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ABSTRACT

Porcine respiratory coronavirus(PRCV) is a new variant ofTGE with an altered
pathogenesis. PRCV multiplies mainly in tonsilar tissues and the respiratory tract. There are
no enteric symptoms and in experimentally infected pigs, even the respiratory tract infection
is usually asymptomatic. PRCV is spread aerogenically through herds and the significance
of PRCV as a pathogen in swine has yet to be determined. Despite the differences in
pathogenesis and tissue tropism, the behavior ofTGEV and PRCV are closely related
antigenically. PRCV induces an antibody response in pigs that cannot be distinguished from
TGEV-infected pigs by conventional serological assays. PRCV sensitized animals are not
protected from TGEV challenge nor is the milk antibody provided to nursing piglets
completely effective in prevention ofTGEV infections; thus PRCV is not a good vaccine
candidate for TGEV infections. PRCV subclinical infections have led to several reported
cases of enzootic TGEV in herds that had been diagnosed as TGEV immune strictly on the
basis of serum neutralizing titers which were later found to be due to exposure to PRCV.
Vaccination studies conducted with the Ambico, oral modified live TGEV vaccine have led
to some startling new results: (l)Use of Ambico TGEV moditied live vaccine has been
shown to provide complete protection against subsequent PRCV challenge and (2) the
effectiveness ofTGEV vaccination is actually enhanced by previous exposure to PRCV (3)
Weanling pigs which have passively acquired circulating TGEV neutralizing antibodies are
protected from subsequent PRCV infections.

INTRODUCTION

Transmissible gastroenteritis(TGEV) is a coronavirus that can infect swine of all
ages. The natural route ofTGEV infection is oral and can appear in two clinical forms:
epizootic and enzootic1,2. In the epizootic form TGEV will infect and replicate in the
absorptive epithelial cells covering the small intestinal villi. Virus replication results in a
degeneration or shortening of the villi which is commonly referred to as villus atrophy.
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This decrease in the absorptive capability of the small intestine results in a severe watery
diarrhea and pigs infected during the first two weeks of age usually die due to dehydration.
Enzootic or chronic TGEV, on the other hand, refers to a persistent infection of the herd with
TGEV occurring as a result of continual or frequent introduction of susceptible animals into
an immune or partially immune herd2,3. When these animals become infected, the disease
is perpetuated. Chronic TGEV clinical signs usually occurs in piglets greater than 2-weeks
of age and often persists through 2-weeks post-weaning.

TGEV vaccines have been commercially available since 1966. Until 1980 these
vaccines were either inactivated or moditied live and were used for intramuscular vaccination
of pregnant sows and gilts shortly before each farrowing. An oral vaccine was developed
and commercialized by our laboratory in 1980. This particular TGEV strain originated from
the lungs of a clinically normal adult pig, although it was still virulent for piglets. This TGE
virus strain was eventually moditied by passage through lungs of gnotobiotic piglets, lung
cell cultures and swine testicular cell cultures. The resulting TGE vaccinal strain retained its
normal peplomeric morphology and did not cause disease in piglets3,4. The principal
advantage of the oral vaccine, when administered to pregnant sows, was the subsequent
production of higher more persisting TGEV milk antibody levels which resulted in increased
protection of experimentally TGEV challenged piglets.

Colostrum and milk of sows may contain TGEV antibodies principally associated
with 3 immunoglobulin classes: IgA, IgG and IgM3. The predominating Ig is dependent
upon the method of viral sensitization. Colostrum and milk of sows which have been
parenterally inoculated(with either inactivated, moditied live or virulent TGEV) contain
predominantly IgG antibodies in their milk1,2,3,4. IgG antibody titers will drop 83 to 98
percent within the tirst 2·3 days post-farrowing. On the other hand, naturally or
experimentally infected sows by the oral route, will develop predominantly IgA milk
antibody which persists at higher levels throughout lactation. Many researchers have
correlated TGEV passive immunity protection from TGEV challenge in newborn piglets with
the presence of IgA-type TGEV antibodies in the milkS.

Previous studies have demonstrated that it is possible to actively immunize baby pigs
nursing immune dams, as early as day of birth, requiring 3-5 days to develop an active gut
immunity to TGEV1,2,6. Vaccine virus has been detected in the tonsils, salivary glands,
oropharyngeal and mesenteric lymph nodes as early as 24-hours and lasting for up to 4-days
post-inoculation. Virus has never been detected free in the intestinal contents. Holding baby
pigs away from the TGEV immune milk of the sow for 20-30 minutes after oral vaccination
has been found to be enough time to allow the virus to penetrate the tonsilar tissues and
sequester itself from neutralizing TGEV antibodies in the milk.

Porcine respiratory coronavirus(PRCV) is a new variant ofTGE with an altered
pathogenesis. PRCV multiplies mainly in the respiratory tract without enteric clinical signs
and in experimentally infected pigs, even the respiratory tract infection is usually
asymptomatic7,8,9,10. PRCV is spread aerogenically through herds and its significance as a
pathogen in swine has yet to be determined7,8,9,1O. Despite the differences in pathogenesis
and tissue tropism, TGEV and PRCV are closely related antigenically. PRCV induces an
antibody response in pigs that cannot be distinguished from TGEV-infected pigs by
conventional serological assays. However, antigenic differences do exist and this has led to
the development of specitic monoclonal antibodies that can be used to differentiate the two
viruses and their \lntibodies7.

PRCV was first isolated in the United States in 1989; by Dr. Howard Hill and was
designated the ISU-1 strain. This strain has since been found to be similar to previous
PRCV isolates in Europe by using PRCV - TGEV differentiating monoclonal antibodies.
Challenge studies with the ISU-1 strain ofPRCV conducted in both conventional and
gnotobiotic piglets have not yielded any clinical signs of infection or associated lesions in the
lungs, liver, spleen, kidney, brain or heart(Unpubished data). In these studies, replication of
PRCV was demonstrated by virus recovery from tonsillar and nasal swabs ~etween 6 and 12
days post-challenge, by inoculation of contluent swine testicular cells and identitication by
plaque reduction and plaque morphology assays. Moreover, all pigs seroconverted to
PRCV within 10·14 days post-inoculation. Vaccination studies conducted with the Ambico,
oral modified live TGEV vaccine and the ISU·1 PRCV virus have lead to some startling new
results.
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METHODS and RESULTS

STUDY #1

A total of thirty-six, 3-S day old piglets housed in strict isolation boxes with
individual airt10ws were used in this tirst study; twelve animals were orally vaccinated with
Ambico TGEY vaccine(107TCIDSO's/pig), twelve were orally and intranasally inoculated
with PRCV(109 TCIDSO's/pig) and the remaining twelve remained as nonvaccinated
controls. At 14-days post-inoculation all animals were orally challenged with SOOO PIOSO's
of virulent TGEV Purdue strain. A creamy to watery diarrhea developed within 48-hours
post-challenge in all of the ammals in both the nonvaccinated control group and the
previously-exposed PRCV group with mortality rates of 42 and SO%, respectively. TGEV
was detected from the diarrheic fecals by specific TGEV plaque reduction assays. Only the
TGEV orally vaccinated group remained clinically normal throughout the post-challenge
period. TGEV serum neutralizing titers were determined for each group. PRCVexposed
animals did demonstrate a seroconversion post-exposure to PRCV and a secondary antibody
response post TGEV challenge. These results are similar to those that have been reported
with the European PRCV isolates and clearly indicate that PRCV exposure will not protect
animals from subsequent TGEV infections. This is due to the fact that PRCV replicates
strictly in the respiratory tract and sensitization of the respiratory tract will not afford
protection at the enteric level. On the other hand the Ambico TGEV vaccine will multiply in
the oral-pharengeneal tract and it is believed that these primed lymphocytes will then migrate
to the Peyers patches where they will continue to differentiate and allow for enteric protection
to subsequent challenge. It has been previously reported that proper sensitization of
lymphocytes at the enteric level may afford protection from respiratory diseasesll.

Table 1. Morbidity, Mortality and Serological Response Following TGEV-Challenge
of Isolated Conventional Pigs.

No. of Treatment Clin. Obs. Post-Challeng;e. I Anti TGEV Neutralizing TIters2

Pigs Morbidity Inc.3 Mortality PreVac TGEV Chall. 14-DPC

12 NonVac. Controls

12 PRCY Exposed(IN-0)4

12 TGEV Vaccinated(O)5

12/12

12/12

0/12

5/12

6/12

0/12

<2

<2

<2

<2

8

25

45

241

66

1. TGEV Challenge: Pigs were orally challenged with SOOO PIDSO's at 19-days of age.
2. Geometric Mean TGEV Antibody Titers
3. Morbidity Incidence: Is defined as number of pigs demonstrating clinical signs

divided by total number of pigs.
4. PRCV Challenge: Oral and Intranasally at 5-days of age.
5. TGEV Vaccination: Oral at 5-days of age.

STUDY #2
Since we knew the interrelationship between the oral-pharyngeal cavity and the

enteric tract as it related to response to TGEV vaccine we wanted to investigate the effect
TGEV vaccine would have on subsequent respiratory infections with PRCV. We were able
to clearly demonstrate that: (1) Oral TGEV vaccination of piglets will provide protection
from subsequent PRCV infections and (2) passively acquired circulating antibodies to TGEV
will also prevent PRCV infections. . .

In this study a total of eicrht TGEV seronegative gilts were used. Three ot the glits
were vaccinated intramuscularly"'at 5 and 2 weeks prior to farrowing with TGEV vaccine
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(107.2 TCIDSO's/dose) and the other five gilts remained as nonvaccinated controls.
Two of the litters suckling nonvaccinated control gilts were orally vaccinated with TGEV
vaccine(106.8 TCID50's/dose) at 7-days of age. All animals were weaned at 28-days of age
and then orally and intranasally challenged with PRCV at 35-days of age. Nasal and Throat
swabs were collected from 5 to 14 days post-challenge for PRCV isolation as previously
described. No PRCV was isolated from either the TGEV orally vaccinated piglets or the
piglets that suckled the TGEV vaccinated gilts. PRCV was reisolated very frequently from
the nonvaccinated piglets that suckled the nonvaccinated control gilts. Significant TGEV
serum neutral;zing titers were observed in both the orally vaccinated piglets and the piglets
that suckled the TGEV vaccinated gilts. A secondary antibody response to TGEV was
observed in the TGEV orally vaccinated piglets, but no signiticant change in serum
neutralizing titer was observed in the piglets that suckled the TGEV vaccinated gilts. These
data imply that the oral Ambico TGEV vaccine is even more immunogenic when exposure to
PRCV has occured. It is our conclusion that prevalence ofTGEV antibody in the U.S.
swine herds deters the rapid spread of PRCV.

Table 2. Active Immunity and Passively - Acquired Antibody Protection To PRCV
Challenge in 35-day Old Weaned Pigs As a Direct Result ofTGEV Vaccination

Virus Shedding Post Chall. with PRCV
Virus Inoculation Virus Inoculation Nasal and Throat Swab Isolations
of Gilts of Baby Pigs 7-DPC 8-DPC 9-DPC

NonVac. Controls TGEV(0)1IPRCV(IN-0)2 0/18 0/18 0/18

NonVac. Controls NoneIPRCV(lN-0)2 13/17 15/17 13/17

TGEV(lM)3 NoneIPRCV(lN-0)2 0/22 2/22 0/22

1. TGEV Vaccination: Pigs Orally vaccinated at 7-days of age.
2. PRCV Challenge: Oral and Intranasally at 3S-days of age.
3. Gilts vaccinated Intramuscularly with TGEV vaccine at 5 and 2-weeks Prefarrow.

STUDY #3

A decrease in clinical TGEV infections in Europe has been concomitant with the
development of PRCV seroconversions in swine. This has led researchers to investigate
whether or not pregnant animals that have been sensitized to PRCV will induce TGEV
neutralizing IgA antibody response in their milk. The results of these studies as well as work
done at our laboratory indicate that the type of PRey induced anti-TGEV antibody in the
milk is of the IgG class and that nursing pigs that were challenged with a virulent TGEV
were not protected9. Four groups ofTGEV seronegative gilts were used. The tirst group
served as nonvaccinated controls; the second group was orally and intranasally challenged
with PRCV at 8-weeks prefarrow; the third group was vaccinated intramuscularly with
TGEV vaccine at Sand 2-weeks prefarrow and the fourth group was orally vaccinated with
TGEV vaccine at 5 and 2-weeks prefarrow. At fourteen days of age all pigs were orally
challenged with SOOO PIDSO's of virulent TGEV Purdue strain. Piglets suckling
nonvaccinated controls developed a creamy to watery diarrhea which persisted for 7 to 8 days
post-challenge with a mortality rate of 24%, a morbidity incidence of 100% and a morbidity
incidence and duration of 74%. Similar results were seen in piglets suckling PRCV
exposed gilts, with a baby pig mortality of 21 %, morbidity incidence of 100% and morbidity
incidence and duration of 50%. The piglets suckling the TGEV 1M vaccinated gilts had
mortality rate of 11%, a morbidity incidence of 68% and morbidity incidence and duration of
26% a significant reduction compared to the nonvaccinated controls, but not as signiticant as
the piglets suckling the orally vaccinated TGEV gilts which had a mortality and morbidity
incidence rates of 4% and morbidity incidence and duration of 3%.
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Table 3. Morbidity and Mortality of 14-day Old Nursing Piglets Challenged with TGEV

Virus Inoculations Gilt Baby Pig Baby Pig Baby Pig
Gilts Morbidity1 Mortality Morbidity Morbidity Incid.

& Duration2

NonVaccinated 3/3(100 %) 6/25(24 %) 25/25(100 %) 177/240(74 %)

PRCV(IN-O)3 2/3(67 %) 5/24(21 %) 24/24(100 %) 112/226(50 %)

TGEV(lM)4 1/3(33 %) 2/19(11 %) 13/19(68 %) 50/190(26 %)

TGEV(O)5 0/3(0 %) 1/25(4 %) 1/25(4 %) 7/243(3 %)

1. Morbidity Incidence: Is detined as number of animals developing clinical signs
divided by total number of animals.

2. Morbidity Incidence and Duration: Is detined as number of days pigs demonstrated
clinical signs divided by total number of pig days.

3. PRCV Exposed: Oral and Intranasally at 8-Weeks prefarrow.
4. TGEV 1M Vaccinations: At 5 and 2-weeks prefarrow.
5. TGEV Oral Vaccinations: At 5 and 2-weeks prefarrow.

Following infection of the piglets with TGEV, a number of the nursing sows also
became ill at about 7 to 10 days post-challenge.

SUMMARY

In conclusion, a TGEV variant has recently been reported on and identitied as a
porcine respiratory coronavirus. The pathogenicity of PRCV infections remains a unclear
although epidemiological reports indicate the virus has spread rapidly throughout Europe but
not in the United States. This may be due in large part to a high incidence of preexisting
TGEV antibody in herds throughout the United States. PRCV sensitized animals are not
protected from TGEV challenge nor is the milk antibody provided to nursing piglets
completely effective in prevention ofTGEV infections; therefore, PRCV is not a good
vaccine candidate for the prevention of TGEV infection.

Vaccination studies conducted with the Ambico, oral moditied live TGEV vaccine has
led to some startling new results: (l)Use of Ambico TGEV moditied live vaccine has been
shown to provide complete protection against subsequent PRCV challenge and (2) the
effectiveness ofTGEV vaccination is actually enhanced by exposure to PRCV.

REFERENCES

1. G.R. Fitzgerald, M.W.Welter, C.J. Welter, Improving the Efficacy of Oral TGE
Vaccination. Vet. Med. 81: 184-187(1986).
2. G.R. Fitzgerald, C.J. Welter, The Effect of an Oral TGE Vaccine on Eliminating Enzootic
TGE Virus from a Herd of Swine. Agri Pract.Disease Control., 11: 25-29(1990).
3. C.J. Welter. Effective use of Vaccination in Acute and Chronic Viral Diarrhea. Minnesota
Swine Herd Health Confr.(1986).
4. C.J. Welter. Strategies for a Successful Coronavirus (TGE) Vaccine for Swine.
Coronaviruses, Plenum Publishing Co. 218: 551(1987).
5. P. Porter and W. D. Allen Classes of immunoglobulins related to immunity in the pig: A
review. J. Am. Vet. Med. Assoc., 160: 511(1972).
6. 1. A. Graham. Induction of Active Immunity to TGE in Neonatal Pigs Nursing
Seropositive Dams. VM/SAC 75: 1618(1980).

467



7. P. Callebaut, I.Correa, M.Pensaert, GJimenez, L.Enjuanes. Antigenic Differentiation
between Transmissible Gastroenteritis Virus of Swine and a Related Porcine Respiratory
Coronavirus. J. Gen. Viro!. 69: 1725-1730(1988).
8. D. O'Toole, I.Brown, A.Bridges, S. F.Cartwright. Pathogenicity of Experimental
Infection with Pneumotropic Porcine Coronavirus. Res. Vet Sci., 47: 23-29(1989).
9. D. J. Paton, I. H.Brown. Sows Infected in Pregnancy with Porcine Respiratory
Coronavirus Show no Evidence of Protecting their Suckling Piglets against Transmissible
Gastroenteritis. Vet. Res. Comm. 14: 329-337( 1990).
10. E.Yus, M. D.Laviada, L. Moreno, J. M. Castro, J. M. Escribano, I. Y.Simarro. The
Prevalence of Antibodies to Intluenza and Coronaviruses amoung Fattening Pigs in Spain.
J. Vet. Med. 36: 551-556(1989).
11. C. Burns, J.Ebersole and M.AlIansmith. Immunoglobulin A Antibody Levels in Human
Tears, Saliva and Serum. Infec. and Immunity. 36-3: 1019-1022(1982).

468


