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To the Editor: A useful tool for understanding the
pathogenesis of human diseases has been the use of animal
models. The BioBreeding (BB) rat has been a useful source
of knowledge for type 1 diabetes, with over 1,400 publica-
tions recorded in PubMed. We now present evidence that
this animal model is infected with a picornavirus.

We previously reported the covariation of the incidence
of type 1 diabetes and the 3–4 year population cycles of the

bank vole (Clethrionomys glareolus) in Sweden [1]. This
led us to hypothesise that the bank vole is the reservoir and/
or vector of an infectious agent causing this disease in a
predisposed population of humans. The hypothesis was
supported by the observation that wild-trapped bank voles
developed symptoms of diabetes in captivity [2]. A novel
picornavirus, Ljungan virus (LV), has been isolated from
diabetic bank voles in Sweden. Furthermore, viral antigen
and picorna viral-like particles were detected by immuno-
histochemistry (IHC) and electron microscopy in affected
pancreatic beta cells [2, 3]. Analysis of new and stored
samples have shown that LV is also present in wild voles in
Denmark and the USA [4]. In addition, we have recently
reported that clinical diabetes occurs in several other
species of wild voles and lemmings in northern Sweden,
extending the host range of LV, suggesting that this virus
may cause significant morbidity among wild small rodents
in general [5]. Outbred CD-1 laboratory mice develop
glucose intolerance at 10–15 weeks of age following
exposure to LV in utero or shortly after birth [6]. The wide
host range of LV, the association with diabetes in wild
rodents, and the finding that LV induces glucose intolerance
under controlled conditions in laboratory mice led us to
investigate the BB rat.

All experimental procedures described below were
approved by the animal ethics committee in Stockholm
(N9/05) and in accordance with international guidelines
(NIH publications no. 85-23, revised 1985). Formalin-fixed
paraffin-embedded pancreas tissue was stained using IHC.
We used LV VP1-specific polyclonal rabbit antisera and a
mouse monoclonal antibody reactive to all known LV
isolates but not to parecho- or cardiovirus. We also used
three independent real-time RT-PCR assays to identify and
quantify LV infection. One PCR assay used primers and
two different minor-groove-binder probes designed to
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amplify a 187 bp PCR product from the 5′ untranslated
region of the LV genome. In addition, we used primers
designed to amplify a 103 bp PCR product from the 5′
untranslated region and a 164 bp product from the 2A
region of the LV genome, followed by a melting point
analysis at the end of the amplification.

A total of 16 BB rats from a laboratory in Sweden (The
Rolf Luft Research Centre for Diabetes and Endocrinology,
Karolinska Institute, Stockholm) and 10 BB rats from the
USA (R. H. Williams Laboratory, Department of Medicine,
University of Washington, Seattle, WA, USA) all tested
positive for LV by IHC. Positive staining was found in
several organs, indicating a systemic infection. In the
pancreas the staining was localised to the islets (Fig. 1).
LV infection was confirmed in BB rats, from both conti-
nents, with positively immunostained sections by PCR. The
highest RNA copy number from each individual, as mea-
sured by PCR, most often came from the brain tissue [7].

Additionally, ten Wistar and five Sprague–Dawley rats
from Sweden (Scanbur, Sollentuna) also tested positive for
LV by IHC staining, indicating that the virus may be found
in several, possibly all, strains of rats. The presence of LV
in samples from rats from Sweden, and the US suggests
that LV may be characteristic of the strains and populations
tested, rather than reflecting incidental infections at single
locations. We present no data generated from BB rats

directly proving that LV is involved in the development of
the disease in these animals, but the evidence from native
rodents and the causative role for LV in diabetes in a CD-1
mouse model show that LV may itself be a pathogenic
agent of diabetes. Studies are under way to determine
whether specific antiviral therapy can alter the clinical
outcome of BB rats.

The demonstration that BB rats are infected with LV
suggests that this animal model of spontaneous diabetes
needs to be reconsidered. Additional work is needed to
extend the findings of this study to the larger context of
rodent susceptibility and carriage of LV, including the
human commensal Rattus norvegicus and its laboratory
strains. Regardless of the wider implications of this finding,
it is clearly essential that a common pathogen with the
potential to cause or interfere with disease development
must be placed under exacting experimental control in an
animal disease model.
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Fig. 1 Beta cell islet and adjacent acini from a non-diabetic BB rat
pancreas at 40 days of age. The islet is stained with an LV-specific
monoclonal antibody (red) and the background is stained with methyl
green. Negative control normal mouse serum showed no LV-specific
staining. The specific staining could be blocked with LV antigen but
not with control antigen
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