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Summary: A multicenter, double-blinded, placebo-controlled study was done comparing a 
30-~xg dose of a single protein recombinant OspA vaccine preparation with a saline place- 
bo for efficacy in prevention of Lyme disease in humans. The OspA vaccine {30-~Lg dose) 
or saline placebo was given intramuscularly at day 0, 1 month later, and 12 months later. 
Cases of possible Lyme disease were evaluated clinically and using culture, polymerase 
chain reaction and immunobiot assays. Safety. data are being analyzed separately. 1,634 
adult volunteers were enrolled at a single center in New York State. Vaccine efficacy dur- 
ing the first year was 40% and during the second 37%. Compared with placebo, the OspA 
vaccine significantly reduced the frequency of Lyme disease during the 2-year study period 
{P < 0.04, one-tailed Fisher's exact test). Vaccine efficacy was restricted to volunteers 
under 60 years old (50% vs 9%, P < 0.03, two-tailed Fisher's exact test). A recombinant 
OspA vaccine preparation was found to have moderate activi~ in preventing Lyme disease 
in adults under 60 years old from New York State. Reasons for vaccine failure need to be 
addressed and a risk benefit ratio calculated. 

Introduction 

Lyme  bor re l ios i s  is the  most  c o m m o n  vec to r -bo rne  dis- 
ease  in the  U S A  and  par ts  of  E u r a s i a  [1]. E x p e r i m e n t a l  
s tudies  in an imals  have  sugges ted  that  r e c o m b i n a n t  single 
p r o t e in  o u t e r  surface p ro t e in  A ( O s p A )  p r e p a r a t i o n s  are  
highly ef fec t ive  i m m u n o g e n s ,  pa r t i cu l a r ly  when  the O s p A  
p r o t e i n  of  the  cha l lenge  s t ra in  of  Borrel ia burgdorferi  is 
c losely  r e l a t ed  in amino  acid s t ruc ture  to the  O s p A  i m m u -  
nogen  [2-4]. 
R e c o m b i n a n t  O s p A  vaccine  p r e p a r a t i o n s  have been  s tud-  
led in h u m a n  vo lun tee r s  in phase  I / II  tr ials  [5-7], and  a pla-  
c e b o - c o n t r o l l e d  d o u b l e - b l i n d e d  m u l t i c e n t e r  eff icacy s tudy  
was in i t i a t ed  in ea r ly  1994. In this p a p e r  the  efficacy of  an 
O s p A  vaccine  p r e p a r a t i o n  in vo lun tee r s  r ec ru i t ed  at a si te 
in W e s t c h e s t e r  County ,  NY,  is r e p o r t e d .  

Patients and Methods 

Patient population: Adults at least 18 years old who were at risk: 
for Ltodes scapularis tick bites were eligible to participate. Exclu- 
sions included: allergy to a vaccine component; impairment of 
the immune system due to disease or medications: a febrile ill- 
ness at the time of vaccination; receipt of chronic antibiotic ther- 
apy; receipt of another Lyme disease vaccine within 18 months: 
pregnancy; a chronic medical condition which may impair inter- 
pretation of results (e.g. collagen vascular disease); history of 
Lyme disease within the past 2 months; and heart block. 
Vaccination: After giving written informed consent, eligible vol- 
unteers in the spring of 1994 were vaccinated intramuscularly 
with two 30-I, zg doses of a proprieta~" recombinant OspA vac- 
cine preparation (manufactured by Connaught Laboratories. 
Inc., Swiftwater PA [5, 8J, given 1 month apart, or an identical ap- 
pearing saline placebo. Volunteers were randomized according 
to a random number list in blocks of ten. One year later, consent- 
ing volunteers were vaccinated (,boosted) with a single dose of 

the same OspA preparation (30 txg) or placebo given originally. 
Study procedures: At basehne (prevaccination), a medical histo- 
ry was taken recording demographic data. medical illnesses and 
medications. For women of childbearing age, a negative preg- 
nancy test on urine was demonstrated prior to each vaccine, pla- 
cebo dose. Volunteers were asked to contact the study center for 
any symptoms of Lyme disease. In addition, volunteers were con- 
tacted bv postcard and/or telephone monthly during the Lyme 
disease transmission season,s. Volunteers reporting symptoms 
compatible with Lyme disease were asked to return to the study 
center for medical interview, physical examination and laborato- 
ry testing. 
Lyrne serology: Volunteers who were suspected to have Lyme 
disease had acute and convalescent phase (2-6 weeks later) 
Lyme disease serology performed by separate IgM and IgG im- 
munoblots (MarDx test kits, MarDx Diagnostics. Inc., Carlsbad, 
CA) according to the manufacturer 's instructions. For purpose 
of this analysis, weak bands were not scored as positive. To main- 
tain blinding, the band representing OspA antibodies (31 kDa), 
if present, was not reported. 
Serologic evidence in support of a clinical diagnosis of Lyme dis- 
ease was based on the development of rather two new bands 
(IgM or IgG) in the convalescent phase serum sample in compar- 
ison to the acute phase sample results or two new bands in either 
the acute or convalescent phase serum samples, compared to the 
baseline (prevaccine) serum sample. Baseline. acute and conva- 
lescent phase serum samples were tested in parallel. 
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Volunteers with ervthema migrans-like rashes: Volunteers with 
rashes suggestive of erythema migrans (EM) [91 were asked to 
undergo a 2 mm punch biopsy. Part of the skin sample was cul- 
tured in Barbour-Stoenner-Kelly (BSK) medium in a manner 
similar to that previously reported [10-12] and part was pro- 
cessed for detection for Borrelia burgdorJeri DNA using the poly- 
merase chain reaction (PCR) techmque. PCR was performed 
with primers IS1 and IS2 as previously described [tO]. For select- 
ed volunteers with et3,thema migrans, whole blood or serum was 
cultured in BSK according to published methods [13]. 
Data analysts: Analysis of efficacy was based on the incidence of 
Lyme disease beginning over 30 days after the second dose of 
OspAJplacebo vaccine. Patients with erythema migrans-like 
rashes were categorized hierarchically A through D based on the 
invesngators' assessment of the strength of the supporting labo- 
rator? data. 
Category A patients had to have either a positive blood or skin 
culture for B. burgdorferi or a positive PCR for B, burgdorferi 
DNA in a skin sample. Category B patients did not satisfy the 
laboratory, criteria of category A patients but had at least two 
new bands on the convalescent phase serum immunoblots com- 
pared to the acute phase serum sample, Category C patients did 
not satisfy the laboratory criteria of categories A and B, but did 
demonstrate at least two new bands compared to the baseline se- 
rum sample (i.e. the sample obtained pre-vaccine and pre-ill- 
ness). Category D patients had a skin lesion ~5 cm in diameter 
consistent with e~thema migrans but had no supporting labora- 
tory test results. 
Patients with objective extracutaneous signs of Lyme disease and 
those with only subjective complaints had to have supporting sero- 
logic test results to be considered as a possible Lyme disease case. 
The latter patients were further categorized based on the pres- 
ence or absence of a documented febrile illness. 
Cases of Lyme disease were evaluated based on date of occur- 
rence. Volunteers with onset of symptoms within [2 months of 
the first dose of vaccine/placebo were considered year 1 or pre- 
booster cases. Volunteers with onset of symptoms from 12 
months after receipt of the first vaccine/placebo dose until the 
close of the study in early 1996 were considered year 2 or post- 
booster cases, regardless of whether the volunteer agreed to re- 
ceive the third dose of vaccine or placebo (intent-to-treat analy- 
sis). 
Statistical analysis; Categorical variables were compared by the 
Fisher's exact test. Confidence intervals were calculated assum- 
ing a Gaussian distribution. 

Results 

Over  the approximately 2-year study period f rom the 
spring of 1994 to early 1996.10,306 volunteers, 18-92 years 
old, were enrolled at 14 United States Study Centers [8]. 
1,634 volunteers (162/o), of whom 61% were male, were 
enrolled at the Westchester County, NY study site. 817 of 
whom received the OspA vaccine preparation.  Of  these 
1,634 New York State volunteers, 1,339 (82%) received 
the booster  vaccine/placebo dose 1 year later, including 
665 who  received vaccine and 674 who received placebo. 
Sixty-three episodes of possible Lyme disease were iden- 
tified in 61 volunteers over  the study interval. The age 
range of these 61 volunteers was 21 to 79 years and 62% 
were male. For 32 (52%) of the 61 volunteers the onset of 

Lyme disease occurred during the first study year: i.e. be- 
fore the time of the booster  vaccine/placebo dose. Two 
volunteers had separate Lvme disease illnesses in succes- 
sive study years. Although all patients were t reated with 
antibiotics, the level of certainty of diagnosis varied con- 
siderably (Table 1 ). Diagnostic accuracy was highest for 
the 20 episodes involving an erythema migrans skin lesion 
and for which there was also culture or PCR laboratory ev- 
idence of B. burgdorferi infection. An additional 15 epi- 
sodes of e ry thema migrans had serologic evidence in sup- 
port of the diagnosis. 
Vaccine efficacy for prevention of Lyme disease associat- 
ed with ery thema migrans during the first year  was 65% 
(95% C.I. = 42% to 87%] (P < 0.02 one-tailed, Fisher 's  ex- 
act test, in comparison with placebo).  The overall  vaccine 
efficacy for prevention of Lyme disease over  the 2-year 
study was 38% (95% C.I. 23% to 54%) (P < 0.04 one- 
tailed, Fisher 's  exact test, in comparison with placebo). 
The efficacy was 40% during the first year and 37% dur- 
ing the second; this difference was no! significant. Effica- 
cy for study year 2 was somewhat  bet ter  (53 %) if analysis 
was restricted to those volunteers who actually received 
the booster  dose. 
Over  both study years, the most consistent degree of effi- 
cacy was found for category A erythema migrans cases: 
50-67%. In addition, vaccine efficacy was greater  in vol- 
unteers under  60 years of age compared  to older subjects 
(50% vs 9%, P < 0.03 Fisher 's exact test, two-tailed). 

Discussion 

Compared  with placebo, immunization with the OspA 
vaccine preparat ion evaluated in this study significantly 
reduced the frequency of Lyme disease associated with 
ery thema migrans during the first study year (P < 0.021 
(Table 1). The efficacy for prevention of e ry thema mi- 
grans was modera te  (65%, 95% C.I. 42% to 87%). The 
vaccine was less successful in the second year  of the study 
for the most  rigorously defined patients with ery thema mi- 
grans (category A) (50% vs 67% protection). The nearly 
20% drop-out  rate during the second year of the study may 
have introduced certain unknown biases that caused a 
lower assessment of vaccine efficacy. The high drop-out  
rate may be attributed in part to the fact that the study was 
not originally designed to extend into a second year or in- 
clude a booster  dose. Further,  the intent-to-treat  analysis 
contributed to the lower vaccine efficacy rate observed in 
year 2, since several of  the volunteers who developed 
Lyme disease that year had not received the booster  dose 
of OspA vaccine. 
Why the vaccine failures occurred is not known, but rea- 
sons may include significant OspA protein heterogenei ty 
among B. burgdorferi isolates in our region, lack of devel- 
opment  of a protective antibody response by some volun- 
teers, or incorrect Lyme disease diagnosis. 
The OspA immunogen  used in this study was expressed 
from tile gene of B. burgdorferi sensu stricto B31 [5, t4]. 
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Table 1: Results of OspA Lyrne vaccine trial. 

Study year 1 Study year 2 
Lyme disease- No. who No. who No. who No. who Protection Protection Overall 
category received received received received rate year rate year protection 

vaccine placebo vaccine placebo 1 2 rate* 

EM - A ~,* 2 6 4 8 67% 50% 57% 

EM - B** ,.~ 3 0 1 33% 1~10% 50~ 
D O'  EM - C** 1 3 3 2 67% None ,0 'o 

EM - D ~* 1 5 4 2 80% None ~0 ,o 

Total EM 6 17 11 13 65% 15% 43% 

Non E M -  
objective 0 0 0 l - 100% 100% 

Febrile 
illness 3 1 t 4 None 75 % 20% 

Subjective 
illness 3 2 0 1 None 100';'o None 

Total 
episodes I2 20 12 19 40% 37% 38% 

* for both study years combined: ** category A patients had to have either a positive blood or skin culture for Borreba butlgdorferi or a positwe PCR 
for B. burgdorferi DNA in a skin sample: category B patients did not satisfy the laboratory criteria of category A patients but had at least two new 
bands on the convalescent phase serum immunoblot compared to the acute phase serum sample; category C patients did not satisfy the laboratory 
criteria of categories A and B, but did demonstrate at least two new bands compared to the basehne ~erum sample 0.e. the sample obtained pre-vae- 
cme and pre-itlness): category D patients had a skin lesion ~ 5 cm in diameter consistent with erythema migrans (EM) but had no supporting 
laboratory test results. 

Since all known human isolates of B. burgdotferi from 
North America belong to the sensu stricto genospecies, on- 
ly limited variability of the OspA epitope was anticipated 
among the strains of B. burgdorferi likely to infect our vol- 
unteers [15]. However, depending on the experimental 
conditions, laboratory animals immunized with a sensu 
stricto OspA vaccine may [161 or may not [17] be protect- 
ed against challenge with heterologous strains of B. burg- 
dorferi sensu stricto. In Europe the heterogeneity of OspA 
is much greater due to the existence of at least two addi- 
tional genospecics, Borrelia garbm and Borrelia afzelii 
[18]. Consequently, a monovalent OspA vaccine is much 
less likely to be successful outside the United States. 
The significantly greater efficacy rate observed in volun- 
teers under 60 years of age is unexplained but is consistent 
with the hypothesis that lack of immunogenicity was an 
important factor in vaccine failure. Markedly reduced im- 
munogenicity in adults over 60 years of age has been ob- 
served with other vaccine preparations, such as the hepa- 
titis B vaccine [19]. Against this hypothesis was the obser- 
vation that an IgG immune response to OspA was evident 
on immunoblot  at the time of acute illness in all six of the 
vaccine recipients who developed category' A e ~ t h e m a  
migrans (data not shown). Immunoblot  detection of OspA 
antibody, however, is non-quantitative and does not indi- 
cate whether the antibody detected is protective [t7]. 
Incorrect diagnosis may explain the lack of vaccine effica- 
cy, especially among patients without erythema migrans 
who had non-specific febrile illnesses or who presented 
with only subjective complaints. In this regard, six of the 

seven volunteers with febrile illnesses (and serologic evi- 
dence of Lyme disease), who were also evaluated for hu- 
man granulocytic ehrlichiosis (HGE),  had laboratory evi- 
dence of HGE.  H G E  is another disease transmitted by 
Ixodes scapularis in our area, and has been suspected to 
cause false-positive immunoblots for Lyme disease 
[20-22]. Nevertheless. for purposes of this study, such pa- 
tients with H G E  were counted as Lyme disease cases if 
they met the Lyme disease serologic criteria specified for 
this study, 
An argument could be made that the serologic criteria of 
at least two new bands on immunoblot may not have been 
sufficiently stringent and may have resulted in the inclu- 
sion of patients who did not have Lyme disease. Unfortu- 
nately, there is no accepted standard for Lvme disease im- 
munoblot  "seroconversion." If evaluable cases had been 
limited to those for whom there were more than four new 
bands, more than four new IgM bands, or more than four 
new IgG bands compared to baseline, the protective effi- 
cacy rates over the 2-year study were little changed at 
35~ 33%, and 40%, respectively. 
Adverse effects were not evaluated in this analysis. There 
was, however, no suggestion that receipt of the OspA vac- 
cine either enhanced or reduced the likelihood of develop- 
ing disseminated Lyme disease (20% of the placebo group 
with erythema migrans had multiple lesions vs 19% of the 
vaccine recipients), extra-cutaneous manifestations or 
atypical presentations (Table 1). 
Although this was a multicenter study, an in-depth evalu- 
ation of our single center's experience is important for sev- 
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e ra l  r e a sons .  Firs t ,  the  e f f ec t  on  vacc ine  e f f i cacy  o f  O s p A  

h e t e r o g e n e i t y  m a y  be m o r e  e v i d e n t  in ce r t a in  g e o g r a p h i c  

a r e a s  c o m p a r e d  to o t h e r s  (see  a b o v e )  [18, 23-28] .  S e c o n d .  

a spec i a l  e f f o r t  was m a d e  at o u r  s i te  to e v a l u a t e  a b r o a d  

r a n g e  o f  c o m p l a i n t s .  A t  least  11% o f  v o l u n t e e r s  in y e a r  1 

and  17% in y e a r  2 u n d e r w e n t  d i a g n o s t i c  t e s t ing  fo r  L y m e  

d i s e a s e  at o u r  site. F u r t h e r m o r e .  o u r  c e n t e r  u sed  a d d i t i o n -  

al spec i f i c  d i a g n o s t i c  m o d a l i t i e s  such  as P C R  and  b l o o d  

c u l t u r e s  fo r  B. burgdorferi ,  which  w e r e  no t  o f f e r e d  at o th -  

e r  si tes.  
In  c o n c l u s i o n ,  a r e c o m b i n a n t  O s p A  vacc ine  p r e p a r a t i o n  in 

t he  d o s a g e  a n d  s c h e d u l e  a d m i n i s t e r e d  in this s tudy  had  bi- 

o l o g i c  ac t iv i ty  in p r e v e n t i n g  cases  o f  L y m e  d i s ea se  in N e w  

Y o r k  S ta t e  in adu l t s  u n d e r  60 y e a r s  o f  age.  A risk bene f i t  

r a t io  a n d  the  d u r a t i o n  o f  p r o t e c t i o n  will n e e d  to  be  d e t e r -  

m i n e d .  In a d d i t i o n ,  the  r e a s o n s  fo r  vacc ine  fa i lu re  mus t  be  

a d d r e s s e d  b e f o r e  t he  p r e p a r a t i o n ' s  full p o t e n t i a l  as a vac-  

c ine  to  p r e v e n t  L y m e  d i s ea se  in h u m a n s  can be  r ea l i zed .  
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