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BACKGROUND OF THE INVENTION

The bacterium Borrelia burgdorferi (sensu lato) is the causative agent of Lyme borreliosis, i.e., Lyme disease. This disease is transmitted by the bite of various species of Ixodes ticks carrying the spirochete. The main reservoir of the infection in the United States is the white footed mouse, Peromyscus leucopus, and the infection can be transmitted to many mammalian species including dogs, cats, and man [J. G. Donahue, et al., Am. J. Trop. Med. Hyg., 36:92-96 (1987); R. T. Green, et al, J. Clin. Micro., 26:648-653 (1988)]. Despite the presence of an active immune response, the disease persists for years in patients. Such persistence is postulated to be the result, at least in part, of antigenic variation in the bacterial proteins [J. R. Zhang et al, Cell, 89:275-285 (1997)].
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While initial symptoms often include a rash at the infection point, Lyme disease is a multisystemic disorder that may include arthritic, cardiac, and neurological manifestations. While antibiotics are currently used to treat active cases of Lyme disease, B. burgdorferi persists even after prolonged antibiotic treatment. Further, B. burgdorferi can persist for years in a mammalian host in the presence of an active immune response (Straubinger. R. et al., J. Clin. Microbiol. 35:111-116 (1997); Steere, A., N. Engl. J. Med. 321:586-596 (1989)).

http://www.pharmcast.com/Patents100/Yr2005/June2005/060705/6902893_Lyme060705.htm
___________________________________________________________________________________
Method and materials for detecting lyme disease

Inventor

· Schutzer, Steven E.
Application

No. 455175 filed on 12/22/1989 http://www.patentstorm.us/patents/5187065/description.html 

Seronegativity is one of the major obstacles to diagnosis of Lyme disease as well as a common unexplained feature of the disease. Lyme disease, etiologically linked to the spirochete, Borrelia burgdorferi, may present acutely or develop insidiously. Its manifestations are protean and may specifically involve the musculoskeletal, cardiovascular, cutaneous, and nervous systems. Some cases begin with a characteristic cutaneous lesion, erythema chronicum migrans (ECM), following a deer tick bite. However, many others are unaware of a tick bite or skin lesion, making diagnosis difficult, yet develop features of Lyme disease. Diagnosis is also complicated when symptomatic individuals are negative for Borrelia burgdorferi antibody despite sensitive serological assays. Untreated patients as well as patients who have received early antibiotic therapy may remain seronegative even when symptoms of infection persist.

In general, antibody may not be detected following exposure to an infectious agent either because it is bound or sequestered, and therefore hidden from conventional probes or because it is not secreted by B cells. Dattwyler et. al. have demonstrated that in Lyme disease, T cell reactivity towards Borrelia burgdorferi occurs even in the absence of significant specific antibody as detected by a sensitive ELISA (Dattwyler et al., N. ENGL. J. MED. (1988), 319:1441-1446).

Because of the inability to offer reliable detection of antibodies to Borrelia burgdorferi, and owing to the lack of predictability in the manifestation of visible symptoms of the disease such as ECM, a large population of those afflicted with the disease do not receive timely or adequate treatment and thereby risk far more serious consequences such as the development of a chronic condition and the more serious sequelae such as meningitis, chronic radiculoneuropathies, fatigue, cognitive problems, pericarditis, or arthritis. Likewise, the recent and dramatic increase in the incidence of Lyme disease and the corresponding lack of consistent and early diagnoses have severely compromised the ability to successfully treat this disease. A need therefore exists for a reliable procedure and associated materials which will facilitate the early and consistent diagnosis of the disease and permit the aggressive therapeutic protocols presently in existence as well as those under development, to be administered in timely fashion to arrest the progress of the disease and substantially reduce, if not eliminate, its continued progress and activity.
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Abstract:

A topical pharmaceutical composition comprising an antibiotic is useful for the prevention of Lyme disease.

Claims:


[0006]B. burgdorferi is presenting several morphological forms with different sensitivity to antibiotics and environmental stress, such as exposure to distilled water or freeze-thaw cycles. Cystic forms (also called spheroplasts or starvation forms) have the ability to reconvert into normal motile spirochetes both in vitro and in vivo [Brorson O. et al., Infection. 1997 July-August; 25(4):240-6]. The presence of various atypical spirochete forms: spheroplastic L (without cell walls), cystic, and granular "blebs" has also been reported. One may therefore distinguish spirochetal forms, which are linked with high metabolic and proliferative activity, from cystic and spherical forms, which are dormant with minimal biochemical activity. 

[0007]In view of debilitating nature of the advanced stages of the disease, compositions and methods for disease prevention remain critical. However, these needs have not previously been satisfactorily met.

[0008]It has now surprisingly been found that a topical application of an antibiotic administered to the site of a tick bite prevents an infection by the Lyme disease. In order to prevent the infection of Lyme disease, it is essential that the Borrelia burgdorferi bacterium is eradicated in the early stages of infection when the prevailing form is the spirochetal form. A rapid, sustained, and extensive penetration into intracellular and interstitial tissue compartments has therefore to be achieved as well as antibiotics used showing prolonged tissue and serum half-lives. Achieving high tissue concentration was also found necessary to eradicate all forms of Borrelia burgdorferi including those presenting in cystic or spherical forms which would otherwise serve as a reservoir for a new outbreak of Lyme disease. 

[0009]The studies underlying the present invention demonstrate, that the new composition presented here with an antibiotic effectively removes B. burgdorferi at the site of tick-feed and, furthermore and unexpectedly, from tissues/organs in which B. burgdorferi persist. This finding is particularly important, as it has been found that B. burgdorferi preferentially persist in these tissues/organs, rather than the circulation only. These findings are particularly important for target tissues of Borrelia, such as heart, bladder, joints and ear. Only if eradication of B. burgdorferi from these tissues can be demonstrated, the success of a treatment including a topical treatment administered to the site of tick-feed can be guaranteed.

___________________________________________________________________________________
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Recombinant constructs of Borrelia burgdorferi

OspA is a basic lipoprotein of approximately 31 kd, which is encoded on a large linear plasmid along with OspB, a basic lipoprotein of approximately 34 kd (Szczepanski, A., and J. L. Benach, Microbiol. Rev. 55:21 (1991)). Analysis of isolates of B. burgdorferi obtained from North America and Europe has demonstrated that OspA has antigenic variability, and that several distinct groups can be serologically and genotypically defined (Wilske, B., et al., World J. Microbiol. 7: 130 (1991)). Other Borrelia proteins demonstrate similar antigenic variability. Surprisingly, the immune response to these outer surface proteins tends to occur late in the disease, if at all (Craft, J. E. et al., J Clin Invest. 78: 934 939 (1986); Dattwyler, R. J. and B. J. Luft, Rheum. Clin. North Am. 15: 727 734 (1989)). Furthermore, patients acutely and chronically infected with B. burgdorferi respond variably to the different antigens, including OspA, OspB, OspC, OspD, p39, p41 and p93.

Currently, Lyme Disease is treated with a range of antibiotics, e.g., tetracyclines, penicillin and cephalosporins. However, such treatment is not always successful in clearing the infection. Treatment is often delayed due to improper diagnosis with the deleterious effect that the infection proceeds to a chronic condition, where treatment with antibiotics is often not useful. One of the factors contributing to delayed treatment is the lack of effective diagnostic tools.

Given the heterogeneity of antigenic determinants present in Borrelia proteins, a need exists for a vaccine and diagnostic tool which can provide immunogenicity to various strains and/or genospecies of Borrelia burgdorferi, as well as to more epitopes within a strain or genospecies. There is also a need for vaccines and diagnostic tools which detect antibody responses against immunoprotective targets that are expressed at different stages of the life cycle of Borrelia burgdorferi. This would allow for diagnosis and/or vaccination against all, or most forms, of Borrelia that cause systemic disease.

http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PALL&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.htm&r=1&f=G&l=50&s1=7179448.PN.&OS=PN/7179448&RS=PN/7179448
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Vaccine against lyme disease 

Abstract
A vaccine for the immunization of mammals against Lyme borreliosis (Lyme disease) is disclosed which contains an effective amount of inactivated Borrelia burgdorferi spirochetes dispersed in a physiologically-acceptable, non-toxic liquid vehicle. 
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The chronic forms of the disease such as arthritis (joint involvement), acrodermatitis chronica atrophicans (skin involvement), and Bannwart's syndrome (neurological involvement) may last for months to years and are associated with the persistence of the spirochete. A case of maternal-fetal transmission of B. burgdorferi resulting in neonatal death has been reported.

The infection may be treated at any time with antibiotics such as penicillin, erythromycin, tetracycline, and ceftriaxone. Once infection has occurred, however, the drugs may not purge the host of the spirochete but may only act to control the chronic forms of the disease. Complications such as arthritis and fatigue may continue for several years after diagnosis and treatment.

http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PALL&p=1&u=/netahtml/PTO/srchnum.htm&r=1&f=G&l=50&s1=4,721,617.PN.&OS=PN/4,721,617&RS=PN/4,721,617
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The infection, if untreated, commonly persists for months to years despite the occurrence of host antibody and cellular responses; this observation indicates effective evasion of the immune response. Lyme disease may be disabling (particularly in its chronic form), and thus there is a need for effective therapeutic and prophylactic treatment. [0010] Certain5. burgdorferi genes and proteins have been patented, including Outer Surface Protein D (OspD) (U.S. Pat. No. 5,246,844; issued Sep. 21, 1993). OspD has not proven to be a useful protein for diagnosis or immunoprotection. Other proteins, including OspA and OspC, have been considered as vaccine candidates for Lyme disease, including a recombinant OspA vaccine currently in human clinical trials. Other vaccines are in use or undergoing testing in veterinary applications, including vaccination of dogs. However, animal studies indicate that OspA vaccination may not be effective against all strains of Lyme disease Borreliae. OspA is also not useful for immunodiagnosis, due to weak antibody responses to OspA in Lyme disease patients.

http://www.google.co.uk/patents/about?id=m8HnAAAAEBAJ&output=text
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The initial stage of Lyme disease is characterized by an expanding skin lesion,
erythema chronicum migrans (Asbrink, E. and Hovmark, A.,(1988) Ann. N.Y. Acad.
Sci. 539: 4-15; Halperin, J. J., (1991) Scand. J. Infect. Dis.--Suppl. 77:
74-80). Subjects also frequently develop arthritis. However, in only a small
percentage of these subjects is the arthritis chronic (Steere, A. C., (1991)
Scand. J. Infect. Dis.--Suppl. 77: 51-54). Borrelia burgdorferi may also infect
the heart muscle. Cardiac involvement in Lyme disease has mainly been reported
as transitory. However, animal studies revealed that skeletal and heart muscles
are regularly affected and that the spirochetes appeared to be located within
the muscle fibers. This observation suggests that the spirochetes are able to
maintain *long-term survival in hosts and may thus be able to cause chronic
heart complications* (Stanek, G. et al. (1991) Scand J. Infect. Dis.--Suppl. 77:
85-87).

B. burgdorferi also infects the nervous system in a high percentage of cases,
leading to a wide range of acute, *chronic and progressive central and
peripheral nervous system disorders* (Reik, L. et al. (1991) Ann. N.Y. Acad.
Sci. 539: 1-3). Published reports have indicated that European populations
afflicted with the disease experience dramatic clinical phenomena of
neurological disorder, while North American patients develop milder forms of
nervous system involvement. (Halperin, 1991; Halperin, J. J. et al., (1988) Ann.
N.Y. Acad. Sci. 539: 24-34). However, Halperin (1991) report that it is becoming
increasingly clear that at least as far as nervous system involvement is
concerned, the same range of neurological phenomena occur in both populations.
Diagnosis of Lyme disease depends upon a combination of the recognition of the
clinical characteristics presented and also of the probability of exposure in
endemically infected areas. However, the development of arthritis is often
attributed to other causes and not correlated with a spirochete infection. The
neurological symptoms which may be the result of B. burgdorferi infection can
mimic a variety of other neurological conditions (Reik et al., 1988). Adding to
these diagnostic complications is the difficulty of detecting the spirochetes in
affected tissues.

Borrelia infection has been combatted with antibiotics, e.g., tetracycline,
penicillin, amoxycilin, doxycilin, erythromycin and phenoxymethylpenicillin
(Neu, H., (1988) Ann. N.Y. Acad. Sci., 539: 314-316; Skoldenberg, B. et al.
(1988) Ann. N.Y. Acad. Sci. 539: 317-323; Weber, K. et al. (1988) Ann. N.Y.
Acad. Sci. 539: 325-345; Luft., B. J. et al. (1988) Ann. N.Y. Acad. Sci, 539:
352-361). Ceftriaxone, and chemically similar compounds, have also been useful
as chemotherapeutic agents (Neu, 1988). However, the establishment of protocols
for effective chemical treatment of Lyme disease has been hampered by the lack
of data with which an appropriate time period for treatment could be
established. Additionally, there has been a lack of studies of the effectiveness
of drugs in human patients. *Further complicating the therapeutic picture is the
need to establish and maintain sufficiently high tissue concentrations of
antibiotics to combat chronic Borrelia infection* (Neu, 1988; Skoldenberg et
al., 1988).

http://www.patentstorm.us/patents/6316005/fulltext.html
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[0005] Currently, Lyme Disease is treated with antibiotics. However, such
treatment is not always successful in clearing the infection. Treatment is often
delayed due to improper diagnosis with the deleterious effect that the infection
proceeds to a chronic condition, where treatment with antibiotics is often not
useful. One of the factors contributing to delayed treatment is the lack of
effective diagnostic tools.

___________________________________________________________________________________
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Assignee: Regents of the University of Minnesota (Minneapolis, MN)
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The *chronic* forms of the disease such as arthritis (joint involvement),
acrodermatitis chronica atrophicans (skin involvement), and Bannwart's syndrome
(neurological involvement) *may last for months to years and are associated with
the persistence of the spirochete*.

A case of maternal-fetal transmission of B. burgdorferi resulting in neonatal
death has been reported.

The infection may be treated at any time with antibiotics such as penicillin,
erythromycin, tetracycline, and ceftriaxone.

*Once infection has occurred, however, the drugs may not purge the host of the
spirochete but may only act to control the chronic forms of the disease.*

Complications such as arthritis and fatigue may continue for several years after
diagnosis and treatment.

http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PALL&p=1&u=/\
netahtml/PTO/srchnum.htm&r=1&f=G&l=50&s1=4,721,617.PN.&OS=PN/4,721,617&RS=PN/4,7\
21,617
Alan Barbour:

"These tick-borne infections are notable for multiphasic antigenic variation through DNA recombinations in the case of relapsing fever, the occurrence of chronic arthritis in the case of Lyme disease, and
invasion of and persistence in the brain in the case of both diseases."

Alan Steere:
While initial symptoms often include a rash at the infection point, Lyme disease is a multisystemic disorder that may include arthritic, cardiac, and neurological manifestations. While antibiotics are currently used to treat active cases of Lyme disease, B. burgdorferi persists even after prolonged antibiotic treatment. Further, B. burgdorferi can persist for years in a mammalian host in the presence of an active immune response (Straubinger. R. et al., J. Clin. Microbiol. 35:111-116 (1997); Steere, A., N. Engl. J. Med. 321:586-596 (1989)).

___________________________________________________________________________________


For 2008: http://report. nih.gov/rcdc/ categories/ ProjectSearch. aspx?FY=2008& DCat=Lyme% 20Disease

CD14 AND THE IMMUNOPATHOGENESIS OF CHRONIC LYME DISEASE 
2008 SELLATI, TIMOTHY $330,675

Borrelia burgdorferi: invasion and chronicity 
2008 BENACH, JORGE $388,905

TARGETS FOR AUTOANTIBODIES FROM SYNOVIAL LESIONS IN CHRONIC LYME ARTHRITIS 
2008 HUBER, BRIGITTE $5,187

For 2009: http://report. nih.gov/rcdc/ categories/ ProjectSearch. aspx?FY=2009& ARRA=N&DCat= Lyme%20Disease

Borrelia burgdorferi: invasion and chronicity 
2009 BENACH, JORGE $400,577

For 2010: http://report. nih.gov/rcdc/ categories/ ProjectSearch. aspx?FY=2010& ARRA=N&DCat= Lyme%20Disease

Borrelia burgdorferi: invasion and chronicity 
2010 BENACH, JORGE $408,465
______________________________________________________________________________
REAL-TIME IMAGING ANALYSIS OF VECTOR-BORNE LYME BORRELIOSIS PATHOGENESIS & PERSISTANCE

2010 BOCKENSTEDT, LINDA $413,750

HEALTH RELEVANCE: Lyme disease, due to infection with the tick-transmitted spirochete Borrelia burgdorferi (Bb), is the most common vector-borne disease in North America. The mechanisms whereby Bb infects, disseminates and persists in mammals are poorly understood. This application will use state-of-the- art imaging approaches, including multiphoton microscopy, to study features of the outer membrane of Bb and Bb motility patterns that may allow it to escape immune and antibiotic-mediated destruction in vivo. 

http://projectrepor ter.nih.gov/ project_info_ description. cfm?projectnumbe r=1R01AI085798- 01A1
___________________________________________________________________________________

MOUSE MODEL OF LYME BORRELIOSIS

2010 BARTHOLD, STEPHEN $590,849

Relevance: Pathogen persistence and evasion of host immunity are highly relevant issues for all chronic infectious diseases, but Lyme borreliosis in particular. The proposed studies will incisively investigate the mechanisms of Borrelia burgdorferi persistence, which will help lead to more effective treatment. 

http://projectrepor ter.nih.gov/ project_info_ description. cfm?projectnumbe r=5R01AI026815- 22
***Total spent on Lyme research: http://report. nih.gov/rcdc/ categories/ ***

FY 2007 $26m / FY 2008 $22m / FY 2009 $25m / FY 2010 $24m / estimated FY 2011 $24m / estimated FY 2012 $25m (A lot for something that is so easy to treat!)
