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ABSTRACT

Bdc’(gmm\d: The safety and the inimunogenicity of OspA
Vdetlié faimuintions were irivestigated in the chesus mon-
key, 48 help to ascertaln possible deleterious effects that
could ppient both i nitve and Infecled Individuals during
the Yieclitatiohi protess dnd especlally nfter d challenge
Infectloit had been administered.

Methods:. Three different vaceine formulations, NSi-

i 5

serum chemlstries, and complete blood couni resulls were
either normal or; when not, not attributable to vaccination.
No sig intraocular | j responses were
found al any time in any animal, thus indlcating that the
powerful adjuvant propertles of ipidated OspA do not cause
uveitis. All formulations elicited 4 strong 1gG anti-OspA
response, with geometric menr reclprocal titers (GMRT)

OspAJAIQOH),, # fistori protein comiposed of r

DspA (stratvt ZS7) lacking the C-terminal cysteine and fused:
to # frithmerit of 81 N-terminal aimilrio acids from the non-
sttdelidkal - influenza virug protéln NS1, NSi-
DspA/ALOH)yMPL (mono-phosphoryl lipid A), lipidated
0spAJANOH);, and orie placebo (AI(OH)s) were iised In a

Yactlfiatlot trial involving 19 male 2-to-3-year-old Chinese ™

Mucted mulatta. Three 10-pg-doses of each vaccine were
glvett 1d each antmal intramuscularly al d-week intervals.
Grolip 1 (=3) was vaccinated after being infected with

Bortbila burgdorferl, as & model o assess viccine safety Iin '

patteisld withh an active linfection. Group 2 (1i=16) was divided
1nld 4 gtdups of 4, according lo the vaccine formulation
tecélyed. Safety was dssessed I botti groups of animals by
phiysteal sxamination, cllnlcal labotalory analyses of blood

and Uiné samples, and quantification of Inflammailon In the

uiilerlot kye chamber (uvéltls).

ititmimogenicity was sssessed by OspA-ELISA, Western
P i ot

biol, y-dep p tated killing in
it [ADCK), by the LA, competitive inhibition assay an
i ikHpheihl blood motioniiclear cell (PBMC) I
It vittd i késponse to OspA.

Rlitis No focal vaccine sile teactloil br obvious signs of
likihielty Were seen in atiy animal at ahy ifme. Al urinalyses,

Gl
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d by ELISA as high as 2560 x 10°,4 weeks after the
last vacclne dose. ADCK g5 GMRT were s high ds 3475 in
the lipldated OspA group at 2 weeks before challenge, but

“decilned as rituch as 15-fold in animials of this group 9 weeks

poslc‘mllenge. A booster effect on the antibody response was

. not evident after the challenge Infectlon.
: d

PBMC b Is was fongltudlnally in

" vitro, hefore and after the challenge Infectlon, In tésponse to

the nialue form of OspA, both lipldated and nonipldated.
PBMC (from animals of all groups except controls) respond-
ed to lipldaied OspA and the highesl responders weié among
the sniniafs vaccinated with tlils form of OspA, Responses to
nonlipidated OspA were marginal. The PBMC Fesponses to
lipldated OspAdeclined to baseling ¥alues by 8 weeks after —
the chailenge Infection but resurfaced later and remained i
high unlil week 32 postchallenge, the last time polit deter-

_mined. No booster effect was observed.

Conclusion: Within the K of our study, before
postmioriem ysed, all vaccine f [atloris appeared
safe, Including the lipldated OspA/AI(OH); that Is currehtly
being tised tn humans. friluuiogenlelty at the hhiingrat level
was strohg but short lived. Thig, togéthtr with thé unde-
tectiible booster effect, may eittail 4 heed for repeated

" admintstratiori of the vacclne., l A
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INTRODUCTION

Lyme borreliosis is usually curable with appropriate
antibiotics.' However, long courses of therapy may be
required if the infection is allowed to become chronic, and
some patients do not respond to therapy at all.! At risk of
acquiring a persistent Borrelia burgdorferi infection are
the 20% to 40% of infected individuals who do not show
the telltale erythema migrans.? This erythematous papular
skin rash is the most imp marcker of i ion, large-

1 B burgdorferi in thesus monkeys had been shown to be
similar to their counterparts in humans.'? The experimen-
tal design used in the present study is described below.

EXPERIMENTAL DESIGN
Distribution of information

All personnel responsible for the clinical examinations.
sample collection, vaccine administration. and assays

ly because diagnosis based on serology, polymerase chain
reaction (PCR), or spirochetal culture, although much

Jescribed below were fully informed of the experimental
design but were blind to the vaccine formulation or place-
bo admini: d to the animals.

improved in the last few years, remains imprecise.” Thus.
the uncertainly of nonclinical diagnosis of Lyme borrelio-
sis explains in part the occurrence of chronic Lyme dis-
ease. The fact that the latter is sometimes refractory to
treatment underpins the need for immunoprophylactic
strategies. 2

Recombinant outer surface protein A (OspA) is cur-
rently the most promising molecularly-defined vaccine
candidate to prevent Lyme borreliosis. Proof of the “prin-
ciple” that OspA is a protective antigen has been achieved
in numerous animal experiments using diverse
antigen/adjuvant combinations.* More recently, vaccine
formulations that are ible with tiuman use also
have been shown to be efficacious in mice.*’ Safety and
i icity of bi OspA i have
been evaluated in human subjects with and without a pre-
vious history of Lyme disease®' but with no evidence of
active infection. In addition, Phase IIl trials are
underway."!

The present study of safety and immunogenicity of
OspA vaccines in the rhesus monkey was undertaken to
ascertain possible deletesious effects that could appear in
naive individuals not only during the vaccination process
but also after a chall i ion had been admini d
Vaccine safety was examined also in a small group of ani-
mals that were infected with B burgdorferi at the time of

ination. [ icily was investigated both at the
humoral and cellular levels. Because of the relatively
rapid decline in anti-OspA antibody titers that had been
observed in humans,? it was important to assess whether a
booster effect was detectable in vaccinated rhesus mon-
keys subsequent to the challenge infection.

Vaccine formulations with and without added adjuvant
were compared with regard to differences in saféty and
immunogenicity. The animal model was chosen because it
had been shown previously that rhesus monkeys infected
wlth B burgdorferi develop disease signs that mimic both
the acute and chronic phases of Lyme disease in humans.
These signs include erythema migrans, arthritis, and neu-
roborreliosis.'*'* At the serological level, too, the time
course and specificity spectrum of the antibody response
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Study population

The study population cousisted of 19 male 2- (0 3-
year-old Chinese Macaca mulaita (thesus). Three of these
animals, L379, 1452, and L453 (Group 1), were infected
with B burgdorferi 4 months prior to vaccination. as a
model to assess safety of vaccination in previously infect-
ed patients. The 16 other animals, L457, L549, MO21.
M581, L458, L594, L971, M585, M243, L537, M219.
M107, L476, L712, L642, and M 106 (Group 2). were
divided into four groups of four animals each, according
to the vaccine formulation received.

Animal examination schedule

During and after vaccination, animals of Group | were
examined on a weekly to biweekly basis. Animals of
Group 2 were examined biweekly during the 12-week
period before the challenge infection, and weekly there-
after.

Vaccine formulations

Three different vaccine formulations and one placebo
were used:

1) NS1-OspA/AI(OH)3, a fusion protein adsorbed onto
aluminum hydroxide. The NS1-OspA fusion protein is
composed of tecombinant OspA (cloned from the 8
burgdorferi sensu stricto isolate ZS7) that lacks the car-
boxyl-terminal cysteine and is fused to a fragment of 81
N-terminal amino acids from the nonstructural influenza
virus protein NSI. This formulation was given to animals
1458, L594, L971, and M585;

2) NSl—O_spAIMPLIAIOH);, as above, but combined
with 50 pg of the adjuvant (immune modulator) 4" -
monophosphoryl lipid A (MPL). This formulation was
given to animals L476, L712, L642, and M106;

3) lipidated OspA/Al(OH)3, recombinant lipidated
OspA (ZS7) adsorbed onto aluminum hydroxide. This
formulation was given to animals M243, L537, M219.
and M107.

4) Aluminum hydroxide: was used as a placebo and
was given to animals L457, L549, M021, and M581. All
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vaccine formulations contained 10 pg/ml OspA, 0.5
mg/ml of Al(OH), and 5 mg/ml of 2-phenoxyethanol (a
preservative) in a buffer containing 150 mM sodium chlo-
ride, S mM sodium phosphate, and 5 mM potassium phos-
phate, pH 6.8.

Vaccine ndnumslrallon protocol

All placebos were ad: 1 by intramus-
cular injection into the cranial thigh, alternating left and
right thighs with each injection. Three 10-ug doses of the
chosen vaccine formulation were given to each animal at
4-week intervals. The animals in Group 2 were given a
challenge infection 4 weeks after the last vaccine dose.
The three animals in Group | were vaccinated 4 months
after being infected with B burgdorferi,-using the same
vaccination regimen as the animals of Group 2. The vac-
cine formulation chosen for Group 1 was NSI-
OspA/MPL/AI(OH)3.

Inoculation with B burgdorferi

All animals were inoculated with the B31 strain of B
burgdorferi by the nawral route of tick bite using infected
Ixodes scapularis nymphal licks. The procedure used and

the source of ticks were the same as those described pre-

viously.?

Evidence that animals of Group 1 were infected

After 5 days of exposure to 20 ticks each, four ticks
had fed upon animal L379, {1 upon L452, and two upon
L453. All ticks were shown to be infected with B
burgdorferi by direct immunofluorescence with a B
burgdorferi-specific antibody, a procedure described pre-
viously." Clinical examinations performed weekly on all
animals revealed a mild-to-moderate skin erythema
peripheral to the inoculation site in animal L452 by week
1 postinoculation (PI), which lasted for a total of 2 weeks.
Animal L379 showed a mlld erythema in the same xue 2,
weeks PI. Histologi of skin biop

detectable B burgdorferi DNA by week 3 PI. No spiro-
chetes were cultured in vitro from skin or blood samples
collected during the first 4 weeks PI. Western blots of
sodium dodecy! sulfate (SDS)-solubilized B31 spiro-
chetes were developed with anti-IgM and IgG antibodies.
The IgM response peaked by weeks 2 to 3 Pl and gradual-
ly waned. In contrast, the number of antigens recognized
by anti-B burgdorferi 1gG antibodies increased gradually
over time, an indication of an active infection. By week 4
PI, four to six antigens were recognized, depending on the
animal; by week.17 PI, (1 week after the last vaccine dose
had been n'dminislercd) 9 to 12 antigens; and by week 44
PI, 12 to'18. Prominent amongst the anugens recognized
were P41 (flagellin) and P39.

Assessment of vaccine safety

Safety was assessed in both groups of animals (1 and
2) by physical examination of the animals, clinical labora-
tory analyses of blood and urine samples, and quantifica-
tion of inflammation in the anterior eye chamber. Physical
examination involved general observation, thoracic aus-
cultation, determination of body P and weight,
and gauging of lymph node and spleen sizes by palpation.
Joints were examined for presence of swelling or redness.

+ Laboratory analyses included complete blood cell count,

serum chemistries, and urinalysis. Ocular inflammation
was assessed both using the slit lamp and by laser flare
photometry.
A of vaccine 1 icity

Vaccine i icity was | y assessed
in animals of Group 2, bolh at the humoral and cellular
levels. Antibody responses were assessed qualitatively by
Western blot of serum samples using SDS extracts of
whole B burgdorferi B31 as antigen; appearance of both

IgM and IgG antibodies was examined. The overall IgG

antibody response was quantified by ELISA, using puri-

obtained weekly revealed deep perivascular lymphocytic
infiltrates considered characteristic of the dermatitis asso-
ciated with human erythema migrans in all animals until
week 4 PL. By week 6 PI, the dermatitis was no longer
present. Immunohistochemistry performed on these same
skin sections using a monoclonal antibody to a 7.5 kDa
lipoprotein of B burgdorferi'? showed that B burgdorferi
antigens were present both within and outside dermal
macrophages in sections from all animals obtained after
weeks | and 2 PL Biopsies taken prior to infection were
normal. Corneal biopsies obtained from all animals
showed a marked conjunctivitis microscopically by week
2 PI, and immunostained positively for B burgdorferi.
Fractions of skin sections from all animals—processed for
PCR analysis as described previously'>—contained
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fied bi OspA without the NSI residue (MDP-
OspA) as antigen. MDP-OspA also lacks the lipid moiety
but contains the tripeptide Met-Asp-Pro covalently
auached to the lysine in position 18 of the native OspA
le. Bactericidal antibody was quantified by anti-
body-dependent, complement-mediated killing of B
burgdorferi in vitro (ADCK) and functional, protective
antibody by the LA, assay, a competitive inhibition assay
in which the anti-LA, epitope antibody present in a serum
sample is quantified by competition with the binding of
the LA, monoclonal antibody, an antibody that binds to
the LA, functional epitope of OspA. Cellular immune
responses were examined by blastogenesis of peripheral
blood mononuclear cells (PBMC), measured in vitro in
response to 1) the T-cell mitogen concanavalin A (Con
A), as a positive control; 2) recombinant MDP-OspA
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from B burgdorferi strain ZS7; and 3) recombinant lipi-
dated OspA from the same strain.

MATERIALS AND METllObS 2 y
Animal care and housing
Animals were cared for and housed as described previ-
ously.'?

Western blotting procedure

The procedure used was described previously'® but B
burgdorferi strain B31 (4th passage) was used rather than
strain ID1. . ; x .
Enzyme-linke’d !mmunosurben‘ assay (ELISA) »

Plates were coated with 1.2 pg/ml MDP OspA (100 pl
per well) in 0.§ M carbonate buffer, pH 9.6. Plates were
incubated with antigen O/N at 4°C and washed three
times with 200 pl/well of phosphate-buffered saline (PBS)
containing 0.1% Tween 20 (PBS/T1). Plates were blocked
for 2 h at 37°C with 200 pl of 1.5% BSA, 1.5% nonfat dry
milk in PBS/T| per well. A volume of 100 pl of test
serum appropriately diluted with PBS/T1 containing
0.75% BSA, 0.75% nonfat dry milk was added to each
well and incubated for 1 h at 37°C. Horse-radish peroxi-
dase-labeled goat anti-human IgG (y-chain specific)
(Kirkegaard and Perry Lab Inc, Gaithersburg, Md) was
diluted to 1:2000 and 100 pl were added (o each well and
incubated for 1 h at 37°C. The color development reagent
(3,3',5,5'-tetramethylbenzidine) was used according to
the manufacturer’s instructions (Kirkegaard and Perry
Lab Inc, Gaithersburg, Md). All samples, including the
preimmune serum, were titered by serial dilution. Titer is
defined as the.maximum dilution whose optical density
(OD) is = to 3 x OD obtained with the same dilution of
the preimmune serum of the same animal.

Antibody-depend 1 t-mediated killing of
B burgdorferi in vitro

The ADCK assay was performed as described. All
determinations for each animal and time point were per-
formed in duplicate. The mean percentage killing of these
duplicate determinations was plotted as a function of the
serum dilution, and the serum dilution corresponding to
50% killing (ADCKyq) was obtained from each titration
curve by interpolation.

LA, inhibition assay

The LA, competilive inhibition assay was performed
as follows: 96 well plates (jmmunoplate Maxisorp, Gibco,
Grand Island, NY) were cqmed with purified recombinant

M NaHCO, buffer, pH 9.6. The optimal coating concen-
tration.of OspA was determined for each batch of purified
protein. Unbound OspA was removed by washing four .
times with a 0.15 M NaCl, 0.05% Tween 20 solution and
the plates were then “blocked” with 200 ul/wcll of PBS
1% bovine serum albumin for 30 min at room tempera-
ture, and washed again as above. Monkey serum samples
and the LA, antibody standard solution were diluted two-
fold serially, starting at a dilution of 1:2 or 1:10, and a
concentration of 4 pg/ml, respectively. Dilutions were
made with PBS 0.2% BSA containing 0.05% Tween 20.
A volume of 100 pl of each dilution was added to each of
duplicate wells and left for 2 h at 37°C. Rlates were then
washed as above and incubated for 2 h at room tempera-
ture, with 100 pl/well of a limiting concentration of LA,
antibody labeled with horseradish peroxidase (1/10,000
for the antibody batch used) in PBS 0.2% BSA, 0.05%
Tween 20. After washing as before, a volume of 100
pl/well of 0.4 mg/ml o-phenylenediamine (Sigmg
Chemical Company, St. Louis, Mo), 0.15% H,0,in 3 0.}
M citrate buffer, pH 4.5 was added. The reaction was
stopped after 15 min by adding 50 pl/well of 1.0 N HCJ,
and the OD were read at 490 nm in a microplate reader. .
The raw data were analyzed by the four-parameters
method. The results are expressed in pg/ml of LA, equiv-
alent, using data from the standard LA, monoclonal anti-
body curve as a reference for interpolation.

Analysis of significance

Significance of the differences between mean antibody
titers (ELISA, ADCK, or LA)) elicited by, and laser flare
photometry values in groups receiving, different vaccing
formulations was established by analysis of variance.

Peripheral blood mononuclear cell blastogenesis
Antiy and mi For each bl is assay,
MDP-OspA and lipidated OspA were used at 1, 5, and |0
pig/ml. The concentration of antigen eliciting the maxima}
response at each time point was used in the data analysis,
Con A (Sigma) at 8 pg/ml was the optimal copcentration
chosen based on a preliminary dose-response analysis. .
Culture conditions for in vitro blastogenesis. Blood
was obtained from each animal and mixed with preserva-
tive-free heparin during extraction. PBMC were obtained
by the Ficoll-Hypaque (Sigma) density gradient centrifu-
gation method. The final viable cell counts were adjusted
to 2 x lO‘/ml in RPMI-[640 medium (Cellgro, Fisher
Pi Pa) ining 10% heat-inactivai-
ed human AB serum (Sigma). The blastogenesis assays
were performed in triplicate in round (antigen cultures) or
flat bottom (mitogen) microtiter plates (Costar

lipidated OspA by incubating the plates ight at 4°C
with 100 pl/well of a 0.5 pg/ml solution of OspA in 0.05

7

Corp Cambridge, Mass). To each well, 100 pl of *
antigen or mitogen and 100 pl of cell suspension were
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added. Cultures were incubated at 37°C in a humidified
atmosphere (5% CO, and 95% air) for 4 days (mitogen)
and 6 days (antigen). Approximately 24 h before harvest-
ing, 1.0 pCi of (*H] thymidine (ICN, Irvine, Calif) was
added to each well. The cells were harvested onto glass-
fiber mats, washed and dried overnight at room tempera-
ture. The dried filters were placed into S ml of scintillation
fluid, and radioactive incorporation was measured in a liq-
uid scintillation counter. Results are expressed as stimula-
tion index (S1), ie, counts per minute (CPM) of stimulated
cells divided by CPM of unstimulated cells. The cut off Sls
were 4.15 and 5.13 for MDP OspA and lipidated OspA,
respectively, which represent the mean SI for all animals
before vaccination began, plus 2 SD for each antigen.

Anesthesia protocol

All animals were anesthetized with ketamine-HCI (10
mg/kg) given by intramuscular injection. Animals known
to have excessive myoclonic activity under ketamine
anesthesia were anesthetized with tiletamine and
zolazepam in combination (Telazol 10 mg/kg) by intra-
muscular injection. If necessary, injectable anesthesia was
supplemented with 1% to 3% isoflurane and O,.
Analgesia was provided after skin biopsies with butor-
phanol tartrate (0.05 mg/kg).

Hematology, serum chemistries, and urinalyses

Complete blood count and serum chemistry determina-
tions as well as urinalyses were all standard.'” Serum
chemistry analyses included tests for serum electrolytes,
glucose, alanine aminotransferase, serum alkaline phos-
phatase, aspartate aminotransferase, lactate dehydroge-
nase, blood urea nitrogen, creatinine, globulin, and albu-
min.

Slit-lamp examinations and laser flare photometry

Following external inspection of conjunctiva and
adnexa, slit lamp and laser flare photometry (LFP) exami-
nations were performed in animals of both Group | and 2 at
baseline and at 1 and 2 weeks following each of the three
immunizations. Animals of Group 2 were also examined at
1, 2, and 3 weeks following the challenge infection. LFP
was performed as described elsewhere,'® using a KOWA
laser flare meter (KOWA, Inc., Torrence, Calif).

RESULTS

Vaccine safety

Physical examination: No local vaccine site reaction
was noted in any animal (Groups | and 2) at any time. In
animals of Group 2, a transient splenomegaly was
observed in 3 of the 4 animals that were given AI(OH)3
alone at 2 weeks after the challenge infection (PC) and in
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one of the animals that received lipidated OspA/AI(OH),
at 3 weeks PC. Clinical signs of arthritis were not seen in
any animal. Body temperatures were taken initially at 2-
week intervals coinciding with physical examinations; no
fever was noted. To determine whether vaccination would
cause fever shortly after the time of injection, body tem-
perature was measured 1 day after the application of the
third injection in the animals of Group 2, and | day after
the second and third injections in the animals of Group 1.
Some of the animals from Group 2 (uninfected) demon-
strated a temperature marginally above the baseline for
rhesus monkeys (>102.0 °F) one day after vaccination.
These animals were uniformly distributed among all vac-
cination groups, including that receiving Al(OH); alone.
None of the animals of Group | (preinfected) demonstrat-
ed a temperature one day after vaccination. Therefore.
these febrile episodes cannot be associated with the
effects of OspA in any of the forms employed, including
the lipidated form.

Urinalysis: All urinalysis samples were within normal
limits in all animals.

Complete blood count: An initial leukocytosis was
seen inall animals prior to experimental manipulation and
in some cases also th Thisis a
non when animals kept in outdoor breeding groups are
moved to indoor single cage housing for project work.
and is probably a physiologic response to stress. In most
cases seen at the Tulane Primate Center this leukocytosis
resolves within 2 weeks. The leukocytosis was mild to
moderate in intensity and could not be associated with
any particular vaccination protocol in so far as it occurred
with similar frequency in all vaccination groups, includ-
ing that receiving AI(OH); alone.

Serum chemistry: With two exceptions, all animals
were within normal values for all the serum enzymes test-
ed. The exceptions were animals M585 (Group 2), vacci-
nated with NS1-OspA/Al(OH); and L712 (Group 2), vac-
cinated with NS1-OspA/MPL/AI(OH)3. Animal M585
showed marginally elevated alanine aminotransferase
(ALT>100 units) after the third vaccine dose and at the
time of tick removal. Animal 712 also showed elevated
ALT at the time of tick removal (198 units) and both ele-

vated ALT and aspartate aminotransferase (AST) -

(AST>100 units) at 1, 2, and 4 weeks PC. AST and ALT
are hepatocellular enzymes which, when elevated, indi-
cate hepatocellular death or increased hepatocyte cell
membrane permeability. |

Quantitati of inf: ion in the
anterior eye chamber

Animals were.examined at the slit lamp and by LFP:
LFPisa prccedurc which objectively measures intraocu-
lar inflammatibn.'®® A pitot study was performed to

"

TABLE {

QUANTITATIVE ASSESSMENT OF INFLAMMATION IN THE ANTERIOR EYE CHAMBER
USING LASER FLARE PHOTOMETRY (LFP).

each of the three immuniza-
tions. Animals of Group 2
were also examined at 1, 2, and
3 weeks following the chal-

Vaccination Group Time of observatlons LFP lenge infection.. These results
(Mesn ¢ SD) i
Bageline Normals NA Mean3.9% 0.5 o .shown 0, Tanle L,
1= 40 ayos, Additionally, 40 eyes of nor-
Group 1 :::s:i;:l;;::lsnl'lav? 34x12 mal rhesus monkeys were
infeclion 4742.4 i i i
o) Bkl ai o V1VE Soisi examined to establish baseline
Flare @ t wk post-V1,v2 38+19 values of normal anterior
Flare @ 2 wks post-V1,v2 3621
Placebo [AOH)a] Baseline -Flare 34x18 chamber[,.FP. : 5
e I wk post-VA.vV2 V3 3717 In previous vaccine studies
g;«;z’;ms(;vs.viz,v: 38£18 using the simian immunodefi-
lkacw aseline g:::: ciency virus model, the LFP
2wks PC 2910 value of 5.0 was established as
3wks PC 35£14 the upper limit fc
L it v
NS1-0spAIAI[GH]; Basellne -Fiare 29112 infl ppf; i f;:r frocmal, un
e . LukpostVivaws 33%12 inflamed eyes (M.D. Conway.
. é:‘:ls oS-V 35215 MD, unpublished data). In the
IW;P‘::"W baselie :;:;-g present study, this value was
2wks PG 3112 never reached. LFP values
3wks PC 2810 from the vaccinated anij
NS1-03pA/MPLIAT(OH); Baseline Flare 33115 £ P : den‘mﬂls &
erRib i v Siiic rom animals within the
2 wks post-V1.V2Va 35%15 “immunopotentiation” Group 1
Icv’:‘[rz‘ﬂ"iﬂ“"“ g’;::{: did not differ significantly
2wks PG 3312 from baseline data within each
3wks PC 3305 roup or from pl
Lipidated -OspA/AOH); Baseline -Flam J7E10 8 ph L pramely yal;
e Bayes i 2 Ssiiy ues obtained with the indepen-
ey pasl v1 v2v3 37:16 dent group of normal animals.
Icvfx';;‘!!@ baselina g:::g All LFP evaluations were
2uks PC " a3ro7. simultaneously confirmed by
3wks PC 22407

slit lamp examinations. There-
fore, no significant intraocular

V = vacchation 1.2,3.
PC = post-challonge.

inflammatory response was
found at any time within the

establish the reliability of the laser cell flare meter in the
rhesus monkey. In this study, the resuits of baseline and
follow-up examinations by slit lamp and LFP were com-
pared in 10 animals, to establish thé correlation between a
subjective and objective examination method.
Inflammatory responses were induced surgically in the
right eyes by paracentesis of the anterior chamber. A com-
parison of LFP baseline readings of the inflamed right eyes

framework of this study.

Vaccine immunogenicity at the humoral level

Western blot analysis: Western blots were performed
using serum samples from the 16 animals in Group 2 at 2
weeks after the first vaccine/placebo injection and 4 weeks
after the second injection. The results are shown in Figs 1A
and IB, respectively. By the second week after the first
m)eclmn an antibody response to OspA was already

and simultaneous readings of the d left

eyes documented a significant fibrinous inflammatory

response (P=0.008) within the right eyes. This correlated

well with the slit lamp findings (subjective). Based on these

results, photometry data collected during and after the vac-
cination procedure could be assumed to be refinble. .

Rhesus monkeys that received the different vaccine for-

ions and were sut ly challénged (Group 2) and

the animals that were V'\célna!ed after infection (Group 1)

were examined at baseline and at | and 2 weeks following
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ble in most animals that had received OspA. The
intensity of the OspA bands depended on the vaccine for-
mulation used, and increased in the sequence NS|-
OspA/Al(OH)3, NS1-OspA/MPL/AI(OH)s, lipidated
OspA/Al(OH)3. This was true of both the IgM and the IgG
responses, although it was more marked for the I1gG
response. Control animals showed no resppnse to OspA
(Fig 1A). By week 4 after the second injection, the banding
pattern of the anti-OspA IgG antibody response became
very complex (Fig 1B). Antibodies reacted with antigens
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Fig IA. Serum samples collected 2 weeks afier the first immunization.

Pooled serum taken before the firsi injection from all animals was
used as negative control (track 1), and monoclonal anti-OspA antibody
H5332 as positive control (irack 18). Serum samples from the 4 animals
that received placebo are on tracks 2. 6, 11, and 16, respectively; NSI-
0spA/Al(OH)3 on tracks 3, 7, 10, and 17; NSI-OspA/MPL/AOH) 3 on
tracks 4, 8, 9, and 12 lipidated OspA/AOH); on tracks 5. 13, 19, and
15. IgM antibodies are shown on the lefi-hand panel and 1gG amtibodies
on the right-hand panel, Western blot was done as described in
Materials and Methods.

of molecular We&ghls that were both higher and lower
than the 31 kDa B31 OspA. This band is indicated by
monoclonal anti-OspA antibody H-5332 (Fig 1B, track

Fig IB. Serum samples collected 4 weeks after the second imminization.

Monaclonal anti-OspA antibody H5332 was used as positive control
(track 17). Serum samples from the 4 animals that received placebo are
“on tracks 1, 5, 10, and 15, respeciively: NSI-OspA/AI(OH); on iracks 2.
6. 9. and 16: NSI-OspA/MPL/AIOH) on tracks 3, 7, 8, and 11; lipidar:
ed OspA/AI(OH); on tracks 4, 12, 13, and 14. IgM antibodies are shown
on the lefi-hand panet and 1gG antibodies on the right-hand panel.
Western blot was done as described in Materials and Methods.

expressed ‘as ‘geometric mean reciprocal titers (GMRT)

17). The IgM antibody response to OspA d with

per ination group” are shown in Fig 2, together with

the IgG response in that it did not evolve the complex
banding pattern of the IgG response and appeared to sub-
side 4 weeks after the second injection, as compared with
the level observed 2 weeks after this time (not shown). On
occasions, serum samples from animals that had received
placebo reacted with antigens in the higher molecular
weight region (eg, track 15, Fig 1B). Most of this reactivi-
ty disappeared when serum samples were used at a dilu-
tion of 1:200 (not shown) rather than the 1:50 dilution
used in the experiments described above. In contrast,
reactivity patterns of serum samples from animals vacci-
nated with OspA did not change noticeably when used at
a dilution of 1:200.

Enzyme-linked immunosorbent assay: Anti-OspA
1gG antibody titers were determined by ELISA through-
out the vaccination process. Serum samples were titrated
on weeks 2, 4, 6, 8, 10, 12, and 21 after the first injection,
ie, 2 and 4 weeks after the first injection, 2 and 4 weeks
after the second injection, 2 and 4 weeks after the third
injection; and 9 weeks PC, respectively. The results,

0spA Vaccines in the Rhesus Monkey/Philipp el al

the titer range per group. IgG anti-OspA antibody titers
increased as a function of time, and reached remarkably
high values, in the range of 1:105, regardless of the immu-
nization protocol. By the end of the vaccination proce-
dure, the group that had received the lipidated form of
OspA had achieved the highest GMRT of IgG anti-OspA
antibody. However, differences between groups were not
significant at the 95% level. After the last injection, titers
appeared to decline rapidly, for by week 13 after the last
injection (9 weeks PC), the GMRT had decreased 14-fold
in the NS1-OspA/Al(OH), group, 38-fold in the NSI-
OspA/MPL/AI(OH); group, and [0-fold in the lipidated
OspA/AI(OH); group.

Antibody-dependent pl t-mediated killing
and LA, assays: ADCKgj titers were determined with
serum samples collected on weeks 4, 8, and 10 after the
first injection and LA, titers only with the latter samples.
The results are shown in Table 2. As expected, ADCKg,
values increased as a function of time during the vaccina-
tion process. Both the ADCKgy and LA, mean values by

Vaccine immunogenicity
TABLE 2 at the cellular level
Immunogenici H
ADCKgo AT WEEKS 4, 8, AND 10 AFTER THE FIRST VACCINE DOSE Ilulac gl M. 2 (h'e
AND LA; VALUES AT WEEK 10. £e udarb Y8 wa_sfu}vesu-
al u i

e ADCKso LA, ADCKsg LAz gatedby quantifying.in
e (g oasmi) | GMRT s vitro the blastogenic re-
sponses of PBMC when
Placebo Wk 4 Wk 8 Wk 10 Wk 10 Wk10 Wk10 these cells were stimulated
L457 NA NA NA 0.3 either with recombinant
L549 NA NA NA 0.3 nonlipidated OspA (MDP-
Mo21 NA NA NA 04 NA 03 OspA) or recombinant lipi-
T NA NA NA PY] dated OspA, both from B
T burgdorferi strain ZS7. The
AlOH)3 results of a longitudinal
VT = pr e ¥ study including samples
L594 NA 300 675 122.1 ;nzke;;l;‘ 813,23, 21,
Lo71 15 225 750 136.4 854 104 kR ?';“d 49 w‘cieks
irst vaccine dose

M585 NA ND 1 g Y Ly
050. L1y are summarized in Fig 3.
Ns|M::uA Each time point represents
Al(OH), the mean stimulation index
L4786 15 1800 2250 1156 {570t the 'fourl anials i
= . - = = each vaccination group.
The error bar represents the

Le42 NA 750 4200 399.1 2173 172
= standard error of the mean.
106 NA NO 4500 1934 The S1 for each animal is
Llpif;lud itself the mean value of a
A triplicate determination.
e = — pros = The time of each vaccine
= - injection is indicated on the
1609: 2000) 793 horizontal axis by each of
M219 105 NO 480 115 3415 97¢ the first three arrows. The
M107 105 ND 3750 396 challenge infection
AT nol applicablo (serum sample Goss not contain sullicient aniibady (o piomale 50% Kiing under occurred 12 weeks after the
tha conditlons In which the ADGK experiment Is performed niedt

NDE N danha first injection (fourth arrow
in Fig 3). The antigens

week 10 after the first inoculation were significantly high-
er (95% level) in animals that had received the lipidated
form of OspA and Al(OH);, compared to the group that
had received NS1-OspA/Al(OH);. Other differences
between groups were not significant at this time. In select-
ed animals, the ADCKs liter was determined at the time
of challenge (week 12 after the first injection) and 9 weeks
PC (Table 3). As with the ELISA, a sharp decline in the
titer was noted in all animals. Animal L537 (lipidated
OspA/AI[OH]y), which had an ADCKj titer of 15 000 at
the time of challenge, had a titer of only 960, a 15-fold
decrease, 9 weeks later. Animal L712 (NS1-OspA/
MPL/AI[OH],) experienced a 10-fold decrease in titer
(from 700 to 70) in the same time interval, and animals
L476 (NS1-OspA/ MPL/AI[OH);) and M585 NS!-
OspA/Al[OHh‘ a four-fold decrease.

74 )

used for bl stimu-
lation are listed at the bottom of the figure. The horizontal
dotted line represents the mean value of the SIs of all ani-
mals d before ination, in to each of
the two antigens used, plus 2 times the value of the stan-
dard deviation of each mean.

Based on this criterion, the cut-off values were 4.15
and 5.13 for MDP-OspA and lipidated OspA, respective-
ly. PBMCs from the placebo group did not respond to any
antigen at any time. Regardless of (he vaccination proto-
cal, the response to the nonlipidated (MDP) form of OspA
was minimal. In contrast, the response to lipidated OspA
was significant in all “vaccine” groups at some time dur-
ing the vaccination protocol or after the challenge infec-
tion. At 15 weeks after the first vaccine dose (3 weeks
PC), the mean SI values were 7.7, 17.3, and 37.2 in the
NS1-OspA/Al(OH)3, the NS1-OspA/MPL/AI(OH);, and

%
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!1p|dnted 09pA£A](0H)3 groups, TABLE 3
jy However, fie CHANGE IN ADCKso WITH TIME:
:i::l(l-r::‘lll?‘l;z;:ll(irggn(d'::;vae)l‘s eithin ADCKso IN sELEcngo:rEm::; Ao’r v\;v:::ss ;l; SA:‘:H'AZL:EFIIZQ THE FIRST VACCINE oot | O nstospa p
Interestingly, after this time the : NS1-OspaMpL H
mean PBMC response of the animals Animal # Vaccine . ADCKsg 2500 Uipldated 0spA
that had received lipidated OspA Formulstion |, .
increased again, and oscillated © Wk 10 Wk 12 Wk 9 PC i B aiom
around an SI of 16 through the last L1457 Al{OH); NA NA 20 iE iy
time point measured. PBMC 3
responses to the T-cell mitogen Con Mo021 ~ AI(OH), NA NA 15 I . A500)
A were also measured for each ani- 3
mal at the same time points, as a pos- iri2 NS1-0spA/ 525 700 70 1000
{tive control for T cell responsive- MPL/AI(OH);
fiess: The mean SI values for each La78 NS1-0spA/ 2250 2600 720 500
vaccine/placebo group and the corre- b s
spohding SI range are shown in M85 NS1-Ospa/ 10s0 600 135 o
Table 4, for cells obtained 4, 8, 13, Alioth,
and 27 weeks after the first vaccine b ”,{’.(3.'4’,’,“ b ot - WEEKS AFTER THE FIRST VAGGINE DOSE
dose. Throughout this time period
(and also thereafter) the PBMCs of Fig 2. Geomeiric mean reciprocal atibody liters of serum obtained dur-
alt anithals d 1o show a ing and after the vaccination period. :
vigoroti tespanse o Con A, e el HDP G Gl S s Wit oot e
DISCUSSION MEAN PBMC RESPONSES TO CON A OF ANIMALS THAT RECEIVED THE SAME The GMRT range for each vaccination group at each time point l:dzpicl:
VACCINE TYPE, AT DIFFERENT TIMES AFTER THE FIRST VACCINE DOSE. ed on top of the corresponding histogram bar. Week 21 afier the first vac:
We Investigated the safety ) cine dose corresponds to week 9 PC.
and the immunogenicity of Mean St
three recombinant OspA vac- Range so this sign cannot be ascribed unequivocally-to the vac-
cine formulations in the rhesus Vacciae k4 T wkS WKi5 Wk 27 cine. Clinical signs of'?rlhulls were not s'een in any ani-
monkey. The advantage of per- Type mal at any time. As with humans, no evidence of alter-
forming suc]n a slu'dy inan ‘:mi- AOH, 520 568 105 372 ations in medullar or renal fsmclions could be gle.aned
mal »model is that it is pus‘slble Blacebs 98- 1107 93- 1237 71-982 72 -693 from the hema('ologlc and urine analyses. Two animals
to examine the effects which a that had received NS1-OspA/AI(OH)3 and NSI1-
challenge or a pre-existing NS1-00pA 432 sa7 509 il OspA/MPL/AI(OH)3, respectively, showed elevated
actlve infection might have on AlOM, | S0V SeeT | seatinien | lesruaie | 190808 hepatic enzyme levels, on one occasion before, and on
both the safety and the NS1-OspA| 451 537 329 199 several after (he chall infe Because
Immunogenicity of a vaccina- MPLANOH, || 69-362 | 333-728 Asn S115.965, changes were transient and mild, their etiology is unlikely
tlon protocol. Postmortem Lipidated 375 1089 678 432 to be a toxic effect attributable to the vaccine.
analyses are also possible in OwAAKOH | 308451 | 560-1439 | 385-863 | 927-522 One of the key issues pertaining to vaccine safety is
animals. The disadvantage, of whether an adjuvant such as MPL or a highly immuno-

cotirse, is that in animal models the disease syndrome, the
imriune response to the infection and to the vaccine, and
the Interplay between vaccine and infection may differ
from that found in humans. With our choice of model we
sought to minimize this disadvantage, for both the acute
arid chronic phases of the Lyme disease syndrome are
well mimicked in the rhesus monkey infected with B
burgdorfert.'*™ As it tuned out, the results of two safety
and immunogenicity studies performed in humans®? are
comparable to those obtained in the thesus monkey. In the
human studies, vaccine safety was evaluated clinically by

ding adverse sy ic (fever, headache, malaise,
arthtalgia) or local (pain, redness, swelling, induration)

0spA Vacclnas in the Rhesus Monkey/Philipp et al

I i i i i

signs and symptoms observed during the vaccination pro-
cedure ¥ and up to 6 months after the last vaccine dose.$
In one of the studies, standard urinalyses and h logi

genic molecule such as the lipidated form of OspA cculd
promote uveitis.2?2 The mi ic and cytoki g

w© w
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TIME IN WEEKS
Fig 3. PBMC blastogenic responses to OspA before and afier the chal-
lenge infection.

Each time point represenis the mean stimulation index (SI) of PBMC
from the four animals in each vaccination group. The étror bar represents
the standard error of the mean. The SI for each animal is itself the mean
value of a triplicate determination. The time of each vaccine injection is
indicated on the horizontal axis by each of the first three arrows. The
challenge infection occurred 12 weeks after the first injection (fourts
arrow). The antigens used for blastogenic stimulation, non-lipidated OspA
(MDP-OspA) and lipidated OspA (L-OspA), are listed at the bottom of the
figure. The horizontal dotted line used as cut-off value represents the
mean value of the Sls of all animals measured before vaccination, in
response (o each of the two antigens used, plus two times the valice of the
standard deviation of each mean.

that the antibody response produced in mice by the lipidat-
ed form of OspA is significantly higher than that induced
by the nonlipidated molecule and is directed chiefly to pep-
tide epitopes,??7 indi that the lipid moiety on the

and secum chemistry analyses were performed as well.?
Both studies showed no significant adverse effects
other than transient local pain and tenderess at the site of
inoculation. In our study, no local vaccine site reaction
was noted in any animal, before or after the challenge
infection (Group 2), or when the vaccine was given to
preinfected animals (Group 1). Therefore, all vaccine for-
mulations were locally nonreactogenic in the rhesus mon-
key, as assessed clinically. Systemically, both control and
vaccinated Group 2 animals occasionally exhibited fever,
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prop of the lipidated form of OspA have been ana-
lyzed recently in vitro using mouse splenocyles and bone
marrow-derived macrophages.? As little as 5 to 10 ng/ml
of lipidated OspA elicited proliferation of splenocytes of
naive mice and induced the secretion of interleukin-6,
tumor necrosis factor-a, y-interferon, and nitric oxide in
macrophages. In contrast, the nonlipidated form of the
molecule was inactive in these assays.”* Moreover, the fipi-
dated form of OspA, but not the unlipidated homolog, was
shown to deliver augmenting costimulatory signals for the
activation of T lymphocytes.* These results, and the fact
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OspA molcculs acts as a polent adjuvant.?

Hlsloncally, vaccines conlamlng derivatives of
p have been implicated in the ind
of uvelus and the breakdown of the blood ocular barrier
when administered to rabbits.?! The use of these com-
pounds in vaccine preparations has created concern, espe-
cially after the appearance of uveitis in animals that had
received muramyl dipeptide derivatives or other adju-
vants.?"?2% Uveilis production would be a drawback for
any candidate vaccine since, once the blood ocular barrier
is broken, it may be compromised more easily by subse-
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quent nonselective inflammatory events. i

Nutrients and metabolites necessary to sustain intraoc-
ular structures are supplied by the aqueous humor in the
eye. Protection of the delicate nervous tissue i§ provided
by unique light junctions between the cr}dolhehal cells of
the ciliary body. This endothelium provides a bleod—m.:u'-
lar barrier that normally controls the selective permeabili-
ty of plasma components and liposoluble sybslances !mo
the aqueous. If the barrier is damaged by ml]amm'allon.
protein infiltration i raising the o of
protein and leukocytes in the aqueous humor. Dam‘ngc
to the blood-ocular barrier is usually evaluated subjective-
ly by slit-lamp examination, during which a ligh} beam i.s
narrowed and placed into the center of the pupil to esti-
mate the prolein content of the aqueous (flare) and the
number of red and white blood cells that appear in the
aqueous, or objectively by LFP.

Our evaluations of the animals by slit lamp and LFP

dicated that no infl y r1esp or permeability
change of the blood-ocular barrier was experienced -hy
any animal, either during the vaccination process of prein-
fected or naive animals, or afler the challenge infection.
Thus, within the framework of this study, neither the
i dulator MPL nor the lipi d form of OspA,
with its strong adjuvant properties, caused uveitis.
Because a similar study was not performed in humans, a
comparison is not possible. We expect, however, that in
view of the uniformity of our results, uveilis may be
cither clinically insignificant or may not arise al all.

Our analysis of the antibody response by Western blot
indicates that the vaccination protocols employed do not
elicit a strong or long-lasting IgM response to OspA. The
anti-OspA IgM antibody also did not evolve lh.e complex
banding pattern of the IgG response. This bandlx.\g patlern
appearing at molecular masses that are both hlghu and
lower than that of OspA is intriguing, for il is antigen-spe-
cific: addition of increasing amounts of soluble recombi-
nant OspA to serum samples prior to their incubation with
the nitrocellulose strips, gradually eliminated all the bands
by competitive inhibition; the 31 kDa OspA band was the
last to disappear (unpublished data). The si

of SDS-resistant OspA. aggreg: and OspA
degradation products seems unlikely. Allernalively, a{!li'
body specificities eliciled during the affinity maturation
process of the anti-OspA response could bind with
low(er) affinity to OspA epitopes shared by other B
burgdorferi proteins. Although it is reasonable to assume
that the lipid moiety is a target for this cross-reactivit
the complex banding pattern was elicited \'{il!x both I!
dated and unlipidated OspA and, moreover, it is very sim-
ilar to that exhibited by the anti-OspA monoclonal anti-
body H-5332 used as a positive coatrol. This monoclonal
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antibody is known to react with a peptide portion of the
OspA molecule.’® A better explanation for its causes
notwithstanding, the "OspA” banding pattern is a fact that
may pli the ion of ion to anti-B
burgdorferi-antibody-positive by Western blot in patients
participating in vaccine efficacy rials. In our own study
of efficacy of the OspA vaccine in the rhesus monkey
(unpublished data) we solved this problem using the com-
petitive inhibition.described previously.

In the study in which the same vaccine formulations
that were used by us were employed,” the highest “func-
tional” (LA;) anti-OspA anlibody tiler was achieved with
the lipidated form of OspA. Four wecks afier the adminis-
tration of the last vaccine dose, this GMT was about 40-
fold the baseline value thal is regarded as protective,
about two-fold that elicited by NS1-OspA/MPL/AI(OH);3,
and six-fold that obtained without MPL. This trend was
mimicked in our study regardless of whether functional
antibody titers were measured by ADCK or by the LA,
assay. However, the geometric mean LA, titer of func-
tional anli-OspA antibody and also the ELISA titers, were
much higher in monkeys than in humans, eg, the LA,
GMT elicited by the lipidated form of OspA and Al(OH)3
was 86 times higher in monkeys at a comparable time
during the vaccination procedure.® In this sense then, the
antibody response lo the OspA vaccine in the rhesus
model differs from the human immune responsé. This
divergence is not only of obvious importance when evalu-
aling efficacy of the OspA vaccine in the rhesus monkey
but may also be relevant in the present study, for if there
were i pathological signs d with high
titers of anti-OspA antibodies, as has been suggested in
view of the correlation found between IgG antibody reac-
tivity to OspA and treatment-resistant arthritis,' these
signs might be readily appareat in the rhesus model. Our
present study shows no such evidence, but a more com-
plete picture will be oblained after joint tissues are exam-
ined postmortem.

The bactericidal antibody response to OspA was tran-
sient both in humans and in monkeys. In humans, the bac-
tericidal anti-OspA antibody titer was down (o baseline
values 20 weeks after the last vaccine dose.? In monkeys,
it had not reached baseline values 13 weeks after the Jast
vaccine dose but it had decreased between four-fold and
15-fold. Because the challenge infection occurred 9 weeks
before this time (4 weeks after the last vaccine dose), it
follows that the infection could have cliciled only a tran-
sient booster effect, and probably none at all. The absence
of a detectable booster effect is probably due to the mode
of action of the OspA vaccine, 10 the peculiar expression
pattern of the OspA molecule, or to both. The absence of
a booster effect could have arisen from the annihilation of

"

the spirochetal population within the tick midgut, or the

with OspA, as in our Group 2, or vaccination of a person

depletion of fhis population lo very low ( oni -
genic) levels. Furthermore, recent work by de Silva and
colleagues™ (reviewed by Barthold) has demonstrated
that OspA is po longer detectable on the spirochetal sur-
face (and probably ceases {o be expressed altogether) after
the organisms reach the tick salivary glands, i diatel

with an undi d (active) infection, as with Group 1,
might induce i T cell affect-
ing the joints.’® Postmortem examination of the joints of
the animals will allow us to address this concern. Oyr
results thus far do not justify it.

before infection. Hence, spirochetes that survived lh;
onslaught of antibody o OspA in the midgut would be
unable, al| the same, to boost the immune response to (his
antigen. From a practical standpoint, this entails that it
may be necessary to administer OspA vaccines repeatedi

Ack | We gratefully acknowledge Dr.
Joseph Piesman, from the Centers for Disease Control and
Prevention, Fort Collins, Colo, for supplying Ixodes
scapularis nymphs infected with B burgdorferi, We
would like to express our appreciation for the skillful

y
on a scheduled basis, so as lo maintain baclericidal anti-
body titers at an cffective level.

Like the anti-OspA antibody response, the cellular
fesponse lo OspA also appeared to be transient. Although
blastogenic responses of PBMC were evident by week 8
after the first vaccine dose in all vaccination groups when
the cells were stimulated in vitro with lipidated OspA, 4
weeks PC (week 16 after the first vaccine dose) the
response appeared to decline, and reached background
levels 10 weeks PC. Interestingly, however, the response
to lipidated OspA started to climb again by week 32 after
the first vaccine dose, and oscillated around an SI of 16
through the last time point measured. Taking into consid-
eration the resurfacing of this response and that T cells
within the PBMC compartment continued to respond to
Con A throughout the study period, it appears as though
the response lo lipidated OspA was specifically and tem-
porarily suppressed rather then intrinsically short-lived.

Although speculative, |t is possible that a transient B
burgdorferi infection may have induced the down-regula-
tion of the PBMC resp The subseq liminati
of this putative infection allowed the responsc to reap-
pear. A tick-induced modulation of the immune response
also may have contributed to this phenomenon.?s
Throughout this study, lipidated OspA elicited a stronger
blastogenic response than MDP-OspA in all i

1 i of Barbara Adams, Maryjane Dodd,
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“well as the photographic skill of Mr. Murphy Dowouis,
TRPRC, are also acknowledged with thanks.

REFERENCES

1. Steere AC. Lyme discase. N EnglJ Med. 1989;321:586-596.

2. Engstrom SM, Shoop E, Johnson RC. Immuaoblot interpretation
criteria for scrodiagnosis of early Lyme discase. J Clin Microbiol. 1995;
33419427,

3. Rahn DW, Malawista SE. Lyme discase: recommendations for
diagnosis and ircatment. Aun Intern Med. 1991;114:472-481.

4. Philipp MT, Johnson BIB. Animal models of Lyme discase:
pathogenesis and immunoprophylaxis. Trends Microbiol. 1994;12:431
43,

5. Golde WT, Burkot TR, Picsman J, ¢t al. The Lyme discase vac-
cine candidate outer surface protein A (OspA) in a formulation compatl-
ble with human use protects mice against natural fick transmission wilh
Borrelia burgdorferi. Vaccine. 1995;13:435-441.

6. Telford SR 111, Kantor FS, Lobet Y, et al. Efficacy of human
Lyme discase vaccine formulations in a mouse model. / fufect Dis.
1995;171:1368-1370.

7. Gern L, Rais O, Capiau C, el al. Immunization of mice by recom-
binant OspA preparations and protection against Borrelia burgdorferi
infection induced by fxodes ricinus tick biles. Immun Lett. 1994; 39:249-

8. Keller D, Koster FT, Marks DH, Hosbach P, Erdile LF, Mays IP.
Safety and immunogenicity of a recombinant outer surface protein A
Lyme vaccine. JAMA. 1994; 271:1764-1768.

9. Van Hoecke C, DeGrave D, Hauser P, Lebacq E. Byaluation of
three formulations of a candidate vaccine against Lyme disease in
healthy adult voluntcers. In: Cevenini R, Sambrl V, and La Placa M, eds.

groups. This was not due to the reported mitogenicity of
this molecule,”® as PBMC from the animals that reccived
placebo did not respond to lipidated OspA and, moreover,

i indices were d after 6 days of incuba-
tion with antigen, when mitogenic responses have long
been elicited. Rather, it is possible that the reported ability
of lipidated OspA (o elicit the B7.1 costimulatory path-
way? may be the cause of this phenomenon.

It was recently reported that T cell lines isolated from
PBMC or synovial fluid of human Lyme disease patients
with istant arthrilis d OspA signifi-
cantly more frequently than T cell lines from patients with
treatment-responsive Lyme arthritis. This prompted the
concern that exposure to B burgdorferi after vaccination

Proceedings of the IV ional Cangress on Lyme Borreliosis.
Esculapio, Balogna, Italy;1994:123-126.

10.Schoen RT, Meurice F, Brunct CM, et al. Safety and
Immunogenicity of an outer surface protcin A vaccine in subjects with
previous Lyme disease. J Infect Dis. 1995; 172:1324-1329.

11. Wormser GP. Prospects for a vaccine lo prevent Lyme disease in
humans. Clin Infect Dis, 1995; 21:1267-1274.

12. Philipp MT, Aydiniug MK, Bohm RP Jr, et al. Early and carly-
disseminated phases of Lyme discasc in the thesus monkey: a model for
infection in humans. nject fmmun. 1993; 61:3047-3059.

13. Roberts, ED, Bohm R, Jr, Cogswell FB, ct al. Chonic Lyme dis-
case in the thesus monkey. Lab fuvest, 1995;72:146-160.

14. Pachner AR, Delancy E, O°Neill T, Major E. Inoculation of non-
human primates with the N4O steain of Barrelia burgdorferi leads to 3
model of Lyme neuroborreliosis faithful to the human disease
Newrology. 1995;45:165-172.

I5. Piesman J, Mather TN, Telford SR 111, Spictman A, Concurrent
Borrelia burgdorferi and Babesiu microti infection in nymphal /xodes
dummini. J Clin Microbiol. 1986;24:446-447.

16. Aydintug M, Gu Y, Philipp M. Borrelia burgdorferi antigens

;|
Journal of Spirochetal and Tick-borne Diseases * Vol. 3, No. 1, March 1996



that ore targeted by antibody-dependent, complement-mediated Killing in
the thesus monkey. Infect Immun. 1994:62:4929-4937.

17. Locb WF. The nonhuman primatc. In: Locb WF and Quimby
FW, eds. The clinical chemistry of laboratory animals. New
York:Pergamon Press; 1989:59-69.

18. Shah SM, Spalion DJ, Smith SE. Measurement of aqueous cells
and flare in normal eyes. Br J Ophihalmol. 1991:75:349-52.

19. Mermoud A, Pittet N, Herbort CP. Inflammation patterns after
laser trabeculoplasty measured with the laser fare meter. Arch
Ophthalmol. 1992:110:368-370.

20. Moriarty AAP, McHugh DA, Spalton DJ, Fytche JT, Shah MS,
Marshall J, Comparison of the anterior chamber inflammalory response
1o diode and srgon laser trabeculoplasty using the laser flare meter.
Ophthalmol. 1993:100:1263-1267.

21. Waters RV, Temel TG, Jones GH. Uveitls induction in the rabbit
by muramyl dipeplides. Infect Immun. 1986:51:816-825.

22, Peuty RE, Johnston W, McCormick AQ, Hunt DWC, Rootman
Rollins DF, Uveitis and arthritis induced by adjuvants: clinical, immuno-
logical and histological characteristics. / Rheumatal. 1989;16:499-505.

23, Weis JJ, Ma Y, Erdile L. Biological activities of native and
recombinant Borrelia-burgdorferi outer surface protein A: dependence
on lipid modification. Infect Immun. 1994; 62:4632-4636.

24, Simon MM, Nerz G, Kramer MD, Hurtenbach U, Schaible UE,
Walich R. The outer surface lipoprotein A of Borrelia burgdorferi pro-
vides direct ond indirect augmenting/co-stimulatory signals for the acti-
vation of CD4+ and CD8# T cells, dmmun Lett. 1995 7-142.

25. Eddile LF, Brandt MA, Warakomski DJ, et al. Role of the
attached lipid in immunogenicity of Borrelia burgdorferi OspA. Infect
Immin. 1993; 61:81-90.

26. Simon MM, Schaible UE, Kramer MD, et al. Recornbinant outer
surface protein A from Borrella burgdorferi induces antibodies protective
st spirochetal infection in mice. J Infect Dis. 1991:164:123-132.

0OspA Vacclnes In the Rhesus Monkey/Phillpp et al

27. Fikrig E. Barthold SW, Kantor FS, Flavell RA. Protection of
mice against the Lyme discase agent by imununizing with recombinant
OspA. Science. 1990; 250:553-556.

28. Allison AC, Briars NE. Immunological adjuvants: desirable
properties and side-effects. Mol Intmunol. 1991:28:279-284.

29. Cousins SW, Guss RB, Howes EL, Rosenbaum JT. Endotoxin-
induced uveilis in the rat: observations on sltered vascular permeability,
clinical findings and histology. Exp Eye Res. 1984:39:665-676.

30, Shanafelt MC, Anzola J, Soderberg C, Yssel H, Turck CW, Peliz
G. Epitopes on the outer surface protein A of Borrelia burgdorferi rec-
ogaized by antibodics and T cells of patients with Lyme discase. J
Immunol. 1992;148:218-224.

31. Kalish RA, Leong JL, Stecre AC. Association of (reatment-resis-
tant chronic Lyme arthritis with HLA-DR4 and antibody reactivity to
OspA and OspB of Borrelia burgdorferi. Infect lmmun. 1993:61:2774-
279.

32. Fikrig E, Telford SR i, Barthold SW, Kantor FS, Spielman A,
Flavell RA. Elimination of Borrelia burgdorferi from vectot ticks feed-
ing on OspA-immunized mice. Proc Nail Acad Sci USA, 1992:89:5418-
5411,

13. de Silva A, Telford SR 1il, Brunet LR, Barthold SW, Fikrig E.
Borrelia burgdorferi OspA anthropod-specilic Lyme discase vaccine. J
Exp Med. 1996;183:271-275.

34. Barthold SW. Lyme Borreliosis in the Laboratory Mouse.
Joumal of Spirochetal and Tick-borne Diseases, 1996:3:22-44.

35. Wikel SK, Ramachandra RN, Bergman DK. Ti
lation of the host immune response. Int J Parasitol. 1994:24:59-66.

36. Lengl-Jansen B. Strauss AF, Steere AC, Kamradt T. The T
helper cell response in Lyme arthritis: differential recognition of
Borrelia burgdorferi outer surface protein A in putients with treatment-
resistant or treatment-responsive Lyme arthritis. J Exp Med.
1994:180:2069-2078.

79



