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1.0 Introduction and Overview

1.1 Executive Summary

The purpose of this document is to provide an overview of the developmental and
regulatory history of LYMErix® [Lyme Disease Vaccine (Recombinant OspA)] from
initial IND (Investigational New Drug Application) to the present, with particular
emphasis on its safety profile.

Section 1 provides background information on Lyme disease (LD) itself, the vaccine, and
the regulatory history, which includes interactions between SmithKline Beecham
Biologicals (SBBio), its advisors, and The Agency.

Section 2 provides a summary of the data, specific issues of interest, and overall safety
assessment for L YMErix that supported licensure and launch.

Section 3 addresses the post licensure commitments and the activities that were instituted
in order to continue and expand safety assessment, together with the current view of the
safety profile of LYMErix. Several of the commitments, especially those which were to
be accomplished in the short-term post approval, are completed; others, which were to
take longer to accomplish have been implemented and are ongoing. Efforts are underway
to enhance the enrollment of subjects in a post marketing safety assessment cohort study
being conducted out of Harvard Pilgrim Health Care (HPHC).

As a result of post marketing experience, two changes to the safety section of labeling are
being proposed: one describes the reporting of concomitantly occurring symptoms,
already individually described in the product label; the other describes the occurrence of
hypersensitivity reactions not previously observed in clinical trials. The proposed
labeling changes have been shared with The Agency and are being prepared for
submission; they are also described in this document (see Sections 3.6.1 and 3.6.2).

As compared to the safety profile of LYMEvrix at approval, data from post marketing
surveillance (PMS) and Phase IV studies do not indicate any additional safety concerns.

To date, available results do not indicate any increased incidence of an inflammatory
arthropathy or chronic neurologic events, nor do they provide support for theoretical
concerns.

Finally, additional clinical trials being conducted since licensure have not brought to light
any novel safety concerns to date.
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Note: A full copy of the current Product Information (PI) for LYME¥ix, together with
associated references, is provided in Attachment 1.

1.2 Background

1.2.1 Lyme Disease

Lyme disease is a multisystem disease caused by infection with the bacterial spirochete,
Borrelia burgdorferi (B. b.), which is transmitted by Ixodes ticks. Since its recognition
in 1975, LD has become the most commonly diagnosed vector-borne disease in the
United States, with over 99,000 cases reported to the Centers for Disease Control and
Prevention (CDC) from 1982 to 1996. Although most cases have been reported in the
Northeast, upper Midwest and Pacific coastal areas of the United States, infections have
been reported in almost all states (see map below).

Lyme Disease: Reported Cases, per 100,000 - Population, United States, 1996

The early stage of LD is usually characterized by a rash (erythema migrans) and may be
accompanied by fever, fatigue, myalgias and/or arthralgias. Early disseminated
manifestations include secondary skin lesions, neurologic involvement, cardiac
involvement, and musculoskeletal symptoms usually consisting of migratory pain in
joints and the surrounding soft tissue structures. Late stage disease occurs months to
years after initial infection and may be manifested as chronic arthritis, chronic neurologic
abnormalities or acrodermatitis chronica atrophicans. Not all patients with LD have this
characteristic progression of symptoms. Late stage disease usually requires more
intensive therapy and may result in permanent sequelae.

Currently, there are no clinically proven methods to control enzootic B. b. infection or to
prevent its spread. Personal protection measures to avoid tick bites are cumbersome,
inconvenient and infrequently implemented, and are thus largely ineffective in
eliminating the risk of LD in endemic regions. Moreover, late stage disease may result
from early disease that is either unrecognized or fails to respond to treatment, or from
asymptomatic infection. As a result of these factors, the introduction of a preventive
vaccine was considered to be a critical approach to the primary prevention of LD in the
United States.
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For additional information on LD and its epidemiology, please refer to the PI provided as
Attachment 1.

1.2.2 Description of the Vaccine

LYMETrix 1s a noninfectious recombinant vaccine developed and manufactured by SBBio.
The vaccine contains lipoprotein OspA (Lipo-OspA), an outer surface protein of B. b.
sensu stricto 757, as expressed by Escherichia coli.

Each 0.5 mL dose of vaccine consists of 30 mcg of Lipo-OspA adsorbed onto 0.5 mg
aluminum (as aluminum hydroxide). Each dose of the vaccine preparation contains 10
mM phosphate buffered saline and 2.5 mg of 2-phenoxyethanol, a bacteriostatic agent.

Primary immunization against LD consists of a 30 mcg/0.5 mL dose of LYME¥rix given
by the intramuscular (i.m.) route at 0, 1 and 12 months. The vaccine is currently
indicated for active immunization against LD in individuals 15 to 70 years of age.

1.2.2.1 Mechanism of Action

LYMErix stimulates specific antibodies directed against B. b. The organism contains
several outer surface proteins. Administration of Lipo-OspA to mice results in the
formation of specific IgG anti-OspA antibodies. These antibodies have demonstrated
bactericidal activity.

Borrelia burgdorferi express OspA while residing in the midgut of the infected tick, but
OspA is downregulated after tick attachment and is usually undetectable or absent when
B. b. is inoculated into the human host. Thus, a novel hypothesis has been proposed to
explain the effectiveness of Lipo-OspA vaccination: when infected ticks bite humans
who have been vaccinated with LYMET¥ix, the vaccine-induced antibodies are taken up by
the tick and interact with the B. . in the midgut of the tick, thereby preventing
transmission of the organism to the host. This mechanism has been suggested by a pre-
clinical study in which B. b. were detected by immunofluorescence assay in none of the
ticks that fed on OspA-immunized mice, compared with 72% of ticks that fed on control-
immunized mice.

1.3 Regulatory History of LYMErix

An outline of the regulatory history of LYME¥ix (pre-IND to present) is provided in
Figure 1.
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1.3.1 Pre-Licensure Activities

Following extensive preclinical testing and preliminary clinical testing in Europe, which

lead to the selection of the Lipo-OspA candidate for further development, SBBio and the
Food and Drug Administration (FDA) convened a pre-IND meeting in October, 1993, in

order to agree upon initial US development plans. The IND application was submitted in
February, 1994, in order to initiate Phase II clinical studies.

Subsequent to IND filing, five seminal regulatory meetings were held during the pre-
licensure period:

In June, 1994, FDA's Vaccines and Related Biological Products Advisory Committee
(VRBPAC) convened to discuss and advise on the conduct of a pivotal efficacy and
safety study for Lyme vaccine. At this time, the Advisory Committee made
recommendations on the following:

case definition.

1° and 2° study endpoints.

two-year follow-up for safety and efficacy.

inclusion of patients with previous history of LD.

In December, 1994, SBBio held an End of Phase II meeting with the Center for
Biologics Evaluation and Research (CBER) in order to discuss and agree upon the
final design of the extensive Phase III efficacy and safety trial, Lyme-008, based on
available data and the recommendations of the June, 1994 VRBPAC meeting. The
pivotal efficacy trial was initiated in January, 1995.

While the efficacy trial was in progress, another VRBPAC hearing was convened in
April, 1996, to discuss the basis for proceeding to a pediatric indication for Lyme
vaccine. In addition, the following theoretical questions were raised for the vaccine:

- the potential for exacerbation of B. b. pathology in individuals with a previous
history of LD (see Section 2.2.4.1).

- the possibility that the vaccine might alter or mask the presentation of LD in

vaccine failures, with the result that no treatment is administered (see Section
1.3.2).

- possible induction of autoimmune arthritis due to production of anti-OspA
antibodies (see Section 2.2.4.2).
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* Based on demonstration of efficacy in Lyme-008, a pre-PLA (Product License
Application) meeting was held with CBER in January, 1997. This resulted in the
submission of the PLA and ELA (Product and Establishment License Application) in
September of that year.

* The last VRBPAC was convened to discuss the basis for approval of LYMET¥ix, in
May, 1998. In the clinical trials which were completed at the time of licensure, a
total of 6,478 individuals received more than 18,000 doses of the ultimately licensed
formulation and strength of LYME¥rix (30 mcg OspA adsorbed onto aluminum), on a
0, 1, 12-month schedule. The vaccine was deemed safe and efficacious.

1.3.2 Licensure of LYMErix

A summary of the data, specific issues of interest and overall safety assessment for
LYMErix that supported licensure is outlined in Section 2 of this briefing document.

In brief, a large body of data was accrued prior to licensure which, in toto, provided
evidence that LYMErix had an acceptable safety profile. The retention rate of volunteers
in the clinical studies was very high (approximately 95% in the phase III pivotal trial),
underscoring the tolerability of the vaccine in such individuals. The body of safety
information is summarized in Section 2; however, the following is worth highlighting:

= Serious adverse events (AEs) did not occur more frequently in the vaccine group than
in the placebo.

= An evaluation of the safety of the vaccine in subjects with a previous history of LD
did not point to any evidence of exacerbation of B. b. pathology.

= No evidence of induction of an autoimmune arthritis as a result of vaccination was
seen (see Sections 2.2.4.2 and 3.6.3). Additionally, no cases of hypersensitivity
reactions to vaccination were reported in clinical trials.

= With regard to the potential impact of vaccination on the course of LD and its
diagnosis (as raised at the 1996 VRBPAC), it was concluded that there was no impact
of vaccination on the clinical presentation of disease. However since vaccination
may result in positive IgG ELISA in the absence of infection, Western Blot (WB),
should be used to confirm LD (see labeling in Attachment 1, Laboratory Test
Interactions).

Based on the above safety data and in conjunction with the demonstrated efficacy of
LYME¥ix in preventing LD (78% efficacy against definite LD and 100% efficacy against
asymptomatic infection after 3 doses), the product was approved in December, 1998. At
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approval, commitments were made to continue evaluation of the safety profile of
LYMETrix post approval; these activities are outlined below (Section 1.3.3), and progress
on the commitments is detailed in Section 3 of this document.

1.3.3 Post Licensure Commitments

LYMErix was launched in January, 1999, and has thus been in the US marketplace for
exactly two years. The vaccine continues in development for evaluation of potential new
indications and for completing the ongoing commitments. A status report on these
activities is provided in Section 3; below is provided a brief summary of the status of the
commitments.

1.3.3.1 Post Marketing Safety Assessment Cohort Study

To address the theoretical concern that immunization with a vaccine containing OspA
might induce an autoimmune arthritis, a post marketing safety assessment cohort
study based on automated record linkage methodology, was initiated at HPHC. The
primary objective of the study is to evaluate whether exposure to LYMEF¥ix is a risk
factor for new onset inflammatory arthropathy, and also to evaluate whether exposure
to LYMETvix is a risk factor for LD, treatment resistant LD, rheumatoid arthritis,
certain neurologic diseases, allergic events, hospitalizations and death.

Twenty five thousand HPHC members who are expected to receive LYMErix vaccine
are being matched to a group of non-vaccinated (unexposed) HPHC members with a
1:3 ratio for age, gender and primary care practice. The follow-up period is four
years. The planned exposure will provide more than 80% power to rule out an
incident rate ratio of 2 for an adverse event which occurs at a rate of 3 per 10,000 in
the control group.

Following submission of the draft protocol to CBER in May, 1999, discussions were
held which resulted in submission of an agreed protocol in May, 2000. Database
queries were initiated at that time, going back to entries beginning with January,
1999. To date, three quarterly interim reports have been submitted for review by The
Agency (June 15, 2000, September 15, 2000 and December 15, 2000).

For the most recent report, HPHC automated record systems identified 3,677
individuals with codes indicating L YMErix immunization through November 15,
2000. Matched data were available for 2,568 vaccines and 7,497 controls
encompassing the initial six months since L YMETrix licensure.

At this preliminary stage, the available results of this study do not suggest that
rheumatologic, neurologic, or allergic outcomes of interest, identified a priori in the
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study protocol as being of particular interest, were more frequent among LYME¥ix
recipients than among unexposed subjects.

* Having recognized that enrollment of vaccinees into the database is at a slower rate
than anticipated in the protocol, in order to augment accrual, HPHC has identified
two additional Health Maintenance Organizations (HMOs) in LD endemic areas
(Health Partners of Minnesota and Tufts Health Plan) as collaborators on the study.
These institutions will begin contributing data in the very near future.

1.3.3.2 Study on Cell Mediated Immunity

Additional analyses of data on cell mediated immunity (CMI) and HLA typing from the
pivotal Lyme-008 study were completed after licensure and a study report submitted to
CBER in December, 1999.

The results of HLA typing, CMI responses, and evaluation of specific adverse reactions
in these subsets did not provide support for an association between vaccination with
LYME¥ix and an increased incidence of an inflammatory arthropathy.

1.3.3.3 Reproductive Toxicity Study and Pregnancy Registry

At the time of licensure, the following Guidance documents pertaining to products for use
in adolescents and adults were in draft at The Agency:

(a) "Considerations for Reproductive Toxicity Studies for Preventive Vaccines for
Infectious Disease Indications" (subsequently published in draft form for comment in
August, 2000 and,

(b) " Establishing Pregnancy Registries" published for comment in June, 1999.

Based on alerts to these Guidances at the time of approval in 1998, SBBio made
commitments to conduct a preclinical reproductive toxicity study with LYMErix and to
establish a pregnancy registry (with design agreed by The Agency) as a condition of
licensure.

The reproductive toxicity study has been completed; a report was submitted to The
Agency in January, 2000. There were no pertinent adverse findings. The registry of
pregnancies has been established and is in operation; its review to date has indicated no
pattern of abnormal pregnancy events.
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1.3.4 Post Marketing Surveillance

Post marketing surveillance (PMS) has been in effect since launch of the vaccine in
January, 1999, and seven quarterly reports have been submitted to The Agency.
Approximately 1.4 million doses have been distributed. An overview of the current safety
profile for LYMETvix is provided in Section 3.

Correspondence describing all activities related to capture of AE reports between SBBio
and CBER during the past six months has resulted in the following additional steps to
quality assure the complete and timely capture of AEs from clinical trials and the PMS
process, as follows:

expedition of reporting on musculoskeletal and neurological events.

Submission of musculoskeletal and neurological events, regardless of seriousness,
was expedited (submitted to The Agency within 15 days of receipt by SBBio). This
practice was instituted at CBER's request in a letter to SBBio of June 28, 2000, to
ensure the earliest accrual of this information.

Letter to Investigators.

In order to further assure that investigators remain receptive to reports of AEs from
subjects who completed participation in clinical trials, so that such reports could be
recorded in our database and provided to The Agency, SBBio wrote a letter to
investigators on November 29, 2000, requesting their attention to this matter. The
letter noted that it had been brought to our attention that some subjects who
participated in past clinical trials have met with some resistance when reporting AEs
to their original trial sites. The letter reiterated the procedures and responsibilities in
reviewing and reporting AEs; additionally, it encouraged investigators to report any
AE to SBBio regardless of attribution, if a subject/parent/guardian seemed
particularly concerned about an event.

The current safety profile of LYMETrix is as follows:

The profile is generally similar to that observed at licensure. For other reported AEs,
causal relationships with Lyme vaccine have not been established.

The following findings, however, have led to a proposed labeling change, a
preliminary draft of which was shared with CBER by facsimile on January 3, 2001:

- Reporting of concomitantly occurring symptoms already described individually in
the product label (arthralgia, fatigue, fever, influenza-like symptoms, chills/rigors,
headache, achiness, myalgia and nausea), with an early onset (see Section 3.6.1)
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- Hypersensitivity reactions not previously observed in clinical trials (see Section
3.6.2).

= Based on the data available, no pattern, except that described above as a proposed
labeling change, was identified and there is no evidence that arthritic conditions
reported were related to an autoimmune process. Furthermore, there were no
unexpected patterns in age, gender, time to onset, vaccine dose, or number of reports
of rheumatoid arthritis and facial paralysis. The musculoskeletal data will be
evaluated by an independent panel of rheumatology experts.

1.3.5 Clinical Trials Completed and Ongoing Since Licensure

In addition to the data accrued in the PMS system, additional clinical data have been
forthcoming from controlled clinical trials reported or initiated after the licensure of
LYMErix. These trials involve alternate vaccination schedules and pediatric subjects,
(n=3900), and booster studies (n =1 800). The data available from these investigations
do not bring to light any new safety concerns.

1.4 Conclusions

Based on the review of the efficacy and safety of LYMErix by FDA and the VRBPAC,
licensure was granted on December 21, 1998. It has thus been marketed in the US for
two years.

All regulatory activities and commitments to expand our knowledge of the safety of
LYMErix are completed or in place and ongoing, including efforts to ensure timeliness
and completeness in the accrual of post marketing trial and surveillance data.

To date, there are two changes proposed to the approved labeling: one describes the
reporting of concomitantly occurring symptoms, already individually described in the
product label; the other describes the occurrence of hypersensitivity reactions not
previously observed in clinical trials.
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Figure 1: Regulatory History of LYMEvrix

| Oct 28,1993  Pre-IND Meeting |
| Feb 2,1994  IND Submitted |
| Jun 7, 1994 VRBPAC Meeting on Lyme Disease & Vaccine Pivotal Development |
| Dec 6, 1994 End of Phase II Meeting and Lyme—008 discussion |

Apr 10, 1996

VRBPAC Meeting on Theoretical Safety Concerns and Plan for Pediatric
Development

| Jan 28, 1997

Pre- PLA Meeting

| Sep 15, 1997

PLA/ELA Submitted

| May 26, 1998

VRBPAC Meeting to Evaluate Safety and Efficacy for Approval

| Dec 21, 1998

LYMErix Approved

| Jan 08, 1999

LYMErix Launched

| May 10, 1999

Post Marketing Cohort Study Protocol Submitted (Commitment )

| Dec 22, 1999

Final Report of CMI Study Submitted (Commitment)

| Jan 20, 2000

Reproductive Toxicity Study Report Submitted (Commitment)

| Jun 15, 2000

Post Marketing Cohort Study First Interim Report Submitted (Commitment)

June 28, 2000
and
July 24, 2000

Letter from FDA and Response from SB, respectively, on questions of safety

reporting

Sep 15, 2000

Post Marketing Cohort Study Second Interim Report Submitted
(Commitment)

| Dec 15, 2000

Post Marketing Cohort Study Third Interim Report Submitted (Commitment)

| Dec 19, 2000

Copy of Letter to Investigators (distributed Nov 29, 2000) Submitted

| Jan 3, 2001

Proposed label change sent to The Agency
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2.0 Safety Assessment of L YMErix for Licensure/Approval

2.1 Overall Summary of Studies

In support of licensure of the vaccine, SBBio conducted a total of 16 clinical trials
(including ongoing trials) by the time of submission of the PLA (see Table 1).

In Phase I clinical trials in Europe (Lyme-001 to Lyme-004), several candidate LD
vaccines containing NS1-OspA or Lipo-OspA antigen were evaluated. The Lyme vaccine
candidate, Lipo-OspA adsorbed on aluminum hydroxide, was found to be highly
immunogenic with an acceptable safety profile and therefore was selected for Phase I1.

Two Phase II trials (Lyme-005 and Lyme-007) were performed in the U.S. Lyme-005
was a double-blind placebo controlled dose range study, conducted at three highly
endemic sites, with approximately 90 subjects per group. Subjects were vaccinated with
3, 10, or 30 mcg of the candidate vaccine or placebo. The data demonstrated that the
vaccine was immunogenic in a dose dependent fashion for anti-OspA antibodies. In
regard to safety, there was no increase in the incidence of local or general symptoms
following each successive dose. This study also provided valuable experience with regard
to methodologies for surveillance of LD, documentation of disease, and case definitions,
which supported the very thorough and robust design of the pivotal efficacy trial.

Lyme-007 was initiated to address the issue of the safety of the vaccine in subjects with
previous, well-documented LD. In the Lyme-007 trial, subjects previously infected with
B. b. did not demonstrate vaccine-induced serious adverse effects when vaccinated with
Lipo-OspA. Specifically, the vaccine did not induce any Lyme-like pathology. Based on
the immunogenicity and safety data from Lyme-005 and -007, clinical development of
the 30 mcg Lipo-OspA/0.5 mg aluminum vaccine proceeded to the Phase III pivotal
efficacy trial.

Vaccine efficacy was demonstrated in a prospective, multi-center, randomized, double-
blind, placebo controlled trial (Lyme-008). This study was conducted over two tick
transmission seasons, utilizing investigators located at 31 sites highly endemic for LD,
most of which were in the northeastern United States. Beginning in January, 1995, a total
of 10,936 healthy adolescents and adults (15-70 years) at risk of LD were randomized to
received vaccine or placebo. Doses were administered at baseline, 1 and 12 months (0, 1,
12 months). Subjects were followed for a total of 20 months in Lyme-008 and then for an
additional 4 months in an open label fashion in a follow-up study, Lyme-013. Therefore,
24 months of safety data were available for the original Lyme-008 cohort at the time of
licensure. As such, the majority of the safety data which was the basis for licensure of
LYMErix was gathered in the context of this pivotal efficacy trial.
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The Lyme-008 study accrued more than 17,000 person-years of observation and provided
a large body of evidence that the candidate Lyme vaccine was efficacious, immunogenic
and safe. The retention rate of volunteers in this study was very high (almost 95%),
underscoring the tolerability of this vaccine. Vaccine efficacy against definite LD was
78% (95% CI: 59% to 88%) after three doses of LYMErix (13 cases among 4,765
subjects in the vaccine group; 58 cases among 4,784 subjects in the placebo group).
Vaccine efficacy against asymptomatic infection was 100% (95% CI: 30% to 100%)
after three doses of LYMErix (0 cases among 4,765 subjects in the vaccine group; 13
cases among the 4,784 subjects in the placebo group).

In the clinical trials which were completed at the time of licensure, a total of 6,478
individuals received more than 18,000 doses of the ultimately licensed formulation and
strength of LYMErix (30 mcg OspA adsorbed onto aluminum) on a 0, 1, 12-month
schedule.



Table 1 Summary of Studies by Study Design and Objectives

Study | Phase Age Design/Objectives Formulation (N) Schedule Duration
(yrs) (months) (months)
001 I 18-40 o NS1 5 meg (12) 0,1,2 6
NS1 20 meg/AL (12)
002 I 18-49 O,R NS1 10 meg/AL (60) 0,1,2 24
NS1 10 meg/AL + MPL (60)
L 10 mcg/AL (60)
003 I 18-49 DB, R NS1 10 mcg/AL + MPL (80) 0,1,2 3
L 10 mcg/AL (80)
NS1 10 mcg/AL (80)
004 I 18-47 O,R L 10 mcg/AL (30) 0,1,2 3
L 30mcg/AL (30)
L 30 mcg (30)
005 11 18-83 DR, R, DB, L 10 mcg/AL (89) 0,1,2 12
PC, MC placebo/AL (87)
HLA typing L 3 mcg/AL (88)
L 30 mcg/AL (89)
007 11 21-79 O, NR L 3mcg/AL (5) 0,1,2 6
Safety in previous LD L 10 mcg/AL (5)
L 30 mcg/AL (20)
008 I 15-70 DB, R, PC, MC L 30 mcg/AL (5,469) 0,1,12 20
Pivotal Efficacy placebo/AL (5,467)
009 11 18-49 O,R L 30 mcg/AL (30) 0,1,2 13
L 30 mcg (60)

JuawinooQ Buyaug BunesiN DVJEYA TE Alenuer XUINAT

8T0000



010 11 18-48 O,R L 30 mcg/AL (20) 0,1 2
different lots L 30 mcg/AL (20)
013 111 15-70 0, MC L30 mcg/AL 4 months pre- 17
Extended F/U of 008 vaccine then
Placebo Crossover 0,1,12
in prior placebo
recipients
014 111 14-50 0O, R, MC L 30 mcg/AL 0,1,6 13
Alternate Schedule or
0,1,12
015 1I 5-15 DB, R L 30 mcg/AL 0,1,2 3
Pediatric Population L 15 mcg/AL
016 1 15-70 0, R, MC L 30 mcg/AL 0,1,2,12 13
Alternate Schedule or
0,1,12
017 111 15-70 0] L 30 mcg/AL Booster 36
Booster
018 11 18-50 O L 30 mcg/AL 0,7, 28 days 2
019 1I 15-50 DB, R L 30 mcg/AL 0,1 3

JuawinooQ Buyaug BunesiN DVJEYA TE Alenuer XUINAT

670000



Design Codes

DB = Double Blind
DR = Dose Ranging
MC = Multicenter

N = Number
NR = Non-randomized
O =Open

PC = Placebo Controlled
R = Randomized

Formulation Codes

AL = Aluminum (as aluminum hydroxide)
L = Lipoprotein OspA

MPL = Monophosphoryl lipid A

NS1 =NS1-OspA (fusion protein)

JuawinooQ Buyaug BunesiN DVJEYA TE Alenuer XUINAT

020000
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2.2 Safety and Reactogenicity of LYMETrix in the Pivotal Efficacy Trial
(Lyme-008)

Adverse events were recorded at each study visit. In addition, all subjects were asked to
describe any AEs which might have occurred between vaccinations or visits via
postcards.

Unsolicited events were recorded at early (< 30 days) and late (> 30 days) post
vaccination intervals (through month 24); any cases of suspected but unconfirmed LD
were considered and analyzed as "general unsolicited AEs."

Serious unsolicited events were recorded for all subjects throughout the entire study.

Solicited events (reactogenicity data recorded on diary cards on the day of vaccination
and through three additional days) were solicited from a subset of the total cohort
consisting of all subjects at a single site.

In addition, events/areas of special interest for safety assessment were evaluated (see
Section 2.2.4):

- safety profile in the subset of study participants with previous LD.
- autoimmune arthritis (addressed prospectively).
- rates of neurological and cardiac events in vaccinees and placebo recipients.

A summary of the data obtained is provided below.

2.2.1 Unsolicited Adverse Events

The most frequently reported (>1%) unsolicited AEs within 30 days of vaccination for all
subjects receiving at least one dose (n = 10,936) in the double-blind, placebo-controlled
efficacy trial (Lyme-008) are shown in Table 2 of the LYMErix Prescribing Information
(PI, see Attachment 1). More vaccine than placebo recipients reported local and general
unsolicited symptoms within 30 days of each dose. This difference was more
pronounced for local symptoms than for general symptoms. Statistically significant
differences were found between the vaccine and placebo groups for fever, influenza-like
symptoms, injection site pain, injection site reactions, myalgia and rigors.

The most frequently reported (>1%) unsolicited AEs occurring more than 30 days
following vaccination for all subjects (n = 10,936) in Lyme-008 are shown in Table 3 of
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the LYMET¥ix PI (see Attachment 1). As can be seen, no statistically significant
differences were found between placebo recipients and vaccinees in the comparison of
AEs by body system or the incidence of any frequently reported late AE by preferred
term after any dose or overall.

2.2.2 Solicited Adverse Events

The frequency of solicited local and systemic AEs was evaluated in a subset of the study
population (n = 938) who comprised the total enrollment at one study center in the Lyme-
008 efficacy trial. Of these 938 subjects, 800 completed a 4-day diary card following
each of three doses, and were evaluable according to protocol. Table 4 of the LYMErix P1
(see Attachment 1) shows the percentage of subjects reporting a solicited symptom
following any one of the three doses and overall.

The majority of subjects (vaccinees, 96.5%; placebo recipients, 82.4%) reported at least
one symptom. Most solicited events were mild to moderate in severity and limited in
duration. As with most vaccines, soreness was the most common solicited injection site
reaction, which often lasted for several days. Redness and swelling at the injection site
were reported to occur less frequently. Severe soreness was reported to occur following
only approximately 5% of doses administered. General symptoms were reported at a
lower frequency than local symptoms. Headache and fatigue were the most commonly
reported systemic AEs following vaccination. Severe systemic reactions, including fever,
were reported rarely. For both local and general symptoms, reaction rates did not appear
to increase with successive doses.

As can be seen from Table 4 of the PI (see Attachment 1), statistically significant
differences were found between the vaccine and placebo groups for the overall rates of
each solicited symptom with the exception of headache and fever, and the rates were
higher for vaccinees than for placebo recipients.

2.2.3 Serious Adverse Events Including Deaths

Serious AEs did not occur more frequently overall or for any body system in the vaccine
group as compared to placebo (refer to Adverse Reactions Section of the LYMErix PI in
Attachment 1). Among the 10,936 subjects enrolled in the efficacy trial and followed for
20 months, a total of 15 deaths occurred (10 vaccine, 5 placebo). None of these deaths
were judged by investigators to be treatment-related. In the vaccine group, causes of
death included: cancer (5), myocardial infarction (3), sudden death (1), cardiac arrest (1).
In the placebo group, causes of death included: cancer (1), sudden cardiac death (1),
cardiac arrest (1), septic shock (1), homicide (1).
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2.2.4 Areas of Special Interest
2.2.4.1 Subjects with Previous LD

Due to a theoretical concern regarding exacerbation of B. b. pathology, the safety profile
of LYMETrix was evaluated in Lyme-008, in subjects with a previous history of LD.
Subjects with previous LD were assessed using two definitions:

= those whose baseline sera were evaluated for Western blot (WB) (n = 250); and
= those who at study entry self-reported a previous history of LD (n = 1,206).

The nature and incidence of AEs (either early or late) did not differ between vaccinees
determined to have been WB-positive at baseline (n = 124) compared to vaccinees
determined to have been WB-negative at baseline (n = 151).

Interestingly, using the more subjective definition, vaccinees with a self-reported history
of LD had a greater incidence of the following symptoms than vaccinees with no prior
history of LD: musculoskeletal symptoms (early and late), psychiatric disorders (early
and late), central, peripheral and autonomic nervous system disorders (late), and
gastrointestinal disorders (late). The same pattern was observed in the placebo subjects
for all the above mentioned symptoms, except for musculoskeletal symptoms of early
onset, where no statistical difference was observed in the placebo group self-reporting
LD. The data indicate that subjects self-reporting a history of LD tend to report more
adverse events in general.

In summary, although an excess of certain adverse events have been reported in subjects
self-reporting LD, as compared to subjects who did not report LD, this has not been
confirmed if prior LD status is determined using the more objective WB positivity
criterion. The data, therefore, do not provide a basis for the theoretical concern that the
vaccine might exacerbate symptoms in subjects with previous LD.

2.2.4.2 Induction of Autoimmune Arthritis

Introduction

In June 1998, Allen Steere published a paper entitled "Identification of hLFA-1 as a
candidate autoantigen in treatment resistant Lyme arthritis" (Gross DM et al. 1998,
Science 31;281:703-6), presenting the hypothesis that OspA is responsible for treatment
resistant Lyme arthritis (TRLA) because its sequence contains a peptide homologous to
LFA-1, an integrin receptor present on the surface of lymphocytes. This publication had
been preceded by a series of others suggesting that TRLA could be an autoimmune
disease triggered by a B. b. infection.
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The observations presented in this paper suggest an association between a B. b. infection
and the subsequent development of TRLA in a fraction of infected individuals. They also
indicate that OspA contains a peptide that is partly homologous to an LFA-1 peptide, one
that has a high probability to be a DRB1*04 epitope.

Preclinical evaluation

By themselves, these results do not support formally the demonstration of a link between
the presence of an anti-OspA response in the joint and the development of TRLA via an
autoimmune phenomenon, since:

= it has been shown recently that epitope mimicry by itself, or even in vitro T-cell
cross-reactivity are not sufficient to explain a potential auto immune disease (Maier et
al., 2000, Eur J Immunol 30:448-57)

= the presence of arthritic symptoms in one (or only a few) joint(s) in TRLA upon
infection, does not support an autoimmune phenomenon due to a cross-reactivity
between OspA and LFA-1. Indeed, this molecule is present throughout the body, so
that multiorgan autoimmune phenomena should be expected. The monojoint nature
of the arthritis rather suggests the undetected presence of Borrelia or Borrelia
antigens in the synovial fluid or in the synovium.

In any case, even if demonstrated true, the development of TRLA resulting from the
molecular mimicry between OspA and hLFA-1 has requirements that are not achieved by
vaccination. It indeed implies that a B. b. infection has taken place in the affected joint.
This infection is essential to generate a strong Th1 response in the joint, which is not
expected to result from vaccination with OspA.

Since the May, 1998, meeting of the VRBPAC and the publication of the Gross et al.
paper, no data have been published to further demonstrate the hypothesis put forth in that

paper.

The above data have been reviewed by an independent panel of experts in autoimmunity,
who reached the conclusion that the data available do not support the hypothesis of
autoimmune origin of TRLA.

In addition, SBBio has recently initiated a series of experiments in mice to analyze the
impact vaccination with OspA on joints. C3H mice have been shown to be susceptible to
the development of arthritis upon B.b. infection, and have therefore been selected for
these experiments.
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Mice were either immunized twice in one leg with 1/10 of a LYMErix dose or were
infected with B.b. The animals were observed for the development of clinically visible
arthritis, and subsequently sacrificed to evaluate histologically the presence of OspA
and/or of an inflammatory process in the proximal, as well as distal joints.

Preliminary results show the following:

= the infected animals developed a clinical arthritis, as judged by joint swelling.
* none of the vaccinated animals showed signs of joint swelling.

* no inflammation was visible in the joints of the vaccinated mice.

* no OspA was seen in the joint of the vaccinated mice.

The results of this experiment indicate that upon vaccination with OspA, none of the
requirements identified for the development of TRLA (presence of OspA in the joint,
inflammatory process) are met.

Clinical Observation

From a clinical point of view, the theoretical concern that high anti-OspA titers from
vaccination may induce an inflammatory arthropathy was addressed prospectively in
Lyme-008 by the sponsor and the Data Safety Monitoring Board (DSMB). Additionally,
HLA typing was performed in Lyme-005 (Phase II trial), as well as in a subset of Lyme-
008 subjects. Cell mediated immunity was also evaluated in the same Lyme-008 subset.
A preliminary report of the CMI findings from this subset was reviewed prelicensure; a
final report was submitted following approval in fulfillment of a post approval
commitment (see Section 3.5).

HLA typing in Lyme-005 and Lyme-008

In Lyme-005, a double-blind, placebo controlled dose-ranging study in which subjects
were vaccinated with 3, 10, or 30 mcg of Lipo-OspA/aluminum or with placebo
(approximately 90 subjects per group), most subjects were tested for HLA. A total of
32% of vaccinees were positive for the DR4 allele and 0.8% for the DR2 allele, a
prevalence which is representative of the population at large. Within the limited power
of the study, there was no evidence of an increased risk of AEs, specifically arthritis, in
this population.

In Lyme-008, HLA typing was performed at one study site; results are available for 85
samples from 100 consecutive subjects: 41 vaccine or 44 placebo recipients, regardless of
the presence or absence of symptoms. The HLA profile in vaccinees who reported pain
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or inflammation at the injection site was similar to that in vaccinees and placebo
recipients who did not report such symptoms. Two vaccine recipients were reported to
have had arthralgias, headache, or malaise for one or two days after vaccination, and one
placebo recipient had a viral syndrome for 16 days that was thought to be possibly related
to vaccination. All 3 of these subjects did not have the DR4 or DR2 allele. Additionally,
HLA typing was available in 9 of 15 subjects (4 vaccinees, 5 placebo recipients) from
any site, who had evidence of arthritis or tendinitis on examination, and in whom an
alternative diagnosis for joint symptoms was not found. In this subset, the DR4 allele
was present in one vaccinee and one placebo recipient, respectively; the DR2 was not
present.

Musculoskeletal Events in Lyme-008

At study initiation, the investigators were asked to report any subject who developed

new onset of arthritis or arthralgia following vaccination. One hundred and seven (107)
subjects developed joint symptoms within one month of vaccination, which lasted at least
one month. There was no evidence of unequal distribution of symptoms by study group,
nor of the vaccine causing these symptoms.

The safety data from Lyme-008 on the occurrence of arthralgia were collected as part of
the 4-day diary card which solicited reactogenicity data from a subset of subjects. The
incidence of arthralgia was statistically different (p = 0.001) in the vaccine group (25.6%)
compared to placebo (16.3%). However, most of the cases were mild to moderate in
severity and self-limited, with only four severe cases in the vaccine group and two in the
placebo group.

Separate post hoc analyses were conducted to assess two subsets of musculoskeletal
events, those which occurred early (<30 days) or late (>30 days) post vaccination in
Lyme-008. There were no significant differences, either early or late, between the
vaccine and placebo recipients with regard to experiencing arthritis, aggravated arthritis,
arthropathy or arthrosis. However, vaccine recipients were significantly more likely than
placebo recipients to experience early events of arthralgia or myalgia after each dose [for
dose 1: odds ratio (OR), (95% CI) =1.35 (1.13, 1.61); dose 2: OR = 1.28 (1.05, 1.56);
dose 3: OR =1.59 (1.18, 2.16)]. With regard to late events of arthralgia or myalgia, there
were no significant differences between vaccine and placebo recipients.

Overall, approximately 18% of subjects enrolled in the study had a prior history of some
musculoskeletal condition (19% vaccinees, 18% placebo recipients). In a post hoc
subgroup analysis, there was no significant difference between vaccine and placebo
recipients with regard to development of musculoskeletal events (defined as arthritis,
arthropathy, arthrosis, synovitis, tendinitis, polymyalgia rheumatica, bursitis or
rheumatoid arthritis, and lasting more than 30 days) in those with a prior history of
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musculoskeletal conditions. However, both vaccine and placebo recipients with a prior
history of musculoskeletal conditions were more likely to experience musculoskeletal
events than subjects without such prior history.

Four members of the DSMB reviewed blinded data on 304 subjects who experienced late
onset AEs or SAEs that were categorized as "Arthritis". A questionnaire was also sent to
each investigator to obtain additional information regarding the type of arthritis
(traumatic, osteoarthritis, inflammatory arthropathy, etc). The dataset from each DSMB
member was analyzed separately by the DSMB statistician, who found no difference
between the vaccine and placebo groups.

Therefore, Lyme-008 did not detect any difference in the incidence of rheumatologic
disorders between vaccine and placebo recipients during the 20 months after the initial
dose.

2.2.4.3 Neurological and Cardiac Events

There was no significant difference in the rates of cardiac AEs between vaccine and
placebo recipients. Neurologic AEs, which occurred at a rate <1% in the vaccine group
and were noted to occur with a similar frequency in placebo recipients included: carpal
tunnel syndrome, migraine, paralysis, tremor, coma, dysphonia, ataxia, multiple sclerosis,
myasthenia gravis, meningitis, trigeminal neuralgia, nystagmus, neuritis, neuralgia, nerve
root lesion, neuropathy, hyperesthesia, hyperkinesia, and intracranial hypertension.

2.3 Conclusion

A large body of data was accrued prior to licensure which, in toto, provided evidence that
Lipo-OspA vaccine had an acceptable safety profile in the clinical trials which had been
conducted up until the time of licensure of the product. The retention rate of volunteers in
these studies was very high, underscoring the tolerability of the vaccine.

= With respect to early onset unsolicited AEs, significant differences were found for
fever, influenza-like symptoms, injection site reactions, myalgia, and rigors with rates
which were higher in vaccinees than in placebo recipients. For late onset unsolicited
AEs, no such significant differences were found.

= Soreness was the most commonly reported solicited local symptom, and headache
and fatigue were the most frequently reported general solicited symptoms. The
majority of solicited events were mild to moderate in severity and limited in duration.
Interestingly, the reporting rate of adverse events was very high in the placebo group:
82% of subjects reported at least 1 symptom.
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= Serious AEs did not occur more frequently in the vaccine group than in the placebo
group.

* An evaluation of the safety of the vaccine in subjects with a previous history of LD
did not provide a basis for the theoretical concern that the vaccine might exacerbate
symptoms in subjects with previous LD. Further, no evidence of induction of an
autoimmune arthritis as a result of vaccination was seen in the pre-licensure setting.

* Additionally, no cases of hypersensitivity reactions to vaccination were reported in
clinical trials up until the time of licensure.

Based on the above safety data, in conjunction with the demonstrated efficacy of
LYMErix in preventing LD (78% effective against definite LD and 100% effective
against asymptomatic infection after 3 doses), the product was approved in December,
1998, and was made commercially available in January, 1999.

Commitments to continue the study of the LYMET¥ix safety profile of were agreed at the
time of product approval. The status of these commitments is discussed in Section 3 of
this document.
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3.0 Post Licensure Safety Assessment

3.1 Introduction

This section will review the status of the clinical commitments which were agreed at the
time of approval of LYMET¥ix:

= A Post marketing cohort study to assess whether exposure to LYMET¥ix is a risk factor
for new onset of inflammatory arthropaty, LD, treatment resistant LD, rheumatoid
arthritis, certain neurologic diseases, allergic events, hospitalizations and death. Three
quarterly interim reports have been submitted to The Agency by end of 2000. The
status of this study, together with currently available data, is discussed below (Section
3.2).

= A reproductive toxicity study was conducted in rats according to the agreed protocol.
Results have been submitted to The Agency in January, 2000, and are summarized
below (Section 3.3).

= A pregnancy registry has been established and maintained to track the outcome of
pregnancies reported for women vaccinated with LYMErix. The procedure that has
been established to capture and evaluate reports, as well as the current observations,
is described below (Section 3.4).

= The final report of a study on CMI induced by the vaccine, ongoing at time of
registration, has been submitted to The Agency in December, 1999; it is described
below (Section 3.5).

In addition to the activities on the above-described commitments, the findings of the post
marketing surveillance (PMS) ongoing since launch of the vaccine in January, 1999, and
submitted through the Periodic Quarterly Reports to The Agency, are reviewed (Section
3.6).

Finally, the safety experience from clinical trials completed or still ongoing since
licensure, including longer term safety follow up, alternate dosing regimens and booster
studies, and safety in a pediatric population is discussed (Section 3.7).

3.2 Post Marketing Cohort Study to Assess the Safety of LYMErix

To address the theoretical concern that immunization with a vaccine containing OspA can
induce an autoimmune arthritis and as a commitment at the time of licensure, the sponsor
has undertaken a large prospective Phase IV study to evaluate the safety of LYMETrix.
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This study is ongoing at HPHC, the largest non-profit mixed model HMO in the New
England region; it has a long history of research employing automated record linkage
methods. All ambulatory encounters, emergency room visits, and hospitalizations of
HPHC members generate claims with up to two primary and secondary diagnosis codes
and one procedure code. The claims records are computerized, updated at least quarterly
and become available for automated searches approximately six weeks after the end of a
quarter. Diagnoses are coded according to the International Statistical Classification of
Diseases, Injuries and Causes of Death, ninth revision (ICD-9). Each HPHC member has
a unique membership number, which can be used to link records from different claims
files. The HMO maintains a membership file that contains membership number, gender,
date of birth, date of initiation of membership and the date of termination of membership.
In addition to automated records, full text medical records from service providers can be
requested for manual review.

3.2.1 Objective

The primary objective of the study is to evaluate whether exposure to LYME¥ix is a risk
factor for new onset inflammatory arthropathy. The secondary objective is to evaluate
whether exposure to LYMErix is a risk factor for LD, treatment resistant LD, rheumatoid
arthritis, certain neurologic diseases, allergic events, hospitalizations and death.

3.2.2 Methods

Twenty five thousand HPHC members who are expected to receive LYMErix vaccine will
be matched with respect to age, gender and primary care practice to a group of non-
vaccinated (unexposed) HPHC members with a 1:3 ratio. Clinical events of interest after
vaccination will be identified from ambulatory and inpatient claims data and selected
outcomes will be confirmed by blinded review of the full medical record. Each subject
will be followed for at least four years after being identified as exposed (the first dose of
LYME¥ix) or unexposed. The incidence of predefined AEs in the exposed cohort will be
compared to the incidence of AEs in the unexposed cohort.

Assuming 25,000 exposed subjects (immunized with LYMErix), and 75,000 unexposed
subjects, all of whom will be followed for a minimum of 4 years, and taking into account
attrition for disenrollment from HPHC as well as eventual vaccination of some
unexposed subjects, a total of 108,627 person-years of exposure should accrue and
provide more than 80% power to rule out an incident rate ratio of 2 for an adverse events
which occur at a rate of 3 per 10,000 in the control group.
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3.2.3 Results

To date, three quarterly interim reports have been submitted for review by The Agency
(June 15, 2000, September 15, 2000 and December 15, 2000). The results below
summarize data from the interim report.

A search of the HPHC automated record systems on November 24, 2000, identified 3,677
individuals with codes indicating L YMErix immunization through November 15, 2000.
Automated records showed that 889 had claims for one dose, 1,670 had claims for two
doses, 1,077 had claims for three doses, 40 had claims for four doses, and one had claims
for five doses.

A total of 2,568 of these HPHC members received LYMErix during the first six months of
1999, and 7,497 unexposed HPHC members were matched to them with respect to age,
gender, and affiliation of primary practice. Data for this matched cohort was confined to
the first six months post-licensure due to the fact that there is a lag time between medical
care, claims submitted by the provider, and claims processed at HPHC. Therefore,
diagnosis codes that appear beyond this timeframe may not be complete.

3.2.4 Conclusions

The preliminary results of this study do not suggest that rheumatologic, neurologic, or
allergic outcomes of interest identified a priori in the study protocol as being of particular
interest were more frequent among L YMErix recipients than among unexposed
individuals. However, it is acknowledged that the diagnosis codes are proxies for
diseases, and more reliable estimates of disease incidence will come following the
planned review of medical records to confirm the diagnoses.

As accrual of approximately 10,000 vaccinees was expected at HPHC in the first year of
the study through commercial use of the vaccine, and as this target was not reached, two
other HMOs (Health Partners of Minnesota and Tufts Health Plan) will now be included
in the LYMET¥ix post marketing safety assessment cohort study. The addition of these two
HMOs, whose databases will be searched retrospectively to January, 1999, is expected to
double the number of exposed individuals to date. Since the uptake of the vaccine is less
than had been expected at the time of study design, it appears that more time will be
required to attain the goal of 25,000 vaccinees. Accordingly, the accrual period of the
protocol will be extended.
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3.3 Reproductive Toxicity Study in Rats

3.3.1 Methods

The influence of LYMErix on embryo-fetal, prenatal and post natal development was
assessed in sexually mature female CD rats. One group of 60 animals received 50 microLL
of the vaccine (containing 3 mcg of Lipo-OspA on 50 mcg aluminum) by i.m.
administration 30 days before pairing. A second group was treated with 50 microL of
saline by the same route and on the same occasion. After mating, 44 females of each
group were selected to continue treatment during gestation, both groups receiving the
vaccine on days 6, 8, 11 and 15 of gestation. A control group received saline on the same
occasions that LYMErix was administered during gestation. From each group, a total of
22 females were killed on day 20 of gestation for examination of their uterine contents,
and the remaining 22 females in each group were allowed to give birth and rear their
offspring to weaning at day 21 of age.

3.3.2 Results

Intramuscular administration of vaccine to the female rats on days 6, 8, 11 and 15 of
gestation was well-tolerated, even following a pre-mating immunization. Treatment was
without maternal toxicity or any effect upon survival and development in utero of fetuses,
or the birth, survival and development of offspring to day 21 of age.

3.4 Pregnancy

LYMErix is labeled as Pregnancy Category C (animal reproductive studies had not been
conducted prior to licensure and it is not known whether LYMErix could cause fetal harm
when administered to a pregnant woman or if it could affect reproductive capacity).

3.4.1 Experience from Completed and Ongoing Clinical Trials

A total of 63 reports, describing 66 pregnancies, were received from clinical trials (data
lock point December, 2000). Maternal age was provided for 60 (95%) of the reports: the
median age was 32 years (range 17-48 years).

Forty one outcomes (41/66 = 62%) were described as "normal." Six reports (6/66 = 9%)
of spontaneous abortions and 4 reports (4/66 = 6%) of elective (therapeutic) abortions

were received (2 ectopic pregnancies described in the same report). No outcome was
available for 15 reports (15/66 = 23%).
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3.4.2 Post Marketing Experience

The Pregnancy Section of the LYMETvix labeling includes language which encourages
healthcare providers to contact SBBio, using a toll-free number, in the event that they
become aware of receipt of the vaccine by a pregnant individual (see PI in Attachment 1).
Although the data are limited, to date there has been no pattern of abnormal pregnancy
events (e.g., pregnancy-induced hypertension) or outcomes (e.g., fetal malformation,
growth retardation, miscarriage/intrauterine fetal demise/stillbirth) in the post marketing
setting. A total of 30 reports of pregnancy were received (data lock point December,
2000). Maternal age was available for 21 of the 30 reports, with a median age of 32 years
(range 23-42 years). Information regarding outcome was available for 13 of the 30
reports, as follows: 9 deliveries of normal infants, 2 therapeutic abortions (1 ectopic
pregnancy and 1 blighted ovum), and 2 spontaneous abortions.

3.4.3 Conclusion

No trends or patterns are apparent from reviewing the pregnancy reports from all sources,
i.e., clinical trials and spontaneous reports, in the post marketing setting.

3.5 Study on Cell Mediated Immunity following LD Vaccine
Administration during the Lyme-008 Trial

CMI analyses were performed by Dr. Allan Steere on two subsets of subjects
participating in the Lyme-008 trial.

= The first subset consisted of 100 consecutive subjects at a single site (site 27) of
whom 47 are from the vaccine group and 53 from the placebo group. Evaluation of
the CMI response was possible on samples from 85 of these volunteers (41 vaccinees,
44 placebo recipients). The CMI response was measured by T-cell proliferation, IL-4
and IFN-y production, upon stimulation with unlipidated OspA or overlapping
peptides covering the whole sequence of the protein.

The results of HLA typing, CMI responses and possible adverse reactions were
compared and an attempt was made to identify statistically significant correlations
between these parameters.

* The second subset was comprised of 15 volunteers from any site (presumably any
subject of the study) who developed joint or tendon pain with abnormalities on
examination during the study and in whom an alternative diagnosis of joint symptoms
was not found. Samples from 12 individuals were available for CMI evaluation, and
from 9 individuals for HLA typing.
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In the data obtained in these two subsets of volunteers, there is no suggestion that the
vaccine induced an unexpected adverse event pattern. Similarly, there is no definitive
evidence of an association between adverse events and HLA haplotype or CMI.

In summary, we agree with this statement from the conclusion of the report: "The
prolonged pro-inflammatory conditions needed for the development of autoimmunity in
the joints of patients with Lyme arthritis may never be duplicated in vaccinated
individuals." There are no clinical data to support an association between vaccination and
an increased incidence of an inflammatory arthropathy.

3.6 Passive Post Marketing Surveillance Data

Since launch of LYME¥ix in January, 1999 and through October 30, 2000, more than
1.386 million doses of vaccines have been distributed. Seven Quarterly Periodic Adverse
Event Reports have been prepared and forwarded to The Agency.

SmithKline Beecham has received a total of 984 adverse event reports to November 30,
2000. Review of these 984 reports showed that the general profile, as reported following
the clinical development and as described in the LYMErix PI has not changed, except as
described below (see Sections 3.7.1 and 3.7.2)

3.6.1 Concomitantly Occurring Adverse Events

During the medical review of AEs received by the pharmacovigilance department of
SBBio, it appeared that some of the symptoms described in the product information
circular for LYMETvix as occurring individually might occur concomitantly, with a rapid
onset after vaccination.

At the time of the database query, 833 AEs had been reported since launch, with 161
cases presenting at least three of the following AEs: arthralgia, fatigue, fever, influenza-
like symptoms, chills/rigors, headache, achiness, myalgia and nausea.

Having reviewed the data, SBBio considered that, although all these symptoms are
individually listed in the PI as part of the clinical experience, the PMS experience should
be added to the labeling.
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This proposed labeling change has been shared with CBER on January 3, 2001 and is
being prepared for submission.

3.6.2 Hypersensitivity

Hypersensitivity reactions had not been reported during clinical trials with LYMErix in
the prelicensure period; accordingly, none were included in the PI (see Attachment 1).
The spontaneous reports database was queried to determine whether sufficient evidence
of acute hypersensitivity had been reported to propose a labeling change.

Based on a review of the spontaneous reports consistent with hypersensitivity (n = 43),
the following labeling change is proposed for LYMErix:

3.6.3 Risk of Inducing Autoimmune Arthritis

In view of the discussions regarding LD-induced arthritis, special attention has been
given to the spontaneously reported arthritis cases. From launch in January 1999, 70
cases of arthritis have been reported.

No evidence has been found that the incidence of these arthritic conditions was higher
than that reported for the general population or that they were associated with an
autoimmune process. Nonetheless, SBBio is undertaking to have the cases of arthritis
evaluated by an independent panel of rheumatologists.

3.7 Additional Experience from Clinical Trials

Several studies which were ongoing at the time of licensure were completed and a
number of studies were initiated following the licensure of LYMErix.

3.71 Lyme-008 Follow Up

Following unblinding of the pivotal Lyme-008 efficacy trial, subjects were offered
participation in a follow-up study, Lyme-013. This study provided an opportunity to
collect safety data for an additional period of observation (a little over one year beyond
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the 20-month follow up period in Lyme-008) in those who had received active vaccine.
Those who had received placebo in Lyme-008 were offered the opportunity to receive
active vaccine and were followed during the 3-dose primary course givenon a 0, 1, 12-
month schedule, up to and including one month after the third dose. In both of the above
cohorts, safety data were collected using postcards which queried the subjects as to the
occurrence of any new medical conditions evaluated by a specialist, hospitalizations, and
new onset of certain symptoms of interest (rash, flu-like illness, arthritis/arthralgia, facial
paralysis, numbness/tingling/weakness/tingling of an extremity, faintness or loss of
consciousness, and memory difficulty). These data are currently under evaluation.

3.7.2 Alternate Schedules

Two open, randomized, multicenter studies were undertaken in order to evaluate
accelerated vaccination schedules. Lyme-014 evaluated approximately 400 subjects who
received the vaccine on a 0, 1, 6-month schedule and 400 subjects who received the
vaccine according to the licensed 0, 1, 12-month schedule. Lyme-016 evaluated
approximately 500 subjects who received the vaccine on a 0, 1, 2-month schedule with a
booster at month 12, and 500 subjects who received the vaccine on the licensed 0, 1, 12-
month schedule.

3.7.3 Booster

In order to address the need for and safety of booster doses, three studies involving
approximately 1800 adults were undertaken in subjects who had participated in previous
trials, which evaluated a 3-dose primary series. In these booster studies, subjects have
received multiple booster doses (up to a 6th dose including the 3-dose primary series);
safety has been followed for 48-60 months after receiving the first dose of the vaccine.
In these studies, there was no unexpected pattern of AEs identified.

3.7.4 Pediatric Population

To address the need for data in a pediatric population, a large double-blind, randomized,
placebo controlled safety and immunogenicity trial (Lyme-022; N = 4000) was initiated
in children and adolescents 4-18 years of age, at multiple centers in LD endemic areas
within the US. In this study, approximately 3000 subjects received LYMErix and 1000
subjects received placebo, according to the licensed 0, 1, 12-month regimen. Note that a
booster study in the pediatric population involving approximately 3000 subjects is
currently ongoing.
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3.7.5 Conclusion

In the alternate dose and adult booster studies (data in approximately 3,600 vaccinees) as
well as the large pediatric study (N = 3000 vaccinees), the nature and frequency of AEs
were similar to those seen at the time of LYMETvix licensure (i.e. for the primary series on
a 0, 1, 12-month schedule in adults 15-70 years of age). Additionally, no unexpected
pattern of AEs was observed in these trials.

3.8 Conclusion of Post Marketing Safety Assessment

Since licensure of LYMErix, SBBio has initiated the agreed commitments and completed
those that were to be accomplished within the short-term post licensure period. The
status of the PMS activities can be summarized as follows:

= areproductive toxicity study in rats has been conducted, completed, and the report
submitted.

= a CMI study report has been completed and submitted.
= the pregnancy registry has been established and is ongoing.

= The post marketing cohort study to assess the safety of L YMErix has been initiated.
Data on 3,677 vaccinees have been reported so far. No unexpected observations have
been made. Although the accrual is below expectations due to the low vaccination
rate of the searched population, activities have been undertaken to increase the
number of vaccinated subjects. Interim reports will continue to be submitted to The
Agency on the agreed schedule.

= The post marketing surveillance, as well as the analysis of safety data from clinical
trials ongoing or reported since licensure of LYMErix show that the general profile, as
reported following the clinical development, is maintained although some of the
symptoms reported in the labeling as appearing individually seem to occur
concomitantly in the immediate post vaccination period; and hypersensitivity, not
observed during clinical development, has been reported since the launch of the
vaccine. These observations prompted a labeling change proposal, which has been
shared with CBER and is being prepared for submission.

= Review of the literature and in-house animal experimentation have not confirmed the
theoretical concerns discussed at the time of licensure of LYME¥ix.

SmithKline Beecham will continue its post marketing surveillance and work on the
continuing commitments, and keep The Agency informed of any further data, including



LYMErix January 31 VRBPAC Meeting Briefing Document 000038

the report of the independent expert panel of rheumatologists who will review all arthritis
cases.
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Identification of LFA-1 as a
Candidate Autoantigen in
Treatment-Resistant Lyme Arthritis

Dawn M. Gross, Thomas Forsthuber, Magdalena Tary-Lehmann,
Carey Etling, Koulchi ito, Zoltan A. Nagy, jodie A. Field,
Allen C. Steere, Brigitte T. Huber

Treatment-resistant Lyme arthritis is associated with Immune reactivity to
outer surface protein A (OspA) of Borrelia burgdorferi, the agent of Lyme
disease, and the major histocompatibility complex class il allele DRB1*0407.
The immunodominant epitope of OspA for T helper cells was identified. A
homology search reyealed a peptide from human leukocyte function-associ-
ated antigen-1 (hLFA-1) as a candidate autoantigen. Individuals with treatment-
resistant Lyme arthritis, but not other forms of arthritis, generated responses
10 OspA, hLFA-1, and their highly related peptide epitopes. Identification of the
initiating bacterial antigen and a cross-reactive autoantigen may provide a
model for development of autoimmune disease.

Lyme disease is a multisystem illness caused
by infection with the spirochete Borrelia
burgdorferi (1). A promincnt fate manifesta-
-tion of the disease is Lyme arthritis (1, 2).
About 10% of patients with Lyme arthritis
develop what we have termed antibiotic treat-
ment-resistant Lyme arthritis, which typical-
ly affects one knee for mdyths to years after
multiple covrses of antibiotics (/). Such_pa-
tients have no detectable spirochetal DNA in
joint fluid after antibiotic therapy, which sug-
gests that the spirochete has been eliminated
by this treatment (3). Because there is in-
creased frequency of the HLA-DRBI*(40!
allele in these patients (4). an autoimmune
etiology should be considered. The hyper-
variable 3 region (HVR3) at residues 67 to 74
of DRBI*0401 is associated with susceptibil-
ity to rheumatoid arthritis (RA) and is con-
tained in at least 15 different DRB/! alleles
(5). Most patients with prolonged treatment-
resistant Lyme arthritis have one of these
homologous alleles (4). What antigen are
these class 1l molecules presenting?
Borrelia burgdorferi induces an immune
response of expanding reactivity to an array
of spirochetal proteins over months to years
(6). Antibody reactivity to:outer surface pro-
tein A {OspA) typically develops near the
begiuning of prolonged episodes of arthritis
(7). T cell lines from patients with treatment-
resistant Lyme arthritis preferentially recog-
nize OspA, compared with patients with

D. M. Gross and B. T. Huber, Department of Pathology.
Tufts University, Boston, MA 021731 USA T. Forsthu-
ber, M. Tary-Lehmann, C. Etling, Department of Pa-
thology, Case Westemn Reserve University, Cleveland,
OH 441064943, USA, K. ito and Z. A. Nagy, Depart-
ment of Immunology. Hoffmann-La Roche, Nutley,
NJ 07110, USA. §. A, Field and!A. C. Steere, Depart-
ment of Rheumatology, New England Medical Center,
Baston, MA 02111, USA,

treatment-responsive diseasc. OspA-reactive
type | T helper (T,,1) cells are detectable in
the synovial fluid of individuals with treat-
ment-resistant arthritis years afier antibiotic
treatment (7). Thus, thesc patients may have
progressed into an autoimmune state by de-
veloping a cross-reactive response between
OspA and a sclf-antigen.

We used the DRB1*040! peptide-binding
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algorithm (8) to determine the scores for all
nine-residue peptides in the OspA protein se-
quence that contained an appropriate pocket |
anchor residuc—F. . M, L. T. V, or Y -nec-
essary for binding in the DRB1*0401 peptide-
binding cleft. According to this algorithm, only
peptides with scores greater than 2 are likely to
bind and be able to be presented by the
DRB1*0401 molecule (8). The highest scoring
peptide that was identified. OspA, . ,+;. had a
predicted binding score of 6.5. and the next best
scoring peptide, OSpA.y; 45 achieved a
score of 3.7. To verify that these peptides
can bind to DRB1*0401 in vitro, the bindiny
of **j-labeled m1 7 (YRAMATL: predicted
DRB1*0401 binding score = 5.9), which
has the consensus binding motif for
DRBI*0401 (9), was mcasured when in
competition with unlabeled 20-residue pep-
tides from OspA. Only OspA ., ,5:. Which
contains the DRB1%0401-predicted domi-
nant epitope OspA,. . ., inhibited bind-
ing of the radiolabeled peptide mi-7 10
purified DRB1*0401 (Table 1). confimming
the algorithm's prediction.

To test for T cell reactivity in vivo, we made
use of class 1 -deficient mice transgenic for a
chimeric DRB1*040) molecule (DRB1*0401-
te) {9). Any CD4' T cell response generated in
these mice can be dircctly atributed to the
presence of the DRB1*040] molccule. The
ElisaSpor assay was useid for measuring anti-
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Fig. 1. IFN-y ElisaSpot analysis demonstrates OspA, . ,.; as the functional, immunodominant
epitope of OspA in DR4-tg miice. (A) Class li-deficient, DRB1*0401-tg mice, immunized with whole
OspA, but not a control protein, recall whole OspA and OspA., ., specifically. DRB1%0401-tg
mice were immunized in both hind footpads with either 50 pl of (3spA (44 wg/mi) or hunan spinal
chord extract (hSCE; 100 ug/ml) in complete Freund's adjuvant. Eight days later, draining popliteal
lymph nodes were isolated and 5 X 10° cells were cultured with either a positive control stimulant,
€D3 antibody, mAb 145.2C11, or one of the following test antigens: hSCE (50 wg/ml), OspA (10
pg/ml), overlapping OspA 20-mer peptides (10 pg/mi each), or medium alone. IFN-y production
was analyzed 24 hours later by ElisaSpot (70). Values from wells with medium alone were
subtracted from values from wells that contained antigen. Antigens are listed as overlapping
20-mer peptides spanning OspA, beginning with amino acid 17. Residues 1 to 17 contain the leader
sequence and are therefore cleaved during export through the bacterial membrane. Representative
experiments of six OspA-immunized and two hSCE-immunized mice are shown. (B) DRB1*0101-tg
and (DRB1*0101-tg X SJL)F, mice immunized with whole OspA recall OspA, ¢, 5 as well as other
epitopes. In contrast to the DRB1*0401-tg mice, the DRB1*0101-tg mice express murine class II;
therefore, a broader array of OspA epitopes is recognized. Experiments were performed as
described above. One of three and one of two representative experiments are shown for
DRB1*0101-tg and (DRB1*0101-tg X SJL)F, mice, respectively.

www.sciencemag.org SCIENCE VOL 281 31 JULY 1998
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gen-specific T cell reactivity, a sensitive and
cfficient technique ithat allows detection of cy-
tokine production at the single cell level, which
may occur in the absence of proliferation (/0).
We initially assayed for production of Ty, I and
T2 eytokines, interferon-y (IFN-y), and inter-
teukin-5 (IL-5), respectively. Both [FN-y—pro-
ducing and iL-5 -producing cells were detected
when cells were activated with a polyclonal
stimulug  [anti-CD3; monoclonal antibody
{mAb) 145.2C11]. In contrast, when cells were
stimulated with QspA antigen, IFN-y produc-
tion was dominant, with essentially no detect-
able JL-5 secrction (/7). Therefore. detection of
IFN-y was used as the readout for antigen-
specific T cell reactivity in all subsequent as-
says. DRBI*04014g mice were immunized
with OspA and lyrhph node cells were stimu-
lated with overlapping 20-residue peptides of
OspA: the immunadstimulatory epitopes corre-
lated precisely with the epitopes predicted by
the DRB1*0401 algorithm (Fig. 1A). Immun-
iztion of the DRBI*0401-tg mice with
OspA o5 13 resulted in a recall response to
whole OspA in vitro (/1). Hence, we have
identified the immunodominant epitope of
OspA in the context of DRBY*0401. To test the
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ability of OspA 45 .73 to be presented by DRB7
alleles related to DRBI1*0401 (3), we per-
formed the same cxperiment in mice transgenic
for DRBL*010U (£2). These transgenic mice
possess a full complement of murine class 11
genes, thereby providing distinet major his-
tocompatibility complex (MHC) alleles for
OspA peptide presentation. ElisaSpot analy-
ses of OspA-immunized DRB1*0101-tg or
(DRBI1*0101-tg X SJL)F, mice showed re-
activity to OspA, 4 17, 85 well as 10 an array
of other epitopes (Fig. 1B). In contrast to
DRB1*0401-tg mice, reactivity toward
OspA¢:.,13 developed as a subdominant
epitope, suggesting that altermative determi-
narits are available for binding that could influ-
ence disease development. Interestingly, the F,
mice had a response to OspA,_,; that was
three times the response of DRBI1*0101-tg
mice. This is likely because of expression of the
murine }-ER* chain, which is homologous in the
HVR3 to DRBI*0401 (5), thereby providing
twice the number of class Il molecules for
presentation of this particular peptide. Thus, we
have identified the immunodominant OspA
peptide recognized in the context of
DRB1*0401 and found that DRB1 and murine
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class Il alleles homologous to DRBI*0401 in
their HVR3 can also present this epitope.

We searched the Genetics Computer
Group gene bank for human proteins contain-
ing sequences homologous to OspA ;. ;.
Of the 20 peptides retrieved with the highest
identity and homology scores, two were of
human origin: hL.FA-} (CD11a/CD18, inte-
grin o, 3,) and 408 ribosomal protein. Only
the peptide contained in hLFA-1, hLFA-
1o 332,340 Attained a significant DR4-bind-
ing score (7.3). with six—amino acid identity
(YVIEGTSKQ; nonconserved residues in
italics), suggesting hLFA-1 as a potential au-
toantigen. The peptide contained within the
408 ribosomal protein sequence (YV-
LEGKXELE) attained a DR4-binding score of
0, mostly because of Lys at position p6,
which is not tolerated in the DR4-HVR3 {13).
The hLFA-la, ;55 34, Peptide is located ex-
tracellularly in the interactive or I-domain
that mediates the binding interaction between
LFA-1 and its ligand. intercellular adhesion
molecule-! (ICAM-1) (/4). When the DR4-
binding algorithm was applied to the entire
i-domain (amino acids 170 to 349), hLFA-
104 415_3.40 achieved the highest predicted bind-

(1 AntFhCD3  [OWA W O3pA gy W hLFA-1

Fig. 2. SF T cells from pa- 400
tients with treatment-re- A w00 |B
sistant Lyme arthvitis gen-
erate 3 response to hLFA-1. .
(A) IFN-y ElisaSpot ‘analy- ? 3001 450 1
sis of 3 X 10° SF T cells per §
well, from patient 4, cul- ; 400
tured with each of the i 2001 as0
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OSpA,¢,_ 13 s theimmu- & 1001 g 250
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OspA was positive as de- o 150
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arthritis, but not other forms of chronic arthritis, produce IFN-y Trastmeni-resistant Lyme arthvris RA  Other ohronic arthriis
in response to in vitro restimulation with OspA and hLFA-1, We

cultured 3 X 105 SF cells with either a positive control, CD3 T wedum B OwAmere C %00 ] D
antibody hybridoma OKT3 supemnatant, or one of the following O AnthCDY B hLFA-S 1

test antigens: OspA (10 pg/ml), OspAg, 15 (10 pg/mi), B hIFA-10, 50 45
hLFA-1 {70 ng/ml), or medium alone for 24 hours. Reactivity
was determined by performinian IFN-y ElisaSpot assay. Val-
ues from medium-alone wells were subtracted from wells
containing antigen. Because of technical limitations relating to
the purification process of hLFA-1, the molar concentration of
hLFA-1 used in these experiments is three orders of magnitude
lower than the optimal concentration used for OspA. When
equimolar amounts of OspA and hiFA-1 were tested, reactivity
to OspA was depressed to levels comparable to those for
hLFA-1 (71). Because of limited numbers of ceils, controls not
tested for reactivity to OspA, ., .4, Were patients 17, 18, and
20; and. for hLFA-1, patients 17 and 18. (C) Treatment-resistant Lyme arthritis patient 11, who is homozygous for DRB1*0407, demonstrates SF T cell
reactivity to the 20-mer containing the OspA homologous, DRB7*0407-defined dominant epitope within the I-domain, hLFA-1 345 We cultured 3 X
10° SF cells with MLRA-10, 406 348 %25 pg/ml). IFN-vy ElisaSpot assay was performed as desaibed above. {D) Treatment-resistant Lyme arthritls patient 10,
who is heterozygous for an RA-associated allele {DRB1°0702), demonstrates SF T celi reactivity to the 20-mer containing the OspA homologous,
DRB10407-defined dominant epitope within the I-domain, hLFA-10, 5,6 245, We cultured 3 X 10° SF cells with equimolar amounts of OspA, ., 13 BLFA-1,
and hLFA-Tex 55 34s IFN~y ElisaSpot assay was performed as described above.

2 CspA

o)

(FN-y spots per wall

IFN-y spots per well

11
Patient

704 SCIENCE www.sciencemag.org

317 JULY 1998 VOL 281



LYMErix January 31 VRBPAC Meeting Briefing Document

ing score (7.3), nearly twice that of the next
highest scoring peptide, hLFA-la, o0 04
(binding score = 4.3), and higher than that of
O8pA (5., 73- We determined, by performing
the peptide binding competition assay [median
inhibitory concentration (IC,,,) = 0.7825 mM],
that hLFA-la 45, 344+ 3 15-mer containing the
core residues 332 to 340, was capable of bind-
ing DRB1*0401 in vitro.

To test the hypothesis that hLFA-1 is an
autoantigen in patients with treatment-resis-
tant Lyme arthritis, but not in other forms of
chronic inflammatory arthritis, we mapped
the immunodominant epitope of OspA in sy-
novial fluid (SF) cells from a patient (4) with
treatment-resistant Lyme arthritis  (Fig.
2A) (10). As in the DRB1*0401-tg mouse,
OSpA | 4..433 Was immunodominant. We then
analyzed the antigen reactivity profile of SF
T cells from patients with treatment-resistant
Lyme arthritis as well as patients with other
forms of chronic arthritis (/5). ElisaSpot for
IFN-y production (/0) and proliferation as-
says (/6) showed that people in a panel con-
sisting of only those with treatment-resistant
Lyme arthritis have varying degrees of SF T
cell reactivity 10 whole OspA, OspA, ., a3
as well as hLFA-l (Fig. 2B). Reactivity to
hLFA-1 is due to recognition of hLFA-
la, 356-343» the region homologous with
OspA, ., 1x3 (Fig. 2, C and D). This reactiv-
ity appears to develop over time, as patients
who initially showed no response to hLFA-1
had marked rcactivity when tested T to 3
months later (/7).

Borvelia burgdorferi sensu stricto is the
only spirochetal strain associated with treat-
ment-resistant Lyme arthritis (77) and the sole
strain that contains the OspA, ., ,,, Sequence
that is highly related to hLFA-1q, 55, 140 Mu-
rine LFA-1a differs significantly from hLFA.]
at this particular epitope, providing an explana-
tion for why chronic Lyme arthritis does not
develop in DRB1*0401-tg mice exposed to 8.
burgdorferi (12).

Our demonstration of autoreactivity against
hLFA-1 (in particular, the predicted cross-reac-
tive epitope) in patients with treatment-resistant
Lyme arthritis suggests: that this disease in-

REPORTS

volves an autoimmune process. However. al-
though the genetic predisposition for develop-
ment of treatment-resistant Lyme arthritis has
been correlated with DR4, we cannot rule out
other genetic, environmemtal. and infectious
factors that might be involved. As mentioned
above, the HVR3 of the DRB! chains associ-
ated with RA possesses a shared epitope at
residues 67 1o 74 (5). Most patients with severe
RA cany at least one allele that contains the
shared epitope sequence of DRBI*0401,
henceforth referred 10 as an RA-associated al-
lele (5). Individuals who develop the most se-
vere form of RA typically have two RA-asso-
ciated alleles (/&8). HLA typing of our pane} of
11 treatment-resistant Lyme arthritis patients
revealed that 7 possessed at least one RA-
associated allele (75). and 9 made a response 1o
hLFA-1. Patient 11, who was homozygous for
DRB1*0401, responded four times more vigor-
ously to both OspA and hLFA-1 than the next
highest responder. In patients with other forms
of arthritis, the presence of an RA-associated
allele by itself was not sufficient for induction
of an OspA or hLFA-1 response, as at Jeast five
of the ninc control patients possessed an RA-
associated allele {/5) yet made no response to
OspA or hLFA-I. Thus, priming by B. burg-
dorferi infection or at least with OspA may be
required for development of an autoimmune
response to hLFA-1. Other factors may also be
involved in development of treatment-resistant
Lyme arthritis, as some treatment-resistant pa-
tients who do not possess an RA-associated
allele make a response to hLFA-1 and some
patients with treatment-resistant Lyme arthritis
do not respond to either OspA or hLFA-1 (Fig.
2B).

On the basis of our DRB1*0401-restricted
OspA T cell epitope mapping data, as well as
previous work on immane reactivity and cyto-
kine production in response to infection with B.
burgdorferi (7), we propose a model on how an
immune reaction to B. burgdorferi might tesult
in development of an autoimmune response
against hLFA-1: B. hurgdorferi enters the host
via a tick bitc and disseminates to multiple
tissues. Months later, a highty inflammatory
immune response develops in the joint, and this

Table 1. inhibition of m1-7 peptide binding to DRB170401 (15) by 20-residue peptides of OspA.

Nine-residue .
; : DR4-algorithm: scores for
pgc;mt (IE:,?) ::p':g:;s‘::'tph.l peptidesl%vith an appropriate
anchar residuet p1 anchor residue}
154-173 4381 161, 162, 165, 166 (—) 04, {-) 0B, (+) 65 (~) 54
54-73 >100 54,5558, 61,63 (-) 11, {-) 41, () 63. (-) 28 (=) 01
74-93 >100 75, 76, 79, 86 (-} 66, (+) 1.1, (+) 24, {-) 19
124-143 >100 126, 132, 136, 137 {-) 47, (-) 43, (-) 33, (-) 24

*Testing was limited to peptides with both sufficient quantity of material and a broad range of DR4-predicted binding

scores. OspA,e4_153 Was Not available for testing.

+The number of potential DRB1*0401-binding 9-residve peptides

contained within a 20-residue sequence was determined by the presence of an appropriate p1 anchor residue (F. | L M,

V. T, or Y). p1 anchor residue amino acid numbers are listed for each candidate peptide.

+Scores were calculated for

OspA nine-residue peptides beginning with F,1, L. M, V, T, or ¥ (9). Seores are listed, respectively, for each 9-mer peptide

contained within the 20-mer peptide tested.
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responsc is dominated by T,,1 IFN-y- produc-
ing cells that contain OspA reactive cells. We
propose that the high local concentration of
IFN-y up-regulates expression of ICAM-1 (19)
on synoviocytes and synovial fibroblasts as
well as of MHC class Il molecules on the local
professional and nonprofessional antigen-pre-
senting cells (APCs) (79). This enhanced
ICAM-1 expression leads to recruitment of
LFA-1 expressing cells, in particular activated
T,,! cells. The combination of clevated LFA-1
expression on T cells and macrophages plus
MHC class 11 up-rcgulation on APCs may re-
sult in increased LFA-! peptide presentation by
macrophages and synoviocytes that have pro-
cessed either cndogenous or phagocytosed
LFA-1 (20). Hence, a vicious cycle is initiated
so that, cven after elimination of the spirochetes
by antibiotic therapy, the OspA-primed T cells
remain activated by stimulation with LFA.}.
The release of inflammatory cytokines by these
activated T cells and macrophages may then
result in tissue damage and joint destruction
@hn.

References and Notes

1. A, C. Steere et al., Ann. Int, Med. 90, 896 (1979); A. C.
Steere, R. T. Schoen, E. Taylor, ibid. 107, 725 (1987):

A. C. Steers, N. Engl. j. Med. 321, 586 (1989): A.C.
Steere et al., Arthritis Rheum. 37, 878 (1994),

2. A C. Steere, E. Dwyer, R. Winchester, N. £ngl. . Med.
323, 219 (1990).

3. ). F. Bradley, R. C. Johnson, ). L Goodman, Ann. Int.
Med. 120, 487 (1994); ) ). Nocton et al, N. Engl.
J. Med. 330, 229 (1994).

4, A, C, Steere and L. A. Baxter-Lowe, unpublished data.

S. P. K. Gregersen, |. Silver, R. J. Winchester, Arthritis

Rheum. 30, 1205 (1987); G. T. Nepom and H. Erlich,

Annu. Rev. immunol. 9, 493 (1991). DRB1 atleles with

the shared-epitope amino acids 67 to 74 of

DRB1*0401: *0101, *0102, *0104, *0404, "0405,

*0408, *0409, *0413, *11011, *1402, *1406, *1409,

*1413, *1417, and murine H-2 |-Ef3°,

). E. Craft et al., j. Clin. invest. 78, 934 (1986).

R. A Kalish, ). M. Leong, A. C. Steere, Infect. immun.

61, 2774 (1993); T. Kamradt, B. Lengl-Janssen, A. F.

Strauss, G. Bansal, A. C. Steere, ibid 64, 1284 {1996);

R. Lahesmaa et al., /. Immunc!. 150, 4125 (1993); B,

Lengl-Janssen, A, F. Strauss, A. C. Steere, T. Kamradt,

J. Exp. Med. 180, 2069 (1994); D. M. Cross, A. C.

Steere, B, T. Huber, J. /mmunol. 160, 1022 (1998).

8. ). Hammer et ai., J. Exp. Med. 180, 2353 {1994); K. W.
Marshall et 21, /. Immunol. 154, 5927 {1995). Single-
\etter abbreviations for the amino acid residues are as
follows: A, Ala; C, Cys; D, Asp; E, Glu; F, Phe; G, Gly; H,
His: I, Ne; K, Lys: L. Leu; M, Met; N, Asn; P, Pro; Q, Gin;
R, Arg S, Ser; T, Thr, V, Val: W, Trp; and Y, Tyr.

9. In vitro binding studies were performed as described,
and generation of DR4-Lg mice are documented in [K.
o et al., . Exp. Med. 183, 2635 (1996)]. Overlapping
20-mer OspA peptides were synthesized by R. Woods
and were a generous gift from M. Hanson {Medim-
mune, Gaithersburg, MD). OspA 15-mer (SYVLEGTL-
YAEKT TL) and 9-mer { YVLEGTLYA) peptides, as well
as hLFAr, 15-mer (IYVIECTSKQDLTSF) and mLFA-1
15-mer (IYAIEGTNRQDLTSF} peptides were pur-
chased from Bio-Synthesis. The hLFAa, 20-mer
(ELQKKIYVIEGTSKQDLTSF) was purchased from Re-
search Genetics.

10. Single-cell suspensions of popliteal lymph node cells
from immunized mice, or Ficoll-Hypaque (Sigma)
centrifugation isolation of human lymphocytes from
peripheral blood mononuclear cells or 5F, were pre-
pared and coincubated with appropriate antigen {5 X
10° cells per well (mouse) or 3 X 10 cells per weil
(human) and OspA or OspA peptides (10 pg/ml),
hiFA-1 (70 ng/ml), or anti-CD3 supematant] to T-

N

www.sciencemag.org SCIENCE VOL 281 317 JULY 1998

705



LYMErix January 31 VRBPAC Meeting Briefing Document

706

n
12

13.

14
15.

16.

Spot plates (Autairmune Diagnostika) precoated
with capture monoclonal antibody to IFN-y (4
pg/ml) and blocked with Dulbecco's madified Ea-
gle’s medium containing 10% fetal calf serum.
Plates were washed'at 24 hours and probed with a
sandwich biotinylated antibody to IEN-y. Spots
were detected with an anti-biotin alkaline phos-
phatase (AP) (murine Elisaspot) or streptavidin-
horseradish peroxidase (human ElisaSpot) with de-
tection enxyme ceactions of either NOT/8CIP
(Pierce) or 3-amino-9-ethylcarbzole and N N-di-
methylformamide (Plerce/Fisher), generating pur-
ple or red spots, respectively. Scores were deter-
mined by the Series | T-Spot tmage analyzer (Au-
toimmune Diagnostika) as the difference betwaen
the aumber of spots produced with and without
antigen, OspA protein was a kind gift from B, Lade
and ), Dunn {Brookhaven National Lab) and purified
hiFA-1 was a kind gift from D. Staunton (ICOS
Corporation). Human spinal chord extract was pre-
pared according to standard procedures. The fol-
lowing antibodies vere used for murine in vitro
assays: 145.2C11 (murine antibody) or OKT3 (hu-
man antibody). CD3 antibody (hybridoma superna-
tant); R4-6A2, coat, IFN-y antibody and XMG1.2,
capture, biotinylated IFN-y antibody (PharMingen);
biotin-AP antibody (Vector). The following anti-
bodies were used for human in vitro assays: OKT3,
CD3 antibody (hybridoma supernatant); coat,
IFN-y antibady, and capture, biotinylated IFN-y
antibody (Endogen); streptavidin—horseradish per-
oxidase (Zymed).

D. Gross et al., unpublished results,

B10.m/Sn mice transgenic for DRB1*0107 were a
kind gift from O. 2aller (Merck Research Laborato-
ries); S. Feng, S. W. Barthold, L. K. Bockenstedt, D, M.
Zaller, £, Fikrig, J. Infect. Dis. 172, 286 {1995).

| Hemmer et al., Cell 74, 197 (1593); ). Hammer er
al., J. Exp. Med. 181, 1847 (1995},

S. D. Marlin and T. A. Springer, Cell 51, 813 (1987),
We studied 11 patients (7 male, 4 female: between
12 and 40 years old) with treatment-resistant Lyme
arthritis and 9 control patients {4 male, 5 female;
between 17 and 78 years old) with RA or other forms
of chronic inflammatory arthritis. All Lyme patlents
met the case definition of the U.S. Centers for Dis-
ease Control and Prevention for diagnosis of Lyme
disease. They had arthritis affecting the knee and
serologic reactivity with 8. burgdorferi by ELISA and
protein blotting. The 11 Lyme arthritis patients and 5
of the control patients were evaluated in the Lyme
Disease Clinic at New England Medical Center
(NEMC). The remaining 3 RA (patients 12, 13, and
15) and 1 psoriatic (patient 19) control patients’
samples were a generous gift from R. Schumacher
(Department of Medicine, University of Pennsylva-
nia Medical School). The protocol was approved by
the Human investigations Committee, and in-
formed consent was obtained from each subject.
Patients with Lyme arthritis were treated with
both oral and intravencus antibiotic regimens. The
duration of arthritis after sntibiotic therapy ranged
from 2 to 33 months. High-resolution HLA-DR
typing with sequence-specific amplification was
performed by the Clinical Laboratory of Immunol-
ogy (NEMC) and by Lee Ann Baxter-Lowe (Univer-
sity of South Caralina, Columbia, SC). Patient DRS1
alleles are as follows: 10, 0702 and 15071; 6, 0102
and 7501; 5, 0407 and 150%; 7, 0701 and 1607; 2,
0307 and 1207, 1, T and 17; 4, 14 and 75; 11, 0401
and 0401; 8, 0402 and 7; 9, 0301 and 1302, 3, 0404
and 13, 12,0401 and 7: 13,15 and 7, 16, 4 15,0407 and
7:17,4and 17,18, 11, 3, 0r 13: 20, 7 and 13, Insufficient
DNA was available from patients 14 and 19, so DR
typing was not performed on them.

Patient SF cells were plated in 96-well U-bottomed
plates {Costar) at a density of 2 % 105 cells per 200
wl in complete RPMI medium (Sigma). Cells were
stimulated for 5 days with antigen {2 deys with
phytohemaggiutinin}, puised with 0.5 pCi of [*H}thy-
midine during the final 16 1018 hours, and harvested
for scintillation counting. Insufficient cells were avail-
able from patients 5 and 11; therefore proliferation
assays were not performed. All Lyme arthritis pa-

REPORTS

tients’ cells respended to OspA (except for patient 1)
and OspA,,, a3 (except for patients 1 and 2). Re-
sponses ranged from 254 to 2552 cpm (background)
and from 2275 to 56,725 cpm (antigen).

17. B. Wilske et al., Res. Microbiol. 143, 583 (1992); ).
Welsh et 21., int. J. System. Bacteriol. 42, 370 (1992);
G. Baranton et al., ibid., p. 378; W. T. Golde, infect.
Med. 1S, 38 {1998).

18. . . Lanchbury et al., Hum. immuol. 32, 56 (1991).

19. P. 5. Steeg, R. N. Moore, H. M. Johnson, ). |. Oppen-
heim, J. Exp. Meda. 156, 1760 (1982); M. B. Sztein,
P. 5. Steeg, H. M. johnson, }. ). Oppenheim, J. Clin.
invest. 73, 556 (1984),

20. ). Moreno, /. immunol. 147, 3306 (1991); S. Salemi,
A, P. Caporossi, L. Boffa, M. G. Longobardi, V. Barnaba,

000043

1. Exp. Med, 18, 2253 {1995); A. K. Barlow, X, He, C.
Janeway )r., ibid. 187, 1403 (1998).

21. M. L. Corcoran et al.. J. Biol. Chem. 267, 515 (1992).

22, We thank L. Glickstein, ). Cobum, K. Yardley, N,
Sutkowskl, C. Tay, and R. Saward for assistance in
preparation of the manuscript; R. Schumacher, E,
Massaroti, R. Kalish, and A. Vaz for acquisition of
control patients’ synovial fluid: D. Zaller for providing
the DRB1*0101-tg mice; and D, Staunton for provi-
sion of purified hLFA-1. Supported by Biological Re-
search Grants from The Arthritis Foundation (B.T.H.
and ACS.), NIH grant RO1 AR20358, The Mathers
Foundation, and the Eshe Fund (A.CS.).

9 March 1998; accepted B June 1998

Pioneer Axon Guidance by
UNC-129, a C. elegans TGF-p

Antonio Colavita, Srikant Krishna, Hong Zheng,
Richard W. Padgett, Joseph G. Culotti*

The unc-129 gene, like the unc-6 netrin gene, is required to guide pioneer
motoraxons along the dorsoventrat axis of Caenorhabditis elegans. unc-129
encodes a member of the transforming growth factor- ( TGF-8) superfamily
of secreted signaling molecules and Is expressed in dorsal, but not ventral, rows
of body wall muscles. Ectopic expression of UNC-129 from ventral body wall
muscle disrupts growth cone and cell migrations that normally occur along the
dorsoventral axis. Thus, UNC-129 mediates expression of dorsoventral polarity
information required for axon guidance and guided cell migrations in C. elegans.

Axon guidance along the dorsoventral (D/V)
axis of animals of diverse phyla involves
secreted. laminin-related. UNC-6/nctrin guid-
ance cues (/). The signaling pathways acti-
vated by these molecules require the UNC-$
and UNC-40/DCC transmembrane receptor
families (2-4). [n C. eleguns. mutations in
unc-129 (3) cause defects in the dorsally
oriented trajectories of motoraxons that re-
semble those present in unc-5, wne-6. and
unc-40 mutants (5, 6).

A 6.5-kb genomic subclone of cosmid
C53D6 was able to reseuc the uncoordinated
phenotype of unc-129 mutants after germline
transformation (7, 8) (Fig. 1A). Sequence anal-
ysis by the C. elegans genome-sequencing con-
sortium (9) revealed a single open reading
frame on this fragment that encodes a protein
related to the TGE-B superfamily. The corre-
sponding 1.5-kb ¢DNA (/0 includes 5 exons,
34 base pairs (bp) of 5’ untranslated region
(UTR), and 281 bp of 3' UTR and is predicted
to ¢ncode a protein of 407 amino acids (Fig.

A. Colavita, H. Zheng, |. G. Culotti, Samuel Lunenfeld
Research institute, Mount Sinai Hospital, Toronto,
Ontario M5G 1XS, Canada, and Department of Mo-
lecutar and Medical Genetics, University of Toronto,
Ontario MSS 1A8, Canada. S. Krishna and R. W.
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lar Blology and Biochemistry, and the Cancer Institute
of New [ersey, Rutgers University, Piscataway, NJ
08854 -8020, USA.

*To whom correspondence should be addressed. E-
mail: culotti®mshri.on.ca

1B). Northern (RNA) analysis of wild-type
mRNA revealed a single transcript (/) consis-
tent with the size of the cDNA. The 6.5-kb
rescuing-genomic fragment includes 3 kb of 5’
promoter sequence. A minigene containing 4.5
kb of 5’ promoter sequence fused to the unc-
129 cDNA was able to rescue the phenotype of
unc-129 mutants, indicating that there are no
essential regulatory elements in introns or the 3’
sequence (/2).

UNC-129 shares features with the TGF-8
superfamily, including a signal sequencc, a
prodomain, and a COOH-terminal region that
contains seven conserved cysteines (/3). The
UNC-129 COOH-terminal sequence identity
ranges from 33% with human BMP-7 to 24%
with TGF-B2. Thus, unc-129 likely repre-
sents a subfamily of the TGF-B superfamily.

Sequence analysis revealed the absence of
residucs in UNC-129 that would be expected
between the a-helical region and B sheet of
TGF-B molecules (Fig. 1C) (/4). This inter-
domain region forms a p turn with a protrud-
ing loop accessible to solvent. The three-
dimensional structures of TGF-B1 and TGF-
B2 differ at this site, which may promote their
differing receptor-binding affinities (75). De-
letion of the loop in TGF-B1 abolishes certain
TGF-Bl-mediated responses (/6). Without
knowledge of the crystal structure of UNC-
129, it remains unclear whether the missing
residues form the COOH-terminal end of the
long a-helix or affect receptor specificity.

In C. eleguns, TGF-B signaling pathways
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Multiple cross-reactive self-ligands for Borrelia
burgdorferi-specific HLA-DR4-restricted T cells

Bert Maier', Marc Molinger', Andrew P. Cope?, Lars Fugger?, Jens Schneida: -
Mergener’, Grete Senderstrup?, Thomas Kamradt" ¢, Achim Kramer®

' Deutsches Rheumatorschungszentrum, Berlin, Germany

? Department of Medicine, Stanford University, Schaol of Medicine, Stanford, LISA

3 Institut fiir Medizinische Immunologie, Universitatskiinikum Charité, Humbolz.t-Universitidt zu
Berlin, Berlin, Germany

* Medizinische Klinik m. S. Rheumatologie und Klinische Immunologi. . Universitétsklinikum
Charité, Humboldt-Universitat zu Berlin, Berlin, Gerrnany

T cell recognition of self antigens is a key event in the pathogenesis ot autoimmune dis-
eases. To date, the initial avents that trigger autoreactive T cells are unknown. The *molecu-
tar mimicry” hypothesis predicts that during an infection T cells that recognize both a micro-
bial antigen and a related self peptide become activated and cause autoimmune disease.
We have systematically examined the recognition of self antigens by HLA-DR4-restricted T
cells specific for peptides of the outer surface protein A (OspA) of Borrelia burgdorferi, the
etiologicat agent of Lyme disease. We used the peptide spot synthesis technique for com-
plete peptide substitution analyses of -two immunodomiitant OspA epitopes. Each amino
acid residue of the epitopes was substituted with all 20 naturally occurring aimino acids and
the altered peptides were tested for recognition t y a panel of OspA-specific T cells. The
binding motifs (supertopes) revealed by these analyses ‘vere .sed to screen public data-
bases for matching human or murine peptides. Several hundred peptides were identified by
this search and synthesized. Of these, 28 were recognized by OspA-specific 1 culis. Thus, T
cell cross-reactivity is a common phenomenon and the erislence uf cross-reactive epitopes

lone d imply mol imicry-mediated pathology and autoimmunity.
alone does not imply mol ec_ular_ mimicry -mediate paho ogy and autoimmunity. Received 23/9/99
Key words: Infectious disease / Autoimmunity / Molecular mimicry / Peptide library / Borrelia 2::'85:‘2‘1 23;12533
burgdorteri

1 Introduction Evidence ior anrcimmune disease triggered by cross-
reactive T vells which continue to cause damage in the

Autoimmune diseasas are sometimes t(iggered or exac- absence of microbial antigen has been difficult to obtain.

erbated by infections. One hypothesis to explain the link
between infection and autoimmunity predicts that
sequence similarity between microbial and self antigens
(molecular mimicry) can activate autoreactive lympho-
cytes, thus enabling such cross-reactive lymphocytes to
cause autoimmune damage in the host (reviewed in
[1. 2]). Numerous reports demonstrate cross-reactive T
cells which recognize both a defined microbial peplide
and a highly homologous self peptide {3-7). In some
cases autoimmunity could be elicited by imi:iunization
with microbial peplides {8, 9}. Frequentiv, ;.= ~zver, aulo-
immunity occurred only at a much reduciad incidence
and severity {7, 10} or significantly higher antinen doses
{11] as compared with the self antigen.

il zu124]

Abbreviation: OspA: Outer surtace protein A

0014-2980/00/0202-448%$17.50+.50/0

Furthermore, there is increasing evidence that individual
T cells can recognize a variety of peptides, which do not
possess strong sequence homology (reviewed in [12]).
Structural analyses have further illustrated the degener-
ate .ecogpnition of peptide-MHC complexes by individual
TCR (reviewed in {13]). Therefore, we wished to re-
examine the molecular mimicry hypothesis systemati-
cally using peptide spot synthesis, a high-throughput
approach to testing modified peptide ligands [9, 14). As
a imodel, we chose the T cell response against Borrelia
burgdorferi outer surface protein A (OspA). Cross-
reactivity between B. burgdorferi and self antigens has
been suspruted to cause chronic neurological disease
[18* or treaunent-resistant Lyme arthritis [6, 16). We have
shwn that T cell lines (TCL) from patients with
treatment-resistarit Lyme arthritis preferentially recog-
nized B. burgdorferi OspA. In contrast, TCL from patients

© WILEY-VvCH Verlag GmbH, D-69451 Weinheim, 2000
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with treatment-susceptible Lyme arthritis rarely recog-
nized this protein [16, 17). Furthermore, both HLA-DR4
and IgG reactivity against OspA were found to be asso-
ciated with treatment-resistant Lyme arthritis [18, 19].
Therefore, HLA-DR4-restricted T cell recognition of an
arthritogenic OspA repitope is one possible way in which
the immune response might be involved in the pathogen-
esis of treatment-resistant Lyme arthritis. Interestingly,
immunization with recombinant OspA was effective in
preventing Lyme disease in two recent clinical trials {20,
21} and is now available as a vaccine against Lyme bor-
reliosis.

We tested if HLA-DR4-restricted T cells specific for
immunodominant OspA epitopes could cross-recognize
self peptides. OspA-specific T cell hybridomas were iso-
lated from mice transgenic for HLA-DRA*0101/HLA-
DRB*0401 and human CD4 on a background deficient
for murine class il expression (hereafter called DR4'/1-
AP~ mice). Global amino acid replacements to determine
the structural features necessary for HLA-DR4-restricted
T cell recognition of the immunodominant OspA epi-
topes, followed by database searches yielded approxi-
mately 30 human and murine peptides capable of acti-
vating the OspA-specific T cell hybsidomas.

2 Results

2.1 Identification of four immunodominant OspA
epitopes

We immunized DR4°/i-AB™ mice with recombinant lipid-
ated OspA. T cell hybridomas (n = 982) were obtained
from two independent fusions. T cell hybridomas were
tested for OspA recognition using spleen cells from
DR4'*/I-AB” mice as APC; 560 hybridomas were OspA
specific. Of these, 118 were randomly chosen and tested
using both recombinant OspA and overlapping 20-mer
peptides spanning the entire OspA sequence. Epitopes
were then defined using N- and C-terminal truncations of
the 20-mer peptides. Of the 118 hybridomas 104 recog-
nized one of four immunodominant epitopes (Fig. 1). For
these experiments a human EBV-transformed B cell
line (EBV-BCL), homozygous for HLA-DBA'O101/HLA—
DRB*0401 (Priess) was used as APC. Thus, the epilopes
that we have identified can be processed by both murine
and human APC.

2.2 Substitution analysis and supertope
definition

Peptides prepared by spot synthesis were used for a
substitution analysis of the two dominant epitopes,

Self-antigens recaynized by OspA-specific T cells 449

Peptide Sequence No. of
B Hybridomas
OspAise.1iss  EYTEIKSDGS 6
OspAies. 1s0 EIKSDGSGKAKE 28
OspAiga.17s GYVLEGTLTAEK 43
_OspAzszeg  LVFTKENTITVQ 27

Fig. 1. Immunocominant epitopes of OspA. 118 OspA-
specific hybridomas from HLA-DR4 transgenic mice were
tested for recognition of OspA-peptides. The four immuno-
dominant OspA-epitopes and the number of hybridomas
recognizing these epitopes are shown.

OSpAes-17s and OspAgas.aes. Each position of the pep-
tides was substituted with all 20 naturally occurring
amino acids. The resulting 240 peptides for each epitope
and synthesized spots of the original OspA peptides
were tested for recognition by seven randomly picked
hybridomas of the appropriate specificity (OspAsgs-17s OF
OspAaas-26)- Results for four characteristic hybridomas
are shown in Fig. 2. This substitutional analysis revealed
the binding motifs (supertopes) and, thus, the structural
requirements for T cell recognition for each of the 14
hybridomas (Table 1). The individual supertopes for
seven cloned hybridomas specific for OspA,g.srs dif-
fered substantially. Hybridoma 26/1 tolerated no substi-
tutions at two positions: glutamic acid at position 168 of
the OspA molecule (E168) and G169; this hybridoma
also tolerated only one substitution for T170. Other
hybridomas tolerated multiple substitutions at these
positions, and nybridoma 170/1 tolerated 10 or more dif-
ferent substitutions at all positions except E168, G169,
L171, and T172 (Table 1 and Fig. 2). Two of the seven
hybridomas 26/1 and 224/2, Table 1) did not tolerate any
substitution for G169. Hybridomas 26/1 and 170/6 did
not tolerate any substitution for E168. Hybridoma 170/1
and hybridorna 163/5, on the other hand, tolerated many
different substitutions for both E168 and G169 (Table 1).
Similarly, the individual OspAsas-24s-specific hybridomas
had different supertopes (Table 1). Whereas hybridoma
21 tolerated no substitution of K239 (Fig. 2 and Table 1),
the other six hybridomas tolerated between 2 (hybrid-
oma 195) and 13 (hybridoma 844) different amino acid
substitutions at that position.

2.3 Identification of self peptides mimicking
OspAieiizs

The supertopes defined for the OspA.g.vs-specific
hybridomas (Fig. 2 and Table 1) were used to screen the
SwissProt and TREMBL databases; 387 human or
murine peptides matched one of the supertopes. A con-
ventional sequence alignment search in the SwissProt

000045
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Fig. 2. Substitutional analysis of OspA;es-175 and OSpAss.a6. Each position of the epitopes was substituted by all 20 naturally
occurring amino acids. Peptides were prepared by spot synthesis and T cell hybridomas were tested for IL-2 production at a
peptide concentration of ~ 1 uM. Absorbance (A) readings from the IL-2 ELISAs are shown. Dark boxes indicate A values that
were considered positive as defined in methods. Values in the top line represent the wild-type (WT) peptide, all other values cor-
respond to single substitution analogues. Data for two characteristic OSpA,s-175-specific hybridomas and two characteristic
OspAgs-244-Specific hybridomas are shown. A values for background + 2 SD were < 150 for all four hybridomas.

and TREMBL databases yielded additional 57 human
and 31 murine peptides with sequences homologous to
OspAssi-17s (Table 2). The 387 supertope-matching pep-
tides and the 88 peptides identified by sequence align-
ment were prepared by spot synthesis and tested for
recognition by the seven cloned OspAes1s-specific
hybridomas. Of the 387 peptides identified by the super-
tope search 13 were recognized by at least one of the
clones (Table 2). These peptides represented 11 human
and 5 murine proteins. The mimic peptides shared three
to five residues with OspA,s.y7s. Of the mimic peptides
11 conserved the glutamic acid at position 168 of the

OspA molecule (E168) and G169 (Table 3). Of the
remaining 2 peptides, 1 had G169 conserved and a con-
servative E168D substitution. L171 was conserved in 10
of the 13 mimic peptides. Other amino acids, e.g. A173
and K175, were not conserved .in any of the 13 mimic
peptides. Of the 88 peptides which were identified by
sequence alignment, 3 activated at least one of the
seven hybridomas (Table 2). These represented two
human and two murine proteins (Table 3). None of the
three peptides would have been predicted by the
“supertope-analysis” (compare Fig. 1 and Table 3). The
10 “best matches” among the 88 sequences and the
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Table 1. The “supertopes” resulting from the substitution analyses, for the 14 cloned hybridomas i e. the amino acids allowed
at each individual position of the 12-mer epitopes OspAes-y1s Or OSPA,ss.246. [] indicate the allowed substitutions; X: all amino
acids; {}: all aa except those in the brackets.

OspAigars
#H G Y v L E___ G __T L T A_E K
2671 A {ADEKNPST)} {ACGV] ICFILMVY] E G (T} [AILPTV) [GILSTV) iw} X X
16925 x (34} P (CPILMNPQSY)  {AEGNQS) [GHIRVA) [AGILERSTVY]  LIIILNPV] I{DNPQR) {DryY} X {HKR]
17621 X {XF) |EFXLPW} ICFNTLMSVIVY) {ENQS) {ACGEIRWV? {AIRSTVW) (FHILVWY) fsTv) b X X
17076 X ICFHILMVWY] (ACGINOSTV} [TEMY) B {GH) {EFKRWY {HIL) (ELP} X X X
2242 X {ACFETLMVWY) [AIV) {11V} IACDEV) G tasr| {AL2V) IAGHPQST] X X X
25774 X {oe} {EINPQ) ICFI1MQ) 1CEQ) [GHI} (AS) L {CFITV] (DEFSTVWY) {TVWY) [NX)
3765 1Q) {DEP) [svi { EVRWY ) (CEQ} (G¥) {EFIRLUQWY) L {EPVY) (£ 3] (WY} {(VWY)
. OspAzss.zes
#H L \'4 F T K E N T I T vV Q
2 X X (CFILMWY) (TLMNTVW) K ICE) my [sv) ‘FIL) {FKLPVY) X b4
ok x x (FIKLMNOKY)  [IMNPGRT) [IKLMVPQR]  (CEILMNQ) {NQR ) [IMNQRSTI  I1tMP)  (NRST| x x
1¢8 X X ‘CFTILMQSVWY) [ACCHMNSTW]} (CFPILVAY} (CDERL} {AHNSW] (ACDGENST ) 1zwv) 1DHNST) X X
195 X X {CEGKNPT) IAGST) {DKR } IACDEGHS} {HNRST) {ASTV. T {GHS?) X b3
281 x X IrPILMVWY ) IACST} (OGHXNS) E (NSW] [DNST) : T X X
296 X x TCFILMVWY) (ACGHST_VW] {ADGHRNPQS {DIE) [AMNSW) [ACUNST} {iLv) {UNNT; X X
£34 X X {ADESKNPT)  (DEFRLPQY) {PILVWY) [CDEHILRQSV] {AHNSW) {FPRKLPQRWY} {ILMPV) [DHNET| X X

* indicates the number of the hybridoma.

supertope-matching peptides and the 63 peptides iden-
tified by sequence alignment were prepared by spot syn-
thesis and tested with four of the seven for OspAjas. s~
specific hybridomas. Of the 469 peptides, identified by
supertope analysis, 15 were recognized by at least one
hybridoma. These 15 peptides represented 11 human
and 9 murine proteins (Table 2). Several peptides had lit-
tle sequence homology with the original OspA sequence

peptides that activated at least one of the OspAjg.17s-
specific hybridomas are shown in Table 3.

2.4 Identification of self peptides mimicking
OspAzas.a4e

Of the murine or human peplides 469 matched at least
one of the seven supertopes defined for the OspAzss-z46-
specific hybridomas. Conventional sequence alignment
yielded additional 63 human or murine peptides with
sequence similarity 10 OSpAg.2s (Table 2). The 469

(Table 4). Of the 15 peptides, 6 did not share a single res-
idue with OspA;ss.246. H21, H195, H296, and H844 each
recognized more than one mimic peptide (Table 4). H296
recognized 8 different mimic peptides. The 40 human
and 23 murine peptides identified .by sequence align-

Table 2. Numbers of peptides identified by supertope analysis or sequence alignment, respectively.

Supertope analysis

Sequence alignment

Epitopes Candidates® Mimics® Candidates® Mimics®
OspAsgi-ars 387 a8 3

11 human/$ murine® 2 human/2 murine®
OSpAzs.24e 469 63 0

13 human/9 murine”

a) Number of peptides matching the supertope for at least one of the hybridomas.
b) Number of peptides recognized by at least one of the hybridomas.

¢} Number of peptides identified by sequence similarity search.,

d) For some peptides the murine and human sequences are identical.
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Table 3. Murine and human peptides recognized by OspA,,.,25-specific hybridomas. (A) The Swissprot and TREMBL. databases
were searched for microbial peptides containing the supertopes depicted in Table 1. The 13 peptides listed here were recognized
by one or more of the seven OspA,q.ss-specific hybridomas examined. (B) The Swissprot and TREMBL databases were
searched for homologs of OspAg,.yys by sequence alignment. The ten best matches, two of which were recognized by one
OspA,s.17s-specific hybridoma are shown here. In addition, a peptide derived from glycerolkinase which ranked 17 on the
“homology-list” and was recognized by hybridoma 257/4 is also shown.

Sequence Source Recognized by hybridoma:
OspAjesirs 376/3 1695 170/6_170/1 2611 2574 22472
- A Mimics identified by substitution analysis '

GYVLEGTLTAEK Outer sueface prolein A B. hurgdorferi o

ASVPEGNLHGQD IL-2R {3 chain precursor (CD122 mu) ;uouse

CWVLEGIIIPNR Macrophage-stimulating protein precursor, .
human

EFIMEGTLTRVG Son of sevenless homolog (SOS1) human, .
mouse

GLVMEGHLFKRA Hypothetical protcin KIAA00S0 human o

KLQLDGSLTMSS Autoantigen (Q13023/Q13826) human

LLGVEGTTLREA Myosin I  mousc

LVGIEGSLKGST Opa-imeracting protein OIPS (fragment)
human

PLALEGSLQKRG Insulin precursor human .

QVGVEGTASLKA Lak-1 human

RFVMEGGLLDKP Insulin-like growth factor 1 receptor precursor ~
human, mousc

SFTIEGPLTSFG * Apolipoproicin B-100 precursor (Apo B-100)
human

SGRLQVRLVLGQ Melanoma associated chondroitin sulfate .
proteoglycan (MCSP) human

YWVYEGSLTIPP Carbonic anhydrase-related protein human, .
nouse

B Mimics identified by homology search

GYVLEGTLTAEK Ouiter surface protein A B. burgdorferi .

GYVLEGKELE 0s ribosomal protein S8 RS8 hunan

GYILEGNBCV Fibrittin } precursor FBN t mouse

GYMLEGSPQS Complement recepior type H precursor CR2
human

IYVIEGTSKQ Leukocytc adhesion glycoprotcin LFA-1
human

GYVPEDGLTA Inosinc-3 ~monophosplate dehydrogenase |
human. mouse

GYTLEGSPWS Complement receptor type I precursor
(CD35) human

TPNLEGTLTG Neuroblast differentiation associated protein
AHNAK (Desmoyokin)
human. mouse

GYTLEGSPQS Complcment receptor type 11 precursor
(CD33) mouse

LYMLVGTLAA Multidrug resistance protein 3 MDR3 mouse

GYTLRGTSIF Alkaline phosphatase intestinal precursor

YYALEGSVAI

mouse
Glycerolkinase GLPK human. nousc

000048
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Table 4. Murine and human peptides recognized by OspA,ss.,46-specific hybridomas. {(A) The Swissprot and TREMBL databases
were searched for microbial peptides containing the supertopes depicted in Table 1. The 15 peptides listed here were recognized
by one or more of the seven OspA;_..e-Specific hybridomas examined. (B) The Swissprot and TREMBL databases were
searched for homologs of OspA,s-246 DY S€qQuence alignment. The ten best matches, none of which was recognized by one of the
OspAs-246-Specific hybridomas are shown here.

Sequence Source Recognized by hybridoma:
OspAns.aa S | I L U T S
A Mimics identified by substitution analysis

VFTKENTITV Outer surface protcin A B. hurgdorferi . . N R
AIAGDAGLSP Envibroid krueppel-like transcription factor mouse o

EYASDASLDP 4-1BB ligand human -

IQTGISAIDG Vacuolar ATP synthise subunig B hunan, mouse . o
WMRRMRILRR 60S Ribosomal protein L.19 human mouse . .
ICGEDSDLDG Thrombaospondin 2 precursor human. mouse .

NONHCSAINN Gonadotropin-releasing homone receptor humian .

RFHKIANVNK ce-Actinin 2. skeletal muscle isoform. «e-actinin 3. .

skeletal muscle isoform human. mouse

IKQIIRILSK Neurofibromin human mousc .
ALNQEADVSG Homcbox protein HOX-At human .
DVVDESNINK Neurofibromin mouse R
IVCADADLDL Aldchyde dehydrogenase 6 human .
LSSAENSLSG MAPK/ERK kinase kinase 3 human. mouse .
KFNRLNRLTT * §S-B Sjégren syndrom type B antigen human, mousc N
HWISESSVSG Fibrinogen o and «-E chain precursors human .
RVWDISTVSS Pcriodic tryptophin protcin | homolog human .
B Mimics identified by homology search

VFTKENTITV Ouiter surface protcin A B. Burgdorferi . . .
NFHKENTVTN Heparin colacior 11 precursor mousc

DFHKENTVTN Hcparin cofactor Il precursor human

KFTKNNFITI huerferon-activatable protein 205 mouse

SFTRENTLMF NADH-ubiquinonc-oxidoreductase chain 4 human

ISTKENTLSK $-Necoendorphin-dynorphin precursor hinnan

IFTKENLTAP Ceruloplasmin precursor human

LGESENTITV Protein-tyrosine phosphiatasc PCP-2 precursor hunuin

VHTKEQMLTV Zinc finger protein ZFP-29 mouse

VFTETNTLEN Versican corc protein preciwsor husan

LFPSKENSVWN 1-Phosphatidylinositol-4.5-bisphiosphate

phosphodiesierase y! human

RRLKENQITI Thyrotroph embryonic factor human

TFTKDNRVHI GTP-binding protcin ARD-1 human

AFTRSSTLTL Zinc finger protein 139 human

STGKENKITI Hcat shock-related 70 kDa protein 2 human. mouse

ment were tested for recognition by three of the seven
OspA,ss-2s-Specific hybridomas. None of the 63 pep-
tides induced IL-2 production in any of the three hybrid-
amas. The 10 "best matches” among the 63 sequences
identified by sequence-alignment are shown in Table 4.

2.5 Dose-dependent activation of OspA-specific
T cells by self peptides

The OspAiss-1zs and OspAys.246 Peptides, the 13 pep-
tides cross-reactive with OSpA;s...s-specific hybrid-
omas (Table 3), and the 15 peptides cross-reactive with
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OspAgas-2es-specific hybridomas (Table 4) were synthe-
sized conventionally and used in titration experiments.
The hybridomas recognized the OspA and mimic pep-
tides dose dependently. Two characteristic examples are
shown in Fig. 3. Some of the human and murine peptides
induced IL-2 amounts that were comparable to those
induced by the OspA peptides albelt at higher doses
(Fig. 3, hybridoma 26/1). Other mimic peptides induced
less IL-2 than the OspA peptides throughout the tested
dose range (Fig. 3, hybridoma 257/4). Altogether, all
peptide mimics identified using the spot-synthesis tech-
nique also induced significant IL-2 production in the
T cell hybridomas when synthesized conventionally.

3 Discussion

We and others have found that an immune response to
B. burgdorferi OspA, especially in HLA-DR4* patients, is
associated with an increased likelihood of developing
treatment-resistant Lyme arthritis [16-19]. Additional
interest in the immune response to OspA. has emanated
from the fact that recombinant OspA was successfully
tested as a vaccine against Lyme disease [20, 21). Here,
we further analyzed the T cell response against OspA
and show that HLA-DR4-restricted OspA-specific T cells
frequently recognize seif antigens. Global amino acid
substitution of two immunodominant OspA epitopes
allowed us to define the structural motif (supertope) rec-
ognized by individual OspA-specific T cell hybridomas.

Database searches ylelded 387 human or murine pep-
tide sequences that matched one of the supertopes
defined for the OspAss..1rs-specific hybridomas and 469
sequences that matched one of the supertopes defined
for the OspAgs.a4s-Specific hybridomas. However, only
13 of the 387 and 15 of the 469 peptides induced IL-2
production in the hybridomas. Similarly, when we used
supertope analysis to predict microbial peptides that
could activate murine T cells specific for the CNS auto-
antigen myelin basic protein (MBP), only 61 of 832 pep-
tides induced T cell activation [9). Why does only a small
percentage of peptides matching the supertope criteria
activate the T cells? It is likely that particular amino acid
replacements are tolerated when they occur individually
but abolish T cell recognition when they occur simulta-
neously. Importantly, a substitution that eliminates T cell
recognition when it occurs individually can be tolerated
in the context of other substitutions. This is illustrated by
the fact that some of the peptides that were recognized
by an individual hybridoma were not predicted by that
hybridoma's supertope. An example is the peptide of
erythroid krueppel-like transcription factor (EKLF,
mouse), which matches the supertope for the
OspAgss.e-specific hybridomas 168 and 844 but was

Eur. J. Immunol. 2000. 30: 448457

Hybridoma 26/1
1400 —_—— -

0,01 0:1 \ 10 100 1000
[Ag] (pM)

Hybridoma 257/4

0.01 ) 0, 1 10 o 100 1000
[Ag] (M)

Fig. 3. Comparison of W-2 production induced by
OspAyu-17s and murine or human peptides. Peptides were
used at the indicated concentrations using the cioned T celi
hybridomas 26/1 and 257/4 in IL-2 assays as described in
Sect. 4.3. Filled squares indicate OspA,.1s peptide, open
symbols represent mimic peptides. The “son of sevenless”
peptide (open circles) did not induce IL-2 production in the
spot-assays and was therefore used as negative control.
Results shown are the mean of triplicate wells, and repre-
sentative of three independent experiments. Upper panel:
() LAK-156.207, (O) carbonic anhydrase-related pro-
teinys-226 () OPA-interacting protein OIPS,y,.,3;. Lower
panel; (O) pro-insuliny, g, (4) complement receptor type
Nga4-943-

recognized by hybridoma 21 (compare Tables 1 and 4).
Similar results have been obtained by other investigators
using different approaches {22-25]. Thus, neither a pre-
cise knowledge of an epitope’s MHC and TCR contact
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sites, nor a complete set of single substitutions can pre-
dict all the peptides recognized by a given TCR. More-
over, our analysis of a panel of 14 cloned T cell hybrid-
omas could only cover a fraction of the cross-reactivities
occurring during a polyclonal immune response in vivo.
An illustrative example is a peptide derived from the
human LFA-1 molecule that is highly homologous to
OspAe.-175 (see Table 3) and was recently reported to be
recognized by HLA-DR4-restricted OspA-specific T cells
(6]. However, this LFA-1 peptide was not recognized by
any of the seven OspA,e,_yzs-specific T cell hybridomas
examined here, illustrating again that individual TCR
possess different patterns of cross-reactivity. Taken
together, the data illustrates that even a careful analysis
of autoantigens recognized by a panel of T cells specific
for a bacterial antigen will underestimate the full extent of
cross-reactivity occurring during a polyclonal immune
response in vivo.

How do these findings relate to the molecular mimicry
hypothesis? Our data together with other available evi-
dence [9, 23, 24, 26) suggest that cross-reactivity lead-
ing to T cell activation is a very frequent event. Autoim-
munity, however, does not occur as frequently, suggest-
ing that T cell reactivity between a microbial peptids and
a self peptide alone is not sufficient to induce autoim-
mune disease. Several mechanisms normally prevent
coss-reactive T cells from causing injury. These include
antigen sequestration, proteolytic destruction of epi-
topes during antigen processing, low concentration of
the self antigen, a low frequency of cross-reactive T
cells, peripheral deletion or anergy of self-reactive T
cells, regulatory cells, and “non-pathogenic” patterns of
cytokine production or migratory behavior of cross-
reactive T cells [27~29). Therefore, it is important to note
that some of the mimic peptides identified by our analy-
sis are ubiquitously exposed to the immune system
(Table 3 and 4, e.g. 4-1BB ligand), thus ruling out antigen
sequestration. Some of the mimic peptides are derived
from self proteins, which are known to be targets of auto-
immune responses (Table 3 and 4, e.g. insulin precur-
sor, SS-B antigen). Importantly, the peptide PLA-
LEGSLQKRG recognized by one of the OspAiss.zs-
specific hybridomas has been identified as the immuno-
dominant proinsulin peptide recognized by HLA-DR4*
diabetic patients {30}, demonstrating that this peptide is
available for T cell recognition in vivo. Thus, it is likely
that in most cases the cross-reactivity between a partic-
ular microbial and a particular self peptide remains harm-
less. In fact, some degree of autoreactivity is a nccussary
survival feature for naive T cells {31} and possibly mem-
ory cells [32); and it is even possible that in some circum-
stances autoreactive T cells help in controlling autoim-
munity [33). The HLA-DR4 transgenic mice used here
should provide a useful system to analyze further the in

Selt-untigens recognized by OspA-specific T cells 455

vivo correlates of cross-reactivity between microbial and
self peptides.

In summary, we have used the peptide-spot synthesis
technique to perform a systematic analysis of T celf
cross-react:ivity by global amino acid substitutions of
two bacteriul epitopes. This high throughput approach to
epitope mulagenesis will likely have broader applications
in the analysis of infectious diseases, autoimmunity, and
vaccine development. Multiple endogenous peptides
were recognized by OspA-specific T cells. Based on our
in vitro studies it Is not possible to judge finally the role of
cross-reactivity between OspA and a self antigen in
treatment-resistant Lyme arthritis. Molecular mimicry
remains an attractive hypothesis for the pathogenesis of
autoimmune disease, for example by maintaining the
memory T cell pool specific for a particular autoantigen.
It is clear, however, that the mere demonstration of T cell
cross-reactivity is inconsequential for the understanding
of any autoimmune disease.

4 Materials and methods

4.1 Mice

HLA-DR*0101/HLA-DRB*0401, human CD4 triple-trans-
genic mice have been described previously (34] and were
maintained on the DBA/1J background. These mice were
mated with Af™" mice (35]. Offspring were screened for
HLA-DR and huCD4 expression by standard FACS analysis
as described [34].

4.2 Antigens
4.2.1 OspA

Recombinant lipicdaled OspA (IOspA) from B. burgdorferi
strain 2S7 \GenBuitk accession number X1647) was pro-
vided by Dr. Y. Lobet (SKB, Rixensart, Belgium). Unlipidated
recombinant OspA was purchased from TibMolBiol (Berlin,
Germany).

4.2.2 Peptides

A set of 52 20-mer peptides overlapping by 15 amino acids
each and spanning the entire 273 residues of the complete
B. burgdorferi N40-OspA-sequence was synthesized by
Frnuc chemistry and purchased from BioTeZ (Berlin-Buch,
Germany). Cellulose-bound peptides were prepared by
automated spot synthesis as described before [9). For titra-
tion experniients peptides were conventionally synthesized
as escribed [9).
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4.3 Generation of hybridomas and assay conditions

HLA-DRA®0101/HLA-DRB*0401, human CD4 triple-trans-
genic I-AB™" mice were immunized s.c. with 50 pg of purified
10spA in incomplete Freund’s adjuvant (IFA; Difco, Detroit,
MI). T cell hybridomas were obtained from two independent
fusions as described [30). Where indicated, we used cloned
hybridomas. An FACS Vantage (Becton Dickinson) sorter
was used to plate the cells at a density of 1 cell/well onto
96-well plates under sterile conditions; 5 x 10* -~ 10 x 10?
hybridoma cells were plated with 2.5 x 10° irradiated APC.
Spleen cells from DR4*/1-AB" mice, or a human EBV-
transformed B cell line (EBV-BCL), homozygous for HLA-
DRA"0101/HLA-DRB"0401 (Priess) were used as APC as
indicated. After 48 h, supernatants were transferred to repli-
cate 96-well plates and IL-2 concentrations were deter-
mined using a streptavidin-europium based immunoassay
[30] or a conventional IL-2 sandwich ELISA [9] as described.
Absorbance (A) values < mean background values + 2 SD
were considered negative; A values > mean values - 2 SD
for the OspA peptides were considered strongly positive.
The range of A values in between these two cut-off values
was divided into three equal intervals. For supertope defini-
tion only peptide analogs corresponding to’A values within
the top two intervals were considered positive.

4.4 Database searches

The SwissProt and TREMBL databases were searched for
human and murine peptides matching the supertopes (soft-
ware ExPasy) {36]. A conventional sequence homology
search of the SwissProt and TREMBL databases was per-
formed using the blastp software [37).
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PRESCRIBING INFORMATION
LYMErix®
Lyme Disease Vaccine
(Recombinant OspA)
DESCRIPTION
LYMErix [Lyme Disease Vaccine (Recombinant OspAll is a noninfectious recombinant
vaccine developed and manufactured by Smith Budumain icals. The causative
aqmtofl.vmdumouﬂmln .mNonhAmmcl,lll disease is due
sonsu stricto. T e vaceing containg Imopnmm OcpA, an outer
aumco pmnm of Borrelia ensu stricto ZS, as by Escherichia
cpla.hpopmmnomlu odwnonShmmoaddswnthm
lently bonded to the N terminus. No substance of animal origin is used in the com-

mercisl mnuhemma process. Fermentation madis consist prmtnly of inorganic safts,
and vitamins, with small quantities of entifosm (contains silico
am lycoside ammiooc) and yeast extract. Silicon and hnlmvun are rommd 10 lov-
Iuml thoctnon (<7 ppm and <10 ppb, respectively). The vaccine is adsorbed onto
8 num
LYMErixis suppmd as 2 sterile suspension in single-dose visis and prefilled syringes for
intramuscular administration. The vaccine is ready for use without reconstitution; it
must be shaken before administration to ensure 8 wform turbid white suspension.
Each 0.5 mL dose of vaccine consists of 30 meg of I pro«xn OspA adsorbed onto 0.5
sluminum as aluminum hydroxide of the vaccine mwwon
contsins .190. mM phosphate buffered saline and 2.5 mg of 2-phencxysthanol, 8 bacte-
The potency of vaccine is evalusted by immunizing mice with LYMErix® [Lyme
m\gﬁg@ s‘({hcommm OspAJ) and measuring their serum antibody response
8

PHARMACOLOGY

) iy b
the late summer and scquire B. burgdorfen from an infected animal host. Nymphal ticks
fead in the late spring and summer, and serve as the moast common source of human
infection. Adult ticks in the fail, winter and sardy spring, with the white-tailed deer
being the preferred host. Adult ticks can aiso transmit 8. burgdorferi to humans. ¥ Both
desr and rodent hosts are necessary to maintain the enzootic cycle of 8. burgdorferi.
Epidemiology
Lyme disease is the most commonly diagnosed vectorbome dmau in the United
States, with ove r 99,000 cases reported to the Centers for Disease Control and Pre-
vention (CDC) from 1982 to 1996. During that time, the incidence of reported cases
increased by at least 32old. Aithough most cases have been reported in the Northeest,

upper Midwest and Pacific cosstal aress of the United States, infections have been
ropomd in aimost sl states.2The mcndonco rates vary considersbly from state to state
andovonmmlnsmutthoooumvhvﬂ

m.om:momcmniw.m-wm.umscm,im

0.52-1.40

B 0.09-051

[ 0.00-0.08

Source: COC°
The trend of an increasing incidence in some established endemic sreas conmun.
slong with the geographic spread of the causative organism to new aress. 124/

Lyme disease has a bimodal 3 distribution, with the highest numbor of cases occur-
fing in children 2 to 15 yesrs of age and adults 30 to 55 years of age.4

Lyme Dissase: Reported Cases by Age Group; USA, 1996

Source: COC®
The primary risk factor for Lyme disease is exposure to waooded or grassy aress |nh|b-
ited infected ticks. Such areas may include woodisnds, mesdows, of
ruldlntld yards in endemic m §.Cases have been reported in mple whon onry
oxposure 10 8. bi lhas been while on vecation in an endemic area.'
Lyme dmm has been reported to occur throughout the ynr" Peak incidence of
Lymndmacvarmbpm andmtv snnually based on fluctuations in locst cli-
lg, the pnkoecunmthulat-;pﬂ -ndswmmnn

the Nonhust Urited States, coincident with the feeding of nymp
common source of human infection. Trangrission can occur aiso in the flll wumor lnd
early spring when adult ticks are feeding.'
Clinicel Manifeststions: Lyme disesse has 8 variable incubation period$ Lyms dtl”l.
vumdusymmmu,whdl.mmn umbodahwmudvmdmounu

izedt by 8 («ythoma migrans) and may be accom-
pa .hﬂpuo,qnwlgmqand/ormmlgaa. Erythema migrans represents 8
localized cutaneous infection and is the presenting symptom in 60% to 80 of cases.
Esrly disseminated manifestations include secondary skin lesions, neurclogic involve-
ment (meningitis, facial paisy, other cranial neuritides, radiculoneuritis), cardiac involve-
ment (atrioventricular , and musculoskeletal symptoms ususlly con-
sisting of migratory pein mjommdtho surrounding soft tissue structures.?
Late stage disease (persistent infection) occurs months to years after initial infection
and may be manifested as chronic arthvitis, chronic neurologic abnommalities or acro-
dermatitis chronics mplm. Not afl patm with Lyme disease have this character-
istic progression of symptoms. disease usually requires more intensive ther-
spy and m%r;'sut in pomumnt seq . In pcmeullr. late neurologic invoivement is

The rats of asymptomatic infaction has not boon well studied in adults, In the LYMErix
{Lyme Dissase Vaccine (Rocombmam OspAll mdv the rate of asymptomatic infection
{for definition, see Cinical Efficacy, Asymptornatic B. burgdorferi infection) was approx-
imately 0.25% per year with one case of lsvmmuc infection occurring for every
four cases of erythema migrans.

Late stage dissase may result from early dissase that is either unrecognized or fails to
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sssay
mldodasﬂnmmnlbomowmtlnd if .positive or equivocal, immunoblot
%V.Mbm)tmmshouldbomﬂomdtom the results (ses Laboratory Test
erachions)
LYMElk Mechanism of Action: LYMErix stimuistes specific antibodies directed sgainst
, The organism containg several outer surfsce proteins, with lipoprotsin
OupA umwnodommum % Agministration of ipoprotein OspA to mice resulted in
the of specific | ermdiu Mwmm-wma
specific epitope, LA-2 (m WM)MM
manmmuropmun n promnﬂ diuuufw m-
8. '?33' shown to correlate with
mmmm&ctbnmmrmm
B.bmhnoxpmsoywhlhmd mmmmofmommdudz.bmow
is downreguiated sfte 2'& pmwwm whon
buMnumulmdnmthohumnm‘ Thus, 8 novel hypothesis has n pro-
posed 1 expisin the effectiveness of lipoprotein veccinstion: when mfmdm
ite humans hohtvobunmmwwMLYM rix, the vaccing+nduced antibodies
mupby ud:andmnct mmomdwtofthond(
This machanism has been

m ngmmmlubn the

WW m-el w@?"’"&mm detected by immuno-
fluorescence asssy ofthnekstmm OW mice, compared
wmn'lofmmfdoncomum e

Clinical

A , multicentered, placebo-controlied tris! has ahown that
LYM&uean I.yrmdhuu 18 This trisi was

endemic nfmoftho Unm mn m) 15 u;;nmomsu»
wnhamryoipmiou:

Definlie Lyme disease
In the pivotal efficacy trial, Mmmmdlsnumdmandmwmrﬂmmwm
orwmmlqron: nwrolog muswloshdnllor mvom um)wnh

chai mmsap'l’P'CRl it for B bumdodonf skn h ﬂud.
n resuit for rom skin i
SF SF: or IgM or 1gG Westem blot seroconversion} as defined by %W

Post-omnddon was measured beginni nAMMawkz
mmhmmgm% Post-third dose cyngwu thnrddou

Prevention of e Dissase: Vaccine efficacy agsinst definite Lyme dissase
wunmssss CI 59% tosa%)dmvhmdosu ofvmmndmmwodmrdmg
10 | (13 cases among 4,765 subjects in the mo%ms among
4,7 aﬁﬁgu n the placebo ). Vaccine efficacy Lvmodluuo
was 50% (85% Cl: 14% to 71 )lﬁ-rmdosuafmadmmmduocord:
(20 cases among 5,148 subjects in the vaccine group; 40 cases among 5, 66
placebo g

subjects in the
Asymptomstic 8. burgdorferi infection
In the pivotal efficacy trial, subnmwmdoﬁmdu

.‘V‘“ﬂw'm I"‘cﬁu‘
when, i the absence of recopnizable clinical me blot seroconver-
wither between months 2 snd 1Zofmoﬁm°£|r or between months 12

sion occurred
andmofthumndynr
Infection; Vaccine efficacy against ssymptomatic 8. burg-

dod-ivmwo { %CI 30%»100%lmmmmofmadmnmod
mm4,7853ub; mmmmﬂmg

7843ub ots in roup). Vaccine efficacy agsinst ssymptomatic
mhd £96 (95% Cl 25%&096%) after two doses of vaccine administered
wwﬁg protoeoi(twoeammngs 148 subjects in the vaccine group; 12 cases
cmonn

Mssubncummwhecbogroupl
Intho possible Lyme dise! wnd'ﬁmdluﬂwlhalhm(fwu
m.nm..mwma?\n:r).mmgdam serocon-

of Possible Disease: Foliowing the three-doss course
sdministered teeordingg'g. ciﬂquu 48% (95% Ci: 1% vn 73%) mmst

Mwm.mdmwgpminmcm
ubhul:d:'fw.r::ﬁam %mmad
VOCIe | pto!ocol. .«M w‘" LV" e
disease was 21% (95% C): 4! %bS&%) Nanmonsubm received two doses
of vaccine developed possibie Lyme disesse, comparad to 24 placebo recipients.
denmwdnncﬂu«hﬂmudmwpmmwﬂwmmuwod

possible. eactivity which cause 8 fiurike
WmsmmmmlgMWommbbtfor&bW e

pmmm nite Lyme d was 28 follg erythema
migrans, 128 132 \ncdm. u plaubo) arthritis, 1 lv-eeim). inal neursigie, 1
{plecebo}; and facial paisy, 1 (placebo). Qfmnzae.m migrens, addi-
tionsl presanting clinical maniestations included: my.su vaccine, 2 placebo)
wmmnb;.ol (Wbo).mcdunmdomhmlmmm was similar for

ABYMPIOMati urveilisnce prompt trestmant of identifisd cases
mmmmmmmwmofmwa 8080 Manifestations.
A sirniler proportion of definite Lyrne disease cases in both vaccing and piacebo groups
wmeummcdw positive culture, PCR lmmns or Westem biot ssroconversion.

afm-OapA wmbodu lnd LA-2 oquinlent antibodies in a subset of sub-
mﬁ\o years of age snrolled at one study center.
Table 1 m the ufopwwm and geometric mean titers (GMTs) following the

and third doses of L
Table 1. immunogenicity in Veociness
Amibedy Sampling Time W GMTEEL.U./mL
) (98% Cl)

Yotal IgG Anti-OspA 1 mo. sfterdose 2 99% (280/284) 1227 (1029, 1483)
Pre-cose 3' 83% (201/241) 116 (98, 139}
1 mo. sfter dose 3 100% (287/267) €008 (5180, 6963}
8 mos. sfter dose 3 98% (262/267) 1991 {1686, 2351}

ou'l‘-nglml. (98% C)

LA-2 Equivalent 1mo. altercose 2 96% {236/245) 909 (773,
Preo-dose 3' 58% (150/258) 132 {118, 149}
1mo.ohercose 3 99% (220/222) 4402 (3886, 5257)

{ (3
8 mos. after dose 3 97% (217/223) 1935 (1828, 2300}

{continued)
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LYMEnrix® [Lyme Dissase Vaccine (Recombinant OspA)] continued

* Seropositivity defined as an IgG OspA sntibody titer 220 EL.U./mL or a LA-2 equiveient anti-
body titer 2100 ngimL..

T At month 12.

xn-mwunmmswmwswmum

Subncts in the placebo P did not develop detectable snti-OspA seropositivity at the
ssmpiing time points vwcdinthnm table.

INDICATION AND USAGE

LYMErix is indicated for active nmmmmnon against Lyme disease in individuals 16 to
70 years of age.

lndavsdmmumkmwbommlmorworklna burgdorfervinfected tick-
infested grassy or wooded arees hndmp':lgobmh clearing, forestry, and wildiife
and mom)““‘uwdlasm plan travei to or pursue recrestion-
8i activities (.., hikurluf ing, fishi hummgi in such areas. Most cases of
Lyrmdumomtm nited States are t to be acquired in the pen-residential
ony activities of property maintenance, recrestion, and/or
exercise of pets.'®:

Previous infection with B. burgdorfen protective immunity.23 Therefore

pooplovwmapﬂorl'amrvovamudu;’:chwmm from vaccination with LYMErix.

Sdotytnd omclcyﬁormhwecum lrobucdonadmlmmtbn of the ueondandthrd
doses several weeks Egr nset of the s transmission season in the local

geographic area (see DOSAGE AND ADMINISTHATION)

LYMErix is not a treatment for Lyme disease.

As with any veccine, LYMErix may not protect 100% of individuals, The vaccine should

not be administered to persons outside of the indicated age range.

CONTRAINDICATIONS
é'Y.Mv.EgisoomnMcam in people with known hypersensitivity to sny component of
ne.

PRECAUTIONS
LYMErix will not prevent disease in those who have unrecognized mfomn at the time
of vaccination. L Erix will not provide protection sgainst other tick-bome diseases

#Pudluhubamorcmm

satment-esistant Lyme arthritis (antibiotic refractory), a rare complication of 8.
infection, huhnnamamdwnhammum resctivity to OspA of 8.

bui “Smcothtundcdyngmbgynsmtclndymdonmod itis recommenc-

ed LYMErix not be sdministered to such patients.

As with other vaccines, although a moderate or severe febrile iliness is sufficient res-

30N 10 POstpone vaccination, MInor i mmuudusmlduppﬂmptmrymhmns

with or without low-grade fever are not contraindications.28

Before the injection of any boolodcll.ﬂ\op ician shouid take ali reasonable precau-

tions to prevent sliergic orodw reactions, including undmunm the use of
mmmmmmmammommmsmm sdverse reactions that
may use.

Prior to immunization with any vaccine, the mcmslimr‘shouldbommd The

p! n should review tm patient’s immunizetion history for possible vaccine sensi-
, previous vaccination-eiated adverse reactions and occurrence of any adverse-

event-reiated symptoms and/or smm, in order to determine the existence of sny con-

traindication to immunization and to sliow an nmsmm of benefits and risks.

Epinephrine injection (1:1000} md other appropriste used for the control of

immediate allergic reactions must be immediately avail Ie should an scute anaphylsc-

tic reaction occur.

Packaging for the LYMErix Tip-Lok® syringe contains dry natural rubber, which may

cause aliergic reactions; packaging for the visl does not contain natural rubber.

A separate sterile syringe and needie or a sterile disposable unit must be used for sach

patient to prevent the transmission of i sgents from person to person. Needles

should be disposed of properly and should not be recapped.

As with any vaccine administered to immunosuppressed p i

immunosuppressive therapy, the expected immune response may not be cbtained. For

individuals receiving mwnunosupprnsm therapy, deferral of vaccination for three

months after therapy may be considered.2®

Information for Patients

In addition to vaccination with LYMErix [Lyme Disease Vaccine (Recombinant OspAl),

g.o:apummmrwmwmkoflwmmn&mmwubnwm
preventive measures (e.o. wunng long-sieeved shirts, long

shorts, tucking pants into sodu treating clothing with tick repelient, md checking for

and umovm stached ticks).2

Patients, parents or guardians should be informed of the benefits and risks of immu-

mzmonwnh LYMErix, and of the importance of comp the immunization series. As

with wcum. it is important when a subject returns for the next dose in a series

that he/she be questioned conceming the occurrence of any symptoms snd/or S .

ing System (VAERS) to accept sil reports of suspected adverse events aiter the
administration of any vaccine. The VAERS toll-free number is 1-800-822-7967.
The duration of immunity following a compiete schedule of immunization with LYMErix
has not been established. 5
It is important to note that subjects with 3 prior histery of B. burgdorfen infection may
not have protection against subssquent dissase?? or asymptomatic infection.
Individuals should be informed that vaccination with LYMErix may induce a false-posi
tive ELISA result for 8. burgdorferi infaction (see Laborstory Test imeractions). Patients
should be advised to inform heaith care professionals that they have been immunized

stfect-leboratory testing for disgnosing Lyme disease.
Interactions

LYMErix immunization results in the generation of anti-OspA antibodies, which can be
detected by an enzyme-inked immunosorbent assay (ELISA} for B. burgdorfeni, The inci-
done-ofpoml&GE SA tests udcpondomon moummwymdspoufmyofmo

ELISA asssy and ﬁ an associstion
bstween lnd IgG ELISA index or Ogﬂul Dmnv (OD) ratio; the higher
the titer of aerspA the higher the igG ELI D ratio,

Thersfore, because vaccination may result in a positive lgG ELISAmthoabumeof
infection, it is important to perform Waestern blot testing if the ELISA test is positive or

equivocsl in vaccineted individuals who are being evaluated for suspected Lyme
dumu

Foliowing vaccination, the 8 rance of 8 31kD OspA band, acco
other lcvwo"g r molecular wugmmbands onan knmunobplo‘t\ (Wntmt')y mwam h:
fere with the determination of positivity when assessed by CDC/ASTPHLD criteria."

Interactions

33"3.:. &ce available on the immune response to LYMErix when administered concur-

rently with other vaccines. As with other intramuscular injections, LYMErnix should not
be given 10 individuals on an therapy, uniess the potential banefit clearly out-
waighs the risk of sdministration.
c.nmomdl, Mutagenesis, impainment of Fertility

LY:g‘En;ch not been evaiuated for carcinogenic or mutagenic potential, or for impair-
ment of fertility.

Effects: P, ngnlncr Category C. Animal reproductive studies have not
been conducted with LYMErix. It is siso not known whaether LYMEnx can cause fetal
hamm when administered t0 a pregnant woman or can affect roproductm capacity.
LYMEnxshould bcgmntoupugnom womln only if clearly ne od

LYMErix

(Lymo Diam Vwemo (Houombm OspA)] |n 'the SmithKline Bnaum Pharmacey-
ticals vaccination pregnancy registry by calling 1-800-366-8900, ext. §.

Nursing Mothers

It is nat known whether LYMErix is excreted in human milk. Because many drugs are
excreted in human milk, caution should be exercised when LYMErix is administered to
3 nursing woman.
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Pediatric U:
Safety andofﬁmym mcsubncuvoung«hnﬁmohgohmnotbun

walumd Thersfore, thc vaceine is not indicated for this age group st this time.

ADVERSE REACTIONS
? chmcal trisls involving 6,478 individusls receiving a total of 18,047 doses,
YMErix has been generaily welt tolomod

Subwcts with the following conditions: (olm or neurologic iliness related to
Lymo disease; diseases ummd with )otm swaelling (including rheumatoid arthritis) or
diffuse musculoskeletal pain; second- or strioventricular block or a pace-
meker were excluded from the efficacy trisi because such conditions could interfere
with the assessment of Lyme disease in the trial. Therefore, data are limited regarding
mouf.tyofthommm:wpmwhhmmm.le.

vents
Thomwf reportad (21%) unsolicited sdverse avents within 30 days of vac-
cination foml sub;ocu receiving at least one dose (n=10,936) in the double-biind,
placabo-controlied efficacy trial are shown in Table 2.

Table 2. lacidence (21%) of Unsolicited Adverse Events Occutring Within 20 Following
&anm'movﬂummt ord) fer

2
Vaccise Placebo Vaccine Placebs Vaccine Placebo Vaccine Placebo
{1 = SABSHN w 5467} (N = 5307} (N = 5417) (M= S001) (N = 5018} (N = 5400) {N = 5467)
| Eveats % % % % % % % %
Local
Injoction sis pain | 17.96¢  4.90 876 295 28 691
Inpection sits
| reacton 150091 |
as a Whole
e 157 g 2 0% 28 225
Chilis/Rigors 205 073
Fetigue 203 1% 112 142 388 342
Fever 13% 0N 25¢ 161
Infaction viral 188 166 28 245
Influenza-ike
4 083 254 186
| Nowea i
Masculoskeletal
System |
Anthralgia 32 @ n 280 124 116 678 805
Back pain 190 155
m 28 11 152 088 48
0% 121
Nervous
Dt 101 108
Hesdacha s 296 | 2% 233 561 509 |
Respiratory
Y
wmm'"?ﬁs 139 w2 s 120 25 245
Rhinetis 150 146 24 247
Siusis ;| s 6 29
uotmmaion | | 269 am | 185 1 5 am
Skin/Appendages
fash 137 108 |

*Includes events abtained through spontansous reparts fol mmmmmlm
aftor doses 1 and 2 (when all subjacts were queried regarding the occumrence of any adverse event since

the previous vaccination).
a. pvalue 41.05 b. pvaive <001, ¢. p-valu <0.001.

The most frequently reported (21%) unsolicited adverse events occurring more than 30
days following vaccination for el subjects (n=10,936) in the double-blind, placebo-con-
trolied efficacy trial are shown in Table 3.

Oceurring Mors Thar 30 Days Following

Table 3. Incidence (21%) of Unsolicited Adverse Events
Doses 2 and 3° and Overali {after Doses 1, 2 or 3)

Dose

3 Ovenall
Vaccine  Placebo Vaccies  Placebo Vaccine  Placebo
(NaB07) (NaSH7) (N=5001) (N=SU1B) (N=354B9) (N=540)
Events % % % % % %
Body as a Whole
Achinass 150 138 230 218
Chills/Rigors 130 105 1.74 1.76
Fatigue 324 34 186 1.8 501 498
Fever 28 280 134 130 358 382
Infection viral 143 174 219 234
Influenza-tike
Symptoms 233 2.10 287 2.76
Cardiovascular

0.93 1.24

Arthralgia 983 004 4N 446 1364 1355
Arthritis 198 174 1.04 192 9 284
Anthrosis 122 109 166 1.50
Back pain 28 P 358 346
Myalgia 27 22 134 128 40 340
Stiffness 1% 159 247 240
Tendinitis 1.45 105 1.92 1.8
Depressi 102 110
ion A
Dizziness 102 126
Headathe 358 305 138 149 5.06 472
Hypesthesia 20 258 2% 380
Paresthesia 253 1.06 0.88 360 2.98
P i .
itis . ! ,
Rhinitis 094 107 141 1.37
ﬁinusitis ) 233 253 kg n
ral

u;"c"?' inf'?mp;mm 202 229 280 3.00
Skil
Tt »

239 l 98 3.07 2 71

'Dauforamm mmmmliwdmimmwwmmmsw

recn 30 days after
Nongmﬁwmdnﬂummmmmmmdbmmmwmafuanym



LYMErix® [Lyme Disease Vaccine (Recombinant OspA)] continued

Separate post hoc analyses were conducted to assess two subsets of musculoskeletal
events which occurred either early (30 days) or late {>30 days) post-vaccination. There
were no significant differences, either early or late, bstwsen the vaccine and placebo
recipients with regard to experiencing arthritis, aggravated arthritis, arthropathy or
arthrosis. However, vaccine recipients were significantly more likely than placebo recip-
ients to experience early events of arthralgia or myalgia after each dose [for dose 1:
odds ratio (OR}, {85% Cl) = 1.35(1.13, 1.61); dose 2: OR = 1.28 (1.05, 1.56); dose 3: OR
= 1.59 (1.18, 2.16)1. With regard to late events of arthralgia or myaigia, there were no
significant differences between vaccine and placebo recipients.

There was no significant difference in the rates of cardiac adverse events between vac-
cine and placebo recipients. Neurologic adverse events which occurred at a rate <1%
in the vaccine group and were noted to occur with a similar frequency in placebo recip-
ients included: carpal tunnel syndrome, migraine, paralysis, tremor, coma, dysphonia,
ataxia, multiple sclerosis, myasthenia gravis, meningitis, trigeminal neuralgia, nystag-
mus, neuritis, neuralgia, nerve root lesion, neuropathy, hyperesthesia, hyperkinesia, and
intracranial hypertension.

Overall, approximately 18% of subjects enrolled in the study had a prior history of some
musculoskeletal condition (19% vacciness, 18% placebo recipients). in a post hoc sub-
group analysis, there was no significant difference batween vaccine and placebo recip-
ients with regard to development of musculoskeletal events (defined as arthritis,
arthropathy, arthrosis, synovitis, tendinitis, polymyalgia rheumatica, bursitis or rheuma-
toid arthritis and lasting more than 30 days) in those with a prior history of muscu-
loskeletal conditions, H , both ine and placebo recipients with a prior history
of musculoskeletal conditions were more likely to experience musculoskeletal events
than subjects without such prior history.

Solicited Adverse Events ) )

The frequency of solicited local and systemic adverse events was evaluated in a subset
of subjects (n=938) who comprised the total enroliment at one study center in the effi-
cacy trial. Of these 938 subjects, 800 completed a 4-day diary card following each of
three doses, and were evaluable according to protocol. Table 4 shows the percentage
of subjects reporting a solicited symptom following q?' one of the three doses and
overall. The majority of the solicited events were mild to moderate in severity and
fimited in duration.

Iallln qu tncidence of Local and :‘Tnnl Solicited Adversa Events (including Sevare Events)

Each Dose and Ove
Dose
1 2 3 Ovenall
Vaccine Placebe Vaccine Placebo Vaccime Placebo Vaccine Placebo
(N=402) (N=388) (N=402)(N=398) (N=a02) (N=398) (N=a02) (N=398)
Events % % % % % % % %
Locs| Symptoms
Redness, any 2164 829 1667 704 | 2512 181 417 2085
Redness, severe® 22 00 10 00 280 00 4% 0.0
Sareness, any 815 3668| 7637 3090 | 825 5226 | 935% 6809
Soreness, severe’ 12 00 10 03 300 0.3 5.¢ 00
Swelling, any 144 427 M4 37| 1915 678 | 2088 1
Swelling, ssvere® 00 00 0.0 0.0 05 0.0 05 0.0
General Symptoms
Arthralgia, any " 452 1070 829 | 1343 754 | 2662 1633
Arthralgia, severe' | 0.7 00 02 03 00 03 10 05
Fatigue, any 2090 1683 2015 181} 218% 1633 | 40800 320
Fatigue, severe' 05 0.05 15 13 10 1.0 30 23
Headache, any 2065 1910 1443 123 1990 1834 3856 319
Headache, severe’ | 05 005 12 05 1.2 18 30 28
Rash, any 423 151 498 201 | 54 176 | 1169 528
Rash, severg® 00 00 08 00 02 00 02 00
Fever 299,5°F 149 0.75 100 050 1.00 1.01 348 226
Fever >102.2°F 00 00 00 0.6 0.0 0.0 00 0.0

* Severe = measuring 3.0 cm and persisting longer than 24 hours.
t Severe = ing normal activity.
a. pvalue <S.05. b. pvalue <0.01. c. pvalue <0.001.
Subjects with Previous Lyme Disease - .
Subjects with previous Lyme disease were assessed using two definitions: subjects
whose baseline sera were evaluated for Western blot (WB) positivity and subjects who
at study entry self-reported a previous history of Lyme disease.
Study participants did not routinely have baseline sera tested by WB for Lyme disease.
WB at baseline was performed for subjects who were noted to have a positive or equiv-
ocal WB during a visit for suspacted Lyme disease or when tested at months 12 or 20.
Baseline serology was thus found to be positive in 250 subjects out of 628 tested. The
nature and incidence of adverse events {either early or late) did not differ between vac-
cinees determined to have been WB-positive at baseline (n=124) compared to vacci-
nees determined to have been WB-negative at baseline (n=151).
There were 1,206 subjects enrolled in the study who self-reported a previous history of
Lyme disease (610 vaccinees, 596 placebo recipients). For adverse events occurring
within the first 30 days, there was an increased incidence of musculoskeletat symp-
toms in veccinees with a history of Lyme disease compared to vaccinees with no his-
tory of Lyme disease (20% vs. 13%, p<0.001). No such difference was observed in the
R!acebo group (13% vs. 11%, p=0.24). Subjects with a previous history of Lyme disease
2d an increased incidence of late (>30 days post-vaccination) musculoskeletal symp-
toms compared to subjects without a histo? of Lyme disease in both the vaccine and
placebo groups. There was no significant difference in late musculoskeletal adverse
events between vaccine and placebo recipients with a history of Lyme disease (33%
vs. 35%, p=0.51).
Subjects with a self-reported prior history of Lyme disease had a greater incidence of
psychiatric disorders (early and late); central, peripheral and autonemic nervous system
disorders (late); and gastrointestinal disorders (late) than subjects with no prior history
of Lyme diseass. However, there was no significant difference in the incidence of any
gf these disorders between vaccine and placebo recipients with a prior history of Lyme
isease.
Among the 10,836 subjects enrolied in the efficacy trial and followed for 20 months, a
total of 15 deaths occurred (10 vaccine, 5 placsbo). None of these deaths were judged
10 be treatment-related by investigators. In the vaccine group, causes of death includ-
ed: cancer {5), myocardial infarction (3), sudden death (1), cardiac arrest (1). In the place-
bo group, causes of death included: cancer (1), sudden cardiac death (1), cardiac arrest
(1), septic shock (1), homicide (1).
As with all pharmaceuticals, it is possible that expanded commercial use of the vaccine
could reveal rare adverse events not observed in clinical studies.

DOSAGE AND ADMINISTRATION

Primary immunization against Lyme disease consists of a 30 mcg/0.5 mL dose of
LYMEnx given at 0, 1 and 12 menths.

Vaceination with all three doses is required to achieve optimal protection.

Safety and efficacy for this vaccine are based on administration of the second and third
doses several weeks prior to the onset of the Borralia transmission season in the local
geographic area (see INDICATION AND USAGE). For example, in the pivotal efficacy
trial performed primarily in the Northeast United States isee Clinical Efficacy), individu-
als were vaccinated between January and April in both years of the trial.

LYMErix [Lyme Disease Vaccine (Recombinant OspAl) should be administered by intra-
muscular injection in the deltoid region. Do not inject intravenously, intradermally or
subcutaneously.

Praparation for Administration: Shake well before withdrawal and use. Parenteral drug
products should be inspected visually for particulate matter or discoloration Brior to
administration. With thorough agitation, LYMErix is a turbid white suspension, Discard
if it appears otherwise. Any vaccine remaining in a single-dose vial should be discarded.
The vaccine should be used as supplied; no dilution or reconstitution is necessary. The
full recommended dose of the vaccine should be used.

000057

As with other intramuscular injections, LYMErix should not be given to individuals on
anticoagulant therapy or with clotting disorders, unless the potential benefit clearly out-
weighs the risk of administration.

No data are available on the immune response to LYMErix when administered concur-
rently with other vaccines. When concomitant administration of other vaccines is
required, they should be given with different syringes and at different injection sites
{see Drug Interactions),

STORAGE
fStore between 2° and 8°C (36° and 46°F). Do not freeze; discard if product has been
rozen,

HOW SUPPLIED

LYMErix [Ly Disease Vaccine (Recombinant OspAl] is supplied in Single-Dose (30
meg/0.5 mL} Vials and Prefilled Syringes

NDC 58160-845-11 Package of 10 Single-Dose Vials

NDC 58160-845-32 Package of 1 Prefilled Disposable Tip-Lok® Syringe with 1-inch 23-

auge needle § X
DC 58160-845-35 Package of 5 Prefilled Disposable Tip-Lok® Syringes with 1-inch 23
gauge needles
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