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SUMMARY

The family Coronaviridae belongs to the order Nidovi-
rales. Coronaviruses are pathogens associated with infec-
tions of veterinary importance causing a spectrum of
clinical syndromes that vary depending on the host. Due
to their large, inherently error-prone RNA genome, coro-
naviruses are well adapted to changing environmental
selective pressures. The dynamic, quasi-species character
of this virus family was recognized two decades ago with
the emergence of porcine respiratory coronavirus
(PRCV), a deletion mutant of transmissible gastroenteri-
tis virus (TGEV). It was later shown that the loss of only
two amino acids from the TGEV major surface attach-
ment protein might result in a change from gastroin-
testinal to respiratory tropism. In addition to TGEV and
PRCV, two other antigenically distinct coronaviruses
have been isolated from pigs: hemagglutinating en-
cephalitis virus (HEV) and porcine epidemic diarrhea
virus (PEDV). Due to their emerging/reemerging nature
and impact on swine production, this chapter deals only
with TGEV, PRCV, and PEDV. Historical and current as-
pects related to epidemiology, pathogenesis, diagnosis,
prevention, and control of these three porcine coron-
avirus species are discussed.

INTRODUCTION

The Coronaviridae family consists of two genera of
RNA viruses that infect vertebrates including humans,
domestic animals, and birds (Horzinek 1999). Coron-
avirus infections are usually associated with respiratory,
gastrointestinal, cardiovascular, and neurological dis-
eases (Lai 1990). The best-known representatives of this
virus family include avian infectious bronchitis virus
(IBV), mouse hepatitis virus (MHV), porcine trans-
missible gastroenteritis virus (TGEV), bovine coronavirus
(BCV), human coronavirus (HCV), feline infectious peri-
tonitis virus (FIPV), canine coronavirus (CCV), turkey
coronavirus (TCV), and several other virus species of
veterinary importance (Siddell et al. 1983; Lai 1990).
From pigs, four antigenically distinct coronaviruses 
have been isolated: transmissible gastroenteritis virus
(TGEV), hemagglutinating encephalomyelitis virus

(HEV), porcine epidemic diarrhea virus (PEDV), and
porcine respiratory coronavirus (PRCV) (Pensaert 1989).

Historically, the first report of clinical disease in pigs
caused by coronaviruses dates to 1946 (Doyle and Hutch-
ings 1946) and TGE, which occurs throughout the world.
According to serological surveys conducted in North
America and Europe, a high seroprevalence (36% to
100%) to TGEV exists among swine [US Department of
Agriculture (USDA) 1997; Pensaert et al. 1993]. Accurate
TGEV seroprevalence assessments are complicated by
the fact that antibodies to a natural deletion mutant of
TGEV, PRCV, are indistinguishable from TGEV antibod-
ies by routine serological diagnostic assays. According to
the 1995 and the 1990 National Swine Surveys (United
States), approximately 6% of swine operations reported
problems with TGEV (USDA 1992, 1997). Diagnostic
studies indicated that among the piglets that died from
diarrhea before reaching the age of 1 month, 8% were
positive for TGEV (Moon and Bunn 1993). A more 
recent serological survey showed that all of the 22 “medi-
um to large” size swine herds studied in Iowa were posi-
tive for TGEV or PRCV antibodies, with 16 herds being
specifically positive for TGEV antibodies (Wesley et al.
1997).

The emergence of PRCV from 1984 onward coincid-
ed with the disappearance of TGEV in Europe (Mc-
Goldrick et al. 1999). Based on several TGEV-PRCV
cross-protection studies, it was suggested that repeated
subclinical PRCV infections increased the level of im-
munoglobulin A (IgA) antibodies cross-reactive to TGEV
in milk of lactating sows (Sestak et al. 1996). The TGEV
infection in piglets born to such sows was characterized
by reduced severity of clinical disease. In these situa-
tions, PRCV acts as a naturally modified-live vaccine to
TGEV and induces active immunity in pregnant sows
that is passively transferred to suckling piglets (Sestak et
al. 1996).

Since the mid-1980s, a previously unrecognized
porcine coronavirus spreading rapidly through Europe
was identified (DeBouck et al. 1982). Epidemic spread,
enteropathogenicity, and ability to cause diarrhea in
swine of all ages were reported (Pensaert 1999). The
agent was found to be antigenically distinct from TGEV,
HEV, and other animal coronaviruses (Pensaert et al.
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1981). The name porcine epidemic diarrhea virus
(PEDV) was adopted. At present, PEDV has been identi-
fied in most swine-producing countries, except the Amer-
icas (Pensaert 1999).

EPIDEMIOLOGY

Transmissible Gastroenteritis Virus
Transmissible gastroenteritis can occur in three differ-
ent forms, depending on the herd’s health status (Bohl
1989). When the virus spreads within a fully susceptible
herd with no previous history of TGEV, it is referred to
as epizootic TGE, characterized by up to 100% mortali-
ty among newborn pigs, marked diarrhea and dehydra-
tion in weaned pigs, and inappetence, vomiting, and di-
arrhea in adult animals. Partial or total agalactia of
lactating sows is common (Lanza et al. 1995). Epizootic
TGE ends within several weeks. In herds where TGE is
on the decline but the continuous introduction of sus-
ceptible animals occurs, infection becomes more chron-
ic and is referred to as endemic or enzootic TGE (Bohl
1989). Mortality among endemic herds usually does not
exceed 20%; however, the decline of colostral and milk
antibodies contributes to the onset of diarrhea. A mod-
ification of endemic TGE is known as intermittent en-
demic TGE, where virus is introduced into a herd where
only adult animals (sows) have been previously exposed
and therefore can provide some passive immunity to
their pigs (Bohl 1989). Because of better TGEV stability
when kept cold and protected from the sunlight, TGE
tends to be a seasonal infection with mainly a winter oc-
currence (Haelterman 1973). Transmission of virus by
means of mechanical vectors or occasional hosts (dog,
cat, fox, or starlings) can take place (Bohl 1989). In feces
of young pigs, TGEV can be shed for up to 2 weeks and
in the nasal secretions for 10 to 11 days (Kemeny et al.
1975).

Since its first description in an Indiana swine herd in
1946 by Doyle and Hutchings, TGE has been reported in
all countries with an intensive pork industry (Bohl 1989;
Doyle and Hutchings 1946; Saif and Wesley 1999). The
economic losses caused previously by TGEV were signifi-
cant, as reported from France, the United States, Czecho-
slovakia, England, and the Netherlands (Bohl 1989; Saif
and Wesley 1999). In the United States, TGE remains a
problem. TGEV was found in about half of the swine
herds tested in 1987 and 1988 (Hill 1989; Polson et al.
1993) and was also responsible for 26% of all the cases of
neonatal diarrhea reported to the Illinois Department 
of Agricultural Animal Diagnostic Laboratory (Hoe-
fling 1989). Major economic losses to the swine indus-
try occur from epizootic TGEV outbreaks that can cause
100% mortality among neonatal pigs (Saif and Wesley
1999), as well as from growth retardation and increased
susceptibility to other infectious diseases in older
TGEV-infected pigs (Hoefling 1989). In 1987 and 1988,

it was estimated that the pork industry in Iowa alone lost
$10 million as a result of TGEV infection (Hill 1989). A
survey in 1990 conducted by the National Animal
Health Monitoring System reported that 36% of swine
herds in the United States were positive for antibodies to
TGEV (Wesley et al. 1997). In 1995, 16 of 22 swine herds
examined in Iowa were seropositive for TGEV (Wesley et
al. 1997). The current economic impact of TGEV infec-
tions, since the occurrence of PRCV in the United States,
has not been examined.

Porcine Respiratory Coronavirus
Since the 1980s, the significance of TGEV has dimin-
ished in Europe with the appearance of the TGEV mu-
tant, PRCV (Laude et al. 1993). Possibly, one factor that
contributed to the emergence of this porcine coron-
avirus with respiratory tract tropism was the intensifica-
tion of pig production during the late 1970s (Pensaert
1989). In contrast to TGEV, PRCV does not cause mor-
tality among pigs and infections are usually subclinical.
Some strains were described that produce mild respira-
tory symptoms (Paul et al. 1997). Aerogenic virus spread
was described, and seroconversion could not be distin-
guished from TGEV-induced seroconversion without the
use of monoclonal antibodies (Pensaert et al. 1986;
Simkins et al. 1993). Moreover, PRCV also became en-
demic in countries like Denmark and England where the
incidence of TGEV was very low or absent (Brown and
Cartwright 1986). In endemic areas, newborn pigs re-
ceive PRCV antibodies via colostrum and milk. This 
passive protection lasts 3 to 4 weeks and is gradually 
replaced with active immune response. Experimental
passive-immunity studies suggested that multiple PRCV
reinfections in endemic areas could contribute to the de-
cline in TGEV outbreaks that have been observed; thus,
PRCV could act as a naturally modified-live vaccine (Lan-
za et al. 1995; Sestak et al. 1996). In young and adult
pigs, PRCV is excreted nasally for 10 to 11 days. Similar-
ly to TGEV, PRCV exhibits an autumn-winter incidence
(Pensaert 1989). Reinfections of pigs with PRCV were re-
ported in France and Belgium, with an increased autumn
incidence for several successive years (Jestin et al. 1987;
Laval et al. 1991). Serological studies of the prevalence of
PRCV infection among fattening pigs (Belgium) suggest-
ed that more than 50% of animals were seropositive
(Pensaert 1989). In Iowa swine herds, it was suggested
that the recent increases in TGEV/PRCV seroprevalence
was most likely due to subclinical PRCV infections (Wes-
ley et al. 1997). High seroprevalence to PRCV (61%) was
recently reported from South Korea, suggesting an ex-
tensive distribution of this virus throughout the Korean
swine population (Chae et al. 2000).

Porcine Epidemic Diarrhea Virus
Although PEDV has been isolated in most swine-raising
countries in Europe and Asia (Kweon et al. 1993; Mostl
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et al. 1990), no virus isolation has yet been reported from
the Americas. Changing patterns of PEDV epidemiology
have been observed in Europe, where PED is no longer epi-
demic but endemic and sometimes persistent (Pensaert
1999). This persistence is characterized by the presence of
virus-specific antibodies and was preceded by the stage of
acute epizootics during the 1980s (DeBouck et al. 1982).
An epidemic epidemiological pattern has been observed
during recent years in Asia, where massive and severe PED
outbreaks clinically resembling TGE previously were asso-
ciated with large economic losses (Hwang et al. 1994;
Sueyoshi et al. 1995). Similarly to TGEV, PEDV transmis-
sion is maintained via feces or other virus-carrying fomites
by the oral route of ingestion. In contrast to TGEV, PEDV
appears to persist in swine farms, but mechanisms of this
persistence have not been fully elucidated.

PATHOGENESIS

Transmissible Gastroenteritis Virus
The gateway for TGEV infection is the oral cavity, al-
though the virus can be inhaled as well (Aynaud et al.
1991). After the virus is swallowed, it survives the low
pH of the stomach and resists the proteolytic environ-
ment of the duodenum. In the small intestine, it infects
the villous epithelial cells (Bohl 1989). Peplomer-
shaped protrusions, i.e., the viral spike (S) glycopro-
teins bind to aminopeptidase N, a TGEV receptor ex-
pressed on the intestinal brush border (Delmas et al.
1993). The most prominent factor accounting for TGE
pathology and diarrhea is destruction of villous epithe-

lium. A typical pattern is detection of TGEV in villous,
but not crypt, epithelium (Figure 10.1.1). Only the en-
zymatically mature villous cells (absent in crypt epithe-
lium) are infected. As a consequence of virus infection,
discernible morphological changes in the intestinal ep-
ithelium were described, such as reduction and blunt-
ing of the villi (Saif and Wesley 1999). After 1 to 3 days
of infection, the undifferentiated cells from the crypts
start to migrate upward to replace the destroyed villous
epithelium (Wege 1995). The time necessary for villous
replacement depends on the age of animals (up to 10
days in the case of suckling pigs and 2 to 4 days in the
case of weaned pigs) (Moon 1971). The reduction in en-
zymatic activity of the villous epithelium accounts for
alterations in digestion, cellular transport, hydrolysis of
lactose from milk, and subsequent development of a
malabsorptive syndrome (Frederick et al. 1976). In con-
trast to the normal osmotic force in a healthy intestine,
in TGEV-infected intestines, undigested lactose and the
Na+ accumulate in the gut lumen, which contributes to
the withdrawal of body fluids and accounts for meta-
bolic acidosis, diarrhea, and dehydration (Saif and
Wesley 1999). TGEV infection of the respiratory tract
has been described (Underdahl et al. 1975), and these
virus strains (attenuated P115) were also found to repli-
cate in lavaged alveolar macrophages (Laude et al.
1984). The TGE gross lesions involve the accumulation
of undigested milk in the stomach and small intestine,
thinner intestinal walls due to the villous atrophy and,
in some cases, pneumonic lesions (Bohl 1989; Saif and
Wesley 1999).

10.1.1. Epithelial cell (small intestine) tropism of enteropathogenic porcine coronaviruses. A: Detection of transmissi-
ble gastroenteritis virus (TGEV) antigens by immunohistochemistry. Courtesy of Dr. J. Hayes. B: Usual distribution of
TGEV/porcine epidemic diarrhea virus (PEDV) antigens. Shaded cells are likely virus targets.
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Porcine Respiratory Coronavirus
The loss of PRCV enteropathogenicity is explained by al-
terations in the spike (S) glycoprotein, which mediates
attachment and thus plays a critical role during the early
stages of cell infection (Ballesteros et al. 1997; Pensaert
1989). Aminopeptidase N, an enzyme expressed by the
villous enterocytes of the small intestine, is known to be
the major receptor for TGEV (Delmas et al. 1993). PRCV
also uses aminopeptidase N as a cell receptor in the res-
piratory tract (Delmas et al. 1993). Two theories for the
emergence of PRCV as a deletion mutant are (1) PRCV is
a particular TGEV strain originally having a respiratory
tropism, and (2) PRCV gained its ability to replicate in
the respiratory tract because of the S-gene and possibly
3a-gene alterations (Pensaert 1989). Although some
findings suggested that the 3a gene might be responsible
for loss of PRCV enteric tropism (Paul et al. 1997), ex-
periments with amino acid changes at the N terminus of
TGEV S proteins suggested that the TGEV S gene is a de-
terminant of enteric tropism (Ballesteros et al. 1997;
Sanchez et al. 1999). However, it was still speculated that
3a-gene deletions could be a condition or prerequisite for
the occurrence of the S-gene deletion. Recent characteri-
zation of British porcine coronavirus isolates suggests
that virulent, enterotropic TGEV can have a large dele-
tion in its 3a gene without any impact on S-gene com-
pleteness and virus tropism (McGoldrick et al. 1999). It
was suggested that the severity of PRCV infections dif-
fers with the age of inoculated animals (Cox et al. 1990a).
When animals younger than 5 weeks were inoculated by
the nasal route, PRCV infected both the respiratory and
intestinal tracts. However, because of a substantially
lower extent of multiplication and infection of nonep-
ithelial cells, the gut is not considered a target organ for
PRCV (Saif and Wesley 1999). PRCV can be isolated
from nasal mucosa, tonsils, trachea, and lungs and, with
lower virus titers, also from the gastrointestinal tract
(Cox et al. 1990b; O’Toole et al. 1989). Maximum antigen
expression was demonstrated at postinoculation day 3 in
epithelial cells of the pulmonary and bronchiolar alveoli
(Cox et al. 1990b).

Investigation of the TGEV- and PRCV-shedding dura-
tion showed that PRCV-nasal shedding persisted (adult
swine) until postinoculation day 10, whereas TGEV-fecal
shedding persisted (suckling and weaned pigs) until
postinoculation day 14, with TGEV-nasal shedding up to
postinoculation day 11 (Laude et al. 1993; Saif and Wes-
ley 1999). PRCV infections usually remain subclinical, al-
though some investigators reported mild clinical signs of
respiratory tract infections, such as sneezing, cough, dys-
pnea, and short-lasting fever (Cox et al. 1990a; Pensaert
et al. 1986; Vannier 1990). Gross lesions have been de-
scribed after experimental infection of gnotobiotic pigs
and consist of catarrhal lobular bronchopneumonia, in-
terstitial pneumonia with infiltration of macrophages,
plasma cells, and lymphoblasts (Cox et al. 1990b; Van

Nieuwstadt and Pol 1989). Both PRCV and TGEV induce
interferon-� secretion (Charley and Laude 1988; Van
Reeth and Nauwynck 2000). It was suggested that dual
infection of pigs with porcine reproductive and respira-
tory syndrome virus (PRRSV) and PRCV could result in
more severe disease and growth retardation than only
single PRRSV infection (Van Reeth et al. 1996).

Porcine Epidemic Diarrhea Virus
The severity of clinical PED depends on the immune sta-
tus of the affected herd. In cases where PEDV is intro-
duced into a nonimmune, fully susceptible population,
clinical symptoms may resemble TGE, and mortality in
neonatal piglets can reach about 80% (Pensaert 1999).
This acute PED is characterized by watery diarrhea and
dehydration in young piglets. In fattening pigs, an asso-
ciation between PED rate and stress was observed (Pen-
saert 1999). Subclinical, persistent PEDV infections are
typical for populations with previous PED history that al-
so possess virus-specific immunity. The mechanism of
viral replication and consequent villous degeneration is
similar to that described for TGE (Pospischil et al. 1981).
The affected villous epithelial cells (Figure 10.1.1) can be
seen in the small intestine and colon as early as 12 to 18
hours and as late as 5 days after inoculation (Pensaert
1999). When introduced into a seronegative herd, clini-
cal and pathological signs associated with PEDV tend to
be similar to those for TGEV, but less severe, except that
the diarrhea may persist 2 to 3 weeks (Pensaert 1999).

DIAGNOSIS

Laboratory diagnosis of PRCV, TGEV, and PEDV in-
fections usually involves one or more of the following:
detection of virus, its genome, antigen components, or
antibody response. PRCV antigen can be detected by a
direct immunofluores (or immunoperoxidase) antibody
test on formalin- or paraffin-fixed lung sections (Pospisil
et al. 1969). An indirect immunofluorescence test has
been used for the detection of virus antigen in nasal
smears (Onno et al. 1989). Electron microscopy can be
used to examine the cells of bronchiolar and alveolar tis-
sues, including macrophages, for the presence of coron-
avirus particles (Cox et al. 1990b). Detection of
TGEV/PRCV/PEDV-specific nucleic acid was performed
by the use of dot-blot hybridization, reverse-transcription
(RT) polymerase chain reaction (PCR), or RT-nested PCR
(Benfield et al. 1991; Britton et al. 1993; Jackwood et al.
1993; Kim et al. 2000; Kubota et al. 1999; Kwon et al.
1998; Paton et al. 1997; Wesley et al. 1991; Woods 1997).
A simple and reliable method to confirm TGEV infection
is to detect TGEV antigens or virus contained within
small intestinal fluids by enzyme-linked immunosorbent
assay (ELISA) (Lanza et al. 1995). TGEV antigens can al-
so be detected by immunofluorescence or immunoper-
oxidase techniques within virus-infected cells (Shoup et
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al. 1996). However, this must be done during an early
stage of infection (1 to 2 days after inoculation) since the
infected enterocytes are rapidly destroyed and released
from the villi (Pensaert et al. 1981). Clarified, diluted in-
testinal contents can be subjected to immunoelectron
microscopy or ELISA (Horzinek et al. 1982; Saif and
Wesley 1999).

During the mid-1990s, with the emergence of PRCV,
the necessity for a new test arose, primarily because of
export requirements for TGEV-seronegative animals. To
meet this requirement, monoclonal antibodies and
oligonucleotide probes specific for TGEV/PRCV were
prepared, and differential ELISAs and RT-PCR assays
were developed (Callebaut et al. 1989; Garwes et al.
1988; Have 1990; Kim et al. 2000; Sestak et al. 1999b;
Simkins et al. 1993). These tests are used to detect and
differentiate between TGEV- and PRCV-induced antibod-
ies or viral RNA extracted directly from feces or nasal se-
cretions of infected pigs.

In contrast, PEDV does not cross-react with
TGEV/PRCV and exhibits a distinct pathogenesis in the
intestinal tract. Because of its common host and cell tro-
pism with TGEV, PEDV has to be considered when diag-
nosis is based solely on electron microscopy of fecal
specimens (Kusanagi et al. 1992). PEDV can be con-
firmed by direct immunofluorescence or immunohisto-
chemistry of the small intestine from piglets with acute
diarrhea within 3 days after onset (Pensaert 1999). ELISA
can be used for detection of PEDV antigens (Carvajal et
al. 1995) or antibodies (De Arriba et al. 1995). Primers
specific for the PEDV nucleocapsid (N) protein gene have
been used for detection of virus in intestinal contents by
RT-nested PCR (Kubota et al. 1999). Shedding of PEDV
in feces of experimental pigs was detected between 3 and
11 days after inoculation (Pensaert 1999).

PREVENTION AND CONTROL

Application of general preventive measures such as “all-
in all-out” herd turnover and the “black-and-white” sys-
tem of sanitation helps to prevent infection with porcine
coronaviruses (Bohl 1989; Stepanek et al. 1974). An effi-
cient and historically the oldest immunization method
to prevent TGE or PED is based on feeding the infectious
gut materials from diarrheic piglets to pregnant sows
and gilts approximately 3 weeks prepartum (Bohl 1989).
Although effective active immunity of a sow and, subse-
quently, also passive immunity of suckling piglets can be
induced by this method, it can also lead to uncontrol-
lable perpetuation of other intestinal pathogens. The ne-
cessity to better characterize the potential vaccine dose
and virus or antigen source led to the development of
commercial vaccines.

Current commercial TGEV vaccines consist of at-
tenuated or killed virus that does not induce sufficient
immune responses in the gut, resulting in irregular lev-

els of active and passive immunity. Commercial vac-
cines have been available since 1966 (Welter 1986).
These vaccines were inactivated or modified-live virus,
and were applied intramuscularly (IM) to sows before
farrowing; they contributed mostly to systemic immu-
nity (IgG) and to moderate or no reductions in the rate
of piglet mortality (Bohl 1989). Several US companies
reported the testing of attenuated live vaccines for IM
administration (Welter 1986). It was found that passive
immunity induced by a federally licensed, attenuated
live vaccine for oral and IM use was overwhelmed after
TGEV challenge exposure of suckling piglets (Moxley
and Olson 1989). The immunity induced by these at-
tenuated live vaccines functioned by means of stimula-
tion of gut-associated lymphoid tissue, with secretory
IgA production and prompting the gut-mammary hom-
ing pathway. An attenuated live vaccine is still one 
of the currently available commercial TGE vaccines li-
censed by Veterinary Biologics (USDA).

An important requirement for an oral TGEV vaccine
is that it possess minimal pathogenicity for piglets while
retaining the ability to deliver immunogenic antigens to
gut-associated lymphoid tissue (Saif and Wesley 1999).
The incomplete protection against TGEV induced by
oral vaccines currently available is the result of their in-
ability to infect the villous enterocytes of the small intes-
tine. As a consequence, there is very low stimulation of
intestinal IgA B-cell precursors (Saif and Wesley 1999;
Sestak et al. 1999a).

With current vaccines being either too attenuated
or applied at a dosage that is too low, protection is in-
consistent (Saif and Jackwood 1990; Shoup et al. 1997;
Van Cott et al. 1993; Saif 1996) and the search for more
reliable vaccines continues. For the protection of suck-
ling piglets, research continues to focus on the princi-
ple of colostral and lacteal intake of secretory IgA 
antibodies after immunization of sows with attenuat-
ed live vaccines (Park et al. 1998; Saif 1996; Sestak et
al. 1996).

During this decade, emphasis has been on the con-
struction of TGEV protein subunit vaccines. Among
the three major structural proteins of TGEV (Figure
10.1.2), the S protein contains immunodominant 
epitopes that are recognized by virus-neutralizing 
antibodies (Delmas et al. 1986; Jimenez et al. 1986).
Some of these epitopes were shown to be continuous
domains (Delmas et al. 1990; Gebauer et al. 1991;
Posthumus et al. 1990). Therefore, the objective of
some studies was to design antigenic synthetic pep-
tides derived from the S protein (Posthumus et al.
1991). It was found that the N protein and not S 
protein contains T-helper cell epitopes (Anton et al.
1995). A synthetic 15-mer peptide epitope derived
from the N protein was shown to cooperate with the 
S protein for in vitro induction of TGEV-specific anti-
body (Anton et al. 1996).
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To express the TGEV S, membrane (M), or N pro-
teins, several prokaryotic and eukaryotic systems such
as Escherichia coli, Salmonella, adenovirus, vaccinia
virus, baculovirus, and plants were used (Britton et al.
1987; Chen and Schifferli 2001; Enjuanes et al. 1992;
Godet et al. 1991; Gomez et al. 1998, 2000; Park et al.
1998; Pulford and Britton 1991; Shoup et al. 1997;
Smerdou et al. 1996a,b; Torres et al. 1995, 1996;
Tuboly et al. 1994, 2000). In some studies, protective
antibodies were induced in inoculated animals, corre-
lating with partial protection (Torres et al. 1995). In
other studies, induction of protective antibodies was
not reported (Gomez et al. 1998, 2000; Smerdou et al.
1996a,b; Tuboly et al. 2000), or they were detected as
IgG virus-neutralizing antibodies (Park et al. 1998;
Shoup et al. 1997). In the first attempts with prokary-
otic expression systems, TGEV immunogens did not
induce any neutralizing antibodies (Saif and Wesley
1999). Human adenovirus vectors were reported to un-
dergo an abortive replication in the porcine gut 
and lose the TGEV (S) inserts (Torres et al. 1996). 
The baculovirus-expressed S protein induced virus-
neutralizing antibodies to TGEV, as detected in the
serum of rats and pigs (Shoup et al. 1997; Tuboly et al.
1995). However, the protective capability of these sys-
temic antibodies was insufficient (Godet et al. 1991;
Shoup et al. 1997; Tuboly et al. 1995). Similarly, when

baculovirus-expressed S protein with incomplete Fre-
und’s adjuvant was administered intramammary and
IM to TGEV-seronegative, pregnant sows, only IgG 
antibodies to TGEV were detected in sows’ colostrum
and milk (Shoup et al. 1997). Moreover, there was no
significant impact on morbidity or mortality after
TGEV challenge exposure of litters from these sows
(Shoup et al. 1997).

In studies using baculovirus-expressed TGEV 
structural proteins (S, N, and M) coadministered in-
traperitoneally with E. coli mutant thermolabile toxin
(LT-R192G), immune responses associated with IgA
antibodies to TGEV resulted in reduced TGEV shed-
ding in the feces of challenged pigs (Sestak et al.
1999a). These results suggested that vaccines based on
the three major TGEV proteins (S, N, and M) could
stimulate both mucosal and systemic immune respons-
es. Since the pathology of TGEV remains localized in
the intestine, an effective vaccine should primarily elic-
it an intestinal immune response that can be targeted
by oronasal immunizations with adequate doses and
forms of attenuated vaccines (Saif and Jackwood 1990;
Van Cott et al. 1993). TGEV vaccines might be im-
proved further by the use of supplementary carrier
systems such as immunostimulating complexes,
biodegradable microspheres, or recombinant Salmo-

nella expression and delivery vectors.

10.1.2. Transmissible gastroenteritis virus (TGEV), porcine respiratory coronavirus (PRCV), and porcine epidemic diar-
rhea virus (PEDV) exhibit typical coronavirus morphology. A: Virions are pleomorphic, 60 to 200 nm, with club-shaped
sparse spikes (S protein). In addition to S protein, membrane (M) and helical nuleocapsid (N) proteins are major structural
components of the virus particle. The internal core contains the N protein and continuous mRNAs that are produced in
host cells (TGEV and PEDV, small intestine villous epithelium; and PRCV, respiratory tract epithelium). B: In the electron
micrograph, TGEV particles are indistinguishable from PRCV or PEDV particles.
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