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SUMMARY. An antibody-captureenzyme-linkedimmunosorbentassay (ELISA)for detection of antibody to turkey coronavirus(TCV) utilizing infectious bronchitisvirus (IBV)
antigen was developed. Anti-TCV hyperimmune turkey serum and normal turkey serum
were used as positive or negativecontrol serum for optimization of the ELISAsystem. Goat
anti-turkeyimmunoglobulin G (light plus heavy chains) conjugatedwith horseradishperoxidase was used as detector antibody.The performanceof the ELISAsystem was evaluated
with 45 normal turkey sera and 325 turkey sera from the field and the cutoff point was
determined. Serum samples of turkeysexperimentallyinfected with TCV collected sequentially from 1 to 63 days postinfectionwere appliedto the establishedantibody-captureELISA
using IBV antigens. The optimum conditions for differentiationbetween anti-TCV hyperimmune serum and normal turkeyserumwere serum dilution at 1:40 and conjugatedilution
at 1:1600. Of the 325 sera from the field, 175 were positive for TCV by immunofluorescent
antibody (IFA) assay.The sensitivity and specificity of the ELISA relativeto IFA test were
93.1% and 96.7%, respectively,based on the resultsof serum samples from the field turkey
flocks using the optimum cutoff point of 0.18 as determined by the logistic regression
method. The ELISAvalues of all 45 normal turkeyserawere completelyseparatedfrom that
of IFA-positivesera. The ELISAresultsof serum samplescollected from turkeysexperimentally infectedwith TCV were comparableto that of the IFA assay.Reactivityof anti-rotavirus,
anti-reovirus,anti-adenovirus,or anti-enterovirusantibodieswith the IBV antigenscoated in
the commercially available ELISA plates coated with IBV antigens could be utilized for
detection of antibodies to TCV in antibody-captureELISA.
RESUMEN. Detecci6n de anticuerpos contra el coronavirusde pavos por medio del
inmunoensayo con enzimas asociadaspor captura del anticuerpo utilizando antigenos del
virus de bronquitisinfecciosa.
Se desarroll6un inmunoensayocon enzimasasociadas(ELISA)por capturadel anticuerpo
utilizandoantigenosdel virus de bronquitisinfecciosaparala detecci6n de anticuerposcontra
el coronavirusde pavo. Para la optimizaci6n de la tecnica, se utilizaron como controles
positivo y negativo, suero hiperinmune contra el coronavirusde pavo y el suero de aves
normales, respectivamente.La inmunoglobulina G anti-pavo obtenida en cabra (cadenas
livianay pesada)conjugadacon la peroxidasade rabanopicante fue utilizadacomo anticuerpo
detector. El comportamientode este sistema ELISA fue evaluado con 45 muestrasde suero
de pavos normalesy 325 muestrastomadas en el campo, determinandoseel valor 6 punto
de corte. Muestras de suero de pavos infectados experimentalmentecon el coronavirusde
pavo tomadas secuencialmentede 1 a 63 dias despues de la infeccion fueron evaluadaspor
medio del sistema ELISA por captura del anticuerpo establecido utilizando antlgenos de
bronquitis. Las condiciones 6ptimas para la diferenciaci6nde suero hiperinmunecontra coronavirus de pavo y suero de pavos normales fueron las diluciones de suero 1:40 y las
diluciones de conjugado 1:1600. De las 325 muestrasde campo, 175 fueron positivaspara
el coronavirusde pavo mediante la pruebade inmunofluorescencia.Basadosen los resultados
ACorrespondingauthor.
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obtenidos con las muestrasde parvadasde pavo de campo y utilizando un valor 6 punto de
corte de 0.18 determinadopor medio del metodo de regresionlogistica, la sensibilidady la
especificidadde la prueba ELISA comparadacon la prueba de inmunofluorescenciafue de
93.1% y 96.7%, respectivamente.Los valores normales de todas las 45 muestrasde pavos
normalesestuvieroncompletamentedistantesde los de las muestrasque habiansido positivas
a la prueba de inmunofluorescencia.No se detecto ninguna reactividadde los anticuerpos
contra rotavirus,reovirus,adenovirusy enteroviruscon los antigenos de bronquitis que recubren las placasde los sistemasELISAdisponiblescomercialmente.Estos resultadosindican
que las placasrecubiertascon antigenosdel virus de bronquitisdel sistema ELISAdisponible
comercialmentepueden ser utilizadaspara la detecci6n de anticuerposcontra el coronavirus
de pavos en la prueba ELISApor capturadel anticuerpo.
Key words: enteritis, enzyme-linkedimmunosorbentassay,turkey,coronavirus,infectious
bronchitisvirus
Abbreviations:BCV = bovine coronavirus;ELISA = enzyme-linkedimmunosorbentassay; FITC = fluoresceinisothiocyanate;H + L = heavy plus light chains;HRPO = horseradish peroxidase;IBV = infectious bronchitis virus; IFA = immunofluorescentantibody;
IgG = immunoglobulin G; Mab = monoclonal antibody; NC = negative control; PC =
positive control; PEMS = poult enteritis and mortality syndrome;SIPAC = Southern Indiana PurdueAgriculturalCenter; S/N = sample to negative control ratio; TCV = turkey
coronavirus;TCV-IN = TCV Indiana isolate;TCV-MN = TCV Minnesota isolate;TCVNC = TCV North Carolinaisolate;TGEV = transmissiblegastroenteritisvirus

Turkey coronaviralenteritis, the most costly
disease of turkeys encountered in Minnesota
between 1951 and 1971, is an acute, highly
infectious disease (8). Outbreaksof similar enteric disease in turkey poults (also referredas
poult enteritis and mortality syndrome
[PEMS]) occurred in southern Indiana in the
early and middle 1990s and have remained as
a major concern in the turkey industry in
North Carolina. The clinical signs usually appear at 7-28 days old and include inappetence,
wet droppings, ruffled feathers, decreased
weight gain, growth depression, and uneven
flock growth. The morbidityis usuallyhigh and
the mortality varies. The disease was reported
to be associatedwith detection of coronavirus
in the intestinal contents of affected turkeysby
direct electron microscopy(4). Coronaviruswas
identified in 63% of PEMS-affectedflocks in
North Carolina (Guy and Barnes, unpubl.
data). The clinical signs of turkey poults with
acute enteritis and the continuing finding of
coronavirusfrom the intestinal content or fecal
materialof affected poults are similar to turkey
coronaviral enteritis.

Coronavirusesare in the family Coronaviridae, which are enveloped, positive-stranded
RNA viruses that infect a wide range of mammalian and avian species. Coronaviruses are
classified into three antigenic groups based on
studies of virus neutralization, hemagglutina-

tion inhibition, and immunoelectron microscopy. Turkeycoronavirus(TCV) and infectious
bronchitis virus (IBV) belong to antigenic
groups II and III, respectively(6). Coronaviral
particles range from 50 to 150 nm and bear
characteristicpetal- or pear-shapedsurfaceprojections, giving a morphologic appearanceof a
solar corona (3). The coronavirusparticlecontains three major structuralproteins, the spike,
membrane, and nucleocapsid proteins. The
spike protein contains neutralizing or groupspecific epitopes and is highly variableamong
different coronaviruses.In contrast, membrane
and nucleocapsid proteins are more conserved
among coronavirusesbetween differentantigenic groups (7). Some coronavirusesin antigenic
group II, such as TCV, possess hemagglutinin
protein on the virion surface.
The immunofluorescentantibody (IFA) test
has been established in the branch laboratory
of the Animal Disease Diagnostic Laboratoryin
southern Indiana (Southern Indiana Purdue
AgriculturalCenter [SIPAC]) and successfully
applied for the diagnosis of TCV-induced turkey poult enteritis. The IFA test is also one of
the important control measures for PEMS in
the turkey industry. However, the IFA test is
labor-intensiveand time-consuming when the
test is applied to evaluatelargenumbersof clinical samples. In order to rapidly diagnose as
well as effectivelycontrol turkeypoult enteritis,
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development of an antibody-captureenzymelinked immunosorbent assay (ELISA)for serologic evaluation of TCV infection in turkey
flocks is essential. Large numbers of clinical
samplescan be handled by ELISAwith rapidity
and precision. In addition, greater specificity,
sensitivity,and reproducibilitycan be achieved
by ELISA.
For the development of antibody-capture
ELISA, a large amount of pure TCV antigen is
required.However, attempts to propagateTCV
in cell culture in many laboratories,including
ours, have not been successful(1,5). In preliminary studies, intestines and intestinal contents
obtained from infected turkey embryos were
used for preparationof a large amount of purified TCV antigen in the laboratory.Because
of the presenceof intestinal constituents in the
purifiedTCV preparations,a strong nonspecific
reaction was observed in the antibody-capture
ELISA. In the present report, antigenic crossreactivities of TCV with other coronaviruses
were investigated and alternative coronaviral
antigen was used for the development of antibody-captureELISAfor antibody to TCV.
MATERIALSAND METHODS
Immunobiochemicals. Antiserum against TCV
Indiana isolate (TCV-IN) was preparedin turkeys
orally inoculated with filtered intestinalhomogenate
from a turkey embryo infected with TCV-IN. All
antibodies applied in the present study are listed in
Table 1. The dilutions of antibodies for IFA assay
and ELISA were determined by checkerboardtests
for high-positive response and low nonspecific reaction.
Preliminary studies on antigenic reactivity.
The IFA assaywas used to evaluateantigenicreactivity of TCV to various antibodies as describedpreviously (9). Intestinalsections were obtained from turkey embryos that were inoculated with TCV-IN or
TCV North Carolina isolate (TCV-NC) and incubated with various primaryantibodies. Turkeyantisera specific for TCV-IN or TCV Minnesota isolate
(TCV-MN) were used at a dilution of 1:40. Chicken
antiserumspecific for IBV (Massachusetts,Mass 41)
was used at a dilution of 1:100. Fluoresceinisothiocyanate(FITC)-conjugatedantibodiesspecificfor bovine coronavirus(BCV) and transmissiblegastroenteritis virus (TGEV) were used undiluted according
to manufacturer'srecommendations.Monoclonal antibodies specific for IBV were used at a dilution of
1:50. (FITC)-conjugatedsecondary antibodies were
used at a dilution of 1:40. The results of IFA assay

were recordedas - (no response), + (moderateresponse), and ++ (strong response).

The ELISAmethodforantigenicreactivity
of IBV

antigen with variousantibodieswas as describedpreviously (2). The commerciallyavailableELISAplates
(IDEXX, Westbrook,ME) coated with a pool of IBV
strains including Massachusetts, JMK, Arkansas,
Connecticut, Clone 30, D274, and D1466 were used
in the ELISA. Turkey antiseraspecific for TCV-IN
or TCV-MN were used at a dilution of 1:40. Chicken antiserum specific for IBV (Massachusetts,Mass
41) was used at a dilution of 1:500. Bovine antiserum
specific for BCV and porcine antiserumspecific for
TGEV were used at a dilution of 1:20. Monoclonal
antibodiesspecific for IBV were used at a dilution of
1:50. Correspondingnormal control sera from each
animal species were also included in the assay.Primary antibodiesat the appropriatedilution were added to the IBV-coated ELISA plate in quadruplicate
and incubated at 37 C for 1 hr. Goat anti-turkey
immunoglobulinG (IgG) (heavyplus light chains [H
+ L]) conjugated with horseradish peroxidase
(HRPO) (Kirkegaard& Perry Laboratories,Inc.,
Gaithersburg,MD) was used at a dilution of 1:1600.
Conjugate antibodies specific for chicken, bovine,
porcine, or mouse were used at a dilution of 1:2000.
Secondaryconjugateantibodieswere incubatedat 37
C for 1 hr and followed by the addition of tetramethyl benzidine solution. The absorbancevalue of
each well was measuredat 450 nm using a spectrophotometer(Vmax? KineticMicroplateReader,Molecular Devices Corporation,Menlo Park,CA). The
sample to negative control (S/N) ratio of each antibody sample was calculated as absorbancevalue of
antibody sample divided by that of normal control
serum or culture medium. Any antibody sample that
had the S/N ratio above 3 was consideredpositive.
Optimization of ELISA.Serapositive or negative
for TCV were used to optimize the antibody-capture
ELISA for detection of antibody to TCV. Positive
control (PC) serumwas the hyperimmuneserumpreparedfrom turkeysas describedabove. Negativecontrol (NC) serumwas collectedfrom 4-mo-old normal
healthy turkeysgrown in the isolation room.
Ninety-six-well microtiterplates coated with IBV
antigens were obtained from IDEXX and used for
the developmentof ELISA.Checkerboardtests of serum sample in twofold dilutions (1:10 to 1:320) and
HRPO-labeled goat anti-turkeyIgG (H + L) conjugate (Kirkegaard& PerryLaboratories)in twofold
dilutions (1:100 to 1:3200) were performedto optimize the assay.The absorbancevalues and PC/NC
ratios were calculated.The combination of each serum and conjugate dilution that gave the best discriminationbetween PC and NC serum sampleswas
consideredthe optimal condition for the ELISA.
Evaluation of ELISA.Three hundredtwenty-five
turkey serum samples from the field turkey flocks
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Table 1. List of antibodies and sources used in the present study.A
SourceB
Antibody
Conjugate
Bovine anti-BCV
None
National VeterinaryServicesLaboratory
Bovine anti-BCV
FITC
VMRD
Chicken anti-IBV (Mass 41)
None
SPAFAS
Chicken anti-reovirus
None
SPAFAS
Chicken anti-rotavirus
None
SPAFAS
Porcine anti-TGEV
None
National VeterinaryServicesLaboratory
Porcine anti-TGEV
FITC
VMRD
None
C. C. Loa
Turkeyanti-TCV-IN
None
Y. M. Saif
Turkeyanti-TCV-MN
None
SPAFAS
Turkeyanti-adenovirus
Anti-enterovirusMab
None
J. S. Guy
Anti-IBV Mab 919
None
S. Naqi
Anti-IBV Mab 94
None
S. Naqi
Goat anti-mouse IgG (H + L)
HRPO
BoehringerMannheim
Goat anti-mouse IgG (H + L)
FITC
Kirkegaard& PerryLaboratories
Goat anti-turkeyIgG (H + L)
HRPO
Kirkegaard& PerryLaboratories
Goat anti-turkeyIgG (H + L)
FITC
Kirkegaard& PerryLaboratories
Rabbit anti-bovine IgG (H + L)
HRPO
Sigma
Rabbit anti-chickenIgG (H + L)
HRPO
Sigma
Rabbit anti-chickenIgG (H + L)
FITC
Sigma
Rabbit anti-porcineIgG (H + L)
HRPO
Sigma
ABCV= bovine coronavirus;IBV = infectious bronchitisvirus;TGEV = transmissiblegastroenteritisvirus;
TCV-IN = turkey coronavirusIndiana isolate; TCV-MN = TCV Minnesota isolate; Mab = monoclonal
antibody (Mab 94 and 919 are specific for spike and membraneprotein of IBV, respectively)IgG (H + L)
= immunoglobulin G (heavy plus light chains); FITC = fluoresceinisothiocyanate;HRPO = horseradish
peroxidase.
BNationalVeterinaryServices Laboratory,Ames, IA; VMRD, Pullman, WA; SPAFAS,Storrs, CT; C. C.
Loa, PurdueUniversity,West Lafayette,IN; Dr. Y. M. Saif, The Ohio State University,Wooster,OH; Dr. J.
S. Guy, North CarolinaState University,Raleigh,NC; Dr. S. Naqi, Cornell University,Ithaca,NY; Boehringer
Mannheim, Indianapolis,IN; Kirkegaard& PerryLaboratories,Gaithersburg,MD; Sigma, St. Louis, MO.

sent to SIPAC and 45 serum samples collected from
the 4-wk-old normal healthy turkeys grown in the
isolation room in the laboratorywere processedfor
IFA assay using the proceduresas described previously (9). The same serum sampleswere also used to
evaluate the performanceof ELISA. Two reference
wells that contained all reagentsexceptserumsamples
were included in each plate. PC and NC sera as well
as test serawere tested in duplicate.The ELISAvalue
or S/P ratio of each test serum was calculatedas (absorbance value of sample serum minus absorbance
value of negative control serum) divided by (absorbance value of positive control serum minus absorbance value of negative control serum).
Logistic regressionanalysis(11) was used to determine the optimum cutoff point of the ELISAvalue
that distinguishedserum samples from the field turkey flocks as positive or negative for TCV by IFA.
The cutoff point was calculated from the logistic
equation ln[P/(1 - P)] = [IX + Po, where X was
the ELISAvalue. At the optimum cutoff point of the
ELISAvalue, the probabilityof the samplebeing negative (P) would be the same as the probabilityof the

sample being positive (1 - P), that is P = 1 - P =

0.5 or 50%. This value was found by solving 0 =

3,X + po for X (ln[0.5/(1 - 0.5)] = ln(1) = 0).
Logistic regression was used to estimate the coeffi-

cients ,3 and ,3. Statisticalcomputations were performed using the SAS program(10). The relativesensitivity of the ELISAwas calculatedas the percentage
of positive serum samplesfor TCV by IFA that were
positive in ELISA. The relative specificity of the
ELISA was calculatedas the percentageof negative
serum samples for TCV by IFA assaythat were negative in ELISA.
Serum samples from experimentallyinfected turkey poults were obtained and evaluated by the
ELISA.A group of 40 10-day-oldturkeypoults were
orally inoculated with turkey embryo-propagated
TCV-IN. Another group of 40 turkey poults of the
same age was inoculatedwith phosphate-bufferedsaline buffer and served as the noninfected control. At
1, 3, 7, 14, 21, 28, 42, and 63 days afterinoculation,
five turkeyswere randomlyselected from each group
and sacrificed.Sera collected from the turkeyswere
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Table 2. Turkey coronavirusIndiana isolate (TCV-IN) or North Carolina isolate (TCV-NC) from the
intestines of 25-day-old turkeyembryos inoculatedwith the respectiveisolate reactedwith antibodiesspecific
for TCV-IN, TCV Minnesota isolate (TCV-MN), infectious bronchitis virus-Massachusetts(IBV), bovine
coronavirus(BCV), or transmissiblegastroenteritisvirus (TGEV) as determined by immunofluorescentantibody (IFA) assay.
Intestines
Intestines
infected
with

T
TCVIN

TCV-IN

++b+

TCV-NC

++

Antiseraspecific for
TCV-Mab
MN

IBV

Anti-IBV
BCV

TGEV

+

+

+

-

-

94

919

-

+

-

+

AThe results of IFA assay were determined as - (no response), + (moderate response), and ++ (strong
response).
BMab= monoclonal antibody (Mab 94 and 919 were specific for spike and membrane protein of IBV,
respectively).
examinedby the IFA assayand ELISAand the results
were compared.
In addition, IBV antigens coated in the ELISA
plates (IDEXX) were reacted with antisera against
avianrotavirus,reovirus,adenovirus,and monoclonal
antibody specific for enterovirus for evaluation of
cross-reactivity.
RESULTS
Preliminary studies on antigenic reactivity. In the IFA assay, positive immunoreactivity
was seen in the embryo intestines infected with
TCV-IN or TCV-NC isolate and reacted with
antibodies specific for TCV-IN, TCV-MN,
IBV (Massachusetts), and Mab 919 specific for
membrane protein of IBV (Table 2). In the
ELISA, IBV antigens coated in the commercially available ELISA plate was positively reacted with antibodies specific for TCV-IN,
TCV-MN, IBV (Massachusetts), and Mab 919
and Mab 94 (Table 3). Antisera specific for
BCV and TGEV did not react with IBV antigens coated on the ELISA plate.
and optimization.
ELISA development
Based on the positive antigenic cross-reactivity
between TCV-IN and IBV, commercially available IBV-coated ELISA plates by IDEXX were
used for detection of anti-TCV antibodies. The
results of checkerboard tests for optimizing dilutions of control serum sample positive or negative for TCV and HRPO-labeled goat antiturkey IgG (H+L) conjugate are shown in Figs.
1, 2. The maximum PC/NC ratio was 96 and
was obtained with combination of serum dilution at 1:40 and conjugate dilution at 1:1,600.
The PC/NC ratio with combination of serum

dilution at 1:20 and conjugate dilution at 1:
3200 was also high at 87. The PC/NC ratio
was markedly decreased to 16 when serum was
diluted to 1:10 and conjugate diluted at 1:3200
(Fig. 1). The combination of serum dilution at
1:40 and conjugate dilution at 1:1600 was chosen to be used in antibody-capture ELISA for
detection of antibody to TCV.
ELISA evaluation. Of the 325 serum samples collected from the field, 175 were positive
for TCV by IFA. The ELISA values (S/P ratio)
of the IFA-positive, IFA-negative, and normal
turkey serum samples ranged from 0.015125 to
-0.000840
to 0.704872,
and
1.065223,
-0.000800 to 0.001446, respectively. The distribution of ELISA values (S/P ratio) of serum
samples from these three groups is shown in
Fig. 3.
The ELISA values of 325 serum samples
from field turkey flocks compared with their
IFA results are shown in Table 4. The logistic
regression model at the optimum cutoff point
was 0 = (-17.56)X + 3.17, where P, and P3
were -17.56 and 3.17, respectively. The optimum cutoff point (X) was 0.18 (-3.17/
-17.56). The relative sensitivity and relative
specificity of the ELISA using this cutoff value
were 93.1% and 96.7%, respectively. The
agreement between the results of ELISA and
IFA assay was 94.8%.
The IFA-negative sera were suspect cases
from field turkey flocks submitted to SIPAC for
diagnosis. If the low sensitivity nature of the
IFA assay was taking into consideration, IFAnegative sera might be false-negative for TCV.
To further evaluate the ELISA method, a group
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Table 3. Infectious bronchitis virus (IBV) antigens coated in commerciallyavailableenzyme-linkedimmunosorbent assay (ELISA)plate reactedwith antibodies specific for various coronavirusas determinedby
ELISA.
Antibodies

AbsorbancevalueA

S/NB

Result

86.34
83.37

+
+

Chicken anti-IBV (Mass 41)
Normal chicken serum

3.022 + 0.244
2.918 + 0.028
0.035 + 0.001
0.904 ? 0.009
0.037 ? 0.002

24.43

+

Bovine anti-BCV
Normal bovine serum

0.037 ? 0.001
0.037 ? 0.003

1.00

Porcineanti-TGEV
Normal porcine serum

0.036 + 0.001
0.037 + 0.003
1.745 ? 0.166
0.520 + 0.013
0.035 + 0.002

0.97

Turkeyanti-TCV-IN
Turkeyanti-TCV-MN
Normal turkey serum

Anti-IBV Mab 919C
Anti-IBV Mab 94D
Cell culture medium

+
+

49.86
14.86

AEachdata point was presented as mean ? SD of four optical density 450-nm readingsobtained from
quadruplicatewells.
BS/N was calculatedas absorbancevalue of antibody tested divided by absorbancevalue of normal control
serum.
CMonoclonalantibody to membraneprotein of IBV.
DMonoclonalantibody to spike protein of IBV.
of 45 serum samples collected from normal
healthy turkeys grown in the isolation room in
the laboratory was used as known negative serum samples for TCV. The logistic regression
analysis was not applicable for determination of
optimum cutoff point for distinguishing normal turkey sera from IFA-positive sera because

the ELISA values of these two groups of serum
samples were completely separated. When the
ELISA value of 0.01 was selected as the cutoff
point, all 175 IFA-positive sera had an ELISA
value above the cutoff point, but all 45 normal
turkey sera had an ELISA value below the cutoff point of 0.01 and were negative for TCV
120 -

120
100

0
C

-+-100

80

60

-*-

200

--

400

40

-a

20

-

1600
321)

0

0

80

160

240

320

dilutionfactor of serum
Fig. 1. Optimization of serum dilution for antibody-capture enzyme-linked immunosorbent assay
(ELISA) for detection of anti-turkey coronavirus
(TCV) antibodies.Each line representsa dilution factor of conjugate.The PC/NC is the ratio of positive
control to negative control absorbancevalues using
commercially available infectious bronchitis viruscoated plates. Serum dilution at 1:40 was selected in
ELISAfor anti-TCV antibodies.

0
?

100 -

10

80 -

20

660.

80

40

-160

-

20
0

800

1600

2400

320

3200

dilution factor of conjugate
Fig. 2. Optimization of conjugatedilution for antibody-captureenzyme-linked immunosorbentassay
(ELISA) for detection of anti-turkey coronavirus
(TCV) antibodies.Each line representsa dilution factor of serum. The PC/NC is the ratio of positive
control to negative control absorbancevalues using
commercially available infectious bronchitis viruscoated plates. Conjugate dilution at 1:1600 was selected in ELISAfor anti-TCV antibodies.
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TCV throughout the entire experimental period, so were the IFA results of normal turkey
sera.
Reactivity of IBV antigen coated on the
commercially available ELISA plate with antibodies specific for avian rotavirus, reovirus, adenovirus, or enterovirus was not detected.

I0.8 0.60.4

$4**#4

.

:0*.*

*

4****

0.2

-

~4~t:1?

DISCUSSION

0
-0.2

The observation of antigenic cross-reactivity

IFA-

IFA+

between IBV and TCV by IFA assayor ELISA

normal

Fig. 3. Distribution of enzyyme-linked immunosorbent assay(ELISA)values ob)tainedwith field turkey sera that were positive for turkey coronavirus
(TCV) by immunofluorescentantibody assay(IFA+)
or negative for TCV by IFA a,ssay (IFA-) and sera
collected from normal healthy turkeys(normal).The
ELISAwas done by utilizing commerciallyavailable
infectious bronchitisvirus-coated plates.
(Table 5). Sixty-five out of the 150 IFA-negative sera (43.3%) had ELISALvalues above 0.01.
At a cutoff point of 0.30, only 1 of the 150
IFA-negative sera was above the cutoff point of
0.30 and was positive for T(CV by ELISA. The
percentage of positivity in I]FA-positive sera became 86.3%.
The ELISA results of turkLeysera sequentially
taken from the turkey poultss experimentally infected with TCV were foun<d to be in line with
those of the IFA assay. The anti-TCV antibody
response of experimentally infected turkeys appeared at 2 wk after infectic n. The ELISA values of normal turkey sera were negative for

in the present study was consistent with the
previous reports (2,5). Dea and Tijssen studied
antigenic reactivities of IBV (Beaudette, Connecticut, or Holland) antigens coated on ELISA
plates with antisera specific for IBV (Beaudette), TCV, BCV, TGEV, murine hepatitis virus,
rabbit enteric coronavirus, human coronavirus229E, or hemagglutinating encephalomyelitis
virus and found that positive reactions were
seen only with antisera against IBV (Beaudette)
or TCV (2). In the present study, the commercially available IBV-coated ELISA plate by
IDEXX showed positive reactions with antisera
specific for TCV or IBV (Massachusetts) but
not with antisera specific for BCV or TGEV.
Recently, Guy et al. reported that sections of
TCV-infected turkey embryo intestine were
positive with antisera specific for TCV or IBV
(Massachusetts) but not with antisera specific
for BCV or TGEV in IFA assays (5). However,
they demonstrated that IBV (Arkansas)-infected
chicken kidney cells were not reactive to antisera specific for TCV in IFA assay, whereas

Table 4. Comparison of antibody-captureenzyme-linked immunosorbent assay (ELISA)utilizing commercially availableinfectious bronchitis virus-coated ELISA plates with immunofluorescentantibody (IFA)
assay for detection of antibody to turkey coronavirus(TCV).
Total
no.
samples
325

IFA
+A

ELISAC
_B

+

150

163
5

175

-

12
145

Relative

Relative

sensitivityD

specificityE

AgreementF

94.8%

93.1%
96.7%

ASerumsample positive for antibody to TCV in IFA assay.
BSerumsample negative for antibody to TCV in IFA assay.
CThe optimum cutoff ELISA value (S/P ratio) of 0.18 was obtained by logistic regressionmethod as
described in materialsand methods. Serum sample had ELISAvalue higher or lower than the cutoff value
was positive (+) or negative (-), respectively,in ELISA.
DRelativesensitivity = 163/(163 + 12).
ERelativespecificity = 145/(5 + 145).
FAgreement= (163 + 145)/(163 + 12 + 5 + 145).
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Table 5. Percentagesof positivity and negativity of IFA-positiveor IFA-negativefield turkey sera and
normal turkey sera at different cutoff points by antibody-captureenzyme-linked immunosorbent assay
(ELISA) for detection of antibody to turkey coronavirus(TCV) utilizing commerciallyavailableinfectious
bronchitisvirus-coated ELISAplates.

CutoffA
(S/P ratio)
0.01
0.3

Percentageof
positivity in
IFA-positive
sera for TCV

Percentageof
negativityin
normal sera

Percentageof
positivity in
IFA-negative
sera for TCV

100%
(175/175)
86.3%
(151/175)

100%
(45/45)
100%
(45/45)

43.3%
(65/150)
0.7%
(1/150)

AS/Pratio was calculatedas (absorbancevalue of sample minus absorbancevalue of negativecontrol serum)
divided by (absorbancevalue of positive control serum minus absorbancevalue of negative control serum).

strong positive responsewas observedusing antiseraspecific for IBV (Massachusetts).The discrepancy may be due to differences in antiTCV antibody titers of antiseraor becausedifferent strains of IBV were used in different
studies.
In searchingfor optimum conditions for the
ELISAsystem, higher dilution of serum was required when the dilution of conjugatewas lower and vice versa. The optimum combination
of serum dilution at 1:40 and conjugate dilution at 1:1600 was selected based on the ratio
of PC/NC. The combination that produced a
higher PC/NC ratio was more feasible for establishmentof the ELISA.The PC/NC ratio of
96 was the highest among all the combinations
of serum sample and conjugatedilutions tested.
Stability of the selected condition was also important in choosing the optimum combination.
For example, the PC/NC ratio the combination
of serum dilution at 1:20 and conjugate dilution at 1:3200 was high at 87. However, the
ratio decreaseddramaticallyto 16 when the serum dilution was 1:10 (Fig. 1). This suggested
that little variation in the dilution of serum
could adversely affect the PC/NC ratio and,
therefore, reduce the capability of differentiation between serum samplespositive or negative
for TCV by the ELISA system.
Selection of cutoff point(s) was one of the
most important factorsin the developmentand
interpretationof ELISA. In the present study,
the optimum cutoff value of 0.18 for distinguishing serum samples from the field turkey
flocks as positive or negative for TCV by IFA
was determinedby the logistic regressionmethod. However, the IFA-negativesera were sus-

pect cases from field turkey flocks submitted to
SIPAC for diagnosis. If the low sensitivity nature of IFA was taken into consideration,IFAnegative sera might be false-negativefor TCV.
In contrast, the ELISAvalues of normal turkey
sera were completely separated from that of
IFA-positivesera. Those IFA-negativeserawith
an ELISA value above that of normal turkey
sera possibly were actually positive for TCV.
Thus, an ELISA value of 0.01 may be a good
cutoff point and both the percentageof positivity in IFA-positive sera and percentage of
negativity in normal turkey sera were 100%.
On the other hand, if the IFA-negativesera
were considered truly negative for TCV, an
ELISAvalue of 0.30 as cutoff point was needed
to prevent IFA-negativesera from being positive. Therefore,selection of an appropriatecutoff point is dependent on the purpose of the
assay.If a lower probabilityof a false-positiveis
desired,a higher cutoff point should be applied.
If a lower probabilityof a false-negativeis desired, a lower cutoff point should be used. Selection of two cutoff points to interpret the
ELISAresultsis also applicable.Any ELISAvalue below the lower cutoff point (0.01) was considered negative and that above the higher cutoff point (0.30) was positive. The serum samples with ELISAvaluesin between the high and
low cutoff points could be consideredas suspect
samples, which could be further confirmed by
IFA assay or repeatedELISA on the follow-up
serum samples from the original birds or farm.
One out of the 150 IFA-negativeserumsamples had a high ELISAvalue at 0.70. This sample had been repeatedlyanalyzed and had the
same negative results in IFA assay with high
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ELISAvalues obtained. Becauseintestinalor fecal samples from the same turkey were not
availablefor confirmationof TCV infection by
detection of virus with virus isolation, electron
microscopy, or IFA assay,whether this serum
sample was positive or negative for antibody to
TCV could not be determined. However, the
combination with high sensitivity and specificity of the ELISA method discussed above and
low sensitivity of the IFA assay method suggested that this serum sample was probably
false-negativefor TCV in IFA assay and was
actuallypositive for TCV as shown by the high
ELISAvalue.
For the detection of antibody responses in
sequential serum samples taken from turkeys
experimentallyinfected with TCV, the established antibody-captureELISA was well correlated with the IFA assay.The antibody response
was initially detected at the same time point, 2
wk after infection, by the two different methods. The kinetics of antibody responses (increasedfrom 2 to 4 wk after infection and remained on the plateau until 9 wk after infection when the experimentwas terminated)was
the same in both methods. All the normal control turkeyserawere negativefor TCV throughout the entire experimental period in both
methods. These observationsdemonstratedthat
the establishedELISA method was as effective
as the IFA assay for detection of anti-TCV antibodies. Anti-TCV antibody was initially detected at 2 wk after infection; thus, at least 2
wk of separationbetween the first and the second serum samples is necessaryfor paired serum conversion test for the diagnosis of turkey
coronaviralinfection in turkey flocks.
The results of the present study indicated
that the commercially available IBV-coated
ELISA plate could be utilized for detection of
anti-TCV antibodies in turkey serum by antibody-capture ELISA. Because of antigenic
cross-reactivity, the IBV antigen instead of
TCV antigen was used to establish the ELISA
system for detection of anti-TCV antibodies.
Both sensitivity and specificity of the established antibody-captureELISA for anti-TCV
antibodies were very high. The results of the
ELISA were consistent with those of the IFA
assay for evaluation of antibody responses in
turkeys naturally or experimentally infected
with TCV. Furthermore,the IBV antigenscoated in the commercially available ELISA plate

did not react with antibodies specific for unrelated avian viruses (rotavirus, reovirus, adenovirus, or enterovirus).
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