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SUMMARY. A reversetranscriptase-polymerase
chain reaction (RT-PCR)procedureand
two monoclonal antibody (MAb)-basedimmunohistochemicalprocedureswere developedfor
detection of turkey coronavirus(TCV) in tissues and intestinal contents/droppingsamples.
The RT-PCR, MAb-based fluorescent antibody (FA), and MAb-based immunoperoxidase
(IP) procedureswere compared with virus isolation (VI) for detection of TCV in experimentally infected turkeys.
TCV was detected in experimentallyinfected turkeysas early as day 1 postexposure(PE)
by each of the four detection procedures.TCV was detected as late as day 35 PE by FA or
IP and days 42 and 49 PE by VI and RT-PCR,respectively.With VI as a reference,sensitivity
and specificity of RT-PCR were 93% and 92%, respectively;specificityof both FA and IP
was 96%, and sensitivitieswere 69% and 61%, respectively.Each of the examinedprocedures
was highly specific, but the RT-PCR procedurewas also highly sensitive. These findings
demonstratethe utility of both immunohistochemistryand RT-PCR for detection of TCV.
In addition, the findings indicate that RT-PCR is a highly sensitive and specific alternative
to conventionaldiagnostic procedures.
RESUMEN. Comparaci6nde los procedimientosde aislamientoviral, inmunohistoquimica y reacci6n en cadena por la polimerasatranscriptasareversa,para la deteccion de coronavirusde pavo.
Se desarrollaronuna prueba de reaccionen cadena por la polimerasatranscriptasareversa
(de las siglas en ingles RT-PCR) y dos procedimientos inmunohistoquimicos basados en
anticuerposmonoclonales para la detecci6n del coronavirusde pavos en muestrasde tejidos
y de materiafecal. La pruebaRT-PCR,la inmunofluorescenciacon anticuerposmonoclonales
y la prueba de la inmunoperoxidasacon anticuerposmonoclonales fueron comparadoscon
el aislamientoviral parala detecci6n del coronavirusen pavos infectadosexperimentalmente.
Se pudo detectar el coronavirusde pavos desde el primer dia despues de la infecci6n por
medio de cada uno de los cuatro procedimientos.El coronavirusde pavos se pudo detectar
incluso hasta el dia 35 por medio de la prueba de la inmunofluorescenciay la pruebade la
inmunoperoxidasay hasta el dia 42 y el dia 49 por medio del aislamiento viral y el RTPCR, respectivamente.Con el aislamientoviral como referencia,la sensibilidady la especificidad de la reacci6n en cadena por la polimerasafue de 93% y 92%, respectivamente.La
especificidadde la inmunofluorescenciay de la inmunoperoxidasafue de 96% y la sensibilidad fue de 69% y 61%, respectivamente.Cada uno de los procedimientosexaminadosfue
altamenteespecifico pero la pruebaRT-PCRfue tambien altamentesensible. Estos hallazgos
demostraronla utilidad de la inmunohistoquimicay el RT-PCRpara la deteccion del coronavirus de pavo. Ademas, los hallazgos inidican que el RT-PCR es una alternativa altamente

sensible y especificaa los procedimientosconvencionalesde diagn6stico.
chain reaction
Key words: turkey coronavirus,reversetranscriptase-polymerase
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Abbreviations:CK = chicken kidney; DMEM = Dulbecco'sminimal essentialmedium;
EID50= 50% embryo infectious doses; FA = fluorescentantibody;IBV = infectious bronchitis virus; IP = immunoperoxidase;MAb = monoclonal antibody; NDV = Newcastle
disease virus; PCR = polymerasechain reaction;PE = postexposure;PI = postinoculation;
chain reaction;TCV
RT = reversetranscriptase;RT-PCR = reversetranscriptase-polymerase
= turkey coronavirus; VI = virus isolation

Turkeycoronavirus(TCV) is the cause of an
acute, highly contagious enteric disease of turkeys referredto as bluecomb disease or mud
fever (11). Bluecomb diseasewas first identified
in turkeys in 1951, and a coronaviruswas determined to be the cause of the diseasein 1973
(11). TCV producesenteric diseasethat is characterized by diarrhea, depression, weight loss,
and increasedmortality (11).
TCV is a member of the family Coronaviridae, which consists of a large group of RNA
viruses that infect a wide variety of both avian
and mammalian species (9,15). Coronaviruses
are characterizedon the basisof their distinctive
morphology.They are pleomorphic, enveloped
viruses, 80-160 nm in diameter,with long (20
nm), widely spaced club-shapedsurfaceprojections (9,15). Coronavirusesconsist of at least
three major structuralproteins, the surfaceglycoprotein, an integral membrane protein, and
a nucleocapsidprotein (9,15).
Diagnosis of TCV infection most often is accomplished by virus isolation (VI) and/or detection of antigen in tissues by direct and indirect fluorescent antibody (FA) procedures.
Isolation of TCV is accomplishedby amniotic
inoculation of embryonated turkey eggs and
subsequentFA testing of embryo intestines (7).
VI is slow and labor intensive and requiresvirus-specific antisera. Detection of TCV antigens in tissues by FA proceduresis a rapid, less
cumbersome procedure but requiresa specialized microscope having an ultraviolet light
source as well as a source of virus-specificantisera.

ceduresfor detecting viral nucleic acids in clinical specimensgenerallyprovidethe distinct advantagesof high sensitivityand specificitycompared with other conventional diagnostic
methods. Reversetranscriptase(RT)-PCR procedures have been described for detection of
human coronavirusesfrom nasal aspiratesand
bovine coronavirusfrom fecal samples (10,17).
Recent studies have demonstrateda close antigenic and genomic relationshipbetween TCV
and infectious bronchitis virus (IBV) (3,7,16).
On the basis of this relationship, a RT-PCR
procedurefor detection of TCV in infected turkeys was developed with DNA primers previously utilized for RT-PCRdetection of IBV (2).
These DNA primers amplify a 1100-base pair
region spanning portions of the matrixand nucleocapsidgenes of TCV (3).
The present study compareda RT-PCRprocedure, two monoclonal antibody (MAb)-based
immunohistochemicalprocedures(FA and IP),
and VI for detection of TCV infection in experimentallyinfected turkeys.
MATERIALSAND METHODS
Viruses.

TCV (NC95) was isolated from poult

enteritis and mortality syndrome-affectedturkeysas
described (7). TCV (Minnesota) was obtained from
the American Type Culture Collection (Rockville,
MD), and three field isolates were obtained from
Tom Hooper, Purdue University,Dubois, IN. Field
isolates originatedfrom turkeysin Indiana,Virginia,
and Arkansas.TCV strains were propagatedin embryonatedturkey eggs as described(7).
IBV (Arkansas), IBV (Massachusetts), reovirus,

Immunoperoxidase (IP) procedures have and fowl adenovirus (serotype 3) were obtained from
been successfully applied to the diagnosis of SPAFAS, Inc. (Norwich, CT) and propagated in
severalviral infections (1,6). These procedures, chicken kidney (CK) cells (14). Newcastle disease viin common with FA, provide a simple, rapid rus (NDV) (Roakin) was obtained from Dr. D. J.
means for detecting viral antigens in tissues; King, Southeast Poultry Research Laboratory, Athens,
in CK cells. Transmissible gasGA, and
however,severaladvantagesof IP make it a par- troenteritispropagated
virus, Purdue strain, and bovine coronaticularlyvaluable diagnostic technique. IP uses virus, Nebraska strain, were obtained from the Naa conventional light microscope, provides a tional Veterinary Services Laboratory (Ames, IA) and
more permanentrecord,and preserveshistolog- propagated in porcine kidney (PK15) cells and huic detail. Polymerasechain reaction (PCR) pro- man rectal adenocarcinoma (HRT) cells, respectively.
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An inoculum containing TCV (NC95) was prepared by amniotic inoculation of 18-day-old embryonated turkey eggs with TCV (NC95) at the 12th
embryo passage.At 4 days postinoculation(PI), embryo intestineswere harvestedand preparedas a 10%
suspension in Dulbecco's minimal essential medium
(DMEM) (Sigma Chemical Co., St. Louis, MO).
The suspension was homogenized, clarified by centrifugationfor 10 min at 1200 X g and sequentially
filteredthrough0.8-, 0.45-, and 0.22-[Lmfilters(Gelman Sciences,Ann Arbor, MI). Virus was titered by
inoculationof 10-fold dilutions into each of three23day-old embryonated turkey eggs with examination
of individual embryo intestines on day 3 PI by indirect FA; virus titer was calculatedby the method
of Reed and Muench (12). An inoculum was prepared to contain approximately1.6 x 104 50% embryo infectious doses (EID50)/0.1 ml and stored at
-70 C.
MAb to TCV. MAbs specific for TCV were preparedby the proceduredescribedby Carteret al. (4).
Briefly,BALB/c mice were immunized with partially
purified TCV (NC95), and splenocytes collected
from immunized mice were fused with murine myeloma cells. Hybridomacolonies secretingantibodies
specific for TCV virus were detected by assayof culture supernatantfluids by indirect FA with frozen
sections of TCV-infectedembryo intestines (7). Each
positive hybridomacolony was cloned twice by limiting dilution; antibody was produced from positive
hybridomasin the form of exhaustedcell culturesupernatants.The immunoglobulin subclass of TCVspecific MAbs was determined with commercialenzyme-linked immunosorbent assay test system
(MonoAb ID EIA kit; Zymed Laboratories,San
Francisco,CA) by the manufacturer'sinstructions.
Turkeys. Commercialturkeyswere obtained at 1
day of age from Cuddy Farms(Aurora,MO). Turkeys
were housed in wire-floored, electrically heated
broodersin an isolation room with controlledaccess
until they were 2 wk of age. Turkeyswere fed nonmedicated game bird starter (Granville Milling,
Creedmoor,NC). Feed and water were provided ad
libitum.
Experimental design. Expt. 1. At 2 wk of age,
turkeyswere wing banded and inoculatedwith TCV
(NC95); after exposure, birds were maintained in
electricallyheated brooders.Turkeyswere inoculated
at 2 wk of age by placing a no. 10 French catheter
(Monoject, St. Louis, MO) into the crop. Each bird
received approximately 1.6 X 104 EID5s TCV
(NC95).
Six birds were randomly selected on days 0, 1, 2,
4, 6, 8, 10, 12, 14, 16, and 22 postexposure(PE)
and necropsied.At necropsy,droppingsamples/intestinal contents and intestinal tissues were collected
from each bird. Droppings and/or intestinalcontents
(approximately3 g) were collected for RT-PCR and

stored at 4 C. Intestinalcontents were collectedfrom
the ceca with cotton-tipped swabs for virus isolation;
these swabswere immediatelyplaced in 1 ml DMEM
and stored at -70 C. Intestinaltissue at the ileocecal
junction was collected for FA and IP and immediately frozen in Tissue-TekO.C.T. Compound (Miles
Laboratories,Elkhart,IN).
Expt.2. At 2 wk of age, turkeyswere wing banded
and inoculated with TCV (NC95); after exposure,
birdswere maintainedin an isolation room with controlled access on sawdust bedding. Turkeyswere inoculated as describedin Expt. 1. Six birds were randomly selected on days 0, 7, 14, 21, 28, 35, 42, 49,
56, and 63 PE and necropsied.At necropsy,samples
were collected as describedin Expt. 1.
Tissues (ileocecal
Immunohistochemistry.
junction) were sectionedwith a cryostat,fixed in cold
(4 C) absolute acetone for 10 min, and stored at 4
C until stained. TCV antigens were detected in frozen sections by indirect FA staining and IP staining
as describedwith TCV MAb 4.24 exhaustedsupernatant at a dilution of 1:5 (6,7). Tissue sectionsfrom
uninfectedturkeys,embryonatedturkeyeggs, and cell
cultures were used as negative controls for both FA
and IP staining.Antibody controlsalso were included
for each section; a MAb specific for infectiouslaryngotracheitisvirus was used in place of MAb 4.24.
VI. Intestinalcontents were collectedwith cottontipped swabs, immediately immersed in 1 ml
DMEM, clarifiedby centrifugationat 1500 X g for
20 min at 4 C, and filteredthrough a 0.45-km filter
(Gelman Sciences). Two 21-to-24-day-old embryonated turkey eggs were each inoculated with 0.2 ml
of sample.Three days PI, embryo intestineswere collected for indirect FA staining.
RT-PCR. Intestinal contents/dropping samples
(approximately3 g) were preparedas 20% (w/v) suspensions in TNE buffer (0.01 M Tris-hydrochloride,
pH7.4, 0.1 M NaCI, 1 mM ethylenediaminetetraacetic acid) and sonicated for 30 sec. These suspensions were clarifiedby centrifugationat 1000 X g for
10 min at 4 C and then at 8000 X g for 30 min at
4 C. The supernatantwas layeredonto a 20% (w/v)
sucrose cushion and centrifugedat 80,000 X g for 2
hr at 4 C. Nucleic acid was harvestedfrom the resultantpellets by incubationin 0.5% sodium dodecyl
sulfate for 5 min at room temperaturefollowed by
two phenol-chloroformextractions.Nucleic acid was
precipitated in cold (-20 C) ethanol, and pellets
were resuspendedin RNAse-freewater.
The RT-PCR procedure was performed as described (3). To confirm the identity of the RT-PCR
products, direct nucleotide sequencing was performed on selected samples. DNA was sequencedat
the University of North Carolina (Chapel Hill) Automated DNA Sequencing Facility on a Model 373
A, DNA sequencer(AppliedBiosystems,FosterCity,
CA) with the Taq DyeDeoxy? TerminatorCycle Se-
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quencing Kit (Applied Biosystems). Nucleotide sequencing was carried out with the EcoM (5'TGAATTCTCAGTGGCTTGCTAAGTGTGAACC-3') primer (3).
Sensitivity of the RT-PCR procedurewas determined by RT-PCRof nucleic acid extractedfrom serial dilutions of a known concentration of TCV
(NC95). Briefly,TCV (NC95) inoculum (titer = 1.6
X 104 EID50/0.1 ml) was serially diluted in water,
then 0.1 ml of each dilution was incubated in 0.5%
sodium dodecyl sulfate (Gibco BRL, Grand Island,
NY) for 5 min at room temperature,followed by a
phenol-chloroform extraction and precipitation of
nucleic acid in cold (-20 C) ethanol. Resultantpellets were resuspended in RNase-free water and assayed by RT-PCR.
Specificityof the RT-PCRwas determinedby use
of nucleic acid harvested from other viruses. Two
strains of IBV, Massachusettsand Arkansas, were
propagatedin embryonatedchicken eggs as described
(14). NDV, reovirus,and fowl adenovirus(serotype
3) were propagatedin CK cells (13). Virus-ladenallantoic fluids and infected CK cells were freezethawed two times and centrifugedat 8000 X g for
10 min at 4 C; viral particleswere pelleted from the
supernatant by centrifugation through 20% (w/w)
sucrose at 80,000 X g for 2 hr. Nucleic acid was
extracted and RT-PCR was performed as described
above.
Statistics. Sensitivity and specificity were calculated by standardformulas (5).
RESULTS
MAb production and characterization.
A
single hybridoma cell line was identified that
secreted antibodies (MAb 4.24) specific for
TCV. The cell line was selected on the basis of
a strong reaction of antibody to TCV antigens
as determined by indirect FA and absence of
specific reaction when FA was performed with
uninfected cells. MAb 4.24 reacted strongly by
FA to turkey embryo intestines infected with
five epidemiologically distinct isolates of TCV:
NC95, Minnesota, and field isolates from Indiana, Arkansas, and Virginia. No FA reaction
was observed with uninfected CK cells, uninfected turkey embryo intestines, or cell cultures
infected with IBV (Arkansas), NDV, reovirus,
transmissible gastroenteritis, or bovine coronavirus. MAb 4.24 was determined to be an immunoglobulin IgG2a isotype.
RT-PCR. The RT-PCR yielded a distinct
band of approximately 1100 bp when performed with RNA extracted from partially purified, embryo-propagated TCV (NC95) (Fig.
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1). In contrast, no bands were observed when
the assay was performed with RNA extracted
from uninfected embryos or when RT-PCR was
run without RT (data not shown). Direct nucleotide sequencing of the 1100-bp RT-PCR
product revealed that the nucleotide sequence
corresponded to a region spanning the matrix
and nucleocapsid genes of TCV (3).
Sensitivity of the RT-PCR procedure was determined by RT-PCR of RNA extracted from
0.1 ml of each 10-fold serial dilution of the
TCV inoculum (titer = 1.6 x 104 EID50/0.1
ml). TCV amplification products were seen in
the undiluted (16,000 EID50), 10-' (1600
EID50), and 10-2 samples (160 EID50); amplification products were not detected at higher
dilutions (Fig. 1). Therefore, the detection limit
of the RT-PCR was calculated to be 160 EID50.
Specificity was determined by performing the
RT-PCR procedure with nucleic acid harvested
from other viruses (data not shown). Positive
PCR amplification products were observed for
both IBV strains (Massachusetts and Arkansas).
This result was expected because the primers
used in the reaction are IBV derived (3). No
amplification products were observed with nucleic acid harvested from CK cells infected with
NDV, reovirus, and fowl adenovirus.
Detection of TCV in experimentally
infected turkeys. TCV antigens were identified
in intestinal sections of infected turkeys by both
FA and IP staining with TCV MAb 4.24. In
the IP procedure, the specific reaction was seen
as a distinct red deposit in the cytoplasm of
intestinal epithelial cells, primarily in the apical
areas of the cells (Fig. 2). Early in infection
(days 1-6 PE), intense staining of villous epithelial cells was observed with both FA and IP,
and large numbers of positive-staining cells
were detected in both ileum and cecum (Fig.
2). Later (days 8-35 PE), antigens were detected in relatively few scattered villous epithelial
cells, primarily in the ileum (Fig. 2). The specificity of FA and IP was verified by observing
no staining when an unrelated MAb was used
in place of TCV MAb 4.24 in either procedure.
In addition, TCV antigens were not detected
in samples collected from turkeys prior to TCV
inoculation (day 0 PE).
VI detected TCV beginning on day 1 PE; no
virus was detected by VI in samples collected
before experimental infection (day 0 PE). RTPCR also detected the virus in infected turkeys
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Fig. 1. Sensitivity of RT-PCR as determined by assay of 10-fold dilutions of a known concentration of
TCV (NC95). Lane 1, molecularweight marker XX174/HaeIII(numberson verticalaxis indicate molecular
weight in kilobase pairs); lane 2, partiallypurified, embryo-propagatedTCV (NC95); lanes 3-6, serial dilutions of TCV (NC95) inoculum. Lane 3, undiluted (16,000 EID50);lane 4, 10-' dilution (1600 EID50);
lane 5, 10-2 dilution (160 EID50);lane 6, 10-3 dilution (16 EIDO5).

beginning on day 1 PE; no virus was detected mined. Direct sequencing was done with two
by RT-PCR in turkeysexamined on day 0 PE. products from Expt. 1 representingdays 4 and
The nuceotide sequenceof four RT-PCRprod- 16 and two products from Expt. 2 representing
ucts obtained from Expts. 1 and 2 was deter- days 7 and 35. The nucleotide sequence data

Fig. 2. Immunoperoxidasestaining of intestinaltissuesfrom TCV (NC95)-inoculated turkeys.(A) Cecum,
day 1 postexposure.(B) Ileum, day 14 postexposure.350x.
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Table 1. Experiment 1. Comparison of indirect fluorescentantibody (FA) procedure,indirect immunochain reaction(RT-PCR)
peroxidase(IP) procedure,virus isolation (VI), and reversetranscriptase-polymerase
for detection of TCV in experimentallyinfected turkeys.A
Days
postexposure
1
2
4
6
8
10
12
14
16
22

FA
4/6
6/6
6/6
6/6
5/6
5/6
2/6
3/6
2/6
0/6

No. turkeyspositive/no, tested
IP
VI
4/6
6/6
6/6
6/6
5/6
2/6
1/6
2/6
2/6
0/6

4/6
5/6
6/6
6/6
6/6
6/6
6/6
6/6
6/6
4/6

RT-PCR
3/6
4/6
6/6
6/6
6/6
5/6
6/6
6/6
6/6
4/6

AViruswas not detected by FA, IP, VI, or RT-PCR on day 0 postinoculation.

for all RT-PCR products correspondedto the
matrix/nucleocapsidgene region of TCV (3).
Table 1 compares FA, IP, VI, and RT-PCR
for detection of TCV in infected turkeysduring
a 1-to-22-day PE period (Expt. 1). Detection
by both FA and IP began on day 1 PE and
continued until day 16 PE. VI and RT-PCR
both detected infection on days 1-22 PE,
slightly longer than FA and IP.VI and RT-PCR
also detected more infected birds at days 12,
14, and 16 PE than did FA and IP. However,
FA and IP detected more infected birds earlyin
the course of infection, days 1 and 2 PE (Table
1).

Table 2 compares FA, IP, VI, and RT-PCR
for detection of TCV in infected turkeysduring
a 7-to-63-day PE period (Expt. 2). Samplesfor
Expt. 2 were taken at weekly intervals.FA and
IP both detected TCV infection on days 7, 14,
21, and 35 PE; however,neither proceduredetected virus on day 28 PE or after day 35 PE.
VI and RT-PCRdetected TCV infection beginning on day 7 PE and ending on days 42 and
49 PE, respectively.
Sensitivityand specificityof FA, IP, and RTPCR relativeto VI were calculatedby combining results of Expts. 1 and 2 (Table 3). With
VI as a reference,the sensitivitiesof FA, IP,and
RT-PCR were 69%, 61%, and 93%, respectively. The specificity of both FA and IP when
comparedwith VI was 96%, and RT-PCRhad
a specificity of 92%.
DISCUSSION

VI, FA, IP, and RT-PCR were shown to be
highly specific methods for detection of TCV

infection; however, sensitivities of FA and IP
were poor comparedwith those of VI and RTPCR. The findings of the presentstudy indicate
that the RT-PCR is a sensitive and specific alternativeto conventionaldiagnosticprocedures.
RT-PCR was more sensitive than either FA
or IP for detection of TCV infection but less
sensitivethan VI. As determinedby comparison
with VI, sensitivities of RT-PCR, FA, and IP
were 93%, 69%, and 62%, respectively.Although VI and RT-PCR were able to detect
TCV for a longer period of time than were FA
and IP, these immunohistochemicalprocedures
appearedto have greatersensitivityearly in the
course of infection (Table 1, days 1 and 2 PE),
likely due to an abundanceof viral proteins in
cells at that time (Fig. 2). Increasedsensitivity
of RT-PCR, comparedwith FA and IP, is attributed to enzymatic amplification of minute
quantities of virus-specificnucleic acid.
The RT-PCRprocedurewas slightly less sensitive than VI; however, RT-PCR was able to
detect TCV 1 wk longer than was VI. Fivesamples that were positive by VI during Expts. 1
and 2 were negativeby RT-PCR.PerhapsTCV
RNA was lost from samples during the extensive processing of intestinal contents/dropping
samples or during the RNA extraction procedure. Alternatively,RNAses or inhibitory substances in intestinal contents/droppingsamples
may have resulted in RNA degradationor inhibition of PCR amplification, respectively.
False-negativeresults have been shown to be a
particularproblem for PCR detection of mammalian viruses in fecal samples (8,18). The

This content downloaded from 62.122.72.154 on Fri, 20 Jun 2014 14:04:35 PM
All use subject to JSTOR Terms and Conditions

630

J. J. Breslinet al.

Table 2. Experiment2. Comparison of indirect fluorescentantibody (FA) procedure,indirect immunochain reaction(RT-PCR)
peroxidase(IP) procedure,virus isolation (VI), and reversetranscriptase-polymerase
for detection of TCV in experimentallyinfected turkeys.A
Days
postexposure
7
14
21
28
35
42
49
56
63

No. turkeyspositive/no, tested
IP
VI

FA
6/6
4/6
4/6
0/6
/
0/6
0/6
0/6
0/6

6/6
3/6
4/6
0/6
1/6
0/6
0/6
0/6
0/6

RT-PCR

5/6
6/6
5/6
2/6
1/6
1/6
0/6
0/6
0/6

1/6

5/6
4/6
6/6
4/6
1/6
1/6
1/6
0/6
0/6

AViruswas not detected by FA, IP, VI, or RT-PCRon day 0 postinoculation.
presence of inhibitory substances in feces, primarily polymerase inhibitors, is largely responsible for these false-negative reactions (8,18).
During the present study, relatively extensive
processing of intestinal contents/dropping samples was necessary for successful application of
the RT-PCR procedure for TCV detection.
Such extensive processing of intestinal contents/
dropping samples likely was necessary in order
to eliminate substances inhibitory to the enzymatic reactions that are used for amplification
and, possibly, nucleases.
Specificity of RT-PCR was high, 92%, but
less than FA and IP, which were both 96%. Two
samples in this study were positive by IP and/
or FA but negative by VI and, therefore, were

considered false positives in calculations of
specificity. Similarly, four samples in this study
were positive by RT-PCR but negative by VI
and were considered false positives. However,
these samples possibly were true positives that
were undetectable by VI because of limitations
in this procedure. RT-PCR, FA, and IP procedures have a distinct advantage over VI in that
they do not require infectious virus, only noninfectious subcomponents of the virus. In addition, VI of enveloped viruses, such as coronaviruses, often is unsuccessful because of the
lability of these viruses.
TCV was detected for a prolonged duration
in TCV-inoculated turkeys. The virus was detectable for up to 42 days PE by VI and 49

Table 3. Detection of TCV in experimentallyinfected turkeys:evaluationof indirectfluorescentantibody
chain re(FA) procedure, indirect immunoperoxidase(IP) procedure,and reversetranscriptase-polymerase
action (RT-PCR)relativeto virus isolation.
Virus isolation
Positive
FA
Positive
Negative
IP
Positive
Negative
RT-PCR
Positive
Negative

Negative

Agreement (%)

SensitivityA

SpecificityB

52
23

2
49

101/126 (80%)

69%

96%

46
29

2
49

95/126 (75%)

61%

96%

70
5

4
47

93%

92%

117/126 (93%)
=
+
ASensitivity true-positiveresults/(true-positive false-negativeresults).
BSpecificity= true-negativeresults/(false-positive+ true-negativeresults).
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days PE by RT-PCR. These findings support
previous studies that demonstrated prolonged
shedding of TCV in dropping samples of turkeys after recoveryfrom clinical disease (C. T.
Larsen,unpubl.).
The RT-PCR procedure described in this
study is a relativelysimple, sensitive, and specific method for detection of TCV in intestinal
contents/dropping samples of infected turkeys.
In addition, it provides severaladvantagesover
conventional diagnostic methods; it is more
sensitive than immunohistochemicaltechniques
and less labor intensive and time consuming
than VI. In contrast to VI, which requiresseveral days to complete, RT-PCR could be accomplished within 24 hr. These findings indicate potential usefulness of the RT-PCR procedure for TCV diagnosis.
REFERENCES
1. Afshar,A., G. C. Dulac, and A. Bouffard.Application of peroxidaselabeledantibodyassaysfor detection of porcine IgG antibodiesto hog choleraand
bovine viral diarrheaviruses. J. Virol. Methods 23:
253-262. 1989.
2. Andreasen,J. R., Jr., M. W. Jackwood,and D.
A. Hilt. Polymerasechain reaction amplificationof
the genome of infectious bronchitisvirus.Avian Dis.
35:216-220. 1991.
3. Breslin,J. J., L. G. Smith, F J. Fuller,and J.
S. Guy. Sequenceanalysisof the matrix/nucleocapsid
gene region of turkey coronavirus.Intervirology42:
22-29.

1999.

4. Carter,P. B., K. H. Beegle, and D. H. Gebhard. Monoclonal antibodies:clinical use and potential. Vet. Clin. North Am. 16:1171-1179. 1986.
5. Fletcher, R. H., S. W. Fletcher, and E. H.
Wagner. Clinical epidemiology-the essentials, 2nd
ed. Williams and Wilkins, Baltimore,MD. 1988.
6. Guy, J. S., H. J. Barnes, and L. G. Smith.
Rapid diagnosis of infectious laryngotracheitisusing
a monoclonal antibody-based immunoperoxidase
procedure.Avian Pathol. 21:77-86. 1992.
7. Guy, J. S., H. J. Barnes,L. G. Smith, and J.
Breslin. Antigenic characterizationof a turkey coronavirus identified in poult enteritis- and mortality

631

syndrome-affectedturkeys. Avian Dis. 41:583-590.
1997.
8. Jiang, X., J. Wang, D. Y. Graham,and M. K.
Estes. Detection of Norwalk virus in stool by polymerase chain reaction.J. Clin. Microbiol. 30:25292534. 1992.
9. Murphy, F A. Virus taxonomy. In: Fundamental virology,3rd ed., vol. 1. B. N. Fields, D. M.
Knipe, and P. M. Howly, eds. Lippincott-RavenPublishers, Philadelphia,PA. pp. 15-57. 1996.
10. Myint, S., S. Johnston, and G. Sanderson.
Evaluationof nested polymerasechain methods for
the detection of human coronaviruses229E and
OC43. Mol. Cell. Probes 8:357-364. 1994.
11. Nagaraja,K. V, and B. S. Pomeroy.Coronaviral enteritis of turkeys(bluecomb disease). In: Diseases of poultry, 10th ed. B. W. Calnek, H. J. Barnes,
C. W Beard,L. R. McDougald, and Y. M. Saif, eds.
Iowa State UniversityPress,Ames, IA. pp. 686-692.
1997.
12. Reed, L. J., and H. Muench.A simple method
of estimatingfifty percentendpoints.Am. J. Hyg. 27:
493-497. 1938.
13. Schat, K. A., and H. G. Purchase.Cell culture
methods. In: A laboratorymanual for the isolation
and identificationof avian pathogens,3rd ed. H. G.
Purchase,L. H. Arp, C. H. Domermuth, and J. E.
Pearson,eds. AmericanAssociation of Avian Pathologists, Kennett Square,PA. pp. 167-175. 1989.
14. Senne, D. A. Virus propagation in embryonating eggs. In: A laboratorymanualfor the isolation
and identificationof avian pathogens, 3rd ed. H. G.
Purchase,L. H. Arp, C. H. Domermuth, and J. E.
Pearson,eds. AmericanAssociation of Avian Pathologists, Kennett Square,PA. pp. 176-181. 1989.
15. Siddell, S. G. The Coronaviridaean introduction. In: Coronaviridae.S. G. Siddell, ed. Plenum
Press,New York.pp. 1-9. 1995.
16. Stephensen,C. B., D. B. Casebolt,and N. N.
Gangopadhyay.Phylogeneticanalysisof a highly conserved region of the polymerasegene from 11 coronavirusesand developmentof a consensuspolymerase
chain reaction assay.Virus Res. 60:181-189. 1999.
17. Tsunemitsu, H., D. R. Smith, and L. J. Saif.
Experimentalinoculation of adult dairy cows with
bovine coronavirusand detection of coronavirusin
feces by RT-PCR.Arch. Virol. 144:167-175. 1999.
18. Wilde, J., J. Eiden, and R. Yolken. Removal
of inhibitorysubstancesfrom human fecal specimens
for detection of group A rotavirusesby reversetranscriptasepolymerasechain reactions.J. Clin. Microbiol. 28:1300-1307. 1990.

This content downloaded from 62.122.72.154 on Fri, 20 Jun 2014 14:04:35 PM
All use subject to JSTOR Terms and Conditions

