
11 

Immunosuppression by Avian 
Infectious Bursal Disease 
Virus and Mouse Hepatitis 
Virus 
JAGDEV M. SHARMA, J. M. DUPUY, and 
L. LAMONTAGNE 

1. INTRODUCTION 

This chapter briefly discusses two viruses that infect diverse species of animals 
but that share an important similarity in that both viruses are lymphotropic and 
cause profound immunosuppression in their respective hosts. Infectious bursal 
disease (IBD) of chickens, also referred to as Gumboro disease, is an eco
nomically important disease of commercial chickens. In unprotected chickens, 
the IBD virus (IBDV) rapidly destroys the lymphocyte population in the bursa 
of Fabricius, the principal organ that regulates humoral immunity in the chick
en. Continued economic loss due to IBD in the field and recent general interest 
in viral immunosuppression have stimulated renewed efforts in understanding 
the characteristics of the immunosuppressive effects of this disease. The mouse 
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hepatitis virus (MHV), also a common infection in laboratory mouse colonies, 
causes a debilitating disease accompanied by severe immunosuppression. The 
influence of MHV on immune functions of the host seems to be related to a 
close interaction between virus particles and host lymphoid cells. 

This discussion is not intended to be a comprehensive review of IBDV and 
MHV. Only the important features of the infections are discussed, with empha
sis on the influence these viruses have on the immune capabilities of the host. 

2. IMMUNOSUPPRESSION BY AVIAN INFECTIOUS 
BURSAL DISEASE VIRUS 

2.1. A Characterization of the Virus and the Disease 

Infectious bursal disease virus is widespread in the environment and in
fects most commercial populations of chickens early in life. The virus nu
cleocapsid is a naked icosahedron with 32 capsomeres and a diameter of 55-63 
nm.<l) The IBDV genome is double-stranded RNA'(2) Recent molecular clon
ing studies with an Australian isolate of IBDV have demonstrated that the 
genome has a large segment of 3400 bp and a small segment of 2900 bp. (3) The 
large segment codes for five proteins of molecular weights 52, 41, 32, 28, and 
16, kDa, respectively, whereas the small segment codes for a single protein of 
90 kDa. Several viral structural proteins identified from purified virus prepa
rations have been examined for their immunogenic potential.(4) 

In the laboratory, IBDV can be propagated in embryonated chicken eggs. 
Best virus yields may be obtained by inoculating 9- to lO-day-old embryos from 
IBDV-free flocks by the dropped chorioallantoic membrane route.(5) Some 
isolates of IBDV have been adapted to cell cultures of avian and mammalian 
origin. Chick embryo fibroblast cells are used most frequently for in vitro stud
ies with cell-culture-adapted IBDV.(6) 

The chicken is the most common natural host of IBDV, although natural 
infection may also occur in other avian species, particularly turkeys. The IBDV 
isolates may be classified into serotypes land 2. The two serotypes cross-react 
by the immunofluorescent test but not by the virus neutralization test.<7,8) Most 
isolates of chicken origin fall into serotype 1 and most isolates of turkey origin 
into serotype 2, although there is no strict species restriction of the two 
serotypes. Under natural conditions, turkeys exposed to IBDV do not develop 
clinical disease or detectable immunosuppression. 

Cosgrove(9) first reported the disease in chickens. Chickens acquire infec
tion from contaminated premesis; there is no evidence for vertical transmis
sion. The virus replicates in B lymphocytes and one of the first detectable 
lesions is necrosis of lymphoid elements in the bursa of Fabricius.<lO) Bursal 
necrosis is accompanied by inflammatory changes. Other lymphoid organs 
such as spleen and thymus also experience transient lymphoid cell depletion. 
Bursal degeneration is permanent. Predilection of IBDV for B lymphocytes 
was also demonstrated in vitro. Established lymphoid cell lines of B but not of T 
cells were susceptible to infection with IBDV.(l1) 
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The age of the chicken at the time of infection with IBDV seems to deter
mine the nature of the ensuing disease. In chickens younger than 3 weeks, 
IBDV does not cause high mortality, although the chickens develop bursal 
atrophy and severe immunosuppression. In older chickens, clinical disease 
occurs and is characterized by sudden onset, variable but often high mortality, 
and rapid recovery of survivors. 

The principal economic concern with IBDV in commercial chicken flocks 
is the effect of this disease on immune competence of young chickens. Because 
infection occurs soon after hatching, under natural conditions the infected 
chickens respond poorly to vaccines used routinely to protect against common 
viral infections. Infected chickens also become vulnerable to opportunistic in
fections. The nature of IBDV-induced immunosuppression in humoral and 
cellular responses is described below. 

2.2. Influence on Circulating Band T Lymphocytes 

Several attempts have been made to study the effect of IBDV on circulat
ing Band T lymphocytes.<12-14) In general, infection with IBDV reduced the 
number of circulating B cells. The depression in B-cell numbers was more 
pronounced in chickens exposed to the virus in ovo or at the time of hatching 
than in those in which exposure was delayed until the birds were 3 weeks of age 
or older. The reduction in circulating B cells was detected within 1 week after 
virus inoculation and persisted through the observation period of 8 weeks. 

The influence of IBDV on circulating T lymphocytes was variable. In one 
study,(l4) T-cell numbers were reduced below control levels if infection oc
curred at the time of hatching but were increased if the infection was delayed 
until birds were 3 weeks of age. In another study,(13) this relationship of age at 
the time of infection with numbers of circulating T cells was the reverse of the 
previous findings. 

2.3. Influence on Antibody Production 

Infectious bursal disease virus severely compromises the ability of chickens 
to mount antibody responses against a variety of infectious and noninfectious 
antigens including viral, bacterial, and protozoan antigens.<13,15-21) The age at 
which chickens become exposed to the virus has a profound effect on the degree 
of B-cell immunosuppression. Infection during the first 2 weeks of age results in 
much more severe immunodepression than does infection at older ages.(22) Both 
primary and secondary antibody responses may be reduced.(l3,16) B-cell immu
nosuppression following infection with IBDV during the early posthatching pe
riod is probably persistent, although the duration of immunosuppression has 
not been well established. 

Infection with IBDV also affects serum immunoglobulin (Ig) levels. Serum 
IgM levels generally dropped following IBDV infection; whereas IgG levels 
varied depending on the age of the chicken at the time of infection. (13,16) The 
IgG levels measured at eight weeks of age were lower in virus infected chickens 
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than in age-matched control chickens if infection occurred before or at the 
time of hatching but the levels were elevated if infection occurred at one week 
of age or older.(13) IBDV also caused a defect in the IgM that was produced. 
Ivanyi and Morris (16) noted that chickens infected with IBDV exclusively 
produced IgM as a 7S monomer. Further, the IgM of infected chickens lost the 
MIa allotypic marker normally present on chicken IgM.(23) 

2.4. Influence on Cellular Immune Functions 

Circumstantial evidence strongly indicates that IBDV may compromise 
cell-mediated immune functions. For example, infection with IBDV results in 
(1) extensive histologic lesions in the thymus and the virus replicates to high 
titers in the thymus (10.24); (2) reduction in circulating T cells(14); (3) poor 
efficacy of Marek disease vaccine that appears to protect mainly via cell-medi
ated immunity(25); and (4) exacerbation of disease conditions in which defense 
by cellular immune mechanisms if important.< 19.26) Despite compelling indica
tions that IBDV may influence cell-mediated immunity, relatively meager 
efforts have been devoted to study this influence. 

There have been conflicting reports on the ability of young chickens ex
posed to IBDV to reject allogeneic skin grafts; in one study, the rejection was 
delayed,(27) while in the others it was not.(12.18) The evidence that IBDV may 
influence cellular immunity comes from in vitro studies. Most efforts have been 
directed toward delineating the mitogenic response of T cells,(28-31) although 
other cellular functions have also been examined.(28,31,32) 

Preparations of T cells obtained from IBDV-exposed chickens respond 
poorly to mitogens such as phytohemagglutinin (PHA) and concanavalin A 
(Con A). Infection at the time of hatching as well as at 3-4 weeks of age 
influenced mitogenic response. The depression in the mitogenic response was 
transient, although the time when it occurred following viral inoculation var
ied. When whole blood cultures were used, the T-cell responsiveness was re
duced during the first 2 weeks postinfection,(28,30,31) although in one study,(28) 
maximum reduction occurred 6-7 weeks after viral infection. In assays con
ducted with peripheral blood leukocytes fractionated on Ficoll-Hypaque(30) or 
spleen cells,(31) the mitogenic hyporesponsiveness was consistently transient 
and occurred during the first 1-2 weeks of viral infection followed by complete 
recovery of responsiveness. 

Peripheral blood leukocytes from IBD V -infected chickens were also defi
cient in mounting a mixed lymphocyte reaction when cocultured with al
logeneic stimulator cells.(28) A reduced mixed lymphocyte response was de
tected in chickens exposed to IBDV at the time of hatching or at 3 weeks of 
age; chickens infected at the time of hatching were more severely affected than 
were those infected at 3 weeks. Interestingly, unlike the mitogenic response 
that was affected transiently, the defect in mixed lymphocyte reaction was 
persistent and was detectable until the birds were 10 weeks of age, the longest 
interval between infection and testing. The ability of cells from virus-infected 
chickens to serve as stimulator cells in the mixed lymphocyte reaction assay has 
not been examined. 
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The natural killer (NK) cell activity of spleen effector cells from virus
exposed chickens was compared with that of the effector cells obtained from 
age-matched normal chickens.(31) No consistent differences in the activity be
tween the two groups were noted. Similarly, IBDV did not cause detectable 
alteration of phagocytic activity of circulating phagocytes.(32) 

2.5. Influence on Soluble Immune Factors 

Little is known about the effect of IBDV on soluble mediators of immu
nity. Interferon-~ (lFN~) was detected in a variety of tissues and serum follow
ing inoculation with IBDV at 1 day or 3 weeks of age.(33) The role played by 
IFN~ in regulating immune functions is unknown. Currently, avian lympho
kines are being actively studied; it should be of interest to examine possible 
modulation of these by IBDV. 

2.6. Mechanism of Immunosuppression 

2.6.1. B-Cell Immunity 

It is likely that one of the major reasons for depressed antibody synthesis 
in chickens exposed to IBDV is that the virus selectively infects and lyses B 
lymphocytes. The observation that infection during the early posthatching 
period is more immunodepressive than infection after 3 weeks of age indicates 
that B-cell precursors within the confines of the bursa may be more susceptible 
to the cytopathic effects of IBDV than are mature B cells in circulation. Indeed, 
when Ivanyi and Morris(l6) delayed infection with IBDV from less than 6 up to 
42 hr after hatching, they noted progressively decreasing proportions of birds 
with immune deficiency in anti-sheep erythrocyte (anti-SRBC) antibody re
sponses. Decreased number of circulating B cells following IBDV infection of 
neonates(l2-14) may also indicate intrabursal destruction of B-cell precursors 
resulting in reduced peripheralization of B cells to the circulation. Selective 
susceptibility of B cells with IgM but not IgG receptors(ll) further suggests that 
the virus is more cytopathic for B cells during early stages of differentiation 
before the switch from IgM to IgG expression occurs. 

The mechanism by which IBDV induces the production of altered IgM, 
i.e., monomeric IgM that fails to polymerize and loses allotypic marker MIa, is 
not known.(16) The virus may destroy IgM-producing cells that may be re
placed by a population of B cells with functional impairment expressed by 
production of altered IgM. 

Other mechanisms may also be involved in the suppression of B-cell func
tion. For example, IBDV may compromise antibody production by damaging 
helper T cells or other accessory cells such as macrophages that play an impor
tant role in generating B-cell responses to certain antigens. In addition to 
destroying B cells, IBDV may also stimulate the appearance of suppressor cells 
that may participate in inhibiting antibody responses.(34) 
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2.6.2. T-Cell Immunity 

The mechanism of hyporesponsiveness of T cells to mitogen stimulation 
has been examined.(29.31) We noted that spleen cells of chickens undergoing 
acute infection with IBDV responded poorly to PHA but that their response 
was restored to near normal levels if the responder cells were pretreated with 
carbonyl iron.(31) Thus, the spleen cell response was being inhibited by sup
pressor cells that could be removed by carbonyl iron treatment. The sup
pressor cells shared several characteristics with macrophages, i.e., the sup
pressor cells were adherent to plastic, were phagocytic, and resisted treatment 
with antithymocyte and antibursa cell sera. Suppressor cells isolated from 
spleen of IBDV-infected chickens were able to inhibit the mitogenic response 
of spleen cells of normal virus-free chickens. We recently confirmed the pres
ence of suppressor cells in IBDV spleens using Con A as a T-cell mitogen and 
have shown that addition of exogenous conditioned medium with high in
terleukin-2 (IL-2) activity was ineffective in restoring the mitogenic response of 
spleen cells of IBDV-infected chickens.(35) 

The above observations suggested that reduced mitogenic response of 
lymphocytes in IBDV-infected chickens was not due to lack of functional T 
cells but to the presence of suppressor cells. Other mechanisms ofT-cell immu
nosuppression may be involved as well. Confer and MacWilliams(29) suggested 
that the mitogenic hyporesponsiveness of whole blood cells from IBDV-in
fected chickens was associated with increased number of circulating large im
mature lymphocytes incapable of mitogen-induced blastogenesis. 

3. IMMUNOSUPPRESSION BY MOUSE HEPATITIS 
VIRUS 

3.1. Biology of the Virus 

Mouse hepatitis viruses are classified as coronaviruses.(36) They are 
pleomorphic or rounded enveloped particles with a diameter of 60-220 nm, 
surrounded by a fringe or layer of typical club-shaped spikes. Their genome 
consists of single-stranded polyadenylated RNA of positive polarity. Viruses 
are released by internal budding into cytoplasmic vesicles derived from the 
endoplasmic reticulum. 

The antigenicity of coronaviruses is related to three major antigens.<37,38) 
Surface glycoproteins of murine corona viruses are responsible for the induc
tion of neutralizing, complement-fixing, and hemagglutination-inhibiting anti
bodies.<39-41) Hybridization with MHV-specific complementary DNA (cDNA) 
showed a close relationship among murine strains MHV-AS9, MHV-3, and 
jHM.(42) Oligofingerprinting demonstrated genomic variations in MHV 
strains that could be related to neurovirulence.<42-44) These variations did not 
seem to correlate with the serologic relationships of these viruses. 

The coronavirus genome is a positive single-stranded infectious molecule 
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of RNA containing about 18,000 nucleotides.(45) T, oligonucleotide mapping 
indicated that no extensive sequence reiteration occurred in the coronavirus 
genome(43,46,47) and that the 3' end of the genomic RNA was polyadenylated 
and formed a 3'-coterminal nested sequence.(48.49) Synthesis of each of the 
intracellular RNAs is initiated independently and is not processed from a large 
precursor protein'<50.51) Subgenomic RNAs, as well as genomic RNA, con
tained the 5' -cap structure.(52) These RNA molecules were also found to act as 
individual mRNAs and to be translated into single proteins of a size corre
sponding to the coding capacity of the unique 5' -terminal sequences not pre
sent in the next smallest RNA.(53-55) 

The nucleocapsid protein possesses a molecular weight of 50-60kDa and 
is nonglycosylated.(56) A cyclic adenosine monophosphate(cAMP)-independent 
protein kinase is associated with the virion, but it is not yet known whether the 
enzyme is virally coded or is a sequestered host cell enzyme.(57) A high homolo
gy of amino acid sequences has been found between nucleocapsid proteins 
from neuropathogenic JHM and nonpathogenic A59, although two regions of 
lower homology are present.(58) 

The virion possesses a lipid envelope containing matrix and peplomer 
proteins. All corona virions have a glycoprotein of 20-30kDa. A small glycosy
lated portion of the molecule is peripheral to the lipid membrane,(59) whereas a 
second strong hydrophobic domain is thought to correspond to a portion of 
the molecule integrated into the lipid membrane.(t)() A stable complex between 
this protein and the viral RNA could be formed in vitro, suggesting a third 
domain in the protein which is internal to the lipid membrane and responsible 
for the interaction with viral nucleocapsids.<60.61) 

Peplomer proteins are glycoproteins of molecular weight 80-200 kDa with 
one or two major species derived from a single primary translation product but 
modified by post-translational c1eavage.(62) Glycosylation of the MHV pep
lomer protein was inhibited by tunicamycin. The lack of reabsorption and cell 
fusion observed in tunicamycin-treated cells suggested that the peplomer pro
tein plays a role in the reception of virions on cell surfaces and in the induction 
of cell fusion.(60) In addition, trypsin treatment of A59 virus, which cleaves the 
180 kDa to two 90-kDa subunit polypeptides, greatly increases the capacity of 
the virus to cause cell fusion.(63) 

3.2. Pathogenesis of Mouse Coronaviruses 

The MHV-JHM strain, the first murine coronavirus to be isolated,(64) is a 
neurotropic virus causing acute and chronic demyelinating diseases. Infection 
with other mouse hepatitis viruses results in hepatitis, encephalomyelitis 
and/or enteritis. It is impossible, however, to classify virus strains according to 
target organs since several organs can be affected. The virulent strains MHV 2 
and MHV 3 and the less virulent MHV" MHV 5 and MHV A59 can cause hepati
tis in newborns and adult mice, whereas MHV s induces enteritis in newborns. 

MHV 3 is the most virulent strain of MHV. The severity and the type of 
infection however are related to age, immune resistance, and genetic factors. 
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Most strains of mice display a full susceptibility, leading to death within a few 
days. The AI] strain is unique, as it is the only full resistant strain with 100% 
survival of infected adult animals. Other mouse strains are semisusceptible, 
and animals surviving the acute disease develop chronic manifestations with 
progressive neurologic involvemenU6S) 

3.2.1. Acute MHV3 Infection 

In some strains of mice, e.g., CS7BL/6, DBA/2, BALB/c, or NZB, parent
eral administration of 10 LDso of MHV 3 always leads to fulminant hepatitis 
and death. Peritoneal macrophages, and liver Kupffer cells are the major sites 
of viral replication. Infectious virions are disseminated to all organs during the 
viremic phase.(66) By contrast, full resistance to MHV 3 is observed in the AI] 
mouse strain even after the administration of large doses of virus (l07 LDso). 
Histopathologic studies showed an absence of lesions. During the first 4 days of 
infection, virus was recovered from the liver of resistant as well as susceptible 
strains of mice. In AI] strain mice, viral titers were consistently < 103 LDso, 
whereas in susceptible DBA/2 mice, titers greater than 104 were always found. 
In the resistant mouse strain, infectious virus was cleared from the liver, brain 
and serum within 7 days, whereas virus continued to replicate in susceptible 
animals until death.(6S) 

3.2.2. Persistent MHV3 Infection 

In contrast to full susceptibility or resistance, other mouse strains, such as 
C3H or hybrid animals resulting from a cross between susceptible and resistant 
parents, exhibit an intermediate sensitivity. In this type (semisusceptibility), 
MHV 3 causes a chronic disease with paralysis, virus persistence, and immu
nodepression. The virus could be recovered from brain, liver, spleen, lymph 
nodes, or peritoneal macro phages for several months.(67) This type of disease 
and the clinical outcome vary greatly, however, with age, immune resistance, 
and genetic factors. Immunologic immaturity as observed in mice during the 
first 2 weeks of life, or T-cell deprivation following neonatal thymectomy or 
treatment with antilymphocyte antiserum, induce a full susceptibility to MHV 3 

infection in mice of the normally resistant AI] strain.(68) Similarly, genetic 
factors are of a primary importance in MHV infection. The first evidence of an 
association of host genes with resistance was reported for MHV 2.(69) Genetic 
study of MHV 3 infection indicated that at least two recessive genes are involved 
in resistance to acute and chronic diseases and showed that the genes involved 
in both diseases are different. The capacity to resist the development of paral
ysis is conferred to heterozygote as well as to homozygote mice by H-2f or H-2q 
alleles, indicating that resistance to paralysis is H-2Iinked.(70) It was also shown 
that such an action was mostly mediated through the expression of mouse class 
I antigens of the major histocompatibility complex.(71) 
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3.3. MHV 3-Induced Immunosuppression 

MHV 3 infection in mice induces a marked nonspecific immunosuppres
sion during the acute as well as the chronic phase of the disease. Sequential 
determination of Ig levels in chronically infected mice revealed a progressive 
decrease of all Igs during the first 3 months of infection. At the end of that 
period, most animals were severely hypogammaglobulinemic, and some suf
fered from infectionsP2) In addition, a marked decrease of the antibody re
sponse against T-cell-dependent and -independent antigens was observed in 
semisusceptible mice chronically infected with MHV 3. In these experiments, it 
was observed that, when tested 40 and 80 days postinfection, primary and 
secondary plaque-forming cell (PFC) responses and serum antibody titers 
against SRBC T-dependent antigen and lipopolysaccharide (LPS) T-indepen
dent antigen were markedly diminished in paralyzed as well as in non paralyzed 
mice.(72) 

3.4. Immune Functions of MHV 3-Infected Mice 

It was noteworthy that chronically infected mice, in spite of their hypo
gammaglobulinemia, developed anti-MHV 3 complement-fixing antibodies. 
Such antibodies were detectable 2-4 weeks following viral infection, showed an 
important rise by day 60 and reached a maximum level by days 100-130 after 
which titers decreased in surviving animals. No correlation was observed, how
ever, between the onset of paralysis and the increase of MHV 3 antibody, in 
spite of the fact that bound Igs associated with antigens were found in chronic 
plexus vessels.(73) In addition, most of the anti-MHV 3 antibody produced in 
chronically infected mice was of the IgM class. 

Antiviral antibodies are capable of modifying a lytic acute infection into a 
subacute and persistent infection or even to prevent the induction of the 
chronic disease.(74) The effectiveness of humoral immunity seems to depend 
on the titer, avidity, and neutralizing capacity of the antibody. In rats infected 
with the strain JHM, cerebrospinal antibodies seem to occur only in animals 
expressing aJHM-induced disease with viral replication in the central nervous 
system (CNS). Nevertheless, localized production of IgG was unable to protect 
rats from either the acute or the chronic neurologic disease.(75) 

Specific cell-mediated immune reactions against MHV 3 antigens were de
tected in chronically infected mice and protection, using lymphoid cells, could 
be transferred from MHV 3-paralyzed animals into susceptible newborns. Simi
larly, a specific cellular immunity was observed during the course of MHV
JHM infection in rats. Wege et al.(76) showed that spleen cells obtained from 
diseased animals not only proliferated in the presence of basic myelin proteins 
in vitro but adoptive transfer of such cells was followed by the occurrence of 
experimental allergic encephalomyelitis-like lesions in the CNS. Such results 
suggest that MHV-JHM replication in the CNS may lead to alteration of mye
lin, and/or to cell membrane changes by insertion of viral proteins that may 
trigger, in turn, an immune response against myelin. 
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3.5. Mechanism of Immunosuppression 

The nonspecific immunodepression always observed in MHV 3-infected 
animals after antigenic challenge could be related to a direct effect of the virus 
on one or several components of the immune response. This was tested by 
studying the PFC response in lethally X-irradiated normal F 1 hybrids recon
stituted with T, B, or spleen cells originating from MHV 3-infected or -nonin
fected syngeneic animals. These experiments clearly showed that the immu
nocompetence of T and B lymphocytes originating from MHV 3-infected mice 
was normaL In addition, macrophage functions, as tested by phagocytosis of 
yeast particles in vitro and by the in vivo uptake of radiolabelled SRBC, were not 
different in infected and control animals.(77) 

3.5.1. Lymphocyte Depletion 

A striking feature always observed during the chronic phase of mouse 
hepatitis, associated or not with paralysis, is the marked decrease of cell num
bers in the lymphoid organs. This is observed in bone marrow, spleen, thymus, 
lymph nodes, peripheral blood and peritoneal exudates. Differential enumera
tion, however, of T and B lymphocytes in the spleen at different times postin
fection did not demonstrate important variations. 

The mechanism whereby MHV 3 infection exerts a suppressive effect is 
related neither to a quantitative deficiency of lymphocytes nor to a dietary 
insufficiency for the following reasons: (1) healthy virus carrier mice are im
mune deficient in spite of normal body weight and a lymphocyte count similar 
to that of noninfected control mice; (2) T-cell functions appeared normal when 
tested in MHV 3-paralyzed mice; (3) T cells, B cells, or macrophages, originat
ing from MHV 3-infected paralyzed mice, have the capacity to reconstitute 
immune responses fully in lethally irradiated syngeneic animals(7!l); (4) in spite 
of a decrease in the total number of bone marrow cells, the number of spleen 
colony-forming cells increased sharply after infection and reached maximum 
levels by day 50; and (5) LPS-stimulated bone marrow or spleen B cells ob
tained from MHV 3-infected mice, synthesized in vitro IgM and IgG in amounts 
comparable to that produced by B cells originating from noninfected controls. 
In these experiments, it was not possible to detect suppressor cells or fac
tors.(72) 

3.5.2. Viral Replication in 1mmunocompetent Cells 

Inhibition of lymphocyte activation and/or proliferation by MHV 3 seems 
to be a possible factor in alteration of immune functions. Previous work indi
cated indeed that lymphocytes supported MHV 3 replication, which in turn 
interfered with cellular metabolism. Viral replication in macrophage-depleted 
T lymphocytes was demonstrated by a progressive increase of viral titers in 
culture supernatants and further evidenced by dot immunobinding analy
sis.(77) Infection of lymphocytes with virulent MHV 3' however, results in a 
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strong inhibition of the lymphoproliferative response of cells stimulated with 
mitogens or with allogeneic cells. Viral infection of either stimulator cells or 
responder cells in mixed lymphocyte reactions indicated that the inhibitory 
effect was due to a direct contact of infectious viral particles with the proliferat
ing cells. Since virus can be regularly recovered from brain, liver, spleen, 
lymph nodes, and peritoneal macrophages of MHV 3-infected mice during the 
evolution of the disease (up to 7 months postinfection), it is likely that per
sistent viral replication in lymphocytes and macrophages is responsible, at least 
in part, for immunosuppression and for some of the immunopathologic effects 
seen during the course of the chronic disease. 

3.5.3. Genetic Influence 

Since the direct interaction between MHV 3 and lymphoid cells appears to 
be a major factor for immunosuppression, the intrinsic capacity of cells to 
restrict viral replication was studied. Persistent MHV 3 infection can readily be 
induced in vitro in fibroblast and lymphocyte cultures.(79,80) Therefore, work 
was performed to see whether genetically controlled virus persistency could be 
detected at the in vitro level. A carrier state was established in vitro using short
term progeny passages in cells originating from various mouse strains exhibit
ing different sensitivities. Results showed a correlation between pehnotypic 
expression of in vivo sensitivity and the capacity, which was not H-2 linked, of 
macrophages or lymphocytes to restrict viral replication. This indicates that 
resistance to MHV 3 may be the result of restriction of viral replication in 
macrophages and lymphoid cells. Such restriction of MHV replication in mac
rophages from resistant strain mice also has been observed with other 
serotypes.(69,81) Macrophages genetically resistant to MHV 2 were converted in 
vitro to susceptible macrophages by lymphokines present in the supernatant 
fluid from allogeneic mixed lymphocyte cultures,(82) by spleen cells from cor
tisone-treated mice,(83) or by silica treatment.(84) By contrast, genetically sus
ceptible macrophages were converted into resistant cells by Con A administra
tion.(85) 

In addition, resistance to viral infection displayed by other target cells, 
such as hepatocytes(86) and fibroblasts,(79) should minimize pathologic damage 
and therefore ensure the survival of infected mice and the development of an 
adequate immune response, leading to total elimination of virus. By contrast, 
susceptible mice infected with the virus can neither restrict viral replication nor 
resist virus-induced cellular injuries. Dissemination of the infection thus leads 
to extensive pathologic lesions and death. The intermediate behavior, dis
played by infected cells originating from semisusceptible mouse strains, seems 
to be related to an incomplete restriction of viral replication leading to virus 
persistence, cell lysis, and subsequent immunodepression. Resistance mecha
nisms, genetically determined and expressed at macrophage and lymphocyte 
levels, by controlling or not controlling viral replication, therefore seem to play 
a major role in MHV 3-induced immunosuppression. 
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4. SUMMARY 

Two viral diseases with strong immunosuppressive effects were discussed. 
Avian IBDV replicates in B lymphocytes and causes clinical disease and associ
ated immunosuppression. Infected chickens fail to produce antibody against a 
variety of antigens and show reduced T-cell response to mitogenic stimulation 
in vitro. The mechanism of immunosuppression is not entirely clear, although 
lysis of B cells or B-cell precursors by IBDV is likely the cause of failure of the 
antibody response. The mitogenic hyporesponsiveness of T cells appears to be 
mediated by virus-activated suppressor macrophage-like cells. 

Mouse hepatitis virus, a coronavirus that causes an acute or chronic disease 
in laboratory mice, also induces immunosuppression. Infected animals develop 
persistent hypogammaglobulinemia and show decreased antibody response 
against T-dependent and T-independent antigens. The virus replicates in lym
phocytes and macrophages, and the reduced immune responsiveness likely 
results from direct interaction of the virus with cells of the immune system. 
Suppressor cells or factors do not seem to be involved. 
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