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Differentiation between transmissible gastroenteritis
virus and porcine respiratory coronavirus

using a cDNA probe
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Abstract. A plasmid, pG3BS, containing a cDNA clone from the 5' coding region of the peplomer glyco-
protein gene appears to be specific for enteric transmissible gastroenteritis virus (TGEV) strains and for live-
attenuated TGEV vaccines. This cDNA probe is used to differentiate porcine respiratory coronavirus (PRCV)
isolates from TGEV field and vaccine strains by a slot blot hybridization assay. Probe pG3BS also hybridizes
to canine coronavirus (CCV) RNA but does not hybridize to antigenically related feline infectious peritonitis
virus (FIPV) RNA. The RNAs of 13 enteric TGEV isolates from the United States, Japan, and England, 4 US-
licensed live-attenuated TGEV vaccines, and antigenically closely related CCV were detected by pG3BS. The
RNAs of FIPV and 3 US isolates of PRCV did not react with  but were detected by a TGEV-derived

 Pigs infected with either PRCV or TGEV test serologically positive for TGEV antibody by the
serum neutralization test. Characterization of the virus circulating in a swine herd by the  probe will
differentiate between an enteric TGEV and a respiratory PRCV infection.

Transmissible gastroenteritis virus (TGEV) of swine Recently, we reported that a PRCV was present in
is a coronavirus that was isolated for the first time in the United States.16 The virus was similar antigenically
1946.4 The virus replicates in the cytoplasm of mature to the European PRCV, and both viruses cause only
absorptive epithelial cells on the surface of villi in the inapparent respiratory infections in neonatal swine. It
small intestine. Transmissible gastroenteritis virus is important for a swine producer with a herd serologi-
causes destruction of these epithelial cells, resulting in tally positive for TGEV antibodies to know if the herd
watery diarrhea and dehydration that leads to almost was infected with PRCV or TGEV. In this paper, a
100% mortality in susceptible pigs infected during the cDNA clone derived from the 5' end of the TGEV
first few weeks of life. A TGEV variant, designated peplomer glycoprotein gene is shown to hybridize with
porcine respiratory coronavirus  was first iso- sequences conserved among TGEV vaccines and field
lated in Belgium in 1984. In neonatal pigs, PRCV ap- strains but does not detect RNAs prepared from 3 US
parently causes a limited infection of subepithelial cells PRCV isolates.
of the intestinal villi but does not spread to adjacent
cells.3 Porcine respiratory coronavirus does replicate Materials and methods
extensively in epithelial cells of the upper and lower
respiratory tract and in alveolar macrophages but only

Viruses and cells. The origins of the TGEV isolates, Cal-

causes an inapparent infection. 12 Because PRCV-in-
ifornia, FS-216/64 (England), Hormel, Illinois, Iowa, Kan-

fected swine produce TGEV neutralizing antibodies,
sas, Miller, New York II, Purdue-37, and Shizuoka-25 (Ja-
pan), have been described? Additional TGEV field isolates

it is not possible to differentiate between a TGEV and from Nebraska13 and Williamsburg (IA) were used. The Pur-
a PRCV infection by the serum neutralization test. In due-115 strain that grows to high titer was obtained,a and a
Europe, a competitive inhibition enzyme-linked im- small plaque variant of the Miller strain of TGEV that causes
munosorbent assay (ELISA) has been developed to a persistent infection in a continuous leukocyte cell line was

distinguish swine herds with circulating PRCV or used. 17 The live-attenuated TGEV vaccine strains were com-

TGEV. 1,6 This blocking ELISA test is based on the mercially available products. b,c,d,e The UCD-1 strains of feline

specificity of monoclonal antibodies that recognize ep- infectious peritonitis virus (FIPV) and canine coronavirus

itopes present on TGEV that are either modified or (CCV) were used. 19 The origin of the PRCV-Ind/89 isolate

absent on PRCV. However, because the sensitivity of
has been described.16 Two additional field isolates of PRCV

this test is low, some swine herds infected with TGEV
from North Carolina and Minnesota were isolated in 1989.

may go undiagnosed.
All viruses were plaque purified except the 4 vaccine strains
and the PRCV field isolates from North Carolina and Min-
nesota.

From the USDA, Agricultural Research Service, National Animal The TGEV and PRCV isolates were grown on a swine
Disease Center, PO Box 70, Ames, IA 50010. testicular (ST) cell line, and CCV and FIPV were grown on

Received for publication July 9, 1990. fetal cat cells (FC) as described.18,19
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leukocytes by guanidinium isothiocyanate extraction and CsCl
cushion centrifugation. 15

Plasmids. Plasmid pRP3 (3232 base pairs [bp]) is a cDNA
clone of the Miller PP3 isolate of TGEV cloned into the
EcoR1 site of the pBluescript phagemid.h Plasmid pG3BS
(396 bp) is a subclone of Miller TGEV cDNA clone pRP114

that contains sequences from the 5' coding region of the
peplomer gene.

Figure 1. Slot blot hybridization of virus RNA from sucrose
gradient purified TGEV virions of the Purdue-115 strain. Nick-
translated cDNA probes, pG3BS and pRP3, were used to detect
different concentrations of the viral RNA. Blots were autoradi-
ographed for 3 days at -70 C.

Virus purification. Confluent ST cells in 12 flasks (75 cm2)
were infected with the Purdue-115 strain of TGEV at a mul-
tiplicity of infection of approximately 10 plaque forming
units/cell. The virus from clarified culture supernatants was
concentrated by centrifugation (SW28 rotor)f at 113,000 x
g at 4 C for 18 hr through a discontinuous sucrose gradient
consisting of 12 ml 30% (w/w) and 8 ml 50% (w/w) sucrose
solutions prepared in TEN-Tween 20 (1 M NaCl, 1 mM
ethylene diaminetetraacetic acid [EDTA], 0.01 M Tris HC1
pH 7.4, 0.02% Tween 20 [v/v]). Virus from the 30/50%
sucrose interface was collected, diluted 1:3 in TEN-Tween
20, and pelleted in the SW 41 rotorf 154,000 x g at 20 C
for 3 hr. Each virus pellet was resuspended in 200 µ1 of 0.14
M NaCl, 1.5 mM MgCl2, 10 mM Tris HC1 pH 8.6, 0.5%
Nonidet P-40, 1 mM dithiothreitol, and 100 units/ml pla-
cental RNase inhibitorg prior to extraction of the genomic
RNA.

Slot blot hybridization. For slot blot hybridization, 0.1-
3.2 µg/well of coronavirus-infected cellular RNA was applied
to a nylon membranei in a slot-blot apparatusj previously
treated with 0.1% diethylpyrocarbonate.9 The dried nylon
membrane was placed on filter paper saturated with 0.025
M sodium phosphate pH 6.0 for 30 set and UV cross-linked
to covalently bind the RNA to the nylon membrane.2 Prehy-
bridization was carried out at 65 C for 3 hr in 6 x standard
saline citrate (SSC, which is 0.15 M NaCl, 0.015 M Na citrate,
pH 7.0), 5 x Denhardt’s solution (0.1% Ficoll, 0.1% poly-
vinylpyrrolidone, 0.1% bovine serum albumin), 0.5% SDS,
and 100 µg/ml of sonicated denatured salmon sperm DNA. 9

Hybridization was carried out at 65 C for 18 hr in fresh
prehybridization solution containing 5 x 106 counts per min-
ute of nick-translated 32P-labeled plasmid pG3BS. After in-
cubation, membranes were washed 3 times for 5 min each
in 2 x SSC and 0.1% SDS at room temperature, followed by
2 high-stringency washes in 1 x SSC and 0.1% SDS at 68 C
for 1 hr. Membranes were kept moist and exposed to
X-OMAT filmk at - 70 C with an intensifying screenl for 1-
7 days.

After autoradiography, membranes were stripped of ra-
dioactivity to be reused with the second probe, pRP3. Strip-
ping was accomplished by boiling for 30 min in 0.1 x SSC
and 3% SDS, followed by a 6 x SSC rinse. At this point,
membranes were checked by autoradiography (overnight ex-
posure) for residual radioactivity prior to proceeding with
another round of prehybridization and hybridizations using
a second 32P-labeled probe.

RNA isolation. Viral genomic RNA was prepared from
the resuspended virus pellets by adding an equal volume of
0.3 M NaCl, 0.2 M Tris HC1 pH 8.0, 25 mM EDTA pH 8.0,
and 2% sodium dodecyl sulfate (SDS). Proteinase K was
added to a final concentration of 100 µg/ml, mixed, and
incubated for 30 min at 37 C. Disrupted virions were ex-
tracted 1 time with an equal volume of phenol: chloroform
and ethanol precipitated at -20 C overnight. The RNA was
resuspended in distilled water, and the concentration was
determined spectrophotometrically where 1 OD260 = 40 µg/
m1.9

Total intracellular RNAs were prepared from coronavirus-
infected ST cells, FC cells, or from persistently infected swine

Results

Two cDNA clones prepared from genomic RNA of
the virulent Miller strain of TGEV were used as probes.
One cDNA probe, pG3BS (396 bp), was derived from
the 5' end of the peplomer glycoprotein gene. The other
probe, pRP3 (3232 bp), contained sequences from the
3' end of the peplomer gene, the genetic region between
the peplomer and integral membrane gene, and the
entire integral membrane gene sequence except for the
last 12 bases at the 3' end. Whole plasmids containing
both insert and vector were labeled with 32P and used
as probes.

Genomic TGEV RNA was used to determine the
sensitivity of the slot blot hybridization assay. Probe
pG3BS detected TGEV RNA sequences at the 0.5 ng
level, whereas the larger pRP3 probe was approxi-
mately 5 times more sensitive detecting TGEV RNA
at the 0.1 ng level (Fig. 1).

The intracellular RNAs prepared from coronavirus-
infected cells were cross-linked onto nylon membranes
at 2 concentrations. The concentrations of intracellular
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Figure 2. Slot blot hybridizations of total RNA from coronavirus-infected cells. Each RNA preparation was applied to the membrane
at 2 concentrations-the upper application had twice the amount of RNA as the lower application. Coronavirus-infected cellular RNAs
are 1A, small plaque TGEV variant; 2A, Miller isolate; 3A, control ST cell RNA; 4A, vaccine;b 1B, California isolate; 2B, high passage
Miller-60; 3B, FIPV RNA; 4B, vaccine;c 1C, England isolate FS-216/64; 2C, New York-II isolate; 3C, CCV RNA; 4C, vaccine;d 1D,
Hormel isolate; 2D, Purdue-37; 3D, PRCV-Ind89; 4D, vaccine;e 1E, Illinois isolate; 2E, Shizuoka isolate; 3E, PRCV-Minn/89; 4E,
Williamsburg isolate; 1F, Iowa isolate; 2F, Nebraska isolate; 3F, PRCV-N.C./89; and 4F, Kansas isolate. The membranes were hybridized
first with pG3BS, then stripped of radioactivity and reprobed with pRP3.

RNA applied to the membranes ranged from 0.1 to
3.2 µg/well because the amount of viral specific RNA
in each preparation was different. The RNAs were pre-
pared from 13 different enteric TGEV isolates, 3 PRCV
isolates, 4 licensed live-attenuated TGEV vaccines,
FIPV, and CCV. Uninfected ST cell RNA was used as
a control. The blotted membrane was first reacted with
the pG3BS probe, stripped, and then hybridized to
labeled pRP3 (Fig. 2). The pG3BS probe detected all
coronavirus RNAs except the PRCV and FIPV RNAs.
Reprobing the same membrane with pRP3 (Fig. 2)
showed that adequate amounts of PRCV RNA and
FIPV RNA were applied to the membranes but were
not detected with the pG3BS probe. Neither probe
reacted with the ST cell control RNA.

Discussion

In this study, a cDNA clone, pG3BS, identified at
the 5' end of the peplomer glycoprotein gene appears
to be specific for enteric TGEV strains and for live-
attenuated TGEV vaccines. This probe is used to dif-
ferentiate PRCV isolates from TGEV field and vaccine
strains by a slot blot hybridization assay. Also, pG3BS
hybridizes to CCV RNA and does not hybridize to
FIPV RNA.

To determine if a swine herd is infected with either
PRCV or TGEV using probe pG3BS, the virus must
first be isolated and the viral RNA analyzed by the
hybridization assay. However, if some animals are
known to be shedding virus, then hybridization anal-
ysis of nasal swab material should be sufficient.10 Cur-
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rently in the United States, no serologic tests are avail-
able to distinguish between PRCV- and TGEV-infected
swine herds. A herd testing positive for TGEV anti-
body could have been infected with either virus.

Because of the discontinuous nature of RNA repli-
cation in coronaviruses, RNA-RNA viral recombi-
nants and deletion mutants are produced. For example,
RNA-RNA recombination within the peplomer gene
probably accounts for some of the biological differ-
ences between FIPV and TGEV. The nucleotide se-
quence homology between TGEV and FIPV was only
39% at the 5' end of the peplomer gene up to amino
acid residue 274.7 After residue 274, the peplomer gene
sequence homology was 93%, suggesting that a recom-
bination event occurred in the vicinity of amino acid
residue 274. Because probe pG3BS is derived from the
peplomer gene region with low homology, there is a
lack of hybridization of probe  to FIPV RNA.
In the case of another coronavirus, mouse hepatitis
virus (MHV), deletion mutants have occurred spon-
taneously or after selection with neutralizing mono-
clonal antibodies5 These large deletions, 426-477 nu-
cleotides, were localized at the 5' coding region of the
MHV peplomer gene. 11 The deletions appeared to en-
hance the ability of MHV to replicate in cell culture.
Similar deletions downstream from the TGEV peplo-
mer gene have generated viral variants with altered
phenotypes. 15 Under conditions of high stringency,
probe  hybridized to the RNAs of 13 different
TGEV isolates and 4 vaccine strains. This indicates
that nucleotide sequences at the 5' end of the TGEV
peplomer gene are conserved. The lack of hybridiza-
tion of probe  to the 3 US isolates of PRCV
could be due to either nucleotide sequence divergency
as seen for FIPV or to large deletions similar to those
that occur in MHV.

Acknowledgements
We thank David Michael for excellent technical assistance

and Linda Homung for typing the manuscript.

Sources and manufacturers
a. Provided by Dr. Linda Saif, Ohio Agricultural Research and

Development Center, Wooster, OH.
b. Fort Dodge Laboratories, Inc., Ft. Dodge, IA.
c. Diamond Laboratories, Inc., Des Moines, IA.
d. Ambico, Inc., PO Box 522, Dallas Center, IA.
e. Solvay Animal Health, Inc., 2000 Rockford Rd., Charles City,

IA.
f. Beckman Instruments, Inc., PO Box 10200, Palo Alto, CA.
g. Promega Corp., 2800 S. Fish Hatchery Rd., Madison, WI.
h. Stratagene Cloning Systems, 11099 N. Torrey Pines Rd., La

Jolla, CA.
i. Gene Screen Hybridization Transfer Membrane, NEN Research

Products, 549 Albany St., Boston, MA.
j. Bio-Rad Laboratories, 2200 Wright Ave., Richmond, CA.
k. Eastman Kodak Co., Rochester, NY.
1. E. I. DuPont de Nemours & Co., Wilmington, DE.

References
1. Callebaut P, Pensaert MB, Hooyberghs J: 1989, A competitive

inhibition ELISA for the differentiation of serum antibodies
from pigs infected with transmissible gastroenteritis virus (TGEV)
or with the TGEV-related porcine respiratory coronavirus. Vet
Microbiol 20:9-19.

2. Church GM, Gilbert W: 1984, Genome sequencing. Proc Nat1
Acad Sci USA 81:1991-1995.

3. Cox E, Hooyberghs J, Pensaert MB: 1990, Sites of replication
of a porcine respiratory coronavirus related to transmissible
gastroenteritis virus. Res Vet Sci 48: 165-l 69.

4. Doyle LP, Hutchings LM: 1946, A transmissible gastroenteritis
in pigs. J Am Vet Med Assoc 108:257-259.

5. Gallagher TM, Parker SE, Buchmeier MJ: 1990, Neutraliza-
tion-resistant variants of a neurotropic coronavirus are gener-
ated by deletions within the amino-terminal half of the spike
glycoprotein. J Virol 64:731-741.

6. Garwes DJ, Stewart F, Cartwright SF, Brown I: 1988, Differ-
entiation of porcine coronavirus from transmissible gastroen-
teritis virus. Vet Ret 122:86-87.

7. Jacobs L, de Groot R, van der Zeijst BAM, et al.: 1987, The
nucleotide sequence of the peplomer gene of porcine transmis-
sible gastroenteritis virus (TGEV): comparison with the se-
quence of the peplomer protein of feline infectious peritonitis
virus (FIPV). Virus Res 8:363-371.

8. Kemeny LJ: 1975, Antibody response in pigs inoculated with
transmissible gastroenteritis virus and cross reactions among
ten isolates. Can J Comp Med 40:209-214.

9. Maniatis T, Fritsch EF, Sambrook J: 1982, Molecular cloning
(a laboratory manual). Cold Spring Harbor Laboratory Press,
Cold Spring Harbor, NY.

10. Myint S, Siddell S, Tyrrell D: 1989, Detection of human co-
ronavirus 229E in nasal washings using RNA : RNA hybridiza-
tion. J Med Virol 29:70-73.

11. Parker SE, Gallagher TM, Buchmeier MJ: 1989, Sequence anal-
ysis reveals extensive polymorphism and evidence of deletions
within the E2 glycoprotein gene of several strains of murine
hepatitis virus. Virology 173:664-673.

12. Pensaert M, Callebaut P, Vergote J: 1986, Isolation of a porcine
respiratory, non-enteric coronavirus related to transmissible
gastroenteritis. Vet Q 8:257-261.

13. Underdahl NR, Mebus CA, Stair EL, Twiehaus MJ: 1972, The
effect of cytopathogenic transmissible gastroenteritis-like virus-
es and/or Escherichia coli on germfree pigs. Can Vet J 13:9-16.

14. Wesley RD: 1991, Nucleotide sequence of the E2-peplomer
protein gene and partial nucleotide sequence of the upstream
polymerase gene of transmissible gastroenteritis virus (Miller
strain). In: Coronaviruses and Their Diseases, ed. Cavanagh D,
Brown TDK. pp. 301-306. Plenum Publishing Corp., New York,
NY.

15. Wesley RD, Woods RD, Cheung AK: 1990, Genetic basis for
the pathogenesis of transmissible gastroenteritis virus. J Virol
64:4761-4766.

16. Wesley RD, Woods RD, Hill HT, Biwer JD: 1990, Evidence
for a porcine respiratory coronavirus, antigenically similar to
transmissible gastroenteritis virus, in the United States. J Vet
Diagn Invest 2: 312-317.

17. Woods RD: 1978, Small plaque variant transmissible gastro-
enteritis virus. J Am Vet Med Assoc 173:643-647.

18. Woods RD: 1982, Studies of enteric coronaviruses in a feline
cell line. Vet Microbiol 7:427-435.

19. Woods RD, Wesley RD: 1988, Cultivation techniques for an-
imal coronaviruses: emphasis on feline infectious peritonitis
virus, canine coronavirus, transmissible gastroenteritis virus,
and porcine hemagglutinating encephalomyelitis virus. J Tissue
Cult Methods 11:95-100.

 at University of Southern Queensland on March 13, 2015vdi.sagepub.comDownloaded from 

http://vdi.sagepub.com/

