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Lyme Disease Vaccine 

Summary: Subunit vaccines consisting of single recombinant outer surface proteins (Osp) 
of Borrelia burgdorferi have been highly successful in protecting mice against challenge by 
borrelial strains closely related to the strain from which the immunogen was derived. Hu- 
moral immunity is sufficient for protection. A dual mode of action for these vaccines has 
been suggested because serum factors ingested by the tick during the blood meal may be- 
gin to reduce the spirochete inoculum prior to transmission to the host. At present two dif- 
ferent recombinant OspA vaccine preparations (monovalent) are being evaluated in hu- 
mans in large-scale phase III efficacy trials in the United States. Local discomfort at the in- 
tramuscular injection site has been the principal adverse effect seen to date with these vac- 
cines, but further data on safety are being collected. The greater heterogeneity of OspA 
among Lyme Borrelia in Europe implies that a vaccine preparation containing multiple an- 
tigens (multivalent) may be necessary there, although this is also a concern in the United 
States. 

Introduction 

Lyme borreliosis is the most common tick-borne disease in 
the United States and in parts of Europe [1]. Because of 
diverse presentations and lack of a definitive diagnostic 
test (other than culture), a diagnosis of Lyme disease may 
be delayed or missed, or perhaps more often, made inap- 
propriately [2, 3]. Extra-cutaneous manifestations when 
they involve the nervous system, joints, or heart can be dis- 
abling, and in some instances not completely reversible 
with antimicrobial therapy [2, 4]. For these reasons a safe 
and effective vaccine would be welcome. This review pro- 
vides a perspective on the status of vaccine development 
for Lyme disease. Other reviews of this subject by this 
author and others may be found elsewhere [5-8]. 

Whole Cell Vaccines 

In 1986, Johnson and co-workers published the results of 
seminal passive immunization experiments in which Syri- 
an hamsters were successfully protected against challenge 
with strains of Borrelia burgdorferi [9]. In additional stud- 
ies, these investigators actively immunized hamsters with 
a single dose of an inactivated whole cell B. burgdorferi 
vaccine without adjuvant [10, 11]. Animals challenged 
with B. burgdorferi inoculated intraperitoneally at 30 days 
after receipt of the highest dose of vaccine were protected. 
In 1990 a whole cell chemically inactivated B, burgdorferi 
vaccine formulated with a proprietary polymer-based ad- 
juvant (Fort Dodge Laboratories, Fort Dodge, Iowa) was 
conditionally licensed by the United States Department of 
Agriculture for use in dogs. This vaccine was given full li- 
censure in 1992, but published information on its effective- 
ness and safety is still limited [12, 13]. 
There has been little enthusiasm to develop an inactivated 
whole cell vaccine for humans, however, because of theo- 
retical concerns that it may be too "reactogenic," poten- 
tially inducing immunologic responses to cross-reactive 

human antigens [5, 14-16]. Certain antibodies to B. burg- 
dorferi are known to cross-react in in vitro studies with 
nerve cell axons, synovial cells, hepatocytes, heart and 
skeletal muscle protein [17-19]. The B. burgdorferi anti- 
gens thought to be principally responsible for this molec- 
ular mimicry are the 41Da flagellin subunit and heat shock 
proteins. 

Subunit Vaccines - Recombinant Single Protein 
Vaccines 

Subunit vaccines are considered to have the greatest 
promise for prevention of human Lyme disease. In animal 
studies, purified recombinant proteins, particularly cer- 
tain outer surface proteins of B. burgdorferi such as OspA, 
B, and C, are highly protective. Internal proteins such as 
flagellin have not demonstrated protection to date, but the 
studies are too limited to conclude that internal proteins 
have no role in vaccine development [20-24]. The most ex- 
tensively studied of the recombinant single protein vac- 
cines is OspA. Active immunization studies have shown 
that strains of mice immunized with OspA preparations 
are protected against clinical disease and tissue damage 
after either syringe or tick challenge with B. burgdorferi. 
In addition, the few immunized mice that were evaluated 
serologically after challenge failed to make a detectable 
antibody response to non-vaccine B. burgdorferi antigens, 
suggesting that infection was aborted entirely [25, 26]. 
Nevertheless, it is surprising that so little attention has 
been paid to the question of asymptomatic infection (as 
manifested by seroconversion) in experimental test sys- 
tems of vaccine candidates, given the presumption that la- 
tency may occur in human B. burgdorferi infections. 
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Passive transfer of either polyclonal antiserum or certain 
monoclonal antibodies to OspA will also protect animals 
against B. burgdorferi infection [24, 27, 28]. Similarly, hu- 
man sera obtained from selected patients with late Lyme 
disease will protect laboratory animals from infection [29]. 
The protection provided by human serum appears to be 
mediated principally, but not exclusively, by OspA anti- 
bodies. 

Functional Immunity 

How antibodies provide protection against Lyme borre- 
liosis has not been established. OspA antibodies that are 
protective in mice specifically bind to a conformational ep- 
itope located within the carboxyl end of the OspA pro- 
tein [30]. Direct anti-borrelial activity of antibodies can be 
measured by assays that assess spirochetal immobilization, 
inhibition of growth or bacterial cell killing [31]. Antibody 
induced inhibition and/or killing occurs with and without 
complement, although complement mediated effects ap- 
pear to be more efficient [32]. Antibodies may also serve 
to facilitate phagocytosis by macrophage/monocytes 
through binding to Fc receptors [15, 33, 34]. Hypothetical- 
ly, antibodies might also block the attachment of B. burg- 
dorferi to structures of the extracellular matrix or to endo- 
thelial cells, thereby preventing penetration into tissue 
[35, 36]. It is uncertain which of these actions, if any, cor- 
relate best with protection and a minimal protective anti- 
body titer is not known. These are pertinent considera- 
tions since induction of high titer antibody activity may be 
necessary to provide cross protection against challenge 
with heterologous strains of B. burgdorferi. 
The importance of cell mediated immunity in preventing 
Lyme borreliosis in humans or animals has not been deter- 
mined. In one study immunization with a recombinant 
OspC preparation was highly protective for gerbils with- 
out eliciting a borreliacidal antibody response [20]. This 
observation suggested to the investigators that cellular im- 
munity may have played a protective role in this model. 

Limitations of Osp Vaccines 

A potential drawback to OspA, B, or C vaccine candidates 
is the heterogeneity of these proteins among isolates of B. 
burgdorferi in nature [37-40]. OspA immunogens are 
highly protective in mouse models when the homologous 
isolate from which the OspA protein was derived is used 
for challenge. Similarly, OspA immunogens are protective 
when the challenge strain is closely related with only a 
minimally different OspA aminoacid structure. Against 
other more diverse isolates, protection to syringe chal- 
lenge is minimal or non-existent [27, 41], The diversity of 
OspA among isolates is greatest among European strains 
[38-40]. United States isolates are regarded as much more 
homogeneous lending optimism that only a monovalent 
OspA vaccine (i.e. a single OspA antigen) would be re- 
quired here. Furthermore, the diversity of strains may be 
less important when the organism is introduced by ticks, 

possibly related to a dual mode of action of these vaccines 
(see below) and/or to introduction of a lower inoculum of 
B. burgdorferi [42, 43]. 

Dual Mode of Action 

An intriguing observation is that infection with B. burg- 
dorferi is reduced or eliminated in the ticks themselves fol- 
lowing a blood meal on OspA immunized mice [26, 43-45]. 
Since there is a 36-48 h or greater delay in transmitting the 
spirochete from the attached and feeding tick to the host 
[46, 47], there may be sufficient time for serum antibodies 
(possibly in concert with other factors such as comple- 
ment) to interact with spirochetes in the tick and thereby 
reduce or eliminate transmission of B. burgdorferi. This 
putative second mode of action is highly distinctive among 
human vaccines and implies that the vaccine induced im- 
mune response might begin to take effect well before the 
spirochete enters the host. 

Other Vaccine Approaches 

Other vaccine approaches are under investigation. The 
Bacille Calmette-Gu6rin (BCG) vaccine has been consid- 
ered a potential vehicle for delivery of antigens for immu- 
nization against a variety of diseases, including Lyme dis- 
ease. A recombinant BCG vaccine expressing outer sur- 
face OspA lipoprotein was highly effective in protecting 
strains of mice against intradermal challenge with B. burg- 
dorferi [481. 

Human Studies 

Two recombinant OspA preparations, one manufactured 
by Connaught Laboratories Inc., and the other by Smith- 
Kline Beecham Biologicals, are undergoing phase III test- 
ing for efficacy and safety. Both vaccine preparations have 
appeared safe in phase I/II studies reported to date with 
the most common adverse reactions being local pain or 
tenderness at the injection site [14, 49-51]. Systemic reac- 
tions were infrequent and included self-limited headache, 
fatigue, fever, and arthralgias. 
For unclear reasons alum adsorption markedly increased 
the immunogenicity of the SmithKline OspA vaccine 
(14-128-fold) [51], whereas no such enhancement was ob- 
served for the Connaught product [14]. Both OspA vac- 
cines are capable of eliciting a growth inhibiting or borreli- 
acidal antibody response in human volunteers. In an as- 
cending dose study with the Connaught OspA preparation, 
330 healthy adult volunteers were randomized to receive 
two doses 30 days apart of either 1 pg, 5 ~g, 10 pg, or 30 pg 
OspA or placebo. The preliminary results of this study 
showed a clear dose response pattern with a 4-fold or 
greater rise in OspA antibody titer after the second dose in 
98% of volunteers who received the 30 pg dose compared 
to 71%, 38%, 5% and 2% in the lower dosage groups re- 
spectively [50]. There was no difference in adverse effects 
between the 30 pg and the 10 pg dose groups. 
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In natural infection in humans OspA antibody is usually 
detectable only in patients with late Lyme disease, such as 
those with arthritis [52], Because of this association, the 
question has been posed as to whether an OspA immune 
response (humeral  or cellular) plays an etiologic role in ar- 
thritis pathogenesis [53, 54]. If so, a vigorous response to 
an OspA vaccine might have the undesirable action of 
causing synovial inflammation for the vaccine recipient. 
Based on the results of studies to date (albeit some in pre- 
liminary analysis only), this concern has not been borne 
out, even in individuals who have previously had Lyme 
disease or in those who carry the H L A  DR4 allele, which 
is the genetic marker  that has been associated with antibi- 
otic refractory cases of chronic Lyme arthritis [14, 49, 50, 
53 and unpublished data]. 
It is important  to point out, however, that individuals who 
receive a recombinant OspA vaccine preparat ion may be- 
come seropositive when tested by an ELISA for detection 
of antibodies to whole cell B. burgdorferi. For vaccine re- 
cipients it is therefore essential to rely on immunoblotting 
(looking for non-OspA antibody reactivity), when serolo- 
gy is necessary to assist in establishing the clinical diagno- 
sis of Lyme disease. 

Conclusion 

In conclusion, a vaccine approach using recombinant 
OspA preparations has been highly successful in protect- 
ing laboratory animals against challenge by strains of 
B. burgdorferi closely related to the one from which the 
OspA was derived (Table 1). Humera l  immunity was 
shown to be sufficient for protection. Against natural in- 
fection introduced by ticks, the vaccine induced immune 
response may begin to take effect in the tick itself, before 
the spirochete enters the host and may extend to a great- 
er diversity of strains of B. burgdorferi. Single protein re- 
combinant OspA vaccine preparations are currently being 

Table 1 : Lyme disease vaccine status report. 

Humeral immunity is sufficient for protection in animal sys- 
tems; the nature of the action of the functional antibody is un- 
known. 

Whole cell vaccines are available for use in dogs but regard- 
ed as potentially too reactogenic for humans. 

Antigens consisting of single recombinant outer surface pro- 
teins (Osp), especially OspA, are effective immunogens in 
animals systems. 

Heterogeneity of OspA among isolates of Borrelia burgdorf- 
eri may limit the utility of OspA single antigen vaccines, al- 
though this has been demonstrated only with syringe chal- 
lenge, not with challenge by ticks. 

Large scale OspA vaccine efficacy trials are in progress in the 
United States among adults. 

evaluated in two large efficacy trials in the United States. 
If safety and efficacy are established, then questions re- 
garding duration of immunity, need for booster  doses, and 
safety and immunogenicity in children will have to be 
answered. Grea ter  diversity among B. burgdorferi strains 
in Europe  may make a multiple antigen containing vaccine 
necessary there, although this is also a concern in the Unit- 
ed States. 
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Zusammenfassung: lmpfstoffe gegen Lyme-Krankheit. Sub- 
unit-Vakzinen, die aus einzelnen rekombinanten Oberfla- 
chenproteinen (Osp) von Borrelia burgdorferi bestehen, f0hr- 
ten.bei M~iusen zu einem sehr wirksamen Schutz gegen die In- 
fektion mit Borrelienst~immen, die nahe Verwandtschaft mit 
dem fttr den Impfstoff verwendeten Stamm haben. Humorale 
Immunit~it erwies sich als ausreichend protektiv. Man hat an- 
genommen, dag diese Impfstoffe eine doppelte Wirkung ha- 
ben, da Serumfaktoren, die die Zecken wahrend des Blutsau- 
gens aufnehmen, das Spiroch~iteninokulum vor LTbertragung 
auf den Wirt zu reduzieren verm6gen. Derzeit werden zwei 

verschiedene rekombinante (monovalente) OspA-Impfstoffe 
in grogen Phase-III-Studien in den Vereinigten Staaten er- 
probt. Lokale Beschwerden an der intramuskulfiren Injek- 
tionsstelle sind derzeit die wichtigsten Nebenwirkungen, die 
mit diesen Impfstoffen beobachtet werden, doch werden wei- 
tere Daten zur Frage der Sicherheit erhoben. Lyme-Borrelien 
haben in Europa eine ausgepragtere Heterogenit~it, deshalb 
mtif3te eine Vakzine dort mehrere Antigene enthalten (multi- 
valente Vakzine). Dieses Problem trifft allerdings auch ftir die 
USA zu. 
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