
19 

Importance of the Antibody Response in 
the Outcome of Virus-Induced Diseases 
of the Central Nervous System 
Antibody Modulation of Coronavirus Encephalitis in 
a Mouse Model 

Pierre J. Talbot, Robert L. Knobler, and Michael J. Buchmeier 

1. INTRODUCTION 

The immune response induced after exposure to a viral agent is aimed at preventing or 
at least limiting the deleterious effects of the infection. Thus, an acute viral illness can 
be aborted into a subclinical or inapparent infection. For example, only about one-half 
of adults with circulating antibodies to mumps virus recall having had the disease (Luria 
et al., 1978). On the other hand, the immune response may alter the course of disease. 
For example, human viral diseases such as subacute sclerosing panencephalitis (Vandvik, 
1973) and progressive rubella panencephalitis (Wolinsky et al., 1976) occur in the pres
ence of high titers of antibodies to measles and rubella viruses, respectively. Alternatively, 
a viral infection may trigger an autoimmune disease, possibly as a result of molecular 
mimicry or the sharing of antigenic sites between virus and host cell components (Fujinami 
and Oldstone, 1985) or rather the destruction of cells with release of cellular antigens 
not normally available to the immune system (Gonzalez-Scarano and Nathanson, 1985). 
Finally, the immune response to the infectious agent may contribute to the disease via 
immune-mediated tissue injury (Buchmeier and Knobler, 1984). 

We have made use of an animal model to study the importance of the antibody 
response to an infectious agent of the central nervous system in modulating the outcome 
of the infection. The JHM strain of murine hepatitis virus (MHV-JHM) is a neurotropic 
member of the Coronaviridae (Siddell et al., 1983), a group of enveloped positive-polarity 
single-stranded RNA viruses. The agent was first isolated in 1949 from brains of mice 
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with paralytic symptoms (Cheever et al., 1949) and shown to be involved in encephalitis 
and demyelination (Bailey et al., 1949). Fatal encephalitis is associated with significant 
loss of neurons, cells to which susceptibility of mice could be mapped (Knobler et al., 
1981a). Infrequent survivors or mice infected with attenuated temperature-sensitive mu
tants of MHV -JHM showed chronic recurrent demyelination as a result of oligodendrocyte 
infection (Lampert et al., 1973; Weiner, 1973; Haspel et al., 1978; Knobler et al., 1981b, 
1982). This experimental model of a neurotropic agent interacting with the central nervous 
system is especially relevant to studies on the possible viral etiology of mental disorders 
such as multiple sclerosis (Gonzalez-Scarano and Nathanson, 1985) in view of the ob
servation that a large proportion of the human population shows circulating anticoronavirus 
antibodies (MacNaughton, 1982). Moreover, multiple sclerosis patients show intrathecal 
synthesis of antibodies to coronaviruses (Salmi et al., 1982) as well as other viruses such 
as measles (Norrby, 1978). 

Structural proteins of MHV include a nucleocapsid protein N (56,000 daltons) and 
two glycoproteins E1 (23-25,000 daltons) and E2 (90-100,000 and 180-200,000 daltons) 
(Siddell et al., 1982; Sturman and Holmes, 1983). The small glycoprotein E1 contains 
O-linked oligosaccharides (Holmes et al., 1981; Niemann and Klenk, 1981), is deeply 
embedded in the viral envelope (Armstrong et al., 1984), and interacts with the internal 
N protein in a matrixlike fashion (Sturman et al., 1980). The large glycoprotein E2 is 
associated with the virion petal-shaped peplomers, contains N-linked oligosaccharides, 
and appears to be a dimer of two subunits of identical size (Sturman et al., 1985). We 
have raised a library of monoclonal hybridoma antibodies against the structural proteins 
of MHV -JHM to use as specific probes of the biology and biochemistry of this virus and 
its associated CNS disease. In our initial studies, we could identify the E2 glycoprotein 
as being involved in attachment to susceptible cells and spread of virus by cell-cell fusion 
(Collins et al., 1982). More recently, we could define three topographically distinct 
antigenic sites on this protein that were involved in in vitro neutralization (Talbot et al .. 
1984). The object of the present report is to describe our findings with regard to the 
importance of specific antibodies in modulating CNS disease induced by the coronavirus 
MHV-JHM. 

2. MODULATION BY MONOCLONAL ANTIBODY OF NEUROLOGICAL 
DISEASE INDUCED IN MICE BY THE WILD-TYPE STRAIN OF MHV-JHM 

Passive transfer by intraperitoneal injection of monoclonal antibodies (0.2 m1 ascites 
fluids) directed to two of three neutralization sites on the E2 glycoprotein of MHV-JHM 
protected 4- to 6-week-old BALB/c St mice from a normally lethal intracerebral virus 
challenge (30-150 LDso) given 1 or 2 days later (Buchmeier et al., 1984), as shown in 
Table 1. 

Significant protection (50%) was afforded with an intraperitoneal dose as low as 1 
ILg per gram of mouse body weight (25 ILl of 5B19.2 ascites fluid containing 1 mg/ml 
specific IgG 1). Protected animals showed a drastic reduction in virus titers (20-fold in 
brain and more than lOa-fold in liver), indicating a substantial decrease of virus replication 
in both the CNS and peripheral compartments. The protection afforded by appropriate 
monoclonal antibody was both prophylactic and therapeutic, since more than 80% of 
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Table 1. Passive Protection by Monoe/onal Antibodies to MHV-JHM 

Neutralization Protection 
Antibody Ig subclass Epitope recognized in vitro in vivo 

SB19.2 IgGi A(E2) + + 
SB170.3 IgGi A(E2) + + 
SA13.5 IgG2A B(E2) + + 
4Bl1.6 IgG2A C(E2) + 
5B21.S IgGi D(E2) 
5B93.9 IgA D(E2) 
SB207.7 IgG2B E(E2) 
5B216.8 IgG2A E(E2) 
5B1l9.4 IgG2A A(EI) 
SA5.2 IgG3 B(El) 
5B128.3 IgG3 C(EI) 
4B6.2 IgGI A(N) 

mice could be protected by passive transfer of antibody 5B19.2 1 day after virus inoc
ulation, which argues for a protection mechanism more complex than simple in vivo 
neutralization (Buchmeier et al., 1984). Histopathological examination and antigen lo
calization studies showed that protection from normally fatal encephalitis was a result of 
a sparing of neurons but that oligodendrocytes were still infected, which resulted in a 
chronic subacute demyelinating disease (Buchmeier et al., 1984) similar to that observed 
after infection with the attenuated mutant ts8 (Haspel et al., 1978). Indeed, passive transfer 
of monoclonal antibody 5B19.2 could not protect mice from ts8-induced demyelination, 
which suggests that antibody can protect neuronal cells from MHV -JHM infection but 
does not similarly protect oligodendrocytes (Buchmeier et al., 1984). 

3. PROTECTION BY MONOCLONAL ANTIBODY OF NUDE MICE FROM wt 
MHV-JHM ENCEPHALITIS 

In order to pinpoint more precisely the primary antibody dependence of the protection 
from coronavirus encephalitis, we repeated the passive monoclonal antibody transfer 
studies in the athymic nude mouse model, where it is generally believed that cellular T
cell-dependent immune responses are at a minimal level (Rygaard, 1975). We found that 
the survival time of nulnu BALBlWehi mice was significantly increased by a single 
intraperitoneal administration of 0.2 ml ascites fluid of monoclonal antibody 5B 19.3 (a 
cloned hybridoma line identical to 5B 19.2) 2 days prior to intracerebral challenge with 
50 PFU of wt MHV-JHM, as shown in Fig. 1. 

4. PROTECTION BY MONOCLONAL ANTIBODY OF NUDE MICE FROM ts8 
MHV-JHM ENCEPHALITIS 

Unlike conventional BALB/c mice, nude mice were only partially protected from 
coronavirus encephalitis (Buchmeier et al., 1984; Fig. 1), probably because of a much 
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Figure 1. Passive monoclonal antibody protection of nude mice from normally fatal wt JHM virus-induced 
encephalitis (n = number of mice per group). 

higher virulence of the wild-type JHM virus in nude mice. Thus, we turned to the 
attenuated ts8 mutant of MHV-JHM (Haspel et ai., 1978). An intracerebral ts8 virus 
challenge that is normally not lethal in conventional BALB/c mice killed all 6- to 8-
week-old nulnu BALB/Wehi mice within 7 to 8 days. Therefore, the ts8 infection of 
nude mice provided an excellent alternative experimental model to study antibody mod
ulation of coronavirus encephalitis in the absence of T-cell responses. 

Nude mice given a single intraperitoneal dose (0.4 ml ascites fluid) of monoclonal 
antibody 5B 19.3, directed against neutralization epitope A(E2) , survived for up to 3 
weeks following virus inoculation of as much as 104 PFU given 2 days after antibody 
transfer (Fig. 2A). Unprotected mice were killed with virus doses as low as 0.1 PFU, 
which corresponded to approximately I LDso (Fig. 2B). 

Nude mice could be spared for longer periods of time by repeated antibody injections (Fig. 
3B). On the other hand, nude mice given a single dose of monoclonal antibody 5A13.5, di
rected against a distinct neutralization epitope B(E2) , survived indefinitely from a 100 LDso 
ts8 virus challenge given 2 days later (Fig. 3 A). Unprotected mice were all killed within 7-8 
days (Fig. 3C) and showed signs of clinical illness a few days before that. 

The increased protective potential of antibody 5A13.5 correlated with an approxi
mately fivefold higher in vitro neutralization titer compared to antibody 5B19.2 (Buch
meier et ai., 1984). 
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Figure 2. Passive monoclonal anti
body protection of nude mice from nor
mally fatal ts8 virus-induced encepha
litis (n = number of mice per group; 
PFU as indicated). 
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5. ANTIBODY RESPONSE OF NUDE MICE UPON ts8 MHV-JHM INFECTION 

215 

A possible explanation of the increased susceptibility of nude mice to the attenuated 
ts8 mutant of MHV-JHM was a deficient immune response to the infectious agent. Thus, 
we measured the antibody response of these mice after a nonlethal peripheral virus 
challenge. Results are shown in Fig. 4. Homozygous nulnu mice made a much lower 
antibody response to MHV -JHM than their heterozygous nul + littermates, which bear 
the recessive nude gene. Circulating viral antibody titers were eight- to 50-fold lower in 
nude mice, and separate experiments showed that this low level of antibodies was not 
sufficient to confer protection against a subsequent intracerebral challenge (data not 
shown). 

6. PASSIVE TRANSFER OF PROTECTION FROM ts8 MHV-JHM ENCEPHALITIS 
BY IMMUNE SERUM 

Previous studies have provided insight into the potential role of selected specific 
antibodies in leading to host survival from fatal infection. However, hybridoma antibodies 
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produced in the form of ascites fluids represent concentrations of specific antibodies likely 
never encountered in the course of an antibody response to viral infection (Talbot et al., 
1985). Thus, in order to establish more firmly the relevance of the antibody protection 
studies in the context of MHV -JHM infection of nude mice, we attempted to transfer 
protection to these immunodeficient animals with an immune serum produced in normally 
responding mice. For that purpose, BALB/Wehi mice were hyperimmunized with wt 
MHV-JHM injections, and their serum was collected 1 week after the last injection. 
Virus-specific antibody titers were determined by an enzyme-linked immunosorbent assay 
(Talbot et al., 1984), a modification of which was used to quantify antibodies directed 
against specific epitopes on the viral proteins (Talbot et al., 1985). Three different immune 
serum pools were used for passive protection studies, and the results are shown in Table 
2. Monoclonal antibody ascites fluids were used for comparison. 

A single peripheral administration of one of the three immune serum pools protected 
nude mice from a normally lethal virus challenge. These animals survived for similar 
periods (3 weeks or more) to animals protected with a single dose of monoclonal antibody 
5BI9.3. Quantitation of specific antibodies in immune sera showed that protection po
tential correlated with titers of antibodies to epitope A(E2), which is the target on the E2 
glycoprotein of neutralizing and protecting antibodies (Talbot et al., 1984). Indeed, 
passive transfer of immune serum containing 0.52 ~glml antibodies against epitope A(E2) 
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Figure 4. Antibody response of nulnu and nul + 
BALBIWehi mice upon intraperitoneal inoculation of lif 
PFU Is8 MHV-JHM. Viral-specific titers were measured 
by enzyme-linked immunosorbent assay (Talbot el al., 
1984) in individual mice in groups of six. 
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Table 2. Passive Transfer of Protection from tsB MHV-JHM Encephalitis with Immune 
Serum and Monoclonal Antibody 

Antibody 
source 

Immune serum 
poolQ 

1 
2 
3 

Monoclonal antibody 
ascites fluids 

5B19.3 A(E2) 
4BII.6 C(E2) 
5A5.2 B(EI) 

17.3 
18.5 
19.0 

10.5 
11.8 
9.5 

A(E2) 

0.21 
0.28 
0.52 

I ()()() 

o 
o 

MHV-JHM antibody titer 

Epitope-specific (lLglml) 

C(E2) 

3.3 
3.8 
4.3 

o 
730 
o 

B(El) 

3.7 
7.0 
6.5 

o 
o 

630 

Passive 
protectionC 

+ 

+ 

'Pools I and 2: five BALB/Wehi mice immunized with three biweekly intraperitoneal injections of 10" PFU wI MHV-JHM 
and bled I week after the last injection. Pool 3: five BALB/Wehi mice that had survived IsS MHV-JHM injection at 6-14 
weeks of age (two nul + mice, 10" PFU intraperitoneally; two nul + mice, 1()2 PFU intracerebrally; one + I + mouse 10" 
PFU intracerebrally) were boosted at age 11-13 months with two intraperitoneal injections of wI MHV-JHM given 1 week 
apart (10" PFU followed by lOS PFU) and bled 1 week later. 

b End-point titer by enzyme-linked immunosorbent assay. 
, Three 7-week-old nulnu BALB/Wehi mice were given a single intraperitoneal dose of 0.4-0.5 ml 1 day prior to intracerebral 

challenge with 100 LDso (10 PFU) IsS MHV-JHM. 
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was sufficient to confer protection, whereas an immune serum containing 0.28 IJ.g/rnl of 
such antibodies failed to protect mice. Separate studies have shown that mice do generate 
such protecting levels of antibodies upon experimental MHV -JHM infection (Talbot et 
ai., 1985). Thus, the increased susceptibility of nude mice to ts8 MHV-JHM can be 
overcome by passive transfer of appropriate antibodies. 

7. CONCLUDING REMARKS 

Studies described in the present report emphasize the importance of an appropriate 
antibody response in modulating the outcome of the coronavirus MHV-JHM-induced 
central nervous system disease. Antibody response at the level of individual epitopes on 
a viral glycoprotein may be a critical determinant of the outcome of CNS infection. Thus, 
the analysis of the antibody response to an infectious agent and its relevance to CNS 
disease must include a quantitation of specific protecting antibodies. Such quantitation 
could reveal an unsuspected importance of antibodies in neurological disorders (Sorensen 
et at., 1984; Woodward et at., 1984). 

The murine coronavirus MHV -JHM thus represents an interesting experimental model 
for the analysis of the importance of antibody response in the CNS disease. Further studies 
of this model should include a quantitation of intrathecal antibody response. Indeed, 
previous studies have indicated intrathecal synthesis of MHV -JHM specific antibodies 
(Fleming et at., 1983; Sorensen et at., 1984), a phenomenon also noted in human CNS 
diseases such as subacute sclerosing encephalitis and multiple sclerosis (Tourtelotte, 1970; 
Norrby, 1978; Salmi et ai., 1982). 
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