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Natural resistance of mice to viruses is an excellent model to study 
genetically-controlled virus-lymphoid cell interactions. Hepatitis virus 
type 3 (MHV3) infection displays various types of sentivity according to 
the mouse strains tested: resistance, full susceptibility to acute disease 
or semisusceptibility which is characterized by the occurrence of persistent 
viral infection with development of neurological signs. A/J strain mice 
are resistant to MHV3 infection but immunosuppressive treatments can abro
gate the resistancel • Protection of newborn mice against MHV3 infection 
requires the transfer of several populations originating from adult synge
neic donors: adherent spleen cells, thymocytes and a third population 
present in the non-adherent spleen cell fraction, in peritoneal exudate 
and bone marrow cells2• 

Immunological studies of chronically infected animals revealed a 
marked impairment of Band T cell functions 3 associated with MHV3 persis
tency in lymphocytes4 . Genetic analysis indicated that sensitivity to 
MHV3 infection was under the influence of at least two major genes, or gene 
complexes, one controlling the acute disease and the other, H-2 linked, 
controlling the chronic diseaseS. Phenotypic expression of in vivo 
sensitivity was previously correlated to in vitro MHV3 replication ~n 
hepatocytes 6 and to cytopathogenicity of embryonic fibroblast cells • 

However, conflicting results were reported on the correlation of MHV3 
in vivo pathogenicity and the ability of the virus to replicate in macro
phages. Virelizier and Allison8 have observed no viral replication in 9 
peritoneal macrophages from the resistant A/J strain whereas Dupuy et al. 
and MacNaughton and PattersonlO found that macrophages from A/J mice were 
as able to support MHV3 replication as those from susceptible C57BL/6 
animals. 

In order to characterize the mechanism of MHV3 genetically-determined 
in vivo pathogenicity, viral infections were induced in lymphoid cells and 
in macrophages derived from mouse strains exhibiting different sensitivities. 
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This led to the development of carrier state infections in peritoneal 
exudate as well as in lymphoid cells. A correlation, however, was observed 
between phenotypic expression of in vivo sensitivity and restriction of 
virus replication occurring at different times postinfection. A viral 
restriction was observed in cells from resistant A/J mice which was related 
to a cellular intrinsic restriction. 

RESULTS AND DISCUSSION 

MHV3 replication in carrier state infections in peritoneal exudate (PE), 
non-adherent spleen (NAS) and thymic (THY) cells from resistant A/J, 
susceptible C57BL/6 and semisusceptible B6AFI 

In order to search for a correlation between in vitro viral replication 
and in vivo sensitivity, carrier state infections were carried out using 
short term progeny passages in newly collected PE, NAS and THY cells ori
ginating from various mouse strains. Cell cultures were infected with 
0.01 £0 0.1 multiplicity of infection (m.o.i.) with a cloned substrain of 
MHV3 l • Supernatants were collected every two days after infection and 
used as virus inoculum (1:10) for the infection of newly collected cells 
origmnating from mice of the same strain. As shown in Table 1, no infec
tious virus was detected in PE cells from A/J mice after the second passage, 
whereas PE cells from C57BL/6 or B6AFI animals supported the viral replica
tion for more than 10 passages. Cytopathic effects characterized by focus 
formation and cell lysis were only observed when infectious viruses were 
produced. Results obtained with infected THY and NAS cells also varied 
according to origin of cells. MHV3-infected NAS cells from A/J mice 
restricted virus infectivity after two passages, whereas it took 7 passages 
in NAS cells derived from susceptible C57BL/6 mice to display a similar 
restriction. Infected NAS cells originating from B6AFI mice exhibited an 
intermediate behavior. Similar results were observed with thymocytes. 

Table 1. MHV3 replication in peritoneal exudate (PE), non-adherent spleen 
(NAS) and thymic (THY) cells from resistant A/J, susceptible 
C57BL/6 and semisusceptible (C57BL/6xA/J)F 1 mice 

Mouse Cells Virus Zielda after passages 
strain 1 2 3 4 5 6 7 8 

A/J PE 4.3b <1. 6 <1.6 <1. 6 <1.6 NT c NT NT 
NAS 3.7 2.2 <1.6 <1.6 <1.6 <1. 6 <1.6 <1.6 
THY 2.8 <1. 6 <1. 6 <1.6 <1.6 <1.6 <1. 6 <1.6 

C57BL/6 PE 5.8 6.4 4.3 7.1 4.5 NT NT NT 
NAS 3.8 3.8 2.8 2.0 2.9 2.9 3.7 <1. 6 
THY 5.0 4.3 2.8 3.2 3.2 3.2 <1.6 <1. 6 

B6AFl PE 5.3 6.5 5.8 6.7 6.0 NT NT NT 
NAS 3.2 3.4 3.2 3.1 4.2 2.7 <1.6 <1. 6 
THY 4.2 3.4 <1. 6 <1. 6 <1. 6 <1.6 <1.6 <1.6 

aCell cultures were infected with 0.01 to 0.1 m.o.i. of MHV3. Supernatants 
were collected every 2 days and used as virus inoculum (1:10) for injection 
of newly collected cells originating from mice of the same strain. 
bloglOTClD50/ml. 
cNT: not tested. 
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Table 2. Restriction of virus infectivity in peritoneal exudate (PE), 
non-adherent spleen (NAS) and thymic (THY) cells from congenic, 
semisusceptible mouse strains 

Congenic H-2 In vivo Restriction of virus infectivity 
a mouse haplotype sensitivity (No Eassages) 

strain PEC NAS THY 

A/Sn ala semisusceptibility >7 3 2 

AIBY bib semi susceptibility >7 1 1 

AlcA flf semi susceptibility >7 2 1 

aCell cultures were infected with 0.01 to 0.1 m.o.i. of MHV3. Supernatants 
were collected every 2 days (passages) and used as virus inoculum (1:10) 
for infection of newly collected cells originating from mice of the same 
strain. 

In order determine whether H-2 associated genes were involved in the 
viral restriction observed in macrophages or in lymphoid cells, three 
congenic semisusceptible strain of mice, differing at the H-2 complex only, 
were studied: A/Sn, A.BY and A.CA. As shown in Table 2, no viral restric
tion was observed in PE cells from any of the congenic strains tested and 
it occurred after two or three passages in NAS and THY cells. This 
behavior was not different from that observed in PE cells from B6AFI indi
cating that H-2 associated genes did not play any major role in the intrinsic 
cellular resistance to MHV3 infection. It is noteworthy that all cells 
populations derived from A/J mice could restrict virus replication after 
one or two passages whereas macrophages and lymphocytes obtained from 
susceptible or semisusceptible mouse strains did not. Virus replication 
was not restricted in PE cells even after 15 passages whereas it occurred 
after five to seven passages in NAS and THY cells. This suggests that such 
a cellular restriction of MHV3 replication may be under the influence of 
various genes and that the factors involved are different for macrophages 
and for lymphocytes. 

Interferon production and analysis of defective-interfering viral 
particles 

10ss of in vitro infectivity after passages in macrophages or in 
lymphocytes could be related t~ production of interferon or of defective
interfering (DI) particles12 ,1. Interferon synthesis was therefore tested 
in the supernatant of cell cultures using the previously described method14 
and presence of DI particles was looked for by mixing various dilutions of 
MHV3 suspension (10-1 to 10-4) with the last passage containing infectious 
virus particles. Such mixtures were used for inoculation of newly collected 
cells and virus progenies were assayed at various times postinfection. 
Neither interferon nor DI viruses were detected in cell culture supernatants. 
Another approach was used for detection of DI viral particles. Various 
doses of MHV3 were added to supernatant of the first passage containing no 
infectious viral particles. The mixtures were then used to infect 12 cells 
and virus production was tested. As shown in Fig. 1, no variation in 
infectious virus titers was observed with the first negative passage of 
A/J infected macrophages. In contrast, supernatants of the first negative 
passage of A/J infected thymocytes induced an increase of the virus produc
tion when various doses of MHV3 were added. This may suggest the presence 
in supernatant of either DI particles or of factor(s), released by A/J THY 
culture upon activation with MHV3, capable of enhancing viral replication. 
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Fig. 1. Virus titers obtained with various doses of MHV3 
mixed with supernatants collected from infected 
A/J macrophage or thymocyte cultures at the 
first passage displaying an absence of virus 
production. 
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Fig. 2. MHV3 replication in actinomycin D (5 ug./ml.) treated 
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( - -) and non-treated (---- -) macrophages or thymocytes 
derived from resistant A/J (upper panel) or from susceptible 
C57BL/6 mice (lower panel). Supernatants of the first 
passage (1) of infected, non-treated cells were used as an 
inoculum (1:10) for the second passage (2) of newly collected 
cells obtained from mice of the same strain. Experiments 
were performed in triplicate. 



Effects of actinomycin D, a--interferon or anti- a S-interferon antisera or 
viral restriction of macrophages or thymocytes derived from resistant A/J 
or from susceptible C57BL/6 mice 

In order to analyze the cellular mechanism involved in viral restric
tion, virus replication was studied in actinomycin D (5 ug/ml) treated 
macrophages or thymocytes obtained from resistant A/J or from susceptible 
C57BL/6 mice. As shown in Fig 2, actinomycin D treatment did not modify 
the viral restriction observed in PE cells or thymocytes derived from 
resistant A/J mice. A marked difference however was observed with cells 
derived from susceptible C57BL/6 mice since actinomycin D treatment abro
gated the usual replication seen in such cells, leading to virus restriction. 
Restriction occurred as soon as 24 hr postinfection in the first as well as 
in the second passage. Cell viability of uninfected cells was not affected 
by the ACTD treatment. Cytopathic effects and cell death could not 
explained the low virus titers in C57BL/6 cells since titers observed 24 hr 
postinfection were already markedly decreased in spite of a normal cell 
viability. The abrogation of viral production into macrophages and thymo
cytes from C57BL/6 may be related to a loss of cell control of the viral 
replication, resulting in viral protein accumulation without effective 
assembJ.y and subsequent precocious cell lysis as already observed in 
MHV3 infected YAC lymphoid cells15 . A/J macrophages could resist to ACTD 
treatment for a longer period of time suggesting that cellular metabolism 
was not completely blocked at the concentration used or that viral replica
tion in such cells was less dependent of cell control mechanisms. 
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Fig. 3. MHV3 titers in macrophages and thymocytes from resistant A/J 
or from susceptible C57BL/6 mice after cell treatment with 
a-interferon (-- --) or anti-a, S-interferon (.- -) anti
serum. Supernatants from the first passage (1) of infected, 
non treated cells were used as an inoculum (1:10) for the 
second passage (2) or newly collected cells derived from mice 
of the same strain. Experiments were performed in triplicate. 

459 



Although production of interferon was not observed in macrophage or 
thymocyte cultures, the effect of addition of a-interferon or of anti-a 
S-interferon was tested on cell cultures. As shown in Fig. 3, when compared 
to non-treated cells, addition of a-interferon or of anti-a S-interferon 
raised viral titers in A/J macrophages at the second passage, whereas no 
effect was detected at the first passage. No effect was detected in macro
phages from C57BL/6, except with anti-a S-interferon antiserum treatment of 
the first passage at 24 hr postinfection. However, an increase or a 
decrease was observed at passage 1 when A/J thymocytes were treated with 
a-interferon or anti-a,S-interferon, respectively, whereas titers produced 
in the second passage were not modified by the addition of a-interferon or 
of anti-a S-interferon. Similarly, no significant effect was observed in 
thymocytes from C57BL/6 except a slight decrease of virus titers at the 
second passage. These results suggest that a-interferon by itself does 
not seem to be involved in viral restriction or viral susceptibility of 
macrophages or of thymocytes. Some factor(s), however, present in 
a-interferon and in anti-a S-interferon preparations appeared to be able 
to modulate the viral restriction observed in macrophages derived from A/J 
mice. Weiser and Bangl6 have shown that lymphokines could convert macro
phages resistant to MHV2 virus replication into replicating cells. 

Intrinsic cellular resistance to MHV3 replication in macrophages and in 
thymocytes derived from resistant A/J or susceptible C57BL/6 mice 

In order to further analyze the effect of intrinsic cellular mechanisms 
on the outcome of virus restriction in macrophages or in thymocytes, crossed 
infections were carried out using A/J and C57BL/6 macrophages or thymocytes. 
Such cell cultures were used to infect, at the same time, newly collected 
A/J cells and C57BL/6 cells: i.e., supernatants from C57BL/6 cells were 
used to infect newly collected macrophages and thymocytes from A/J mice 
during four passages and vice versa. As shown in fig. 4, when supernatants 
of A/J macrophages were used to infect C57BL/6 macrophages, viral titers 
were higher in the latter cells than in the former. The same phenomenom 
was demonstrated when infectious viral particles were produced. Conversly, 
on absence of virus production in C57BL/6 maphages resulted from the lack 
of infectious virus in A/J supernatants. In contrast, when C57BL/6 super
natants were used to infect A/J cells, no difference in titers were 
observed. Such results suggest that the viral restriction was not trans
ferred into supernatants by soluble factors but was rather related to 
intrinsic cellular mechanism(s) expressed in A/J macrophages or thymocytes 
only. In addition, when infectious viral particles were not detected in 
A/J supernatants, virus replication did not occur in C57BL/6 cells, indi
cating that partially defective or altered particles did not seem to be 
produced after few passages in A/J macrophages. Such results are in 
agreement with the previous work of Stohlman et al. l7 in which the 
expression of intrinsic anti-JHM activity of macrophages correlated with 
the ability of mice to resist to viral infection. The present study 
further suggests that no extrinsic antiviral activity was induced in A/J 
macrophage cultures, since viral replication can still occur in C57BL/6 
macrophages after infection with supernatants derived from MHV3-infected 
A/J macrophages. 

CONCLUSIONS 

The restriction of virus infectivity observed in vitro in macrophages 
and in lymphocytes may play an important role in the outcome of in vivo 
infection. In both susceptible and resistant mouse strains, the liver is 
the main target and the privileged site for MHV3 replicationl8 . In suscep-
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Fig. 4. Viral titers during crossed infections with MHV3 supernatants 
of infected A/J or C57BL/6 macrophages or thymocytes. Upper 
graphs: transfer of A/J supernatants into C57BL/6 cell 
cultures. Lower graphs: transfer of C57BL/6 supernatants 
into A/J cell cultures. 

tible mice, the virus exhibites high titers and causes severe hepatitis 
whereas, in resistant mice, virus titers remain low and cellular lesions 
are scarce. Macrophages, hepatocytes and lymphocytes appear to be target 
cells to MHV3 infection 3,4. The present results suggest that resistance 
to MHV3 infection observed in A/J mice may be the result of a restriction 
of virus replication by peritoneal exudate and lymphoid cells caused by 
genetically-determined intrinsic cellular mechanisms. In addition, the 
resistance to virus infection displayed by other target cells, such as 
hepatocytes6 and fibroblasts 7, should minimize pathological damages and 
therefore assure survival of infected mice and development of an adequate 
immune response leading to total elimination of the virus. In contrast, 
susceptible mice infected by MHV3 cannot restrict viral replication, 
leading to dissemination of infection, virus-induced cellular injuries and 
subsequent death. An intermediate behavior, displayed by lymphoid cells 
originating from semisusceptible mouse strains, seems to be related to an 
incomplete restriction of virus replication which may lead to viral 
persistency, lympholysis and to subsequent immunodepression. 
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Further work is in progress to dissect the cellular mechanism(s) 
involved in the restriction of viral repliaction in macrophages and 
lymphocytes related to phenotypic expression of genetically-determined 
sensitivity to MHV3. 
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