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SUMMARY 

4 

Transmissible gastroenteritis (TGE) is an enteric disease of swine caused by a coro
navirus, designated as transmissible gastroenteritis virus (TGEV). Commonly used meth
ods for TGEV detection include viral isolation and detection of the viral antigen by 
indirect immunofluorescence (IF A), immunoperoxidase, and immunogold silver staining. 
Each of these techniques has some advantages and disadvantages. In general IF A and im
munohistochemistry are preferred over viral isolation as TGEV isolation is not very reli
able because not all field isolates replicate in cell cultures. The diagnosis of TGEV has 
become more complicated since the emergence of porcine respiratory coronavirus 
(PRCV). PRCV is believed to be a TGEV mutant, and can not be easily differentiated 
from TGEV by immunological tests. Nucleic acid probes and polymerase chain reaction 
(PCR) have successfully been used to detect and differentiate these viruses. These tech
niques can detect viral nucleic acids in the specimen but do not provide information on the 
cell types infected by these viruses. Recently we have developed isotopic and nonisotopic 
in situ hybridization techniques (ISH) for the detection of these viral nucleic acids in for
malin-fixed paraffin-embedded tissues. Furthermore, this procedure can differentiate be
tween TGEV-and PRCV-infected cells. By ISH, TGEV is detected in the mature 
absorptive enterocytes of tissues infected by TGEV and the crypt epithelial cells are also 
infected but to a lesser extent. For PRCV, the main infected cells are epithelial cells of the 
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bronchioles, type II pneumocytes, and alveolar and septal macrophages. ISH is an excel
lent tool for studying molecular pathogenesis of these two viruses especially when used in 
combination with immunohistochemistry. 

INTRODUCTION 

Transmissible gastroenteritis (TGE) is an economically important disease be
cause it is highly contagious and characterized by vomiting, severe diarrhea and high 
mortality in piglets during the first few weeks of life. Transmissible gastroenteritis vi
rus (TGEV) belongs to the genus coronavirus of the family Coronaviridae and is a 
pleomorphic enveloped virus, with a single-stranded positive-sense RNA genome (Saif 
& Wesley, 1994). The full-length negative-sense RNA is first synthesized from the 
positive-sense RNA genome after infection and is used as the template for synthesis of 
the 3'-terminal nested set of 7-8 subgenomic mRNAs (Britton eta!., 1989; Spaan et 
a!., 1988; Wesley et a!., 1990). The subgenomic mRNAs, with the exception of the 
smallest one, are polycistronic in nature, and only the unique 5' open reading frame is 
translated (Sanchez et a!., 1992; Spaan et a!., 1988). TGEV uses the spike proteins to 
bind with the receptors on the cell membrane of the mature absorptive enterocytes. 
The cell receptors for TGEV are thought to be aminopeptidase-N (Delmas et a!., 1992) 
and a second putative receptor of 200 kDa (Weingart! & Derbyshire, 1994). These re
ceptors are present only on the cell membrane of absorptive enterocytes and are absent 
on the cell membrane of crypt epithelial cells. TGEV replicates in the cytoplasm of the 
mature absorptive enterocytes (Saif & Wesley, 1994) and matures by budding through 
the endoplasmic reticulum (Thake et a!., 1968; Pensaert et a!., 1970; Wagner et a!., 
1968). TGEV damages villous enterocytes and causes atrophy characterized by 
blunted and denuded villi of the small intestines which results in malabsorptive diar
rhea. TGEV has also been shown to replicate to some extent in the respiratory tissue 
(La Bonnardiere et a!., 1983; Laude et a!., 1993 ). 

PRCV was first isolated in 1984 from pigs in Belgium which were seropositive for 
TGEV but did not have clinical disease characteristic of TGE (Pensaert et a!., 1986). 
PRCV infection is now widespread in European swine. PRCV has also been isolated in the 
United States (Hill et a!., 1989; Wesley et a!., 1990; Vaughn et a!., 1994). PRCV causes 
subclinical disease to mild-moderate pneumonia in swine (Cox et a!., 1990; O'Toole et a!., 
1989; Halbur et a!., 1993 ). PRCV replicates mainly in the respiratory tissues such as bron
chiolar epithelial cells, type II pneumocytes, alveolar and septal macrophages, and type I 
pneumocytes (Cox et a!., 1990; O'Toole et a!., 1989; Sirinarumitr et a!., 1996). PRCV an
tigen was detected in unidentified cells in the lamina propria of the small intestines (Cox 
et al., 1990). 

PRCV is believed to be a TGEV mutant, as it has been shown to be antigenically 
and genetically closely related to enteropathogenic TGEV but has different tissue tropism. 
PRCV is different from TGEV in that PRCV has a 621-{)81 nucleotide deletion in the 5' 
end of the S gene and deletions in gene 3 and 3-1 which render these mRNAs truncated or 
undetectable in the infected cells (Britton et al., 1991; Laude et a!., 1993; Paul et a!., 1992; 
Paul et al., 1994; Rassachaert et a!., 1990; Sanchez et a!., 1992; Vaughn et a!., 1994; 
Vaughn eta!., 1995; Wesley et al., 1990; Wesley eta!., 1990a). The deletion in the S gene 
is believed to play a role in the change of tissue tropism ofPRCV. 
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There are several methods to identify TGEV antigen or nucleic acid in the tissues 
such as immunofluorescence technique (Frederick et al., 1976; Morin et al., 1973; Shep
herd et al., 1979), peroxidase-antiperoxidase staining technique (Chu et al., 1982), immu
nogold silver staining (Larochelle et al., 1993), dot blot hybridization (Paul et al., 1994; 
Shockley et al., 1987), slot blot hybridization (Wesley et al., 199lb), reverse transcriptase 
polymerase chain reaction (RT-PCR) (Vaughn et al., 1994; Vaughn et al., 1995), and in 
situ hybridization (Sirinarumitr et al., 1996). These techniques will be reviewed but major 
emphasis will be placed on the newly developed ISH technique (Sirinarumitr et al., 1996). 

Virus Isolation 

Virus isolation is one of the major methods for TGEV diagnosis, however many 
TGE virus isolates do not replicate well in cell cultures (Vaughn et al., 1993). There are 
several cell lines that can be used to isolate or identify TGEV and PRCV such as primary 
and secondary porcine kidney cells, continuous kidney cell lines, McClurkin swine testical 
cell line (ST), primary porcine salivary gland cells, and porcine thyroid cells (Saif & 
Wesley, 1994). ST cells are the cells of choice for isolation and identification of TGEV 
and PRCV. Lungs or small intestines are homogenized in Eagle's minimal essential me
dium (20% w/v), clarified at I ,000 X g for I 0 min, and filtered through a 0.22 11m filter. 
Nasal swabs are the samples for isolation of PRCV. Three-to five-day-old ST cell mono
layers in 25 cm2 flasks are inoculated with 0.2 ml of filtrate for I hour at 37° C, and then 
the monolayer is washed and new medium is added. The cultures are incubated at 37° C 
for 48 hours and observed daily for cytopathic effect. The cytopathic effect of TGEV and 
PRCV in ST cells is characterized by rounded to elongated cells and syncytial cell forma
tion. If no cytopathic effect is observed, the cells in flasks are frozen and thawed 3 times, 
and cell lysates are inoculated onto new ST cell monolayers. Samples are passed 3 times 
or more. The presence of TGEV and PRCV can be confirmed by a variety of immunologi
cal and genetic techniques mentioned in this paper. 

Immunofluorescence Antibody Technique 

The fluorescence antibody (FA) technique is the most commonly used method for 
TGEV diagnosis because it is sensitive, rapid and relatively inexpensive. This technique can 
be done as a direct or an indirect method. The direct FA technique uses anti-TGEV antibody 
which is conjugated with fluorescein. As in direct FA, the IFA technique uses anti-TGEVanti
body as a primary antibody and fluorescein-labeled secondary antibody to detect the primary 
antibody. For both techniques, frozen tissues are sectioned by cryostat-microtome at -20° C. 
Sections are placed on clean glass slides, fixed in chilled acetone, and dried. In the case of di
rect FA technique, sections are incubated with anti-TGEV antibody in a humidified chamber, 
washed, dried, and examined by using a fluorescence microscope. For IFA technique, sections 
are incubated with fluorescein-labeled secondary antibody before examining with a fluores
cence microscope. TGEV antigen has been detected in the mature absorptive enterocytes but 
not in the crypt epithelial cells (Bohl et al., 1989; Frederick et al., 1976; Morin et al., 1973; 
Pensaert et al., 1970; Saif & Wesley, 1994; Shepherd et al., 1979; Woods et al., 1981 ). This 
technique is also used for detection ofPRCV in tissues by using an anti-TGEV antibody (Cox 
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et al., l990a; Cox et al., l990b ). PRCV antigen is detected mainly in alveolar cells but also to 
a lesser extent in epithelial cells of nasal mucosa, trachea, bronchi and bronchioles, alveolar 
macrophages, and in tonsils. The antigen is also found in unidentified cells located in lamina 
propria of the small intestines. Major problems with this technique are the lack of sensitivity 
and specificity of the antibody, loss of infected cells due to the quality of sample or loss dur
ing processing, poor definition of tissue morphology and cell type, lack of permanent prepara
tion, and cross-reaction with feline infectious peritonitis virus (FIPV), canine coronavirus 
(CCV) (Horzinek et al., 1982; Woods et al., 1981) and PRCV (Callebaut et al., 1988). 

Immunohistochemistry 

There are several immunohistochemistry techniques such as immunoperoxidase and 
immunogold for the detection ofTGEV and PRCV in tissues. Immunoperoxidase-base an
tigen detection techiques have been done using frozen tissues for TGEV (Chu et al., 1982) 
and PRCV (Van Nieuwstadt et al, 1989). Frozen tissues are treated as in the FA technique, 
except for the detection step where the peroxidase-antiperoxidase system is used. The re
sult can be seen by the color development which is the result of the reaction between per
oxidase, hydrogen peroxide and substrate ( diaminobenzidine ). The distribution of the 
TGEV antigen is similar to the FA technique and the distribution of the PRCV antigen is 
found mainly in bronchiolar epithelial cells and alveolar macrophages (O'Toole et al., 
1989) which is different from the FA results reported by Cox et al. ( 1990). 

Immunohistochemistry (IHC) can be used with formalin-fixed paraffin-embedded 
tissues. Now this technique has been used routinely for TGEV and PRCV diagnosis at the 
Veterinary Diagnostic Laboratory, College of Veterinary Medicine, Iowa State University. 
Methods for IHC are similar to that described for porcine reproductive and respiratory 
syndrome virus (Halbur et al., 1994). Tissues are sectioned, deparaffinized, and rehy
drated as in the immunoperoxidase technique. The primary monoclonal antibody to nu
cleocapsid protein (kindly provided by Dr. Linda Saif, The Ohio State University) is 
applied to the tissue sections and followed by application of biotinylated secondary anti
body. Sections are treated with peroxidase labeled streptavidin (LSAB) and are incubated 
with hydrogen peroxide and diaminobenzidine tetrahydrochloride (DAB). The cytoplasm 
of infected cells stain deep brown as shown in Fig. I. The viral antigen distribution is simi
lar to that observed by FA and immunoperoxidase techniques on frozen tissue sections. 
Tissue morphology and cellular detail is far superior in the formalin-fixed tissues. This 
technique has several advantages over the FA technique because it can be used with for
malin-fixed paraffin-embedded tissues, for retrospective study, and with a concurrent 
study of viral antigen distribution and histopathologic changes. 

For the immunogold silver staining method (IGSS), formalin-fixed paraffin embedded 
sections are treated with protease, stained with anti-TGEV antibody and incubated with col
loidal gold-labeled protein A (Larochelle et al., 1993). Then, the sections are incubated with a 
silver enhancement solution. The distribution of antigen positive cells are similar to the 
method mentioned above. This method has advantages compared to immunoperoxidase and 
immunohistochemistry in that it is safer and can be used for electron microscopy. 

Dot and Slot Blot Hybridization 

Total intracellular RNAs are isolated from infected ST cells by guanidinium isothio
cyanate and centrifugation through a CsCl cushion (Wesley et al., 1990). The total RNAs 
are then applied on the nitrocellulose membrane (Shockley et al., 1987; Vaughn et al., 
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Figure 1. Section of small intestines with positive TGEV antigen staining of mature absorptive enterocytes by im
munohistochemistry technique. 

1996) or nylon membrane (Wesley et al., 1991 b) by using a dot blot or slot blot apparatus. 
The nitrocellulose membrane is air dried and baked at 76°C for 90 min in the oven or the 
nylon membrane is exposed to UV light for cross-linking RNA to the membrane. The 
membrane is prehybridized, hybridized with 32P-Iabeled or nonisotopic eDNA probes, and 
hybridization signal captured by exposure of X-ray film. By using slot blot hybridization, 
Wesley et al. (1991b) and Vaughn et al. (1996) have been able to differentiate TGEV from 
PRCV. 

Reverse Transcriptase Polymerase Chain Reaction 

First strand eDNA is synthesized from the total RNA of TGEV- or PRCV-infected 
ST cells by using avian myeloblastosis virus reverse transcriptase and random primers. 
The eDNA-RNA hybrid is amplified by PCR with Taq DNA polymerase and specific 
primers for TGEV and PRCV (Paul et al., 1994; Vaughn et al., 1996; Vaughn et al., 1995). 
The PCR products are run in agarose gel electrophoresis, and gels are stained with 
ethidium bromide and viewed with UV light. The PCR product of TGEV is about 2.4 kb 
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but the PCR product for PRCV is smaller by 600-700 nucleotides depending on the iso
late (Jackwood et al., 1993; Vaughn et al., 1994; Vaughn et al., 1995). 

In situ Hybridization (ISH) for TGEV and PRCV 

Both frozen sections and formalin-fixed paraffin-embedded sections can be used for 
ISH. For development of the ISH technique, we used 2 probes prepared from plasmid 
pPSP.FP1 and plasmid pPSP.FP2 (Sirinarumitr et al., 1996; Vaughn et al., 1994). The plas
mid pPSP.FP1 contains the S gene segment from the nucleotides 1678 to 2250 (Britton & 
Page, 1990) which is present in TGEV but is deleted in all PRCV isolates (Paul et al., 
1994; Vaughn et al., 1994, Vaughn et al., 1995). The plasmid pPSP.FP2 contains the S 
gene segment from nucleotides 1678 (Britton & Page, 1990) to 2483 (Rassachaert and 
Laude, 1987). Briefly, sections are deparaffinized, treated with proteinase K, and acety
lated before hybridization with 35S-labeled RNA probe (Sirinarumitr et al., 1996). Then 
the sections are hybridized with probe in hybridization buffer at 52°C for at least 16 hours, 
followed by treatment with RNase A and passed through a series of standard sodium cit
rate solutions. The slides are exposed to X-ray films for rapid results or coated with 
autoradiographic emulsion gel to detect viral nucleic acid positive cells. Coated slides and 
X-ray films are developed and observed for the hybridization signals. 

Figure 2. Photograph of fonnalin-fixed 
paraffin-embedded sections from the 
small intestines of uninoculated control 
(A) and TGEV-inoculated pig (Band C) 
hybridized with 35S-RNA probe (B) and 
digoxigenin-iabeied RNA probe (C) pre
pared from pPSP.FP, . In the case of 35S
RNA probe, the heavy silver grains are 
localized over the cytoplasm of the ma
ture absorptive enterocytes and the dark 
purple color in the cytoplasm of the 
same ceil type in the case of digoxi
genin-labeled RNA probe. 
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Figure 3. Photograph of fonnalin-fixed 
paraffin-embedded sections from lungs 
of uninoculated control (A) and PReY
inoculated pig (B) hybridized in situ 
with "S-RNA probe produced from 
plasmid pPSP.FP~ and exposed to emul
sion for 2 days. ISH signals can be ob
served in the cytoplasm of the 
bronchiolar epithelial cells of small 
bronchioles of PRCV-inoculated pigs 
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Recently, we have developed a digoxigenin-labeled RNA probe for nonisotopic ISH 
as the nonradioisotope probe has longer shelf life, is safer and more user friendly. Sections 
are treated and hybridized in the same way as isotopic ISH. The difference is only the de
tection step. Sections are washed briefly in maleic acid buffer (I 00 mM Tris-HCI and !50 
mM NaCI at pH 7.5) and are blocked with 3% blocking reagent in maleic acid buffer for 
30 minutes at room temperature in a humidified chamber. Anti-digoxigenin-alkaline phos
phatase (I :300) is applied to the slides for 2 h at room temperature and then washed 3 
times for 10 minutes at room temperature in maleic acid buffer. Slides are equilibrated for 
5 minutes at room temperature in detection buffer containing 100 mM Tris-HCI, 100 mM 
NaCI, and 50 mM MgCI2 pH 9.5. Substrate containing 45 f.tl ofNBT solution and 35 f.tl of 
BCIP solution in 10 ml of detection buffer is then applied to the slides for 30 minutes at 
room temperature. The color development is stopped by rinsing with deionized water, and 
slides are counterstained with nuclear fast red for 3 min. Slides are washed in 3 changes of 
deionized water and mounted with aquamount. 

The autoradiography results using X-ray films clearly distinguished sections from 
TGEV -inoculated and non-inoculated animals. Sections of duodenum, anterior jejunum, 
posterior jejunum, anterior ileum, and posterior ileum from inoculated animals have heavy 
dark lines of silver grains along the mucosal layer. Both isotopic and nonisotopic ISH 
demonstrate the presence of TGEV nucleic acid in the same tissues and cells as those with 
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TGEV antigen detected by the immunoperoxidase, immunohistochemistry, and immuno
gold procedures. One exception was that TGEV nucleic acid was also detected in crypt 
epithelial cells of TGEV infected animals which has not been shown with other techniques 
(Sirinarumitr et a!, 1996). ISH allows visualization of heavy silver grains along the apical 
cell membrane of the infected cells indicating the possible route of entry and release of 
TGEV and also PRCV from the infected cells. This has also been shown by infected po
larized epithelial cells and transmission electron microscopy (Rossen et a!., 1994; Thake, 
1968). 

For PRCV, the viral nucleic acid positive cells are most often in the bronchiolar epi
thelial cells, especially terminal bronchioles, followed by type II pneumocytes, alveolar 
macrophages and type I pneumocytes. The hybridization signals are also found over the 
necrotic epithelial cells that slough into the lumen of the bronchioles, and over the alveo
lar macrophages in the exudate in the alveoli and bronchioles. 

ISH technique has the same advantages as the techniques mentioned above and can 
also be used for electron microscopy. ISH can overcome the antigen degradation in the tis
sue which is a common problem of the techniques that detect viral antigens. ISH may be 
an appropriate tool to gain a better understanding of the molecular pathogenesis of TGEV 
and PRCV associated disease especially when combined with immunohistochemical tech
niques. 

CONCLUSION 

The clinical manifestation, diagnosis, and basic pathogenesis of TGEV and PRCV 
have been well described. The molecular pathogenesis of TGEV and PRCV infections has 
not been well studied in detail. Understanding the pathogenesis of porcine coronavirus in
fections has progressed by use of IHC for detection of the distribution of viral antigen in 
situ. Several molecular tools are now available for the study of the viral nucleic acid dis
tribution in tissues. ISH is one such a tool that can be used for the study of molecular 
pathogenesis of TGEV and PRCV infections. The double-labeling techniques using ISH 
and immunohistochemistry should facilitate studies to better understand the molecular 
pathogenesis of these two porcine coronaviruses. The use of non-radioactive probes for 
ISH should facilitate the use of ISH in diagnostic laboratories as well. 
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