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Mice were infected with lymphocytic choriomeningitis virus and injected once 24 h later with a monoclonal
antibody directed against gamma interferon. In comparison with controls, the increase of numbers of CD81 T
cells and the generation of virus-specific cytotoxic T lymphocytes in spleens and virus clearance from organs
were diminished, as was the ability of spleen cells to transmit adoptive immunity to infected recipients. The
same treatment slightly but consistently lessened rather than augmented the virus titers early in infection,
which was also observed in thymusless nu/nu mice. Injection into infected mice of the lymphokine itself in
quantities probably higher than are produced endogenously resulted in lower virus titers in spleens but higher
titers in livers. The adoptive immunity in infected mice achieved by infusion of immune spleen cells was not
altered by treating the recipients with gamma interferon monoclonal antibody. Such treatment did not
measurably affect the production of antiviral serum antibodies. We conclude that in lymphocytic choriomen-
ingitis virus-infected mice, gamma interferon is needed for the generation of antivirally active CD81 T
lymphocytes, and furthermore that in this experimental model, direct antiviral effects of the lymphokine elude
detection.

In a previous study, we had monitored lymphocytic chorio-
meningitis (LCM) virus infection in mice treated with a mono-
clonal antibody (MAb) that neutralizes gamma interferon
(IFN-g). Injection during the antiviral effector phase did not
measurably alter the infectious course, but early treatment, i.e.,
during the immunological induction phase, impaired virus
elimination and generation of cytotoxic T lymphocytes (CTL).
We concluded that IFN-g promotes the generation of antiviral
effector cells (51). At about the same time, Leist and col-
leagues (29) published similar observations, which they, how-
ever, interpreted to mean that ordinarily virus replication is
reduced by IFN-g, the neutralization of which allows higher
titers to be attained. This, in turn, leads to high-dose immune
paralysis, well known in mice experimentally infected with
LCM virus. Initially this finding was taken to mean that the
proportion of mice that die following intracerebral infection
decreases with increasing virus doses (3, 24), but later it was
found that other cell-mediated immune responses follow a
similar pattern, although the ability to control the infection is
only slightly affected by a high infectious dose (26).
Since a distinction between these two opposing interpreta-

tions has consequences for understanding the development of
antiviral immunity, this work was continued. We have come to
the conclusion that in LCM virus-infected mice, IFN-g func-
tions as an immunomodulator, whereas this lymphokine’s di-
rect antiviral effects elude detection.

MATERIALS AND METHODS

Mice. BALB/cAnNCrlBR mice (Charles River, Sulzfeld, Germany) and
BALB/cABom-nu/nu and BALB/cABom 1/1 mice (Bomholdgård, Ry, Den-

mark) were obtained specific pathogen free and kept by us under strict barrier
conditions; they were used when 8 to 12 weeks old.
Virus. The WE strain LCM virus (39) was produced in L cells and titrated in

mice as mouse-infectious units (mouse IU) or in L cells as PFU, which was
converted to mouse IU (25).
IFN-g. Two types of recombinant murine IFN-g were used. One was produced

by transformed Chinese hamster ovary cells (8) and used either in the form of
cell culture fluid (kindly supplied by R. Dijkmans and A. Billiau, Leuven, Bel-
gium) or purified (Holland Biotechnology BV, Leiden, The Netherlands). The
other, an Escherichia coli-derived preparation, was a generous gift of R. G. Adolf
from Bender & Co. GmbH, Wien, Austria. Biological activities were determined
as ability to block the cytopathic effect of vesicular stomatitis virus in L cells (40).
IFN-g in mouse sera was assessed by enzyme-linked immunosorbent assay
(ELISA) with a commercial kit (Genzyme, Cambridge, Mass.).
MAb. Rat MAb R4-6A2, directed against murine IFN-g (47), was purified by

affinity chromatography from hybridoma culture fluids (2) and quantitated by its
ability to block the antiviral effect of IFN-g against vesicular stomatitis virus in L
cells (18). On the basis of this determination, we have calculated that the
standard dose injected by us into mice had the capacity to neutralize 2 3 105 U
of IFN-g. Rat MAb YTH 89.1, which is directed against human glycophorin A
(34), served as a control. Initially MAb was injected intravenously (i.v.), but when
it was found that the intraperitoneal route was as effective, the latter was used.
For flow cytometry, the fluorescein isothiocyanate-tagged CD4 MAb H129.19
(38) and the fluorescein isothiocyanate-tagged CD8 MAb 53-6.7 (23) were pur-
chased (Boehringer, Mannheim, Germany).
Adoptive immunization. The immunization protocol has been described else-

where (25). Virus doses and time intervals are detailed in the table footnotes.
Flow cytometry.Dispersed spleen cells were counted, isolated by Ficoll density

centrifugation, and stained with MAb and propidium iodide. Aliquots of 5,000
propidium iodide-excluding cells were run through an EPICS 751 cell sorter
(Coulter, Hialeah, Fla.), using standard two-color cytometry parameters for
fluorescein isothiocyanate-propidium iodide discrimination. Data were analyzed
with a data analysis system supplied by W. Beisker, Neuherberg, Germany.
Measurement of CTL activity. The 4-h chromium-release assay has been

described previously (51).
Measurement of antiviral serum antibodies. Immunoglobulin M (IgM), IgG,

and IgG2a were determined by solid-phase ELISA, using purified LCM virus as
the antigen (35).

RESULTS

Effect of treatment of LCM virus-infected mice with IFN-g
MAb on generation of virus-specific CTL and on ability to
eliminate the virus from organs. In i.v.-infected mice, the WE
strain of LCM virus replicates in essentially all tissues, most
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rapidly and to highest titers in spleens and lymph nodes. The
rate depends on the infectious dose, and after injection of 105

mouse IU, spleen titers as high as 109 mouse IU/g are attained
within 1 to 2 days. During the subsequent virus elimination,
LCM virus CTL appear with highest activities on days 7 to 9.
IFN-g MAb was given 1 day after virus, which resulted in
greatly diminished ability to generate CTL and to control the
infection. This effect was less obvious with lower infectious
doses (e.g., 103 mouse IU) and essentially absent when the
time interval between injection of virus and injection of anti-
body was extended. Since they confirm what has previously
been reported (51), data are not shown.
Effect of treatment of infected mice with IFN-g MAb on

generation of cells capable of adoptively immunizing infected
recipients. The efficacy of antivirally active CD81 T lympho-
cytes can be assessed by determining the numbers of lymphoid
cells that have to be infused in order to reduce to a defined
extent multiplication of the virus in recipients (25). As many as
108 splenocytes from mice that had been given LCM virus 8
days previously and treated 1 day later with IFN-gMAb failed
to transfer antiviral immunity, whereas ca. 4 3 105 splenocytes
from untreated donors were effective (Table 1). In a repeat
experiment, even 2 3 108 spleen cells from infected and MAb-
treated mice did not confer antiviral immunity (data not
shown). On the contrary, more infectivity was always detected
in the spleens of recipients of immune cells obtained from
treated donors than in controls, and there was an inverse
relationship between numbers of injected cells and virus con-
centrations. One explanation for this paradoxical dose re-
sponse is opposite effects of the infused splenocytes by exerting

residual antiviral activity on the one hand and stimulating virus
replication in the recipients’ spleens on the other, perhaps by
activation of mononuclear phagocytes (27). This explanation is
speculative, but the fact remains that the treatment with IFN-g
MAb of LCM virus-infected mice all but abolished the ability
of the mice to generate cells capable of adoptively immunizing
recipients.
Effect of treatment of infected mice with IFN-g MAb on

early virus multiplication in spleens. Increased virus replica-
tion resulting from treatment with IFN-g MAb should be ev-
ident early in infection. As the data in Table 2 show, on days 2,
3, and 4, the infectious titers were lower rather than higher in
antibody-treated mice. In contrast, on day 5, when antiviral
immunity sets in, there was more virus in treated mice, evi-
dence of the basic phenomenon that injection of IFN-g MAb
1 day after virus impairs the animals’ ability to control the
infection (51).
Effect of treatment of infected athymic mice with IFN-g

MAb on virus replication in spleens. Just as in ordinary mice,
in thymusless nu/nu mice there was slightly less virus in the
spleens of MAb-treated mice than in the spleens of mice
treated with control antibody (Table 3), which, again, is con-
trary to the notion that neutralization of endogenously pro-
duced IFN-g results in higher infectious titers. In the 1/1

TABLE 1. Inability of LCM virus-infected IFN-g MAb-treated mice to generate antiviral effector cells as revealed by adoptive immunization

No. of immune cells
transferreda

Donor mice treated with IFN-g MAbb Untreated donor mice

Titerc (mean 6 SEM) % Residual
virus Pd Titer (mean 6 SEM) % Residual

virus P

0e NAf (9.43 6 1.43) 3 107 100
1.0 3 108 (1.12 6 0.39) 3 108 .100 .0.05 NDg

2.5 3 107 (6.34 6 1.00) 3 108 .100 ,0.01 ND
6.3 3 106 (1.09 6 0.13) 3 109 .100 ,0.01 (1.33 6 0.53) 3 105 ,1 ,0.01
1.6 3 106 ND (3.39 6 0.64) 3 106 4 ,0.01
3.9 3 105 ND (3.17 6 0.43) 3 107 34 ,0.01

a On day 8 of infection, the spleen cells of donor mice were counted on the basis of trypan blue exclusion, and indicated numbers were injected i.v. into syngeneic
recipients that had been infected with 103 mouse IU 16 h previously.
b BALB/c donor mice were infected by i.v. injection of 105 mouse IU and treated 24 h later with 250 mg of IFN-g MAb or left untreated.
cMouse IU per gram of spleen in five mice determined 40 h after cell transfer (56 h after virus injection). The group of control mice (no immune cells transferred)

consisted of eight mice.
d In comparison with the titers in spleens of control mice; calculated with Student’s t test.
e Each control mouse received i.v. 2.5 3 107 splenocytes from uninfected untreated donors.
f NA, not applicable.
g ND, not done.

TABLE 2. Effect of treatment of mice with IFN-g MAb on
multiplication of LCM virus in spleens early in infectiona

Day of
infection

Mean 6 SEM mouse IU/g of spleen in 5 mice

Pb
IFN-g MAb Human glycophorin

A MAb (control)

2 (1.57 6 0.21) 3 109 (1.65 6 0.16) 3 109 .0.05
3 (4.73 6 0.52) 3 108 (6.05 6 0.47) 3 108 .0.05
4 (1.28 6 0.22) 3 108 (1.33 6 0.62) 3 108 .0.05
5 (1.15 6 0.13) 3 108 (0.51 6 0.07) 3 108 ,0.01

a BALB/c mice were infected by i.v. injection of 105 mouse IU. One day later
a single dose of the indicated MAb was injected i.v.
b Calculated with Student’s t test.

TABLE 3. Effect of treatment of thymusless nu/nu mice with IFN-g
MAb on multiplication of LCM virus in spleensa

Mouse
group

Day of
infection

Mean 6 SEM mouse IU/g of spleen in 4 mice

Pb
IFN-g MAb Human glycophorin

A MAb (control)

nu/nu 2 (1.30 6 0.20) 3 109 (1.32 6 0.40) 3 109 .0.05
3 (4.98 6 1.66) 3 108 (8.68 6 0.71) 3 108 .0.05
4 (1.84 6 0.16) 3 108 (5.30 6 3.93) 3 108 .0.05
8 (1.25 6 0.62) 3 108 (2.06 6 0.55) 3 108 .0.05

1/1 2 NDc ND
3 ND ND
4 (7.37 6 0.52) 3 107 (8.04 6 1.29) 3 107 .0.05
8 (4.88 6 3.49) 3 106 (3.58 6 2.28) 3 104 ,0.01

a BALB/c nu/nu or 1/1 control mice were infected by i.v. injection of 105

mouse IU. One day later, a single dose of the indicated MAb was injected i.v.
b Calculated with Student’s t test.
c ND, not determined.
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mice, on day 8 the virus in IFN-g MAb-treated animals ex-
ceeded the virus in controls by more than 2 log10, which once
more conforms to the basic phenomenon and at the same time
demonstrates the efficacy of the antibody. A repeat experiment
confirmed these results.
Effect of treatment of infected mice with IFN-g MAb on

numerical expansion of subset T lymphocytes. During infec-
tion of mice with LCM virus, the CD81 T-lymphocyte subset in
peripheral lymphatic tissues enlarges while numbers of CD41

T cells remain relatively constant (20, 49). This increase of
CD81 T lymphocytes was suppressed by injection of IFN-g
MAb (Fig. 1), which was consistently seen in several experi-
ments; the numbers of CD41 cells were not measurably al-
tered.
IFN-g in the circulation of infected mice. Increased produc-

tion of IFN-g by lymphoid cells during murine infection with
LCM virus has been documented (13, 49), but we and others
had been unable to detect it in the serum (33; our unpublished
observations). As Fig. 2 shows, this situation has changed
through use of an ELISA, which we had previously found to be
very sensitive (49). From below detectability, during infection
IFN-g rose to a first height on day 2, fell slightly, and rose again
to concentrations as high as 65 ng/ml of serum on day 5.
Similar results were obtained with C57BL/6J mice, for which
the two-peak pattern was even more pronounced (data not
shown).
Effect of treatment of infected mice with IFN-g on virus

multiplication in spleens and livers. The finding that neutral-
ization of endogenously produced IFN-g did not affect viral
replication early in infection led to the question of whether the
lymphokine is antivirally active in vivo. The answer was sought
by determining the effect that treatment of infected mice with
recombinant murine IFN-g had on the kinetics of virus in-
creases in organs. When 105 mouse IU of LCM virus was
injected, highest titers were attained so rapidly as to prevent
evaluation in the early phase of infection (Tables 2 and 3).
Therefore, the inoculum was lowered to 103 mouse IU, which
led to reduced virus multiplication in spleens when large quan-
tities of IFN-g were repeatedly injected (Table 4). However,
the infectious titers were increased in the livers of the same
animals (Table 4). This experiment was repeated with
C57BL/6J mice and IFN-g of eukaryotic origin with essentially
identical results.

Effect of treating recipients of immune cells with IFN-g
MAb on adoptive immunity. We had previously reported that
the accelerated ability of infected mice to eliminate the virus as
a result of infusion of immune cells was not affected by con-
comitant injection of IFN-g MAb (51). The protocol was al-
tered by injecting the antibody before the immune cells. The
results (Table 5) show that the rapid elimination of LCM virus
from recipients of day 8-immune splenocytes was not altered
even by prior injection of IFN-g MAb.
Effect of treatment of infected mice with IFN-g MAb on

production of LCM virus antibodies. Injection of IFN-g MAb
once on day 1 into LCM virus-infected mice did not measur-
ably alter the serum concentrations of antiviral IgM, IgG, and
IgG2a (Table 6).

DISCUSSION

IFN-g has frequently been implicated in the generation of
CD81 CTL both in vitro and in vivo (6, 10, 14, 16, 31, 37, 42,
43, 48, 52), but other observations have been interpreted to
mean that CTL develop independent of this lymphokine (4, 7,
19, 22). Thus, the relevance of IFN-g for the generation of
CTL effectors is uncertain, which was the main reason for
investigating whether the impaired antiviral cell-mediated im-
mune responses in LCM virus-infected mice in which IFN-g
was neutralized by antibody has a virological (29) or an immu-
nological (51) basis.
If the reduced ability to generate CTL and to control the

infection in MAb-treated mice were indeed the result of in-
creased virus multiplication leading to high-dose immune pa-
ralysis (29), higher virus titers resulting from neutralization of
antivirally active IFN-g should have been obvious early in
infection, which was not seen by us. Even in immunoincompe-
tent thymusless mice, virus multiplication was not affected,
which contrasts with findings of Leist et al. (29) and, more
recently, of Moskophidis et al. (33), who observed increased
titers in organs of infected nu/nu as well as ordinary mice
treated with antiserum against IFN-g. One explanation is dif-
ferences of the experimental protocols. While we injected pu-
rified MAb once 24 h after virus, Leist and colleagues injected
polyclonal sheep antiserum at the time of infection and repeat-

FIG. 1. Effect of treatment with IFN-g MAb on numbers of CD41 and
CD81 T lymphocytes in spleens of LCM virus-infected mice. BALB/c mice were
infected by i.v. inoculation of 105 mouse IU and 1 day later injected with IFN-g
MAb (closed circles) or left untreated (open triangles). On the indicated days,
splenocytes were analyzed by flow cytometry, and total numbers of CD41 and
CD81 cells per organ were calculated from the percentages of fluorescein iso-
thiocyanate-labeled cells above background and from total mononuclear cell
counts per spleen.

FIG. 2. IFN-g in sera of mice during the course of LCM virus infection.
BALB/c mice were injected i.v. with 105 mouse IU and bled on the indicated
days. IFN-g was determined by ELISA; each column represents the serum
concentration in one mouse.
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edly again with 24-h intervals, and Moskophidis and coworkers
administered the same immune reagent 4 h before virus and
every second day thereafter.
Perhaps, had we chosen a protocol similar to the one of

Leist, Moskophidis, and their colleagues, we might have seen
similar effects, although our data raise the question of whether
IFN-g does indeed interfere with LCM virus replication in
mouse tissues. It is produced during infection (12) and appears
in the serum with two peaks (this report), which coincide with
activation of natural killer cells (50) and T lymphocytes (25,
49), respectively. While the latter produce IFN-g during mu-
rine LCM virus infection (13, 49), similar information does not
seem to exist for natural killer cells, which, however, have been
shown to make this lymphokine under other conditions (9).
We do not know the distribution of IFN-g throughout the

mouse body nor the mode of its transfer from synthesizing to
potentially virus-producing cells, but two facts are certain: in a
mouse acutely infected with LCM virus, high infectious titers
are attained in lymphatic tissues in which the producing cells
are predominantly localized, indicating that saturating amounts
of IFN-g, or any IFN for that matter, are not set free; and, as
shown in this report, multiple injections of 50,000 U of recom-
binant IFN-g of eukaryotic or prokaryotic origin, beginning 24
h before virus and at 12-h intervals thereafter, resulted in
decreased virus replication in spleens but increased virus rep-
lication in livers, which invalidates any conclusion as to direct
antiviral effects.
It appears that the main function of endogenously synthe-

sized IFN-g in LCM virus-infected mice is that of an immu-

nomodulator and that it is involved in the generation of anti-
virally active CD81 T lymphocytes. IFN-g upregulates major
histocompatibility complex-encoded molecules on cells in vivo
(32, 44) and could thus improve antigen presentation by anti-
gen-presenting cells; it could also act directly on CD81 T-
lymphocyte precursors. Our data are not compatible with the
interpretation that an augmented expression of class I mole-
cules on LCM virus-infected cells makes them better targets
for antiviral CD81 T cells, which, under other experimental
conditions, has been shown to be the case (5). The findings
reported previously (51) and confirmed here, that injection of
IFN-g MAb on day 1 of infection virtually abolished the gen-
eration of antiviral CD81 effector cells, while later treatment
(when cell-mediated antiviral immunity begins operating) was
ineffective, militates against such a possibility.
The same conclusion may be drawn from our failure to

compromise the adoptive immunity in LCM virus-infected re-
cipients by their treatment before or at the time of transfer of
immune cells with IFN-gMAb. Our results differ in this regard
from what has been reported by Klavinskis and colleagues, who
observed diminished antiviral efficacy of the infused immune
cells by treatment of the recipients with IFN-gMAb (21). The
infectious titers that these authors measured were surprisingly
low, but they used the Armstrong strain of LCM virus, which
renders comparative evaluation of the data difficult.

TABLE 4. Effect of treatment of mice with IFN-g on multiplication of LCM virus early in infection

Tissue Day of
infectiona

Mean 6 SEM mouse IU/g of tissue in 5 mice % Residual
virusb Pc

Treated mice Untreated mice

Spleen 1 (5.22 6 0.98) 3 105 (22.20 6 4.28) 3 105 24 ,0.01
2 (3.93 6 0.54) 3 107 (11.22 6 1.74) 3 107 35 ,0.01
3 (1.73 6 0.12) 3 108 (3.89 6 0.51) 3 108 44 ,0.01
4 (1.21 6 0.19) 3 108 (1.51 6 0.17) 3 108 80 .0.05

Liver 1 (3.87 6 0.97) 3 104 (1.04 6 0.32) 3 104 372 ,0.05
2 (53.32 6 14.93) 3 104 (2.84 6 0.45) 3 104 1,877 ,0.01
3 (14.89 6 2.13) 3 105 (0.88 6 0.21) 3 105 1,692 ,0.01
4 (13.03 6 3.13) 3 105 (0.92 6 0.21) 3 105 1,416 ,0.01

a BALB/c mice were infected by i.v. injection of 103 mouse IU. Treated mice received recombinant E. coli-derived IFN-g in doses of 53 104 U injected subcutaneusly
24 h before virus and every 12 h thereafter until 12 h before determination of infectious titers.
b Percentage of infectious virus in organs after treatment.
c Calculated with Student’s t test.

TABLE 5. Effect of treatment of infected mice with IFN-g MAb on
the accelerated elimination of LCM virus from spleens due to

infusion of day 8-immune splenocytes

Treatmenta Mean 6 SEM mouse IU/g of spleen in 4 mice

MAb Cells 4 hb 12 h 24 h

2 2 (6.06 6 0.27) 3 106 (2.47 6 0.27) 3 107 (3.93 6 0.67) 3 107

2 1 (1.04 6 0.14) 3 107 (3.48 6 1.83) 3 106 ,9 3 104

1 2 (1.37 6 0.18) 3 107 (1.33 6 0.09) 3 107 (4.55 6 0.48) 3 107

1 1 (5.54 6 1.47) 3 106 (1.62 6 0.73) 3 106 ,9 3 104

a BALB/c mice were infected by i.v. injection of 103 mouse IU and treated 20
h later with IFN-gMAb or left untreated. Four hours thereafter (24 h after virus
infection), they were infused with 53 107 trypan blue-excluding splenocytes from
donor mice that had been infected by i.v. inoculation of 103 mouse IU 8 days
previously; control mice received no cells.
b Time after transfer at which infectious titers of spleens were determined.

TABLE 6. Effect of treatment of LCM virus-infected mice with
IFN-g MAb on antiviral serum antibodies

Day of
infectiona MAbb

ELISA titerc

IgM IgG IgG2a

5 2 200 100 ,50
1 200 100 ,50

8 2 400 800 200
2 400 1,600 400
1 400 1,600 200
1 400 1,600 400

14 2 NDd 12,150 4,050
2 ND 12,150 4,050
1 ND 12,150 4,050
1 ND 36,450 4,050

a BALB/c mice were infected by i.v. injection of 105 mouse IU.
b One injection of IFN-g MAb 24 h after virus.
c Reciprocal of serum dilution at which optical density was half-maximal.
d ND, not determined.
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Similar experiments with other viruses have led to variable
results. The high degree of immunity against vaccinia virus in
mice injected with spleen cells from immune donors was ab-
rogated by treating the recipients with IFN-gMAb (41), which
also abolished the accelerated ability of mice to control the
infection with herpes simplex virus as a result of infusion of
immune CD41 or CD81 T lymphocytes (45), and the elimina-
tion of murine cytomegalovirus (MCMV) from salivary glands
because of the infusion of MCMV-primed CD41 T lympho-
cytes (30). On the other hand, the clearing potential of trans-
ferred MCMV-primed CD81 T lymphocytes in other mouse
tissues was not affected by treatment of the MCMV-infected
recipients with IFN-g MAb (30) and in immunosuppressed
cytomegalovirus-infected rats, the antiviral immunity due to
transfer of syngeneic immune cells was improved by treating
the recipients with IFN-g MAb (17).
Immune responses have been studied in mice with disrupted

genes for IFN-g (7) or its receptor (19). Our data are not
directly comparable with data obtained with IFN-g knockout
mice, but they differ considerably from what has been reported
for mice lacking the IFN-g receptor. In the latter case, the
generation of LCM virus-specific CD81 T lymphocytes was
much less affected than has been seen by us (19), although one
might have expected the opposite; total absence of the recep-
tor should have been more efficacious than neutralization of
the ligand. One explanation is that inactivity of IFN-g through-
out the animals’ ontogeny promotes the development of com-
pensatory mechanisms, which, perhaps for lack of time, cannot
be activated when the lymphokine is needed in an emergency.
The same consideration may explain why cell-mediated im-
mune responses against influenza A virus were essentially un-
altered in mice with a targeted disruption of the IFN-g gene
(15).
In a comparative study, mice lacking receptors for either

IFN-g or IFN-a/b had reduced ability to control the infection
with LCM virus (36). In the absence of the IFN-a/b receptor,
this coincides with lack of a measurable CTL response, but in
the case of IFN-g receptor-deficient mice, which respond to
the infection with the generation of relatively potent CD81 T
effector cells (19), the prolonged infectious process is not easily
explained.
There remains the question of why for suppressing cell-

mediated immunity against the LCM virus it is critical that the
MAb be injected early and why the effect is more obvious after
the injection of 105 than of 103 mouse IU; it may also be asked
why responses to other immunogens are not similarly affected
(29, 30). Our hypothetical answer has been given previously
(51) and will be briefly repeated. In adult mice, the WE strain
of LCM virus characteristically localizes and multiplies in lym-
phatic tissues. While this statement is generally true, it applies
in particular to the protocol used here, namely, i.v. injection of
105 mouse IU; under these conditions, very high virus concen-
trations are attained as rapidly as 1 to 2 days later. Lacking
direct cytopathogenicity for murine cells (reviewed in refer-
ence 28), much virus is tantamount to much immunogen, more
than is likely to be present after injection of most other immu-
nogenic substances, be they replicating or not. The high con-
centration of antigen is bound to activate instantaneously the
majority of those T-lymphocyte precursors that are destined to
respond. It is apparently at this stage that IFN-g is needed, its
functional absence preventing the generation of antivirally ac-
tive T effector cells.
Most of the experiments performed and discussed above

involved CD81 T lymphocytes. It appears that under similar
conditions, CD41 T lymphocytes retain their activity. These
cells are stringently required for the production of LCM virus

antibodies (1, 34), which was not reduced by treatment of
infected mice with IFN-g-neutralizing MAb. Activation by an-
tigen of the CD41 T helper cells may be less dependent on
IFN-g. Alternatively, autocrine effects on these cells, which
probably are the lymphokine’s main producers, may be less
affected by the antibody. Nor was the IgG2a level affected by
MAb treatment, which is noteworthy because IFN-g is as-
sumed to be a potent inductor for Ig subclass switching of B
cells to produce IgG2a (11, 46). Similarly, in infection of IFN-g
knockout mice with influenza virus, the virus-specific IgG2a
attained levels similar to those in wild-type control mice, al-
though IgG1 was increased (15). We are aware, however, that
measuring serum antibody is a crude procedure and that subtle
effects might have been revealed by more sensitive methods.
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