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a b s t r a c t

Turkey coronavirus (TCoV) infection causes acute atrophic enteritis in the turkey poults, leading to signif-
icant economic loss in the U.S. turkey industry. Rapid detection, differentiation, and quantitation of TCoV
are critical to the diagnosis and control of the disease. A specific one-step real-time reverse transcription-
polymerase chain reaction (RRT-PCR) assay for detection and quantitation of TCoV in the turkey tissues
was developed using a dual-labeled fluorescent probe. The fluorogenic probe labeled with a reporter
dye (FAM, 6-carboxytetramethylrhodamin) and a quencher dye (AbsoluteQuencherTM) was designed to
bind to a 186 base-pair fragment flanked by the two PCR primers targeting the 3′ end of spike gene of
TCoV. The assay was performed on different avian viruses and bacteria to determine the specificity as
well as serial dilutions of TCoV for the sensitivity. Three animal trials were conducted to further validate
the assay. Ten-day-old turkey poults were inoculated orally with 100 EID50 of TCoV. Intestinal tissues
(duodenum, jejunum, ileum, cecum), feces from the cloacal swabs, or feces from the floor were collected
at 12 h, 1, 2, 3, 5, 7, and/or 14 days post-inoculation (DPI). RNA was extracted from each sample and
subjected to the RRT-PCR. The designed primers and probe were specific for TCoV. Other non-TCoV avian
viruses and bacteria were not amplified by RRT-PCR. The assay was highly sensitive and could quantitate
between 102 and 1010 copies/�l of viral genome. The viral RNA in the intestine segments reached the
highest level, 6 × 1015 copies/�l, in the jejunum at 5 DPI. Eighty-four intestine segments assayed by the
developed RRT-PCR and immunofluorescence antibody assay (IFA) revealed that there were 6 segments
negative for TCoV by both assays, 45 positive for TCoV by IFA, and 77 positive for TCoV by RRT-PCR. Turkey

coronavirus was detected in the feces from the cloacal swabs or floor 1–14 DPI; however, the viral RNA
load varied among different turkey poults at different intervals from different trials. The highest amount
of viral RNA, 2.8 × 1010 copies/�l, in the feces was the one from the cloacal swab collected at 1 DPI. The
average amount of TCoV RNA in the cloacal fecal samples was 10 times higher than that in the fecal
droppings on the floor. Taken together, the results indicated that the developed RRT-PCR assay is rapid,
sensitive, and specific for detection, differentiation, and quantitation of TCoV in the turkey tissues and

itorin
should be helpful in mon

. Introduction

Turkey coronaviral enteritis, due to turkey coronavirus (TCoV)
nfection, causes atrophic enteritis, decreased weight gain,
ncreased mortality and uneven flock growth in the turkeys leading

o significant economic loss in the turkey industry. The occurrence
f turkey coronaviral enteritis is still reported in many states of
he U.S. There are no effective vaccine and treatment available for
revention and treatment of the disease. Therefore, rapid detec-
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E-mail address: tllin@purdue.edu (T.L. Lin).

166-0934/$ – see front matter © 2009 Elsevier B.V. All rights reserved.
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g the progression of TCoV induced acute enteritis in the turkey flocks.
© 2009 Elsevier B.V. All rights reserved.

tion, differentiation, and quantitation of TCoV are very critical to
monitor and control TCoV infection in the turkey flocks.

Turkey coronavirus belongs to the antigenic group 3 in the fam-
ily Coronaviridae. It is a pleomorphic enveloped virus with the size
about 80–160 nm in diameter. There are 20 nm long club-shaped
projections around the virions. The genomic nucleic acid is a linear,
positive sense, single stranded RNA. The major structural proteins
include spike (S) glycoprotein, membrane (M) protein and nucleo-
capsid (N) protein. The S protein is highly variable among different

coronaviruses while M and N protein are more conserved between
different antigenic groups. The S proteins of coronaviruses have
been reported to form peplomer structures on the surface of coro-
navirus, which bind to cell receptors and induce cell fusion and
neutralizing antibodies (Lu et al., 2004). The similarity of S gene

http://www.sciencedirect.com/science/journal/01660934
http://www.elsevier.com/locate/jviromet
mailto:tllin@purdue.edu
dx.doi.org/10.1016/j.jviromet.2009.11.012
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ucleotide and amino acid sequence among coronaviruses varies.
lthough TCoV and infectious bronchitis virus (IBV) are in the
ame antigenic group, the S gene nucleotide sequence of TCoV only
hare 30–40% homology to that of IBV (Lin et al., 2004). The amino
erminal S1 region of several coronaviruses has been reported to
ontain the receptor binding domain. It can bind to cellular recep-
ors, induce neutralizing antibodies, and determine host specificity
nd tropism (Hwang et al., 2006; Sheahan et al., 2008). The car-
oxyl terminal S2 region consisting of transmembrane domain can

nduce cell fusion and viral assembly (Broer et al., 2006; Howard
t al., 2008). The S2 gene is more conserved than S1 gene between
ifferent coronaviruses and between different strains or isolates
f the same coronavirus (Cavanagh, 2005; Lin et al., 2004; Loa et
l., 2006a,b). Therefore, S2 gene is a better target to detect TCoV
solates and differentiate TCoV from other coronaviruses.

Conventional diagnostic methods for detecting TCoV include
irus isolation (VI), immunofluorescent antibody assay (IFA),
mmunoperoxidase assay (IP), and reverse transcriptase poly-

erase chain reaction (RT-PCR) (Breslin et al., 2000; Sekiguchi et
l., 2004; Spackman et al., 2005). Because there is no cell culture
ystem for TCoV, the virus isolation has to use turkey eggs for
ropagation of the virus, which is time consuming and labor inten-
ive. Immunofluorescent antibody assay and IP are antibody-based
ethods. They are simpler and faster than virus isolation but the

ensitivity is very low. Since the sequence information of TCoV was
vailable, RT-PCR has been developed and it has high specificity and
ensitivity. It has been applied to detect TCoV RNA in fecal samples
nd intestinal contents of infected turkeys (Breslin et al., 2000; Loa
t al., 2006a). Nevertheless, none of the above-mentioned methods
an rapidly differentiate and quantitate TCoV.

Real-time RT-PCR (RRT-PCR) uses a dual-labeled probe com-
ined with the 5′ → 3′ exonuclease activity of Taq polymerase to

ncrease the release of reporter dye fluorescence in the course of the
CR amplification (Holland et al., 1991). Quantitative data can be
ccessed by the standard curve established with serial dilutions of
tandard RNA. This method has been applied to quantitative detec-
ion of many coronaviruses, including canine coronavirus (CCov),
eline infectious peritonitis virus (FIPV) and severe acute respira-
ory syndromes coronavirus (SARS CoV) (Decaro et al., 2004; Gut
t al., 1999; Hui et al., 2004). The procedure dose not need post-
CR electrophoresis so the processing time can be saved and the
isks for carry-over and cross-contamination between samples can
e lessen. The purpose of the present study was to develop a sen-
itive and specific one-step RRT-PCR to detect, differentiate, and
uantitate TCoV RNA in the feces and tissues.

. Material and methods

.1. Turkey eggs and poults

Turkey eggs and 1-day-old turkey poults (British United Turkey
f America, BUTA) of both sexes were obtained from Perdue Farm
Washington, IN, USA). They were free of recognized pathogens for
urkeys, including TCoV. Turkey poults were housed in the isolated
oor pens. Feed and water were provided ad libitum. The protocol

or care and use of turkey eggs and turkey poults in the present
tudy was approved by Purdue University Animal Care and Use
ommittee.

.2. Viruses
Turkey coronavirus (TCoV isolate 540) was isolated from the
ntestines of 28-day-old turkey poults with outbreaks of acute
nteritis in Indiana. Affected intestines were homogenized with
-fold volume of phosphate-buffered saline (PBS), clarified by cen-
rifugation at 3000 × g for 10 min at 4 ◦C, and filtered through 0.45
l Methods 163 (2010) 452–458 453

and 0.22 �m membrane filters (Millipore Products Division, Bed-
ford, MA), respectively. Twenty-two days old embryonated turkey
eggs were inoculated with 200 �l of the filtrate via amniotic route
and embryo intestines were harvested after 3 days of incubation.
Harvested embryo intestines were processed and propagated as
described above for 5 passages. Intestines of TCoV-infected turkey
embryos in the fifth passage were prepared as 20% suspension
in PBS. The suspension was homogenized, clarified, filtered as
described above, and used as inoculum. The titer of virus in the
inoculum was determined by inoculation of the suspension at 10-
fold dilutions into groups of five 22-day-old embryonated turkey
eggs. The 50% embryo infectious dose (EID50) was calculated by the
method of Reed and Muench (Loa et al., 2001; Reed and Muench,
1938; Senne, 2008). An inoculum containing 100 EID50/200 �l was
prepared and used to infect experimentally turkey poults.

2.3. Primers and probe

A forward primer QS1F (5′-TCGCAATCTATGCGATATG-3′),
a reverse primer QS1R (5′-CAGTCTTGGGCATTACA C-3′), and
a TaqMan dual-labeled probe QS1P (5′-AbsoluteQuencher-
TCTGTGGCAATGGTAGCCATGTTC-FAM-3′) were designed to
amplify and detect 186 base-pair fragment of the S2 gene of the
TCoV isolate 540. The primers and probe were synthesized by
Integrated DNA Technologies (Coralville, IA, USA).

2.4. RNA extraction

The starting material consisted of 100 mg of feces from the cloa-
cal swab samples or 100 mg of feces from the floor was mixed with
500 �l of PBS solution. The mixture was centrifugated at 3000 rpm
for 2 min and 140 �l of supernatant was subjected to RNA extrac-
tion by using QIAamp® viral RNA mini kit (Qiagen, Valencia, CA,
USA). For intestine tissue samples, 40 mg of tissue was weighted
and mixed with lysis solution for further homogenization. RNA
was extracted from the homogenate with the Vergene tissue RNA
purification kit (Gentra, Minneapolis, MN, USA) following the man-
ufacturer’s instruction.

2.5. Real-time RT-PCR for TCoV

A total 25 �l of reaction mixture contained 900 nM of forward
primer QS1F, 300 nM of reverse primer QS1R, 200 nM of probe
QS1P, 12.5 �l of Platinum® Quantitative RT-PCR ThermoScriptTM

One-Step System 2x reaction mix, 0.5 �l of SuperScriptTM III reverse
transcriptase/Platinum Taq polymerase mix (Invitrogen, Carlsbad,
CA, USA), and 5 �l of RNA template. The reaction was carried out
in Rotor-Gene 3000TM real-time thermocycler (Corbett Research,
Sydney, Australia) at 50 ◦C for 30 min, 94 ◦C for 5 min, and 45 cycles
of 94 ◦C for 20 s and 61 ◦C for 1 min to acquire the fluorescence
FAM. Signals were regarded as positive if the fluorescence intensity
exceeded 10 times the standard deviation of the baseline fluores-
cence.

2.6. Specificity of RRT-PCR for TCoV

RNA of Salmonella, Escherichia coli, avian reovirus, turkey
herpesvirus, avian influenza virus, Newcastle disease virus,
enterovirus, rotavirus, transmissible gastroenteritis virus (TGEV),
infectious feline peritonitis virus (FIPV), canine coronavirus (CCoV),
bovine coronavirus (BCoV), infectious bronchitis virus (IBV) strain

Ark99, IBV strain Connecticut, IBV strain M41, TCoV isolate 517,
TCoV isolate 540, TCoV isolate ATCC, TCoV isolate 310, TCoV iso-
late 1440, and TCoV isolate 428 were extracted by the Vergene
tissue RNA purification kit (Gentra). The extracted RNA was used
in RRT-PCR with primers QS1F and QS1R and the probe QS1P. In
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ddition, the amplicons of RRT-PCR were electrophoresed on 1%
garose gel.

.7. Sensitivity and standard curve of RRT-PCR for TCoV

The carboxyl S gene segment of TCoV isolate 540 encompass-
ng the fragment targeted by the primers QS1F and QS1R was
mplified by forward primer 6F (5′-GACCATGGGATT TGTTGAA-
′) and reverse primer 6R (5′-TTTTTAATGGCATCTTTTGA-3′) and
onstructed into pTriEx3 vector (Novagen, San Diego, CA, USA)
esigned as pTriEx3-6F/6R. To obtain a standard for quantita-
ive RRT-PCR for TCoV, the in vitro transcripts of pTriEx3-6F/6R
ere generated by using RiboMAXTM large scale RNA produc-

ion system-T7 (Promega, Madison, WI, USA). The pTriEx-6F/6R
ranscripts were treated with DNase, purified by Zymo DNA clean
nd concentrate kit (Zymo, Orange, CA, USA), and quantified by
pectrophotometer at 260 nm wavelength. Ten-fold serial dilu-
ions of the RNA transcripts were made in RNase-free water and
nalyzed by RRT-PCR with the procedures described above to estab-
ish standard curve for quantification and determine the limit
or detection. The standard curves were created by plotting the
t value against each dilution of known concentration. The for-
ula used to calculate the copy numbers per �l is as followed:

opies/�l = (ng/�l × 10−9)/(MW of transcript) × (6.023 × 1023).

.8. Experimental infections of turkeys with TCoV

In trial 1, there were 14 nine-day-old turkeys in the negative
ontrol group and 21 turkeys in the experimentally infected group.
urkeys were inoculated orally with 100 EID50 of TCoV isolate
40. Duodenum, jejunum, ileum, and cecum from 2 control and
infected turkeys were collected at 12 h post-inoculation (HPI), 1
ay post-inoculation (DPI), 2 DPI, 3 DPI, 5 DPI, 7 DPI, and 14 DPI. Tis-
ue samples were frozen for IFA and RNA was extracted from each
ample for quantitative RRT-PCR for TCoV. In trial 2, 3 nine-day-old
urkeys were inoculated orally with 100 EID50 of TCoV isolate 540.
loacal fecal sample was collected in the swab from each turkey
veryday from 1 to 14 DPI. In trial 3, 3 nine-day-old turkeys were in
he negative control group and 3 turkeys inoculated with 100 EID50
f TCoV isolate 540 were in the experimentally infected group. The
ecal droppings on the floor were collected everyday from 1 to 14
PI and stored frozen until analyzed. RNA was extracted from each

ecal swab or dropping sample for quantitative RRT-PCR for TCoV.

.9. Immunofluorescence antibody assay

Frozen intestinal samples were embedded in the embedding
edium and sectioned at −20 ◦C. Frozen intestinal sections were

xed in acetone for 10 min and incubated subsequentially with
urkey anti-TCoV antiserum (1:40 dilution) at room temperature
or 1 h. After washing with PBS for 10 min, the sections were
ncubated with fluorescein isothiocyanate (FITC)-conjugated goat
nti-turkey IgG (H + L) (KPL, Gaithersburg, MA, USA) at room tem-
erature in dark for 1 h. Slides were washed in PBS for 10 min, air
ried, and mounted by the cover glasses in Vectashield® mount-

ng medium for fluorescence (Vector Laboratories, Burlingame,
A, USA). The slides were examined by a fluorescent microscope
Optiphot-2, Nikon, Melville, NY, USA).

.10. Statistical analysis
SPSS 15.0 (SPSS Inc., Chicago, IL) was used to analyze the data.
ne-way ANOVA was employed to evaluate the concentration of
CoV in the intestinal samples. Tukey test was further used to inves-
igate the relationships between TCoV level measured in different
l Methods 163 (2010) 452–458

intestinal fragments at different time points. Statistical significance
was set at p < 0.05.

3. Results

3.1. Specificity of RRT-PCR for TCoV

Primers QS1F and QS1R were highly specific to TCoV and con-
served among known TCoV isolates (Fig. 1). Expected 186-bp band
was amplified from TCoV RNA of TCoV isolates used in the present
study, including Indiana TCoV isolates 517 and 540, Minnesota
TCoV isolates ATCC and 310, North Carolina TCoV isolate 1440,
and Arkansas TCoV isolate 428. No bands of the expected size were
amplified from the other coronaviruses (CCoV, BCoV, TGEV, FIPV,
IBV Ark99, IBV Connecticut, IBV M41), enteric bacteria (Salmonella
and E. coli), and avian viruses (avian influenza virus, Newcastle
disease virus, avian reovirus, turkey herpesvirus, enterovirus, and
rotavirus).

3.2. Sensitivity and detection limit

A linear standard curve of template copy number against thresh-
old cycle time (Ct) value was established using serial 10-fold diluted
pTriEx3-6F/6R RNA transcripts. The coefficient of linear regression
(R2) for the standard curve was 0.995 and the linear range was
between 102 and 1010 copies/�l (Fig. 2). The detection limit was as
low as 102 copies/�l.

3.3. TCoV in intestinal samples from experimentally infected
turkeys

For a total 84 intestinal samples from turkeys infected exper-
imentally with TCoV collected at 7 time points. Seventy-seven
segments were detected positive for TCoV by RRT-PCR. The results
of 51 samples were in agreement by both RRT-PCR and IFA assays:
45 positive and 6 negative for TCoV (Fig. 3). The 6 samples tested
negative for TCoV by both assays were collected at 12 h and 1 day
post-inoculation.

Regarding the TCoV level measured by RRT-PCR, TCoV can be
detected as early as 12 HPI (Fig. 4). The highest concentration,
5 × 1015 copies/�l, was detected in jejunum at 5 DPI. Except in
duodenum showing the highest TCoV level at 1 DPI, the highest
concentration of TCoV in jejunum, ileum, or cecum was measured
at 5 DPI. The TCoV concentration was significantly lower in duo-
denum than that in the other 3 intestinal segments at 3, 5, and 7
DPI (p < 0.05). The TCoV level was significantly higher in ileum than
that in the other 3 intestinal segments at 3 and 14 DPI (p < 0.05).
Greater variation in the results of RRT-PCR and IFA was seen in the
tissue samples collected at early time points when there was lower
TCoV concentration in the sample.

3.4. TCoV in cloacal fecal swabs from experimentally infected
turkeys

TCoV was detected in cloacal fecal swabs collected daily 1–14
DPI from the same 3 turkeys inoculated with TCoV. Higher lev-
els of TCoV in the fecal cloacal swabs were detected in 3 turkeys
at 1 and 7 DPI, respectively. The highest concentration of TCoV,
2.88 × 1010 copies/�l, was seen on day 1. The kinetics of the viral
load from each turkey based on the TCoV level in the fecal sample
from 1 to 14 DPI is shown in Fig. 5.
3.5. TCoV in fecal droppings from experimentally infected turkeys

The TCoV levels of the fecal droppings on the floor assayed by
RRT-PCR ranged from 104 to 2.8 × 106 copies/�l from 1 to 14 DPI
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Fig. 1. Specificity of real-time RT-PCR (RRT-PCR) for turkey coronavirus (TCoV). (A) The products of RRT-PCR with the primers QS1F and QS1R and the probe QS1P performed
on RNA extracted from TCoV isolate 517, 540, ATCC, 310, 1440, and 428 are shown in 1% agarose gel from lanes 3 to 8, respectively. Lane 1 is DNA marker 100-base pair (bp)
(Invitrogen, Carlsbad, CA, USA) and lane 2 is RNA in vitro transcribed from plasmid pTriEx3-6F/6R as the positive control. (B) The products of RRT-PCR performed on RNA
extracted from TCoV isolate 540, canine coronavirus (CCoV), bovine coronavirus (BCoV),
infectious bronchitis virus (IBV) Ark99, IBV Conn, and IBV M41 are shown on 1% agarose
of RRT-PCR performed on RNA extracted from Salmonella, Escherichia coli, avian influenza
rotavirus are shown on 1% agarose gel from lanes 1 to 8, respectively. Lane 9 is 100-bp DN

Fig. 2. Standard curve of real-time RT-PCR (RRT-PCR) assay for turkey coronavirus
(TCoV). The X-axis shows the concentration of serially diluted RNA in vitro tran-
scribed from standard pTriEx3-6F/6R in log 10 value and the Y-axis indicates the
corresponding threshold cycle (Ct) value. The linear quantitative correlation was
established from 102 to 1010 copies/�l with 99.8% coefficient. The detection limit is
as low as 102 copies/�l.

Fig. 3. Detection of turkey coronavirus (TCoV) in the intestinal tissue samples from
experimentally infected turkeys in the trial 1. The results by immunofluorescent
antibody assay (IFA) are compared to those by real-time RT-PCR (RRT-PCR). The
numbers indicate the numbers of samples positive (+) or negative (−) for TCoV.
transmissible gastroenteritis virus (TGEV), feline infectious peritonitis virus (FIPV),
gel from lanes 2 to 9, respectively. Lane 1 is 100-bp DNA marker. (C) The products
virus, Newcastle disease virus, avian reovirus, turkey herpesvirus, enterovirus, and
A marker and lane 10 is TCoV 540 as the positive control.

(Fig. 6). The viral level in the feces on the floor was 2 log less than
that from the cloacal fecal swabs. Higher levels of TCoV in the fecal
droppings on the floor were detected at 3, 8, and 13 DPI, respec-
tively.

4. Discussion

The development and evaluation of a TCoV-specific RRT-PCR
assay using dual-labeled fluorescent probes for the detection and
quantification of TCoV RNA from the intestinal tissues, cloacal
fecal swabs, and fecal droppings on the floor was reported in the
present study. The designed primers and probe can distinguish
TCoV from other pathogens, including E. coli, Salmonella, rotavirus,
reovirus, enterovirus, avian influenza virus, Newcastle disease
virus, turkey herpesvirus, and other coronaviruses (CCoV, BCoV,
TGEV, FIPV, and IBV). Based on the studies by IFA, immunoperoxi-
dase (IP) procedures, enzyme-linked immunosorbent assay (ELISA),
and sequence analysis, there is a close antigenic and genomic rela-
tionship between TCoV and IBV (Akin et al., 2001; Guy et al., 1997;
Lin et al., 2002; Loa et al., 2000; Stephensen et al., 1999). In addi-
tion, experimental infection studies using the animals have showed
that TCoV could replicate in the enteric tissues of chickens without
causing clinical signs (Gelb et al., 1987; Guy, 2000), BCoV could
replicate in the intestines of turkeys with no or mild clinical dis-
eases (Dea et al., 1991; Ismail et al., 2001), and IBV could maintain
in the blood of infected turkeys up to 48 h via intravenous inocula-
tion (Gelb et al., 1987). Thus, rapid, accurate, and specific detection
of TCoV is critical to the control and eradication of turkey enteri-
tis in the turkey flocks. Two RRT-PCR assays for the detection of

avian enteritis viruses have been reported and could be applied to
the detection of TCoV. One assay was designed to target M gene
of TCoV and the other was targeted 5′ un-translated region of IBV
genome. However, both gene sequences are conserved between
TCoV and IBV (Callison et al., 2006; Spackman et al., 2005). There-
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Fig. 4. The turkey coronavirus (TCoV) levels in the intestinal tissue samples from experimentally infected turkeys determined by real-time RT-PCR (RRT-PCR) in the trial 1.
Different intestinal segments are indicated by different columns. The TCoV level is calculated and shown as copies/�l. The bar in each column is standard deviation. Asterisks
indicate significantly differences (p < 0.05) found among different intestinal segments collected at the same time point.

Fig. 5. The concentration of turkey coronavirus (TCoV) in the cloacal fecal swab samples collected sequentially after inoculation from the same three turkeys for 14 days in
the trial 2. Three lines with different shapes (�, �, �) represent three different turkeys (individual number 102, 103, and 104). The TCoV level is calculated and shown as
copies/�l.

Fig. 6. The concentration of turkey coronavirus (TCoV) in the fecal droppings on the floor assayed by real-time RT-PCR (RRT-PCR) from 1 to 14 days after inoculation in the
trial 3. The blue line with shape (�) represents samples of TCoV-infected turkeys and the pink line with shape (�) represents samples of the negative control group. The TCoV
level is calculated and shown as copies/�l. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of the article.)
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ore, both assays could not detect TCoV differentially. The present
tudy targeted the unique region of TCoV S gene that is specific to
CoV and conserved among various TCoV isolates and could detect,
ifferentiate, and quantitate TCoV specifically.

The sensitivity and reproducibility of the RRT-PCR assay in the
resent study was evaluated by generating an external standard
urve with in vitro T7-transcribed sense RNA of plasmid inserted
ith gene fragment encoding carboxyl terminal spike protein of

CoV. The standard curve was generated for each independent
un of samples for the accuracy of absolute quantification. The
imit of detection of TCoV-specific RRT-PCR assay was as low as
02 copies/�l, more sensitive than that by using RRT-PCR assay tar-
eting M gene of TCoV in which the detection limit for a single target
est in TCoV was 1100 copies and for multiplex with the genes of
ther enteric viruses was 2200 copies (Spackman et al., 2005). In
ddition, one advantage of the TCoV-specific RRT-PCR assay in the
resent study was the wide range of linearity of standard curve
rom 102 to 1010 copies, rendering the application of such assay to
ifferent kinds of specimens with various levels of virus load.

It is critical to validate a newly developed molecular assay by
esting with a number of known negative and positive samples.
n the present study, experimentally infected intestinal tissues,
loacal fecal samples, and/or fecal droppings were collected and
ubjected to the analysis by IFA and RRT-PCR, respectively. Six out
f the total 84 samples collected at 12 h and 1 day post-inoculation
n the trial 1 were tested negative for TCoV by both assays. The viral
oad in those samples could be expected too low to be detected
y these two assays. Thirty-two samples that had low concentra-
ion of TCoV were only detected positive by RRT-PCR but not by
FA, indicating RRT-PCR is more sensitive than IFA on the detec-
ion of TCoV. There was one sample positive for TCoV by IFA,
ut negative by RRT-PCR. It may be caused by the loss of TCoV
NA during processing of intestine or during RNA extraction. Fur-
hermore, in addition to specific and sensitive detection of TCoV,
RT-PCR can provide absolute quantitative data of TCoV in tissue
pecimens.

In the trial 1, TCoV can be detected as early as 12 h post-
noculation by the developed RRT-PCR. In duodenum, the highest
oncentration of TCoV was measured on day 1. The TCoV concen-
ration was significantly lower in the duodenum than that in the
ejunum, ileum and cecum. At 3 and 14 dpi, the TCoV level was sig-
ificantly higher in the ileum than that in the other 3 segments.
herefore, the viral load varied through 14 days after inoculation,
ut TCoV were concentrated in the jejunum and ileum after 3 dpi.
he results were consistent with previous studies showing that
CoV could be detected in the intestinal contents of experimentally
noculated turkeys for up to 6 weeks post-inoculation by virus iso-
ation and 7 weeks post-inoculation by a RT-PCR procedure (Breslin
t al., 2000).

In the trial 2, TCoV was detected from the cloacal swab samples
equentially for 14 days from the same three turkeys inoculated
ith 100 EID50 of TCoV. The dynamic changes of viral load from each

urkey from 1 to 14 dpi were most likely related to the replication
f the virus, reintroduction of the virus from the environment, the
amage of intestinal epithelial cells, or the regeneration of epithe-

ial cells. In the trial 3, TCoV in the fecal droppings on the floor could
e detected and quantified by RRT-PCR, but TCoV levels in the fecal
roppings were 2 logs less than those from the cloacal fecal swabs.
uch findings indicated the possibilities of TCoV RNA degradation
n the fecal droppings exposed in the environment. The feasibil-
ty of using the cloacal swabs and fecal droppings as the sample

ources for specific detection and quantitation of TCoV by RRT-PCR
ncreases the practical application of RRT-PCR in the diagnosis of
CoV in the field situation greatly because necropsy of animals to
ollect intestinal segments for RRT-PCR can be avoided and the time
o carry out RRT-PCR can be shortened.
l Methods 163 (2010) 452–458 457

In conclusion, the TCoV S gene-targeted RRT-PCR developed
in the present study can detect, differentiate, and quantify TCoV
specifically in the intestines, cloacal fecal swabs, and fecal drop-
pings on the floor.
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