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ABSTRACT

Background The risk of acquiring Lyme disease is
high in areas in which the disease is endemic, and
the development of a safe and effective vaccine is
therefore important.

Methods We conducted a multicenter, double-blind,
randomized trial involving 10,936 subjects who lived
in areas of the United States in which Lyme disease
is endemic. Participants received an injection of ei-
ther recombinant Borrelia burgdorferi outer-surface
lipoprotein A (OspA) with adjuvant or placebo at
enrollment and 1 and 12 months later. In cases of
suspected Lyme disease, culture of skin lesions, pol-
ymerase-chain-reaction testing, or serologic testing
was done. Serologic testing was performed 12 and
20 months after study entry to detect asymptomatic
infections.

Results In the first year, after two injections, 22
subjects in the vaccine group and 43 in the placebo
group contracted definite Lyme disease (P=0.009);
vaccine efficacy was 49 percent (95 percent confi-
dence interval, 15 to 69 percent). In the second year,
after the third injection, 16 vaccine recipients and 66
placebo recipients contracted definite Lyme disease
(P<0.001); vaccine efficacy was 76 percent (95 per-
cent confidence interval, 58 to 86 percent). The effi-
cacy of the vaccine in preventing asymptomatic in-
fection was 83 percent in the first year and 100
percent in the second year. Injection of the vaccine
was associated with mild-to-moderate local or sys-
temic reactions lasting a median of three days.

Conclusions Three injections of vaccine prevent-
ed most definite cases of Lyme disease or asympto-
matic B. burgdorferi infection. (N Engl J Med 1998;
339:209-15.)
©1998, Massachusetts Medical Society.

YME disease, which is caused by the tick-

borne spirochete Borrelia burgdorferi, is now

the most common vector-borne disease in

the United States.! Since the initial descrip-
tions of Lyme disease in 1977,23 the number of cases
has increased dramatically, and in recent years, more
than 10,000 new cases have been reported each year
to the Centers for Disease Control and Prevention
(CDC).! Most cases have been clustered in the north-
castern United States from Massachusetts to Mary-
land, in the Midwest in Wisconsin and Minnesota,
and to a lesser degree, in the West in northern Cal-
ifornia.! Currently, there are no practical methods to
control enzootic B. burgdorferi infection or prevent
its spread.

Because of the increasing risk of Lyme disease, the
development of a safe and effective vaccine for this
infection has been a high priority.# In 1990, Fikrig
and coworkers in the United States® and Schaible
and his colleagues in Germany® demonstrated that
high titers of antibody to outer-surface protein A
(OspA) of the spirochete prevented B. burgdorferi
infection in mice. Vaccination with OspA was subse-
quently shown to be effective in preventing the in-
fection in hamsters, dogs, and monkeys.”? With the
success of OspA immunization in animals, studies
were begun in human subjects.!? We report the results
of a multicenter, double-blind, randomized, phase 3
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study involving nearly 11,000 subjects that was de-
signed to determine the efficacy, safety, and immu-
nogenicity of this vaccine.

METHODS
Study Sample

During an eight-week period in the winter of 1995, a total of
10,936 subjects (age, 15 to 70 years) were enrolled in the study by
investigators at 31 sites in 10 states in which Lyme disease is en-
demic (see the Appendix). The study was approved by the human
investigations committees at all centers. Determinations of sample
size were based on the conservative estimate of a seasonal inci-
dence of Lyme disease of 0.5 percent in the locations studied.!114
Assuming an attack rate of definite Lyme disease of 0.5 percent
and a vaccine efficacy of 80 percent, we calculated that 8000 sub-
jects — 4000 in each group — would be needed to provide the
study with a power of 90 percent to detect a significant difference
between the groups at the 0.05 level with a two-tailed test.!s The
enrollment goal was exceeded because of investigators’ commit-
ments to those already scheduled for participation in the study.

Vaccine and Placebo Preparations

Full-length OspA to which the lipid moiety had been added af-
ter translation (L-OspA) was expressed in Escherichia coli strain
ARS8, which had been transformed with plasmid pOA15 contain-
ing the ospA plasmid gene of B. burgdorferi strain ZS7. The vac-
cine contained 30 ug of purified L-OspA adsorbed to aluminum
hydroxide in phosphate-buffered saline (L-OspA with adjuvant,
SmithKline Beecham, Collegeville, Pa.). The placebo preparation
was identical to the vaccine, except that it did not contain L-OspA.

Vaccination and Study Design

At the initial visit, the subjects provided their medical histories
and underwent a brief physical examination. Subjects were ex-
cluded if they had active Lyme disease or had been treated for
Lyme disease with antibiotics within three months before the
study began, but those with a more remote history of Lyme dis-
ease were not excluded. Subjects were also excluded if they had
other illnesses that might interfere with the assessment of Lyme
disease, including those associated with swelling of the joints,
musculoskeletal pain, and second-degree or third-degree atrio-
ventricular block; if they were receiving treatments, such as long-
term antibiotic therapy, that might hinder the evaluation of Lyme
disease; if they had immunodeficiency, a history of alcohol or
drug abuse, or hypersensitivity to any previous vaccine; if they
had received an investigational drug or another type of vaccine in
the four weeks before the initial visit; if they were to receive im-
mune globulin or blood products during the study; or if they
were pregnant or lactating.

After providing written informed consent, the study participants
were randomly assigned with use of a computer-generated ran-
domization table to receive three injections of either L-OspA with
adjuvant or placebo. The second injection was given approximately
1 month after the first, and the third was given at 12 months. The
first round of injections was given from January 23, 1995, through
late March 1995, and in almost every case the second injection was
administered by mid-May of that year; the third injection was ad-
ministered to almost all participants between January 28, 1996,
and April 30, 1996. Blood samples were drawn from all subjects
at the time of the first injection and 2, 12, and 20 months later
(the final visit took place at 20 months). A subgroup consisting of
the 938 subjects enrolled at the Yale University School of Medi-
cine also had blood samples drawn at 13 months to determine the
levels of vaccine-induced antibodies to OspA.

Safety Assessment

Participants were asked to report all adverse events that oc-
curred during the study, especially serious adverse events such as
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those requiring hospitalization. In addition, the 938 subjects en-
rolled at the Yale site completed diary cards specifying signs and
symptoms that occurred on the day of vaccination and for the
first three days after each injection.

Efficacy Assessment

All study participants were asked to call the investigator if they
had symptoms of Lyme discase. In addition, the subjects received
postcards during the two summer and fall seasons, the periods of
disease transmission, asking whether they had symptoms of Lyme
disease or had had any adverse events related to vaccination. Sub-
jects with suspected cases of Lyme disease were asked to come to
the clinic for evaluation. The evaluation included history taking,
physical examination, serologic tests performed during the acute
and convalescent stages of the illness, culture and polymerase-
chain-reaction (PCR) tests of erythema migrans lesions, PCR tests
of joint fluid or cerebrospinal fluid, and photographic documen-
tation of erythema migrans or facial palsy. To detect asymptomat-
ic infection, serum samples obtained from all study participants
12 and 20 months after study entry were tested for IgG antibody
to B. burgdorferi. Antibiotic treatment was recommended accord-
ing to published guidelines.!¢

Case Definitions and Data and Safety Monitoring Board

The case definitions for Lyme disease are given in Table 1. Pa-
tients who met the criteria for Lyme disease were classified as hav-
ing definite, asymptomatic, or possible Lyme discase. A data and
safety monitoring board, which was independent of the investi-
gators, oversaw the study. The board monitored reports of possi-
ble adverse effects of the vaccine and confirmed, before unblind-
ing, the categorization of all cases.

Laboratory Methods

Serologic testing was done exclusively by Western blotting
(Mardex, San Diego, Calif)), since the standard enzyme-linked
immunosorbent assay would be expected to give positive results
in patients who had been vaccinated with OspA. The blots were
read by experienced technicians according to the CDC criterial7;
reactivity with the vaccine-induced 31-kd band was not reported,
so that all investigators remained unaware of the subjects’ treat-
ment assignments. Serologic support for the diagnosis of Lyme
disease was provided by the demonstration of seroconversion be-
tween base line and the acute phase of the illness or between the
acute phase of the illness and convalescence. As proof of asymp-
tomatic infection, documentation of IgG seroconversion between
2 months and 12 months or between 12 months and 20 months
was required. Paired samples from the same subject were always
tested in the same assay.

Skin-biopsy specimens from erythema migrans lesions were ob-
tained with a 2-mm punch. Half of each sample was cultured in
a 15-ml sterile tube containing modified Barbour—Stoenner—Kelly
medium (Sigma, St. Louis) plus ciprofloxacin (0.4 ug per millili-
ter) and rifampin (40 wg per milliliter),!® and the other half was
tested for B. burgdorferi DNA by PCR. As soon as the culture
tubes arrived in the laboratory, half the medium was replaced
with fresh medium without antibiotics. The tubes were incubated
at 33°C and examined weekly for one month by darkfield micros-
copy for motile spirochetes. PCR assays of skin-biopsy samples
and joint fluid or cerebrospinal fluid samples were done as previ-
ously described.!2° The primer—probe set used targeted oligo-
nucleotide base pairs 788 to 943 of the 50-kb plasmid encoding
ospA and was followed by hybridization with an internal oligonu-
cleotide probe labeled with phosphorus-32 on the 5" end.

In the subjects at the Yale site, antibody responses to the pro-
tective epitope of OspA (a conformational epitope in the C-ter-
minal half of the protein?!) were determined with a murine
monoclonal antibody (called LA-2) to that epitope in a compet-
itive-inhibition enzyme immunoassay, as previously described.6-22
The levels of LA-2—equivalent antibodies have been shown to
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