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Mouse hepatitis virus 3 (MHV 3) infection in mice displays various 
types of sensitivity according to mouse strains: resistance, full 
susceptibility and semisusceptibility. MHV 3 infections were carried out in 
primary cultures of embryonic fibroblasts originating from various mouse 
strains and in mouse lymphoid cell lines. Persistent infection was induced 
in 2 out of 3 primary embryonic fibroblast cultures. A high production of 
virus was obtained, as tested by viral titers and cell membrane antigen 
detection. Cytopathic effects characterized by cell lysis were related to 
in vivo phenotypes. Persistent MHV infection established in vitro in YAC 
mouse lymphoid cell line was characterized by virus production, occurence 
of cellular viral antigens and cell lysis. Cell cloning and antibody 
treatment experiments indicated that the type of viral transmission was 
horizontal and not vertical. These data indicate that persistent infection 
induced by MHV 3 in lymphoid cell lines is characterized by a viral "carrier 
state" where production of infectious viral particles remains in equilibrium 
with cell permissiveness.Biological and biochemical properties of MHV 3 
variants derived from persistently infected YAC lymphoid cells were 
characterized. Similar heterogeneous thermosensitive properties were 
observed when YAC-derived cloned substrains (YAC-MHV 3) were compared 
to parental-derived cloned viruses, indicating that no selection of 
temperature-sensitive mutants was induced in persistently infected YAC 
cells. The capacity, however, of YAC-MHV3 to induce a lethal acute 
disease when injected into susceptible mice was lost very rapidly and 
seemed to be regulated by host factors. 
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INTRODUCTION 

Mouse hepatitis virus 3 (MHV 3) infection in mice leads to various 
type~ 2f evolution according to strain, age and immune status of ani
mals '. Three types of viral sensitivity were observed: resistance, full 
susceptibility and semisusceptibility. The latter is characterized by a 
chronic disease with occurrence of paralyses and viral persistency since 
MHV 3 can be recovered during the first 3 months ppstinfection in most 
animals from brain, liver, spleen and lymph nodes. Genetic analysis 
indicated that acute and chronic diseases are under the influence of at 
least 2 major genes, or gene complexes, which are different for both 
diseases4• In addition, it was observed that resistance to the development 
of paralysel in semisusceptible F 1 hybrids was governed by genes of the H-
2 complex. During the chromc phase of the disease, a progressive 
immunodeficiency occurs, which is related to marke~ involvement of the 
lymphoid system, presence of MH~3 in lymphoid cells and capacity of the 
virus to replicate in lymphocytes , all factors leadi~g to lympholysis and 
inhibition of antigen-driven lymphocyte proliferation • Natural resistance 
also plays an important role in MHV 3 sensitivity since in vivo susceptibility 
was correlat;:~ in vitro with the capacity of MHV 3 to replicate or not in 
hepatocytes '. Persistent viral infections induced in vitro with coronavi
ruses (MHV 3 and JHM str~~~ have mainly been established in continuous 
cell cYnes of neural origin' and in mouse myeloblasts or rat hepatoma 
cells. Mechanisms involved in such persistent infections are still un
known. 

In order to study the mechanism involved in MHV3 persistency, we 
have established persistent in vitro infections in lymphocyte cell lines as 
well as in embryonic fibroblast cells originating from various mouse strains 
with different genetic sensitivity to MHV 3. 

RESUL TS AND DISCUSSION 

MHV 3 persistent infection in embryonic fibroblast cells 

MHV 3 infection was carried out in primary cultures of embryonic 
fibroblasts originating from various mouse strains (resistant: A/J, suscep
tible: C57Bl/6 and semisusceptible (C57B1/6 x A/J)F 1). Embryonic fibro
blast cells were obtained from 15 to 18 day-old mouse embryos. Virus
induced cytopathic effects and membrane antigens as well as virus 
replication and interferon synthesis were studied. Persistent infection was 
induced in 2 out of 3 primary embryonic fibroblast cultures. 

In infected primary cell cultures (Fig. 1), high virus titers were 
observed in AI J and in (C5 7B1/ 6 x AI J)F J cells. In C57Bl/ 6 cells, virus 
titers were high at days 2 to 4 postinf"ection, but decreased regularly 
thereafter to become negative by day 10. MHV.3-induced cytopathic 
effects (CPE) exhibited striking differences accordmg to mouse strains. 
No CPE were seen in fibroblast cultures derived from the resistant A/J 
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Figure 1. 
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MHV 3 infection in primary cell cultures of embryonic fibro
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strain, whereas cells from susceptible C57BI/6 mice expressed a high 
percentage of CPE by day 2 postinfection and were entirely lysed by day 
10. Fibroblast cultures derived from (C57BI/6 x A/J)F1 hybrids displayed 
an intermediate behaviour as CPE, already present by cJay 2 postinfection, 
regularly increased thereafter without reaching, however, total cell lysis. 
Search for interferon production was carried out at 5 day intervals in 
supernatants from MHV infected embryonic fibroblast cell cultures. No 
interferon was detected"3 during viral persistency. Results indicate that 
genetically determined sensitivity of mice to MHV infection can be 
exhibited in embryonic fibroblasts with regard to establishment of per
sistent infections and resistance to virus-induced cell lysis. 

MHV 3 persistent infection in Y AC cells 

In an attempt to investigate a causal relationship between virus 
persistency and lymphocytes, in vitro studies of MHV replication in 
lymphocyte cell lines were undertaken. YAC cells (Y A21 substrain) are 
derived from a Moloney virus induced T-cell lymphoma of A/Sn origin and 
have been propagated as a suspension line in culture for several years. 
Cells were grown in suspension culture in RPMI 1640 (Flow Laboratories, 
McLean) medium containing 10% of fetal calf serum, penicillin (100 U./ml) 
and streptomycin (100 mg/ml). Subcultures were perform5d by dilution 
with fresh culture medium when cell density reached 5 x 10 cell/mI. The 
doubling time of lymphoid cells was 18 h. 

Persistent infections were established in YAC cells (Fig. 2) and were 
maintained up to 100 days in some experiments. They were stopped at that 
time for convenience. In every culture, the number of viable cells was 
regularly counted and virus persistency was determined by both virus 
production and detection of cellular viral antigens using the indirect 
immunofluorescence test. A marked difference in cell number was 
observed when infected and uninfected Y AC cells were compared. In 
addition, a cell "crisis", characterized by a drastic decrease in cell number, 
occurred in infected cell populations at passages 7 and 15 (Fig. 2). 
Infectious virus was produced by persistently infected Y AC cell cultures. 
Titers varied with time and no significant difference was seen between 
free-virus and cell associated virus titers. Indirect immunofluorescence 
examination performed on infected and control cells displayed different 
patterns of fluorescence according to time of infection. Large fluorescent 
syncyti a were frequently seen during the first 2 passages postinfection, 
whereas small fluorescent cells, without fusion were 
observed thereafter. 

Persistent MHV 3 infection was characterized by several factors, e.g.: 
virus production, occurence of cellular viral antigens and cell lysis. 
Although some variations were observed, a general relationship was seen 
between the 3 factors during cell cultures. High virus titres were 
associated with a decrease of fluorescent cell number and of cell lysis. 
Conversly, low virus titers were associated with high numbers of fluorescent 
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Figure 2. 
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cells and increased lysis. Such a relationship suggests sequential events 
where virus production would be followed by accumulation of viral antigen 
and cell death. This relationship was particularly remarkable when "crisis" 
occurred. Such "crisis" were manifested by a sharp increase of cell lysis 
and of fluorescent cells and, concomitantly, by a marked decrease of virus 
titers. Similar cell "crisis" have alrI~~2 been demonstrated in mouse L 
cells persistently infecte13with VSV '14 in human lymphoblastoid cells 
infected with parvoviruses or with HSV • 

Mode of viral transmission in MHV 3 persistently infected YAC cells 

In order to study the mode of viral transmission, two experiments 
were performed: cell cloning of infected and uninfected Y AC cells, and 
tre~tment of cells undergoing a persistent infection with high concentra
tions of specific anti-MHV 3 antibody. 

Cell cloning of persistently infected and uninfected Y AC cells was 
performed using the limit dilution method. Cloning efficiency was 
estimated as the ratio between numbers of growing and expected clones. 
Cloning efficiency of infected (I) versus uninfected control (C) cells, 
resulted in a I/C ratio. Results obtained in 2 experiments of cell cloning 
showed that I/c ratios were 0.77 and 0.72. Virus did not persist in any of 
the cell clones as evidenced by absence of virus production, of immunofluo
rescent cells, and of resistance to superinfection. In order to evaluate the 
role of extracellular transmission of infection in virus persistency in Y AC 
cells, anti-MHV Ab was added during 4 successive passages at a final 
concentration 01 1:25. Free or cell-associated virus was not recovered 
after the first passage and the number of fluorescent cells progressively 
decreased. No evidence of viral infection was detected in subsequent 
passages after extensive washings followed by culture in antibody-free 
medium. Results obtained with anti-MHV 3 Ab treatment are in favor of a 
horizontal transmission as the route of viral persistency in Y AC cell 
cultures. This was further evidenced by the absence of viral informations 
detected in cell clones, indicating that clone producing cells either 
underwent abortive infection without effect on clone growth, or have never 
been infected. These data indicate, therefore, that persistent infection 
induced by MHV 3 in lymphoid cell lines is characterized by a viral "carrier 
state" where proCluction of infectious viral particles remains in equilibrium 
with cell permissivity. 

Properties of MHV 3 isolated from persistently infected YAC cells 

Several viral factors have been involved in the establishment and 
maintenance of persistent infections, such as defective interfering parti
cles, occurrence of thermosensitive mutants, antigenic drift or interaction 
between selection of viral mutants and interferon system. 

In order to study the viral properties, virus cloning was performed on 
virus progeny derived from persistently infected YAC and L2 cells. 
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Parental virus and MHV 3 from persistently infected YAC cells (YAC
MHV 3) were used as starting materials for the preparation of viral clones. 
Virus cloning was performed on L2 cells using the limit dilution assay at 48 
hrs. 

Thermosensitivity of cloned virus. Determination of thermosensitivi
ty was carried out in L2 cells in microtitration plates, infected with cloned 
viruses (0.01 m.o.i.) and maintained in culture at 33°C, 37°C or 39.5°C for 
various times. Each titration was done in triplicate. A virus yield ratio 
was calculated according to the difference in virus titers obtained when 
cells were cultured at 2 different temperatures for 18 or 24 hours. Viral 
populations derived from L2 or YAC cells cultured at 33°C, 37°C and 
39.5°C exhibited a heterogeneous pattern of thermosensitivity. Mean 
titers of cloned virus substrains derived from Y AC cells cultured at the 3 
different temperatures were similar to those obtained with cloned viruses 
isolated from L2 cells and cultured at the same temperature. For each 
cloned virus, a yield ratio was calculated according to the difference of 
virus titers observed for 2 temperatures tested. As shown in Table 1, a 
similar heterogeneity in yield ratios was observed when Y AC-derived 
cloned substrains were compared to L2 derived cloned viruses. It is 

Table l. Replication at different temperatures of viral clones isola-
ted from MHV 3 infected L2 and Y AC cells 

33°C - 37°C 37°C - 39.5°C 

Yield YAC-MHV3 L2-MHV3 YAC-MHV3 L2-MHV3 
Oog 10) No. clones No. clones No. clones No. clones 

(%) (%) (%) (%) 

-1 3 (7.5 ) 0 (0) 1 (3) 0 1 
0 1 (2.5 ) 2 (13.3) 2 (6) 2 (18) 
1 10 (25) 1 (6.7) 9 (28) 5 (45) 
2 7 (17.5) 3 (20) 9 (28) 3 (27) 
3 6 (15) 3 (20) 8 (25) 1 (9) 
4 7 (17.5) 5 (33.3) 3 (9) 0 (0) 
5 5 (12.5) 1 (6.7) 0 (0) 0 (0) 
6 1 (2.5) 0 (0) 0 (0) 0 (0) 
7 0 (0) 0 (0) 0 (0) 0 (0) 

Total No. of 40 15 32 11 
clones tested 

l. Yield ratio was calculated according to the difference in virus titers 
obtained when cells were cultured at various temperatures for 18 
hours (37°C -39.5°C) or 24 hours (33°C -37°C). 
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interesting to note that parental MHV exhibited heterogeneous viral 
populations with respect. to thermosensitivity. Viral heterogeneity was 
maintained in persistently infected YAC cell cultures and no selection of ts 
mutants appeared to be induced. Similar negative results were observed 
with neuroblastoma cells p~rsistently infected with JHM virus where no ts 
mutants could be detected • In addition, Lucas et ala have demonstrated 
that the rapid inhibition of MHV 3 and JHM viral synthesis resulting from a 
high temperature shift was notllQlsociated with the appearence. of ts mutants 
but was related to host factors 

Defective-interfering (On particles and interferon. Sekellick and 
Marcus have proposed that initiation and maintenance of persistent infec
tions in cell cultures, competent for the interferon system, may be related 
to the development of 01 particleslgr virus mutants with an increased 
capacity of cells to induce interferon • 

A volume of 0.1 ml of 10-fold dilutions of virus suspension was 
injected intraperitoneally (i.p.) into each of 3 adult CS7Bl/6 mice per 
dilution. The number of dead animals per grouP2was retT0raed. For in vitro 
interference assay, different 80ncentrations (10 to 10 TCIDsn) of paren
tal virus were mixed with 10 TCID of a virus suspension obtained from 
persistently infected cell cultures (355~ays postinfection). Interferon assay 
was carried, out according to a published method!6 after destruction of viral 
infectivity by heat or irradiation. Neither interferon nor 01 particles were 
detected in MHV 3 persistently infected YAC cell cultures. Similar 
negative results were obtained in pel~stent infections inducl~ in vitro with 
other coronaviruses either in animal or in human cell lines • 

In vivo pathogenicity. Virus evolved from persistently infected cell 
cultures can differ from parental virus by virulence markers such as in vivo 
pathogenicity. The capacity of YAC cell-derived MHV3 substrain to induce 
an acute disease upon injection into susceptible mice was tested. Y AC 
cells were inoculated with 1 m.o.i. of parental MHV 3' In vitro virus titers 
as well as in vivo pathogenicity were determined in culture supernatants at 
various times postinfection. It was observed that eight days after 
infection, Y AC cell culture supernatants had lost their property to induce 
an acute disease when injected into susceptible C57Bl/6 mice. Subsequent 
in vivo experiments revealed that virus could be recovered, at low titers, 
during several months postinfection from peritoneal macrophages, liver and 
brain in animals infected in vivo with non-pathogenic (NP) virus. 

In vivo pathogenicity of uncloned and cloned MHV3 derived from 
YAC or L2 cells, was determined after subsequent passages carried out 
either in vitro on L2 cells or in vivo in susceptible mice. As shown in Table 
2, YAC-MHV 3 which was devoid of in vivo pathogenicity property even 
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Table 2: In vivo pathogenicity of YAC cell-derived MHV 3 after in 
vitro or in vivo passages. 

Origin of No. of passages (days) In vivo pathogenicitl 
cell-

derived In vitro In vivo No.survivaI/No~ tested (%) --- --- Newborns Adults MHV3 
(No. of 
clones) 

YAC-MHV3, 
uncloned 5/7 (71) 19/19 (100) 

YAC-MHV, 
cloned (21~ 2 (2) 11/135 (8) 21/21 (100) 

YAC-MHV , 
N02 cloned, (4~ 4 (4) 5/15 (33) 

YAC-MHV3, 
uncloned 1 (4) NO 1/3 (33) 
L2-MHV~, 
unclone NO 0/15 (0) 

L2-MHVr cloned (1 ) 2 (2) NO 0/42 (0) 

1. 0.1 ml of culture supernatant was injected i.p. in C57BI/6 mice. 
In ~ll eXP'7riments, virus titers as determined in vitro ranged from 
10 to 10 /ml. 

2. NO: not done. 

upon injection in newborns regained its ability to induce an acute disease 
after in vivo or in vitro passages. After 2 passages in L2 cells, YAC-MHV3 
became pathogenic for newborns but not for C S7BI/6 adult mice, whereas 
pathogenicity was reached in the latter after 4 passages. Although NP
MHV injection into susceptible mice led to the persistence of a virus 
whic~ recovered its pathogenicity 4 days postinfection, it was surprising 
that infected animals did not succumb. 

In order to study the respons;ibility of persistency in the loss of in 
vivo pathogenicity, virus progeny derived from persistently infected em
bryonic cell cultures 'Was, tested. Viruses isolated from embryonic 
fibroblasts retained their in vivo pathogenic property even after 32 days of 
viral persistency. The loss of pathogenicity was related, therefore, not to 
the state of viral persistency itself, but rather to the origin of replicating 
cells as this was observed in lymphoid cells and not in fibroblasts. In 
addition, the rapid reversion to pathogenicity undergone by MHV 3 passaged 
into susceptible mice, suggests that viral pathogenicity may be regulated 
by the host. 
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CONCLUSION 

Our work indicates that embryonic fibroblast cells originating from 
various mouse strains support MHV replication which leads to in vitro 
persistency. In addition, a genetica1ly determined sensitivity to MHV 3 
infection in fibroblasts is expressed according to virus-induced cell lysis. 
Persistent infection induced by MHV 3 in lymphoid cell lines is characteri
zed by a viral "carrier state" where production of infectious viral particles 
remains in equilibrium with cell permissivity. The ability of MHV 3 to 
induce in vitro persistent infections in lymphoid cell lines suggests that a 
similar mechanism may be involved in vivo. Carrier-type transmission of 
infection would also result, during the chronic phase of the disease, in 
atrophy of 51ymphoid organs leading to progressive development of immuno
depression. Conversely, high anti-MHV 3 antibody titers should block 
transmission of infection and cure the animals. During the chronic disea!;e, 
a second and higher rise of anti-MHV 3 Ab levels occurs during the third 
month of infection. Although MHV 3 can easily be recovered from organs 
of infected mice during the first trimes~r of infection, after that time. all 
usual methods of virus recovery failed. Our results suggest that MHV 3 
replication in lymphoid cell lines leads to induction or selection of variants 
which maintain in vitro pathogenicity but display reduced in vivo pathoge
nic effects. In addition, such variants are responsible for the development, 
in susceptible mice, of a subclinical infection. Persistent MHV 3 infection 
in lymphoid cell lines and in embryonic fibroblast cells represent an 
interesting model for studying virus-host cell interactions as well as 
cellular mechanisms involved in the resistance to virus-induced cell lysis 
and in the loss of pathogenicity. The in vivo significance, however, of the 
latter phenomenon has to be established and its existence in normal 
lymphocytes would be an observation of major importance. 
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