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1. INTRODUCTION 

Murine hepatitis virus (MHV) strain A59 infects the central nervous 
system (CNS) and liver of mice, causing encephalitis and hepatitis. Virus is 
cleared from both organs by 16 days post-infection (dpi) (Lavi et aI, 1986; 
data not shown). Infection of the CNS by this virus is associated with 
demyelination. Interestingly, demyelination peaks at around 30 dpi, after 
infectious virus is cleared and only viral RNA and small amounts of protein 
remain (Lavi et aI, 1984a, 1984b; Sutherland et aI, 1997; data not shown). 

Lymphocytes are necessary to control the viral infection, and are 
considered critical for the development of demyelination also (Wang et aI, 
1990; Williamson and Stohlman, 1990; Houtman and Fleming, 1996), 
Although much effort has been devoted to understanding the role of T cells 
in the control of viral infection and development of demyelination, the other 
major populations of lymphocytes, the B cells, have been more difficult to 
study. We used several recent knockout strains of mice to investigate 
whether B cells are important in immunological control of viral replication 
or in MHV -A59 induced demyelination. 

The Nidoviruses (Coronaviruses and Arteriviruses). 
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2. VIRAL PERSISTENCE IN THE CNS IN THE 
ABSENCE OF B CELLS 

To determine whether B cells are important for clearance of virus from 
the CNS, we injected 10-S0 pfu MHV-AS9 intracerebrally (i.c.) into mice 
that have defects in various pathways of B cell activity (Table 1). Thirty 
days after infection, we collected brains from euthanized, PBS perfused 
animals. Virus from brain homogenate was titered on L2 cells as 
previously described (Gombold et aI, 1993). 

Infectious virus was successfully cleared in various strains of 
immunocompetent wildtype mice, but virus persisted in mice that lacked B 
cells or the ability to secrete IgG (Jackson Laboratory; Chan et aI, 1999; 
Mark Shlomchik, personal communication). These results suggest that 
antibodies, especially IgG, are important for clearance of virus. Mice that 
lack the ability to activate the complement cascade (Circolo aI, 199) or lack 
the major receptors for IgG (FcR) (Taconic Laboratories) clear virus, 
suggesting that antibody clears MHV-AS9 by a mechanism independent of 
complement activation or FcR signalling. 

Table 1. Persistence of infectious virus in the brains of mice deficient either in B cells, 
antibodies, or mechanisms of antibody activity. 

Mouse strain Deficiency Presence of infectious 
virus in the CNS 

C57BLl6 none 
Igh6 (IlMT)/B6 No B cells + 
C.B-17 none 
JhD/C.B-17 No B cells + 
Meg/C.B-17 No class switching + 
Bonnie/C.B-17 No secreted antibody + 
FcRysubchain knockoutlB6 No FcRyI or III 
C3 knockoutlB6 No complement cascade 

3. LATE MORTALITIES IN B CELL DEFICIENT 
MICE ARE ASSOCIATED WITH HIGH VIRAL 
TITERS 

In wildtype CS7BLl6 or C.B-17 mice, MHV-AS9 associated mortality 
occurs within 30 days (Lavi et aI, 1984a). After i.c. infection of B cell 
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deficient Igh6 mice with MHV-A59, we observed that while these mice 
sometimes died acutely, they were also dying at late time points. In 
comparison, uninfected Igh6 mice did not die as they grew older. When 
viral titers were measured from brains collected from moribund or recently 
dead animals, we discovered that mortality was associated with very high 
viral titers in the CNS (Table 2). These titers were comparable to titers we 
observed at the peak of acute infection in C57BLl6 mice (average of 
log lO6.l ± 0.3 from 3 experiments in C57BLl6 mice infected with 50 pfu 
MHV-A59 i.c.). 

Table 2. Brain viral titers in B cell deficient mice that died late after infection. Mice were 
infected with MHV -A59 at 4 weeks of age. 

Days post-infection Dose infected with (pfu) Brain viral titer (pfu/g, log 
base 10) 

21 5000 6.54 
26 5000 6.68 
48 5000 5.88 
60 500 6.70 
62 500 5.40 
72 50 5.94 
81 5000 5.58 
85 500 6.28 
91 50 5.68 

4. DEMYELINATION IN THE ABSENCE OF B 
CELLS 

Data from 132 micro globulin knockout mice who lack normal CD8+ T 
cells and from CD4+ and CD8+ depleted mice infected i.c. with MHV-A59 
demonstrated that CNS demyelination can occur in the absence of the major 
T cell populations (Sutherland et aI, 1997; Gombold et aI, 1995). 
Therefore, we hypothesized that the other major lymphocyte population, the 
B cells, could be important in the process of demyelination. We checked for 
demyelination by collecting spinal cords 30 dpi, embedding them in Epon, 
and staining sections with toluidine blue (Lavi et aI, 1984a). Primary 
demyelination with preservation of axonal structure was observed (Fig. 1). 
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Figure 1. Demyelination in the white matter of the spinal cord of a B cell deficient mouse. 
Each dark ring represent the fatty myelin sheath coiled around a transverse section of a 
neuronal axon. These sheaths are common in the lower right comer. In the left side of the 
picture, very pale circles reveal the bare axons left behind after demyelination. 

5. NORMAL T CELL ACTIVATION IN B CELL 
DEFICIENT MICE 

Studies have demonstrated that T cell responses can be decreased in B 
cell deficient mice, although the requirement for B cells as antigen 
presenting cells for T cell activation varies depending on the antigen or 
organism used to prime for a response (Constant et aI, 1995; Phillips et aI, 
1996). To determine whether CD4+ and CD8+ T cell responses are normal 
during MHV -A5 9 infection, we determined the expression of the activation 
marker CD69 on T cells in Igh6 and B6 mice infected with 105 pfu virus i.p. 
Splenocytes were collected 4 dpi during the peak of CD69 expression in the 
spleen, stained with fluorescently labelled antibodies against CD4, CD8, 
and/or CD69, and counted by flow cytometry. We observed no significant 
differences in the percentage of activated T cells in Igh6 mice as compared 
to wildtype mice. 
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Figure 2. Activation of T cells in the absence of B cells as antigen presenting cells. White 
columns represent C57BLl6 mice; dark columns represent B cell deficient Igh6 mice. There 
were 6 mice per group. The percentage of activated cells was significantly increased 
(p<O.006) for each infected group as compared to the corresponding nai've group. 

6. CONCLUSION 

B cells are critical for the clearance of MHV -A59 from the CNS. In the 
absence of B cells and viral clearance, very high viral titers develop which 
may cause the deaths observed late after infection. Although B cells are 
required for viral clearance, they are not required for CNS demyelination. 
Finally, the persistence of viral titers is not due to defective T cell activation 
in the absence of B cells as antigen presenting cells, since early T cell 
activation as revealed by CD69 expression was normal in Igh6 mice. 
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