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Summary. Five cDNA probes prepared from molecular clones representing
genomic RNA sequences of the virulent Miller strain of transmissible gastroen-
teritis virus (TGEV) were used in a dot blot hybridization assay to detect TGEV
in cell culture and fecal specimens. Two clones (pA2 and pB4) represent nu-
cleotide base pairs at the 3" terminus of the Miller TGEV genome. The other
three clones represent various portions of the 5 end of the E2 gene, which
codes for the major surface glycoprotein of TGEV. Each of the *?P-labeled
cDNA probes hybridized to the virulent Miller, attenuated Purdue and four
field strains of TGEV. The probes detected 200 to 2000 pg of TGEV RNA
extracted from density gradient purified virions and did not hybridize RNA
from mock-infected cell cultures, porcine rotavirus or antigenically unrelated
coronaviruses. The pB4 and Hpa-1600 probes detected TGEV RNA sequences
in 79 and 88%, respectively of 34 field samples identified as TGEV positive by
the immunofluorescence assay and electron microscopy (EM). The pD24 clone,
which is able to differentiate TGEV from the antigenically related coronaviruses,
also compared favorably with conventional methods of EM and immunoflu-
orescence for the detection of TGEV in fecal specimens.

Introduction

Transmissible gastroenteritis virus (TGEV), family Coronaviridae, genus Co-
ronavirus, causes an acute and mostly fatal disease in newborn pigs [23]. The
TGEV genome is a single-stranded, polyadenylated infectious RNA approxi-
mately 20 kb in length, which codes for at least 5 [12, 15] to 9 [4] subgenomic
mRNAs and three major structural proteins: a nucleocapsid protein (N), a
transmembrane matrix protein (E1) and a surface glycoprotein (E2) [8, 12].
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Nucleotide sequence data indicate that the 3’ terminus of the TGEV genome
codes for mRNAs in the N, El, and E2 regions [14]. Sequencing and hybrid-
ization data [13,25] indicate that the 3" end of the TGEV genome is highly
conserved between TGEYV strains, feline infectious peritonitis virus (FIPV), and
canine coronavirus (CCV), which are members of the same antigenic subgroup
of coronaviruses [ 18]. The E2 gene is also conserved between strains of TGEV,
but sequences in the 5" end of this gene are apparently divergent between TGEV
and FIPV [13]. Recently, a cDNA probe representing the first 2.1kb of the
attenuated Purdue strain of TGEV was reported to be sensitive and specific
for detection of TGEV nucleic acid sequences in cell culture lysates and fecal
samples [25].

In the present report, a partial cDNA library to the RNA genome of the
virulent Miller strain of TGEV was derived and clones to the 3’ terminus of
the virus genome and the 5" end of the E2 gene were used as cDNA probes in
a dot blot hybridization assay to detect TGEV RNA in cell culture and clinical
samples. The use of cDNA probes representing the 3’ terminus and a portion
of the E2 gene of the virulent Miller strain of TGEV to detect TGEV RNA
sequences has not been previously reported.

Materials and methods
Cell cultures

Swine testicle (ST), Crandell feline kidney (CRFK), and fetal cat whole fibroblasts (FCWF,
courtesy Dr. Roger Woods, NADC, USDA, Ames, IA) were propagated in Eagle’s min-
imum essential media. Human rectal tumor (HRT-18) cells were maintained on RPMI-
1640 media. Media were supplemented with 10% heat-inactivated fetal calf serum and
antibiotics (100 units penicillin, 100 pg streptomycin and 25 units mycostatin/ml).

Viruses

The virulent Miller and attenuated Purdue strains of TGEV were propagated on ST cells.
Four field isolates of TGEV were also grown on ST cells. The feline infectious peritonitis
(79-1146) and feline enteric coronavirus (79-1683) were obtained from Dr. J. Evermann,
Washington State University, Pullman, WA and grown on CRFK cells. The canine co-
ronavirus was obtained from Dr. Roger Woods, NADC, USDA, Ames, IA and propagated
on the FCWF cells. The 67N strain of hemagglutinating encephalomyelitis virus and the
Mebus strain of bovine coronavirus were amplified on ST and HRT-18 cells, respectively.
The OSU strain of porcine rotavirus was grown in MA-104 cells. Each virus was plaque
purified three times prior to use in these studies.

Preparation of TGEV ¢DNA clones

The RNA genome of the Miller TGEV strain was used to prepare a cDNA library. The
viral RNA was heated 3min at 100 °C before addition to the first-strand cDNA reaction
mixture. The reaction conditions for preparing cDNA were similar to those described
previously [11]. Briefly, denatured viral RNA (10 pug) and random calf-thymus DNA oli-
gonucleotides (0.1 pg) were added to the first-strand reaction mixture containing 50 mM
Tris (pH 8.0), 75mM KCI, 10mM MgCl,, 10mM dithiothreitol, and 1.5mM each of the
deoxynucleotide triphosphates. Reverse transcriptase (75 U) was added and incubation was
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at 42°C for 2h. Double-stranded ¢cDNA was synthesized using the procedures of Gubler
and Hoffman [10]. DNA polymerase I (25 U) and 0.85 U of RNase H were used and
incubation was at 16 °C for 2 h. Double-stranded cDNA was tailed using dCTP and terminal
transferase and then annealed into the Pst¢I cut oligo (dG) tailed pUC9 vector. The re-
combinant plasmids were used to tranform E. coli strain JIM107 [28]. All enzymes used in
the above reactions were obtained from Boehringer Mannheim Biochemicals, Indianapolis,
Indiana.

Virus specific clones were identified using a colony blot hybridization procedure [9].
The Hpa-1600 clone (a gift from Dr. R. Wesley, NADC, USDA, Ames, IA) was labeled
with [*P]dCTP using nick translation. This probe was used to identify cDNA clones in
the 5" region of the E2 glycoprotein gene. Locations of other cDNA clones on the TGEV
genome were determined using Northern blot hybridization and nucleotide sequence analysis
[24,26]. Clones pA2, pB4, pD24, and pE21, identified in the cDNA library, in addition
to the Hpa-1600 clone were used to prepare probes for these studies.

Preparation of cell culture propagated virus for dot blot hybridization

Cell cultures were inoculated with the appropriate virus at an input multiplicity of infection
of 1, Cells and fluids were harvested at 18 h post infection for TGEV, 24 h for CCV, 72h
for FIPV, FECV and BCV,and 96 hfor HEV. Viral RNA was extracted using a modification
of the procedure of Viscidi etal. [27]. Briefly, the lysates were treated at 37 °C for 45 min
with proteinase K (100 ug/ml) and 0.5% of sodium dodecy! sulfate (SDS). Following
incubation, samples were extracted with an equal volume of phenol and chioroform and
the nucleic acids were precipitated overnight in cold absolute ethano! and 0.3 M sodium
acetate at —20°C. Nucleic acids were recovered by centrifugation at 15,000 X g for 30 min
at 4°C. The pellet was resuspended in 300pl of diethylpyrocarbonate (DEPC) treated
distilled water containing 0.5% SDS and an equal volume of SSC/formaldehyde containing
2 parts 37% (wt/wt) formaldehyde and three parts 20 X SSC (1 x 8SC is 0.15M Na(l and
0.015 M sodium citrate). The RNA was then denatured at 65°C for 15min and 100 pl was
applied to a 0.2 4 nylon membrane (Biotrans; ICN Biochemicals, Irvine, CA) on a 96-well
dot blot vacuum manifold. The membranes were air-dried and baked at 80 °C for 1h.

To determine the concentration of purified TGEV RNA that could be detected by the
five probes, the Miller strain of TGEV was purified on a sucrose density gradient; the
RNA was extracted from purified TGEV virions [3] and precipitated overnight in cold
ethanol at —20°C. The viral RNA was recovered by centrifugation at 15,000 x g for 30 min
and resuspended in DEPC treated water. The amount of viral RNA was quantitated
spectrophotometrically assuming an OD of 1 (A,69/250) corresponds to approximately 40 pg/
mi of single-stranded RNA [25]. The purified RNA was diluted in DEPC treated water,
heated for 15min at 65°C and 100 pl of varying concentrations applied to a 0.2y nylon
membrane using a 96 well vacuum manifold.

Preparation of fecal samples for dot blot hybridization

Pigs submitted to the South Dakota Animal Disease Research and Diagnostic Laboratory
with clinical signs of diarrhea were examined using standard techniques of electron mi-
croscopy (EM) to identify coronavirus particles in feces [22] and the immunofluorescence
assay to observe virus antigen in intestinal sections [19]. Thirty-four fecal samples were
obtained from pigs, which were positive using both EM and the immunofluorescence assay
for TGEV. In addition 6 samples from pigs identified as negative for TGEV were also
used, To extract the nucleic acid, one gram of fecal material was diluted 1:5 in TE buffer
[10mM Tris (pH 7.0) and 1 mM EDTA] containing proteinase-K (100 pg/ml) and 1% SDS.
After incubation at 37°C for 60 min, the specimens were extracted with phenol and chlo-
roform and the nucleic acid was precipitated overnight with cold ethanol. The dried pellet
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was resuspended in 100 pl of DEPC treated water; three volumes of SSC-formaldehyde
were added; the samples were denatured and a 150 ul volume of each was applied to the
0.2 u nylon membrane. The nylon membranes were air dried and baked at 80°C for 1h.

Preparation of cDNA probes

Growth of the JM 107 bacteria and amplification of the plasmids was done as previously
described [17]. Plasmid DNA was isolated using the alkaline extraction procedure of
Birnboim and Doly [2] and purified by column chromatography using a Biogel A-50m
column (Bio-Rad, Richmond, CA) [17].

In experiments using viral RNA extracted from inoculated and uninoculated cell culture
lysates, plasmids containing each of the five cDNA clones were used to prepare probes.
To detect viral RNA extracted from purified virions and fecal samples, cDNA inserts were
excised from the plasmids using the restriction endonucieases Pstl (pA2, pB4, pD24 and
pE21) and EcoRI (Hpa-1600) (restriction enzymes were obtained from Boehringer Man-
nheim, Indianapolis, IN). The inserts were recovered by electrophoresis in 6% polyacryl-
amide gels and electroelution [17]. Radiolabeled probes were prepared by nick translation
using [3?P]dCTP (650 Ci/mmole, ICN Radiochemicals, Irvine, CA) and a commercial nick
translation system (BRL, Gaithersburg, MD). The activities ranged from 1x107 to
5% 10" cpm/ug for whole plasmid DNA and 1 x 10° to 3 x 10° cpm/ug for insert cDNA. A
standard concentration of probe was used; 2 % 10%cpm/ml of hybridization buffer.

Dot blot hybridization assay

Probes were heat denatured for Smin at 100°C before use in the hybridization assay.
Hybridization assays were done as previously described [11,25]. Incubation was at 42°C
for 18 h in hybridization buffer [11] containing 50% formamide. Following hybridization,
the membranes were washed twice at room temperature for 30 min each in 2 x SSC con-
taining 0.1% SDS and twice for 15min each at 50°C in 0.1 x SSC containing 0.1% SDS.
Autoradiography was for 24-72h at —70°C.

Results
Characterization of the 3’ terminus cDNA clones

A cDNA library which contained approximately 300 recombinant plasmids was
generated. The sizes of the cloned inserts ranged from 500 bp to approximately
4,000 bp. Two clones in this library were identified using the Hpa-1600 probe
and designated pE21 and pD24. The Hpa-1600 cDNA represents sequences on
the 5’ end of the E2 glycoprotein gene (R. Wesley, pers. comm., NADC, Ames,
1A).

The cDNA clones, pA2 and pB4, were identified using a colony blot hy-
bridization assay and radiolabeled probes (*°P) specific for the 3 end of the
TGEV genome. These 3’ end probes were prepared using oligo-dT primers and
the polyadenylated TGEV genome in a first strand cDNA reaction. Further-
more, probes prepared from pA2 and pB4 also hybridized to whole genomic
RNA as well as 6 individual species of mRNA in a Northern blot hybridization
indicating that they originated from the 3’ end of the genome (data not shown).
The nucleotide sequence of the pA2 cDNA was determined and compared to
the published sequence of the Purdue strain of TGEV [14]. Nucleotide sequence
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Fig. 1. A schematic representation of the TGEV genome and the region of the virus genome

represented by each of the 5 cDNA probes. The entire virus genome is represented by the

top line. The bold line represents the location of the genes coding for the nucleoprotein

(N), the E1 transmembrane and the E2 glycoproteins (EI, E2). The 3’ terminus probes are

represented by pA2 and pB4. Probes pD24, pE21, and Hpa-1600 are located at the 5

terminus of the E2 gene. The numbers above each line represent the length of each probe
in nucleotide base pairs

homology greater than 90% was observed when the 3’ end of the Purdue TGEV
genome was compared to clone pA2. The pA2 and pB4 probes did not hybridize
to the three E2 gene cDNA clones (pD24, pE21 and Hpa-1600), but they did
hybridize to each other indicating that they probably contain overlapping se-
quences. The approximate locations and sizes of the TGEV ¢cDNA clones used
in this study are illustrated in Fig. 1.

Sensitivity and specificity of cDNA probes for detection of TGEV
in cell culture lysates

Each of the five probes detected TGEV RNA extracted from ST cells inoculated
with the virulent Miller, attenuated Purdue or four field isolates of TGEV using
a dot blot hybridization assay as illustrated for probes pB4 and Hpa-1600
(Fig. 2). The results obtained with the cDNA probe, pA2 (results not shown),
were equivalent to the hybridization signal obtained with probe pB4 (Fig.2).
Hybridization signals observed with cDNA probes pD24 and pE21 were similar
to those illustrated in Fig. 2 for the Hpa-1600 probe. These five probes did not
hybridize to ST cell nucleic acid (Fig. 2, row A) even at concentrations of 200 ng.
The intensity of the reaction at each dilution was nearly equivalent regardless
of the origin and size of the probe (Fig. 2, rows B-E). However, hybridization
signals with two field isolates of TGEV (Fig. 2, rows F and G) were more readily
observed with the Hpa-1600 probe compared to the 3" end probes (pB4 and
pA2) and the pD24 and pE21 E2 gene probes (data not shown).

The specificity and sensitivity of each probe were further evaluated by
hybridization to virus genomic RNA extracted from sucrose gradient purified
Miller TGEV and yeast tRNA (Fig. 3). Each probe detected the viral RNA at
a concentration of 200 pg, but the dot intensity was weak. A stronger hybrid-
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Fig. 2. Dot blot hybridization of cell culture propagated TGEV isolates using nick translated

probes prepared from the 3’ terminus cDNA pB4 (a) and the E2 gene probe Hpa-1600 (b).

Nucleic acid extracted from mock-infected ST cells (4) and from ST cells infected with

either the attenuated Purdue strain of TGEV (B), the virulent Miller strain of TGEV (0),

and each of four different field isolates of TGEV (D-G). Each sample was applied to a

nylon membrane in volumes of 500 (I), 250 (2) and 125 ul (3). Autoradiography was done
at —70°C for 481
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Fig. 3. Dot blot hybridization of virus RNA from gradient purified TGEV virions of the

Miller strain. Nick translated cDNA probes from the 3' terminus (42 and B4) and 5" end

of the E2 gene (D24, E21, and Hpa) were used to detect different concentrations of the

viral RNA (4). Similar concentrations of yeast tRNA (B) were used as a control. Blots
were autoradiographed for 48h at —70°C
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Table 1. Detection of TGEV in cell culture using cDNA probes

TGEV TCID Highest dilution (log 10) at
strain® titer on which TGEV RNA was detected by
ST cells® the following cDNA probes®
A2 B4 D24 E21 Hpa
1600

Miller 6.0 4 5 5 5 6
Purdue 5.5 3 4 4 4 4
F1 5.0 2 4 4 4 4
F2 5.0 2 4 3 3 4
F3 5.0 2 4 3 3 4
F4 5.0 2 4 3 3 4

* The virulent Miller and attentuated Purdue strains of TGEV. F 1 to F4 are four field
isolates of TGEYV isolated and propagated on swine testicle (ST) cells

® The 50% tissue culture infectious dose (TCID ;) was determined by microtiter assay
on ST cells. Results are expressed as the reciprocal of the highest dilution (log 10) at which
cytopathic effects were observed in at least 50% of the inoculated cells

¢ Results are expressed as the reciprocal of the highest dilution of virus, which resulted
in a dot density equivalent to that observed when 200 to 2000 pg of purified virus RNA
was used as a standard

ization signal was obtained with each probe at a concentration of 2000 pg of
TGEV RNA. These concentrations of 200 and 2000 pg correspond to 1x 107
to 1 x 10® TGEV particles, respectively (assuming that 25pg of TGEV RNA is
equivalent to 1 x 10° virions [25]). Both of the 3’ terminus probes (pA2 and
pB4) and the E2 region probes (pD24 and pE21) from our cDNA library
hybridized yeast tRNA at a concentration of 200 ng and a weak hybridization
signal was observed at 20ng. The Hpa-1600 probe also reacted weakly with
the yeast tRNA at the highest concentration. Hybridization of each probe to
yeast tRNA occurred regardless of whether the probes were prepared from
purified cDNA inserts or plasmids containing inserts. Native pUC9 plasmid
DNA did not hybridize to cell culture extracted TGEV, purified TGEV RNA
or ST cell nucleic acids. When 100 ul volumes of 10-fold serial dilutions of the
Miller, Purdue and four field strains of TGEV were assayed, the dilution of
TGEYV detected by dot blot hybridization varied with each probe (Table 1). The
pA2 cDNA was the least sensitive probe detecting TGEV RNA at dilutions of
1072 to 1074, while the other four probes detected TGEV RNA at 10-fold
higher dilutions from 1073 to 1077

Specificity of the TGEV ¢cDNA clones in dot blot hybridization reactions using
heterologous viruses

None of the probes used in this study hybridized nucleic acids extracted from
cell cultures inoculated with porcine rotavirus, hemagglutinating encephalo-
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myelitis virus, and bovine coronavirus (data not shown). In addition, these
probes did not hybridize to cellular nucleic acids extracted from MA-104, HRT-
18, CRFK, and FCWF cells used to propagate the heterologous viruses. Probes
pA2, pB4, and Hpa-1600 hybridized to the antigenically related coronaviruses
CCV, FIPV, and FECV.

Detection of TGEV RNA from clinical samples

Several methods were evaluated for extraction of TGEV RNA from fecal sam-
ples and the procedure described in Materials and methods gave the most
consistent results. This method also eliminated filtration problems with most
field samples and concentration of the nucleic acid from the feces by ethanol
precipitation increased the sensitivity of the assay. Because the quantity of the
clinical material was limited, only three (pB4, Hpa-1600, and pD24) of the
¢DNA probes were used in this portion of the study. We observed positive
hybridization of native plasmid sequences to some fecal samples, thus, only the
cloned cDNA inserts rather than the recombinant plasmids were used as probes
to detect TGEV RNA in fecal samples. The results obtained with these three
probes and the dot blot hybridization assay are shown in Figs.4 and 5 and
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Fig. 4. A representative sample of the results of dot blot hybridization used to detect TGEV
RNA in fecal samples. The 3’ terminus probe pB4 was used to detect virus RNA samples
in 4, B, E, and F, while the E2 gene probe Hpa-1600 was used for specimens in C, D, G,
and H. A and C Identical specimens in /-8; B and D identical specimens in /-8. E and G,
Fand H Identical specimens in I-8, respectively. 4 and C Negative control samples include
feces from a gnotobiotic pig inoculated with rotavirus (/) and a fecal sample from an
uninoculated gnotobiotic pig (5); positive control samples were fecal material seeded with
cell culture grown Miller (2) and Purdue (8) strains of TGEV. The remaining samples are
from pigs naturally infected with TGEV as determined by conventional diagnostic pro-
cedures of electron microscopy and the immunofluorescence assay. Blots were autoradio-
graphed for 48h at —~70°C
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Fig. 5. Dot blot hybridization detection of TGEV RNA from fecal samples of pigs naturally
infected with TGEV. The pD24 ¢cDNA, which is derived from the 5 end of the E2 gene
was used in a nick-translation reaction to prepare the probe. Specimens in 47/-8, BI-8,
and CI-8 represent 18 different fecal samples from pigs confirmed to be infected with
TGEV by conventional techniques of electron microscopy and the immunofluorescence
assay. All field samples except for B2 gave positive hybridization signals. Samples C3-6
were feces from pigs confirmed to be infected with rotavirus, but not TGEV. Positive
control samples consisted of fecal material from an uninoculated gnotobiotic pig and these
feces were seeded with cell culture propagated Purdue (C7) or Miller (C8) TGEV. Blots
were autoradiographed at —70°C for 48h

Tables 2 and 3. Not all 40 field samples (34 positive for TGEV and 6 negative)
are illustrated in the figures. An accurate estimate of the amount of RNA could
not be determined probably due to contaminating RNA from other sources in
the feces. In general, the hybridization signals were more intense with probes
prepared to the Hpa-1600 cDNA, which is 5 times larger than the pB4 or the
pD24 ¢cDNA (Table2). The Hpa-1600 probe detected 88% of the samples
identified as TGEV positive by conventional methods of EM and immunoflu-
orescence compared to 79% for the pB4 probe (Table3). Only 18 of the 34
fecal samples positive for TGEV were available for hybridization using the
pD24 probe. This E2 probe detected TGEV RNA in 89% of the TGEV positive
samples. It also hybridized weakly with one field sample from a conventional
pig identified as being infected with rotavirus, but not TGEV (Fig. 5, C4). TGEV
in four positive fecal samples was not detected by either the pB4 or the Hpa-
1600 probe and one of these four samples also failed to hybridize with the pD24
probe. Three positive samples (Table 2, samples 11,17 and 18), which did not
hybridize to pB4, reacted weakly with Hpa-1600. Two positive samples (Table 2,
samples 26 and 28) were only detected by probe pD24.



Table 2. Comparison of dot blot hybridization using 3" terminus {B4) and E2 gene (HPA-

1600 and D 24) cDNA probes to detect TGEV in fecal samples

Sample Dot blot Dot Dot

no. hybridization results® location location

‘o 4D sy gc

B4 Hpa-1600 D24 (Fig.45 (Hg.5)
1 + + + 4+ + + + A3,C3 Al
2 + + + + A7, C7 A4
3 + + + + + ES, G5 B3
4 + ++ + E6, G6 B4
5 + + + + + + 4+ + E7, G7 B5
6 ++ ++ + ND E8&, G8 ND
7 + ++ + 4+ + Bi,Di AS
8 + + + 4+ + + +++ + B3, D3 A7
9 + 4+ + + 4+ + + + 4+ + + E4, G4 B1
10 + + + +++ + + 4+ + -+ G4, E4 A8
11 - + - E2, G2 B2
12 + + + Fi1,H1 B6
13 + + +++ + + + B2, D2 Ab
14 + + ++++ + 4+ A6, C6 A3
15 + + + ND F8, HS ND
16 ++++ +4+++ ND DNS ND
17 - + ND DNS ND
18 - + ND DNS ND
19 ++ A+ + + 4+ + ND DNS ND
20 + + + 4+ + ND DNS ND
21 + + +++ ND DNS ND
22 ++ + + ++ 4+ + ND DNS ND
23 ++ + ++ 4+ + ND DNS ND
24 - - ND DNS ND
25 + + + + + -+ ND DNS ND
26 - - +++ F2, H2 B7
27 + 4+ ++ 4+ +++ A4, C4 A2
28 = - + F3,H3 B8
29 + + + 4+ + ND F4,H4 ND
30 - - - F5 HS Cl
31 + 4+ + + ++ -+ + ++++ F6, H6 C2
32 + + + 4+ ND F7,H7 ND
33 + + 4+ ++ -+ + ND DNS ND
34 + A+ A+ + + 4+ + + ND DNS ND
35 - - + DNS C4

36-40 - - - DNS C3,C5-6

& The relative concentration of virus RNA was determined by comparing the density
of each dot to what was observed when various concentrations of purified virus RNA were
used as standards. — No hybridization signal; + dot density <200 pg homologous RNA
per dot; + -+ >200pg to 2ng; ++ + >2ng to 20ng and + + + + >20ng to 200ng
homologous RNA per dot

® Indicates which dot in Fig. 4 corresponds to this fecal sample. The first location is
the sample hybridized with the 3’ terminus probe B4 and the second location with the E2
gene probe Hpa-1600

¢ Indicates which dot in Fig. 5 corresponds to this fecal sample

DNS Data not shown

ND Not done
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Table 3. Comparison of dot blot hybridization with electron microscopy (EM) and im-
munofluorescence (IF) for detection of TGEYV in fecal samples

Results of No. of samples Dot blot hybridization
conventional results with probe®
methods of .
TGEV detection B4 Hpa-1600 D24

+ - + - + -
Positive 34 211 30 4 16 2
Negative 6 0 6 0 6 1 5

2 B4, 3' terminus probe; Hpa-1600 and D 24 are E2 gene probes

® These 4 samples were also negative by dot blot hybridization with the B4 cDNA
probe. One of the 4 samples was also negative by dot blot hybridization using the pD24
probe

¢ Only 18 of the 34 fecal samples positive for TGEV by conventional methods of EM
and IF had sufficient sample volume for use in hybridization assays with the D24 cDNA
probe

Discussion

We have described the use of five cDNA clones, which were derived from the
3" end of the virus genome and the 5 end of the E2 glycoprotein gene of the
Miller strain of TGEV, in a dot blot hybridization assay to detect TGEV RNA
sequences in cell culture or fecal specimens. One previous report has indicated
that a 2 kb cDNA probe derived from the 3’ end of the genome of the Purdue
strain of TGEV could be used to detect TGEYV in cell culture or fecal samples
from experimentally infected pigs [25]. However, to our knowledge cDNA
probes derived from the genome of the virulent Miller strain of TGEV have
not been used to detect TGEV RNA in cell culture and clinical field samples.
We have established that both the 3’ end probes and the E2 gene probes were
equivalent in sensitivity for detection of TGEV RNA in cell culture, but in this
study, the E2 gene probes were somewhat more sensitive in detecting viral
genomic sequences in fecal specimens from pigs naturally infected with TGEV.
Furthermore, the dot blot hybridization assay was not as sensitive as conven-
tional methods of EM and immunofluorescence in detection of TGEYV infection
in pigs.

Published data on the primary nucleotide sequence of the first 2000 bases
of the attenuated strain of Purdue TGEV [14] would suggest that probes pA2
and pB4 were derived from a 3’ terminal noncoding sequence, which extends
276 bases downstream from the poly (A) tail of the TGEV genome. These two
probes may also overlap with the gene coding for the “postulated” hydrophobic
protein adjacent to the noncoding region in the Purdue TGEV strain. While
the significance of the noncoding region is not known, Kapke and Brian [14]
speculate that it functions as an attachment region for the polymerase to initiate
synthesis of the negative strand RNA. One would assume, and our hybridization
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results using the 3’ terminus probes pA2 and pB4 confirm that this noncoding
region is highly conserved among strains of TGEV and the antigenically related
coronaviruses, FIPV, FECV, and CCV. However, this region is not conserved
among all coronaviruses, because even at the low stringency conditions em-
ployed in our dot blot hybridization assay, we could not demonstrate cross-
reactivity with coronaviruses antigenically unrelated to TGEV. Thus, our data
confirm and extend a previous report where a 2kb probe derived from the 3’
terminus of the TGEV genome also cross-hybridized with coronaviruses an-
tigenically related to the parental TGEV, but not coronaviruses belonging to
an antigenically unrelated group [25]. Furthermore, results of our study and
those of Shockley etal. [25] indicate that conserved sequences on the 3’ end
of the TGEV genome would be ideal for producing a universal cDNA probe
to detect several strains of TGEV. The universality of our 3’ end probes pA2
and pB4 was demonstrated by their ability to detect the Miller, Purdue and
four field strains of TGEV.

Hybridization and sequence data from another study indicated that E2 gene
probes Hpa-1600 and pE21 hybridize to the antigenically related coronaviruses,
but the primary nucleotide sequences of probe pD24 was distinct from published
sequences of FIPV and did not hybridize either FIPV, FECV, or CCV. Fur-
thermore, each of the three E2 cDNA probes used in this study had high sequence
homology with reported sequences to the attenuated Purdue TGEV (unpubl.
data).

Each probe detected purified TGEV RNA at a concentration (200 to
2,000pg) 10 to 100-fold higher than the 20-25pg amount of TGEV RNA
detected in a previous report using a 2kb 3’ terminus probe to the Purdue strain
TGEV [25]. However, the autoradiographs in that study reveal the most intense
hybridization signal with 500 pg of purified TGEV RNA. Studies using other
RNA probes to infectious bursal disease virus [11] and rotaviruses [6,7, 16]
detected homologous viral RNA at concentrations ranging from 100 to 1,000 pg.
The level of sensitivity inherent to the five TGEV probes used in the present
study is within reported sensitivity levels for other cDNA probes of comparable
size derived from other RNA viruses. Sensitivity could be improved using larger
probe sizes and increasing the specific activity of each probe. Probe length
appeared to influence the intensity of the signals as demonstrated by the stronger
hybridization signals observed with the 1.6kb Hpa-1600 probe. However, the
different cDNA lengths used to prepare probes did not markedly influence the
sensitivity of the assay, because the Hpa-1600 probe detected TGEV RNA at
the same concentration as the other cDNA probes, which are approximately
one-fifth the length of Hpa-1600. Another possible explanation for the lower
than expected sensitivity for detection of TGEV RNA is that coronaviruses are
difficult to purify by density gradients and contaminating cellular material may
have resulted in an inaccurate spectrophotometrically determined concentration
of the actual amount of viral RNA. We did not expect the hybridization of the
cDNA probes to yeast tRNA. This reaction may be related to nonspecific
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binding of the probes to yeast tRNA at the low stringency conditions used in
the hybridization assay, since the hybridization was principally observed at the
highest concentration of yeast RNA.

The results obtained from the characterization of the five cDNA probes
with cell culture virus encouraged the application of this test to clinical speci-
mens. Clinical diagnosis of TGEV infections is determined by EM demonstra-
tion of virus particles with coronavirus morphology [22] and/or the detection
of viral antigens in intestinal epithelial cells using an immunofluorescence assay
on tissue sections [ 19]. The advantage of both these conventional diagnostic
techniques has been the rapid detection of the virus particles or antigens. How-
ever, EM requires instrumentation and highly trained technical personnel. Fur-
ther, certain membrane components in cell culture and clinical samples, which
morphologically resemble coronaviruses are often mistaken for true corona-
viruses [1]. Immunofluorescence detection of TGEV antigens in cells is best
done with fresh tissue and most of the virus infected cells are destroyed within
24 to 36 hours after infection rendering the immunofluorescence assay of little
diagnostic value late in infection [20]. Virus isolation is not a useful procedure
for the detection of TGEV because most field isolates are not easily adapted
to grow in cell culture. In addition, there is a need for a sensitive procedure to
detect small quantities of TGEV in the fecal material of carrier sows or sub-
clinically infected swine, which are believed to serve as an important reservoir
for infection [23].

It was anticipated that the smaller pB4 ¢cDNA probe would prove more
sensitive than either of the E2 region probes, since the six mRNAs produced
during transcription and whole genomic RNA possess an identical 3’ terminus
[12]. Thus, the pB4 probe would be expected to recognize sequences on more
of the RNAs in an infected cell than the Hpa-1600 and pD24 probes which
would react with only a limited number of mRNAs having similar 5’ terminal
coding sequences. However, results obtained with the Hpa-1600 probe showed
a higher percent agreement (88%) with conventional EM and immunofluores-
cence techniques compared to the pB4 probe results (79% agreement). The
higher percent agreement observed for the Hpa-1600 probe may simply reflect
the larger region of hybridization of this probe compared to the pB4, since the
signal obtained with Hpa-1600 was generally more intense.

There were four samples which were not identified as positive by either the
pB4 or the Hpa-1600 probes and two of these four samples assayed using the
pD24 probe were also negative. Although all four of these samples were con-
firmed TGEV positive by the conventional methods of diagnosis, Shockley et al.
[25] reported that coronavirus particles were generally detected sooner by EM
than by either virus isolation or dot blot hybridization. These same investigators
also indicated that there appears to be a narrow window of detection for TGEV
RNA, which appears to exist between 18 to 30 h after infection. Although TGEV
RNA was detected up to 114 h post inoculation in their study, there was a wide
variation in the consistency of detection of TGEV RNA; between 40 to 114h
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after inoculation. It is conceivable that the quantity of viral RNA present in
the four samples not identified by our probes was below detectable limits or
that the RNA was degraded by nucleases in the fecal material. Another pos-
sibility is poor filterability of the sample. These four samples were highly viscous
and filtration may not have been as efficient as with other preparations, thus
a smaller amount of RNA may have bound to the membrane. Also, we cannot
rule out of the possiblity of the existence of a second coronavirus serologically
related to TGEV, which has a primary nucleotide sequence different from the
Miller strain of TGEV.

The specificity of the dot-blot hybridization for detection of TGEV in clinical
samples is difficult to assess. Although we have demonstrated that the probes
fail to hybridize with nucleic acid from other RNA viruses, measurements of
specificity requires assessment of false positives and false negatives. We only
examined 6 fecal samples negative for TGEV by both EM and immunoflu-
orescence. No false positives were detected with the pB4 or Hpa-1600 probes,
but one sample negative for TGEV by conventional methods of EM and im-
munofluorescence hybridized to the pD24 probe. Thus, this limited sample size
makes it difficult to determine a predictive value of a negative test and additional
studies using a large number of fecal samples negative for coronavirus will need
to be done to assess the question of how frequently negative fecal samples give
false positive hybridization signals.

In summary, the dot blot hybridization assay evaluated in the current study
was specific, but not as sensitive as conventional methods of EM and immu-
nofluorescence in detecting TGEV. Major problems with cDNA probes used
to detect TGEV include tedious sample preparation and a need to improve
methods to extract single-stranded RNA from clinical samples to prevent deg-
radation by nucleases and to improve filterability. In addition, it takes a min-
imum of 72h to complete the hybridization assay compared to 1 to 2h for
either the conventional methods of EM or immunofluorescence. Also for this
assay to be practical, the use of nonradioactive probes needs to be investigated.
Thus, given the extra time required for sample preparation and autoradiog-
raphy, and the hazards of working with radioisotopes, there are many technical
improvements required before the dot-blot hybridization assay replaces the
rapid and conventional methods of EM and immunofluorescence for detection
of TGEV.
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