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INTRODUCTION 

Current coronavirus vaccines are classical vaccines, i. e., are based on live attenuated 
coronavirus. These vaccines provide protection against certain strains of infectious bronchi
tis virus (IBV) and mouse hepatitis virus (MHV), and with variable results against bovine 
coronavirus (BCV) and transmissible gastroenteritis virus (TGEV). 

Chicken immunized with whole inactivated IBV were protected against virulent 
challenge 1 5. In contrast, chicken immunized with the purified spike (S) glycoprotein, 
nUcleoprotein (N), or membrane (M) proteins did not induce protection 17. Immunization with 
the S I glycoprotein prevented replication of nephropathogenic IBV in kidney, but not in 
trachea of immunized chicken36. Protection did not correlate with the presence of virus 
neutralizing (VN) and haemagglutination inhibiting (HI) antibodies. 

In feline infectious peritonitis virus (FIPV), humoral immunity to S protein is not 
protective, and cell mediated immune responses may be important in immunity66. The 
development of a safe and effective vaccine against FIPV has been very problematic. A 
variety of approaches have been unsuccessful, including the administration of inactivated 
FIPV, avirulent FIPV or sublethal doses of virulent FIPV, heterologous live virus vaccines 
[canine coronavirus (CCV), human coronavirus (HCV)-229E, and TGEV], and a recombi
nant vaccinia virus expressing FIPV S protein98• 66. Most recently, a temperature-sensitive 
mutant ofFIPV has been developed as an FIPV vaccine. Unfortunately, while testing by the 
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manufacturer provided 78% protection, independent testing gave from 0 to 50% protection, 
depending on the strain and dose exposure78. 

Lactogenic immunity is of primary importance in providing newborn piglets imme
diate protection against TGEV infection. Effective immunity has only been provided by the 
administration of virulent virus. Unfortunately, in this case the virus will become enzootic 
in the farm, preventing its use. Licensed TGEV vaccines have met limited success74,26, CCV 
and BCV vaccines provide partial protection and have to be improved. In summary, effective 
protection only to two coronaviruses can be elicited using current vaccines, implying the 
need of a new vaccine design. 

Targets in Protection 

The role in protection of the different viral proteins has a variable support. While 
there are many reports indicating that the S protein elicits protection against coronaviruses 
of different species29, 17,58,43 the role of M protein, and particularly of the N protein, is less 
obvious. There is very little information on the role in protection of the small membrane 
(sM) protein29, 17,58,43,31, and of the non-structural proteins. Proteins exposed in virus or in 
virus infected cells have a higher probability of being involved in protection. Therefore, it 
is of interest to identify them. 

Sand M proteins have been detected on the surface of infected cells and these proteins 
have been identified as targets in immune protection in MHV29, 35,17,48,64,82,27,58,105,43,51, 
70,32,89,31,20,44, 102,34. S protein also induces protection against mv and MHY. These proteins 

are frequently detected in small quantities in the surface of virus infected cells associated to 
the presence of virions, while they are detected in the cytoplasm of infected cells in large 
quantities29,35, 17,48,64,82,27,58, 105,43,51,70,32,89,31,20,44, 102,34. These data are in agreement with 

the concept that coronaviruses assemble at rough endoplasmic reticulum and Golgi mem
branes. Consequently, most viral proteins are transported through intracellular compartments 
and only a small proportion, which is not incorporated into virions, is transported to the 
plasma membrane86. Expression of recombinant S, M, sM, haemagglutinin-esterase (HE), 
and hydrophobic (HP) proteins using poxvirus83, 98, 97, 44, adenovirus83, 98, 97, 108, 44, or 
baculovirus l05, 67, 32,106,107,31,108 has shown that these proteins are found in small amounts 
on the surface of transformed cells, in the absence of other coronavirus components I 05 . This 
result does not necessarily reflect the situation after coronavirus infection, in which, as 
mentioned above, viral proteins are mainly found associated to virus bound to cell mem
branes. 

M protein induces complement-dependent48, 104 and possibly complement-inde
pendent neutralizing antibodies IOI ,27 in assays performed in vitro. The antibodies elicited in 
vivo failed to protect against MHV challenge in some cases l02 but not in others27. According 
to the current topological model of coronavirus M protein, only the amino-terminus of the 
M protein is exposed on the virus surface2, 9, 47, 50, 38. In contrast, presented data support that 
the carboxy-terminus domain of M protein is exposed on the external virus surface both in 
TGEV and in MHV90, 72 providing a new target for virus or virus-infected cells clearance. 

The role ofN protein in protection is being understood lO2. Antibodies to N protein 
have no virus neutralizing activity in vitro. An N protein fragment has been detected in the 
surface of infected cells (S. Stohlman, personal communication), and it has been shown that 
a monoclonal antibody (MAb) to the N protein prevented the cytopathic effect of MHV in 
L ce1l52 . This antibody, as well as another non-neutralizing MAb, protected mice from acute 
disease 52 . In contrast, other anti-N protein antibodies did not provide in vivo protection33, 
13, 88, 52. The mechanism by which the N protein protects is unclear. It may involve a 
cell-mediated defense mechanism, e.g. cytotoxic T lymphocyte (CTL) activity85 ,T helper 
cells l03 , or T cell-derived antiviral cytokines l02. N-reactive helper T cells supporting virus-


