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In vitro replication of coxsackievirus B3 (CVB3) in cells of the immune system derived from uninfected
adolescent A/J and C57BL/6J mice and replication of CVB3 in and association with immune cells from spleens
of infected animals in vivo were assessed. Nonstimulated or mitogen-stimulated spleen cells were minimally
permissive for viral replication during an 8-h period. Three days postinfection (p.i.), CVB3 RNA was localized
in vivo to B cells and follicular dendritic cells of germinal centers in both A/J and C57BL/6J mice; however,
extrafollicular localization was greater in C57BL/6J mice (P 5 0.0054). Although the pattern of CVB3 RNA
localization was different, the total load of infectious virus (PFU per milligram of tissue) was not different.
Splenic CVB3 titers (PFU per milligram of tissue) in both strains were maximal at day 3 or 4 p.i. and were back
to baseline by day 7 p.i., with most infectious virus being non-cell associated. CVB3 titers (PFU per milligram
of tissue) correlated directly with in situ hybridization positivity in splenic follicles and extrafollicular regions
in both murine strains; however, follicular hybridization intensity was greater in A/J mice at day 5 p.i. (P 5
0.021). Flow cytometric analysis demonstrated that 50.4% of total spleen cells positive for CVB3 antigen were
B cells and 69.6% of positive splenic lymphocytes were B cells. Myocardial virus load in C57BL/6J mice was
significantly lower than that in A/J mice at days 4 and 5 p.i. These data indicate that CVB3 replicates in murine
splenocytes in vitro and in B cells and extrafollicular cells in vivo.

Enteroviruses, including coxsackieviruses, have been studied
in humans as well as in murine models for the past 4 decades;
however, the exact role of enterovirus infections in the patho-
genesis of human diseases, including myocarditis and idio-
pathic dilated cardiomyopathy, is still debated (41, 42). Pri-
mary focuses of studies with regard to coxsackievirus B3
(CVB3) have been the extent of myocardial replication and
cell damage, the evolutionary phenomenon of early and late
virus-induced myocarditis, the potential relationship of entero-
viral persistence to heart failure (12, 42, 43), and the role of
inflammatory responses in the development of CVB3-induced
diseases (17, 25, 64, 65). Few studies thus far have evaluated
the role of CVB3 infections of the immune system itself or the
consequences of such infections (7, 37, 38, 40).
Over the past 3 decades, intriguing associations between

many different viruses and virtually every element of the im-
mune system have been observed (39, 47, 49, 62). The patho-
genetic significance of these associations has only recently been
examined (1, 2, 16, 50, 56), and these phenomena are increas-
ingly perceived as key events in viral pathogenesis. A paradigm
is emerging, related to virus-immune cell interactions as a
critical balance between host and/or viral adaptation.
The ability of the host’s immune system to respond appro-

priately to a virus infection during the early and late stages of
disease is the matter in question. We have established previ-
ously by in situ hybridization (ISH) the differential localization

of viral RNA in spleens of adolescent, myocarditis-susceptible
A/J (H-2a), and myocarditis-resistant C57BL/6J (H-2b) mice
infected with CVB3 (12). We now present data which clearly
document CVB3 association with and replication in (i) murine
splenic immune cells in vitro and (ii) B cells and extrafollicular
cells in vivo. These interactions may underpin the severity of
target organ injury and the pattern of virus-induced disease in
different strains of mice.

MATERIALS AND METHODS

Experimental designs. Unsorted splenocytes from uninfected A/J and
C57BL/6J mice (Jackson Laboratories, Bar Harbor, Maine) were isolated, in-
fected with CVB3, and cultured for 2, 4, 6, 8, 12, 24, and 48 h. Splenocytes that
were nonstimulated, stimulated (with concanavalin A [ConA] or lipopolysaccha-
ride [LPS]) at 24 h before infection (t5 224), or stimulated (with ConA or LPS)
at the time of infection (t 5 0) were evaluated for infectious CVB3 particles and
RNA. Mean infectious CVB3 yields after in vitro culture were determined by
three individual experiments utilizing cells isolated from different animals.
A series of separate experiments have been performed and are presented in

this work. A/J (n 5 3 per group) and C57BL/6J (n 5 3 per group) mice were
infected intraperitoneally with 105 PFU of CVB3. At days 1, 2, 3, 4, and 7
postinfection (p.i.), mice were killed and the heart, liver, spleen, and pancreas of
each mouse were harvested and triaged (experiment 1). As well, A/J (n 5 10 per
group) and C57BL/6J (n5 10 per group) mice were evaluated at days 3, 4, 5, and
6 p.i. (experiment 2). After these initial two experiments, animals (n 5 5 per
group) were evaluated at day 3 p.i. Explant splenic sections were cultured for
18 h in RPMI at 378C and immediately postculture were fixed in 4% parafor-
maldehyde prior to being embedded in paraffin. A portion of selected spleens
was utilized for the isolation of immune cells. The direct viral damage of these
organs was evaluated by light microscopy, and the concentration of virus was
evaluated by plaque assay (9, 12, 45). Viral RNA was evaluated by ISH and
reverse transcription-PCR (RT-PCR) (11, 23), with modifications (44). Viral and
immune cell antigens were evaluated by immunohistochemistry (IHC) and flow
cytometry (33).
Virus and animals. Stock CVB3 was generously provided by Charles J. Gauntt

and was stored at 2808C. Virus was grown in HeLa cells (American Type
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Culture Collection, Rockville, Md.), and titers were routinely redetermined at
the beginning of all individual experiments.
Animals were 4 weeks of age when received at St. Paul’s Hospital animal care

facility, University of British Columbia, and 5 weeks of age at the onset of each
experiment. Mice were sacrificed by CO2 narcosis, and the appropriate tissues
and blood were triaged and utilized according to the following protocols. Ani-
mals that died naturally after virus infection were autopsied and evaluated as
such. Only tissues obtained from animals killed at the defined experimental time
points were included in the mean data of an experimental group.
Preparation of single-cell suspensions of immune cells (13). Single-cell sus-

pensions of splenocytes were prepared by delicate homogenization of the spleen
in a Wheaton glass tissue homogenizer. Tissue debris was discarded, the cell
suspension was centrifuged (5003 g, 5 min), and the supernatants were archived
for plaque assay. Erythrocytes were eliminated from the cell pellet by shock lysis
with 0.1 M Tris (pH 5 7.2) and 0.16 M NH4Cl (5 min, 48C), centrifuged, and
resuspended. Cell counts were determined on a hemocytometer and/or on a
Coulter counter (model S880).
Preparation of immune cells for in vitro culture and activation of lympho-

cytes. Single-cell suspensions of lymphocytes (see above) from separate animals
from each mouse strain were made in complete RPMI-1640 (penicillin-strepto-
mycin [10,000 U/ml], L-glutamine [200 mM], HEPES [N-2-hydroxyethylpipera-

zine-N9-2-ethanesulfonic acid] buffer [10 mM], and 10% fetal bovine serum
[non-heat inactivated]; Sigma Chemical Co., St. Louis, Mo.) with 2-mercapto-
ethanol (0.05 mM). Non-heat-inactivated serum was used in these particular
cultures with the view that complement components may facilitate virus-cell
interactions (8, 54). Cells were infected with CVB3 at a multiplicity of infection
of 5 (1 h, 378C, 5% CO2) and washed three times in Dulbecco’s phosphate-
buffered saline (DPBS) (Gibco/BRL, Grand Island, N.Y.). For activation of
lymphocytes, single-cell suspensions (107 cells per ml of complete RPMI-1640)
were incubated (378C, 5% CO2) with either 2.5 mg of ConA (Sigma Chemical
Co.) per ml or 25 mg of LPS (Sigma Chemical Co.) per ml per experimental
design. Optimal mitogenic concentrations of ConA and LPS were determined by
a 3H proliferation assay (14).
Flow cytometry. Single-cell suspensions of lymphocytes from CVB3-infected

or uninfected animals were adjusted to 2 3 107 cells per ml in DPBS and stained
with an anti-CD45R antibody, a B-cell surface marker (B220 isoform, clone
RA3-6B2) diluted 1:200 in DPBS, which is directly conjugated to fluorescein
isothiocyanate (Gibco/BRL). Cells were washed three times with DPBS and then
fixed with 10% buffered formalin (overnight, 48C). After being washed three
times with TSK-BT (100 mM Tris-base, 550 mM NaCl, 10 mM KCl, 2% bovine
serum albumin, 0.1% Triton X-100 [to permeablize]), immune cells were blocked
with normal goat serum and anti-Fc receptor antibody (PharMingen, San Diego,
Calif.), both at 1:250 dilution in TSK-BT (5 min, room temperature [r.t.]). Cells
were then stained for the presence of viral antigens with a rabbit anti-CVB3
polyclonal antibody (Accurate Chemical and Scientific Co., Westbury, N.Y.) at a
1:250 dilution in TSK-BT (30 min, r.t.), washed three times (TSK-BT), stained
with an F(ab9)2 donkey anti-rabbit (heavy- and light-chain) antibody conjugated
to R-phycoerythrin (Jackson ImmunoResearch Laboratories, Inc., Westgrove,
Pa.) (30 min, r.t.), washed three times (TSK-BT), and fixed again in 10% buffered
formalin. Cells were then analyzed on a Coulter flow cytometer. Experimental
results for each sample reflect percentages determined from more than 1,000
fluorescent events.
Tissue histopathology (12). Transverse ventricular sections from the heart as

well as those from the spleen, liver, and pancreas were fixed in Bouin’s solution
(2 h, r.t.) or fresh DPBS-buffered 4% paraformaldehyde (12 h, 48C) and embed-
ded in paraffin. Paraffin blocks were sectioned for IHC and ISH. Sections were
also stained with hematoxylin and eosin or Masson’s trichrome stain. The extent
and severity of virus-induced disease in the spleen, heart, liver, and pancreas
were blindedly evaluated on a scale of 0 to 51/51 (least to most) for overall
disease, including coagulation necrosis, contraction band necrosis, and cyto-
pathic effects as previously described (12).

FIG. 1. This figure shows the titers of infectious virus in splenocytes isolated
from uninfected A/J and C57BL/6J mice after in vitro CVB3 infection. Each
datum point reflects the mean of three separate experiments utilizing splenocytes
isolated from one mouse per experiment. Each line reflects the change in virus
concentration over time in tissue culture supernatant of mixed splenocytes under
the following conditions: not stimulated with a mitogen (broken error bar 5
5,484 PFU) (A), stimulated with ConA (B), and stimulated with LPS (C), either
24 h prior to infection (t 5 224) or at the time of infection (t 5 0). Error bars,
standard errors.
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Virus content of tissue. The titers of CVB3 in tissues, cell supernatants, or sera
were determined on monolayers of HeLa cells (American Type Culture Collec-
tion) by agar overlay plaque assay in duplicate, with modifications (9, 12, 45).
HeLa cells are routinely tested for Mycoplasma infections (21). Fresh frozen
tissues or cells were homogenized with an OMNI 2000 homogenizer equipped
with a 5-mm-diameter generator. Multiple samples were serially diluted 10-fold
and overlaid on 95 to 100% confluent monolayers of HeLa cells in 6-well plates
and were incubated (5% CO2, 1 h, 378C). Virus was removed by pipetting, and
warm medium (minimal essential medium plus penicillin-streptomycin [10,000
U/ml], L-glutamine [200 mM], HEPES buffer [238.3 g/liter], 10% fetal bovine
serum [heat inactivated], and 0.75% agar) was overlaid in each well. The plates
were incubated (2 to 3 days, 5% CO2, 378C), fixed with Carnoy’s fixative (30 min),
and stained with 1% crystal violet. The plaques were counted, and the viral
concentration was calculated as PFU per milligram of wet tissue, number of cells,
or milliliter.
IHC. Rat anti-mouse CD45R (B220 isotype, clone RA3-6B2) (Gibco/BRL)

was used at a dilution of 1:100. Small pieces of tissues (approximately 3 mm3)
were fixed in Bouin’s solution (2 h, r.t.) or fresh DPBS-buffered 4% paraformal-
dehyde (12 h, 48C), dehydrated in graded alcohols, and embedded in warm
paraffin (temperature, ,608C). IHC was performed as described previously (33)
with modifications as detailed below.
Tissue sections (2 mm thick) were placed onto Superfrost glass slides (VWR

Scientific, Toronto, Canada), baked (2 h, 608C), dewaxed in xylenes, and dipped
in 100% alcohol. The slides were then incubated in 3% H2O2–97% methanol (30
min, r.t.), rehydrated in graded alcohols, rinsed in tap water, and incubated in 20
mM citrate buffer (pH 5 3.2; 15 min, r.t.).
One hundred microliters of blocking solution (TSK-BT, 1% normal serum of

the species of the primary antibody, and avidin D blocker [Vector Laboratories,
Burlingame, Calif.]) was applied to each slide, incubated (1 h, r.t.), and rinsed
once with DPBS. One hundred microliters of optimally diluted primary antibody
(diluted in TSK-BT, 1% normal serum, 0.5% normal mouse serum, and biotin
blocker [Vector Laboratories]) was applied to each slide, incubated (overnight,
r.t.), and rinsed three times with DPBS. Negative control sections were stained
with normal serum at the same dilution in place of the primary antibody. The
secondary biotinylated immunoglobulin (diluted 1:200 in TSK-BT–0.5% normal
mouse serum; Vector Laboratories) was applied, and this was followed by the

application of avidin-biotin-horseradish peroxidase complex (Vector Laborato-
ries). DAB (3,39-diaminobenzidine tetrahydrochloride with nickel ions and hy-
drogen peroxide) (Pierce ImmunoTechnology, Rockford, Ill.) substrate was
added and allowed to develop. Slides were lightly counterstained with hematox-
ylin, dehydrated in graded alcohols, dipped in xylenes, and covered with cover-
slips.
Enterovirus-specific ISH. Enterovirus-specific ISH was performed on both cell

cytospin preparations from in vitro infections and tissue sections as described
previously (11, 23), with modifications as described elsewhere (44). Briefly, tissue
was fixed in 4% paraformaldehyde or Bouin’s solution, embedded in paraffin,
sectioned, placed onto silanated or Superfrost glass slides, baked, dewaxed, and
rehydrated in graded alcohols. Both the tissue and cells were then permeabilized,
dehydrated in graded alcohols, dried, and hybridized. The hybridization mixture
contained a digoxigenin-labelled viral strand-specific riboprobe (sense or anti-
sense strand) (nucleotide [nt] 1 to 7127 and 888 to 7127, respectively) transcribed
from the infectious cDNA as previously described (23). From 21 to 29 ml of
hybridization mixture was applied. The slides were heated (758C, 10 min), and
hybridization was allowed to proceed in a humidified chamber. Posthybridization
washing was followed by blocking with 2% normal lamb serum. A sheep anti-
digoxigenin polyclonal antibody, conjugated to alkaline phosphatase (Boehringer
Mannheim, Laval, Canada), was enzymatically developed for 48 to 96 h (Sigma-
Fast nitroblue tetrazolium-BCIP [5-bromo-4-chloro-3-indolylphosphate tolui-
dinium; Sigma Chemical Co.). Hybridization positivity in the pancreas and heart
is apparent within minutes to 2 h of substrate application; however, positivity in
the spleen is typically only detectable after 24 to 48 h of development. The slides
were subsequently counterstained with eosin or carmalum and examined quan-
titatively for reaction product by light microscopy. The distribution and intensity
of ISH positivity were evaluated and scored blindedly on a scale of 0 to 51/51
(least to most) for the tissue being evaluated. For the heart, a score of 01 reflects
0% cell positivity for CVB3 RNA, 11 reflects ,10% positivity, 21 reflects 10 to
20% positivity, 31 reflects 30 to 40% positivity, 41 reflects 40 to 50% positivity,
and 51 reflects .50% positivity. For splenic follicles, a score of 01 reflects 0%
splenic follicles positive for CVB3 RNA, 11 reflects 10 to 20% positivity, 21
reflects 20 to 40% positivity, 31 reflects 40 to 60% positivity, 41 reflects 60 to
80% positivity, and 51 reflects .80% positivity. Extrafollicular regions of the
spleen, liver, and pancreas were scored similarly where relevant.

FIG. 2. ISH shows positive staining for the sense-strand (A and D) and antisense-strand (B and E) RNA of CVB3 in A/J (A and B) and C57BL/6J (D and E)
nonstimulated mixed splenocytes infected in vitro and harvested 6 h p.i. Arrowheads indicate splenocytes with definitive positive signals. For comparison, uninfected
negative control splenocytes from A/J and C57BL/6J mice are shown (C and F, respectively). (F) Bar 5 10 mm.
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RT-PCR, nested PCR, and blotting. RT-PCR was optimized for MgCl2 con-
centration, annealing temperature, and cycle number in the RT and PCR steps
for each primer or primer set (27). The sensitivity of nested PCR has been
established in our laboratory, and this procedure affords the detection of 1.5 to
15 copies of viral RNA in 5 ng of nonspecific RNA by ethidium bromide staining
(4a, 52).
The following primers were synthesized (Oligonucleotide Synthesis Labora-

tory, University of British Columbia) and used in the RT-PCR steps. Primers E1
and E2 (nt 625 to 642 and 448 to 462, respectively) have previously been de-
scribed by Chapman et al. (10), and primer D (nt 581 to 601) was described by
Jin et al. (28). Primer C2 (nt 467 to 486) and probe EF (nt 537 to 565) were
designed from the CVB3 sequence by Klump et al. (32). Primers E1 and E2 yield
a 195-bp fragment, and primers D and C2 yield a 135-bp fragment. Murine
b-actin primers (Stratagene, La Jolla, Calif.) were used for positive RNA con-
trols. Negative controls, in which water was substituted for the RNA sample,
were included in every run.
In brief, optimized RT (3 mM MgCl2) was carried out in a 10-ml reaction

volume with SuperScript RNase H2 reverse transcriptase (Gibco/BRL), 50 pM
E1 or E2, and 5 ng of RNA. High-quality RNA (A260/A280 $ 1.7) was isolated
utilizing RNA spin columns (Rneasy; Qiagen Inc., Chatsworth, Calif.). The RT

reaction mixture was cycled once (428C for 50 min, 958C for 5 min, 48C soak) in
a Perkin-Elmer Cetus DNA 9600 thermal cycler. For the detection of strand-
specific priming by the 39 or 59 primer, RNase A (10 ng) was added to each
reaction tube and incubated (15 min, 378C) prior to PCR to ensure that cDNA
synthesis was not due to RT of viral RNA by Taq DNA polymerase during the
35 cycles of PCR and 30 cycles of nested PCR at standard MgCl2 concentrations
(46, 59).
To the resulting cDNA RT mixture, 40 ml of the PCR solution (3.25 mM

MgCl2, Taq DNA polymerase, 50 pM primers E1 and E2, and 0.44 mg of Taq-
Start antibody [ClonTech Laboratories Inc., Palo Alto, Calif.]) was added. The
PCR mixture was denatured (958C for 5 min) and cycled 35 times (528C for 30 s,
728C for 10 s, and 958C for 30 s).
For nested PCR, 5 ml of the PCR mixture was added to 45 ml of the nested-

PCR cocktail (Taq DNA polymerase, 3.5 mM MgCl2) and 50 pM primers D and
C2. The PCR mixture was denatured (958C for 5 min) and cycled 30 times (608C
for 30 s, 728C for 10 s, and 958C for 30 s).
The PCR products were electrophoresed at 100 to 150 V into 2% agarose gels

with ethidium bromide in 0.53 TAE (20 mM Tris acetate [pH5 7.8] and 0.5 mM
EDTA) and evaluated. Southern blotting assays were performed as follows.
DNA bands were transferred from the agarose gel to Nytran (Schleicher &

FIG. 3. Nested RT-PCR products (135 bp) of the sense-strand (A) or antisense-strand (B) RNA of CVB3 are detectable in RNA isolated from A/J and C57BL/6J
mixed splenocytes (cells) not stimulated with a mitogen (NS) or stimulated with ConA or with LPS. Uninfected, nonstimulated (UI) A/J and C57BL/6J mixed
splenocytes are negative for CVB3 nested RT-PCR products. In vivo-infected A/J (Inf A/J) and C57BL/6J (Inf C57BL/6J) mice are positive for nested RT-PCR
products from the sense-strand RNA (A) or antisense-strand RNA (B), while uninfected A/J (UI A/J) and C57BL/6J (UI C57BL/6J) mice are negative. RT, PCR, and
nested PCR H2O negative controls are negative (RT-C, PCR-C, and Nested PCR-C, respectively). Southern blotting of the DNA products with a digoxigenin probe
confirmed the presence of the respective CVB3 sense and antisense viral RNA sequences. All RNA isolates are positive for RT-PCR products of b-actin (245 bp) with
the 39 primer (sense) but are negative for b-actin products with the 59 primer (antisense). The latter confirms that the PCR-amplified DNA (i.e., specific sense or
antisense sequences) reflects RT products generated from viral RNA or b-actin by SuperScript RNase H2 reverse transcriptase and not Taq DNA polymerase (46, 59).

FIG. 4. The concentrations of CVB3 (PFU per milligram) in the spleens of A/J and C57BL/6J mice as determined by plaque assay from day 1 through 7 p.i. (D1
to D7) in two separate experiments are shown. Each bar represents the mean value for 3 or 10 animals (experiments 1 and 2 [A and B], respectively). There is no
significant difference in the concentration of CVB3 in the spleens for A/J or C57BL/6J mice at any time point p.i. 1.0E104 5 104.
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Schuell Inc., Keene, N.H.) with an Owl semidry blotter and were baked. Hybrid-
ization of transferred DNA was performed with an oligonucleotide (probe EF)
tailed with digoxigenin-labelled dUTP by using terminal transferase (Boehringer
Mannheim). The Nytran membranes were prehybridized, probed, washed,
blocked, and stained with a sheep antidigoxigenin antibody conjugated to alka-
line phosphatase (Boehringer Mannheim) diluted 1:20,000. The membranes
were washed and dipped in CDP-Star (Boehringer Mannheim) chemilumines-
cent substrate (1 min, r.t.). X-ray films were exposed for 3 min and developed.
Statistical analysis.When comparisons between groups were made, data were

analyzed by Student’s t test by utilizing Systat software (57). Bonferroni proba-
bilities were applied when multiple t test comparisons were made within a
particular experiment (24). Pearson product-moment correlation was used in
relating infectious virus to genomic positivity by hybridization (57). Results were
considered statistically significant when the probability of a type I error was less
than 0.05.

RESULTS

In vitro replication of CVB3 in splenocytes. To determine
whether CVB3 replicates in immune cells, the in vitro infection
of mixed splenocytes was evaluated. Cells were cultured in
complete RPMI-1640 or stimulated with ConA or LPS and
evaluated for capacity for replication of infectious virus by a
plaque assay method and evaluated for viral RNA synthesis by
ISH and nested-RT-PCR methods. The replication of virus
was minimal in these cells, and nascent infectious virus was
barely detectable by the plaque assay method. Incubation of
cells with ConA did not quantitatively affect the production of
infectious virus in isolated naive splenic immune cells com-
pared with that in nonstimulated cells over the time course of

FIG. 5. ISH positivities for the sense-strand (A and C) and antisense-strand (B and D) viral RNA in the spleens of A/J (A and B) and C57BL/6J (C and D) mice
at day 3 p.i. are shown. Note the difference in the staining pattern of the A/J strain versus the C57BL/6J strain, specifically the extrafollicular ISH positivity (arrows)
for CVB3 RNA in C57BL/6J mice. (D) Bar 5 200 mm.

FIG. 6. These bar graphs represent the mean ISH distribution and intensity
scores of A/J and C57BL/6J splenic follicular and extrafollicular regions on days
3 to 6 p.i. (D3 to D6) (n5 7 to 10 per group). Each bar represents a score derived
from one ISH section from each of the animals per group per day p.i. The
distribution of viral RNA positivity in A/J follicles was not significantly different
than that for C57BL/6J mice at any day p.i.; however, the intensity of viral RNA
staining in A/J follicles was significantly greater than that for C57BL/6J mice at
day 5 p.i. (P 5 0.021). With regard to ISH staining in the extrafollicular regions
of the spleen (marginal zone and red pulp), A/J extrafollicular staining was
significantly less than that for C57BL/6J mice at day 3 p.i. (P 5 0.0054).
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evaluation (Fig. 1A and B); however, when cells were incu-
bated with LPS, the production of infectious virus was abol-
ished (Fig. 1C). There was a characteristic pattern of viral titers
in these cells after challenge (Fig. 1A and B). For both mouse
strains, virus concentration in the cell supernatant decreased
between 2 and 6 h p.i. with a subsequent small increase to peak
levels at 8 h p.i. These levels then decreased gradually over the
next 40 h p.i. From 8 to 48 h, the decrease in virus titer reflects
the inactivation of virus due to incubation at 378C, as deter-
mined by incubation of virus stock alone (data not shown). At
8 h p.i., the stimulated and nonstimulated splenocyte cultures
from the myocarditis-susceptible strain (A/J) produced more
infectious virus than did splenocytes from the myocarditis-
resistant strain (C57BL/6J) at both time points of virus chal-
lenge (t 5 224 h and t 5 0 h) (Fig. 1A and B). ISH was
performed on the same cells (Fig. 2A to D) to detect the
presence of sense- and antisense-strand RNA and confirm our
plaque assay data indicating that virus replicates in splenocytes
which are nonstimulated. As well, ISH revealed the presence
of antisense-strand CVB3 RNA in ConA- and LPS-stimulated

splenocytes (data not shown). Furthermore, the presence of
sense- and antisense-strand RNA was evaluated by RT-PCR
and nesting of PCR products. RNA isolated from nonstimu-
lated or mitogen-stimulated (t 5 224) splenocytes 6 h post-
viral challenge contained detectable sense- and antisense-
strand viral RNA (Fig. 3). Thus, sense- and antisense-strand
RNA were detected in all RNA isolates after RT-PCR and
nesting and/or Southern blotting (Fig. 3). The presence of the
antisense-strand RNA confirms virus replication in a portion
of these cells.
In vivo distribution of CVB3 RNA in immune compart-

ments. To evaluate the association of CVB3 with splenocytes,
the temporal load of infectious virus in the spleens of A/J and
C57BL/6J mice during the early stage of disease (days 1
through 7) was determined. The concentration of infectious
CVB3 (PFU per milligram) in the spleens of specific animals
was detectable but low at days 1 and 2 p.i., and in both strains,
the concentration of virus increased dramatically and was max-
imal by days 3 to 4 p.i. and decreased by days 5 to 7 p.i. (Fig.
4). There was no significant difference between the total loads
of infectious virus in the spleens of the two strains of mice. This
similarity in virus load was observed when the noncellular
fractions of spleens were analyzed on days 3 or 4 in both
strains; however, most virus detected resided in the noncellular
fraction (10-fold more than in the cellular fraction) (data not
shown). The cell association of infectious virus was consistently
found to be somewhat greater in the C57BL/6J strain than in
the A/J strain (data not shown).
ISH for CVB3 sense-strand RNA in these same tissues cor-

roborated the presence of infectious virus in the spleen as
determined by plaque assay. The distribution and intensity of
viral RNA hybridization staining within the spleen, however,
was distinctive between strains in extrafollicular localization of
viral RNA during early infection (Fig. 5 and 6). In A/J mice
(the myocarditis-susceptible strain), virus localized to the ger-
minal centers of lymphoid follicles (Fig. 5 and 6). In C57BL/6J
mice (myocarditis-resistant strain), virus localized not only to
the germinal centers but also to the marginal zone and red
pulp (Fig. 5 and 6). Total data from both strains show that
there was a concomitant increase in ISH positivity in splenic
tissues with increasing infectious viral load (Fig. 7). The dis-
tribution of ISH positivity in the follicles at all time points p.i.
correlated with the concentration of infectious virus (PFU per
milligram) in the spleens of A/J (r 5 0.643; P 5 0.00007) and
C57BL/6J (r 5 0.831; P 5 0.00002) mice (Fig. 7A). The inten-
sity of hybridization in the follicles of both A/J and C57BL/6J
mice was also correlated with the concentration of infectious
virus in the spleens of A/J (r 5 0.533; P 5 0.0017) and
C57BL/6J (r 5 0.818; P 5 0.00002) mice (Fig. 7B). Finally,
hybridization in the extrafollicular region of the spleen was
also correlated with the concentration of infectious virus in the
spleens of A/J (r 5 0.525; P 5 0.0029) and C57BL/6J (r 5
0.787; P 5 0.00002) mice (Fig. 7C). These data show that both
sense- and antisense-strand RNAs are detected in the spleens
of either murine strain and that the amount of sense strand
correlated with the amount of infectious virus present.
With regard to CVB3 infection of other immune system

compartments, characteristic infection patterns were found in
lymph nodes and in liver sinusoidal cells (Kupffer cells; F4/80
antibody positive). In lymph nodes there was ISH positivity for
sense-strand RNA in germinal centers, the subcapsular sinus,
and in the medullary cords (data not shown). In the liver, virus
was found in Kupffer cells and hepatocytes (data not shown).
We have demonstrated CVB3 replication in splenic tissue

obtained at autopsy by showing ISH positivity for the sense-
and antisense-strand viral RNA in both germinal centers and

FIG. 7. Correlation of ISH follicular distribution (A), follicular intensity (B),
and extrafollicular scores (C) with infectious CVB3 (PFU per milligram) in
spleens of A/J (n 5 34) and C57BL/6J mice (n 5 34). Plaque assay and ISH
datum points represent all animals on days 3 to 6 p.i. The Pearson product-
moment correlations with infectious CVB3 are shown at the top of each panel.
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extrafollicular cells on contiguous tissue sections (Fig. 8). We
also evaluated splenic tissues which were fixed after culture for
18 h (Fig. 9A to F). For both strains of mice (C57BL/6J data
not shown), the intensity of ISH staining in the same spleen for
sense-strand RNA was increased after culture (Fig. 9A, C, and
E) and contiguous sections of cultured tissue were positive for
the antisense-strand RNA in germinal centers and extrafollicu-
lar cells (Fig. 9D and F). There were, however, few cells in
C57BL/6J spleens which were positive for antisense-strand
RNA. It is of particular interest that the intensity of staining,
and thus the ratio of sense- to antisense-strand RNA, in cul-
tured spleens was different than that in the heart (23, 31).
When antisense-strand RNA is detectable in the same cell of
contiguous splenic sections, it is apparent that the ratio of
sense to antisense RNA is variable in immune cells of the
spleen (Fig. 9E and F).
The importance of splenic ISH positivity is potentially ex-

emplified in data obtained from an additional animal experi-
ment, wherein we evaluated the concentration of infectious
virus (PFU per milligram) in the spleen, liver, heart, and serum
in A/J and C57BL/6J mice 3 days p.i. (n 5 5/group) (Fig. 10A).
There was no significant difference in the load of virus in the
spleen or liver as determined by plaque assay; however, there
was significantly more infectious virus present in the hearts
(P 5 0.031) and sera (P 5 0.026) of A/J mice than there was in
C57BL/6J mice. Most important and pertinent to disease

pathogenesis was the level of ISH positivity for CVB3 genomic
sequences in the spleen, liver, and heart tissues of A/J and
C57BL/6J mice 3 days p.i. (Fig. 10B). There was a significant
increase in the overall ISH positivity for CVB3 RNA in the
spleens of C57BL/6J mice compared with that for A/J mice
(P 5 0.0057), which contrasts with significant decreases in
positivity in the livers (P5 0.047) and hearts (P5 0.026) of A/J
and C57BL/6J mice. Although liver ISH staining in C57BL/6J
mice was significantly less than that in A/J mice at euthanasia
(data not shown), when C57BL/6J mice die early after infec-
tion the intensity of ISH staining was increased (data not
shown), suggesting fulminant virus infection as one possible
cause of death. The infectious viral load in the hearts of A/J
mice was significantly higher than that in C57BL/6J mice at
days 4 and 5 p.i. (Fig. 11), suggesting that the latter mice are
more effective at clearing the virus infection, albeit by an un-
determined mechanism.
In vivo distribution of CVB3 antigens relative to splenic

immune cells. Flow cytometry corroborates ISH in that viral
antigen association with splenic immune cell subsets was ob-
served in splenocytes from in vivo-infected A/J mice. Thus,
composite flow cytometry analysis demonstrates that CVB3
antigen (R-phycoerythrin staining) is associated with 12% of
the total splenocytes and 20 to 25% of the splenic lymphocytes
after in vivo infection (Fig. 12). Of the splenic lymphocytes
positive for viral antigen, 69.6% are B cells (fluorescein iso-

FIG. 8. ISH for sense and antisense RNA in the spleen from an A/J mouse autopsied within 12 h of death. The sense-strand (A and C) and antisense-strand (B
and D) RNAs were detectable in contiguous sections in the same germinal centers and cells. (B) Bar 5 200 mm (also for panel A); (D) bar 5 100 mm (also for panel
C).
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thiocyanate staining), and of the total splenocytes positive for
viral antigen, 50.4% are B cells. Finally, in these series of
experiments, B cells constitute approximately 47.1 and 44.1%
of splenic lymphocytes and total splenocytes, respectively.
Contiguous splenic sections were used for ISH and stained

by an IHC method for B cells (Fig. 13). These results demon-
strate that the majority of viral RNA in the spleen was asso-
ciated with a select population of B cells, specifically, germinal-
center B cells (Fig. 13). By histological examination, however,
a portion of follicular dendritic (53) cells of a germinal center
are also positive for CVB3 RNA (Fig. 14).

DISCUSSION

These data demonstrate that CVB3 associates with and rep-
licates in mixed murine splenocytes in vitro and in murine B
cells and extrafollicular cells in vivo. The manner of CVB3
association within different compartments of the immune sys-
tem corresponded to differential susceptibilities of C57BL/6J
and A/J mice to CVB3-induced disease.
The presence of virus within immune organs probably rep-

resents a process of virus sequestration for subsequent immune
system sensitization; however, the association of viruses with

FIG. 9. ISH for sense-strand (A, C, and E) and antisense-strand (B, D, and F) RNA in spleens from A/J mice. Tissue sections were fixed at the time of euthanasia
(A and B) or after 18 h of culture in nutrient media (C to F). Note the increase in ISH positivity in cultured tissues of both strains (C57BL/6J tissues are not shown)
and the distinct hybridization for antisense-strand RNA in the A/J strain (F [arrowheads]). Positivity for antisense-strand RNA in cultured C57BL/6J splenic tissue is
also present (data not shown). (D) Bar 5 100 mm (also for panels A to C); (F) bar 5 50 mm (also for panel E).
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virtually every tissue and cellular element of the immune sys-
tem (49) suggests that the nature of virus interactions with
immune organs and immune cells in vivo will determine the
consequences of such events.
The association or replication of enteroviruses in immune

cells and/or immune cell lines has been demonstrated in vitro
by a number of investigators. Thirty years ago poliovirus was
suggested by electron microscopy to be present in leukocytes
(48). Concurrently, other investigators (20) showed that mul-
tiplication of poliovirus occurred in leukocyte cultures. Human

T- and B-lymphoid cell lines are permissive in vitro for repli-
cation of CVB serotypes by a carrier culture mechanism in-
volving a minority of cells at any given time point (37, 61).
Vuorinen et al. (61) have also reported that CVB3 replicates in
T- and B-cell lines and in peripheral blood lymphocytes (PBL)
after in vitro infection, although replication in PBL occurs at
barely discernible levels. Others have contradictory data and
have reported that CVB3 does not replicate in PBL infected in
vitro (15). With regard to virus association with immune cells,
Henke et al. (22) demonstrated that after incubation of pe-

FIG. 10. Mean loads of infectious virus at day 3 p.i. in the spleens, livers, hearts, and sera of A/J and C57BL/6J mice (n 5 5 per group). (A) There is significantly
more infectious virus in the hearts (P 5 0.031) and sera (P 5 0.010) of A/J mice than in those of C57BL/6J mice as determined by plaque assay. (B) ISH staining for
CVB3 is positive in the spleens, livers, and hearts of A/J and C57BL/6J mice (n5 5 per group). There is more overall mean ISH positivity (follicular and extrafollicular)
in the spleens of infected C57BL/6J mice (P 5 0.0057). This greater splenic ISH positivity in C57BL/6J mice is in contrast to the significantly lesser positivity in the
livers (P 5 0.047) and hearts (P 5 0.026) of the same mice.

FIG. 11. Shown are the mean loads of virus (PFU per milligram) in heart tissues of C57BL/6J mice at days 3 to 6 p.i. versus those of A/J mice (n 5 7 to 10 per
group). Significantly less infectious virus is present in the myocardia of C57BL/6J animals at days 4 (P 5 0.035) and 5 (P 5 0.000045).
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ripheral human mononuclear cells with CVB3 at a multiplicity
of infection of 5 for 8 to 12 h, 19.2 to 33.2% of virus-exposed
monocytes were positive for viral antigen by immunofluores-
cence. In a CVB3 murine model of myocarditis, we found that
CVB3 is associated with splenocytes as determined by immu-
nofluorescence (data not presented). Specifically, 12.9 to
17.4% of CD-8-positive T cells and 11 to 26% of adherent
splenocytes were positive for viral antigen after in vitro infec-
tion and incubation (multiplicity of infection 5 5, 12 h at
378C). In the same experiments, the apparent permissiveness
of purified B cells was even greater, resulting in prominent
cytolysis.
CVB3-murine immune cell interactions. The present studies

clearly demonstrate that myocarditic CVB3 does replicate in
naive murine splenic lymphocytes early after in vitro infection
(2, 4, 6, 8, 12, 24, and 48 h p.i.) (Fig. 1 to 3). Previous studies
have looked at this issue but failed to demonstrate a productive
CVB3 infection in splenocytes and peritoneal macrophages,
and this was probably only because infectious particles were
assayed at daily intervals p.i. (6, 38). Similarly, in vitro studies
of CVB3 replication in murine lymphocytes and lymph node
macrophages, performed by Gauntt et al. (18), revealed that
“little or no replication of [CVB3] occurred in lymphocytes.” It

is clear from these and our own observations that daily evalu-
ation of in vitro assay systems for infectious virus cannot reveal
increases in virus titers in mixed splenocyte cultures, since the
resulting data reflect bound uneclipsed virus, nascent virus,
and virus inactivation (18). Overall, the amount of virus pro-
duced (nascent virus) is low.
Studies utilizing poliovirus have demonstrated that freshly

isolated human leukocytes were unable to detectably support
other than blastogenic replication through stimulation with
phytohemagglutinin (63). Our model of mixed splenocyte cul-
tures differs in that minimal production of infectious viral par-
ticles from nonstimulated and ConA-stimulated cells was de-
tected; however, LPS-stimulated cells did not support virus
production (Fig. 1C). It is interesting that the stimulation of
infected cells with LPS did not result in the production of
progeny virus detectable by plaque assay, although viral sense-
and antisense-strand RNA were detectable by ISH and nested
RT-PCR (Fig. 2 and 3). It is possible that LPS-activated mac-
rophages, monocytes, and B cells and LPS-induced proinflam-
matory antiviral mediators such as interferons and nitric oxide
(29) allowed efficient inactivation of CVB3 and thus limited
the apparent production and detection of progeny infectious
virus. Furthermore, the variability of virus titers detected in

FIG. 12. Flow cytometric analysis for CVB3 antigen was performed on a sample of total splenocytes isolated from an in vivo-infected A/J mouse at day 3 p.i. (gate
G of scatter plot). Results from this particular experiment of CVB3-infected and uninfected animals demonstrate that 16.0% (18.3% 22.3%) of total splenocytes are
positive for CVB3, of which 6.0% (8.2%22.2%) are B cells (shown by fluorescein isothiocyanate [FITC] staining) positive for CVB3 antigen (shown by R-phycoerythrin
staining). Analysis of splenic lymphocytes (gate A of scatter plot [data not shown]) demonstrates that 20.5% of lymphocytes are positive for CVB3, of which 15.7% are
B cells (shown by fluorescein isothiocyanate staining) positive for CVB3 antigen (shown by phycoerythrin staining). To ensure antigen specificity in recognition of
activated and/or infected splenocytes, the following cells from CVB3-infected or uninfected animals were analyzed: unstained splenocytes (cells only) or splenocytes
stained with the primary and secondary antibodies (18 1 28), with the secondary antibody only (28), or the primary and secondary antibodies, where the primary antibody
was preabsorbed with 3,200 PFU of stock virus (18 1 28 Absorbed). The percent positive cells was determined from the difference between the percentages for 18 1
28 and 18 1 28 absorbed or 18 1 28/B-cell percentages. Absence of positivity was evident when only the secondary antibody was used.

VOL. 70, 1996 COXSACKIEVIRUS B3 AND MURINE IMMUNE CELLS 4641



vitro in our murine models (Fig. 1) is likely a reflection of the
different levels of permissiveness of splenocytes as derived
from different murine donors. Studies of poliovirus infections
in vitro support this notion of donor-dependent variability in
permissiveness, since poliovirus replication can range from 1 to
14 PFU/day per infected human PBL (55). The subtlety and
rapidity of eclipse and in vitro CVB3 replication we have ob-
served in mixed splenocytes is concordant with the data on
poliovirus infection of immune cells.
Studies of Gomez et al. (19) demonstrated that particular

adherent cells, T cells, and B cells from the peripheral blood
and spleens of CVB3-infected mice are associated with infec-
tious virus as determined by plaque assays at 2, 3, and 4 days
p.i. However, the nature of these associations has been ques-
tioned and remains unanswered (6). Our data characterizing
the in vivo temporal load of virus in the spleens of infected
animals (Fig. 4) corroborate previously published data on the
viral titers in spleens of CVB3-infected CD-1 mice (18). Fur-
thermore, the in vivo association and replication of CVB3 in
particular immune cells are one likely source of infected pe-
ripheral blood cells as previously demonstrated by Gomez et
al. (19). Of potential importance, the localization of virus by
IHC, especially in the spleen, appears much less sensitive than
the hybridization methodology for detecting viral RNA that is
presented in this study.
The presence of sense- and antisense-strand RNA, indicat-

ing replication of CVB3 RNA in the spleens of infected A/J
and C57BL/6J mice, was documented by nested RT-PCR (Fig.
3). This replication is further corroborated by ISH positivity for

antisense-strand RNA in splenic germinal centers of CVB3-
infected A/J mice at autopsy (Fig. 8) and in cultured explant
splenic sections (Fig. 9) from both A/J and C57BL/6J CVB3-
infected mice. The primary cellular constituent of a germinal
center is the B cell (34, 58), which is the cell phenotype with
which CVB3 associates in vivo (Fig. 13). As noted above, we
have detected sense-strand RNA in the lymph nodes of in-
fected animals; however, as with the spleen cells in the present
studies, a more complete and systematic evaluation of lymph
nodes to determine the presence of the antisense-strand RNA
is warranted. With regard to the level of replication in splenic
immune cells of A/J and C57BL/6J mice, these in vitro and in
vivo data indicate that CVB3 replicates (RNA and infectious
particles) more efficiently in the A/J than in the C57BL/6J
murine strain. Plaque assay data presented by Huber et al. (26)
indicated that CVB3 variants replicate in a BALB/c monocyte
cell line; however, the more virulent, myocarditic variant of
CVB3 replicated to titers higher than those of the less virulent,
nonmyocarditic variant. Thus, the regulation of CVB3 replica-
tion may be critical in the interaction of CVB3 and a host.
Kandolf and colleagues (23, 31) have established that the ratio
of sense to antisense strands of viral RNA is 100:1 during early
infection of the myocardium and is 1:1 during persistent infec-
tion. These data suggest that one possible mechanism of es-
tablishing a persistent infection is the differential regulation of
viral RNA strand synthesis. Furthermore, the regulation of
viral RNA synthesis has been implicated in the virulence of
CVB3 (60). In our model (Fig. 9E and F), the varying ratios of
sense to antisense viral RNA strands in the spleens of A/J mice

FIG. 13. ISH (A and C) and IHC (B and D) demonstrate colocalization of CVB3 sense-strand RNA with a subset of B220-positive B cells (A and B [A/J]; C and
D [C57BL/6J]) in the spleens of CVB3-infected animals at day 3 p.i. Colocalization is restricted primarily to germinal-center B cells. (B) Bar 5 50 mm.
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may indicate a developing persistent CVB3 infection within
particular immune cells. This phenomenon has been previously
described for lymphocytic choriomeningitis virus infections
(30, 36) and suggests that the high level of systemic replication
of CVB3 in A/J mice may lead to the production of mutant
progeny which are able to replicate more efficiently in immune
cells. Evidence obtained by ISH and nested RT-PCR has pro-
vided a measure of actual virus replication in the spleens of
CVB3-infected animals. The distribution and intensity of hy-
bridization for the sense strand more readily reflected and
correlated to the relative load (PFU per milligram) of infec-
tious virus (Fig. 6 and 7). Further, these correlations likely
reflect the systemic viral load, which seeds the spleen with
infectious CVB3 and stimulates a correlative immune re-
sponse, resulting in concordant trapping of infectious virus.
The question remains: does extrafollicular localization of
CVB3 affect susceptibility to myocarditis (Fig. 5)?
CVB3 clearly replicates in murine spleens early after in vivo

infection (1 to 7 days p.i.), and the localization of infectious,
replicating virus to germinal centers and extrafollicular cells
most likely reflects two events of a CVB3 infection: an adaptive
antiviral immune response by the host and a disadvantageous
association of virus and immune cells. The classical immuno-
logical event in the spleen during CVB3 infection is the adap-
tive immune response with immune sensitization and genera-
tion of polyclonal germinal centers (35, 58). A second and
adverse event of CVB3 infection is the association of replicat-
ing CVB3 with select B cells, follicular dendritic cells (FDC),
and extrafollicular cells. It is reasonable to hypothesize that

virus replication perturbs the normal function of immune cells
and thus disrupts the homeostasis of an immunological re-
sponse to antigens. This hypothesis stems from our demonstra-
tion by ISH and flow cytometry of viral RNA and antigen
positivity localized to immune cells (Fig. 3, 6, 8, 9, and 12). As
well, other investigators have demonstrated that in vitro func-
tional assays of lymphoid cells are suppressed after infection
with CVB3 and that this function is restored by supplementa-
tion with peritoneal macrophages (38). Evidence of CVB3-
induced splenic involution due to dysfunctional macrophages
further supports the theory that CVB3 perturbs immune func-
tion (38). We and others have shown that the in vivo immune
response to a third-party antigen (sheep erythrocytes) is de-
creased after CVB3 infection and is likely due to the impair-
ment of antigen presentation (4, 7); however, the level of
macrophage saturation by phagocytosed material, and thus
potential antigenic competition for histocompatibility antigens,
must be kept in mind when evaluating these data (5).
The CVB3 model of infection with its dramatic splenic in-

volution is in contrast to other viral infections such as lympho-
cytic choriomeningitis virus-induced splenic hypertrophy (3,
51) and is thought to reflect immune cell proliferation and the
retention of antigen-specific lymphocytes in the early stages of
infection. It should be noted, however, that with lymphocytic
choriomeningitis virus-induced splenomegaly there are dys-
regulation and suppression of immune responses which result
in histological disturbances and impaired antigen presentation
(3, 66). This impairment is hypothetically related to the asso-
ciation of viral antigen with marginal-zone and red-pulp mac-

FIG. 14. ISH staining for CVB3 in the spleen of a C57BL/6J mouse at day 3 p.i. is shown (A), and an enlargement of the boxed region is illustrated (C). A schematic
of zones of the germinal center (B), delineated by arrowheads in panels A and B, depicts the immunoglobulin-negative (dark zone) and immunoglobulin-positive
(mantle and light zones) regions. (D) A tracing of the ISH signal (C) depicts the characteristic pattern of viral RNA-antigen retention. Follicular dendritic cells and
B cells in the germinal center are indicated by arrows and arrowheads, respectively. (A) Bar 5 20 mm; (C) bar 5 10 mm.
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rophages and the destruction of these cells by cytotoxic anti-
viral immune responses (3, 36). Thus, massive involution of the
spleen after CVB3 infection probably results from severe per-
turbations of the normal immune response through the repli-
cation of CVB3 in B cells (Fig. 8, 9, and 13) and/or macro-
phages.
The interaction of CVB3 with the immune cells in the spleen

of infected mice is undoubtedly a complex one. As depicted in
Fig. 14A to D, ISH staining for CVB3 RNA reflects the char-
acteristic pattern of a germinal center (35, 58) with antigen
retention and stimulation of the immune response in a second-
ary lymphoid organ. Virus-immune complexes first localize to
FDCs within the FDC network. The ISH positivity data for
viral RNA are reminiscent of the tentacular shape and distri-
bution of such FDCs (Fig. 14C, arrows). ISH positivity for viral
RNA in the cuff of the germinal center (Fig. 14C, arrowheads)
is characteristic of B cells undergoing antigen-specific selec-
tion, hypermutation, and maturation (35, 58). This ISH-posi-
tive staining for viral RNA in the outer zones of a germinal
center (the basal light zone, the apical light zone, and the
follicular mantle) is reminiscent of centriocytes which are im-
munoglobulin positive and which trap virus antigen, as re-
flected by the halo staining of germinal center cells (Fig. 14C,
arrowheads). Thus, the bulk of ISH positivity in the spleen is
largely a reflection of the adaptive immune response to CVB3
infection and retention of viral antigen, viral particles, and thus
viral RNA. The disturbances of antigen presentation described
are, however, potentially due to the replication of CVB3 in a
minority of splenocytes and specifically in B cells or extrafol-
licular cells.
Our data provide a window of insight into the distinctly

different myocardial susceptibilities of A/J and C57BL/6J mice
to CVB3 (Fig. 11) (12). Indeed, given that CVB3 associates
with and replicates in murine splenic immune cells in vitro and
in vivo, the precise nature of CVB3 association with B cells,
FDC, marginal-zone macrophages, red-pulp macrophages,
PBL, and Kupffer cells requires closer analysis. The conse-
quence of such interactions on the progression of CVB3-in-
duced diseases is potentially profound. These events may be
paramount to end-organ susceptibility and the development of
virus-induced disease in different strains of mice and in hu-
mans.
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