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Sublethal irradiation (500 R) of C3H mice is followed by a gradual replacement
of radiosensitive cells in their spleens by surviving stem cells originating in bone
marrow. This compensatory hemopoiesis was quantitated by counting the num-
bers of stem cell-derived colonies appearing on spleen surfaces, as well as those
which grew in vitro after marrow cells, suspended in soft agar, were overlaid
onto syngenic mouse embryo fibroblast feeder layers. Compensatory colony
formation, both in vivo and in vitro, was severely depressed when mice were
infected with lymphocytic choriomeningitis virus (LCMV) 1 day before irradia-
tion, although the induction of virus-specific cytotoxic T cells in their spleens
was unimpaired. Without irradiation, mice, acutely infected with LCMV, showed
a dramatic reduction in the numbers of specific antibody-forming cells generated
in their spleens after priming with sheep erythrocytes during week 1 post-
infection, yet the ability of their marrow cells to form colonies in vitro remained
normal. Therefore, the basis ofimmunodepression is distinct from that ofdefective
hemopoiesis since the latter is apparent only when LCMV infection is accompa-
nied by irradiation. However, as discussed, both phenomena may be related to
alterations induced within the splenic environment by LCMV.

Primary lymphocytic choriomeningitis virus
(LCMV) infections of immunocompetent mice
have been shown to cause a transient depression
of immune responsiveness to a variety of anti-
genic stimuli, although infected animals mani-
fest a potent virus-specific immune response and
subsequent viral clearance. This phenomenon
was first reported by Mims and Wainwright (15)
who showed that primary antibody responses
to sheep erythrocytes (SRBC), human serum
albumin, and ovalbumin were depressed in adult
mice given these antigens during the first 2
weeks after infection with the viscerotropic WE3
strain of LCMV. Quantitation of SRBC-specific
bone marrow-derived (B) lymphocytes indicated
that the depressed antibody levels seen in in-
fected mice were the result of fewer numbers of
antibody-producing cells. In contrast to the ef-
fects of acute infection, adult virus-carrier mice,
who were chronically viremic as a result of con-
genital infection, did not significantly differ from
normal mice in their ability to produce antibody.
These findings were extended by Bro-J0rgensen
and colleagues (5, 6) who, in addition, proposed
that humoral responses to thymus-derived (T)
lymphocyte-dependent antigens were selectively
affected.

t Present address: The George Washington University
Medical Center, Washington, DC 20037.

Evidence for LCMV-induced depression of
cellular immunity was presented by Lehmann-
Grube et al. (13) and Guttler et al. (9) who
showed, respectively, that rejection of skin allo-
grafts was delayed and that splenic cytotoxic T
cell (CTC) responses to alloantigens were mark-
edly reduced in mice acutely infected with vis-
cerotropic (Traub) strain of LCMV. The latter
situation did not occur in virus-carrier mice.
A further indication of an immune system

defect caused by LCMV came from the studies
of Jacobs and Cole (10) who found that splenic
lymphocytes, obtained from mice shortly after
infection with the neuroadapted E-350 strain of
virus, proliferated poorly, or not at all, when
cultured with either T or B cell mitogens. This
proliferative defect persisted for about 1 week
and could be corrected by addition of macro-
phages from normal mice. On the other hand,
splenic lymphocytes from established virus-car-
rier mice gave normal proliferative responses.
Another striking characteristic of LCMV-in-

fected mice, first observed by Bro-J0rgensen and
Volkert (4, 5), is an impainnent in hemopoiesis,
as revealed by the heightened sensitivity of such
animals to X irradiation. In seeking an expla-
nation for this observation, these investigators
found that the normal reconstitutive response
of spleen-seeking bone marrow cells following
irradiation failed to occur in adult mice infected
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1 week previously with LCMV, but that this
response was only slightly depressed in virus-
carrier mice. Since LCMV itself is not normally
cytopathic for murine cells, it was postulated
that the observed hemopoietic defect stemmed
from a virus-induced interference with hemo-
poietic stem cell (HSC) function.
The primary aims of this study were: (i) to

establish whether the failure of compensatory
splenic hemopoiesis to occur in irradiated mice
acutely infected with LCMV could be ascribed
either to an effect of virus on the proliferative
capacity of bone marrow stem cells, or to a
splenic environment rendered incapable of sup-
porting their proliferation; (ii) to determine
whether hemopoietic dysfunction and immuno-
depression might have a common basis.

MATERIALS AND METHODS

Mice. Male 6- to 8-week-old C3H/HeJ mice (H-2k)
were obtained from Jackson Laboratories, Bar Harbor,
Me. Male 6- to 8-week-old Swiss mice were obtained
from Flow Laboratories, Dublin, Va.

Irradiation. C3H/HeJ mice received whole body
sublethal gamma irradiation at a dose rate of 134
rads/min by a Gammacell 40 Caesium 137 irradiation
unit (Atomic Energy of Canada, Ltd., Ottawa, Can-
ada). All irradiated mice received 500 rads (3.4 min).

Virus. The neuroadapted E-350 strain of LCMV
was used in all experiments. The virus was maintained
by brain passage in 6- to 8-week-old Swiss mice and
stored at -70°C as a 20% (wt/vol) clarified brain
suspension. C3H/HeJ mice were always infected by
intraperitoneal (i.p.) inoculation of 104 intracerebral
(i.c.) mean lethal doses (LD50) of LCMV in 0.5 ml of
saline. The virus content of bone marrow and spleen
from infected, irradiated mice was titrated by i.c. in-
oculation of serially diluted frozen-thawed cell suspen-
sions into 6- to 8-week-old Swiss mice. Titers were
expressed as the logio i.c. LD50 calculated by the
method of Karber (12).
Preparation of spleen and bone marrow cells.

Mice were killed by cervical dislocation. Spleens were
removed and placed in cold Hanks balanced salt so-
lution (HBSS; Grand Island Biological Co., Grand
Island, N.Y.), teased through 60-gauge wire mesh
screens, and aspirated through a 20-gauge hypodermic
needle. Cells were first centrifuged for 1 min at 50 x g
to remove clumps and then for 10 min at 200 x g. The
cell pellets were treated with 0.83% (wt/vol) ammo-
nium chloride for 2 min to lyse erythrocytes, and the
remaining mononuclear cells were washed and sus-
pended in cold minimal essential medium (MEM;
GIBCO) containing 10% fetal calf serum (FCS;
GIBCO), 2 mM glutamine, and antibiotics.
Bone marrow cells were obtained by irrigation of

femurs with HBSS using a 26-gauge hypodermic
needle. Cell suspensions were centrifuged for 10 min
at 200 X g and suspended in MEM + 10% FCS.

Cell counts were made in a hemocytometer after
dilution in 0.1% trypan blue in normal saline. Viability
was determined by dye exclusion, and viable cells were
adjusted to the appropriate concentration.
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In vivo splenic CFU assay. A modification of the
method used by Curry and Trentin (8) was used. Eight
days after sublethal irradiation, spleens were removed
and -'laced in Bouin solution until hemopoietic foci
became visible (15 to 30 min). The total number of
surface colonies (colony-forming units; CFU) on each
spleen was counted macroscopically and expressed as
the mean ± 1 standard deviation of five replicate
spleens.

In vitro bone marrowHSC assay. The technique
of cloning HSC in a double-agar culture was derived
from procedures outlined by Bradley and Metcalf (1)
and Pluznik and Sachs (17). C3H primary embryo cell
cultures, maintained in MEM + 10% FCS, were pas-
saged between four and eight times in 75-cm2 plastic
tissue culture flasks (Falcon Plastics, Oxnard, Calif.)
before use. Cells were trypsinized with 0.5% trypsin-
ethylenediaminetetraacetic acid in HBSS, suspended
in MEM containing 10% FCS, and counted, and 2.0-
ml fractions containing 5 x 10' cells were added to
each well (35 by 17 mm) of plastic six-well tissue
culture trays (Bellco, Vineland, N.J.). Cultures were
incubated overnight at 37°C in air containing 5% CO2.
The medium was then removed, and 2 ml of a medium-
agar mixture warmed to 42°C was applied. The final
composition of the mixture was 0.5% agar (Difco Lab-
oratories, Detroit, Mich.), MEM containing 10% FCS,
2.2% (wt/vol) NaHCO3, and supplemented with MEM
Eagle nonessential amino acids, MEM Eagle vitamin
concentrate, 200 mM glutamine, and antibiotics. This
preparation was allowed to harden at room tempera-
ture and comprised the "feeder" layer.

Viable bone marrow cells at a concentration of 1 x
106 ml were warmed to 42°C, and 0.1-ml samples were
added to tubes containing 0.9 ml of a soft medium-
agar niixture (final concentrations as above, except
0.3% agar). After quickly agitating, the contents of
each tube were poured over the feeder layers in cor-
responding wells.

Following incubation for 12 days in a 37°C humidi-
fied atmosphere containing 5% C02, HSC colonies
were counted through an inverted microscope at x 100
magnification. Counts were expressed as the mean
number of colonies per 105 plated bone marrow cells
from two replicate wells.
Antibody-forming cell plaque assay. C3H mice

received 0.2 ml of a 2% suspension of washed SRBC
4 days before assay. Spleens were prepared as de-
scribed above and suspended in cold HBSS (2 ml per
spleen).
Plaque assays were performed in double-slide cham-

bers, as described by Cunningham and Szenberg (7).
Mixtures of spleen cells, SRBC, and adsorbed guinea
pig complement plus SRBC were made at room tem-
perature and applied to the chambers. Direct (immu-
noglobulin M) plaques were counted after 30 min of
incubation at 37°C. Plaque-forming cells (PFC) were
expressed as the mean of four replicate spleens or as
the mean per 106 cells.

[3HTrdR incorporation assay for bone mar-
row-stimulating activity of serum. Bone marrow
cells were adjusted to a final concentration of 2 x 105
cells per ml in RPMI 1640 (GIBCO) containing 10%
heat-inactivated FCS. Cells were then divided into
0.2-ml volumes in sterile, flat-bottomed 96-well micro-
titer plates (Bellco).
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Mouse sera to be tested for stimulating activity
were obtained by orbital bleeding and stored at -70°C.
For each serum each of four wells received 0.1 ml of
either medium, normal mouse serum, or test serum.
After 14 h of incubation in a 370C humidified atmos-
phere containing 5% C02, 1 yICi of [3H]thymidine
([3H]TdR, 6.7 mCi/mM, New England Nuclear Corp.,
Boston, Mass.) in 0.02 ml of HBSS was placed into
each well, and the plates were further incubated for 4
h. The cells were then collected on glass-fiber filters
(Reeve Angel, Clifton, N.J.) and washed with isotonic
saline, using a semiautomatic microculture harvester
(Biomedical Research Institute, Rockville, Md.). The
filters were dried, and the amount of [3H]TdR incor-
porated by the cells retained on the filters was deter-
mined by liquid scintillation spectroscopy. Results
were expressed as the arithmetic means of total counts
per minute from each quadruplicate culture.

Cytotoxicity assay. The method is essentially
that described in a previous report (11). Target cells
were prepared from semiconfluent monolayers of
mouse fibroblasts (L929 cells; H-2k) grown in 75-cm2
tissue culture flasks (Falcon), which were infected
with LCMV at a multiplicity of about 10. Five days
later, infected and control uninfected cells were tryp-
sinized, washed, and incubated for 1 h with 5"Cr. After
washing to remove extracellular label, they were
seeded into wells of 96-well microtiter plates (Bellco)
in 0.1-ml portions containing 2 x 104 viable cells. Each
spleen cell preparation to be assayed was added as
0.1-ml samples to each of three wells of both infected
and uninfected targets at a multiplicity of 40. After
incubation for 18 h, 0.1 ml of culture fluid was removed
from each well and counted in a gamma scintillation
spectrometer. The isotope released from triplicate cul-
tures was expressed as the arithmetic mean of counts
per minute ± standard deviation, and virus-specific
lysis was calculated as described previously (11).

RESULTS
Depression of irradiation-induced CFU

by LCMV. In initial experiments it was neces-
sary to determine whether our laboratory strain
of LCMV could interfere with bone marrow
repopulation of spleen that normally follows
sublethal irradiation, and also what interval be-
tween infection and irradiation would be optimal
for demonstrating such an effect. C3H mice were
infected at varying intervals before, and after,
irradiation; spleens were removed 8 days after
irradiation, and CFU were enumerated. As
shown in Fig. 1, control mice given only irradia-
tion exhibited 20 ± 2 colonies per spleen. In
contrast, LCMV caused a significant reduction
of CFU when given 1 to 3 days before or after
irradiation, this effect being most pronounced
(5% of controls) 1 day prior to, or 1 day following,
irradiation. Mice in which infection was initiated
7 or 5 days before irradiation had numbers of
splenic CFU that were the same as those of
control spleens. Based on these findings, in sub-
sequent experiments LCMV was inoculated 1
day before irradiation to maximize vus-induced
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FIG. 1. Depression of irradiation-induced splenic
CFU in C3H mice by LCMVgiven on the days indi-
cated before (-) or after (+) 500 R irradiation.

depression of compensatory hemopoesis.
Lack ofan effect by LCMV on HSC colony

formation in vitro. To determine whether the
observed depression of endogenous repopulation
of spleens from infected irradiated mice was due
to a virus-induced proliferative defect localized
within the bone marrow compartment, 105 viable
marrow cells from normal mice, and mice in-
fected with LCMV 3 and 4 days previously,
where plated on feeder layers (see above). In
addition, normal marrow was incubated with
infectious or heat-inactivated LCMV, before
plating, to determine whether or not an inhibi-
tion of proliferative capacity could be attributed
to a direct action by virus. After a 30-min ad-
sorptive period at an approximate multiplicity
of 5 infectious particles per cell, the cell-virus
mixtures were plated in the usual manner. The
data shown in Table 1 illustrate two major
points: (i) without irradiation, no significant dif-
ferences in bone marrow-derived HSC were de-
monstrable between normal and infected mice,
and (ii) HSC formation in vitro by normal bone
marrow was not affected by the initial presence
ofLCMV in amounts exceeding those detectable
in bone marrow of infected irradiated mice (see
below).
Titration of LCMV in spleen and bone

marrow post-irradiation. Since the presence
of infectious LCMV in spleen, and possibly bone
marrow, has been presumed to be causally re-
lated to depression of both immune responsive-
ness and compensatory hemopoiesis, the levels
of virus in these tissues were quantitated. C3H
mice were inoculated i.p. with LCMV 1 day
before sublethal irradiation, and, at 1, 3, and 5
days thereafter, uniform samples of spleen and
marrow cells from five mice were pooled, frozen
at -700C, thawed, and then titrated i.c. in Swiss
mice. Significant levels of LCMV were present
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TABLE 1. Bone marrow HSC formation in vitro:
lack of an effect by LCMV

HSC coloniesa
Marrow donor

Expt 1 Expt 2 Expt 3

Normal 60 58 50
LCMV day 3h 55 54 52
LCMV day 4 55 50
Normal + inacti- 60 71

vated LCMVc
Normal + infec- 58 69

tious LCMVc

aMean number of colonies per 105 bone marrow
cells in each of two wells. Variation between wells of
any given pair was-15%.
'Marrow obtained 3 and 4 days postinfection.
c Normal marrow incubated for 30 min with either

inactivated or infectious LCMV before culture.

in spleen cells at all sampling times and in mar-
row at 3 and 5 days post-irradiation. Thus, the
interval between infection and irradiation that
resulted in maximal depression of compensatory
splenic repopulation by bone marrow cells was
more readily associated with virus in spleen
rather than in bone marrow (Table 2).
LCMV-induced depression of SRBC-spe-

cific B cells. Although depressed primary an-
tibody responses to SRBC have been thoroughly
documented in mice acutely infected with vis-
cerotropic strains ofLCMV, it has been reported
that a similar depression failed to occur using
the neuroadapted E-350 strain (15). In view of
this strain's ability to virtually ablate splenic
CFU formation in irradiated mice (Fig. 1), its
effect on SRBC-specific B-cell induction was re-
examined to determine whether the phenome-
non of antibody depression was merely a func-
tion of virus strain rather than a possible mani-
festation of the same mechanism involved in
hemopoietic dysfunction.
Groups of five C3H mice were inoculated i.p.

with LCMV 3, 5, and 7 days before, and on the
same day as, an intravenous primary dose of
SRBC was given. Four days after priming, indi-
vidual spleens were assayed for numbers of di-
rect (immunoglobulin M) PFC. Included as con-
trols were spleens from mice given only SRBC.
Because LCMV infections cause a marked
splenomegaly, PFC were expressed as the num-
ber per 106 spleen cells and per whole spleen.
The results in Table 3 show that the E-350

strain of LCMV caused a reduction of PFC per
106 spleen cells that was most pronounced (10%
of controls) when infection preceded SRBC
priming by 5 to 7 days. In a similar study by
others (15), E-350 infection did not suppress the
immune response to SRBC given 10 days after
virus. However, in that study circulating anti-

body (rather than PFC) was measured 7 days
after i.p. priming, C57B1 mice were used, and
virus was given in the footpad.
Suppression of irradiation-induced in vi-

tro proliferation of bone marrow by LCMV.
The experimental results presented thus far in-
dicated that although LCMV infection initiated
within 1 day of sublethal irradiation prevented
compensatory endogenous splenic repopulation,
this phenomenon was not correlated with any
reduction in the in vitro proliferative capacity
of bone marrow, either from virus-infected mice
or that from normal mice cultured in the pres-
ence of virus.

We next examined the in vitro proliferative
capacity of marrow from irradiated mice and
from mice infected with LCMV before irradia-
tion. Bone marrow cells were obtained from
groups of five C3H mice irradiated 1, 3, 5, and
7 days previously and also from matching groups
infected with LCMV 1 day before irradiation.
Controls included marrow taken from nonirra-
diated mice, either uninfected or infected with
LCMV 3 days previously. The cells from each
group were pooled and plated in the usual fash-
ion, and after 12 days, HSC colonies were

counted.
As shown in Table 4, bone marrow from non-

irradiated mice gave the expected numbers of
colonies, virus infection alone having no depres-

TABLE 2. Infectivity of spleen and bone marrow

from LCMV-infected irradiated C3H micea

Days after ins.-
Titer per 107 cells':

diation
Spleen Marrow

1 3.3 Undetectable
3 3.1 1.5
5 2.7 1.5

a LCMV given i.p. 1 day before irradiation (500 R).
hLog,o i.c. LD.s of pooled cells from 5 spleens or 10

femurs.

TABLE 3. Depression of SRBC-specific PFC by
preceding LCMV infection

No. of
days CesSRBC spleen PFC/spleen X102 PFC/106 cells _

were pre- s ± SD SD
ceded by
LCMV
Controla 22.0 206 ± 32 (106.0)b 938 ± 66 (100.0)

7 88.5 85 ± 27 (41.3) 96 ± 30 (10.0)
5 90.0 71 ± 13 (34.5) 78 ± 14 (8.3)
3 60.5 196 ± 21 (95.2) 316 ± 44 (33.8)
0 21.5 149 + 30 (72.3) 584 ± 15 (62.3)

a Control mice received SRBC only (day zero).
bNumbers in parentheses express PFC as a percentage of

control values; SD, Standard deviation.

INFECT. IMMUN.
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TABLE 4. Suppression of irradiation-induced in
vitro proliferation of bone marrow HSC by LCMV

LCMV 1 day be- Days after irradia- HSC coloniese
fore irradiation tion (500 R) Expt 1 Expt 2

- Controlb Nonirradiated 69 64
+ Control 76 61

- 1 5 7
+ 13 18

- 3 151 120
+ 19 32

- 5 62 79
+ 23 41

- 7 15 25
+ 31 40

aMean number of colonies per 105 bone marrow
cells in each of two wells. Variation between wells of
any given pair was c15%.

bControls were marrow from nonirradiated mice
either uninfected (-) or infected 3 days previously
(+).

sive effect. One day post-irradiation with or
without virus inoculation, colony-forming poten-
tials were markedly depressed. However, mar-
row taken 3 days post-irradiation showed an
impressive enhancement in proliferative capac-
ity as evidenced by about a 20-fold increase in
colony numbers (as compared with day 1 post-
irradiation). Equally impressive was the failure
of this compensatory proliferation to occur in
marrow from matched irradiated mice given
LCMV. At 5 and 7 days, marrow from irradiated
mice, with or without virus introduction, yielded
colony numbers that, in general, indicated a
gradual return of normal function.

Suppression of an irradiation-induced
bone marrow-stimulating serum factor by
LCMV. The results presented in the preceding
section suggested that the depressed splenic re-
population occurring in irradiated LCMV-in-
fected mice was related to the failure of their
bone marrow cells to undergo the compensatory
in vitro proliferative response shown by marrow
from uninfected animals 3 days post-irradiation.
We next explored the possibility that this virus-
induced defect was extrinsic to the marrow com-
partment by seeing whether LCMV suppressed
the production of a hypothetical, irradiation-in-
duced humoral factor capable of stimulating
marrow cells in vitro. Serum pools were collected
from groups of five C3H mice at 1, 3, and 5
days post-irradiation and, at these same times,
from matched groups inoculated with LCMV 1
day before irradiation. In a similar experiment,
the radiomimetic drug cyclophosphamide (CY)

was given i.p. (300 mg/kg of body weight) in
lieu of irradiation. When added to cultures of
normal marrow cells (final concentration, 10%),
sera obtained from uninfected mice 3 days after
treatment with either irradiation or CY caused
a pronounced stimulation of deoxyribonucleic
acid synthesis (and presumably proliferation) as

measured by [3H]TdR incorporation (Table 5).
Sera obtained before or after this time stimu-
lated poorly or not at all (data not shown).
Interestingly, marrow taken from mice infected
with LCMV 3 days previously was stimulated
as well as normal marrow by 3-day post-irradia-
tion serum. Sera obtained from mice 3 days after
irradiation or CY treatment, preceded by LCMV
infection, also caused enhanced [3H]TdR uptake
but to a lesser degree, suggesting that production
of the extrinsic stimulating factor was sup-

pressed as a consequence of infection.
LCMV-specific CTC induction after irra-

diation. Previous studies done in our laboratory
have shown that, during the first 2 weeks after
primary LCMV (E-350) infections, virus-specific
splenic CTC are induced that mediate tissue
pathology and virus clearance (11). With the
notion that CTC induction might be another
factor related to the depression of both splenic
SRBC-specific PFC and CFU responses, spleens
of infected C3H mice, with or without radiation
exposure, were assayed for virus-specific cyto-
lytic activity in vitro. Groups of five mice were

inoculated with LCMV 5, 7, 9, and 11 days before
assay. Lytic activity in pooled spleens from these
groups was compared with that in spleens of
identical groups, which, in addition, were irra-
diated 1 day after LCMV inoculation. The re-

sults are presented in Fig. 2 and show that
irradiation had essentially no effect on the gen-
eration of effector lymphocytes having virus-
specific lytic potential. Noteworthy was the fact

TABLE 5. Suppression of an irradiation-induced
bone marrow-stimulating serum factor by LCMV

[3H]TdRincorporationbybone
Serum donora marrow cells (cpm x 103)b

Normal LCMV

No serum 8.4 ± 0.6 9.1 ± 0.8
Normal 6.9 ± 0.6 9.8 ± 1.1
Irradiated 26.5 ± 5.8 27.0 ± 2.5
LCMV irradiated 13.6 ± 2.3
CY 27.5 ± 2.5
LCMV-CY 14.1 ± 1.8

a Serum pools from normal C3H mice or those given
irradiation or CY ± LCMV 1 day previously.

b Mean counts per minute ± 1 standard deviation
of triplicate cultures of marrow cells from normal C3H
mice or those given LCMV 3 days previously after
incubation for 18 h in 10% serum.
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FIG. 2. Generation of virus-specific CTC in
LCMV-infected C3H mice ± irradiation I day previ-
ously. (Effector:target ratio = 40:1).

that spleens of irradiated mice were about 80%
smaller than those from nonirradiated mice, in-
dicating that in the former lytic activity per
spleen was actually greater. In other experi-
ments (data not presented), it was shown that
these effector lymphocytes were sensitive to
anti-@ serum and complement, thus establishing
their T cell lineage.
The mechanism by which the microenviron-

ment of the spleen may be disadvantageously
altered by resident CTC is discussed below.

DISCUSSION
Previously published studies have shown that

acute, abortive LCMV infections of immuno-
competent mice are followed by two striking,
albeit transient, phenomena. Prominent during
the first 2 weeks postinfection, they consist of a
severe immune hyporesponsiveness involving
both humoral (5, 6, 15) and cellular effector
mechanisms (9, 13) and a defect in hemopoiesis
that is revealed when infection is combined with
irradiation (3-5). These effects have been ob-
served when using viscerotropic strains of
LCMV, which produce an extensive infection of
lymphoid tissues (14) where low levels of virus
may persist for many weeks before finally being
eliminated (19). Although our investigations uti-
lized a neuroadapted strain of LCMV that has
a relatively restricted capacity to replicate in
lymphoid tissues and which is cleared by about
1 week postinfection (11), we were able to dem-
onstrate both phenomena.

In general agreement with the results of Bro-
J0rgensen and Volkert (6), a marked depression
of compensatory splenic hemopoiesis was seen
when LCMV infection was initiated within a 3-
day period before or after irradiation. This was
reflected by a reduction in the number of spleen
surface CFU visualized 8 days post-irradiation
(Fig. 1). Splenic CFU reduction could not be
attributed simply to an inhibitory effect of

LCMV on bone marrow function, since neither
normal marrow cells to which virus was added,
nor those from acutely infected mice given no
irradiation showed any abnormality in their abil-
ity to form HSC colonies in vitro (Table 1). It
appeared, therefore, that a demonstrable he-
mopoietic lesion could be revealed only when
LCMV infection was combined with irradiation.

In comparing HSC colony formation by bone
marrow from irradiated mice with that of mar-
row from mice infected with LCMV 1 day before
irradiation, an impressive difference was seen.
Whereas marrow, obtained from uninfected
mice 3 days post-irradiation, showed a compen-
satory burst in proliferative activity, marrow
from infected irradiated animals remained de-
pressed (Table 4). Since proliferation of bone
marrow-derived HSC within the spleen would
be required for the development of splenic CFU,
these findings alone could account for concomi-
tant defect in splenic hemopoiesis (Fig. 1). How-
ever, additional observations suggested that in
animals receiving irradiation after LCMV infec-
tion, changes localized to the spleen may have
contributed to this defect. Such mice showed a
depression of a bone marrow-stimulating factor
that appeared in the serum of uninfected mice
3 days after irradiation (Table 5). Although the
source of this factor is not necessarily exclusive
to spleen, its ability to stimulate deoxyribonu-
cleic acid synthesis in cultured marrow cells
suggests that it may have a similar effect within
the splenic environment. Mice irradiated after
infection were also able to generate a virus-spe-
cific CTC response that was essentially indenti-
cal to that of mice given virus alone (Fig. 2).
CTC are induced only in acutely infected im-
munocompetent mice, and they are responsible
for the destruction of virus-infected cells,
which in turn eventuates in virus clearance (11).
The period when both virus and the earliest
induced CTC coexist in the spleen is between 3
and 7 days after primary infection with E-350
strain of LCMV (11). Therefore, during this
period, cell types within the spleen that are
engaged in hemopoiesis induced by irradiation
could be infected with virus and then lysed by
resident CTC. Hemopoiesis involves cell prolif-
eration, and it is well established that LCMV
has a selective affinity for dividing cells (16).

It should be noted that CTC are not likely to
have been a major factor contributing to the
depressed splenic CFU responses of animals ir-
radiated before LCMV infection. Under these
conditions, the induction of CTC would be de-
layed or prevented because their precursors are
radiosensitive before being triggered by antigens
(18).
On the other hand, it is quite possible that

INFECT. IMMUN.
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the depressed PFC responses to SRBC seen in
animals given only LCMV occurs by CTC-me-
diated lysis of one or more of the splenic cell
types participating in immune induction. Among
these, macrophages are likely targets of CTC
since they become infected and then dysfunc-
tional during week 1 after LCMV inoculation
(10).
A recent study by Bro-J0rgensen and Knudt-

zon (3) has shown that irradiation is not required
to reveal depression of bone marrow and splenic
hemopoiesis in mice acutely infected with vis-
cerotropic LCMV. On the basis of an observed
temporal relationship between virus-induced cir-
culating interferon and hemopoietic dysfunction,
these investigators suggested that interferon
may suppress hemopoiesis. It is unlikely that
such a mechanism is relevant to the findings
presented here since the E-350 strain of LCMV
induces little or no interferon in the blood or
spleen at any time after i.p. inoculation (G. A.
Cole, unpublished observations). Furthermore,
in the absence of irradiation, we were unable to
demonstrate any evidence of HSC depression
(Table 1). These contrasting results are probably
best explained by differences in the biological
properties between viscerotropic and neuroa-
dapted strains of LCMV.
We suggest that the transient depression in

immunological reactivity after acute LCMV in-
fection is a consequence ofongoing virus-specific
CTC generation. Whether proliferating cells are
directly lysed within lymphoid tissues after be-
coming infected or are non-specifically sup-
pressed by local factors produced as a conse-
quence of virus-induced T-cell activation re-
mains to be determined. Depression of HSC is
a separable phenomenon and is likely the result
of several mechanisms, depending on conditions
created by a particular experimental protocol.
Our studies indicate that the most prominent
of these mechanisms is a direct inhibitory effect
of LCMV on a subpopulation of radioresistant
bone marrow HSC.
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