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ABSTRACT 

Transmissible gastroenteritis virus (TGEV) causes an economically important enteric 
disease of swine. Differences in the pathogenicity, antigenicity and tissue tropism have been 
observed among porcine coronaviruses. Although porcine respiratory coronavirus (PRCV) 
is antigenic ally similar but not identical to TGEV isolates, these respiratory coronaviruses 
differ markedly in pathogenicity and tissue tropism compared to TGEV isolates. Using a 
reverse transcriptase/polymerase chain reaction-restriction fragment length polymorphism 
(RT/PCR-RFLP) assay, TGEV and PRCV isolates were assigned to several distinct groups. 
By RFLP analysis of the 5' region of the S gene, TGEV strains were differentiated into 4 
groups using the restriction enzyme Sau3AI. A fifth Sau3AI group contained the PRCV 
isolates. These 5 groups correlated with antigenic groups previously defined using mono
clonal antibodies in our laboratory. Several restriction enzymes could be used to differentiate 
the TGEV strains into Miller and Purdue types. Analysis of a PCR amplified product in the 
3 and 3-1 genes indicated the RT/PCR-RFLP assay results for TGEV Miller strains could be 
correlated with lower virulence created by passage in cell culture. 

INTRODUCTION 

The antigenicity, pathogenicity and tissue tropism vary among the porcine coro
naviruses, transmissible gastroenteritis virus (TGEV) and porcine respiratory coronavirus 
(PRCV). Pathogenic differences among TGEV isolates have been documented I , 2. 3, 4. The 
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molecular basis for virulence and tissue tropism was reported to reside in the region of RNA 
3/3_12,4 and in the region of the S glycoprotein gene5,6, 7, respectively, Britton et al. 2 reported 
that a deletion in RNA 3/3-1 (ORF-3a/3b) was observed in the attenuated TGEV strain 
188-SG but not in the virulent D-S2 strain of TGEV. Wesley et al. 4 reported that a similar 
deletion in RNAs 3/3-1 and 4 was present in an attenuated small-plaque variant of TGEY. 

Certain MAbs to TGEV have been used to demonstrate antigenic differences among 
TGEV and PRCV strainsS, 9, 10, II, 12, 13. Mabs directed to a non-neutralizing epitope on the S 
glycoprotein ofTGEV designated site BS or site D9, 12, 13 did not bind to PRCV isolates but did 
identify TGEV strains. A panel of 12 MAbs generated against the virulent Miller TGEV strain was 
used to demonstrate differences in antigenicity among TGEV isolates 12, 13, 14 15, 16. Five non-neu
tralizing MAbs were directed against the N protein and 4 neutralizing MAbs were directed against 
the S glycoprotein l2, 13, 14. The neutralizing MAbs had different titers against heterologous 
(Purdue) and homologous (Miller) strains ofTGEV indicating variability among these epitopes. 

Differences in the tissue tropism ofTGEV and PRCV isolates have been extensively 
characterized 7,17, IS, 19,20,21. Molecular differences in the S glycoprotein gene appear to affect 
the tissue tropism of these viruses7, 17. 

This study was initiated to determine if molecular differences observed using the 
reverse transcriptase/polymerase chain reaction-restriction fragment length polymorphism 
(RT/PCR-RFLP) assay could be correlated with differences in antigenicity, pathogenicity 
and tissue tropism among TGEV and PRCV viruses. 

MATERIALS AND METHODS 

Viruses 

The MSC virulent strain was initially isolated from an outbreak of TGE in a local 
swine herd (Miller). It has been maintained by S serial passages in gnotobiotic pigs l6 and 
represents an intestinal suspension of the fifth passage in gnotobiotic pigs. The M6 virulent 
TGEV represents a plaque purified low cell-culture passage (6 times) of the Miller virulent 
strain of TGEV in swine testicular (ST) cells l6, 22. The virus has retained its pathogenicity 
in gnotobiotic pigs (LJ. Saif, unpublished). The M60 Miller strain TGEV was passaged 60 
times in ST cells23 and has low pathogenicity for gnotobiotic pigs compared to the M5C and 
M6 strains (L. J. Saif, unpublished). 

Nine field isolates ofTGEV designated S387, T 184, T232, T507, TSI7, T876, T988, 
U328, and Zy were described 12. These viruses were obtained from Ohio, Canada, Nebraska, 
South Dakota, and Michigan (Table 1). Each isolate was obtained from swine with clinical 
signs of TGE and TGEV-positive immunofluorescence staining on gut tissue samples. The 
isolates which were confirmed to be virulent by passage in susceptible pigs include S387, 
T232, T876, U328, and Zy. 

The ISU-l (Ind/89) and ISU-3 (NC/89) strains of PRCV provided by Dr. H. Hill, 
Iowa State Univ., Ames, Iowa24 were plaque-purified twice and passaged 8-14 times in ST 
cells. These viruses produce only subclinical infections when inoculated into gnotobiotic or 
conventional pigs and replicate exclusively in the upper respiratory tract21 , 25. The PRCV 
strain designated DD312 was recently isolated from the respiratory tract of a pig in the United 
States (Saif, Weilnau and Gadfield, unpublished). 

Monoclonal Antibodies (MAbs) 

TGEV-specific MAbs were produced and characterized in our laboratory12· 13, 14. 15, 
16. These include neutralizing MAbs to sites A, B, and E of the S glycoprotein conserved on 



Molecular Differentiation of Transmissible Gastroenteritis Virus 37 

Table 1. IsolatIOn and passage hIstory of porcme coronavlruses used m thIs study 12 

Isolated 

Isolate Virulence" Data State P#(PP)b Source 

Reference StrainS 
M5C Miller Virulent 1965 OhIO 2(2) E Bohl, OARDC, Wooster, OH 

M6 MIller Virulent 1965 OhIO 6(2) L Salf, OARDC, Wooster, OH 

M60 Miller Attenuated 1987 OhIO 60(2) R Woods, USDA Ames, Iowa 

W184 Purdue Virulent 1952 IndIana 4(1 ) E Haelterman, Purdue Umv Purdue, 
Indiana 

P1l5 Purdue Attenuated 1965 OhIO >115' E Bohl, OARDC, Wooster, OhIO 

CC1861 Attenuated 1972 Nebraska ? M Welter, Amblco Vaccme Stram 

TGEV Field StrainS d 

S387 Virulent 1987 OhIO 3(0) NG Herd, Bucyrus, OhIO 

Tl84 ? 1988 Canada 3(0) P S Carman, Ontano Mmlstry of 
Agnculture and Food, Guelpb, Ontano 

T232 Virulent 1988 OhIO 6(0) OARDC Swme Center, Wooster, OhIO 

T507 'I 1988 Nebraska 3(0) R Moxley, Umv Nebraska 

T517 ? 1988 Nebraska 6(0) R Moxley, Umv Nebraska 

T876 Virulent 1988 OhIO 3(0) FF Herd, Wauseon, OhIO 

T988 ? 1987 S Dakota 2(0) D Benfield, S Dakota State Umv 

U327 Virulent 1989 Michigan 6(0) R Macs, Michigan State Umv 

Zy Virulent 1986 OhIO 6(0) Zy Herd, Burbank, OhIO 

PRCV Strains 
ISU-l 1990 IndIana 8(2) H Hill, Iowa State Umv 

ISU-3 1990 N Carolma 6(2) H Hill, Iowa State Umv 

DD312 1994 IlhnOis 4(0) L Salf, OARDC, Wooster, OhIO 

aVirulent = enteropathogemc, Attenuated = not enteropathogemc ? = pathogemclty was not confirmed 
although ViruS was Isolated from a diarrheic pig from a tYPical TGE outbreak The virulence was 
determmed by passage m susceptable or gnotoblOliC pigs 

bNumber of limes passaged m cell culture (Number of limes plaque-punfied) ? mdlcates the passage 
number m cell culture and the number of tImes the ViruS was plaque punfed IS unknown 

'p 115 was plaque punfied numerous limes dunng passage m cell culture 
d All field strams ofTGEV were Isolated from pigs With transmissible gastroentenhs confirmed usmg an 

Immunofluoresence assay on mtestmal samples 

all strams ofTGEV and PRCV tested and non-neutralIzmg MAbs (44Cll and 45A8) to sIte 

D of the S glycoprotem, reactIve WIth TGEV strams but non-reactIve WIth PRCV strams l2 

Other non-neutralIzmg MAbs to the S glycoprotem mclude IlH8, 8Gll and 75BIO The 
latter two react WIth sIte V, conserved on MIller but not Purdue strams 12 

Reverse Transcriptase/Polymerase Chain Reaction-Restriction 
Fragment Length Polymorphism (RT/PCR-RFLP) Assay 

VIral RNA was extracted and purrfied usmg protemase K, aCId phenol and the RNaId 

kIt (BIO 101, La Jolla, CA) Bnefly, ST cell culture solutIOns moculated WIth the appropnate 

vIruses were mcubated for 5 mmutes at 55°C m a solutIOn contammg 2% SDS and 250 I-lg/ml 

protemase K Followmg mcubatlOn the samples were extracted WIth aCId phenol and 

chioroformiisoamyl alcohol The RNmd kIt was used to punfy vIral RNA accordmg to the 
manufacturers mstructlOns Punfied RNA was suspended m dlethyl-pyrocarbonate (DEPC) 

treated water and stored at -70°C before use m the reverse transcnptase (RT) reactIon 
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Figure 1. Schematic representation of the RNA genome of TGEV Miller strain, showing the location of the 
primers used for peR. Primer set 4/6 amplifies a fragment of the S gene and primer set 7/8 amplifies RNAs 3 
and 3-1. 

The nucleotide sequences of the oligonucleotide primers were deduced and synthe
sized according to the published TGEV Miller strain sequence. The locations of primers used 
in this study are shown in Figure I. 

The RT reaction contained 2 /-ll of 10 X PCR buffer (SOO mM KC1, 200 mM Tris, pH 
8.4, O.S mg/ml nuclease-free bovine serum albumin), 2 /-ll of 10 mM each dNTP, 2S0 ng 
antisense primer, 40 units RNasin, I.S /-ll of 60 mM MgClz, and 3-S /-ll of the purified viral 
RNA described above. A 20 /-ll total reaction volume was obtained by adding sterile 
DEPC-treated water. The reaction mixture was heated at 6SoC for 10 minutes before 200 
units of Moloney murine leukemia virus RT was added. The reaction was then incubated for 
1 hour at 4SoC. Following incubation, the reaction was stopped by heating to 9SOC for S 
minutes. 

The PCR reaction contained 8 /-ll of lOX PCR buffer, 2S0 ng of the sense primer, 3.S 
/-ll of60 mM MgClz, and 2.S units ofTaq DNA polymerase. A 100 /-ll total reaction volume 
was obtained by adding sterile distilled water. Thirty-five cycles of denaturation at 94°C for 
I minute, annealing at 4SOC for 2 minutes, and polymerization at 74°C for S minutes were 
conducted. The initial denaturation and polymerization steps were at 94°C for S minutes and 
74°C for 6 minutes, respectively. The final polymerization step was conducted at 74°C for 
10 minutes. The PCR products were analyzed on a 1 % agarose gel containing ethidium 
bromide. 

In most cases it was not necessary to gel purify PCR products before conducting the 
RE analysis. However, depending on the restriction enzyme used, purification was some
times necessary. The total PCR reaction product was separated on a 1 % agarose gel. The 
amplified DNA with the appropriate size was cut from the gel and purified using the 
Geneclean kit (Bio 10 I) according to the manufacturer's recommendation. The purified DNA 
was digested with selected REs according to the manufacturer's specification. The restriction 
fragment patterns were observed following electrophoresis on a 2% agarose gel. 

RESUL TS AND DISCUSSION 

The TGEV primer pair 4/6 amplified a portion of the S glycoprotein gene which was 
approximately I.S kb. The size of the fragments from all TGEV and PRCV strains was similar 
indicating no major deletions or insertions. Using SspI to digest the PCR products amplified 
with primer pair 4/6 produced two RFLP patterns. Similar results were obtained using the 
enzyme Ddel. TGEV strains were placed into two groups using these enzymes. The first 
group was characterized by the Miller strain viruses and the second group by the Purdue 
strain viruses. When the enzyme Sau3AI was used, the viruses were placed into five groups 
(Table 2). Group I contained the Miller strain viruses and the PRCV strain DD312. The P lIS 
Purdue strain, two TGEV field strains and the Ambico vaccine strain all contained similar 
RFLP patterns and were placed in group 2. Group 3 contained TGEV field strains and group 
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Table 2. Correlation of the RT/PCR-RFLP results using primer pair 4/6 and Sau3AI 
enzyme with the ELISA and CCIF results using monoclonal antibodies (MAb) 

previously described12 

Sau3AI Groups Viruses 

Miller (M6), Miller (M5C) 

PRCV (DD312)b 

2 Purdue (P115), 

3 

4 

5 

TGEV Field Isolates: (TS76, Zy) 
Ambico strain (CC1S61) 

TGEV Field Isolates: (S3S7, T232, 

T507, T517, U32S, T9SS, CC717) 

TGEV Field Isolates: (Tl84, WIS4) 

PRCV (lSU-I, ISU-3) 

MAb Defined" Antigenic Groups 

SG 11 Binding (Miller specific) 

75BIO Binding 
IlHS Binding 
45AS/44C11 Binding 

SG II Non-binding 

75BIO Non-binding 
IlHS Non-binding 
45AS/44C II Binding 

SG II Non-binding 

75BIO Non-binding (except U32S) 
IlHS Binding (except U32S) 
45AS/44Cll Binding 

SG II Weak Binding 

75BIO Non-binding 
IlHS Weak Binding 
45AS/44Cll Binding 

SG II Non-binding 

75B 10 Non-binding 
IlHS Binding 
45AS/44C II Non-binding 

"Monoclonal antibodies (MAbs) were generated to the S glycoprotein of the virulent Miller TGEV 
strain and used to characterize viruses in ELISA and cell culture immunofluorescence assays 12. 

bThe PRCV strain DD312 has not been thoroughly tested with the MAbs listed. 
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4 contained the virulent Purdue strain (WI84) and a field isolate from Canada (T184). Group 
5 contained the two Indiana PRCV strains ISU-l and ISU-3. 

The five Sau3AI groups could not be correlated with virulence of the TGEV isolates 
because confirmed virulent and attenuated viruses were observed in three of the four TGEV 
groups. The viruses tested appeared to fall into groups with similar origins. For example, 
the Miller strain viruses were grouped together, the Purdue origin vaccine strains were in a 
separate group and the PRCV strains were grouped together. There were two exceptions; the 
PRCV strain DD312 was grouped with the Miller strains and the virulent Purdue strain was 
placed in group 4 with a field isolate from Canada (T184). 

Although the five RFLP groups defined by the enzyme Sau3AI did not correlate with 
pathogenicity or tissue tropism, they did correlate with antigenicity as defined using MAbs. 
In our previous studies, MAbs prepared to the Miller strain TGEV were used to differentiate 
five reference strains and nine field strains ofTGEVI2. The panel ofMAbs used differentiated 
the viruses into seven distinctly different antigenic groups. Five of these MAb defined groups 
correlated with the five Sau3AI groups (Table 2). Although the DD312 PRCV strain was 
placed in group I with the Miller TGEV strains using RFLP, data on the MAb reactivity of 
this virus has not been completed. 

The RFLP and MAb results 12 indicated that strains of TGEV currently endemic in 
the U.S. are antigenically different from the Miller strain and Purdue strains ofTGEV The 
variability observed was in epitopes located on subsite V of the S glycoprotein gene l2 . 
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The history ofTGEV field Isolates Zy and T876 IS very mterestmg m the context of 
their RFLP (Sau3AI) and MAb (llH8, 8G 11) assignment mto a group with the Purdue 
attenuated TGEV strams These two ViruS Isolates came from herds with a history ofusmg 
commercial modified live TGEV vaccmes (Amblco) However, the Virulence of both strams 
has been confirmed by passage m gnotobIOtic pigs 

The regIOn which spans RNA segments 3 and 3-1 was amplified usmg peR pnmer 
pair 7/8 (Fig I) The length of the 7/8 peR products from PRe V strams was smaller than 
the TGEV strams With the one exceptIOn that the ISU-3 stram peR product was Similar m 
length to the Miller stram peR product The Virulent M6 Miller stram could be differentiated 
from the PI15 stram because the M6 peR product was 43 bases shorter than that observed 
for PI 15 (data not shown) The M60 stram did not amplify With the 7/8 primer pair due to 
a 531 base deletIOn m the 3-1 RNA regIOn (data not shown) ThiS regIOn was reported to be 
Important m defimng the Virulence of TGEV Isolates4 The NS3 open-readmg-frame was 
non-functIOnal m PRey Isoiates20 and an attenuated small plaque variant of the Miller TGEV 
suggestmg a pOSSible relatIOnship With Viral attenuatlOn4 Our results usmg the Miller 
Virulent and attenuated strams would mdlcate that differences m the size of the RNA 3 and 
3-1 regIOns can be correlated With Virulence and attenuation of these viruses 
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