #AF A¥= #904 &= ApolE Holx] ¢89k C-ELISAS} IDEXX-ELISA A} ZE oJste] A7} 1
th HM 5749 74 C-ELISA® A9 vpelg|x=7t A& ZHAUTE

9 16573l A 74":%01 90%°] 2 2.1}, IDEXX-

ELISAOI M= 40%2] &4 AE&S Uehfo] & A4}
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