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(57) ABSTRACT 

A method of prophylactic and/or therapeutic treatment of a 
mammal for a disease that is caused by a Ljungan virus 
infection, such as Myocarditis, Cardiomyopathia, Guillain 
Barre Syndrome, and Diabetes Mellitus, Multiple Sclerosis, 
Chronic Fatigue Syndrome, Myasthenia Gravis, Amyo
trophic Lateral Sclerosis, Dermatomyositis, Polymyositis, 
Spontaneous Abortion, Intrauterine Death, Preeclampsia, 
Sudden infant Death Syndrome, Bell's (facial) paralysis, 
Addison's disease, and Pernicious anemia, is described. An 
antiviral compound effective against a Ljungan virus, such as 
a compound effective against a picomavirus, e.g. Pleconaril 
or a derivative thereof, is used for the preparation of a medi
cament for the treatment of a disease in a mammal that is 
caused by a Ljungan virus infection, to eliminate or inhibit 
proliferation of the virus in the mammal and at the same time 
prevent and/or treat the disease in the mammal. A composi
tion for treatment of a mammal for a disease caused by Ljun
gan virus infection including an antiviral compound, antise
rum, and an interferon. A method of treatment of a mammal 
for a disease caused by a Ljungan virus infection. 
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TREATMENT OF DISEASES CAUSED BY 
VIRAL INFECTION 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

The present application claims priority to International 
Patent Application PCT/SE04/000226 (International Publi
cation Number WO 2004/073710), filed Feb. 19, 2004, which 
claims priority to U.S. Provisional Patent Application No. 
60/448,452, filed Feb. 21, 2003 which is a continuation of 
U.S. Ser. No. 11/209,467, filed Aug. 22, 2005. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The invention relates to the treatment of diseases caused by 

viral infection. More precisely, the invention relates to a 
method of prophylactic and/or therapeutic treatment of a 
mammal for a disease. The disease may be caused by viral 
infection in most tissues or cell types. For example, the dis
ease may be in muscle tissues, neural cells, or endocrine 
glands caused by a Ljungan virus infection. The invention 
also relates to the use of an antiviral compound effective 
against a Ljungan virus for the preparation of a medicament 
for the treatment of a disease. The disease may be caused by 
viral infection in most tissues or cell types. For example, the 
disease may be in muscle tissues, neural cells, or endocrine 
glands caused by a Ljungan virus infection. 

2. Background Art 
Rodents are well-known reservoirs and vectors for viruses 

causing disease in humans. Puumala virus causing Nephro
pathia Epidemica (Myhrman, Nordisk Medicinsk Tidskrift, 
7, 739-794, 1934; and Niklasson et al., Lancet, 1, 1012-3, 
1984) is one example of an important human pathogen carried 
by bank voles. It has been demonstrated that the incidence 
rate of human Nephropathia Epidemica correlates with the 
vole population density during the previous year (Niklasson 
et al., Am. J. Trap. Med. Hyg., 53, 134-40, 1995). More 
recently, statistical evidence suggests that type 1 diabetes in 
humans also tracks the 3- to 4-year population density cycles 
of the bank vole with a similar time lag (Niklasson et al., 
Emerg. Infect. Dis., 4, 187-93, 1998). It was also observed 
that a high frequency of bank voles trapped in the wild and 
kept in the laboratory for studies of stereotypic behavior 
(Schoenecker et al., Appl. Anim. Behav. Sci., 68, 349-357, 
2000) develop polydipsia and glucosuria at a high frequency. 

Ljungan virus, belonging to the Picornavirus family, is 
carried by small rodents and causes diseases in other animals, 
including humans. The first three isolates were disclosed in 
the International Patent Application WO 98/11133 and the 
partial sequence of each was also comprised therein. The full 
sequences of these three Ljungan viruses have recently been 
published. (Johnsson S. et al., Journal ofVirology, September 
2002,p. 8920-8930) 

Ljungan virus is a virus carried by small rodents. Ljungan 
virus belongs to the Picornavirus family. Ljungan virus is 
serologically and genetically distantly related to other mem
bers of the Picornavirus family. Ljungan virus will most likely 
form a new genus in the Picornavirus family. 

Genetically, the Ljungan virus genome and the polyprotein 
encoded by them exhibit several exceptional features, such as 
the absence of a predicted maturation cleavage of VPO, a 
conserved sequence determinant in VPO that is typically 
found in VP! of other Picornaviruses, and a cluster of two 
unrelated 2A proteins. The 2Al protein is related to the 2A 
protein of cardio, erbo and aphthoviruses and the 2A2 protein 

2 
is related to the 2A protein of parechoviruses, kobuviruses 
and avian encephalomyelitis virus. (A. M. Lindberg and Sus
anna Johansson, Virus Research 85 (2002) 61-70). 

Ljungan virus is characterized by a chronic or long lasting 
infection in its rodent host and reservoir. Ljungan virus can 
replicate and cause disease in a very broad host spectrum of 
animal species as well as in humans. Ljungan virus infects 
these different species of animals as well as humans and the 
infection does often result in a long lasting or chronic infec-

10 tion. Ljungan virus replicates in a wide variety of tissue 
culture cells giving a chronic infection with discrete CPE 
(cytopathogenic effect) and low viral output (in the order of 
1000-100 000 viral particles per ml supernatant). 

Data generated by virus cultivation under laboratory con-
15 ditions show that Ljungan virus grows/replicates in a number 

of cell lines that originate from different tissues and different 
species, e.g. Vero monkey kidney; Vero E6 monkey kidney; 
MA-104 monkey kidney; CV-1 monkey kidney; GMK mon
key kidney; A-549 human lung; Hela human cervical tissue; 

20 BHK 21 hamster kidney; RD human muscle; and L-cells 
mouse skin. 

In living animals and humans Ljungan virus replicates in 
muscle tissue including heart tissue, in neural cell including 
the brain, in endocrine glands including the beta cells of the 

25 pancreas, the thyroid gland, the supra renal gland. 
Data generated by detection of virus by Ljungan virus 

specific immunohistochemistry test, thin section electron 
microscopy and by PCR in humans, bank voles, lemmings, 
laboratory mice rabbits, guinea pigs, arctic foxes, and moose 

30 show that Ljungan virus has been found in endocrine and 
exocrine pancreas tissue, in endothelial cells of vessels, cells 
in the brain (including nerve tissue), cells of the liver, cells of 
the placenta and the umbilical cord, muscle tissue, heart tis
sue, tissue of the thyroid gland. The conclusion is that Ljun-

35 gan virus can grow in most cell types of the body and there
fore infect all organs of the body. 

The only group of viruses that partly interferes with the 
above definition ofLjungan viruses are viruses in the cardio 
virus genus. There are some similarities among Ljungan 

40 viruses and viruses in the cardio virus genus. For example, 
cardioviruses belong to the picornavirus family, cardiovirus 
have rodents as their natural reservoir, cardioviruses can 
cause disease in a wide variety of animal species, and cardio
virus can infect and cause disease in the same organs as 

45 Ljungan virus. There are also some differences between 
Ljungan viruses and viruses in the cardiovirus genus. For 
example, cardiovirus and Ljungan virus are genetically dis
tantly related, the double 2 A of Ljungan virus is absent in 
cardiovirus, cardiovirus is not related to Ljungan virus by 

50 serology, cardiovirus cause an acute disease (not long lasting 
or chronic) when it affects its non-rodent victims, cardiovirus 
is easy to cultivate in tissue culture without adaptation while 
Ljungan virus is often impossible to cultivate without blind 
passage in tissue culture or first passage in suckling mice and 

55 after several passages in suckling mice adaptation in tissue 
culture, and cardioviruses do not infect humans (only rare 
case reports in the literature). 

New variants of Ljungan virus can be found in different 
continents. They will all be carried by small rodents and they 

60 will all cause the same disease syndromes in humans. The 
source for virus isolation/discovery can be selected/identified 
in different ways. For example, a wild rodent such as a mouse, 
rat or a vole with signs and symptoms similar to the diseases 
linked with Ljungan virus in humans (e.g. diabetes or myo-

65 carditis) can be found. Additionally, a screen of a large num
bers of wild rodents by PCR using several different primer 
combinations targeting the conserved region of the Ljungan 
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virus genome can be done. Further, a screen of a large number 
of wild rodents using specific antiserum can be performed. 
Antisera are collected from patients with the disease in 
humans linked with Ljungan virus that are living in the same 
geographic area as the rodents. Ljungan virus infected 
rodents are identified by immunostaining (e.g. immunohis
tochemistry) of formalin fixed organs. A portion of the same 
organ that is tested by immunohistochemistry is kept without 
fixation in a minus 70° C. freezer. The unfixed material is used 
for virus isolation if the immunohistochemistry turns out to 
be positive. 

Tissue, from which virus isolation attempt will be made, is 
grinded and diluted in sterile saline or PBS. One-day old 
suckling mice are injected with 2-4 micro liters of the tissue 
suspension intracerebrally. When suckling mice are used for 
virus isolation, in general all the mice die within a week of 
inoculation if a virus is present. However, Ljungan virus is 
different in that you have to wait 10 days to 3 weeks before 
signs of symptoms in the baby mice develop. Signs and symp
toms are very discrete such as slow weight increase and 
altered mobility. Only 5-10% of the animals develop symp
toms. This is very unusual and would in most cases result in 
a negative interpretation of the isolation attempt. Only the 
brain tissue from suckling mice with signs and symptoms are 
used for passage in new one-day old suckling mice. 

When passed, the brains from sick suckling mice are 
grinded and diluted in sterile saline or PBS. One-day old 
suckling mice are injected with 2-4 micro liters of the tissue 
suspension intracerebrally. Several such passages may be 
necessary before disease develops earlier (8-12 days) and in 
the majority of mice. After several passages in suckling mice 
Ljungan virus is inoculated into tissue culture such as Vero 
cells for amplification and identification. 

Ljungan virus must be adapted to cell culture by passages 
of the cells. No or very discrete cytopathogenic effect is seen. 
The cells (not the tissue culture fluid) are passed weekly into 
new tissue culture bottles at a rate of 1 to 5. After 3-6 such 
blind passages the cells are stained using antibodies directed 
to the isolate. These antisera can be made by immunising 
adult mice with the suckling mouse brain suspension of a 
suspected isolate and/or by using human serum from patients 
with the disease caused by Ljungan virus living in the same 
geographic region as the animals used as source for virus 
isolation. 

The ability to identify and associate an infectious agent 
with human disease is profoundly influenced by its biological 
characteristics. Infectious agents that are difficult to detect 
and cultivate increase the difficulties of linking the agent to 
disease. Additionally, zoonotic agents have low selective 
pressure for efficient growth in a human host, which can result 
in low pathogen concentrations, making viral identification 
difficult. Epidemiological observations on the vector often 
precede development of the diagnostic tools necessary for 
linking the agent to disease. In addition, incubation timer 
disease incidence and disease severity all influence the suc
cess of connecting a potential pathogen to human disease. 

Hantavirus, which is a widely distributed viral infection 
with various rodent species serving as vectors, is a good 
example of the challenges involved in viral identification. In 
the human host, hantavirus manifests a range of within and 
between strain symptoms. Despite scientific attention drawn 
to the hemorrhagic fever characteristic of Old World hantavi
rus infection throughout much of the 20'h century, and the fact 
that incubation time is short and the disease severe or lethal, 

4 
rus illustrates the need to integrate epidemiology, vector biol
ogy and microbiology to identify the cause of such zoonotic 
disease. 

It was recently proposed that lethal myocarditis and type 1 
diabetes (TlD) in humans can be caused by one or more 
infectious agents carried by rodents, based on the association 
between rodent density and disease incidence. Based upon 
these observations, a search for an etiologic agent in small 
rodents was done. This resulted in the isolation of a novel 

10 picornavirus from the most prevalent mammal in northern 
Europe, the bank vole (Clethrionomys glareolus). This virus 
is called the "Ljungan virus" afterthe Valley in Vasternorrland 
County in Sweden where it was first observed. 

The first observation of LY-related diseases was recently 
15 made in bank voles, which showed that animals in captivity 

developed diabetes. Polyuria, polydipsia, glucosuria, 
elevated blood glucose levels, ketoacidosis and deaths were 
observed. Lysis of pancreatic islet beta cells and presence of 
GAD65-, IA-2 and insulin auto-antibodies suggested that the 

20 bank voles suffered from a TlD condition. Bank voles colo
nized for more than a decade were studied in more detail and 
it was found that approximately 20% of the animals devel
oped an abnormal glucose tolerance test, accompanied by 
high serum insulin levels, increased insulin release from iso-

25 lated islets, and a glucose oxidation rate consistent with type 
2 diabetes (T2D) (Blixt, M., Niklasson, B. & Sandier, S. 
Characterization of ~-cell function of pancreatic islets iso
lated from bank voles developing glucose intolerance/diabe
tes: an animal model showing features of both type 1 and type 

30 2 diabetes mellitus). Moreover, total destruction ofbeta cells 
was also found in these colonized bank voles, similar to the 
pathology observed in recently trapped voles from cyclic 
populations in northern Sweden. These animals thus go 
through a T2D-like phase with viable beta cells, evidence of 

35 insulin resistance indicated by abnormal glucose tolerance 
tests and high serum insulin levels with progression to TlD 
with total destruction of beta cells. 

It has been recently found that a high proportion of live
trapped bank voles, grey sided voles (C. rufocanus), field 

40 voles (Microtus agrestis) and Norwegian lemmings (Lemmus 
lemmus) suffer from diabetes and myocarditis when tested at 
peak densities in cyclic populations in northern Scandinavia 
(Niklasson B, Nyholm E, Feinstein R E, Samsioe S, Lern
mark A, Hiirnfeldt B. Virus-induced diabetes and myocarditis 

45 in voles and lemmings at cyclic peak densities). These dis
eases have been associated with LV infection in wild rodents, 
and compelling evidence suggests that infected animals 
develop disease when subjected to stress. LY-infected labo
ratory mice infected during the first weeks of life develop 

50 encephalitis, myocarditis and pancreatitis, followed by dia
betes, as measured by abnormal glucose tolerance test 10-15 
weeks after infection (Niklasson B, Nyholm E, Feinstein RE, 
Samsioe S, LernmarkA, Hiirnfeldt B. Virus-induced diabetes 
and myocarditis in voles and lemmings at cyclic peak densi-

55 ties). By inducing these diseases under controlled laboratory 
conditions Koch's postulates proving causality were fulfilled. 
The frequency of diabetes varied from approximately 80% of 
the male mice infected during the first three days of life to 
30% of the male mice infected during the second week oflife. 

60 Very few female mice developed diabetes. 

SUMMARY OF THE INVENTION 

it was only in 1978 for Asia and in 1984 for Europe that the 65 

viral agents were identified, and in 1993 that the New World 
clade ofthis pathogen recognized. The discovery ofhantavi-

The present invention provides a method of prophylactic 
and/or therapeutic treatment of a mammal for a disease that is 
caused by a Ljungan virus infection, such as Myocarditis, 
Cardiomyopathia, Guillain Barre Syndrome, and Diabetes 
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Preferably the mammal is selected from the group consist
ing of humans, horses, cattle, pigs, cats, dogs and rodents 
such as rats and mice. 

The disease caused by Ljungan virus infection may be 
caused by the infection of a tissue or cell type. As indicated 
above, it is known that Ljungan virus is capable of growth in 
most cell types of the body and can therefore infect all organs 
of the body. 

Mellitus, Multiple Sclerosis, Chronic Fatigue Syndrome, 
Myasthenia Gravis, Amyotrophic Lateral Sclerosis, Der
matomyositis, Polymyositis, Spontaneous Abortion, Intrau
terine Death, Preeclampsia, Sudden Infant Death Syndrome, 
Bell's (facial) paralysis, Addison's disease, and Pernicious 
anemia. Further, the present invention provides an antiviral 
compound effective against a Ljungan virus, such as a com
pound effective against a picornavirus, e.g. Pleconaril or a 
derivative thereof. The present invention also provides a 
preparation of a medicament for the treatment of a disease in 
a mammal that is caused by a Ljungan virus infection, to 
eliminate or inhibit proliferation of the virus in the mannnal 
and at the same time prevent and/or treat the disease in the 
mammal. The present invention also provides a composition 
for treatment of a mammal for a disease caused by Ljungan 
virus infection including an antiviral compound, antiserum, 
and an interferon. Finally, the present invention provides a 
method of treatment of a mammal for a disease caused by a 
Ljungan virus infection. 

In a preferred embodiment of the invention the Ljungan 
10 virus infection is in at least one of muscle tissues, neural cells 

and endocrine glands of the mammal and the infection may 
also be in an organ, such as the liver. 

In another embodiment the muscle tissue is heart tissue, the 

15 
neural cells are brain cells, the endocrine glands are beta cells 
of pancreas, thyroid gland and/or supra renal gland. 

In yet another embodiment the disease is selected from the 
group consisting of Myocarditis, Cardiomyopathia, Guillain 
Barre Syndrome, and Diabetes Mellitus, Multiple Sclerosis, 

BRIEF DESCRIPTION OF THE DRAWINGS 
20 Chronic Fatigue Syndrome, Myasthenia Gravis, Amyo

trophic Lateral Sclerosis, Dermatomyositis, Polymyositis, 
Spontaneous Abortion, Intrauterine Death, Preeclampsia, 
Sudden Infant Death Syndrome, Intrauterine fetal death, Other advantages of the present invention will be readily 

appreciated as the same becomes better understood by refer
ence to the following detailed description when considered in 25 

connection with the accompanying drawings wherein: 
FIG. lA-lC. The incidence of gestational diabetes, intrau

terine fetal deaths and severe preeclampsia in two counties in 
northern Sweden during the autumn (July-December) of 
1987-1996 compared to cyclic small rodent autumn trap 30 

index in the same region. Simple linear regression analysis, 
with the explanatory variable being the rodent index, proved 
significant for IUFD in FIG. lB (p=0.000, coefficient of 
determination R 2 =82%) and severe preeclamapsia (p=0.004, 
coefficient of determination R2 =66.7%) while gestational 35 

diabetes was not significant in FIG. lA (p=0.110, coefficient 
of determination R2=28.8%). No significant autocorrelation 
in the residuals were present. Details of materials and meth
ods are available online. 

FIG. 2. Frequency distribution of disease concurrence (le) 40 

on a logarithmic scale for the Reproductive (R) and Control 
(C) disease categories, RxR, RxC, and CxC. The three repro
ductive diseases (with I CD9 codes) are Gestational Diabetes 
( 648A and/or 648W), severe preeclampsia ( 642F) and Intrau
terine Fetal Death (656E). The five Control conditions are 45 

Ankle Fracture (824), Appendicitis (640), Concussion (850), 
Inguinal Hernia (550), and Pneumothorax (512). The test for 
difference among the three disease categories is significant at 
P=0.004 (X2 =10.95, df=2; Kruskal-Wallis test). 

FIG. 3. Vascular staining ofLjungan virus antigen (red) of 50 

formalin fixed brain tissue from case with intrauterine fetal 
deaths using immunohistochemistry. 

FIG. 4. Vascular staining ofLjungan virus antigen (red) in 
placenta tissue in a patient with preeclampsia. 

Bell's (facial) paralysis, Addison's disease, and Pernicious 
anemrn. 

Preferably the antiviral compound is selected from com
pounds effective against a picornavirus. 

All antiviral compounds effective against a picornavirus 
are at least partly also effective against Ljungan virus infec
tion and are thus at least to some extent useful in the present 
invention. 

At present the most preferred compound is Pleconaril or a 
derivative thereof. 

Pleconaril: (3-[3,5-dimethyl-4-[[3-(3-methyl-5-isox-
azolyl)propyl]oxy ]phenyl]-5-(trifluoromethyl)-1,2,4-oxa
diazole) (ViroPharma Inc., Picovir®). 

The structural formula of Pleconaril is: 

H3Ch ~H3C N~CF3 
!(~~o ~ ;, ~ I 

0 ~ ff N_o 

H3C 

Compounds comprising Pleconaril and derivatives thereof 
are shown in U.S. Pat. No. 5,464,848, the European equiva
lent EP 0566199, and are claimed to have effect on picornavi
ral infections. 

Other derivatives of Pleconaril claimed to have antiviral 
effects against picornavirus are disclosed e.g. in U.S. Pat. No. 
4,945,164. 

FIG. 5. Vascular staining ofLjungan virus antigen (red) in 55 

placenta tissue in a patient with preeclampsia. 
There are numerous antiviral compounds effective against 

picornaviruses disclosed in the prior art with several different 
modes of actions. Such compounds are for example 

Compounds that inhibit the proteolytic activity of picor
naviral proteases disclosed in the patent application WO 

60 9222570; 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention is directed to a method of prophy
lactic and/or therapeutic treatment of a mammal for a disease 
that is caused by a Ljungan virus infection, comprising 
administration to said mannnal of an antivirally effective 
amount of an antiviral compound effective against the Ljun
gan virus to eliminate or inhibit proliferation of said virus in 
said mammal and at the same time prevent and/or treat said 
disease in said mannnal. 

2-( 4-pyridylaminomethyl)benzimidazole derivatives with 
in vitro and in vivo antipicornavirus activities disclosed in EP 
0252507 Bl. 

Benzisoxazole derivatives for treatment of picornavirus 
65 infection disclosed in WO 0250045. 

All the mentioned references are incorporated herein by 
reference. 
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Candidate compounds can be tested by use of animal mod
els or in vitro infected cell or tissue cultures in a way known 
to a man skilled in the art, e.g as shown in the Examples 
below. 

Another aspect of the invention is directed to the use of an 
antiviral compound effective against a Ljungan virus for the 
preparation of a medicament for the treatment of a disease in 
a mammal that is caused by a Ljungan virus infection. 

Preferably the mammal is selected from the group consist
ing of humans, horses, cattle, pigs, cats, dogs and rodents 10 

such as rats and mice. 
The disease caused by Ljungan virus infection may be 

caused by the infection of any tissue or cell type. As indicated 
above, it is known that Ljungan virus is capable of growth in 
most cell types of the body and can therefore infect all organs 15 

of the body. 

8 
together with one or more pharmaceutically acceptable car
riers and, optionally, other therapeutic and/or prophylactic 
ingredients. The carrier (s) must be acceptable in the sense 
that it should be compatible with the other active or inactive 
ingredients of the formulation and not deleterious to the 
recipient thereof. 

The antiviral compounds used in the invention may also be 
used in combination with other anti-viral agents or other 
pharmaceuticals used in the treatment of viral infections. 

Representative examples of other active ingredients 
include immunomodulators, immunostimulants, such as vari
ous interleukins, cytokines and antibody preparations, anti
biotics and anti-inflammatory agents. 

Pharmaceutical formulations include those suitable for 
oral, rectal, nasal, topical (including buccal and sub-lingual), 
vaginal or parenteral (including intramuscular, subcutaneous 
and intravenous) administration or in a form suitable for 
administration by inhalation or insufflation. The compounds 
of the invention, together with a conventional adjuvant, car-

In a preferred embodiment of the invention the Ljungan 
virus infection is in at least one of muscle tissues, neural cells 
and endocrine glands of the mammal, but the infection may 
also be in an organ, such as the liver. 

In an other embodiment of this aspect of the invention the 
muscle tissue is heart tissue, the neural cells are brain cells, 
the endocrine glands are beta cells of pancreas, thyroid gland 
and/or supra renal gland. 

20 rier, or diluent, may thus be placed into the form of pharma
ceutical compositions and unit dosages thereof, and in such 
form may be employed as solids, such as tablets or filled 
capsules, or liquids such as solutions, suspensions, emul-

In yet another embodiment the disease is selected from the 25 

group consisting of Myocarditis, Cardiomyopathia, Guillain 
Barre Syndrome, and Diabetes Mellitus, Multiple Sclerosis, 
Chronic Fatigue Syndrome, Myasthenia Gravis, Amyo
trophic Lateral Sclerosis, Dermatomyositis, Polymyositis, 
Spontaneous Abortion, Intrauterine Death, Preeclampsia, 30 

Sudden Infant Death Syndrome, Intrauterine fetal death, 
Bell's (facial) paralysis, Addison's disease, and Pernicious 
anemia. In a preferred embodiment the antiviral compound is 
selected from compounds effective against a picornavirus. In 
a presently preferred embodiment the antiviral compound is 35 

Pleconaril or a derivative thereof. 

sions, elixirs, or capsules filled with the same, all for oral use, 
in the form of suppositories for rectal administration; or in the 
form of sterile injectable solutions for parenteral (including 
subcutaneous) use. Such pharmaceutical compositions and 
unit dosage forms thereof may comprise conventional ingre
dients in conventional proportions, with or without additional 
active compounds or principles, and such unit dosage forms 
may contain any suitable effective amount of the active ingre-
dient commensurate with the intended daily dosage range to 
be employed. 
Therapy 
Antiviral Compound 

An antiviral compound effective against Ljungan virus is in 
many cases the only active ingredient needed for termination 
ofLjungan virus infection and thereby reverse the disease in 
muscle tissues, neural cells, or endocrine glands that is caused 

40 by a Ljungan virus infection. 

In a further embodiment of the present invention, there is 
provided an anti-viral therapy that reduces the frequency of 
diabetes in Ljungan virus infected subjects. Ljungan virus
caused reproductive diseases are shown to be stress depen
dent in laboratory mice. In humans, the three diseases are 
associated with the population density of wild rodents and 
through relative levels of disease concurrence to each other. 
Immunohistochemistry, RT-PCR and serological tests docu
ment the presence of Ljungan virus in human disease. Case 45 

control studies of diabetes and preeclampsia show significant 
association ofLjungan virus with disease. As set forth in the 
examples below, epidemiological and experimental labora
tory evidence indicates that a significant proportion of human 
diabetes, intrauterine fetal death and preeclampsia can be 
caused by Ljungan virus. This is supported by the fact that 
Ljungan virus causes diabetes and other diseases in both wild 
rodents and laboratory mice, in which the signs of both type 
1 and type 2 diabetes can be present. 

Interferon 
The Ljungan virus is interferon sensitive. Interferon can 

have an effect if given before the infection or very early in the 
course of infection. Interferon is a class of soluble small 
proteins that inhibit virus multiplication. They are produced 
by cells infected by almost any animal virus (DNA or RNA). 
Preferably, the interferon is interferon a, but any interferon 
known to those of skill in the art can be utilized. Interferon can 
be used in combination with other therapeutic measures to 

50 terminate a chronic infection. The combination can be immu-
noglobulins, vaccination and antiviral compounds. This can 
be evaluated in an animal model. 
Antibody 

Data from picomavirus infection suggests that specific 
antibodies can be used in the treatment of severe and chronic 
infections. It can be used by it self or in combination with 
other therapeutic measures. Antibodies to Ljungan virus can 
be as polyclonal antibodies prepared from immune humans or 
animals or as human monoclonal antibodies or as "human-

Another embodiment of the present invention is directed 55 

towards a composition forthe treatment of diseases caused by 
viral infection, wherein the composition includes an antiviral 
compound, an antiserum, and an interferon. Preferably, the 
antiviral compound is Pleconaril, while the interferon is inter
feron a. 60 ized" monoclonal antibodies originating from an animal sys

tem such as mice. The antibodies can be contained within a Medicament 
While it is possible that an antiviral compound may be 

administered as the neat chemical, it is preferable to present 
the active ingredient as a pharmaceutical formulation or as a 
medicament. 

A suitable medicament or pharmaceutical formulation use
ful in the present invention comprises an antiviral compound 

serum to form an antiserum or antisera used with the present 
invention. As is well known to those of skill in the art, anti
serum is serum that includes an antibody or antibodies. The 

65 antiserum can be obtained from an animal that has been 
immunized either by injection of antigen into the body or by 
infection with microorganisms containing the antigen. Anti-
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sera can be monovalent (specific for one antigen) or polyva
lent (specific for more than one antigen). The Ljungan virus 
antibodies can be used in combination with antiviral com
pounds and interferon to effectively treat diseases caused by 
Ljungan virus infection. 
Determination of Presence ofLjungan Virus 

The presence ofL jungan virus can be determined using any 
standard procedure including immunohistochemistry using 
antibody molecules having affinity for Ljungan virus or by 
using a labeled nucleic acid probe capable of specifically 
hybridizing to Ljungan virus nucleic acid. Alternatively the 
presence ofLjungan virus can be determined by detecting the 
presence of anti-Ljungan virus antibodies using a suitable 
test. Suitable techniques for determining the presence of 
Ljungan virus or anti-Ljungan virus antibodies are described 
in the examples below. Determination of the presence of 
Ljungan virus RNA by Polymerase Chain Reaction (PCR) is 
also described in the examples below. 

EXAMPLES 

Material and Methods 
Reagents and Assays. 

The brain from suckling mice infected intra-cerebrally at 
day 1 with the LV strains 145SL, 87-012 and 174F were used 
for immunization and infection. Antiserum to Ljungan virus 
was made by infecting/immunizing adult mice with a 10% 
suckling mouse brain homogenate (5). The immune sera were 
collected from the adult mice 6-8 weeks after infection. 
Mouse antiserum to the three different isolates were used 
separately for the immunohistochemistry test and pooled 
when used as therapy. 

Pleconaril (VP-63843) a novel, orally bio-available, broad 
spectrum anti-picorna-viral agent developed as a therapeutic 
tool in entero- and rhino virus infections was also used alone 
or in combination with specific antiserum for intervention. 

10 
Immunohistochemistry staining was carried out on tissues 

fixed in 4% paraformaldehyde and embedded in paraffin. 
Briefly, the binding of mouse Ljungan virus antisera (diluted 
1 :3000 or more) to tissue was revealed by successive incuba
tions with biotinylated anti-IgG, Vectastain peroxidase 
streptavidin ABC reagent (Vector Laboratories) and Vector 
Red substrate. Finally, slides were counter stained with 
methyl green, dehydrated, and mounted. High titer mouse 
antisera against two distinct Ljungan virus isolates, 87-012 

10 and 145SL were used. Similarly produced antisera against 
members of other virus families such as Bunyavirus (Rift 
Valley Fever) and Togavirus (Ockelbo/Sindbis) and Flavivi
rus (Langat) as well as normal mouse serum were used. The 

15 
specificity of the reaction was also evaluated by receiving a 
significant difference in signal/titer when testing after absorp
tion with tissue culture grown LV antigen and control antigen. 
Ljungan Virus in Laboratory Mice 

Pregnant outbred CD! mice (CD-1 (ICR) Br Charles River 
20 laboratories, Germany) were infected intraperitoneally with 

1000 ID50 units of LV145 SL two days after conception. 
Control animals were given an injection with the same vol
ume with normal saline at the same time. All female mice 
were kept in individual cages and followed for the develop-

25 ment of gestational diabetes, pregnancy outcome and devel
opment of diabetes in the offspring. In half of the infected 
pregnant mice, mild stress was induced by adding glucose 
(100 g/liter) to drinking water, performing weekly weights 
and glucose tolerance testing during the last week of preg-

30 nancy. The uninfected control group of pregnant mice was 
also subjected to stress. Antiviral therapy using LY-specific 
murine antisera or the oral antiviral compound Pleconaril 
(200 mg per kg body weight) administrated once a day for 4 
consecutive days or a combination of antiserum and Plecon-

35 aril was initiated at 5 weeks of age (11-13). At 15 weeks 
animals were tested by a glucose tolerance test (GTT). Also, 
serum insulin level and abdominal fat were measured and the 
histopathology of the pancreas was examined. Glucose tolerance test was performed to determine the 

diagnosis of diabetes. In this test 2 g glucose per kg body 
weight was administrated intraperitoneally (as 100 mg glu- 40 

case/ml solution). Blood glucose was measured (Medisence 
Precision PCx Abbott Laboratories) just before the glucose 
injection and at 60 and 120 minutes post administration. 
Diabetes was defined as a blood glucose level above 200 
mg/dL in a glucose tolerance test at 120 min. 

The viral titer in different organs was measured by a real 
time RT-PCR in mice infected intreperitoneally at births. One 
group of six mice were sacrificed after one week with symp
toms of severe encephalitis and another group of six mice 
surviving the acute encephalitis were sacrificed at 15 weeks 
of age. 

45 Disease Incidence in Humans and Rodent Density 
Abdominal fat in male mice was measured by dissecting 

out the bilateral scrotal fat cushion. The total weight of both 
fat cushions was used. 

The serum insulin level was measured using a rat insulin 
high range ELISA kit (Mercodia AB, Uppsala, Sweden) 
according to the instructions of the manufacturer. Islets pre
pared from the pancreas were assayed for insulin release and 
glucose oxidation assay described elsewhere (Blixt, M., 
Niklasson, B. & Sandier, S. Characterization of ~-cell func
tion of pancreatic islets isolated from bank voles developing 
glucose intolerance/diabetes: an animal model showing fea
tures of both type 1 and type 2 diabetes mellitus. Manuscript 
submitted). 

A real time RT-PCR was carried out in a 96-well microtiter 
plate format using consensus primers for the 5'end non-trans
lated region of the genome (Donoso-Mantke 0, Niklasson B, 
Kallies R, Nitsche A Meyer Rand Niedrig M. First quantita
tive real-time reverse transcriptase PCR assay for detection of 
Ljungan virus manuscript submitted). This assay has been 
extensively evaluated using different culture and tissue speci
mens and proved to have a sensitivity of 10 RNA copies of all 
known strains ofLV. 

It has been suggested that gestational diabetes is associated 
with diabetes later in life (14). Gestational diabetes has also 
been associated with preeclampsia and IUFD (15). Based on 
these observations and work on LV in rodents, the temporal 

50 associations between the population density of wild voles and 
gestational diabetes, severe preeclampsia and intrauterine 
fetal deaths (IUFD) was investigated. The abundance of voles 
and other small rodents harbouring a virus that causes disease 
not only in rodents but also in humans might be reflected in 

55 the incidence of human morbidity. In southernmost Sweden, 
small rodent populations are non-cyclic, whereas rodent 
population abundance in the north fluctuates on a three- to 
four-year cycle. In Sweden long-term data on rodent abun
dance are available through the ongoing National Environ-

60 mental Monitoring Programme from the northern, cyclic 
region but not from the southernmost non-cyclic region. Data 
from Vindeln, Vasterbotten, in the north of Sweden where 
rodent populations are cyclic and monitoring has been run
ning since 1971 was used. Snap-trapping was performed in 

65 approximately 60 one 1-ha plots. At each trapping, approxi
mately 3000 traps were set during three consecutive days in 
September, amounting to approximately 9,000 "trap-nights". 
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As an index of small rodent abundance, we calculated the 
number of animals trapped per 100 trap nights (hereafter 
termed density). 

The incidence of selected human diseases over time was 
analyzed. The national patient registry of the Swedish 
National Board of Health and Welfare was used. All hospi
talization records between 1987 and 1996 were extracted. 
Two counties with complete reporting record in the northern 
part of the Sweden (cyclic rodents) were selected as well as 
one control county in the south where rodents are "non- 10 

cyclic". The International classification of diseases, 9th revi
sion, US Dept. Health and Human Services, PHS, Washing
ton, D.C., 1988 number9 (ICD 9) effective from 1987to 1996 
were used. Three conditions; gestational diabetes (diagnosis 
code 648A and/or 648W), severe preeclampsia (code 642F) 15 

and intrauterine fetal deaths (code 656E) were chosen on the 
basis of observation of the effect ofLjungan virus infection in 
animals. The incidence of gestational diabetes, severe preec
lampsia and fetal intrauterine deaths were calculated as num
ber of patients per 1000 full term pregnancies in that county. 20 

To increase the chances of detecting a temporal association 
with the rodent density in fall, admissions taking place during 
the second half each year (July-December) were used, as the 
rodent densities used were obtained in end of September each 

12 
Patient Specimens 

Formalin fixed paraffin embedded tissues was available 
from placenta tissue from 22 women with preeclampsia and 
25 control women. Heart, thymus, brain and placenta from 
ten cases of IUFD were also examined by IHC. Frozen pla
centa/umbilicus samples from four preeclampsia patients and 
12 healthy control patients were tested by real time RT-PCR. 

Example One 

Tissue Culture, Antiviral Compound 

Ljungan virus was first tested in tissue culture ofVero cells 
in combination with Pleconaril. 1.6 micrograms of active 
substance per ml of the tissue culture medium were used. This 
dose was used in all experiment below where it says "with 
Pleconaril". 

10 000 000 tissue culture infectious doses (TCID) ofLjun
gan virus treated with Pleconaril give full cytopathogenic 
effect (CPE) in 4 days while the control culture with no 
Pleconaril show full CPE in 3 days. 

100 TCID ofLjungan viruses are fully inhibited if the cells 
were treated with Pleconaril. For a control picornavirus 
known not to be sensitive to Pleconaril no inhibition of any 

year. 
Disease Concurrence in Humans 

25 amount of the virus can be detected. 10 000 000 (TCID) of a 
picornavirus known to be sensitive to Pleconaril were inhib
ited (no CPE). This means that Ljungan virus is semi-sensi
tive" or "semi-resistant" to Pleconaril. 

It occasionally happens that a single individual is subject to 
two apparently unrelated diseases. With a sufficiently large 
number of cases of each of the two diseases, it is possible to 
ask whether disease concurrence happens by chance. Utiliz- 30 

ing the patient registry of the Swedish National Board of 
Health and Welfare, the concurrence frequencies of three 
diseases, gestational diabetes, preeclampsia and IUFD along 
with five control diseases [(Fracture (824), Appendicitis 
(640), Concussion (850), Inguinal Hernia (550), and Pneu- 35 

mothorax (512)] chosen on the basis of high prevalence and 
apparent etiological independence were examined. 
Concurrence 

We used the national patient registry of the Swedish 
National Board of Health and Welfare. All hospitalization 40 

records for all patients born 1950 to 1986 and hospitalized 
during the period of 1987 to 1996 were extracted. The number 
ofrecords totaled 4, 7 49 ,829. Disease frequencies were based 
on the 1987 Swedish census size of 2,036,876 females aged 
0-37 years. The international disease classification (ICD) 45 

number 9 effective from 1987 to 1996 was used. Three con
ditions; gestational diabetes (ICD 9 diagnosis code 648A 
and/or 648W), severe preeclampsia (code 642F) and intrau
terine fetal deaths (code 656E) were chosen on the basis of 
observation of the effect ofLjungan virus infection in animals 50 

(International classification of diseases, 9th revision, US 
Dept. Health and Human Services, PHS, Washington, D.C., 
1988). We selected five control conditions; Ankle Fracture 
(824 ), Appendicitis ( 640), Concussion (850), Inguinal Hernia 
(550), and Pneumothorax (512) not suspected to have any 55 

association with Ljungan virus infection. 
The expected frequency of concurrence of two diseases, 

D 1 and D2, is defined as Exp(F mm)=F DI xF n 2 XN H' where 
F DI and F n 2 are the overall relative frequencies of each of the 
two diseases and NH is the total number of individuals in the 60 

population. The index of the strength of concurrence is 
defined as a ratio: Ic =Obs(F nim)/Exp(F mm), where Obs 
(F mm) is the observed number of individuals having two 
diseases. If no excess of concurrence is present, then the ratio, 
le, is expected to be unity. Larger values oflc indicate greater 65 

excess of observed number to expected numbers of individu-
als (FIG. 2). 

Example Two 

Diabetic Bank Voles Antiviral Compound 

Bank voles with diabetes were randomised into 2 groups 
one treated with Pleconaril and one not receiving any treat
ment. Treated animals were given 100 mg Pleconaril per kg 
body weight per day seven days. The drug was administered 
orally in the drinking water. All animals were subjected to a 
glucose tolerance test the day before the treatment and again 
15 days later. Glucose tolerance test was performed by 
administrating 2 grams of glucose per kg BW intraperito
neally. The blood glucose levels were measured after 60 min. 

In the treated group 2 out of six animals improved and had 
blood glucose levels decreasing more than 200 mg per di 
while this was not seen in any of the six control animals. 

This shows for the first time that a chronic disease, in this 
case diabetes, can be reversed by oral ingestion of an antiviral 
compound. 

Example Three 

Encephalitis in Arctic Fox 

The arctic fox in Sweden is a species close to being extinct. 
The reason for this is unknown. Nordens Ark has a breeding 
program for arctic foxes with the aim to save the species. 
However, several animals in captivity have developed 
encephalitis and died. Nordens Ark has lost almost all their 
animals. The encephalitis is a slow progressing disease often 
starting with stereotypic behaviour followed by visual prob
lem, loss of smell and loss of muscle coordination. The con
dition is slowly progressing over several months leading to 
the deaths of the animal. No spontaneous recovery has been 
seen in any of the arctic foxes observed. 

Ljungan virus was isolated from the brain of one arctic fox 
suffering from encephalitis. Ljungan virus RNA was also 
detected by PCR in the brain and the heart of the same indi-

Highlight

Highlight

Highlight
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vidual. Ljungan virus could also be detected in the brain and 
the heart by immunohistochemistry. 

One arctic fox with severe encephalitis was treated with 50 
mg/kg of Pleconaril twice daily for 7 days. 

The clinical condition of the fox improved after the treat
ment in a way never seen in any of the untreated animals. 
However, after several months signs and symptoms of 
encephalitis came back. It could not be determined if this was 
because of re-infection or partial therapy failure. 

14 
It is likely that that prophylactic and/or therapeutic treat

ment with an antiviral compound effective against Ljungan 
virus of patients with type 1 diabetes and a Ljungan virus 
infection will be effective against type 1 diabetes in addition 
to the viral infection. 

Example Seven 

Sudden Infant Death, Humans 
This is the first time a chronic progressing central neural 10 

disease can be treated by an antiviral compound with signifi
cant and long lasting improvement. 

Heart tissue from patients dying from sudden infant deaths 
(SID) has been tested for presence ofLjungan virus by immu
nohistochemistry. Six out of 8 patients with SID were Ljun
gan virus positive. Example Four 

Myocarditis, Humans 

Serology. Antibodies to Ljungan virus have been measured 

15 This indicates that prophylactic treatment, of the newborn 
or perhaps the pregnant mother, with an antiviral compound 
effective against Ljungan virus may reduce the risk of sudden 
infant death. 

by indirect immunofluorescence tests. Four out of 5 patients 
with lethal myocarditis were Ljungan virus positive and only 20 

one out of 15 matched controls. 
Example Eight 

Heart tissue from patients dying from myocarditis has been 
tested for presence of Ljungan virus RNA by PCR in parallel 
with matched controls by PCR. Four out of 6 patients with 
myocarditis were Ljungan virus positive and none of 10 con- 25 

trols were found positive. 

Multiple Sclerosis, Humans 

Cerebrospinal fluid from patients with multiple sclerosis 
(MS) has been tested for presence ofLjungan virus RNA by 
PCR. Three out of 10 were found positive. Brain tissue from 
2 patients with multiple sclerosis has been tested for presence 
of Ljungan virus by immunohistochemistry and both were 
found positive. This indicates that prophylactic and/or thera
peutic treatment with an antiviral compound effective against 
Ljungan virus of patients with MS and a Ljungan virus infec
tion will be effective against MS in addition to the viral 
infection. 

Heart tissue from patients dying from myocarditis has been 
tested for the presence of Ljungan virus by immunohis
tochemistry (IHC) in parallel with matched controls. Six out 
of 9 patients with myocarditis were Ljungan virus positive 30 

and one of 10 controls was found positive. 
This indicates that prophylactic and/or therapeutic treat

ment with an antiviral compound effective against Ljungan 
virus of patients with myocarditis and a Ljungan virus infec
tion will be effective against myocarditis in addition to the 35 

viral infection. 

Example Nine 

Example Five 

Cardiomyopathy, Humans 

Five patients with severe cardiomyopathy undergoing 
heart transplantation have been tested for presence of Ljun
gan virus in their heart by IHC. They were found to be Ljun
gan virus positive. This indicates that prophylactic and/or 
therapeutic treatment with an antiviral compound effective 
against Ljungan virus of patients with cardiomyopathy and a 
Ljungan virus infection will be effective against cardiomy
opathy in addition to the viral infection. 

Example Six 

Type 1 Diabetes, Humans 

Serology. Antibodies to Ljungan virus have been measured 
by indirect immunofluorescence test. 19 out of 58 (33%) 
patients with recent onset of type 1 diabetes were Ljungan 
virus positive and only 2 out of 34 (6%) of the matched 
controls. 

Serum from patients with recent onset of type 1 diabetes 
has been tested for presence of Ljungan virus RNA by PCR. 
Two out of30 were found positive. 

Muscle tissue from patients with type 1 diabetes has been 
tested for presence of Ljungan virus by immunohistochem
istry (IHC) in parallel with matched controls. Ten out of 12 
patients with diabetes were positive and one of 10 controls 
were found Ljungan virus positive. 

Ljungan Virus in Laboratory Mice 

LV infection, in combination with stress, resulted in a high 
40 frequency of intrauterine deaths. Infection or stress alone had 

little or no adverse effect on pregnancy (Table 1 ). Several 
pups, some also with severe malformations (without signs of 
in utero tissue degradation), predominately of the skull and 
brain, died in the peripartum period. Five of 8 pregnant 

45 females gave birth to a total of 12 dead pups while the group 
of infected and non-stressed and the group of non-infected 
and stressed gave birth to no dead pups and one dead pup 
respectively. There was a significant difference between the 
number of pregnant females suffering from perinatal deaths 

50 as well as between the number of offspring born dead or alive 
between the tree groups (see table 1 ). Some dead pups had no 
detectable pathology. 

LY-infected pregnant female mice showed no signs of dia
betes or abnormal glucose tolerance. However, surviving 

55 male offspring developed diabetes 10-15 weeks after birth 
(Table 2). Histopathology of the pancreas in all groups (I-V), 
using standard hematoxylin and eosin staining showed intact 
beta cell islets within the pancreas. Eight of 11 (73%) of the 
infected males had abnormal GTT results, while only 2 out of 

60 14 (14%) of non-infected control mice had abnormal GTT 
(group I vs. group II, P=0.005 Fisher's exact one sided test). 
Infected mice also had increased abdominal fat and increased 
serum insulin levels (group I vs. group II P=0.008 and 
P<0.0001, unpaired t-test for abdominal fat and serum insu-

65 !in, respectively). 
Antiviral therapy using LY-specific murine antisera (group 

IV) or the oral antiviral compound Pleconaril (200 mg per kg 
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body weight) administrated once a day for 4 consecutive days 
(group III) or a combination of antiserum and Pleconaril 
(group V) was initiated at 5 weeks of age. The antiserum and 
Pleconaril treatments each reduced the frequency of animals 
with diabetes, as measured by GTT. In addition the combina
tion of antiserum and Pleconaril (group V) significantly 
reduced serum glucose and insulin levels, as well as abdomi
nal fat (Table 2). 

16 
spondence of disease incidences in the north and south. Fur
thermore, none of the three diseases in the south was signifi
cantly correlated with rodent densities in the north. These 
tests show that fluctuations in disease incidence in the north 
do not occur nationwide, and, as expected, rodent cycling in 
the north is not influencing disease incidence in the south, 
where rodents do not cycle. 
Concurrence 

The three reproductive and five control diseases were 

TABLE 1 

Outcome of pregnancy in laboratory mice subjected to Ljungan virus 
infection and stress 

No. witb No. of offspring born 

10 examined in all pair-wise tests for disease concurrence. We 
define the concurrence index (le) as the ratio between 
observed concurrence of two diseases and the expected con
currence (see online material for IC definition and le data). 
The ten concurrence indices among the five control diseases 

Treatment 

LV Stress No. of pregnant mice 

+ 0 7 
+ + 
0 + 7 
Fisher's 

Exact (2 x 3) 
test 

Neonatal Total 

de a tbs Alive 

0(0%) 67 
5(63%) 69 
1(14%) 81 

p ~ 0.020 

Total 

Dead 

0 
12 

p ~ 0.000 

15 (CxC) had a mean le ofl .4. A Similar pattern was present for 
the 15 pair-wise concurrences between the reproductive dis
eases and the five control diseases (RxC), in which the mean 
le was 1.0. In contrast, the three pair wise le values for 
gestational diabetes, preeclampsia and IUFD (RxR) had a 
mean value of 12.7, which is significantly different from the 
other two groups (FIG. 2). This evidence is consistent with the 
hypothesis that a single causative agent underlies gestational 
diabetes, preeclampsia and IUFD. 

20 

Because diabetes is associated with a number of diseases, 

The three treatment groups (LV infected-No stress; LV 
infected-with stress; Non-infected-with stress) differ in 
the distribution of the number of pregnant mice delivering 
live or stillborn pups (P=0.020). The virus alone and stress 
alone ups had few or no neonatal deaths, while the majority of 
female mice experiencing the combination of LV infection 
and stress had litters with neonatal deaths. Only the combi
nation of viral infection plus stress in pregnant female mice 
was effective in promoting the occurrence of neonatal death. 

25 often manifesting some time after the onset of the diabetes, 
we tested the hypothesis that preeclampsia and IUFD may be 
natural, albeit unusual, sequelae of gestational diabetes by 
examining the order of onset for all cases of concurrent dis
ease among the three conditions. The disease of first onset 

30 could be either preeclampsia and IUFD or gestational diabe
tes. This supports the supposition that both preeclampsia and 
IUFD are causally independent of gestational diabetes, and 
that the three diseases can be the independent outcome of a 
common factor. 

35 Patient Specimens Five treatment groups of mice, including untreated LV 
infected and control mice, mice treated with the antiviral 
compound Pleconaril, LV antisera treated, a group treated 
with both Pleconaril and LV antisera were examined for 
hyperglycemia following a standard glucose load. Overall the 
distribution of mice having hyperglycaemia differed among 
the treatments (P=0.000; Fisher's exact test). The infected, 
but untreated group stood apart from the other treatments with 
73% of individuals hyperglycaemic. In contrast, the other 
treatments had low or absent incidence of hyperglycaemic 
mice (0-14%), and formed a statistically homogeneous sub- 45 

group (P=0.607). Each of the three treatments following LV 
infection was effective in reducing the frequency of hyperg
lycaemic response. However, only the combination therapy 
significantly reduced the blood glucose level at 60 min 
(P=0.017), the abdominal fat (P=0.012) and the serum insulin 50 

(P=0.032) concentration (using one-sided t-test comparing 
groups II and IV). 

In the group of women with preeclampsia, 12 of the pla
centas tested positive and 10 tested negative by the IHC assay, 
whereas all 25 of the control placental samples tested negative 
(P<0.0001; Fisher's exact test). Using the same IHC, forma-

40 !in-fixed tissue samples of heart, thymus, brain and placenta 
from ten cases ofIUFD were examined. Two of the cases were 

Disease Incidence in Humans and Rodent Density 
Temporal variation of incidences of both IUFD and preec

lampsia were strongly associated with the cyclic rodent abun- 55 

dance, which had a very high coefficient of determination for 
both diseases of 82% and 67%, respectively (FIG. lB and 
FIG. lC). The temporal associations were direct and no time 
lags were seen. Also, preeclampsia and IUFD incidences 
covaried temporally (p=0.0012, r=0.87). Gestational diabetes 60 

occurred with a similar incidence pattern as the other diseases 
following peaks in small rodent abundance without any time 
lag, but this association did not reach statistical significance 
(FIG. lA). 

The southern incidences of gestational diabetes, IUFD and 65 

preeclampsia with those in the north were compared. This 
comparison did not reveal any strong or significant corre-

positive for LV in several of the organs examined. Endothelial 
and peri-vascular staining of the brain from a case ofIUFD is 
shown in FIG. 3. The pattern of staining blood vessels was 
noted in many different organs, including pancreas, placenta 
and brain in the human samples and in all of the rodent species 
tested. 

LV is difficult to cultivate in tissue culture, making isola
tion of virus an inefficient diagnostic approach. A real time 
RT-PCR for quantitative measurement ofLV RNA has there
fore been developed (Donoso-Mantke 0, Niklasson B, Kal
lies R, Nitsche A Meyer Rand Niedrig M. First quantitative 
real-time reverse transcriptase PCR assay for detection of 
Ljungan virus manuscript submitted). Using this assay, pla
centa/umbilicus samples from two out of four preeclampsia 
patients tested positive while all 12 healthy control patients 
were PCR-negative. Each of the positive specimens con
tained 10-50 copies ofLV RNA and for each of these the PCR 
product was verified by sequence analysis. Mice infected 
shortly after birth and sacrificed one week after LV infection 
and onset of severe encephalitis were PCR positive with one 
thousand to a million RNA copies per gram tissue (see online 
material). In contrast mice infected shortly after birth and 
sacrificed 15 weeks later at the onset of diabetes tested nega
tive for LY, with the exception of barely detectable levels of 
LV RNA found in pancreatic samples from some of the ani
mals. Low LV RNA copy numbers were also found in 6 
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placenta specimens from infected pregnant female mice. No 
association between the number of RNA copies detected and 
the clinical outcome was found in LY-infected pregnant mice. 
Discussion 

An infectious aetiology has long been suggested for TlD, 
and several viral agents have been proposed based on either 
observations of virus associated with disease in humans or the 
fact that virus can induce diabetes in laboratory animals. 
Rubella virus, cytomegalovirus, varicella zoster and cardio 
virus have been implicated (20-22). Most attention has been 10 

directed at Coxsackie B viruses, where the virus has been 
recovered from pancreas of patients with recent onset of 
diabetes (23-24). Coxsackie B virus can also induce diabetes 
in some strains of laboratory mice using specific strains of 
virus (25). However, epidemiological and clinical studies 15 

attribute only a very small fraction of human diabetes cases to 
any of these agents. 

18 
host range of Ljungan virus, including several species of 
native rodents and the arctic fox, and several Ljungan virus 
isolates have also been found from wild rodents of North 
America. The presence of LV on two continents in various 
species and the recent suggestion that LV and the related 
parechoviruses can be close to the root in the picornavirus 
family based on phylogenetic analysis suggest that this virus 
can be widely distributed. 

The pathogenesis ofLjungan virus remains to be investi
gated. Long lasting or chronic infection, in which preliminary 
immunohistochemical observations suggest vascular tro
pism, can be important, especially since LV seems to infect 
many different organs including muscle, glands and brain. 
Experiments on LV treatment in a mouse diabetes model 
(Table 2) showed that both Ljungan virus antisera and an 
antiviral agent were useful in addressing the primary under-
lying diabetes effects. The possibility of halting viral replica
tion opens up possible studies on the role of the immune 
system and the question of autoimmunity in contrast to an 
adequate immune response to viral invasion. The potential 
utility of antisera and antiviral treatment suggests new thera-
peutic avenues for diseases which can be due to LV infection. 

The assays used to detect the presence ofLV or LV immu
nity is based on recently developed diagnostic tools. Valida
tion of these tools often takes advantage of established stan
dards as controls. In the case of a novel virus this is initially 
very difficult. In spite of this, the human data presented using 
a combination of assays prove that Ljungan virus infects 
humans. In addition, the findings, although based on limited 

In contrast, Ljungan virus can be responsible for a substan
tial fraction of cases of diabetes, as well as preeclampsia and 
IUFD. This is based on an assessment of the complete range 20 

of evidence generated and summarized in Table 3. The fact 
that disease found in wildlife and associated with LV can be 
transmitted in laboratory animals and thus fulfilling Koch's 
postulates under controlled conditions is one component of 
the evidence. Previous and current studies also demonstrate 25 

an epidemiological link between the suspected reservoir and 
vector and human disease incidences, the unique concur
rences of the human diseases involved, laboratory evidence of 
LV from patients, and case control studies pointing to LV in 
diabetes and preeclampsia. 30 numbers and a somewhat scattered collection of specimens, 

show a consistent link with all three diseases, suggesting 
direct LV causation. Furthermore the laboratory results are in 
line with expectations from the animal models, including 
variations in viral titers over the course of a disease. 

Epidemiological studies have previously found pair wise 
associations between diabetes, preeclampsia and IUFD. 
However, the temporal associations between preeclampsia 
and IUFD (FIG. 1) and between the two diseases and an 
environmental factor (vole abundance) are described here. 35 

For diabetes, there are pertinent observations from the 
animal data, which might be applicable to the human context. 
Gestational diabetes, TlD and T2D are different phenotypes 
with one common etiology. The animal data presented sug
gests that LV can induce both TlD and T2D symptoms 40 

depending on the species and the phase of disease within a 
single species. T2D, with its failing glucose regulation, high 
insulin output, body fat accumulation and insulin resistance, 
could bethe first stage of the diabetes, and in which TlD, with 
its loss of insulin production capacity is the end stage of a 45 

single pathogenic course. In humans, T2D becomes clinically 
apparent when disease progression is slow, as is typically true 
for older individuals. By this view TlD is the final stage that 
rapidly reaches clinical expression in young people with a 
mean incubation time according to our previous studies of 50 

only two years. The lighter and typically temporary manifes
tation of gestational diabetes with its abnormal glucose tol
erance becoming apparent shortly after infection can be part 
of the same underlying pathology, perhaps precipitated by the 
diabetogenic stress of pregnancy. 55 

The epidemiology, the supporting animal data and the 
human laboratory results each point to the likelihood of a 
single specific infectious etiology forthree diseases which are 
all of significant importance for human morbidity and mor
tality. 

Example Ten 

As a control, gestational diabetes, IUFD and preeclampsia 
patients in the cyclic rodent region were compared to patients 
in the south of Sweden (Skane county), where the rodent 
population is non-cyclic. Associations were absent between 
patients in the north vs. patients in the south and also between 
rodent density in the north and patients in the south. The 
significance of the slope of the regression coefficient was 
used to test for association. No significant autocorrelation in 
the residuals were present. 

TABLE3 

Comparison of disease and rodent density 
in the north and south of Sweden 

IUFD in the south vs. IUFD in the north 
IUFD in the south vs. rodents in the north 
Severe preeclarnpsia in the south vs. severe preeclarnpsia in 
the north 

p ~ 0.221 
p ~ 0.153 
p ~ 0.470 

Ljungan virus creates a persistent non-cytopathogenic 
infection in a wide variety of tissue cultures and the available 
evidence proves that it causes a long lasting or chronic infec
tion in laboratory mice developing late onset disease. Addi
tionally, the association with stress and the course ofLjungan 
virus infection, as shown here, is concordant with many clini
cal observations on stress and diabetes in humans. 

60 Severe preeclarnpsia in the south vs. rodents in the north 
Gestational diabetes in the south vs. gestational diabetes in 
the north 

p ~ 0.267 
p ~ 0.080 

LV causes a wide variety of diseases in the individuals 
affected and can also infect and cause disease in many differ
ent species. Available laboratory data prove that the diabetes 65 

mouse model is not restricted to CD 1 mice or any specific 
isolate of Ljungan virus (Niklasson unpublished). A wide 

Gestational diabetes in the south vs. rodents in the north p ~ 0.139 

The number of patients per 1000 term pregnancies with 
gestational diabetes (ICD9 648A and/or 648W) and intrau
terine fetal deaths (ICD9 656E) over the time period 1987-
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1996 per 1000 delivery were also calculated for the county of 
Gotland (vole free island) and for the study region in the north 
(Gavleborgs and Vastemorrlands county) as well as the entire 
mainland (all of Sweden except Gotland). 

TABLE4 

Gestational 

TIJFD Chi square diabetes Chi square 

20 
TABLE 6-continued 

RT-PCR measure ofLV RNA in infected mice. 

Mouse ID number RNA copy 
and organ PCRresult Number 

2 kidney positive 4 * 103 

3 kidney positive 8 * 102 

4 kidney positive 6 * 102 

5 kidney positive 1 

index one sided index one sided 10 6 kidney Negative 
1 pancreas Positive 3.9 * 104 

Galland 1.59 1.71 2 pancreas Positive 1.6 * 104 

Study area in north (cyclic 3.02 p~O.Gl 2.68 p ~ 0.06 
voles) 

3 pancreas Positive 1.1 * 104 

4 pancreas Positive 2 * 102 

Entire Sweden except Galland 2.68 p ~ 0.03 2.87 p ~ 0.03 5 pancreas Indeterminate 
6 pancreas Positive 3 * 102 

TABLE 5 

The absolute number of cases recorded (total number) of the different diseases 
tested pair wise, and the concurrence index for each pair of diseases. 

Concurrence Index 

Inguinal Total 
number 

Gestational 
Diabetes 

Severe 
preecl IUFD Pneumothorax hernia App 

Fract 
ankle 

Gestational diabetes 3550 
Severe preeclarnpsia 2214 12.4 
IUFD 3333 15.1 10.5 
Pnewnothorax 1348 0.4 0.7 1.8 
Inguinal hernia 3169 0.7 1.5 1.0 1.4 
Appendicitis 32729 1.4 0.9 0.7 0.5 1.3 
Fractured ankle 8543 1.7 0.9 1.1 1.8 1.0 1.0 
Concussion 31220 1.0 0.6 0.5 1.6 1.5 1.7 2.2 

Mouse RT-PCR Data TABLE 6-continued 
Mice infected during the first days oflife and sacrificed one 35 

week later at the time of clinical symptoms of severe encepha
litis. Organ were frozen at - 70° C., shipped on dry ice and 
analysed by a real time RT-PCR for quantitative measurement 

RT-PCR measure ofLV RNA in infected mice. 

Mouse ID number RNA copy of LV RNA (Donoso-Mantke 0, Niklasson B, Kallies R, 
Nitsche A Meyer Rand Niedrig M. First quantitative real- 40 

time reverse transcriptase PCR assay for detection of L jungan 
virus manuscript submitted). The results (Table 6) are given 

and organ 

1 heart 

PCRresult Number 

Positive 1.6 * 104 

as number of RNA copies per gram tissue. 

TABLE6 

RT-PCR measure ofLV RNA in infected mice. 

Mouse ID number RNA copy 
and organ PCRresult Number 

1 CNS positive 3.8 * 105 

2CNS positive 1 * 10 7 

3 CNS positive 8.9 * 106 

4CNS positive 7.6 * 106 

5 CNS positive 4 * 104 

6CNS positive 5.5 * 106 

! liver positive 1*104 

2 liver positive 2 * 104 

3 liver positive 9 * 103 

4 liver positive 9 * 103 

5 liver positive 10 
6 liver positive 6 * 103 

! lung positive 2 * 104 

2 lung positive 3 * 103 

3 lung positive 1 * 103 

4lung positive 5 * 102 

5 lung negative 
6 lung positive 7 * 103 

1 kidney positive 4 * 103 

2 heart Positive 1.5 * 104 

3 heart Positive 8 * 103 

45 
4 heart Positive 2.5 * 104 

5 heart Positive 1.1 * 104 

6 heart Positive 1.4* 105 

50 

Example Eleven 

Mice were treated with a combination of Pleconaril and 
55 antisera and interferon a. Interferon a was given as 2xl07 

IU/kg/day during three consecutive days during the same 
week Pleconaril and specific immunoglobulin was adminis
trated. As a result, this example proves that the combination 

60 
therapy of Pleconaril, antisera, and interferon reduced the 
frequency of diabetes as defined by a pathological glucose 
tolerance test as did Pleconaril alone, antisera alone, and the 
combination of antisera and Pleconaril. In addition, the com
bination therapy (Pleconaril, antisera, and interferon) nor-

65 malize the amount of abdominal fat and the level of serum 
insulin, reducing them to normal levels. Table 7 below dem
onstrates the above conclusions. 
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TABLE 7 

Blood glucose 
No. (mg/dL)@ Abdominal Serum 

Group No. Mice Hyperglycemic 60 minutes fat (g) insulin (µg/L) 

Non-infected 10 2 (20%) 196 (25) 1.76 (0.58) 1.09 (1.03) 
Controls 
Infected: 11 8 (73%) 242 (75) 2.90 (0.84) 5.04 (2.30) 
No treatment 
Infected: 11 1 (9%) 211 (79) 2.20 (1.0) 4.15 (5.03) 
Pleconaril 
Infected: 10 0 (0%) 210 (73) 2.51 (1.1) 6.67 (6.80) 
Antisera 
Infected: 10 0 (0%) 181 (39) 2.08 (0.66) 2.87 (2.60) 
Pleconaril + 
Antisera 
Infected: 12 0 (0%) 179 (43) 1.87 (0.61) 
Pleconaril + 
Antisera + 
Interferon 

Tbroughout this application, various publications, includ- 20 

ing United States patents, are referenced by author and year 
and patents by number. Full citations for the publications are 
listed below. The disclosures of these publications and patents 
in their entireties are hereby incorporated by reference into 

25 
this application in order to more fully describe the state of the 
art to which this invention pertains. 

The invention has been described in an illustrative manner, 
and it is to be understood that the terminology, which has been 
used is intended to be in the nature of words of description 30 

rather than of limitation. 
Obviously, many modifications and variations of the 

present invention are possible in light of the above teachings. 
It is, therefore, to be understood that within the scope of the 
appended claims, the invention can be practiced otherwise 35 

than as specifically described. 
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F. (2000) Lancet 355, 2027-2031. 

2. The method according to claim 1, wherein the mammal 
is selected from the group consisting of humans, horses, 
cattle, pigs, cats, dogs and rodents. 

Zhu, L., Nakabayashi, M & Takeda Y. (1997) Statistical 
analysis of perinatal outcomes in pregnancy complicated 
with diabetes mellitus. J. Obstet. Gynaecol. Res. Decem
ber; 23(6): 555-63. 

3. The method according to claim 1, wherein the Ljungan 
35 virus infection is in neural cells of the mammal. 

Murphy, D. J & Stirrat, G. M. (2000) Mortality and morbidity 
associated with early-onset preeclampsia. Hypertens. 
Pregnancy. 19(2): 221-31. 

40 
Aberg, A., Rydhstrom, H., Kallen, B & Kallen, K. (1997) 

Impaired glucose tolerance during pregnancy is associated 
with increased fetal mortality in preceding sibs. Acta 
Obstet Gynecol. Scand. March; 76(3): 212-7. 

Girz, B. A., Divan, M. Y & Merkatz, I. R (1992) Sudden fetal 
45 

death in women with well-controlled, intensively moni
tored gestational diabetes, J. Perinatal. September; 12(3): 
229-33 

Williams, D. (2003) Pregnancy: a stress test for life. Curr. 
Opin. Obstet. Gynecol. December; 15(6): 465-71. 

4. The method according to claim 3, wherein the neural 
cells are brain cells. 

5. A method of treatment of Amyotrophic Lateral Sclerosis 
(ALS) in a manimal infected with Ljungan virus, comprising 
the step of administering to the manimal an antivirally effec
tive amount of a composition comprising pleconaril, antise
rum including anti-Ljungan virus antibodies, and an inter
feron. 

6. The method according to claim 1, wherein said admin
istering step further includes administering an anti-Ljungan 
virus antibody. 

7. The method according to claim 1, wherein said admin
istering step further includes administering an interferon. 

* * * * * 
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06-23-2008 WFEE Fee Worksheet (SB06) PROSECUTION 2

06-23-2008 N417 EFS Acknowledgment Receipt PROSECUTION 2

06-23-2008 WFEE Fee Worksheet (SB06) PROSECUTION 1

If you need help:
Contact the Patent Electronic Business Center at (866) 217-9197 (toll free) or e-mail EBC@uspto.gov
(mailto:EBC@uspto.gov) for specific questions about Patent Application Information Retrieval (PAIR).
If you experience technical difficulties or problems with PAIR outside normal Patent Electronic Business Center
hours (M-F, 6AM to 12AM ET), please call 1 800-786-9199.
Send general questions about USPTO programs to the USPTO Contact Center (UCC)
(http://www.uspto.gov/web/menu/feedback.html) .
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 Patent Term Adjustment
Filing or 371(c) Date:  06-23-2008 Overlapping Days Between {A and B} or {A and C}:  0

Issue Date of Patent:  07-31-2012 Non-Overlapping USPTO Delays:  479

A Delays:  479 PTO Manual Adjustments:  0

B Delays:  0 Applicant Delays:  719

C Delays:  0 Total PTA Adjustments:  0

Patent Term Adjustment  History Explanation Of Calculations 

Number Date Contents Description PTO(Days) APPL(Days) Start

91.5 05-25-
2010 PTA 36 Months 0 0.5

91 07-31-
2012 Patent Issue Date Used in PTA Calculation 0

90 07-04-
2012 Export to Final Data Capture 0

89 07-02-
2012 Dispatch to FDC 0

88 06-28-
2012 Application Is Considered Ready for Issue 0

87 06-27-
2012 Issue Fee Payment Verified 0

86 06-27-
2012 Issue Fee Payment Received 0

85 06-19-
2012 Mail Response to 312 Amendment (PTO-271) 0

84 06-18-
2012 Response to Amendment under Rule 312 0

83 06-14-
2012 Amendment after Notice of Allowance (Rule 312) 6 85

82 06-14-
2012 Workflow - Drawings Finished 42 0

81 05-24-
2012 Finished Initial Data Capture 0

80 05-24-
2012

Mail PUB other miscellaneous communication to
applicant 0

79 05-23-
2012 PUB Other miscellaneous communication to applicant 0

78 05-07-
2012 Filing Receipt - Corrected 0

77 04-12-
2012 Mailing Corrected Notice of Allowability 0

76 04-12-
2012 Office Action Review 0

75 04-12-
2012 Office Action Review 0

74 04-12-
2012 Office Action Review 0

73 04-11-
2012 Reasons for Allowance 0

72 04-11-
2012 Examiner's Amendment Communication 0

71 04-11-
2012 Corrected Notice of Allowability 0

66 04-02-
2012 Mail Notice of Allowance 0

65 03-29-
2012 Office Action Review 0Privacy - Terms
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64 03-29-
2012 Office Action Review 0

63 03-29-
2012 Office Action Review 0

62 03-29-
2012 Office Action Review 0

61 03-29-
2012 Issue Revision Completed 0

60 03-29-
2012 Document Verification 0

59 03-29-
2012 Notice of Allowance Data Verification Completed 0

58 03-29-
2012 Case Docketed to Examiner in GAU 0

57 03-26-
2012 Interview Summary- Applicant Initiated 0

56 03-26-
2012 Reasons for Allowance 0

55 03-26-
2012 Examiner's Amendment Communication 0

54 03-26-
2012 Allowability Notice 0

52 06-08-
2010 Information Disclosure Statement considered 0

51 01-18-
2012 Mail Non-Final Rejection 479 37

50 06-08-
2010 Information Disclosure Statement (IDS) Filed 0

49 01-16-
2012 Office Action Review 0

48 01-15-
2012 Non-Final Rejection 0

47 12-06-
2011 Information Disclosure Statement considered 0

46 11-17-
2011 Information Disclosure Statement considered 0

45 12-06-
2011 Information Disclosure Statement (IDS) Filed 559 37

44 12-06-
2011 Information Disclosure Statement (IDS) Filed 0

43 11-17-
2011 Information Disclosure Statement (IDS) Filed 0

42 11-17-
2011 Information Disclosure Statement (IDS) Filed 0

41 06-08-
2010 Reference capture on IDS 0

40 06-08-
2010 Electronic Information Disclosure Statement 0

39 05-27-
2010 Date Forwarded to Examiner 0

38 05-26-
2010 Amendment Submitted/Entered with Filing of CPA/RCE 0

37 05-26-
2010 Request for Continued Examination (RCE) 51 29

36 05-27-
2010 Disposal for a RCE / CPA / R129 0

35 05-26-
2010 Workflow - Request for RCE - Begin 0

34 03-24-
2010 Mail Advisory Action (PTOL - 303) 0

33 03-23-
2010 Advisory Action (PTOL-303) 0
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32 03-22-
2010 Date Forwarded to Examiner 0

31 02-17-
2010 Response after Final Action 0

30 02-17-
2010 Affidavit(s) (Rule 131 or 132) or Exhibit(s) Received 0

29 01-05-
2010 Mail Final Rejection (PTOL - 326) 0

28 01-04-
2010 Final Rejection 0

27 10-30-
2009 Miscellaneous Incoming Letter 0

26 10-22-
2009 Affidavit(s) (Rule 131 or 132) or Exhibit(s) Received 0

25 11-01-
2009 Date Forwarded to Examiner 0

24 10-22-
2009 Response after Non-Final Action 61 22

23 10-22-
2009 Request for Extension of Time - Granted 0

22 05-22-
2009 Mail Non-Final Rejection 0

21 05-21-
2009 Non-Final Rejection 0

20 03-20-
2009 Date Forwarded to Examiner 0

19 03-16-
2009 Response to Election / Restriction Filed 0

18 01-30-
2009 Mail Restriction Requirement 0

17 01-30-
2009 Restriction/Election Requirement 0

13 01-02-
2009 PG-Pub Issue Notification 0

12 12-17-
2008 Case Docketed to Examiner in GAU 0

11 12-17-
2008 IFW TSS Processing by Tech Center Complete 0

10 10-08-
2008 Application Dispatched from OIPE 0

9 09-25-
2008 Sent to Classification Contractor 0

8 09-25-
2008 Filing Receipt - Updated 0

7 09-17-
2008 Additional Application Filing Fees 0

6 09-17-
2008

A statement by one or more inventors satisfying the
requirement under 35 USC 115, Oath of the Applic 0

5 07-07-
2008

Notice Mailed--Application Incomplete--Filing Date
Assigned 0

4 07-07-
2008 Filing Receipt 0

3 06-26-
2008 Cleared by OIPE CSR 0

2 06-23-
2008 IFW Scan & PACR Auto Security Review 0

1 06-23-
2008 Initial Exam Team nn 0

0.5 06-23-
2008 Filing date 0

Privacy - Terms

https://www.google.com/intl/en/policies/privacy/
https://www.google.com/intl/en/policies/terms/


4/23/2020 Public Pair - Public Pair

https://portal.uspto.gov/pair/PublicPair 4/4

If you need help:
Contact the Patent Electronic Business Center at (866) 217-9197 (toll free) or e-mail EBC@uspto.gov
(mailto:EBC@uspto.gov) for specific questions about Patent Application Information Retrieval (PAIR).
If you experience technical difficulties or problems with PAIR outside normal Patent Electronic Business Center
hours (M-F, 6AM to 12AM ET), please call 1 800-786-9199.
Send general questions about USPTO programs to the USPTO Contact Center (UCC)
(http://www.uspto.gov/web/menu/feedback.html) .
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Correspondence Address
Name: KOHN & ASSOCIATES, PLLC

Address:
30500 NORTHWESTERN HWY. 
SUITE 410 
FARMINGTON HILLS MI 48334-3179

Customer Number: 48924

Attorney/Agent Information
Reg # Name Phone

30955 Kohn, Kenneth 248-539-5050

If you need help:
Contact the Patent Electronic Business Center at (866) 217-9197 (toll free) or e-mail EBC@uspto.gov
(mailto:EBC@uspto.gov) for specific questions about Patent Application Information Retrieval (PAIR).
If you experience technical difficulties or problems with PAIR outside normal Patent Electronic Business Center
hours (M-F, 6AM to 12AM ET), please call 1 800-786-9199.
Send general questions about USPTO programs to the USPTO Contact Center (UCC)
(http://www.uspto.gov/web/menu/feedback.html) .
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Assignments Data

Assignments data does not exist

For Application Number: 12143904

Search Results as of: 04/23/2020 14:49:11 PM

Disclaimer:
Assignment information on the assignment database reflects assignment documents that have been actually recorded. 
If the assignment for a patent was not recorded, the name of the assignee on the patent application publication or patent may be different.
If you have any comments or questions concerning the data displayed, contact OPR / Assignments at 571-272-3350

If you need help:
Contact the Patent Electronic Business Center at (866) 217-9197 (toll free) or e-mail EBC@uspto.gov
(mailto:EBC@uspto.gov) for specific questions about Patent Application Information Retrieval (PAIR).
If you experience technical difficulties or problems with PAIR outside normal Patent Electronic Business Center
hours (M-F, 6AM to 12AM ET), please call 1 800-786-9199.
Send general questions about USPTO programs to the USPTO Contact Center (UCC)
(http://www.uspto.gov/web/menu/feedback.html) .
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  Reference Forms

Mail Room Date 
 Document

Code 
Document Description Page Count 

07-05-2012 1449 List of References cited by applicant and considered by
examiner 1  

01-18-2012 892 List of references cited by examiner 1  

01-18-2012 1449 List of References cited by applicant and considered by
examiner 4  

01-18-2012 1449 List of References cited by applicant and considered by
examiner 6  

01-18-2012 1449 List of References cited by applicant and considered by
examiner 5  

12-06-2011 IDS Information Disclosure Statement (IDS) Form (SB08) 6  
11-17-2011 IDS Information Disclosure Statement (IDS) Form (SB08) 4  
06-08-2010 IDS Information Disclosure Statement (IDS) Form (SB08) 5  
05-22-2009 892 List of references cited by examiner 1  

  Foreign Patent and Non-Patent Documents

Mail Room Date 
 Document

Code 
Document Description Page Count 

01-18-2012 NPL Non Patent Literature 2  
12-06-2011 NPL Non Patent Literature 5  
12-06-2011 NPL Non Patent Literature 7  
12-06-2011 NPL Non Patent Literature 6  
12-06-2011 NPL Non Patent Literature 5  
12-06-2011 NPL Non Patent Literature 4  
12-06-2011 NPL Non Patent Literature 6  
12-06-2011 NPL Non Patent Literature 3  
12-06-2011 NPL Non Patent Literature 10  
12-06-2011 NPL Non Patent Literature 8  
12-06-2011 NPL Non Patent Literature 7  
12-06-2011 NPL Non Patent Literature 7  
12-06-2011 NPL Non Patent Literature 10  
12-06-2011 NPL Non Patent Literature 11  
12-06-2011 NPL Non Patent Literature 6  
12-06-2011 NPL Non Patent Literature 6  
12-06-2011 NPL Non Patent Literature 10  
12-06-2011 NPL Non Patent Literature 3  
12-06-2011 NPL Non Patent Literature 5  
12-06-2011 NPL Non Patent Literature 6  
12-06-2011 NPL Non Patent Literature 9  
12-06-2011 NPL Non Patent Literature 17  
12-06-2011 NPL Non Patent Literature 17  
12-06-2011 NPL Non Patent Literature 10  
12-06-2011 NPL Non Patent Literature 11  
12-06-2011 NPL Non Patent Literature 11  
12-06-2011 NPL Non Patent Literature 11  
12-06-2011 NPL Non Patent Literature 4  
12-06-2011 NPL Non Patent Literature 9  
12-06-2011 NPL Non Patent Literature 2  
12-06-2011 NPL Non Patent Literature 4  
12-06-2011 NPL Non Patent Literature 11  
11-17-2011 NPL Non Patent Literature 4  
06-08-2010 NPL Non Patent Literature 5  
06-08-2010 NPL Non Patent Literature 10  
06-08-2010 NPL Non Patent Literature 10  
06-08-2010 NPL Non Patent Literature 7  Privacy - Terms
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06-08-2010 NPL Non Patent Literature 6  
06-08-2010 NPL Non Patent Literature 10  
06-08-2010 NPL Non Patent Literature 10  
06-08-2010 NPL Non Patent Literature 8  
06-08-2010 NPL Non Patent Literature 9  
10-30-2009 NPL Non Patent Literature 12  
10-30-2009 NPL Non Patent Literature 6  
10-30-2009 NPL Non Patent Literature 12  
10-30-2009 NPL Non Patent Literature 16  
10-30-2009 NPL Non Patent Literature 11  
10-30-2009 NPL Non Patent Literature 2  
05-22-2009 NPL Non Patent Literature 22  
05-22-2009 NPL Non Patent Literature 7  

If you need help:
Contact the Patent Electronic Business Center at (866) 217-9197 (toll free) or e-mail EBC@uspto.gov
(mailto:EBC@uspto.gov) for specific questions about Patent Application Information Retrieval (PAIR).
If you experience technical difficulties or problems with PAIR outside normal Patent Electronic Business Center
hours (M-F, 6AM to 12AM ET), please call 1 800-786-9199.
Send general questions about USPTO programs to the USPTO Contact Center (UCC)
(http://www.uspto.gov/web/menu/feedback.html) .
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Our Clientele
Meeting Their Individual Needs

Building Assets for Corporate Needs

At Kohn & Associates, we further assist our clients in maintaining focus, recognizing that the client can be an entity other than the
inventor. With regard to the client being an institution such as a university, research institute, hospital, and the like, the institution’s

management is recognized as the client. Many times, inventors/employees have personal agendas inconsistent with the business
agenda of the institution. We work with management to recognize business goals of the institution as a business and assist with the

liaison between the inventor/employee and the institution.

We have obtained significant patents for Dr. Richard Silverman, et al., of Northwestern University, in conjunction, initially, with Parke-
Davis/Warner-Lambert, now in conjunction with Pfizer, also a client. Most notably, we obtained a significant patent on Gabapentin

(USPN 6,197,819). After a challenging prosecution, we obtained allowance as a pre-GATT patent, issuing in 2001. This strategy provided
at the time to Warner-Lambert a valuable asset which was a significant property contributing to the profitable purchase of Warner-

Lambert by Pfizer. Since obtaining the family of patents related to Gabapentin, Kohn & Associates has managed the worldwide
portfolio of the Gaba-related applications and has obtained significant coverage throughout the world, including protection

throughout Europe. Based on this work, we now assist Pfizer in both the U.S. and Europe.

(248) 539-5050



https://www.kohnandassociates.com/index.html
tel:+2485395050
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Managing Portfolios

Kohn & Associates has been accorded responsibility for varying patent portfolios, for which multiple attorneys or even multiple law
firms were used and one attorney/firm had no idea what the other attorney/firm was doing, resulting in conflicting prosecutions in

related applications, and more devastatingly, potentially resulting in unenforceable patents. Our capable management of an entire
portfolio avoids these potential hazards.

We were assigned responsibility over the worldwide portfolio of Whatman, Inc., liaising their London and Boston headquarters. The
technology involved was licensed through Flinders University in Australia. We worked with both the U.K. and U.S. headquarters to

organize files for the entire global Whatman entity, to attend management meetings in both the U.S. and Europe regarding prioritizing
disclosures between the U.K. and the U.S., and to review and analyze the patent portfolio on both continents to determine the need for

broader protection in various areas. Over a two-year period, Kohn & Associates succeeded in obtaining for Whatman very broad
coverage over the core technology, the technology being valued in the billions of dollars. After litigation was initiated by Whatman

against another entity, we assisted the litigation, resulting in an immediate and very successful settlement. This reflects our emphasis
on handling all matters as business issues so as to successfully and efficiently reach the client’s business goals.
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Assisting Startups and Spin-Offs

IRx Therapeutics is a startup biopharmaceutical engineering company located in New York City. Kohn & Associates assisted the
founder, Dr. John W. Hadden, in building an initial patent portfolio during his tenure at the University of South Florida. We now assist IRx

Therapeutics in patent prosecution as well as counseling the company regarding the prioritizing of disclosures, portfolio planning,
and various issues relating to the overall business plan of the company. We have assisted IRx Therapeutics in numerous licensing

agreements as well as reviewing other commercial agreements that pertain to intellectual property issues.

Kohn & Associates has worked with Intelligent Implant Systems, headquartered in Charlotte, North Carolina, since its inception.
Intelligent Implant Systems develops and creates orthopedic products, with special attention to spinal orthopedics. Dr. Kohn had

been brought into Dow Corning Wright to assist during divestiture proceedings, and had written eleven (14) patent applications for
Dow Corning Wright over a one-month period on behalf of several inventors, one of whom was Marc Richelsoph, the principal of what

is now Intelligent Implant Systems. We have since assisted Intelligent Implant Systems in the management and prosecution of its
patent portfolio, which portfolio is constantly expanding. We have also assisted Intelligent Implant Systems during initial negotiations
over litigation and licensing issues. Kohn & Associates has assisted Intelligent Implant Systems to the extent that much of its patent

portfolio, although directly related to spinal orthopedics, extends well beyond, commensurate with the scope of the inventor’s
contributions to the art.
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Counciling Clients

We meet with many of our clients, regularly or on an as-needed basis, to review patent portfolios, to assist in prioritizing disclosures, to
manage worldwide patent rights, and to counsel regarding the commercial potential for specific inventions. In this way, we are able

to support patent portfolio strategic management between the technical people, the inventors, and the business managers.

For example, we manage the entire intellectual property portfolio for Henry Ford Health Systems in Detroit. Working with the
technology manager, we have lectured HFHS on basic intellectual property issues in the areas of patents, trademarks and copyrights,

have attended their intellectual property committee meetings as a non-voting counseling member, and have worked closely with
management and inventors on various prosecution issues. The range of technology has extended from purely mechanical medical

devices to methods and treatments in the areas of cardiology, genetic engineering, stem cell transplantation, orthopedics, and other
wide-ranging areas.
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Global Network of Foreign Associates

We maintain a worldwide network of associate counselors specializing in each area of technological concern for each client. We
utilize our associates to help our clients achieve faster and more favorable allowances around the world. In many instances, prior to

actual filing outside of the U.S., we review the invention with our respective associate for guidance as to eventual allowance, thus
often shortening the prosecution time of the client’s application in that country, thus further resulting in less costs to the client for
what may otherwise be a lengthy and extremely costly prosecution. This dual expertise has proven time and again to be of the

utmost value to many of our clients, both financially and strategically.

Representative Clients
Our clientele has included, but has not been limited to universities, hospitals, research institutes, major corporations, and small start-up or
spin-off businesses, such as:

We invite you to visit the United States Patent & Trademark Office’s website at www.uspto.gov to review any one or all of the following
exemplar patents prosecuted by our member attorneys:

Dr. Robert Letsinger(Northwestern University) - DNA chemistry 
USPNs: 5,476,925; 5,681,943; 5,780,613; 5,932,718
Dr. Arnold Hampel(Northern Illinois University) - hairpin ribozyme 
USPNs: 5,683,902; 5,646,031
Dr. Michael Feldman (Weizmann Institutes of Science) - vaccines 
USPNs: 5,750,102; 5,902,576
Drs. Francis Collins and Yosef Shiloh(National Institutes of Health and Tel-Aviv University) - A-T gene 
USPNs: 5,728,807; 5,756,288; 6,211,336
Dr. George Newkome(University of South Florida) - unimolecular micelles 
USPNs: 5,650,101; 5,863,919

Teva Pharmaceutical Industries, Ltd. (Israel)
Harvard University
Children’s Hospital Boston
New York University School of Medicine
Massachusetts Institute of Technology
University of South Florida
Northwestern University
Northern Illinois University
Henry Ford Health Systems
Wayne State University
University of Missouri

Massachusetts General Hospital
Boston University
University of Manitoba (Canada)
Tel-Aviv University (Israel)
Hebrew University of Jerusalem (Israel)
Flinders Technological University (Australia)
Indiana University
University of Colorado
IRx Therapeutics, Inc.
Pfizer
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Dr. John Hadden(University of South Florida and IRx Therapeutics) - immune suppression vaccines 
USPNs: 5,698,194; 5,614,504; 5,632,983; 6,482,389; 6,799

Kohn & Associates PLLC

(248) 539-5050 
30500 Northwestern Hwy #410 
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About Us

Our Experienced Team

Kenneth Kohn, Ph.D, J.D.
Owner

Laura Dellal
Senior Patent Attorney

Sheryl Fox
Office Administrator

Kenneth Kohn, Ph.D., J.D.
Dr. Kohn his Ph.D. in Pharmacology and Immunology from Wayne State University in 1979 and his Juris Doctor also from Wayne State
University in 1982. His B.S. in Zoology was obtained in 1974 from the University of Michigan. He was admitted to both the Michigan bar and
United States Patent and Trademark Office in 1983.

Dr. Kohn directs all work in our firm and has extensive experience in the areas of patent prosecution, litigation, and related negotiations
regarding disputes over licensing issues. He has lectured extensively to individual clients, presented seminars at meetings such as
EuropaBio Convention in Vienna, Association of University Technology Managers (AUTM), the Michigan State Bar Association, American
Society for Industrial Security (ASIS), Biotechnology Industry Organization (BIO) 2005 Annual International Convention, and myriad other
professional associations. Dr. Kohn’s clients range from corporations to start-ups, Universities and Hospitals, research institutes and
investors. Dr. Kohn handles complex patent prosecution and melds with business strategy to create patent portfolios of high valuation.

Laura Dellal
Laura Dellal has a Master’s Degree in Pharmaceutical and Chemical Engineering. She works in all areas of bio and medical technologies,
having over six years of experience in patent preparation and prosecution. Ms. Dellal has worked directly with technology managers, Nobel-
level inventors, and investors. Her work is of the highest quality and efficiency. Like Dr. Kohn, it is not unusual for Ms. Dellal to find out on a
Friday morning that a client is planning to publicly present a paper on Monday, and then to prepare and file an application of the highest
quality at a quite reasonable price by Friday afternoon. Over the years, this has happened with Nobel-level inventors and all have been
quite satisfied with the product at the end of the day.
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Kohn & Associates PLLC
Kohn & Associates was established in 1995 by its sole proprietor, Dr. Kenneth I. Kohn, who was previously a partner at a large Michigan law
firm. Kohn & Associates was established to service Dr. Kohn’s worldwide clientele and has grown in client representation to represent
corporations, universities, research institutes, hospitals and individuals around the world.

Kohn & Associates has been globally ranked by the National Institutes of Health as one of the top twelve (12) patent law firms specializing in
pharmaceutical, medical device, and biotechnology patent prosecution, and as one of the top three (3) small firms in the world. These
rankings were the product not only of our technical expertise in technologies and intellectual property issues, but also based on our
proposal for partnering with the NIH in its case management approach.

OUR CLIENTELE

Distinct Characteristics That Set
Us Apart From Our Competition

 Continued Pursuit of Excellence  Billing Approaches

 In-House Counsel Without In-House
Overhead

 Due Diligence
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 Federal Employee Profile — Benjamin P. Blumel

In 2018, Benjamin P. Blumel was a Patent Examiner at the Patent and Trademark Office in Alexandria, Virginia. began working at the Patent and Trademark Office in 2006
with a starting salary of $50,773. Since then, 's salary has increased to $136,759 in 2018.

Benjamin P. Blumel is a GS-14 under the general schedule payscale.

Year Occupation Paygrade Base Salary Bonus Location

2018 Patent Examining GS-14 $136,759 $7,346 Alexandria, Virginia

2017 Patent Examining GS-14 $136,759 $4,610 Alexandria, Virginia

2016 Patent Examining GS-14 $131,536 $651 Alexandria, Virginia

2015 Patent Examining GS-14 $130,232 $7,509 Alexandria, Virginia

2014 Patent Examining GS-14 $125,149 $6,196 Alexandria, Virginia

2013 Patent Examining GS-14 $123,911 $0 Alexandria, Virginia

2012 Patent Examining GS-14 $120,156 $3,628 Alexandria, Virginia

2011 Patent Examining GS-14 $116,402 $700 Alexandria, Virginia

2010 Patent Examining GS-14 $112,647 $1,878 Alexandria, Virginia

2009 Patent Examining GS-13 $93,918 $4,605 Alexandria, Virginia

2008 Patent Examining GS-12 $76,753 $859 Alexandria, Virginia

2007 Patent Examining GS-11 $63,885 $0 Alexandria, Virginia

2006 Patent Examining GS-09 $50,773 $0 Alexandria, Virginia

FederalPay's Employee Information Policy

Federal employees' salaries are considered public information under 5 U.S.C. § 552, and in the interest of government transparency FederalPay publishes the salary
information of all federal employees who earn more than $100,000 per year, or who are in the highest paid 10% of their agency. This data is published unmodified, as
provided by the OPM.

Benjamin P. Blumel
Title: Patent Examiner (Job titles are sourced from the OPM. Keep in mind that the OPM has a limited
set of job classifications with which to describe a wide variety of employees, so in some cases a generic
job classification will be used if a more specific one is not available.)
Agency: Patent and Trademark Office

   Run a people search on Benjamin P. Blumel 

Search Patent and Trademark Office Employees

 Employee Statistics

Benjamin P. Blumel's 2018 pay is

 16%
higher than the average Patent Examiner across all agencies.


Benjamin P. Blumel's 2018 pay is

 83%
higher than the average pay of a GS employee at the Patent and Trademark Office.


https://www.federalpay.org/employees/occupations/patent-examining
https://www.federalpay.org/employees/patent-and-trademark-office
https://www.federalpay.org/gs
https://www.federalpay.org/employees/occupations/patent-examining/2018
https://www.federalpay.org/employees/occupations/patent-examining/2017
https://www.federalpay.org/employees/occupations/patent-examining/2016
https://www.federalpay.org/employees/occupations/patent-examining/2015
https://www.federalpay.org/employees/occupations/patent-examining/2014
https://www.federalpay.org/employees/occupations/patent-examining/2013
https://www.federalpay.org/employees/occupations/patent-examining/2012
https://www.federalpay.org/employees/occupations/patent-examining/2011
https://www.federalpay.org/employees/occupations/patent-examining/2010
https://www.federalpay.org/employees/occupations/patent-examining/2009
https://www.federalpay.org/employees/occupations/patent-examining/2008
https://www.federalpay.org/employees/occupations/patent-examining/2007
https://www.federalpay.org/employees/occupations/patent-examining/2006
http://intelius.evyy.net/c/331803/277548/4450?u=https://www.intelius.com/people-search/Benjamin-P-Blumel/Alexandria-VA
https://www.federalpay.org/employees/patent-and-trademark-office
https://www.federalpay.org/employees/occupations/patent-examining
https://www.federalpay.org/employees/patent-and-trademark-office
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** This Document Provided By www.FederalPay.org - The Civil Employee's Resource ** 
Source: www.federalpay.org/employees/patent-and-trademark-office/blumel-benjamin-p

Data Sources
The information provided on these pages is sourced from the Office of Personnel Management (OPM)  Enterprise Human Resources Integration (EHRI) 
dataset. Postal Service data is managed exclusively by the USPS . All information is displayed unmodified and as provided by the source agency.

Federal employee salaries are public information under open government laws (5 U.S.C. § 552). FederalPay provides this data in the interest of government
transparency — employee data may not be used for commercial soliciting or vending of any kind. Learn more about the FederalPay Employees Dataset here.

Benjamin P. Blumel's pay trend during his or her government career in the Patent and Trademark Office: 

http://www.opm.gov/
https://www.opm.gov/policy-data-oversight/data-analysis-documentation/enterprise-human-resources-integration/
https://www.usps.com/
https://www.federalpay.org/article/employee-lookup



