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Abstract. The effect of LCMV on CD4+ T lymphocytes was analyzed in C3HeB/FeJ mice
after infection with the Docile strain of this virus. Our results indicated that LCMV
triggers: i) an inhibirion of Th2 lymphocyte differentiation induced by concomitant
immunization with anonviral protein antigen; ii) a depression of T helper-dependent
antibody responses elicited by such an immunization; and iii) a CD4+ cell-mediated
proliferation of splejn cells leading to increased interleukin-4 and interferon-y mes-
sage expression and IgG2a-restricted total immunoglobulin secretion. Taken to-
gether, these results indicate that LCMV profoundly affects CD4+ cell-mediated im-
mune responses in infected animals. Such modulations of T-helper functions may
explain the preponderance of IgG2a in the antierythrocyte autoimmune response in-

duced by the virus in C3HeB/FeJ mice.

[P.S.E.B.M. 1998, Vol. 218]

ultiple and diverse modulations of immune re-
sponses have been reported after infection of
mice with several strains of lymphocytic chorio-
meningitis virus (LCMV). On the one hand, stimulation of
the immune system that results from infection with this
virus may lead to polyclonal activation of both B lympho-
cytes (1-4) and CD8+ T lymphocytes (5, 6). Although the
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role of CD4+ cells has been demonstrated in the B cell
activation (4), but not in the CD8+ lymphocyte activation
(), little is known about a possible stimulation of T helper
cells by this virus. Several reports have already pointed to
an increased cytokine secretion in lymphocytes triggered by
this virus. Both CD4+ and CD8+ T cells have been shown
to produce high levels of interferon-gamma (IFN-vy) (8-10).
Increase of interleukin-2 (IL-2) transcription and secretion
in these two cell types has been reported (7, 11). At low
levels, IL-4 and IL-5 were also detected in the serum of
mice acutely infected with LCMV (12). Together, all of
these observations suggest that LCMV triggers a general
nonspecific T helper lymphocyte stimulation in infected
animals.

On the other hand, depression of immune responses is
frequently triggered by LCMV (reviewed in Ref. 13). Re-
sponses to mitogens, evaluated by their IL-2 production or
proliferation, are decreased in T lymphocytes derived from
LCMV-infected animals (14, 15). Cytolytic as well as B-
cell responses against various antigens, including other
pathogens, are also depressed (16, 17). Various mechanisms
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that are not mutually exclusive have been proposed to ex-
plain these alterations of immune responses elicited by
LCMV. These include functional impairment or destruction
of antigen-presenting cells (18-20) and increased suscepti-
bility of activated T lymphocytes to apoptosis (21). Since it
is well known that the outcome of LCMYV infection can vary
significantly depending on the combination of mouse and
virus strain (13), this could be the reason for the seemingly
contradictory results described above.

It has been shown previously that several viruses, in-
cluding lactate dehydrogenase—elevating virus, mouse hepa-
titis virus, and murine adenovirus, could modulate B- and
T-helper-lymphocyte responses, leading to a restricted se-
cretion of IgG2a antibodies toward nonviral antigens and
preferential differentiation of T helper cells toward the Thi
pathway (2, 22-25). Whether such an effect may be induced
by LCMV has not been reported so far. However, it has
been reported that infection of C3HeB/FeJ mice by the Doc-
ile strain of LCMYV triggers a hemolytic anemia with pro-
duction of antierythrocyte autoantibodies that belong
mainly to the IgG2a subclass (4, 26, 27). Quite possibly, this
type of virally induced autoimmune disease may result, at
least partially, from alterations in the immune system trig-
gered by the infection. As it has been shown that LCMV-
induced autoimmune anemia was dependent on the presence
of functional T helper cells, it may be postulated that this
disease results from some interaction of the virus with this
cell subpopulation. Therefore, we examined whether or not
LCMYV infection of C3HeB/Fel mice induced modulation of
T-helper subset differentiation, immunostimulation of T-
helper—dependent responses and CD4-mediated lymphocyte
polyclonal activation.

Materials and Methods

Virus. A triple plaque purified ‘‘docile’” substrain of
LMCYV was used (28). Virus stocks were grown in a canine
kidney cell line (MDCK) for no more than three passages
after plaque purification. Mice were injected intravenously
(i.v.) with 300 plaque-forming units (PFU) of virus.

Animals. Six-to-eight-week-old female C3HeB/Fel
mice were purchased from the Jackson Laboratory (Bar
Harbor, ME) and held for at least 1 week before use. Mice
were kept in micro-isolators and given an unlimited supply
of sterilized food and water. Mice were lightly etherized
prior to LCMYV injections. Specific pathogen-free female
CBA/Ht mice were bred by Dr. G. Warnier at the Ludwig
Institute for Cancer Research (Bruxelles, Belgium) and used
at the age of 6-8 weeks. Experiments were carried out in
compliance to standard and local guidelines and regulations.

Immunization. Mice were immunized by subcutane-
ous injection at the tail base of 100 pg keyhole limpet
hemocyanin (KLH; Calbiochem, San Diego, CA) in 100 .l
saline (NaCl, 9 g/1) or i.p. in 500 pl saline. When indicated,
50% Complete Freund’s Adjuvant (CFA) was added. Im-
munization with rat red blood cells (RRBC) was performed
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as described previously (29). Mice were injected i.p. weekly
with 2-4 x 10® RRBC.

Antibody Treatment. Anti-CD4 monoclonal anti-
body GK1.5 was made available by F. W. Fitch (University
of Chicago, IL) and obtained through the courtesy of H. R.
MacDonald (Ludwig Institute for Cancer Research Ejalin-
ges sur Lausanne, Switzerland) (30). It was used as ammo-
nium sulfate—precipitated antibody and injected i.p. at the
dose of 1 mg/mouse. Anti-CD8 monoclonal antibody (53/
6.72, rat 1gG2a, from ATCC; 31) was injected i.p. at the
dose of 2.5 mg/mouse. Both anti-CD4 and anti-CD8 anti-
bodies were administered 5 hr before and 5 days after in-
fection. As reported previously (4) anti-CD4 treatment re-
sulted in almost complete ablation of splenic CD4+ cells.
Although not as effective, administration of anti-CD8 anti-
body performed in different mouse strains usually decreased
the splenic CD8+ cell count from 11%-18% in control ani-
mals to 0.1%-5% in treated mice.

Spleen Cell Cultures. As described previously (32),
25 x 10° spleen cells were cultured in 5 ml Iscove’s medium
containing 10% FCS and supplemented with 0.24 mM L-
asparagine, 0.55 mM L-arginine, 1.5 mM L-glutamine, and
0.05 mM 2-mercaptoethanol. Supernatants were collected
24 hr after initiation of cultures.

Thymidine Incorporation. Spleen cells (250,000)
were incubated for 24 hr at 37°C in 200 pl of Iscove me-
dium supplemented as described above and containing 0.5
uCi of (methyl->’H thymidine) (specific activity, 25 Ci/
mmol; Amersham International, Amersham, U.K.) (32).
The cells were counted for radioactivity in a Microplate
Scintillation Counter (Packard, A Canberra Company, Me-
ridien, CT).

Antibody Determination. Specific antibody IgG
subclasses were assayed by ELISA as previously described
(33). Polystyrene plates precoated with antigen (10 pg/ml)
were incubated with serial dilutions of sera, followed by
rabbit antibodies specific for each mouse IgG subclass and
by peroxidase-conjugated donkey anti-rabbit IgG. Calibra-
tion was obtained in reference to the binding of anti-DNP
IgG1, IgG2a, IgG2b, and IgG3 mAD of equivalent affinity
to DNP-BSA-coated plates. Total IgG subclasses were as-
sayed in spleen cell cultures by ELISA as described previ-
ously (22). The binding of antibodies to dinitrophenylated
bovine serum albumin (DNP-BSA) was measured by
ELISA as described (34).

RBC Collection. Blood was collected via the retro-
bulbar plexus into 3.8% sodium citrate solution and the
RBC washed six times in phosphate-buffered saline pH 7.4
(PBS). A suspension of washed RBC in PBS/0.2% bovine
serum albumin (BSA) was fixed for 30 min at room tem-
perature with 0.15% glutaraldehyde (Sigma, Poole, UK).
Fixed RBC were washed three times in PBS and stored as a
2% suspension in PBS at —70°C until used in the direct
DELAT (see below).

Direct Enzyme-Linked Antiglobulin Test (Direct
DELAT). To quantitate the molecules of IgG of each sub-



class bound to the surface of RBC, a cellular ELISA
(DELAT) was used (35). Briefly, 50 .1 of a 2% suspension
of fixed RBC were added to duplicate wells of round-
bottom microtiter plates (Life Technologies, Scotland) and
incubated with subclass-specific sheep anti-mouse IgG an-
tibody diluted in PBS/0.2% BSA (anti-IgG1: 1/250, anti-
IgG2a: 1/300, anti-IgG2b: 1/300, anti-IgG3: 1/400, The
Binding Site, Birmingham, UK) for 1 hr at 37°C. RBC were
washed three times and incubated with alkaline phospha-
tase-conjugated donkey anti-sheep IgG (Sigma) diluted 1/
3000 in PBS/BSA, washed a further three times, and al-
lowed to react with phosphatase substrate solution (P-
nitrophenyl phosphate, Sigma) for 1 hr at 37°C. The
supernatants were transferred into flat-bottom microtiter
plates (Dynatech, Sussex, UK) and the absorbance mea-
sured at 405 nm (Titertek multiscan II, Labsystems, Hants,
UK). The number of molecules of each murine IgG subclass
bound to the RBC was calculated by interpolation from a
standard curve generated by tanning normal RBC with a
known concentration of each purified IgG subclass (Sigma)
(35).

RNA Extraction and PCR Ampilification. Cells
freshly obtained from animals were lysed in TRIzol reagent
(BRL, Gaithersburg, MD). Total RNA was first extracted
with chloroform, then precipitated with isopropanol,
washed in ethanol, and finally resuspended in 50 pl water.
Oligo-dT primed cDNA was prepared from approximately 5
g RNA using 200 U M-MLYV reverse transcriptase (BRL,
Gaithersburg, MD) according to the manufacturer’s instruc-
tions. cDNA was amplified by PCR with a Gene Amp kit
(Perkin Elmer Cetus, Norwalk, CT) in a Thermal Reactor
(Hybaid, Middlesex, U.K.). The primers were as follows:

actin. ATGGATGACGATATCGCTGC and GCTG-
GAAGGTGGACAGTGAG; IFN-y. GACAATCAGGC-
CATCAGCAAC and CGCAATCACAGTCTTGGCTAA;
IL-4: ATGGGTCTCAACCCCCAGCTA and GCATG-
GTGGCTCAGTACTACG.

The post-PCR products were analysed in 1% agarose
gels containing ethidium bromide. Semiquantitative results
were obtained after blotting of the PCR products on Zeta-
Probe membranes (Biorad), and hybridization overnight at
42°C in Denhardt’s solution with internal probes labelled
with *?P. The radioactivity was quantitated with a Phosphor
Imager (Molecular Dynamics), and the ratios between IL-4
or IFN-y and actin messages were calculated after substrac-
tion of nonspecific background and shown as arbitrary units
(defined as: value of message of interest/value of actin mes-
sage x 10,000). The sequence of the probes was: actin:
CGTACCACAGGCATTGTGATGG; IFN-y. TCGCCTT-
GCTGTTGCTGA; IL-4: GATGATCTCTCTCAAGTG.

Results

Effect of LCMV Infection on a Concomitant Im-
munization with a Nonviral Antigen. It has been re-
ported previously that infection with LDV or MHV could
both increase concomitant antibody responses against non-

viral antigens and modify their isotypic distribution in favor
of the IgG2a subclass (2, 23). This effect of viral infection
may be explained by a specific inhibition of Th2 responses,
including a strong depression of IL-4 message expression
(24). To examine whether LCMV can trigger a similar ef-
fect in C3HeB/Fel] mice, we simultaneously infected ani-
mals and immunized them with KLH. The effect of infec-
tion on T-helper-lymphocyte differentiation was analyzed
by RT-PCR for IL-4 and IFN-y messages in cells obtained
from inguinal and periaortic lymph nodes. Day four after
KLH injection was chosen since this is the time of maximal
IL-4 expression elicited by this type of immunization (24).
As expected, immunization alone induced a strong IL-4
message, but no detectable IFN-y expression (Fig. 1). This
pattern was completely reversed by a concomitant LCMV
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Figure 1. Effect of LCMV infection on IL-4 and IFN-y messages
induced by KLH immunization. Expression of (A) IFN-y and (B) IL-4
was analyzed by RT-PCR in periaortic and inguinal lymph node cells
obtained from groups of four control C3HeB/FeJ mice and from ani-
mals at 4 days after immunization with KLH. When indicated, LCMV
infection was performed 1 day before immunization.

Control
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infection: the virus abrogated the KLH-induced IL-4 gene
expression and induced a strong IFN-y message (Fig. 1).
Interestingly, a similar IFN-y message was observed in
mice that were infected with LCMV alone, and this cytokine
expression could therefore not be related exclusively to
KLH-specific T cells (data not shown). In addition, anti-
KILLH antibodies were assayed in the sera of C3HeB/Fel
mice 3 weeks after i.p. immunization with KLH alone, or
with LCMV. As shown in Table I, LCMYV infection led to
an overall decrease of the anti-KLLH response. This inhibi-
tion was relatively more evident for IgG1 than for IgG2a
and IgG2b antibodies and suggested a Thl-dependent re-
distribution of anti-KLH isotype. This result confirmed that
LCMYV could decrease Th2 responses directed against non-
viral antigens.

Analysis of the isotypic distribution of antierythrocyte
autoantibodies produced in the course of LCMYV infection
of C3HeB/FeJ mice has indicated a preponderance of the
IgG2a subclass (27, 36). Here, the effect of infection with
the Docile strain of LCMYV on antierythrocyte autoantibody
isotypic distribution was also tested in CBA/Ht mice that
produce such autoantibodies after immunization with rat red
blood cells (RRBC) (29, 37, 38). As found for anti-KLH
responses in C3HeB/FeJ mice, LCMV infection resulted in
a depression of antierythrocyte response that was more
marked for the IgG1 than for the IgG2a isotype. Indeed, in
CBA/Ht mice injected with RRBC alone, IgGl was the
dominant isotype in the autoantibody response. In contrast,
a concomitant infection with LCMYV triggered modulation
of the antierythrocyte response leading to an IgG2a-skewed
distribution similar to that of the antired cell autoimmune
response spontaneously induced by the virus in C3HeB/Fel
mice (Fig. 2).

General Lymphocyte Activation After LCMV In-
fection of C3HeB/FeJ Mice. To determine the effect of
LCMYV on total CD4+ T cell population, expression of cy-
tokine mRNA by spleen cells was analyzed by RT-PCR at
different times after infection. Both IL-4 and IFN-y mRNA
were enhanced after LCMV infection (Fig. 3), but with
different kinetics: IFN-y expression was maximal 4 days
after virus inoculation, whereas strong IL.-4 message was
detected only at Day 7. The cellular origin of this cytokine
gene expression was analyzed by depletion of CD4+ and
CD8+ T cells by in vivo antibody treatment. Elimination of
CD4+ T cells almost completely inhibited LCMV-induced
IL-4 and IFN-y mRNA production (Fig. 4). In contrast,
anti-CD8 treatment did not induce any decrease of IL-4
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Figure 2. Effect of LCMV infection on the antierythrocyte autoanti-
body response induced in CBA/Ht mice by immunization with RRBC.
Antierythrocyte autoantibody subclasses were assayed by DELAT in
groups of four to six CBA/Ht mice 28 days after the first of a series
of immunizations with RRBC. When indicated, LCMV infection was
performed on the day of the first immunization with RRBC. Results
are shown as number of IgG molecules fixed per red blood cell
(mean + SE).

expression and had only variable effect on IFN-y message
(data not shown). These data suggest that LCMV strongly
activates CD4+ cells, independent of their Thl or Th2
subpopulation, resulting in increased cytokine message
expression.

This LCMV-induced activation of CD4+ T lympho-
cytes was confirmed by analysis of the role of these cells in
spleen cell proliferation and total immunoglobulin secretion
observed in the course of infection. Typically, spleen cell
thymidine incorporation gradually increased between 7 and
11 days after LCMYV infection (data not shown). This spleen
cell proliferation was strongly, although not completely, re-
duced by anti-CD4 treatment, whereas it remained un-
changed after administration of anti-CD8 antibody (Table
II). Assays of immunoglobulin production in supernatants
of spleen cells revealed a dramatic increase of IgG2a secre-
tion at Days 7 to 11 (data not shown), in agreement with the
previously reported isotypically restricted hypergamma-
globulinemia triggered by LCMV (2, 4). The polyclonal
nature of these immunoglobulins was indicated by a strong
increase of antibodies reacting with DNP-BSA in the sera of
infected animals (not shown). The role of T lymphocytes in
this polyclonal B lymphocyte activation was also analyzed

Table 1. Effect of LCMV Infection on Anti-KLH Antibody Response

Anti-KLH antibody (ng/ml)?

LCMV

infection® IgG1 IgG2a IgG2b 19G3
- 1550 + 448 45000 + 22060 26210 + 5520 <14
+ 26 + 25 14850 + 3230 6380 + 278 <14

2 Performed concomitantly with i.p. immunization with KLH

b Determined by ELISA 3 weeks after immunization for groups of three to four C3HeB/FeJ mice (mean + SE).
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Figure 3. Spleen cell expression of cytokine message after LCMV
infection of C3HeB/FeJ mice. Actin, (A) IFN-y and (B) IL-4 messages
were determined by RT-PCR in pooled spleen cells obtained at dif-
ferent times after LCMV infection from groups of four C3HeB/FeJ
animals. The post-PCR products were semiquantitatively analyzed
with a phosphor imager.

by CD4+ cell depletion which almost completely inhibited
immunoglobulin secretion by cultured spleen cells (Fig. 5).
These data suggest that LCMV strongly activates CD4+
cells, resulting in increased cytokine message expression
and leading to spleen cell proliferation and IgG2a produc-
tion by B lymphocytes.

Discussion

In this report, we analyzed the effect of infection with
the Docile strain of LCMV on CD4+ T-cell responses in
C3HeB/FelJ mice. Strikingly different results were obtained,
depending on the type of response analyzed. Indeed, on the
one hand, the virus induced a strong depression of CD4+
T-lymphocyte functions elicited by a concomitant immuni-
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Figure 4. Effect of anti-CD4 treatment on cytokine messages in-
duced by LCMV. (A) IFN-y and (B) IL-4 messages were analyzed by
RT-PCR in pooled spleen cells obtained from groups of four control
C3HeB/FedJ mice or from animals 10 days after LCMV infection with
or without anti-CD4 treatment.

Table Il. Effect of Anti-CD4 and Anti-CD8 Treatment
on LCMV-Induced Spleen Cell Proliferation

LCMV  Anti-CD4 Anti-CD8 Thymidine incorporation
infection treatment treatment (CPM)?
- - - 3124 + 507
+ - - 24029 + 2591
+ + - 10426 + 982
+ - + 20230 + 2725

2 Measured 10 days p.i. in groups of four to five C3HeB/Fed mice
(mean + SE).

zation with a nonviral protein antigen, like KLH, and espe-
cially an inhibition of Th2 subpopulation differentiation.
This correlated with a decrease of anti-KLH antibody pro-
duction that was most marked for the IgG1 isotype and
therefore led to a relative preponderance of the IgG2a sub-
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Figure 5. Effect of anti-CD4 treatment on LCMV-induced immuno-
globulin secretion. IgG subclass levels were determined by ELISA in
the supernatants of spleen cells of control C3HeB/FeJ mice (four
animals per group) or from mice infected for 10 days with LCMV, with
or without anti-CD4 treatment (mean + SE).

class. In contrast, LCMV triggered a general stimulation of
the CD4+ cell-dependent immune response, leading to an
increase of cytokine gene expression, spleen cell prolifera-
tion, and total immunoglobulin production. Thus immuno-
stimulation and immunodepression may be induced simul-
taneously by this viral infection.

Our observation of decreased anti-KILH responses in
infected C3HeB/FeJ mice fits well with previously de-
scribed immunosuppressive effects of LCMV (16, 17) and
contrasts sharply with the enhancement of concomitant an-
tibody responses directed against nonviral antigens, re-
ported after infection with LDV, adenovirus, and MHV (2,
23). However, despite this different effect on the level of
antibody secretion, LCMV like these other viruses triggers
a shift both in the differentiation of T helper cells, and, as a
probable consequence of this, in the isotypic distribution of
secreted immunoglobulins. In LCMV-infected animals, as
well as in LDV-, or MHV-infected mice, this results in a
relative preponderance of the Thl lymphocyte subpopula-
tion and IgG2a antibodies in responses initiated concomi-
tantly with the onset of infection, regardless of their speci-
ficity. A similar LCMV-induced restricted depression of
Th2 cytokines, as well as increased Th1-secreted IFN-vy, has
been observed after T-lymphocyte activation with mitogens
(14, 15). The strong IFN-y response observed in LCMV-
infected mice might account partly for the immunosuppres-
sive effect that the virus induces on antibody responses,
through a depression of Th2-dependent B-cell activation,
although impairment of antigen presentation is most prob-
ably also involved (18-20). The ability of LCMYV, as well as
of other viruses, to trigger such potent IFN-y production
should be related to the production of IL-12 by macro-
phages reported after infection (39—41). Other cytokines
such as IL-18 might as well be involved (42). Whatever the
mechanisms leading to this immunomodulation, the bias in
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T-helper-cell differentiation induced by LCMV may be re-
flected in the IgG2a restriction of antierythrocyte autoanti-
bodies spontaneously produced in infected C3HeB/FeJ mice
(217, 36). This isotypic restriction to the IgG2a subclass may
increase the pathogenicity of these autoantibodies, for in-
stance, by allowing easier phagocytosis by macrophages
that express receptors for this isotype (43). Interestingly,
pathogenic antierythrocyte autoimmune response in NZB
mice are also dominated by Th1 cells (44), whereas IgG1 is
the predominant isotype in nonpathogenic autoantibody
production elicited by immunization of mice with rat red
blood cells (35).

The depression by LCMV of specific antibody re-
sponses elicited by immunization concomitant with infec-
tion contrasts sharply with the general stimulation of CD4-
dependent immune functions also triggered at the same
time. With regard to polyclonal B lymphocyte activation,
infection with LCMV does not differ from infection with
other viruses, like LDV, MHV, and adenovirus, that also
induce an IgG2a-restricted production of antibodies with a
broad specificity (2, 22, 32). In these models it has also been
reported that viruses could trigger proliferation of B lym-
phocytes in a T-independent fashion (22, 25, 32). Here, the
strong reduction of LCMV-induced spleen cell proliferation
after treatment with an anti-CD4 antibody suggests that
LCMV stimulates both B and CD4+ T lymphocytes, al-
though it is possible that part of the B cell proliferation
depends on the presence of functional T-helper lympho-
cytes. Several previous papers report a strong LCMV-
induced activation of CD8+ T lymphocytes (7, 45, 46),
including proliferation of these cells, a finding that we could
not confirm in this study. This discrepancy may be ex-
plained by the use of different virus and mouse strains.
LCMV-triggered activation of C3HeB/FeJ CD4+ T lym-
phocytes was indicated here by the proliferative response,
but also by the enhancement of IL-4 and IFN-y messages in
spleen cells that could be inhibited by anti-CD4 treatment.
This confirms and extends several reports pointing to an
increased cytokine secretion triggered by this virus in lym-
phocytes (8, 9, 11, 12). The sharply different effect of in-
fection on IL-4 message expression, which is increased in
total CD4+ splenic cells but suppressed in T helper cells
stimulated in response to KLLH immunization, clearly points
to different mechanisms elicited by the virus. These mecha-
nisms lead to a simultaneous general activation of T-helper
lymphocytes and suppression of specific Th2 responses,
probably through a defect of antigen presentation. How may
the general stimulation of the C3HeB/FelJ immune system
by LCMV relate to the production of antierythrocyte auto-
antibodies? We previously reported that B-lymphocyte,
polyclonal activation is not sufficient to explain the devel-
opment of hemolytic anemia (4), although it might be in-
volved in an increase of red cell autoantibody secretion if
these antibodies are present in the normal B repertoire of
C3HeB/Fe] mice. Since LCMV-induced immunosuppres-
sion is also evident in the antierythrocyte responses elicited



by concomitant immunization with RRBC, it seems un-
likely that the associated autoimmune reaction observed in
C3HeB/Fel mice is actually merely related to the enhance-
ment of a response that would be induced by a classical
presentation of an autoantigen released in the course of the
infection. Therefore, other mechanisms, such as antigenic
mimicry at the level of B- or T-cell epitope may be postu-
lated (36). The activation of general CD4+-dependent re-
sponses induced by the virus could then increase an auto-
antibody production that, unlike classical antibody re-
sponses elicited by immunization unrelated to the infectious
process, would not be impaired by the immunosuppressive
effect of LCMV.

The authors are indebted to Drs. R. H. vahns’Yqule and P. L. Masson
for critical reading of this manuscript, to T. Briet, M.-D. Gonzales, and J.
Van Broeck for expert technical assistance.
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