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Summary. Infection of BALB/c mice with mouse hepatitis virus, strain JHM 
(MHV-JHM), at any of several intervals relative to ovalbumin (OVA) admin- 
istration resulted in elevated OVA-specific IgG 2 a titers. Since gamma interferon 
(IFN) has been implicated as an up-regulator of IgG 2 a production, attempts 
were made to determine whether levels of this cytokine were modified in sera 
of infected mice. Serum IFN-y was not detected, but treatment of MHV-JHM- 
infected mice with monoclonal anti-IFN-? antibody resulted in high mortality 
with decreased survival times, enhanced virus titers in liver and spleen, and 
more severe virus-associated pathology, compared to mock-treated, infected 
mice. Immunotherapy with recombinant IFN-7 ameliorated disease as reflected 
by mortality rates and virus titers in target organs. 

Introduction 

Mice inoculated with soluble protein antigens preferentially produce IgG 1 and 
IgG 3 specific to that antigen [3, 7]. In contrast, infection of mice with any of 
several viruses enhances the IgG 2 a response both to the infecting virus and to 
immunizing soluble protein antigens [6-8]. Gamma interferon (IFN), a cytokine 
preferentially produced by the Th 1 subset of CD 4 + T cells [5], stimulates 
production of IgG 2 a by B lymphocytes activated in vitro and in vivo and 
inhibits IgG 1 secretion [12, 30, 31]. Thus, it has been postulated that the 
immune response triggered by viruses mainly activates the Th 1 subset of helper 
T cells [7-]. 

Mouse hepatitis virus (MHV) is a singular name for a group ofcoronaviruses, 
family Coronaviridae, infecting laboratory mice worldwide at high prevalence 
[18, 20, 22]. Mice infected with MHV can exhibit aberrant immune responses 
that interfere with their usefulness in biomedical research [4, 9, 10, 27-29]. 
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Coutel ier  and  co-workers  [7] showed altered protein-specific isotype responses 
o f  mice infected with the A 59 strain o f  M H V  one day  pr ior  to antigen ad- 
ministrat ion.  The initial goal o f  the current ly  repor ted  experiments  was to 
de termine  whether  M H V - J H M  infection yielded similar results and  whether  
t iming of  virus exposure  was critical to observing the effect, as has been repor ted  
for o ther  exper imental  systems al tered by M H V  infection [4, 33]. M H V - J H M  
infection o f  the BALB/c  mouse  was exploited as representat ive o f  a combina t ion  
o f  modera te ly  virulent, pant ropic  virus in a c o m m o n l y  used permissive genotype.  
Based on the observat ion o f  elevated ovalbumin  (OVA)-specific IgG 2 a levels 
in sera o f  mice infected with M H V - J H M  at any  o f  several intervals relative to 
ant igen exposure,  a t tempts  were made  to detect  IFN-7  in sera o f  infected mice 
and  to reverse the IgG 2 a elevation by adminis t ra t ion  o f  IFN-y-specif ic  anti- 
body.  The effect o f  this an t ibody and o f  i m m u n o t h e r a p y  with exogenous re- 
combinan t  IFN-7  on virus-associated mor ta l i ty  and  pa tho logy  and  on virus 
replication in target  organs was examined.  

Materials and methods 

Mice 

Female BALB/cByJ mice (The Jackson Laboratory, Bar Harbor, ME) were five to seven 
weeks old at the time of virus exposure. Young adult BALB/c nu/nu (athymic) and nu/+ 
(euthymic) mice were obtained from Life Sciences, Inc. (St. Petersburg, FL). Cr:ORL 
Sencar dams with litters were obtained from the Animal Genetics and Production Branch, 
NCI (Bethesda, MD). Randomly selected mice were free of antibody to common murine 
viruses on arrival, All mice were housed in micro-isolator cages (Lab Products, Maywood, 
NJ) and were given food and water ad libitum. Manipulations and husbandry were per- 
formed in a class II biological safety cabinet, and infected mice were housed in a facility 
separate from that used for control (uninfected) mice. An open-cage sentinel mouse sero- 
monitoring program was in place during the course of the reported studies. Seroconversion 
to none of 11 common murine viruses or Mycoplasma pulmonis was detected, except among 
MHV-inoculated, immunocompetent mice which seroconverted to the infecting virus. 

Virus 

MHV-JHM (American Type Culture Collection, Rockville, MD) was used in the form of 
an infected infant mouse brain homogenate. Mice immunized with OVA or given antibody 
to IFN-7 were exposed orally to 10 4 infant mouse icLDs0 of virus. Mice treated with 
recombinant IFN-7 were exposed intranasally to the same dose of virus. Intranasal exposure 
of BALB/c mice generally results in nearly 100% mortality, whereas mortality rates after 
oral inoculation are less than 50% (unpubl. obs.). 

Ovalbumin (OVA) immunization 

Groups of mice were infected per os with MHV-JHM on days -7 ,  -4 ,  -1 ,  0, + 1, or 
+ 3 relative to intraperitoneal immunization with OVA (500 ~tg/mouse) in Freund's complete 
adjuvant (FCA). Additional groups of uninfected mice received OVA plus FCA or FCA 
only. Mice were killed with CO2 gas and exsanguinated on days 7 or 14 post-OVA or FCA 
administration. Data from three replicate experiments were pooled. The numbers of mice 
per group are shown in Table 1. 
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Serology 

Mice were monitored for seroconversion as evidence of infection by indirect immunoflu- 
orescent staining using individual sera diluted 1 : 10 and a bivalent antigen consisting of 
MHV-JHM and MHV-S, as previously described [26]. For the measurement of OVA- 
specific antibody, 96-well plates (Costar Corp., Cambridge, MA) were coated overnight at 
4 °C with crystallized OVA (Sigma Chemical Co., St. Louis, MO; 250 gg/ml in 200 gl of 
sodium carbonate buffer, pH 9.6). Negative control wells were coated with carbonate buffer. 
The wells were washed twice with phosphate buffered saline (PBS) containing 0.05 % Tween- 
20 (PBS-T) and treated for 1 h at 37 °C with 3% gelatin in PBS. Following two additional 
washes with PBS-T, serum dilutions in PBS were added for 1 h at 37°C. Horseradish 
peroxidase (HRP)-conjugated goat anti-mouse IgG1 (Southern Biotechnology, Bir- 
mingham, AL) diluted 1:2000 in PBS-T or HRP-conjugated goat anti-mouse IgG2a 
(Southern Biotechnology) diluted 1 : 500 in PBS-T was added for 1 h at 37 °C after two 
washes with PBS-T. After three further washes with PBS-T, 3,3',5,5'-tetramethylbenzidine 
(TMB; Kirkegaard and Perry Laboratories, Gaithersburg, MD) was added to the wells for 
15 rain followed by the addition of 1 N HC1. A450 were  read on an automated plate reader 
(MR 600; Dynatech Laboratories, Alexandria, VA) and were considered significant if they 
exceeded by 3 S.D. the mean value for control wells treated with the same dilution of serum. 
Results are expressed as geometric mean titers [34] for sera with significant A450 values at 
a dilution of 1 : 50 or greater. Selected sera from mice tested for IgG 2 a were eliminated 
from the analysis due to unacceptably high background readings. 

Virus detection and quantification 

Ten percent tissue homogenates were clarified by centrifugation, and the supernates were 
screened for infectivity by intracerebral inoculation of litters of two day old Sencar mice. 
Virus was quantified by inoculating serial log10 dilutions of tissue homogenates. Mortality 
during a one week period was recorded, and virus titers were calculated by the method of 
Reed and Muench [23]. 

Reagen~andrnouse treatmen~ 

Monoclonal antibody to mouse gamma IFN, designated XMG 1.2 [5], was precipitated 
with saturated ammonium sulfate and extensively dialyzed against PBS, pH 7.2. The final 
product contained 1 x 105 neutralizing units per ml of antibody when tested with 64 units 
of recombinant gamma IFN in the WEHI 279 B cell lymphoma bioassay [24]. Mice were 
given 2 x l04 neutralizing units daily by the intraperitoneal route, beginning one day prior 
to virus exposure through one day prior to necropsy. Recombinant mouse IFN-7 (lot 
no. 5408; specific activity ~> 1 x 107 units/mg; purity > 98% according to manufacturer) 
was obtained from Amgen Biologicals (Thousand Oaks, CA). Mice were given 2 x 10 4 
units intraperitoneally and 2 × 103 units intranasally once daily on days ( - 2 )  through 
(+ 2) relative to virus exposure. 

Histology 

Liver and spleen were fixed in 10% neutral buffered formalin, paraffin embedded, sectioned 
at 5 ~tm and stained with hematoxylin and eosin. 

Statistical analysis 

Chi square analysis was used to test for differences in proportions, and Student's unpaired 
t test was used to analyze differences in mean virus titers. 
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R e s u l t s  

Sera f rom mice infected with M H V - J H M  one day prior  to OVA administrat ion 
contained substantially elevated levels of  antigen-specific I g G 2  a on day 7 
(Table 1) with geometric mean  titers that  were 17 times control  (OVA only) 
values at that  interval. There was a suggestion of  a delayed IgG 2 a response 
among  mice infected with M H V - J H M  three or five days after OVA adminis- 
tration, since sera f rom one of  24 mice tested on day 7 contained OVA-specific 
IgG 2 a, whereas four of  eleven OVA-immunized,  uninfected mice had  sero- 
converted at that  interval (%2 = 4.03; P < 5.0). Sera f rom higher propor t ions  of  
mice in groups that  received M H V - J H M  on days - 4  (83%), - 1 (88%) or 0 
(83%) relative to OVA contained OVA-specific I g G 2 a  on day 7 than the 
p ropor t ion  that  were OVA-immunized,  but  uninfected (36%); however, these 
differences were not  statistically significant. Mice infected four days prior  to 
OVA administrat ion had  OVA-specific IgG 1 titers that  were sevenfold lower 
than those of  OVA-immunized,  uninfected mice (Table 1), and the propor t ion  
of  IgG 1-positive sera (60%) was reduced compared  to uninfected control  sera 
(92%). 

Table 1. Ovalbumin (OVA)-specific IgG 2 a and IgG t titers in sera of BALB/cByJ mice 
infected at varying intervals with MHV-JHM 

Day of MHV-JHM 
infection relative to 
OVA administra- 
tion 

Day 7 Day 14 

IgG 2 a IgG 1 IgG 2 a IgG 1 

OVA only 4/11 11/12 10/10 10/10 
350 -4- 171 3,488 -4- 204 1,600 ± 252 112,640 -4- 11,072 

- 7 7/15 13/15 8/8 8/8 
314 4- 98 1,416 4- 68 8,832 4- 240 115,712 -4- 8,000 

- 4  10/12 9/15 6/6 6/6 
480 ± 230 488 -4- 82 11,712 -4- 117 68,096 4- 5,248 

- 1 7 / 8  1 1 / 1 4  7/7 8/8 
5,952 4- 1,936 1,600 4- 114 132,095 -4- 6,080 89,600 4- 8,896 

0 10/12 16/16 8/8 12/12 
800 -4- 156 1,600 4- 100 14,464 -4- 189 55,296 4- 3,264 

+ 1 4/13 15/17 8/9 8/8 
150 -4- 100 1,600 -4- 66 12,032 -4- 416 48,128 -4- t2,544 

+ 3 0/12 16/17 5/5 5/5 
2,400 -4- 99 2,240 -4- 684 40,960 ± 9,728 

+ 5 1/t2 17/17 5/6 6/6 
1,600 5,280 + 75 1,120 4- 260 59,904 4- 7,488 

Results are shown as number positive at a dilution of 1 : 50 or greater/number tested, 
and geometric mean enzyme-linked immunosorbent assay titer ± SD for positive sera 
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Sera collected from mice at 14 days after OVA immunization yielded a more 
clear-cut pattern. IgG 2 a titers were elevated in sera from mice that received 
virus any time from seven days prior to OVA through one day after OVA 
(Table 1). As had been seen among mice bled seven days after administration 
of OVA, the most marked increase in OVA-specific IgG 2 a (83-fold increase 
over controls) occurred among mice infected one day prior to immunization. 
Sera from all infected mice except those exposed to virus seven days prior to 
immunization contained reduced levels of OVA-specific IgG 1 (Table 1). How- 
ever, the greatest reduction (mice infected three days after OVA immunization) 
was three-fold. Mice infected seven days prior to immunization yielded IgG 1 
titers equivalent to uninfected controls. 

Isotype distribution of ovalbumin-specific antibody was also analyzed by 
determining IgG 1 : IgG2a  ratios for sera from mice bled on day 14 (Fig. 1). 
Although the two tests may have inherently different sensitivities, this parameter 
would be expected to remain relatively constant, since the two assays were 
always run in parallel, and the same reagents were used throughout the study. 
This analysis revealed that IgG 1 levels in sera from uninfected, OVA-immunized 
mice were 70-fold higher than IgG 2 a levels. In contrast, the ratio was less than 
one for sera from mice infected one day prior to immunization and measured 
on day 14. 

The elevated IgG 2 a OVA-specific response of most groups of MHV-infected 
mice and the preferential production of this isotype by mice infected one day 
prior to antigen administration suggested that these mice were producing IFN- 
y. However, using the WEHI 279 B cell lymphoma bioassay [24], attempts to 
detect the cytokine in sera of infected mice failed, as had earlier attempts to 
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Log geometric mean (IgG1 : IgG2a) at 14 days post-OVA 

Fig. 1. Log~0 ratio of IgG 1 : IgG2 a geometric mean ovalbumin (OVA)-specific titers at 14 
days after OVA immunization. Mice were infected with MHV-JHM at varying times (shown 
on ordinate) relative to OVA administration. Geometric mean titers were calculated for 
those sera that were enzyme-linked immunosorbent assay-positive at dilutions of 1 : 50 or 

greater 
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detect IFN-7 in supernates of concanavalin A-stimulated spleen cells from 
acutely infected mice [t0, 27]. It was reasoned that, ifIFN-y was being produced 
below the level of assay detection and was responsible for the induction of an 
elevated IgG 2 a response, treatment of OVA-immunized, MHV-infected mice 
with anti-IFN-7 should restore, at least partially, the IgG 1 OVA-specific re- 
sponse. In two experiments, 94% of mice inoculated orally with MHV-JHM 
and treated with XMG 1.2 died with survival times substantially shorter than 
those of mock-treated, infected mice (6.8 -4- 0.8 days vs 9.3 ± 3.4 days). This 
suggested that IFN-y was produced during MHV infection and was influencing 
the course of disease. 

In an attempt to delineate the role of IFN-y in the pathogenesis of MHV- 
JHM infection, groups of athymic or euthymic BALB/c mice were treated with 
monoclonal anti-IFN-y (XMG 1.2) or were mock-treated with dialysis buffer 
(PBS) and exposed orally to virus. Athymic mice were included because they 
produce IFN-y by virtue of fully competent natural killer cells [-19]. Four mice 
per genotype and treatment group were necropsied daily on post-infection days 
one through five. Liver and spleen sections from all mice were examined his- 
tologically, and virus in the same organs of mice necropsied on days four and 
five post-infection was quantified. On day 4, mock-treated athymic and euthymic 
mice and XMG 1.2-treated euthymic mice had rare scattered foci of necrotizing 
hepatitis, with necrosis of hepatocytes and infiltration of neutrophilic leukocytes. 
XMG 1.2-treated athymic mice had hepatitis that was similar in quality to that 
of their mock-treated counterparts, but necrotic foci were more numerous. On 
day 5, differences between treatment groups were more striking. XMG 1.2- 
treated athymic mice had numerous large, coalescing foci of hepatocellular 
necrosis, with only modest leukocytic response (Fig. 2 A). In contrast, mock- 
treated athymic mice had fewer, smaller foci of hepatitis with less necrosis and 
infiltration with more leukocytes (Fig. 2B). XMG 1.2-treated euthymic mice 
had more foci of hepatitis than either their mock-treated counterparts or mock 
treated athymic mice. Lesions among the latter three groups were qualitatively 
similar, with infiltration of both neutrophilic and mononuclear leukocytes. 
Microscopic differences between treatment groups were not seen in spleens of 
mice necropsied on day 4, but were evident on day 5. XMG 1.2-treated athymic 
mice, and to a lesser extent XMG 1.2-treated euthymic mice, had severe necrosis 
of the periarteriolar regions of the white pulp. Necrosis was present in the same 
regions of spleens from mock-treated mice, but was less severe. 

Virus titers in livers and spleens of XMG 1.2-treated mice necropsied on 
days 4 and 5 post-inoculation, whether athymic or euthymic, were higher than 
those in the corresponding tissues of mock-treated mice (Table 2). For athymic 
mice, these differences were statistically significant for both tissues on both 
days. Among euthymic mice, statistically significant differences in virus titers 
occurred in the spleen, but not the liver. 

Since treatment of MHV-JHM-infected BALB/cByJ mice with antibody to 
IFN-y resulted in decreased survival time and increased virus titers in two target 
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Fig. 2. A Liver of XMG 1.2-treated athymic mouse at 5 days after oral MHV-JHM inoc- 
ulation. Large coalescing foci of necrosis have minimal leukocytic infiltration, as represented 
by this field. B Liver of PBS-treated athymic mouse at 5 days after oral MHV-JHM 
inoculation. Compared to livers of XMG t.2-treated ath}anic mice (A), foci of hepatitis are 
less numerous and have less necrosis and more leukocytic infiltration, as represented by 

this field, x 135 

organs, the ability of  IFN-y  supplementa t ion to ameliorate disease was assessed. 
Trea tment  of  MHV-JHM-infec ted  mice with recombinant  IFN-y  resulted in 
significantly reduced mortal i ty  (Table 3). Virus titers in liver, spleen and brain 
o f  IFN-7  treated mice at five days post- inoculat ion were lower than  those in 
the corresponding organs of  mock-t reated mice (Table 3), but  only the differ- 
ences in liver titers were statistically significant. 
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Table2. Mean MHV-JHM titers (log10 icLDs0 per gram :t: S.D.) in livers and spleens of 
orally inoculated athymic (nu/nu) or euthymic (nu/+ ) BALB/c mice after mock treatment 

or administration of monoclonaI antibody to mouse gamma interferon (XMG 1.2) 

Days post-inoculation 

4 5 

Genotype Treatment Organ 

Liver Spleen Liver Spleen 

Athymic Mock 4.3 ± 0.8 4.6 4- 0.4 4.2 ± 0.4 4.3 4- 0.3 
XMG 1.2 6.4 + 0.5 6.5 4- 0.4 5.9 4- 1.2 5.8 4- 0.9 

P value ~ 0.005 0.001 0.025 0.01 

Euthymic Mock 4.6 + 1.3 4.6 4- 0.9 4.9 4- 0.9 4.7 4- 1.1 
XMG 1.2 4.7 4- 0.0 5.9 + 0.4 6.0 4- 1.0 6.5 + 0.4 

P value N.S. 0.025 N.S. 0.01 

P values are based on unpaired t test performed on virus titers in organs of mock- 
treated vs. XMG 1.2-treated mice. N.S. Not significantly different 

Table 3. Mean virus titers in target organs 5 days after intranasal inoculation of BALB/ 
cByJ mice with MHV-JHM and mock treatment or administration of recombinant gamma 

interferon and mortality rates in observation groups 

No. positive / no. tested (log10 icLDs0 per gram ~ 4- S.D.) 

Organ Mortality 

Liver Spleen Brain 

Mock-treated 8/8 (%0 + 0.3) 9/9 (5.7 + 0.3) 7/8 (6.3 4- 0.5) 12/t2 (100%) 
IFN- 7 treated 9/9 (5.4 + 0.9) 6/8 (5.2 + 0.3) 7/9 (4.8 4- 1.7) 7/12 (58%) 

P value 0.001 b N.S. b N.S. b < 0.05 c 

a Mean virus titers for virus-positive organs 
b p value is based on unpaired t test performed on virus titers in organs of mock-treated 

vs. gamma interferon-treated mice. Differences in proportions of virus-positive organs were 
not statistically significant. N.S. Not significantly different 

° P value based on Z 2 analysis for differences in proportions (X 2 = 4.04) 

Discussion 

There have been a few reports detailing the responses of  MHV-infec ted  mice 

to nonrepl icat ing antigens or other  viruses. Mice infected intraper i toneal ly  with 
MHV-3 two or four  days prior  to sheep red b lood cell immuniza t ion  yielded 
depressed IgM and  IgG plaque-forming cell responses [33], whereas mice in- 
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fected at the time of or one day after red cell administration yielded elevated 
plaque-forming cell responses. This could be correlated with the timing of IFN- 
a/13 responses relative to antigen administration. More recently, intranasal ad- 
ministration of MHV-A 59 one day prior to tetanus toxoid immunization re- 
sulted in elevated antigen-specific IgG with a four-fold decrease in the percent 
of IgG that was IgG 1 and a like increase in the proportion that was IgG 2 a 
[7]. Our results with MHV-JHM and a different immunizing antigen confirm 
and extend that finding by showing elevated IgG 2 a OVA-specific responses 
over a wide range of infection intervals. Timing is crucial, however, to the extent 
that IgG 2 a titers exceeded IgG 1 titers only among mice infected one day prior 
to antigen administration. 

MHV infection reportedly increases resistance to a variety of secondary viral 
infections. Pre-infection of mice with MHV increased resistance to lethal Sendai 
virus infection in a normally susceptible genotype and interfered with replication 
of pneumonia virus of mice in respiratory tract tissues [4]. Subclinical MHV 
infection delayed increased plasma lactic dehydrogenase (LDH) levels resulting 
from LDH-elevating virus [11]. Natural, inapparent MHV infection also in- 
creased resistance to encephalomyocarditis virus and reduced the protective 
effect of exogenous IFN-a or -13 [9]. Since MHV infection induces IFN-(z/13 
production [15, 25, 33], it was postulated that increased resistance to these 
secondary infections was due to endogenous IFN-a/13 levels and that the effects 
of exogenous IFN were masked by the endogenous production [9]. 

There are now a limited number of reports showing that IFN-3~ modulates 
the pathogenesis of virus infections. Treatment of mice with a different rat anti- 
mouse IFN-~f monoclonal antibody or with a sheep-derived antibody against 
recombinant IFN-7 resulted in reduced clearance or enhanced replication of 
lymphocytic choriomeningitis virus (LCMV) in mice [17, 19]. Neutralization 
of IFN-7 in LCMV-infected athymic C57BL/6 resulted in enhanced virus rep- 
lication [193 as seen in the studies reported here. More recently, a rat anti- 
mouse IFN-7 monoclonal antibody prevented IL 2-induced recovery of athymic 
mice infected with recombinant vaccinia virus encoding murine IL 2 [16], sug- 
gesting that IL 2-induced IFN-7 production was responsible for rapid clearance 
of this construct. Virus replication and associated mortality were unaffected 
among anti-IFN-7-treated athymic mice infected with a control virus construct 
encoding HSV TK and A/PR/8/34 HA [163. However, administration of re- 
combinant IFN-7 to mice infected with the control construct significantly in- 
creased their survival time, although all treated mice eventually died of dissem- 
inated infection [16]. Resistance of intraperitoneally inoculated A/J mice to 
MHV-3 also correlates with the ability of this genotype to produce IFN-7 after 
infection [21]. The accumulated data strongly suggest that IFN-7, whether 
induced during the course of infection or administered therapeutically, limits 
viral replication in vivo. In the case of vaccinia virus encoding IL 2, IFN-7 
apparently mediates recovery of athymic mice. 

Our data with mice exposed by presumed natural routes to MHV-JHM 
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show that endogenous IFN-7 modulates the pathogenesis of infection in both 
athymic and euthymic mice. In earlier studies with LCMV [13] and the current 
experiments with MHV, IFN-7 was either present in very low concentration 
or undetected in sera of infected mice, despite the fact that anti-IFN-y treatment 
resulted in elevated virus titers. These observations may stem from insensitivity 
of the assays used to detect IFN-7. The vesicular stomatitis virus cytopathic 
effect reduction assay was used in the LCMV studies, and the WEHI 279 cell 
bioassay was used in the current experiments. The WEHI 279 cell bioassay is 
as sensitive as the Ia induction assay for detection of IFN-7 [24], but sensitivity 
comparisons with other methods have not been reported. Use of the sandwich 
enzyme-linked immunosorbent assay, as reported by Karupiah and co-workers 
[16], would likely reveal the presence of IFN-7 in sera or tissue homogenates 
from infected mice. 

Based on both histologic evaluation and virus quantification, the effect of 
administration of anti-IFN-7 antibody was more marked in athymic than in 
euthymic mice. This may be due to higher endogenous concentrations of IFN- 
7 in euthymic mice by virtue of functional T cells as well as natural killer cells. 
Neither natural killer cells nor endogenous levels of IFN-7 are sufficient to 
afford protection, however, since athymic mice do die after natural or exper- 
imental infection with MHV [-14, 32]. MHV-JHM also kills virtually all BALB/ 
c mice exposed by the intranasal route. The lethal effect of infection could be 
partially overcome by administration of recombinant IFN-7, with a concomitant 
and significant decrease in virus concentration in the liver. 

Others have postulated that virus infections preferentially activate the IFN- 
y producing T h 1 subset of CD4 + T cells [7], based on the fact that most 
infections result in enhanced IgG 2 a production. Using LDH-elevating virus 
or the FL strain of mouse adenovirus, attempts were made to inhibit virus- 
associated IgG 2 a production by injection of several different IFN-y-specific 
monoclonal antibodies [6]. These efforts failed, although it was not clear 
whether treatment simply did not affect isotype distribution or whether the 
mice succumbed to infection. In the current study, neutralization of IFN-7 in 
vivo resulted in high mortality with reduced survival times, thereby inhibiting 
our efforts to show a direct link between virus-induced IFN-7 production and 
enhanced IgG 2 a responses. Among mouse strains susceptible to MHV after 
exposure by natural routes, lesions and mortality occur at or near the infectious 
dose level, and the severity of lesions is independent of virus dose [1, 2]. In 
the case of MHV-JHM inoculation of the BALB/c mouse by presumed natural 
routes, the median infectious and lethal doses are essentially identical (unpubl. 
data). Therefore, subsequent studies designed to reveal whether neutralization 
of IFN-7 reverses preferential IgG 2 a production will require the use of mouse 
genotypes more resistant to the lethal effects of MHV-JHM infection [29] or 
of a less virulent MHV strain. Our studies with MHV-JHM in the BALB/c 
mouse have shown, however, that endogenous IFN-y modulates coronavirus- 
associated mortality, virus replication and tissue damage in a susceptible host. 
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IFN-~t' supplementa t ion  also amel iora ted  the disease process, as evidenced by 
reduced  mor ta l i ty  and  significantly lower liver virus titers. 
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