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Group B coxsackieviruses can initiate rapid onset type 1 diabetes (T1D) in old nonobese diabetic (NOD)
mice. Inoculating high doses of poorly pathogenic CVB3/GA per mouse initiated rapid onset T1D. Viral protein
was detectable in islets shortly after inoculation in association with beta cells as well as other primary islet cell
types. The virulent strain CVB3/28 replicated to higher titers more rapidly than CVB3/GA in the pancreas and
in established beta cell cultures. Exchange of 5�-nontranslated regions between the two CVB3 strains demon-
strated a variable impact on replication in beta cell cultures and suppression of in vivo replication for both
strains. While any CVB strain may be able to induce T1D in prediabetic NOD mice, T1D onset is linked both
to the viral replication rate and infectious dose.

Insulin-dependent (type 1) diabetes mellitus (T1D) is an
autoimmune, largely T-cell-mediated disease typically diag-
nosed before the end of the teen years (5, 6). A predisposing,
multigenic component has been described but accounts for
fewer than 50% of cases (7, 35, 45); environmental factors
(e.g., viral infections) have therefore been proposed to explain
the remaining cases of T1D (3, 6, 32, 57, 58) that cannot be
ascribed solely to host-driven pathogenic autoimmunity. Hu-
man enterovirus (HEV) infections have long been suspected as
environmental triggers of human T1D (12, 22, 27); infections
by common HEVs, such as the group B coxsackieviruses (CVB
1 to 6) and diverse echoviruses, have been implicated as trig-
gers of T1D onset at the time of or shortly after infection (8, 9,
13, 19, 28, 37, 39, 40, 42, 52, 60). Nonetheless, it remains
unclear whether HEV initiates T1D in humans (18, 21, 24, 26);
evidence supporting an etiologic connection between HEV
infection and T1D onset is not as well-established as the links
between, for example, specific HEV infections and poliomy-
elitis, aseptic meningitis, or myocarditis (43).

The nonobese diabetic (NOD) mouse is widely used as a
model for the study of T1D. Previous work demonstrated that
CVB inoculation protects young NOD mice significantly better
from T1D as they age than no treatment (mock infected) (55).
Unlike all other treatments that protect NOD mice from T1D
(reviewed in references 4 and 46), the CVB are widely thought
to be instigators of T1D onset with no protective effect. The
extent of protection from T1D onset correlates directly with
replication efficiency of the specific CVB strain that is em-
ployed: CVB strains that replicate to higher titers protect more
mice than do CVB strains which replicate to lower titers. As

NOD mice age, naturally occurring, pathogenic autoimmune
insulitis develops rapidly (4) with widespread islet inflamma-
tion (insulitis) present by week 12 to 15 of age, when T1D also
begins to occur. T1D rapidly ensues following inoculation of
old (�12 weeks of age) NOD mice with virulent CVB (14), a
model that recapitulates observations of sudden T1D onset in
humans reported to occur during or shortly after an infection
(37, 52). Initiation of rapid T1D onset in older mice also
appears to correlate directly with the viral replication pheno-
type: CVB strains that replicate more rapidly to higher titers in
NOD mouse pancreatic tissue initiate rapid T1D onset,
whereas viruses which replicate to lower titers do not trigger
T1D at rates different from mock-infected animals (14).

The CVB are described as diabetogenic on the basis of
reports associating infections with human T1D onset and the
ability of CVB to infect isolated human and murine islets in
vitro (10, 47, 48, 61), although it is not known if all CVB strains
can initiate T1D or whether it is a phenotype expressed only by
rarely occurring strains. The latter possibility would be consis-
tent with a paucity of known epidemic/outbreak T1D cases in
the presence of common and widespread HEV (and CVB)
circulation (1, 2, 11, 20). However, if all CVB were potentially
capable of initiating T1D, then CVB-caused T1D would either
itself be rare and/or involve other factors. The same CVB3
strains which effectively suppress T1D incidence when inocu-
lated into healthy young NOD mice (55) can rapidly trigger
T1D in older, prediabetic NOD mice (14). This observation,
which obscures a simple definition of a diabetogenic CVB
phenotype, is consistent with CVB diabetogenicity being mod-
ulated by the host environment. The impact of the host envi-
ronment on viral replication is well-established: expression of
CVB phenotypes are modulated by a variety of influences,
including immune status, age, strain, and gender of the mouse
host (14, 23, 25, 49, 50).

To test the hypothesis whether diabetogenicity is a common
phenotype, we used a well-characterized, poorly pathogenic
CVB3 strain, CVB3/GA (33, 55, 56), reasoning that rapid T1D
onset should not be observed if the virus lacks a putative
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specific genetic determinant necessary to trigger T1D onset.
The precedent for considering this hypothesis is the case for
CVB3-induced myocarditis in mice: the primary structure of
domain II in the 5�-nontranslated region (NTR) of the viral
genome determines a myocarditic phenotype (15, 16). Further-
more, CVB3/GA does not induce T1D onset shortly after
inoculation of 5 � 105 50% tissue culture infective doses
(TCID50) into old NOD mice (14), sharply contrasting with
another virulent strain, CVB3/28, that induces �70% T1D
incidence at this dose within 1 to 2 weeks postinoculation (p.i.).
All virus stocks used in these experiments were derived from
infectious cDNA copies of the genomes (33, 55) by transfec-
tion of HeLa cells. Virus stocks were collected by ultracentrif-
ugation through 30% (wt/vol) sucrose in 1 M NaCl, 10 mM Tris
HCl pH 7.6, 0.1 mM MgCl2 into a glycerol button and resus-
pended in 100 mM NaCl, titers were determined on HeLa cells
(TCID50/ml), and stocks were stored aliquoted at �75°C.

In the first experiment, groups of female NOD mice (Ta-
conic, Germantown, NY) were inoculated intraperitoneally
(i.p.) at 12 weeks of age with different doses of CVB3/GA (5 �
105 to 5 � 108 TCID50 per mouse). Other groups of mice were
inoculated with decreasing doses of CVB3/28 (5 � 105 to 5 �
101 TCID50 per mouse); greater doses of CVB3/28 were not
used, as preliminary experiments indicated that �5 � 106

TCID50 CVB3/28 per mouse resulted in high mortality (data
not shown). Mice were maintained and assayed weekly for
urine glucose levels to indicate T1D onset as described previ-
ously (14, 55).

Mock-infected (injected with sterile 100 mM NaCl, used as
the virus diluent) mice first showed T1D onset at 18 weeks of
age. However, T1D developed in each group of CVB3-inocu-
lated mice 4 weeks earlier and within 1 to 2 weeks p.i. (Fig. 1A
and B). The sole exception were mice inoculated with the
lowest CVB3/GA dose (5 � 105 TCID50); like control mice,
T1D onset in these mice first occurred at 18 weeks of age. In
mice inoculated with higher CVB3/GA doses per mouse (5 �
106 to 5 � 108 TCID50), accelerated T1D onset was observed
within 1 week p.i. (Fig. 1A; the results of mice inoculated with
CVB3/28 at 5 � 105 TCID50 per mouse are included for com-
parison to Fig. 1B). T1D incidences in CVB3/GA-inoculated
mice eventually reached 30 to 50%. T1D in CVB3/28-inocu-
lated mice also first occurred within 1 week p.i. with the ex-
ception of mice inoculated with the lowest dose (50 TCID50),
in which T1D first occurred at week 2 p.i. (Fig. 1B; results from
CVB3/GA inoculated at 5 � 105 TCID50 per mouse are in-
cluded for reference to Fig. 1A). After the initial burst of rapid
onset T1D induced by CVB3/28, incidences remained constant
for weeks, similar to results with CVB3/GA. With the excep-
tion of mice inoculated with the highest CVB3/28 dose (5 �
105 TCID50 per mouse), all CVB3/28-inoculated groups devel-
oped a 30 to 50% incidence by 18 to 20 weeks of age, the time
when mock-infected mice were rapidly developing host-driven
autoimmune T1D. Regardless of the CVB3 strain used and
despite rapid onset of T1D observed in all but the group
inoculated with 5 � 105 TCID50 CVB3/GA, T1D incidences
remained lower than those of the mock-infected control group
through the end of the experiment.

To test that rapid T1D induction by either of the two virus
strains was related to a threshold infectious titer that may need
to be achieved shortly after inoculation, 5 � 105 (CVB3/28 or

FIG. 1. Inoculation of older NOD mice with high doses of
CVB3/GA initiates T1D, increases pancreas titers, and permits detec-
tion of virus in islets prior to T1D onset. (A and B) Groups of 10
female NOD mice at 12 weeks of age were inoculated i.p. with different
doses of CVB3/GA or CVB3/28. Doses (as TCID50 per mouse) are
shown. T1D onset was assayed by urinalysis (55). The experiment was
terminated when mice were 28 weeks old, 4 weeks after mock-infected
control mice achieved 90% T1D incidence. (C) NOD mice at 4 to 5
weeks of age were inoculated i.p. with CVB3/GA or CVB3/28 at the
dose shown and then killed (three to four mice per point) at various
times. Pancreata were weighed and homogenized, and titers were
determined on HeLa cell monolayers as described earlier (55). (D to
K) Prediabetic mice at 21 weeks of age were inoculated with 1 � 108

TCID50 CVB3/GA per mouse (D to G) or saline (control mice [H to
K]) and killed 4 days later. Formalin-fixed, paraffin-embedded pan-
creas sections (6 �m thick) were stained with antibody against viral
capsid protein (D and H) or insulin (E and I). The merged image
(F) shows an example (arrow) of colocalization of CVB3/GA with
insulin; no virus signal was detected in control sections (H and J).
Original magnification, �480. Panels G and K show hematoxylin and
eosin-stained sections. Original magnification, �120 (G) and �240 (K).
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CVB3/GA) or 5 � 108 TCID50 (CVB3/GA only) were inocu-
lated per mouse, after which the infectious titer in pancreatic
tissue was assayed. Following inoculation at 5 � 105 TCID50

per mouse, CVB3/28 replicated to 3 to 4 logs higher titer per
g of pancreas tissue than CVB3/GA (Fig. 1C) within 2 days of
inoculation and remained higher than CVB3/GA at day 4 p.i.,
confirming previous results (55). At this dose, CVB3/28 also
initiated rapid T1D onset in 70% of mice (Fig. 1B) (14),
whereas CVB3/GA caused no rapid onset. By increasing the
CVB3/GA inoculum 1,000-fold to 5 � 108 TCID50 per mouse,
CVB3/GA pancreas titers were equivalent to those generated
by CVB3/28 when inoculated at 1,000-fold fewer infectious
units within 2 days of inoculation (Fig. 1C). This correlated
with observations that rapid onset T1D occurred in older
mice inoculated with 5 � 106 to 5 � 108 TCID50 CVB3/GA
(Fig. 1B). The results show that when sufficient virus is
inoculated per mouse, raising the pancreatic virus titer
above an apparent threshold, even a poorly pathogenic clin-
ical isolate like CVB3/GA (33, 56) can initiate rapid onset
T1D in older NOD mice.

We then asked if higher pancreatic CVB3/GA titers that
occur as a result of inoculating higher doses per mouse and
which can initiate rapid T1D onset might result in the detec-
tion of CVB3/GA in islets. Earlier work showed that CVB3/28
was detectable in islets of old mice 4 days p.i., immediately
prior to T1D onset (14), supporting the hypothesis that CVB
infection within remaining intact islet tissue in older, predia-
betic NOD mice leads to rapid T1D onset. Four nondiabetic
NOD mice (21 weeks of age) were inoculated with 1 � 108

TCID50 CVB3/GA i.p. and killed 4 days later; none of the mice
were diabetic when killed. Immunohistochemical staining was
performed as previously described (14) on formalin-fixed, par-
affin-embedded pancreas sections (6 �m thick) using antibod-
ies against enterovirus capsid protein (Dako, Carpinteria, CA)
and insulin (Sigma, St. Louis, MO). Alexa-Flour-labeled sec-
ondary antibodies (Invitrogen, Carlsbad, CA) were used for
detection. CVB3/GA capsid protein was visualized within in-
tact regions of islets (Fig. 1D), colocalizing with insulin expres-
sion (Fig. 1E and F, merged image). These results were similar
to results that had been described for virulent CVB3/28 (14).
No virus protein was detected in sections from control, mock-

infected mice, as expected (Fig. 1H and J, merged image).
Insulin staining demarcates intact regions of inflamed islets in
each section shown (Fig. 1E and I), while the extent of islet
inflammation is evident in the hematoxylin and eosin-stained
serial sections (Fig. 1G and K; panel G is shown at a lower
magnification to better illustrate the extent of insulitis). Thus,
inoculating mice with sufficient TCID50 CVB3/GA to initiate
T1D in older mice can also result in the detection of virus
replicating in islets prior to T1D onset. This result supports the
hypothesis that any CVB strain may induce T1D under the
correct conditions.

Colocalization of CVB3/GA with insulin in islets and the
rapid T1D onset that can occur following inoculation of older,
prediabetic NOD mice with CVB are consistent with a mech-
anism involving viral infection of insulin-producing beta cells in
most or all islets. Islets cultured in vitro can be infected with
diverse HEVs, and outcome can vary as a function of the virus
strain used (48, 53, 59). In addition to insulin-producing beta
cells, three primary endocrine cell types are recognized in the
pancreatic islet of Langerhans: alpha (producing glucagon),
delta (somatostatin), and PP (pancreatic polypeptide) (54). To
determine whether CVB colocalizes only with beta cells in the
NOD mouse islet, we assayed CVB-infected islets by immuno-
histochemistry. Staining was carried out on formalin-fixed, par-
affin-embedded pancreas sections from CVB3/28-inoculated
prediabetic (12-week-old) NOD mice killed 4 days p.i. Serial
sections were first stained with antibodies against insulin (beta
cells), somatostatin (delta cells; Chemicon, Temecula CA),
glucagon (alpha cells; Chemicon), and pancreatic polypeptide
(PP cells; DakoCytomation, Carpinteria, CA) to verify that
each antibody detected different cells (data not shown). The
antiviral antibody and the other antibodies were then used in
pairs on sections from CVB3/28-inoculated NOD mouse pan-
creas tissue. As before, Alexa-Flour-labeled secondary anti-
bodies were used for detection. Virus capsid protein was not
detected, as expected, in the control (mock-infected mice)
(data not shown) but was detected in noninflamed islet tissue
of CVB-inoculated mice (Fig. 2B, F, J, and N). Separate and
merged images show staining for virus protein and the specific
islet cell product protein (Fig. 2A to C, E to G, I to K, and M
to O). Hematoxylin and eosin-stained sections of the islets are

FIG. 1—Continued.
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also shown (Fig. 2D, H, L, and P; panel H is shown at a lower
magnification to better illustrate the extent of insulitis in this
islet). These results demonstrated that CVB infection of the
islet in vivo appears to be a generalized infection, involving not
only the insulin-producing beta cells but also other primary
islet cell types.

The 5�-NTR RNA is a key genetic region that controls the
extent of cardiac titer in mice and in cardiac cell culture as well
as the expression of CVB cardiovirulence in mice (15, 16). We
therefore wished to determine whether the 5�-NTR sequences
of CVB3/GA and CVB3/28 similarly impacted replication in
beta cell cultures and in mice. CVB3/GA- and CVB3/28-based
genomes were created using standard techniques, and infec-
tious cDNA copies of the CVB3/GA and CVB3/28 genomes
(33, 55), in which the complete 5�-NTR sequences of each virus
were exchanged (CVB3/28 with the 5� NTR replaced by that
from CVB3/GA [CVB3/28-5NTRGA] or CVB3/GA with the
5� NTR replaced by that from CVB3/28 [CVB3/GA-
5NTR28]). The 5�-NTR replacements were precise in both
cases, leaving the start of translation beginning at nucleotide
740 intact. For each virus stock, the 5�-NTR sequences were
verified by sequence analysis (data not shown). We also char-
acterized the NOD mouse pancreatic beta cell line MIN6 (38)
for permissiveness to CVB replication. MIN6 cultures were

graciously provided by M. A. Permutt, Washington University
School of Medicine, by permission of J.-I. Miyazaki, Kuma-
moto University Medical School, Kumamoto, Japan. Mono-
layer cultures inoculated with CVB1-6 (ATCC, Manassas, VA)
at a multiplicity of infection of 20 TCID50 per cell showed
significant or complete cytopathic effects (cell rounding and
cell detachment) within 48 to 72 h p.i. depending upon the
virus strain (data not shown).

Single-step growth curves were then performed to compare
viral replication rates. Duplicate cultures (1 � 105 MIN6 cells
in 0.5 ml medium in 24-well plates) were inoculated with pa-
rental CVB3/28, CVB3/GA, or either of the two 5�-NTR chi-
meric strains at a multiplicity of infection of 20 TCID50 per
cell, washed 1 hour after infection, and then provided fresh
medium. Cultures were harvested by freezing, and then titers
were determined on HeLa cell monolayers. Parental CVB3/28
replicated to a nearly 100-fold higher titer in MIN6 cultures
than CVB3/GA at 10 h p.i. (compare Fig. 3A and B), consis-
tent with and extending results obtained from CVB3/28 and
CVB3/GA infections of murine pancreas tissue (Fig. 1C). Rep-
lication of the CVB3/28-5NTRGA chimeric strain was slowed
relative to parental CVB3/28 (Fig. 3A) by 3 to 4 h; the final
titer was 10-fold lower than that of the parental strain. Despite
this, CVB3/28-5NTRGA replicated to a 1 log higher titer at

FIG. 2. CVB infections in islets of 12-week-old, prediabetic NOD mice colocalize with different islet cell types. A dose of 5 � 105 TCID50
CVB3/28 was inoculated into mice; mice were killed 4 days later, and serial pancreas sections were stained for insulin (A), somatostatin (E),
pancreatic polypeptide (I), and glucagon (M) or virus capsid protein (B, F, J, and N). Merged images (C, G, K, and O) show examples of virus
protein colocalized with the specific cell marker protein (arrows) at an original magnification of �480. Hematoxylin and eosin-stained sections (D,
H, L, and P) show the extent of islet inflammation at an original magnification of �480 (D, L, and P) or �240 (H).
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10 h p.i. than either parental CVB3/GA or CVB3/GA-5NTR28
(Fig. 3B). Replacement of the CVB3/GA 5� NTR with that
from CVB3/28 had no effect on the replication of CVB3/GA-
5NTR28 relative to the parental CVB3/GA strain in MIN6

cultures: both strains replicated with similar rates to equivalent
titers. Thus, the CVB3/GA-based strain was unaffected by ex-
change of the 5�-NTR sequence, while the CVB3/GA 5� NTR
suppressed replication of the chimeric strain relative to paren-
tal CVB3/28.

We then compared replication of the four CVB3 strains in
NOD mouse pancreas tissue following i.p. inoculation of fe-
male NOD mice (4 to 5 weeks old) with 5 � 105 TCID50 of
virus. Infectious virus titers in the pancreas were determined
on HeLa cell monolayers. CVB3/28 replicated to a higher titer
than CVB3/GA by days 2 to 4 p.i. with clearance of both
viruses well under way by day 7 p.i., similar to previous obser-
vations (55). Both 5�-NTR chimeric strains replicated with
nearly equivalent rates to closely similar titers in the pancreas.
Although chimeric viruses initially replicated more slowly than
parental strains, the chimeric strains achieved titers close to
that of parental CVB3/GA by day 4 p.i. In contrast to replica-
tion in MIN6 cultures, 5� NTR exchange resulted in lowering
the initial titers achieved by the chimerics relative to their
parental strains. However, as before, CVB3/28-5NTRGA was
more crippled relative to the parental strain than CVB3/GA-
5NTR28.

We demonstrate here that even a poorly pathogenic, clinical
virus isolate such as CVB3/GA can initiate rapid T1D in older,
prediabetic NOD mice, providing that the dose of virus (num-
ber of infectious CVB virions inoculated per mouse) is suffi-
cient. If inoculated at a dose which promotes rapid T1D onset,
CVB3/GA could also be colocalized with insulin-producing
beta cells in islets prior to T1D onset. Consistent with the
necessity of inoculating higher doses of CVB3/GA than
CVB3/28 per mouse to achieve similar results, CVB3/GA was
shown to replicate more slowly than CVB3/28 both in a mouse
beta cell culture and in total pancreas tissue. These results
support the hypothesis that the CVB replication rate is the key
factor in defining a diabetogenic viral phenotype in this system
and suggest that any CVB strain can be diabetogenic in old,
prediabetic NOD mice, providing that the mouse is inoculated
with a sufficient infectious dose. Previous observations (51, 55)
that sporadic cases of rapid T1D onset, well in advance of that
in control groups, can occur when younger (8-week-old) NOD
mice are inoculated with different CVB strains further support
this hypothesis.

While both CVB3 strains induce equivalent T1D incidences
in older mice, significantly different ranges of infectious virus
were needed to achieve this end: inoculation of mice with
lower CVB3/28 doses (5 � 101 to 5 � 104 TCID50 per mouse)
resulted in T1D incidences in each group similar to those
induced by higher CVB3/GA doses (5 � 106 to 5 � 108 TCID50

per mouse). Our working hypothesis to explain this observa-
tion is that an initially high pancreatic titer of CVB3/GA re-
sulting from injecting at least 5 � 106 TCID50 per mouse can
compensate for the slower CVB3/GA replication rate, leading
to infection and killing of more beta cells than that which
occurs following inoculation with fewer infectious virus parti-
cles per mouse. CVB3/28, on the other hand, replicates more
rapidly to higher doses and so can initiate rapid T1D onset with
even fewer virus particles in the infectious dose. The observa-
tion that CVB can also associate with other islet cells sug-
gests islet infections may be generalized events, not limited
solely to the beta cells. However, the present data cannot

FIG. 3. Replication of parental and 5�-NTR chimeric CVB3/28 and
CVB3/GA strains in MIN6 cell cultures and in NOD mice. Single-step
growth curves were carried out in monolayer MIN6 cultures (38) using
CVB3/28 and CVB3/28-5NTRGA (in which the 5� NTR from
CVB3/GA replaced that of CVB3/28) (A) or CVB3/GA and CVB3/
GA-5NTR28 (in which the 5� NTR from CVB3/28 replaced that of
CVB3/GA) (B). Cells (5 � 104 per well) were plated in 24-well clus-
ters, inoculated the following day at a multiplicity of infection of 20
TCID50 per cell, and washed after 1 h incubation at 37°C, and then 0.5
ml fresh medium was added to each well. Plates were harvested by
freezing; infectious titers were determined on HeLa cell monolayers.
Results have been separated into two panels for clarity. (C) Four- to
5-week-old NOD mice were inoculated with 5 � 105 TCID50 CVB3/28,
CVB3/GA, or the chimeric strains CVB3/28-5NTRGA or CVB3/GA-
5NTR28. Mice were killed on days 1, 2, 4, and 7 p.i., and infectious
virus titers in the pancreas were determined on HeLa cells.
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determine the efficiency with which CVB replicates in cells
other than beta cells.

We theorize that the reason for equivalent T1D incidences
in nearly every group results from a combination of two fac-
tors: the residual resistance of pancreatic islets to CVB infec-
tion, shown to be due to an islet-specific production of innate
interferons (10, 17), and the remaining number of intact, func-
tional beta cells. It is reasonable that only an overwhelming
initial virus presence (such as inoculation with 5 � 105 TCID50

of virulent CVB3 strains [14]) may destroy enough beta cells
within a short length of time to induce rapid T1D onset inci-
dences of �70%. Lower doses of the specific virus strain do not
achieve this extent of damage in the face of the residual islet-
specific innate immune response and a rapidly activating anti-
viral adaptive immune response, with the result that fewer
mice become diabetic. We would predict on this basis that
more cases of CVB-initiated T1D would be observed following
inoculation of even older mice with less intact islet tissue mass.
Even with 108 TCID50 CVB3/GA inoculated per mouse, the
slower replication rate of this strain compared to CVB3/28
cumulatively slows the impact of this less pathogenic strain
upon islet biology, a hypothesis supported by the slower rates
and lower titers achieved by CVB3/GA relative to CVB3/28 in
MIN6 cells. We propose that rapidly replicating HEV strains
are more likely to be pathogenic during a human infection than
strains which replicate more slowly, thereby providing a prac-
tical definition of diabetogenic. These observations further
suggest grounds for why cases of HEV-associated T1D onset
may be rare: even when islets are significantly inflamed by
one’s autoimmune disease, the infecting virus must rapidly
attain high titer and deplete residual beta cell activity to initi-
ate T1D prior to the rise of the antiviral immune response.
Because T1D incidences remained lower than those of mock-
infected control mice through the end of the experiments,
regardless of the CVB3 strain or dose employed, the protective
impact upon the immune system that has been shown in young
mice (55) may still function even in the prediabetic stage of
life, thereby helping to suppress long-term T1D levels.

Despite the characterization of diabetogenic CVB4 strains
(30, 60) and infectious CVB4 cDNA clones (29, 44), the map-
ping of viral genetics that determine a diabetogenic CVB phe-
notype has not been carried out, as has been accomplished for
other CVB virulence phenotypes (15, 31, 44). This is in part
due to the lack of a suitable mouse model in which irreversible,
lethal T1D can be reliably induced, although such a model is
now available (14). Data presented here argue that CVB se-
rology per se appears to be of little consequence, consistent
with the growing understanding that genetic recombination
among HEV-B is commonplace (34, 36, 41). The established
link between the primary and predicted secondary structures of
domain II in the CVB3 5� NTR and the capacity to induce
myocarditis (15, 33) suggested the possibility that the 5� NTR
might also influence CVB3 replication in beta cells and pan-
creatic tissue. However, a clearly defined association was not
observed in these experiments. The observation that either 5�
NTR suppressed replication of the respective chimeric CVB3
strain relative to the parental strain in vivo may be indicative
of replication in a variety of cell types, whereas results from
studies in mouse beta cell cultures may reflect different re-
quirements of the virus during replication in beta cells. Anal-

ysis of replication of other chimeric viral strains in specific host
cells and tissues will be required to fully illuminate this issue.
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