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RECOMMENDATIONS

L Test Performance and Interpretation

Recommendation 1.1. Two-Test Protacol

All serum specimens submitted for Lyme discase testing should be evaluated in a two-step
process, in which the first step is a sensitive serological test, such as an enzyme inununoassay
(EIA) or immunofluorescent assay (IFA).  All specimens found to be positive or equivocal
by a sensitive ELA or IFA should be tested by a standardized Western blot (WB) procedure

Specimens found to be negative by a sensitive EIA or [FA need not be tested further,

Recommendation 1.2, WB Controls

Immunoblotting should be performed using a negative control, a weakly reactive positive
control, and a high-titered positive control. The weakly reactive positive control should be
used to judge whether a sample band has sufficient intensity to be scored. Monoclonal or
polyclonal antibodies to antigens of diagnostic importance should be used to calibrate the
blots.

Recommendation 1.3. Testing and Stage of Disease

When Western immunaoblot is used in the first four weeks afier disease onset (early Lyme
disease}, both IgM and IgG procedures should be performed. Most Lyme disease patients
will seroconvert within this four week period. In the event that a patient with suspected early
Lyme disease has a negative serology, serologic evidence of infection is best obtained by
testing of paired acute- and convalescent-phase samples. In late Lyme disease, the
predominant antibody response is usual}y IgG mm that a patient with active
Lyme disease ha: ' e to Borrei gdorferi afier one month of infection.
A positive 1gV Al 'mnmrcwmmcndcd for use in determining active disease in
persons with illness of longer than one month duration, becaunse the likelihood of a false-
positive test result is high for these individuals.

Recommendation 1.4. WEB Criterta

Use of the criteria of Engstrom ef al are recommended for interpretation of IgM
immunoblots (Engstrom,S.M., Shoop, E., and Johnson, R.C. [1995]. Immunoblot
interpretation criteria for serodiagnosis of early Lyme disease. J. Cim. Microbiol., 33:419-
422). AnIgM blot is considered positive if two of the following three bands are present: 24
kDa (OspC), 39 kDa (BmpA), and 41 kDa (Fla),




Monoclonal antibodies to these three proteins have been developed and are
calibrating immunoblots. '

Once antibodies are developed to the 37 kDa antigen, this protein could be use
additional band for 1gM criteria (>2 of 4 bands),

Interim use of the criteria of Dressler ef al. are recommended for inlerpretation
immunoblots (Dressler, F., Whalen, J.A., Reinhart, B.N. and Steere, A C. [1993]. "
blotting in the serodiagnosis of Lyme discase J Infect. Dis., 167:392-400). An Ig(
considered positive if five of the following ten bands are present: 18, 21 (OspC), 28
(BmpA), 41 (Fla), 45, 58 (not GroEL?), 66 and 93 kDa,

Monoclonal antibodies have been developed to the OspC, 39 (BmpA), 41 (Fla), 66,
kDa antigens and are suitable for calibrating IgG immunoblots,’

The apparent molecular mass of OspC is recorded above as it was denoted in the pu
literature. The protein referred to as 24 kDa or 21 kDa is the same, and should be id
in immunoblots with an appropriate calibration reagent (sec 1.6).
Recommendation 1.5. Reporting of Results

An equivocal or positive EIA or IFA result followed by a negative immunoblot
be reported as negative. An equivocal or positive EIA or IFA result followed by u [
immunoblot result should be reported as positive.

An explanation and interpretation of test results should accompany al| reports.
Recommendation 1.6. Standardization of WB Nomenclature

The apparent molecular mass of some proteins of Borrelia burgdorferi such as Os;

vary depending on the B. burgdorferi strain and gel electrophoresis systemn used
molecular weights of proteins of diagnostic importance should be identified with momn

'See ADDENDUM, Monoclonal antibodies to selected proteins of Borrelia burgdor
that have been used to calibrate immunoblots.

At the Dearborn conference, this band was referred to as “60 kDa (GroEL).” Since
conference, it has been determined that the band of diagnostic significance scored by Dressle
al. can be distinguished from GroEL, although it is of nearly the same apparent molecular m
The band that should be scored is referred 1o here as “58 kDa” which is consistent with the
original nomenclature of Dressler et af. and emphasizes thatthis band is not GroEL.
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or polyclonal antibodies (Engstrom et al., 1995), When possible, the molecular weight of the
protein should be followed by the descriptive name (e.g. OspC).

Recommendation 1.7. Antibodies to B. burgdorferi Antigens

A high priority for industry, possibly through & government contract, is to develop
monoclonal or polyclonal antibodies to WB bands of interest. As antibody reagents are

developed, they should be made available (o researchers and laboratorians through the CDC,
NIH, or industry.

There is a priority to resolve the identification of low molecular weight bands with
appropriate monoclonal antibodies,

Recommendation 2.1. B. burgdorferi Strain

@IS important 10 use a strain of B. burgdorferi (8/2591, low passage 297, or low passage

1) that expresses appmpmtf. amounts ﬂfunmunurmhy&mteum of diagnostic interest.
hile the selection of a '-:mg]e strain would be desirable, no such strain can be designated at

this time. Further evaluations can be carried out by comparisons in proficiency testing
programs.

Recommendation 2.2. Test Request Information

In order to assure appropriate test selection and interpretation of test results, complete patient
information, including date of onset of discase and date of specimen collection, should be
included on the request form.

Recommendation 2.3. Quality Control

Lyme disease testing should be performed only in laboratories that have comprehensive
quality assurance programs and trained personnel competent in all aspects of quality control
of serologic testing.

Recommendation 2.4. Proficiency Testing
Laboratories performing Lyme disease testing in support of patient diagnosis and treatment

should be enrolled and participate satisfactorily in an approved Health Care Financing
Administration (HCFA) proficiency testing program.




Serum samples used to evaluate screening tests or Western Blots i prof
should cover all stages of Lyme disease, and sampies should he representative of
population. Each sample should be from a single donor,

Recommendation 2.5, Serum Bank

A repository of serum specimens from patients with wel] characterized B pu
infections (early and late), other spirochetal infections, other infections and infla
disorders that have shown cross-reactivity in Lyme disease testing. and normal serum
from non-endemic areas should be maintained by the CDC, Industry should
fesources to develop appropriate serum panels. These panels should be madc awv:
research and development laboratories and to testing laboratories for validation st

W lest Evaluatiop and rang
Recommendation 3.1, New Serologic Methods

Serologic methods based on recombinant antigens or novel technologics may |
capabilities to evaluate patients for Lyme Disease. These methods may be devel
replace one or both components of the recommended two-test protocol. Before e
can be recommended for diagnostic testing, their specificity, sensitivity, and precisinn
be equal to or better than the performance determined for the recommen¢ |
procedures,

Recommendation 3.2, Evaluation of New Serologic Methods

All new assays should include, as a Step in their evaluation, blind testing ag;
comprehensive challenge pancl as described in Recommendation 5 of Quality Asg
Practices.

Recommendation 3.3. Direct Detection Methods

Antigen assays, amplification techniques such as PCR, and other direct derection m
must be rigorously evaluated before their potential for diagnostic use can be determine
evaluations should be blinded and contain samples from early and late stages of Lyme di
Duplicate samples should be included to evaluate precision.

Recommendation 4.1. Conference Proceedings




e

The proceedings of the Second National Conference on Serologic Diagnosis of Lyme [Disease
should be made available to all facilitics performing Lyme disease testing, 1o manufacrurers
of reagents, and to appropriate governmen! agencies.

Recommendation 4.2. Lyme Disease Surveillance Summary

This publication of the Division of Vector-Bome Infectious Diseases, National Center for
Infectious Diseases, CDC, should be widely distributed to serve as a vehicle for
communication between industry, governmental agencies, testing laboratories, researchers,
and regulators.




ADDENDUM

Monoclonal antibodies to selected proteins of Berrelia burgdorferi that bave been used
calibrate immunoblots

Antibody Specificity Isotype

Investigator

e e ——————— .

SUNY, Stony Brook, NY

181.1 93 kDa 1gG1 Benjamin Luft 6
SUNY. Stony Brook, NY
gD5' 66 kDa lgGl Alan Barbour -
UT Health Sciences Center
San Antonio, TX
149 GroEL, 62 kDa lgGG1 Benjamin Lufl 5
Ho724! Fla, 41 kDa leG2a Alan Barbour 1
H1141' BmpA, 39 kDa 1zG2 Thomas Schwan 9
NIH, Rocky Mountain Labs,
Hamilton, MT
84C OspB, 34 kDa 1gGG2Zb Denée Thomas i
UT Health Sciences Center, San
Antonio, TX
H5332 OspA, 31 kDa 1gG1 Alan Barbour 2
HI1C8® OspD, 29 kDa lgG3 Alan Barbour 8
4B8F4’ OspC, 23 kDa IgG2a Steven Padula as |
L of Conn Health Center, 7
Farmington, CT
CB625 22 kDa IgG1 Jorge Benach 3

"These monoclonal antibadies identify antigens of diagnostic importance specified in the recommended criteria fo
immunablot interpretation. The other antibodies have been used as calibration markers, pending development of
monoclonals to the antigens recommended for scoring of 10 blots.

R eactive with strain B3 1, hut not with strains 297 and 2591
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PLENARY PRESENTATIONS

Welcome / Conference Objectives / Review of Progress
Robert Martin, Dr.P.H., President-Elect, ASTPHLD and Laboratory Director, Michigan
Department of Health

Value of Standardization of Serologic Testing in Clinical Diagnosis of Borrelia burgdorferi
Infections

Article Entitled: Western Blotting in the Serodiagnosis of Lyme Disease’

Allen Steere, M D)., Frofessor of Medicine / Chief of Rheumatology, Tufis, New England
Medical Center

Standardization of Serologic Testing for Epidemiological Purposes

David T. Dennis, M.D., Chief, Bacterial Zoonoses Branch, Dwvision of Vector-Borne
Infectious Diseases, National Center for Infectious Diseases, Centers for Disease Control
and Prevention

feould not attend the conference)

Test Approach and Borrelia burgorferi Strain Selection for Standardization of
Serodiagnosis of Lyme Disease

Barbara Johnson, Ph.D., Divicion of Vector-Borne Infectious Diseases, National center
Jor Infectious Diseases, Centers for Disease Control and Prevention

H

Recommendations of the Work Group for Standard Criteria for Lyme Serodiagnosis

Arthur Weinstein, M.D., New York Medical College, Division of Rheumatology

Evaluation and Standardization of New Diagnostic Tests

Raymond J. Dattwyler, M.D., Division of Allergy, Rheumatology and Clinical

Immunology, SUNY at Stony Brook
(Mo paper prepared for the proceeding s}
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Article Entitled: Immunoblot Interpretation Criteria For The Servdiagnosis of Early Lyme
Disease’

Russell C. Johnson, Ph.D., Department of Microbiology, Medical School University
of Minnesoia

%

Criteria for FDA Clearance of Diagnostic tests

Roxanne Shively, M.S, M.T. (ASCP), Scientific Reviewer, Office of Device Evaluation
Fuod and Drug Administration

%

Importance of Standardization of Laboratory Methods

Kenneth 1. McClatchey, M.D, D, D.5., National Committee Jor Clinical Laboratory
Standards
(Mo paper prepared for the procesdings)

%

Summary and Future Direction

Duane J. Gubler, Sc.D., Division of Vector-Borne Infectious Diseases, National Center
Jor Infectious Diseases, Centers for Disease Control and Prevention

*Reproduced with the premission of the respective journals.




WORKGROUPS

WORKGROUP A:  Standardization and Interpretation
Setting cutoffs for E1A and Western Blot; Are there alternatives to a two-test

approach? What should one know about antigens? Use of IgM and IgG blots in
diagnosis of early diseases; Band Interpretation.

Moderator: Stanley Inhorn, M.D., Co-Director, Wisconsin State Laboratory of Hygiene

Co-Moderator: Russell C. Johnson, Ph.D., Chair, Department of Microbiology,
University of Minnesota, School of Medicine

T e e A e e B e T
WORKGROUP B: Technical Issues in Test Performance

Guidelines for reporting; Proficiency Testing; Education and Training Issues in
Lyme Testing; Standardization of Reagents; Personnel Performance; Specimen and
Submission Forms; “Home-Brewed" tests versus commercial kits

Moderator: Eric Blank, Dr.P.H., Direcior, State Public Health Laboratory, Missouri

Co-Moderator: Raymond W. Ryan, Ph.D., Department of Laboratory Medicine,
University of Connecticut Health Center

b= e e S ST e e T R E R e e S T
WORKGROUP C: Certification and New Test Evaluation

What are guidelines for evaluation of new antibody tests? What are guidelines for
evaluation of new antigen or DNA direct detection tests? What are criteria for

modification of currently approved tests and for a new generation of tests? Criteria
for FDA clearance.

Moderator: Ralph J. Timperi, Direcior, State Laboratory Institute, Massachusetts

Co-Moderator: Alan G. Barbour, M.D., Division of Infectious Diseases, Department of
Medicine, University of Texas Health Sciences Center
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SECOND NATIONAL CONFERENCE ON SEROLOGIC DIAGNOSIS
OF LYME DISEASE

WELCOMING REMARKS

Robert Martin, Dr.P.H.

Welcome to the Second National Conference on Serologic Diagnosis of Lyme Disease. This
conference is sponsored by the Association of State and Territorial Public Health Laboratory
Directors, the U.S. Centers for Disease Control and Prevention and the Michigan Department of
Public Health. Our conference is co-sponsored by the U.S. Food and Drug Administration, the
National Institutes of Health, the Council of State and Territorial Epidemiologists and the National
Committee for Clinical Laboratory Standards.

The First National Conference on the Serologic Diagnosis of Lyme Discase was held here in 1990.
The purpose of that meeting was to bring together research scientists, manufacturers and
representatives from state and federal agencies to address problems associated with Lyme discase
testing. The format of that meeting was similar to other meeting sponsored by the ASTPHLD.
Presentations were made to the entire group to outline the nature of the various issues being dealt
with, and then participants were divided into workgroups with the purpose of bringing
recommendations on these issues.

At the 1990 meeting, ASTPHLD and CDC reviewed the results of a study examining a variety of
commercially available diagnostic test kits. Serum samples used in the evaluation were from clinically
: diagnosed cases; however, the experience and expertise of the diagnosing physicians varied widely.
i The results of the examination of test Kits revealed fundamental problems with serological testing,.
Not only was there tremendous variation among tests, but similar variation existed between
laboratories, and in some cases, within laboratories using the same test. It was recognized that we
had to go back to the beginning and focus on a few major issues.

- Recommendations of the first meeting included a recommendation to publish the results of the test
kit evaluation, to publish the proceeding of the first meeting, publish a summary in MMWR and to
convene a conference with NIH to discuss "state of the art” issues that would help us to move toward
better diagnostic tests.

Again, in order to develop better diagnostic tests, we first nceded a reference collection of well
characterized serum specimens. Two such panels have been established at the CDC in Fort Collins:

a large volume panel, available to manufacturers and researchers and a small volume panel of serial
specimens.

15




It was also recognized that in order 1o have well characterized serum samples, the best spe .
wolld be from those individuals from whom Borrelia had been isolated. At that time, it was beneve
that the organism was very difficult to cultivate and that a better isolation medium was needed
However, as shown by Berger and Johnson, the problem was not the medium but the specimen. The:
clarified that the optimal specimen was normal skin at the leading edge of the lesion. The sensitivir,
of culture of such specimens using BSK medium was approximately 86%.

The third recommendation was to convene a conference on the use of serologic test methods at such
a ime when new and useful information on the topic was available. We believe that in the past fou;
years a significant amount of new information has been collected to present to this group.

The fourth recommendation addressed the need to convene working groups. A little historical
information is useful at this point. In 1982, CDC initiated surveillance for Lyme disease and at that
time there were 11 participating states. In 1990, the CSTE/CDC case definition was implemented
in 47 states. From 1991 through 1993 Lyme disease became nationally notifiable. In 1992, as a result
of this meeting, FDA issued guidelines for manufacturers of Lyme disease assays. These guidelines
dealt with issues such as specificity, sensitivity, predictive value and defining the populations in which
studies had been done.

Subsequent to the first conference, an Academic Reference Center study was implemented. This
study used a panel of well characterized serum samples and as a result of this study a two step
process was defined for serological diagnosis; an enzyme immunoassay followed by a Western blot,

In 1993, CSTE and CDC reviewed the case definition, but no changes were made at that time.

In May, 1994, a working group was convened in Fort Collins to address issues pertaining to Western
blot. That group consisted of research scientists from CDC, from various medical centers and
universities, and ASTPHLD representatives. As a result of that meeting, it was determined that a
multicenter study would be done to evaluate 1gM criteria for early diagnosis of Lyme disease. During
the study, the group recommended following the criteria of Dressler and Steere, requiring a certain
number of specific bands in order to be considered a positive test. It was clear from availablc data
that diffcrent investigators were identifying the same bands and assigning different molecular weights,
In order to clarify this issue, CDC obtained monoclonal antibodies to identify individual protein
bands.

That brings us to this conference. As I stated earlier, we feel that a significant amount of additional

information is now available to develop new recommendations for serologic diagnosis of Lyme
discase,

Workgroup A will be dealing with standardization and Interpretation. Among the issues to be

discussed in this workgroup are cutoffs for EIA and Western blot, possible alternatives to a two step
approach, antigens, IgM and IgG blots in diagnosis of early disease, and band interpretation.
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Western Blotting in the Serodiagnosis of Lyme Disease

Frank Dressler,” Jennifer A. Whalen,*
Bruce M. Reinhardi,* and Allen C. Steere

Division of Rhwunaralogy!imeanclogy. Tufes Universite Sche
Medicine, Sew England Medical Cenire, Boston, AMassach,

There are currently no accepted criteria for positive Western blots in Lyme disease, In a
rerrospective analysis of 225 case and ¢ontrol subjects, the best discriminatory ability of 1est
criteria was obtained by requiring at least 2 of the & most common Igh bands in early discase (18,
21,28,37,41, 45, 58, and 93 kD) and by requiring at least 5 of the 10 most frequent 1gG bands
after the frst weeks of infection (18, 21, 28, 30, 39, 41, 45, 58, 66, and 93 kDa). When thess
definitions were tested in a prospective study of all 237 patientz seen ina diagnostic Lyme disease
clinic during & l-ycar period and in 74 patients with erythema migrans or summer Au-like §ll-
nesses, the IgM blot in early disease had a scasitivity of 32% and a specificity of 100%; the 1gG
blot after the first weeks of infection had a sensitivity of 83% and a specificity of 955, Among
patients with indeterminate IgG responses by ELISA, & of 9 patients with active Lyme disease
had positive blots compared with 2 of 34 patients with other illnesses (F < O001). Thos, Western
blorting can be used (o increase the specificity of serologic testing in Lyme disease.

Lyrne disease or Lyme borreliosis is 2 multisystem infec-
tion caused by the tickborne spirochete Borrelia burgdorferi
[1]. The illness often begins with localized infection of the

_ skin, erythema migrans [2], followed within days to weeks by
dissemination of the spirochete to many organs, particularly
to other skin sites, the nervous system [3], or joints [4].
Months 1o years later, usually after periods of latent infec-
tion, patients may develop persistent anthritis [4]. chronic
neurologic involvement [ 5], or acrodermatitis chronica atro-
phicans [6].

Because culture or visualization of 8. burgdorferi from pa-
tient specimens has been difficult [7], diagnosis has de-
pended on recognition of a characteristic clinical picture

with serologic confirmation. Serologic tests currently avail-*

able for use in this disorderinclude ELISA [8-14], indirect
immunofiuorescence assay {IFA) [8-10]. and Western blot-
ting or immunobloting [15-23]. Antigén preparations for
these tests include sonicated spirochetes [8-11, 15-13] or
partially purified [12, 13, 15] or recombinant proteins [14].

Recedwed 15 July 1992: revised |5 Seprember 1992,

Presented in part: annual meeting of the Amenican College of Rheumatol-
ogy, Boston, Movember 1991 (abstract B94. Arthrits Rheum
1991:34:5113); Intemnational Conference on Lyme Borreliosis, Arington,
Virginia. May 1992 (abstract 15),

Informed consent was obiained from patients or their parents, and human
experimentation guidelines of the US Deparument of Health and Human
SBervices were followed.

Financial suppor: Madenal Institutes of Health (AR-20358, AR-40576):
Eshe Fund: Deutsche Forschungsgermeinschall { 1989-1990 research schol-
arship to F.D.); Becton Dickinson (1991 young investigator award 1o F.D.).

Reprints or correspondence: Dr. Allen C. Steere. Mew England Medical
Center, NEMC 406, 750 Washington St Boston, Ma 02111

* Present affiliations: Kinderklinik der MHH, Hannover. Germany
{F.0.); Ciba Corning DMagnosties Co, East Walpole, Mamsachuggts
(1AW, BNR).

The Journal of [nfections Diseases 1993167392400
€ 1991 by The University of Chicago, All rights reserved
D022~ 1B99,/9376702-001 950 1.00
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Serodiagnosis with each of these methods has been con
cated by the cross-reactivity of certain spirochetal poly
tides with other antigens [24-26], the delay in the deve
ment of the humoral immune response [7, 27, 28],
dampening effect of early antibiotic therapy on this respc
[1). 28]. and the vanability of the response in different
tients [15, 28] Furthermore, in a small subsct of pati
with late Lyme disease who are incompletely treated 1
antibiotics during the first several wecks of infection, the
moral immune response 1o B. burgdorferi may be abor
but a cellular immune response Lo the spirochete may usu
be demonstrated in these paticnts by the T cell prolifera
assay [30, 31]. With each of these methods, lack of stand:
ization has caused significant interlaboratory variation in
results [32, 33]. which has led to considerable diagno
confusion,

The specific immune response in Lyme disease devel
gradually over a period of months to years to = 10 spiroch
polypeptides [28]. These antigens include the 31-kDa ou
surface protein {Osp) A. the 34-kDa OspB [34, 35], the
kDa OspC {Wilske B, Max von Pettenkofer Institut, Muni
personal communication), the 41-kDa flagellar prou
which is similar to the flagellar antigens of other spiroch
[24], and the 58-, 66-, and 74-kDa heat-shock proteins t
have homologies with the 60-kDa groEL and the 70-k
DnaK heat-shock protein families of E. coli [25, 26]. 1
functions of other prominent antigens, including those at
28. 30, 37, 39, 45, and 93 kDa. are not yet clear.

There are currently no accepted criteria for positive W,
em blots in Lyme disease. The purpose of the current sit
was to develop such criteria in a retrospective analysis
patients with various manifestations of Lyme discase, 10
termine he sensitivity and specificity of these criteria in p
spective studies of patients with early or late manifestatic
of the disorder. and to compare the results obtained
ELISA and Western blotting.




—— ]

Whoegep HI|!|||r||._: el ey |

Methaods

Sread v paatrents. For the retrspecive study, frogen samples
stored 3t =T were selected from vur serum bank in slphabet-
pedl weder, from the firsd 23 patenes each with erythema migrans,
meningitis. arthrius, or encephalopathy or polyneuropathy due
t Lyme disease. Patients with erythema migrans were classified
45 having localized skin infecuon or disseminated infection ac-
curding Lo clinical eriteria [36]. The patients with erythema mi-
Erans, meningitis, or arthritis had not received prior antibiotic
therapy. whereas half of the patients with encephalopathy or
polyneuropathy had previously been given antibiotics. For com-
panison. sera were tested from 25 patients who had participated
in an influenza vaccination program {an acute infectious disease
antigen). 15 patients with multiple sclerusis and 10 with amyo-
trophic lateral sclerosis {neurelogic discases). 15 patients with
rheumatoid arthritis and 10 with systemic lupus erythematosus
{rheumatologic diseases). 25 patients with chronic fatigue syn-
drome (often misdiagnosed as Lyme disease). and 25 patients
with secondary or latent syphilis (another spirochetal infection )

In the prospective study. the serm were tested from all 237

patients evaluated in our weekly diagnostic Lyme disease clinic
from July 1990 through Junc 1991, By clinical criteria, thesc
patients were categorized as having active Lyme arthritis or
neuroborreliosis. inactive Lyme disease, or other illnesses, Ac-
tive Lyme arthritis was defined as bricl attacks of oligoarticular
arthritisin a few large joints, not caused by other known types of
arthritis. in a person from an arca endemic for Lyme disease,
These patients were required to have objective evidence of joint
inflammation at the lime of evaluation. Active neuroborreliosis
(meningitis. chronic encephalopathy. or polyneuropathy) was
diagnosed in patients with meningeal signs. mecmory impair-
mient. or scnsory abnormalities accompanied by a cerebrospinal
fluid (CSF) pleocytosis. increased CSF prolein. or electromyo-
graphic evidence of an axonal polyneuropathy, not caused by
other known discascs. in a person from a Lyme discase—endemic
arca [31]. These patients ofien had a history of erythema mi-
grans. but this elinical marker was nol required for diagnosis.
After clinical calegorization, 3l 237 patients were tested for
serum antibodies to B. burgdorferi by ELISA and Western blot-
ting. To determine the sensitivity and specificity of these tests,
results in the 54 patients who met clinieal eriteria for Lynre
disease were compared with those in the 183 paticnts who did
not meet these critenia. If patients met clinical criteria for Lyme
diseasc but were seronegative by ELISA, their cellular immune
response to borrelial antigens was determined by the T cell pro-
liferative assay. as previously described [31].

Since patients with carly Lyme disease are not commonly
seen in this clinic, acute and convalescent sera were tested from
all 57 patients with erythema migrans entered into a multicenter
antibiotic treatment study in 1989 [36] and from the patients
with summer flu-like ilinesses evaluated for entry into that same
study who were not thought to have Lyme disease. Erythema
migrans was defined as an expanding annular skin lesions > 5
¢m in diameter. usually with central clearing and a bright red
outer border. Diagnosis was based on observation of this rash by
the study physicians.

ELLSA methods. The IgG antibody response 10 8. burgdor-

Jeri was determined by indirect ELISA, and the specific Igh
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Feipome w.pydoiermuncd b i g0k why caprtiare Ly war
By al [::n_‘\-“unl:\. dusdrthed eoned buods rH, 1} Faar L
mnatuins, -well mocnbirtemn plates tlmuloa 1 I

Labaratores, W, Chuester, PA) were coated with 23
wpernatant from somicied § fergaducfors G 39030 ween
4°C. Afier bring washed three umes with 0.05% Tweer
PBS and again between each step. the plates were block:
5% nonfat dried milk in PBS and 0.05%5 Tween 20 (M-P
1.6). incubated with S0 sl of patient sem (1:400 in M
and with alkaline phusphatase—conjugaied goat anti-hum
(11000 in M-PaS: Tago. Burlingame, CA) in each insta
45 min at 37*C. After a wash with PBS without Tween |
substrate. 1 mg/mL p-nitrophenyl phosphate (PNEP) with
2nCl; , was added. For IgM determinations. 96-well plate
mulon 2: Dynatech) were coaled with Eoat anti-huma
{1:1000 in 50 mM carbonate, pH 9.6: Tago) overnight a
The plates were blocked with M-PBS followed by the seqt
addition (50 sL) and incubation (45 min at 37°C)of the |
ing reagents diluted in M-PBS buffer patient serum (]
normal control serum (1:100), sonicated 8. burpdorferi an
{23 pg/mL). mbbit anii-5. burgdarferi antibody (11000
alkaline phosphatasc—onjugated goat anti-rabbit I2G (
Tago): then the substrate, | mg/mL PNPP with 25 uhf 2
was added,

The cutoff optical density readings (405 nm) were 35D
or 5 5D (IgM) above the mean optical density of 8 norma
trol samples included on the same plate. These samples
representative of 50 previously tested normal control san
To calculate an antibody titer, we adjusied the value of
unknown sample with a standard curve made from dilutic
the same known positive serum included on the same plate.
patient had had Lyme disease for 3 years at the time the sa
was taken: the manifcstations of his iliness included erytl
migrans. meningitis, facial palsy, atrioventricular nodal b
and intermitent attacks of oligoarticular arthritis, For IgGe
minations. a titer of > [:800 was defined as positive, 1:20(
1:400 as indeterminant, and <1:100 as negative. For Igh ¢
minations, > 1:200 was defined as positive, 1:100 asindeter
ant. and <1:100 as negative.

Immunoblotting methods. SDS-PAGE was done usi
miniblot system (Bio-Rad Laboratories. Richmond. CA). S
natant from sonicated B burgdorferi G39/40 (50 ug for
blots. 100 ug for IgM blots) was elecirophoresedona 105 a
amide gel (10-cm plate: 0.75-mm gel thickness: acrylamide
bis-acrylamide matio. 30:1) at 20°C and 175 V. Gel prol
were transferred to nitrocellulose paperat 4°C and 100 V |
h. The paper was placed in TRIS-buffered saline (TBS: 20
TRIS. 500 mM NaCl. pH 7:6) and 0.1% Tween 20 for 10
and then cut into Z-mm strips. After being washed three 1
between each step with 0.1% Tween 20 in TES, the strips 1
blocked in 5% nonfat dricd milk in TBS and 0.1% Tweer
(M-TBS) and then incubated with patient sera {1:250 in
TBS) and with alkaline phosphatase-conjugated goar anijp
10 human IgM or IgG (1:3000 in M-TBS: Tago). all for |
20°C. Substrate consisting of | mL of 70% N.A-dimethylfor
mide (DMF) with 30 mg of nitroblue tetrazolivm chioride ar
mL of DMF with 15 mg of S-brnma-dv-:hlﬂrn-J-induEyl pt
phate mixed in 100 mL of carbonate buffer ( 100 mAf NaHC
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1 mM MgCl. pH 9.8) was added for 10 min at 20°C. The same  lower mean 1gG titer (1:1600): 2 of these patients had ir
¥ positive control sample used in the ELISA and onc of the nega- terminate IgG responses and 2 were seronegative,
E tive control samples from that assay were included with each set Of the 100 control patients who had influenza vace
; of Western blows. : tions, multiple sclerosis, amyotrophic lateral sclerosis, rt
i i The identity of groups was compared in 2 X 2 1004 anhritis, systemic lupus erythematosus, or chre
7'! tables by x* analysis or Fisher's cxact test. All P values arc two- fatigue syndrome. 1 had a positive IsM titer { 1:800). §
i tailed. In the retrospective siudy, receiver aperating characteris- i }r S PQ = B e
: tic (ROC) curves. which are a plot of sensitivity versus specific- mdclfrmmat: IgM titers (1:100). B‘"d_ Z_D had |r|.di..‘l:rmtr
ity, were constructed for the most commaon Igh bands in early 1gG “‘I'"S‘“:EDD or 1:400); the TR :M pauents w
[ disease and for the most frequent [pG bands afier the first weeks  ¢TOnégative. Sera from the 25 paticnts with secondar)
i of infection. The ROC area was then determined for each curve, latent syphilis had a geometric mean titer of 16 in the YD

These values described the frequency with which patients with  assay. and they had 4+ reactivity by fluorescent trepone
Lyme disease had panticular bands that were not found in those  antibody absorplion test. When these sera were te:
who did not have this illness. against 8. burgdorferi by ELISA, 13 had low-positive orin
terminate [gM titers, and 16 had low-positive or indeter

nate [gG titers. i
Results _B_-,: Western blotting. 11 of the 25 patients with erythe
migrans had prominent IgM responses to the 21-kDa pra
Retrospective study. In the retrospective study. the 25 pa- ol the spirochete in acule-phase sera (table 1, figure 2),:
tients with erythema migrans were a mean of B days from the 15 patients (60%) had this response by convalescence.
onset of symptoms. and 17 (68%) had clinical evidence of  that time, one-third or more of the patients also had Ighv
disseminated infection. Of the 25 patients, 10(40%) had posi-  12G responses to the 18- 41-, and 58-kDa polypeptic
tive or indeterminate Igh titers 10 B. burgdorferi (1:100)  Only 2 of the 8 palients with localized skin infection shos
1 determined by ELISA. and 18 (72%) had such titers during  at least 2 IgM bands compared with 13 of the 17 patie
convalescence after antibiotic therapy. 2-4 weeks later (fig=  with evidence of disseminated infection (P = .02). Am
ure | ). The specific 1gG responses were minimal at this time.  the 25 patients with Lyme meningitis, half or more had 1
The 25 patients with Lyme meningitis. who were 2 weeksto  or IgG responses 10 these antigens and to the 28- and 45-k
2 months from disease onset. had either positive IgM  polypeptides. The 25 patients with Lyme arthritis had st
(1:200) or IgG responses (=1:800) to the spirochete. Inthe  1gG responses to 210 spirochetal antigens. In addition to
25 patients with Lyme arthritis, who were 3 months 10 4 responses that were often seen earlier in the iliness. mos
¥ears from disease onset. the 12G titers were markedly cle-  these patients had reactivity with the 30-, 37-, 3%-, 66-, "
vated in all patients (mean. 1:12,800). and 16 of them had ~ and 93-kDa polypeptides. Furthermore. |1 of them had |
specific IgM responses. Compared with the patients with ar-  and sometimes lgM responses to the 31-kDa OspA anc
thritis, the 25 patients with Lyme encephalopathy or poly-  the 34-kDa OspB proteins of the spirochete. In the 25
feuropathy, who were 1-12 years from disease onset. had 2 tients with encephalopathy or polyneuropathy. the IgG
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Tahle 1,

Frequency of polypeptude responses i a refnspective analsas ol

fertrents with Ly

Jdisease and control subjecis.

Ight band present (%)

Erythema 1BG band present (7)

migrans

{n=15) Menin- Menin- Late

gilis Control gl Arthritis Aeurn Controls

kD Acule Conv [m =25} (n=125 [m=25) [ =25y (n=25) {n= 125)
18 0 52 8 2 84 106 - 80 ]
21 44 60 68 'l 28 P48 48 0
28 4 0 52 i} 44 8E B4 |
30 4 16 L] I 18 100 B4 Fi
1 (i} 0 iz ] 0 44 ai 2
34 Li] 12 1 1] L) 36 |
7 24 32 28 1 4 (ddy 43 12
39 4 ] ] 0 20 (3 B8 ]
4] 12 s 52 i 92 - BB d]
a5 3 20 28 1 a0 T 72 10
58 2 48 I8 1 B4 “100 92 T
66 4 ] 24 2 56 KT 76 2
74 8 ] L] | 12 68 44 3
a3 ] 32 20 1 28 {100/ 78 1]

MOTE. Conv, convalesceni phase: late neuro, encephalopathy and pelyneurapathy.

sponses were similar to those in the patients with arthritis,
excepl 4 patients had minimal or absent responses.

Among control subjects, 41% had IgG reactivity with the
41-kDa polypeptide. a response that was particularly promi-
nent in patients with syphilis. Although individual control
patients rarely had IgG reactivity with >3 polypeptides,
cross-reactivity was found-with most of the spirochetal anti-
gens except the 18-, 21-, and 93-kDa polypeptides. IgM reac-
tivity was unusual in control subjects.

To establish critenia for positive Western blots, we con-
structed ROC curves for the 13 most common IgM bands in
carly Lyme disease and for the 14 most frequent IgG bands
afier the first weeks of infection (table 2). For IgM blots, the
& most common bands gave the greatest ROC area of 0.864;

_for IgG blots, the 10 most frequent bands gave the preatest
ROC area of 0.973 (figure 3). Using these optimal ROC
curves, we selected the minimum number of IgM or IgG
bands needed to obtain 99% specificity. Thus, in early Lyme
disease. at least 2 of the 8 [gM bands at 18, 21, 28, 37, 41,
43. 58, and 93 kDa were required: afler the first weeks of
infection, at least 5 of the 10 IgG bands at 18, 21, 28, 30, 39,
41, 45, 58. 66. and 93 kDa were needed. ’

By using the IgM criteria, 40% of the patients with ery-
thema migrans had positive blots in acute-phase sera, and
60% were positive by convalescence (table 3). With the IgG
criteria. 64% of the patients with meningitis. 84% with en-
cephalopathy or polyneuropathy, and 100% with anthritis
had positive blots. Of the 125 control subjects, 19(15%) had
a single IgM band. and 7 (6%) had 2 or 3 IgM bands. How-
ever. only | patient with syphilis had 2 bands in the requireat
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locations for a positive IgM blot. Eight syphilis patients
25 IgG bands, but they were not in the required locat
Thus, none of the control subjects had a positive 1gG E

Frospective sudy. In the prospective study, the 51
tients with erythema migrans were seen a mean of 7
after the onsct of symptoms. and 41 (72%) hed cvideny
disteminated dissase, Twenty-three patients (40%) had |
tive or indeterminate IgM titers to A. burgdorferi in ac
phase sera, determined by ELISA, and 38 (67%) had :
titers by convalescence, 4 weeks later. In Western blo
the acute-phase sera, 22 (39%) had [gM responset o the
kDa protein, and 18 (32%) had 2 of the 8 IgM bands requ
for a positive blot. By convalescence, 31 (54%) had Igh
sponses to the 21-kDa protein, and 25 (44%) had a posi
IgM blot. Twenty of the 41 patients with evidence of disse
nated infection had positive IgM blots compared with !
the 16 patients with localized skin infection, but this di|
ence was not statistically significant. Among the 17 patit
with summer flu-like illnesses who were not thought to h
Lyme disease, | had an indeterminate IgM responsc
ELISA. but none had a positive immunoblot. Thus, in
prospective study of carly Lyme disease. the sensitivity of
IgM Western blot in acute-phase sera was only 32%. but
specificity was 100%.

Of the 237 paticnts seen in our diagnostic Lyme dise
clinic from July 1990 through June 1991, 54 met clini
criteria for active Lyme arthritis or neuroborreliosis. As
termined by ELISA, 39 of the 54 patients had positive |
responses to B. burgdorferi, 9 had indeterminate IgG
sponses, 4 had only positive IgM responses, and 2 were se
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Figure 2. Western hlows of acute-phase sera from 25 patients with
crythcma migrans, 215 patients with Lyme meningitis or facial palsy
25 paticnts with Lyme arthritis, 25 patients with encephalopathy ol
polyncuropathy due 10 Lyme discase, and 24 representative pa
tients (controls) who had influenza vaccinations, thumaroid arthri:
tis (RA). systemic lupus erythematosus (SLE), amyatrophic latera)
sclerosis (ALS). muluple sclerosis {MS), or secondary or tertian
syphilis. Molecular masses (kDa) are at left.
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Table 2. Receiver operating characieristic (ROC) areas for differ-
ent Aumbers ol the most comman hands.

lgM g
Mo, of most
common bands ROX mrea 5E RO area SE
2 0.784 0.038 0.521 0.024
4 0839 0.034 0964 0als
& 0.849 0.013 0.948 0018
8 0.864 0.031 0967 00is
10 0851 0.032 0973 0013
11 0.859 0.032 0.943

Q.05

* Largest ROC areas were obtined by using 8 most eommon ighM bands
in early Lyme disease and 10 most frequent IgG bands afier first weeks of
infection.

negative (table 4). Of the 48 paticnts who had positive or
indeterminate IgG responses by ELISA. 45 had positive IgG
immunoblots: 3 of the 4 patients who had only IgM re-
sponses by ELISA had positive IgM blots: the 2 patients who
were seronegative by ELISA had negative blots. The 4 pa-
tients who had only IgM responses had early neurolopic
manifestalions of Lyme disease. and the 2 patients who were
seroncgative had had erythema migrans followed by encepha-
lopathy with an elevated CSF protein in | and polyradiculo-
pathy demonstrated by electromyography in the other. Both

i

R - T T T T T T T T

0.8
2wl
=

&n

=
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0.2 4L

0z 0.4 0.5 08 1.0
1 - Specificity

Figure 3. Reccciver operating characteristic {ROC) curves for
1gM and IgG Western blot criteria that gave largest ROC areas,
Circles: sensitivity and | — specificity for 8 most common IgM
bands in erythcma migrans or Lyme meningitie. Trianglcs: same
parameters for 10 most frequent IgG bands in Lyme meningitis,
arihritis, or encephalopathy or polyneuropathy. Solid symbals
show minimum number of bands needed for 995 specificity: 2 ol 8
for IgM and 5 of 10 for IgG.
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Table 3, Sensitivity and specificity of Western blotting
spective study ol patients with various manifesiations al
£ase

Positive Ighi” Positiv
Sengitivity Specificity  Sensitivity
(%) %) (%}
Erythema migrans
Acuie 40 99 a
Convalewesnt &0t 99 I
Meningilis 0 a9 b4
Arthrits 14 99 100
Encephalopathyy ;
polynevropathy 4 ] B4

“2of Bbandsar 18, 712K, 37, 41, 45, $5, and 93 kD were ¢
positive [gM blow 5 of 10 bands ai 18, 21,28, 30, 39, 4_ 45, SE,
kDn were required for pesitive IgG blo

" One patient with gyphilis had IgM response 10 21-. 41-, g

pelypeptides.
FOr25 patients with Lyme meningitis. 24 (F6%) had positive |
bluots.

of these patients had a positive T cell proliferative
to 8 burgdorferi antigens (stimulation indices, 35
respectively; normal, <10), Serologic results jn th
tients with inactive Lyme disease were similar io
paticnts with active Lyme disease, but the percentay
tients with indeterminant ELISA results tended to by
(table 4),

Table 4. Praspective study of 237 patients sesn ina d
Lyme discase clinic: number of patients with positive 1ot
meral immunity (1gG) o & burgdorferi according 10 diag

Ha. ELISA
al
Dragnosis patients  Positive  Indeterminare”
Active Lyme disease
Arthritis 25 22 3
Nevroborreliosis 29 17 &
Taotal 34 (T {17
Inactive Lymc disease
Arthritic 24 15 L
MNeursbarreliosis 10 4 5
Erythema migrans 10 5 3
Toul a4 2761y 14 (32
Orther ilinesses
Fibromyalgia/fadgue 2 o 10
Other rheumatic 62 3 13
Other newrologic 45 -2 It
Total 139 5(4) 34024y

NOTE. Dwmaare no. {%). For active Lyme ditease vi, ather iljne
001 for both tests: for active vs. inactive Lytne discase: P ooy signifi
both tests (Fisher's exact test)

* Of 57 patients with indeterminaie ELISA TgG titers, & ol 9 wit
Lyme disease and 11 of 14 with inective infection had positive 1gG 1
blots compared with only 2 of 34 patients with other fllneses (P<.

- both comparisons, Fisher's exact iest)
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Table 5. Scnsitivity and spevificity of seralopic 1ests in prospec-
tive studies of Lyme disease

Sensitivity (%) Specificity {#)

Early Lyme disease®

Iz ELISA 40 94

feh] Western bl 32 100
Lyme discase alier

first weeks ol inleciion
Igr ELISA B2 12
lgCs Western blol &3 a5

MIITE  Indeterminate ELISA resulls were considered positive fon this
pnalvsis
* Erythema migrans. acuic-phase sem.

Among the 139 clinic patients who did nol meel clinical
criteria for Lyme discase, 3 had positive IgG responses to B.
burgdorferi by ELISA, and 34 had indeterminate responses.
Only 7 of these pauents had positive blots: our diagnoses in
these patients were gouty arthritis, theumnatoid arthritis. su-
praspinatus tendinitis, diabetic neuropathy. vascular head-
ache. stroke. or depression. Because these patients came
from arcas endemic for Lyme disease and had clearly positive
blots. we believe that they also had asymptomatic infection

with B. burgderfer], The remaining | 00 patients were seroneg-'

ative by all tests. In both case and control subjects. positive
and negative serologic results by ELISA and Western blot-
ling were usually concordant. However. among the patients
who had indeterminate [gG responses by ELISA, 6 of the @
with active Lyme discase and'11 of the 14 with inactive in-
fection had positive 1gG blots compared with only 2 of the
34 patients who had other ilinesses (P < .001 for both com-
parisons).

Seasitivity and specificity of serolagic tesis.  In the prospec-
tive studies, the sensitivity of the Igh ELISA in early Lyme
disease was 40%, and the specificity was 94%; with Western
blotting. the specificity increased 1o 100% (table 5). After the
first weeks of infection. the sensitivity of the [gG ELISA was
89%. and the specificity was 72%; with Western blotting, the
specificity increased to 95%.

Discussion

To assess the diagnostic potential of Western blatting in
Lyme disease, we first did a retrospective analysis of the hu-
moral immune response in 100 patients with various mani-
festations of the disorder. Although an initial study empha-
sized that the first response in patients with erythema
migrans was often to the 4 1-kDa flagellarantigen of the spiro-
chete [29]. the most prominent [gM response in the current
patients with erythema migrans was to the 21-kDa polypep-
tide. This protein in our antigen preparation reaces with
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monaclonal antibods L32 IFE which is specific for ih
Ospl protein ol the spirochete { Wilshe B, peronal communi
cation ). This discrepancy between the past and current stud
ies is probably due to antigen preparanans that may differ i
expression of the OspC protein. In a previous study of pa
tients followed throughout the course of the illness. the fina
paint in expansion of the immune response was the develop
ment of reactivity with the OspA and OspB proteins af 1h
spirochete months to years after disease onset [37). In th
current study, fewer than half of the patienis had these re
sponses. cven late in the iliness, and therefore they were ng
of much help diagnostically. Cross-reactive 120 response:
particularly with the 41-kDa flagellar antigen. were frequen
in all control groups. This response may be especially promi
nent in patients with syphilis. periodontitis. or acute ulcera
tive pingivitis [ 38]. Reactivity with the 18-, 21-. and 93-kD
polypeptides was not found in our control patients. and thes
responses may be the most specific for infection with B. burg
dorferi,

Several previous studies have proposed criteria for a pasi
tive Western blot in Lyme borreliosis [15-23]. In an initia
study of 30 American patients with early Lyme disease. pusi
tive Western blots were defined by the presence of =2 Igh
bands alone. 24 1gG bands alone, or =1 IgM and =1 IgC
bands [15]. In practice. these definitions. which did not re
gquire the presence of bands at particular locations. have beer
associated with oo many false-positive results. As in ou
current study, Wilske-and colleagues [16. 19] in German:
reported that common early responses were directed agains
the 41-kDa flagellar antigen and the 22-kDa QspC protein o
the spirochele: a prominent late response was 1o a 100-kDy
polypeptide. which is likely 1o be the same as the 93-kD:
protein in our antigen preparation. In a study of Swedis
patients with Lyme meningitis. Karlsson et al. [18] defined
positive 1gM or [gG immunoblot by the presence ofa 41-kD:
band plus ] band at 18. 21.5, or 23 kDa. This definition hai
a sensitivity of 78% and a specificity of 82%. Zbllereral. [20
in Germany reported that the presence of 4 bands at 21, 30
73. and 93 kDa in late Lyme borrcliosis had a specificity o
97% but a sensitivity ol only 23%. [n a recent report of Ameri
can patients, Ma et al. [23] found that those with Lyme dis
ease most commonly developed TG reactivity with the 4]
kDa flagellar antigen, but this response was also commen is
control subjects. An 1gG response to the 39-kDa protein wa
second most common and was rare among healthy control.
but was seen in | 1% of patients with syphilis. In our study, :
39-kDa response was found in almost all patients with arthri
tis. encephalopathy. or polyneuropathy but only rarely ir
patients with earlier manifestations of the illness: it wa
found in half of the patients with syphilis.

On the basis of retrospective and prospective analyses, wi
propose criteria for positive Western blots requiring 2 of the
& most common [gM bands in early Lyme disease or § af the
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10 mwst frequent 12G bands afier the first weeks ot infection.
The oM crueria should be ysed with caution afier the 1niyal
weeks ofinfection; most patients have an 18G response to the
spirochete by that time, We believe that our praspective
study provides a risorous test of sensitivity and specificity
because the comparison patients had illnesses thai are com-
monly confused with Lyme disease. and 2 number of them
had previously had positive serologic tests in other laboraio-
Fies.

The lgG blot in the patients with Lyme discase for at leas
several weeks was not 1005 specific primarily because 4 pa-
tients with carly neurclogic involvement stil] had only IgM
responses o B burgdocfer; and 2 patients with late neuro-
logic disease who had been incompletely treated with antibi-
otics for erythema migrans were seronegative. The 1gG blot
in the comparison patients was not 100% specific because 7
patients had serologic evidence of EXposure 1o B, burgdorferi
but clinical pictures of other illnesses. 1n addition. patients
with past Lyme disease usually remain seropasitive for years,
even after treatment with antibiotics., I patients with inactive
Lyme disease or asym Ptomatic infection have other illnesses,
particularly with joint or neu rologic symptoms. positive sero-
logic tests for B, burgdorferi may cause diagnostic confusion,
This may be a greater problem in Europe where the fre-
quency of subclinical infection has been reported to be
higher than in the United States [39]. Furthermaore, our def;-
nitions may not be sujtable for European patients because
the immune Tesponse may be more restricted there [18,
20. 40).

Several technical problems of Western blotting with soni-
cated B. burgdorferi should be siressed. The molecular
weight of the same protein may be somewhat different de-
pending on the strain of the spirochete or the eonditions of
the assay. multiple proteins may comigrate to the same area,
the number of bands apparent in the blot isinfluenced by the
Concentration of reagents, and the results of Western blot-
ling are observer-dependent. Care must be taken in reading
the correet molecular weights of the bands, and faint bands,
which we discounted. may pose interpretation difficulties,
Video densitometry may help with this problem [20]). burjtis
not suitable for reading miniblots., the method used here, or
for reading bands that are close together, a common problem
in Lyme discase. Although the use of recombinant borrelial
proteins may improve specificity, Sensilivity may not be as
good.

In this study, the results obtained by ELISA and Western
blotting were concordan i patients with clearly positive or
negative tests. and Western blotting was of no additional
value in these patients. However, among patients who had
indeterminate responses by ELISA. Western blots were help-
ful in identifying false-positive resuls, We conclude thap
Western blonting can be used to increase the specificity of
serologic testing in Lyme discase.
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STANDARDIZATION OF LYME DISEASE SEROLOGIC TESTING
FOR EPIDEMIOLOGIC PURPOSES

David T. Dennis, M.D., M.P.H.

Introduction: The lack of standardized serodiagnostic test methods for Lyme disease has greatly
restricted our understanding of the epidemiology of this diseasc. The following critical epide-
miologic functions will be significantly enhanced by the use of standardized serodiagnosis:
disease surveillance, outbreak investigations, clinical studies involving case series, clinical trials,
decision analyses for diagnosis and management of the disease, and population-based investi-
gations, such as risk factor analyses, intervention studies, and cost-effectiveness analyses.

Surveillance: Disease surveillance is carried out for the purposes of estimating the incidence of
discase, identifying the populations at risk, and monitoring trends of occurrence. In the United
States, Lyme discase has been a nationally notifiable disease with a uniform case definition for
reporting purposes since 1991 (1). Approximately 10,000 cases are reported by states annually to
CDC (2). The Lyme disease surveillance case definition requires laboratory "confirmation” of
cases when patients present with manifestations of illness other than erythema migrans (EM). The
following laboratory criteria are necessary for diagnosis of later-stage illness (3):

- Isolation of Borrelia burgdorferi from clinical specimens, or

- Demonstration of diagnostic levels of IgM and lgG antibodies to the spirochete
in the serum or CSF, or

- Significant change in IgM or 1gG antibody response to B. burgdorferi in paired
acute-phase and convalescent-phase serum samples.

Although potentially useful in confirming active Lyme disease, neither cultural isolation nor paired
serum specimen testing has been much used for validating cases in routine Lyme disease
surveillance, since the procedures are not often performed in the general medical setting. Further,
test results based on nonstandardized ELISA and IFA testing of single specimens (the usual
serodiagnostic approach) have been unreliable (4-6) and have had unknown sensitivity and
specificity. Under the circumstances in which these tests are most used, the predictive value of
the test results is often too low to be of use in either routine surveillance or the clinical setting.
The implementation of standardized test procedures utilizing a two-step approach in which the
first test is highly sensitive and the sccond test is highly specific and confirmatory (7) is expected
to provide a level of predictive value high enough that laboratory-based surveillance will become
useful and cost-effective. Quality assurance programs that measure the performance of laborato-
rics against these standards will provide state and local discase surveillance programs with
information necessary to determine the value, in their respective populations, of using positive test
results to trigger case validation investigations.
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Serosurveys: Serologic tests with defined. high levels of sensitivity and specifity can be
important tools in understanding the distribution of disease in communities by providing estimales
of point and period prevalence and the incidence of infection. Estimates of community
seroprevalence are important, along with clinical presentation and history of exposure, in
determining the pretest probability of disease in paticnts being diagnostically evaluated for
suspected Lyme disease. When serodiagnosis is used as a screening tool, the pretest probability
of the disease is equal to the prevalence of the disease in the population; the predictive value of
test results, therefore, depends on a knowledge of the underlying seroprevalence (8).

CDC has used the combination of a sensitive, standardized enzyme-linked immunosorbent assay
(ELISA), followed by standardized Western immunoblotting to conduct serocpidemiologic
studies of defined populations in several Lyme disease-endemic communities in the northeastern
region of the United States and in Sonoma County, California. These populations represent
varying levels of endemicity. In a collaborative study with the Maine Medical Center, Portland,
the seropositvity of specimens from 272 mostly elderly and retired persons living in a low
enzootic area of coastal Maine was compared with the seropositivity of specimens from 100
controls living in a nonenzootic area of northern Maine. Seropositivity rates were 2% or less in
both populations when serum samples yielding ELISA results in the equivocal range (between |
and 3 standard deviations greater than the mean optical density of the normal non-disease
controls) were then tested by a confirmatory Western blot procedure. When serum samples that
were ELISA positive were tested by Western immunoblotting, the seropositivity of the exposed
group remained at 2%, while that of the nonexposed group fell to 0% positivity. This indicates a
very high specificity of serodiagnosis in this seroepidemiologic study (9), In contrast, serologic
studies of nearly 800 persons living in two highly endemic neighborhoods in Wesichester County,
New York, demonstrated a baseline seroprevalence of 10.7% and a seroincidence over u single
transmission season of about 4% (10). A serosurvey in a residential semirural community in
Sonoma County, California, identified only 3/219 (1.4%) of persons with diagnostic Lyme disease
seroreactivity, although seropositivity to other tick-borne pathogens, Ehrlichia spp. and Babesia
spp. was 4.7% and 18%, respectively (11). In each of the serosurveys, the seropositivity rates are
what would be expected based on clinical and ecologic findings. Experience with the two-test
approach in the above serosurveys identified the need to confirm both seropositive and equivocal
results obtained on the first-test with Western immunoblotting 1o avoid false positivity. As
expected, the proportion of false positive results was greatest in those populations with the lowest
ecxpected prevalence, e.g., in Maine, 0/4 ELISA positive serum specimens from the control area
were confirmed as positive by Western immunoblotting; among the serum samples from Sonoma
County residents, 7/9 (77.8%) ELISA positive specimens were false positive, and only 1/39
(2.6%) ELISA equivocal specimens was pusitive as determined by Western immunoblot, In the
serosurvey of residents of a highly endemic community in Westchester County, New York
described above, 56/72 (77.8%) ELISA positives were false positive, and only 21/164 (1 1.4%)
ELISA equivocals were positive as determined by Western immunoblot testing (10),

Epidemiologic Studies: The standardized two-test serodiagnostic approach has also been used
by CDC in support of analytic epidemiologic studies. The two-test approach was used to test
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serum specimens collected in 1993 from incident case-patients and eommunity controls in
County, New Jersey, a known Lyme disease- endemic area (12). Both ELISA
gquwnnal and ELISA positive serum spemmﬂns were tested by Western blot. Seroposilivity was
found in 9/37 (24.3%) cun\ra]escent-phase serum samples from case-patients treated several
months previously for erythema migrans, and in 2/44 (4.5%) non-case controls. Using the
Western blot as a confirmatory test, 20/29 (69%) ELISA positives among cases were falsc
positives, and only 2/11 (15%) ELISA equivocals were Western blot positive. In contrast, a
study in 1994 of persons with suspected Lyme disease and their neighborhood or family controls
in two presumably nonendemic counties in West Virginia revealed no seropositivity among 30
casc-patients and 30 controls tested. These findings suggest that it may now be appropriate in
epidemiologic studies to use serologic test results to identify case-patients and controls.

Clinical Studies: Clinical diagnosis of Lyme disease is often made difficult by the nonspecificity
of many of the signs and symptoms of this disease, by a lack of a solid history of exposure to tick
vectors of this discase, and“a poorunderstanding of the prevalence of the disease in the population
represented by the patient™ The rational approach to diagnosis makes use of the likelihood ratio, a
, measure of the accuracy of the test procedure determined by comparing the likelihood of a
' obtaining a certain test result when testing a group of true positives to the likelihood of obtaining
the same test result when testing a group of true negatives. The post test probability (the
predictive value) is determined by applying the pretest probability of the disease tested for and the
likelihood ratio for the test employed (13). The more sensitive the test, the better the negative
predictive value of the test; the more specific the test, the better its positive predictive value,
Likelthood ratios indicate by how much a given diagnostic test result will raise or lower the
pretest probability of the target disease., A likelihood ratio of 1 means that the post test
probability is the same as the pretest probability. The greater the likelihood ratio the greater the
probability that the target disease is present. Likelihood ratios describe the performance of a
- diagnostic test, summarize the same information as sensitivity and specificity, and are used to
| estimate the probability of disease afier a positive or negative test result (14, 15).

Cost-Effectiveness Determinations: Determinations of test-treatment thresholds also depend on
! an understanding of standardized test performance. Decision analyses carried out 10 assess the
relative cost-effectiveness of various management options are based on models that incorporate
the prevalence of discase and the performance characteristics (sensitivity and specificity) of the
tests used in diagnostic support, along with such factors as adherence to therapy, complications of
treatment, effectiveness of therapy, the probability of complications of the disease itself, and, of
course, the direct and indirect costs (16). The use of standardized tests with known sensitivity
and specificity allows the development of test-treatment thresholds to guide clinical management
decisions.

Intervention Studies: There are two basic intervention approaches in I.yme disease: curative,
1., antimicrobial treatment to eliminate infection and reduce or eliminate morbidity, and preven-

tive. There are several primary prevention modalities, including avoidance of tick-infested areas,
and the use of repellents, protective clothing, and environmental interventions to reduce exposure

3l

—




to infective tick bites, early detection and removal of attached ticks, as well as the use of prophy-
lactic antimicrobial treatment and vaccination 1o prevent infection. Farly detection and treamment
of disease prevents secondary morbid sequelae. Standardized serodiagnostic tests will be useful
to identify case-patients who have been infected with B. burgdorferi and to determine eligibility
for enrollment in antibiotic treatment trials. These tests will also be needed to identify persons
who have had a prior exposure, as well as those who develop infection with B. burgdorferi
following intervention, in assessing the effectiveness of prophylactic antibiotics and vaccines in
preventing infection and disease Ultimately, seroepidemiologic evaluations of communities will
be important to define populations at high risk in order to best target intervention efforts and to
evaluate the cost-cffectiveness of these interventions.

Conclusions: The use of reliable, accurate serodiagnostic tests, monitored by programs of
quality assurance, will significantly increase our ability to conduct surveillance activities and
epidemiologic studies, improve decision-making for patient diagnosis and clinical management,
and accelerate the development and evaluation of Lyme disease control and prevention strategies,
including the use of vaccines, personal protective measures, and environmental management

activities,
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TEST APPROACH AND BORRELIA BURGORFERI STRATN SELECTION FOR
STANDARDIZATION OF SERODIAGNOSIS OF LYME DISEASE

Barbara J.B. Johnson, Ph.D,

In May 1994, a Work Group on Standardization of Serodiagnosis of Lyme Disease’ was
convened at the Centers for Disease Control and Prevention (CDC), Division of Vector-Borne
Infectious Diseases, This work group recommended adoption of a two-step approach to Lyme
disease serologic testing: use of a sensitive, relatively inexpensive first test. such as an enzyme
immunoassay, followed by immunoblotting of specimens scored positive or equivocal in the first
test. The value of a two-step approach was supported by a comparison of testing methodologies

in five academic reference centers (ARC) and CDC. An abstract of the ARC/CDC study by
Craven et al. is presented below (1).

The work group also identified the use and interpretation of immunoglobulin M (IgM)
immunoblots as a high priority for further study. Accordingly, a multi-centered evaluation of IgM
test performance and interpretation was designed and performed. The results of this investigation
are reported elsewhere in these proceedings (2). Since the impact of Borrelia burgdorferi strain
variability on diagnostic test sensitivity, particularly on IgM detection in early disease, had not yet
been adequately assessed, CDC investigators agreed to compare the performance of antigens from

eight strains chosen to represent the major Lyme disease-endemic areas of the United States and
the strains most commonly used for serodiagnosis in this country.

Experimental Design, ARC/CDC Study (1)

Participating laboratories. Five academic laboratories (located at the Tufts/New England
Medical Center, Boston, MA; Marshfield Clinic, Marshfield, WT: University of Connecticut
Health Center, Farmington, CT, State University of New York at Stony Brook, Stony Brook,
NY, and the Robert Wood Johnson Medical School, New Brunswick. NI} and the diagnostic
laboratory of the Division of Vector-Borne Infectious Diseases, within the National Center for
Infectious Diseases, CDC tested the serum panel,

Serum samples. Each laboratory tested 600 blind-coded serum samples. The samples were from
patients with clinically well defined Lyme disease (n=200), healthy blood donors from areas in
which Lyme disease is not endemic (n=200), and persons from such areas who had reactive
antibodies in a B. burgdorferi whole-cell sonicate enzyme-linked immunosorbent assay (ELISA)
(n=200). Each group of 200 samples consisted of 113 individual specimens and 87 random
duplicates for precision analyses.

Test methods. Each investigator used the testing method(s) currently employed in his or her

laboratory. All participants used whole-cell sonicate ELISAs. Three ARC investigators used
both ELIS As and immunoblotting. CDC also used a flagellar antigen ELISA.
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Results

The most accurate results were obtamed in the three laboratories that used an ELISA
supplemented by immunoblotting, The results in these laboratories were similar- sensitivities fou
the aggregate of all Lyme case Specimens, 73%-79%, specificities. 98%-99.5%; and precisions,
82%-99%. Test performance in the three laboratories that used ELIS Ag alone ranged from fair to
poor,

Conclusions

A two-step approach to serologic testing that uses ELISA supplemented by immunoblotting was
more accurate than ELISAs alone, This approach is suitable for the first efforts to standardize
Lyme disease serologic lesting, A panel of well-defined, blind-coded serum specimens large
cnough to afford pood statistical power is a critical ool in developing and standardizing serologic
tests,

Experimental Design, Antigen Comparison Study (3)

Immunoblot antigens, Antigens were prepared from four strains of £ burgdorferi commonly
used for Lyme disease serology: 2591, G39/40, 297, and a low passage of strain B31 (4-7).
Additional strains, all isolated from humans and representing the major Lyme discase-endemic )
areas, were NY 92-0094, NY HB-1 9, WI MC-23, and CA 92.0953. Immunoblot strips of cacl
Strain were commercially prepared (MarDx Dragnostics, Inc., Carlsbad, CA) under uniform

Serum samples, The serum panel consisted of 212 specimens, randomized and blind coded.
Paired serum samples were obtained from 70 patients with erythema migrans (EM) residing in

was obtained on the day the patient was first seen at the physician's office: a convalescent-phase
specimen was obtained 2-4 weeks afier the first sample. Al patients were treated with antibiotics
al the first visit. Skin lesions were cultured and confirmed to harbor & burgdorferi in 50 of the
70 patients with EM; skin was not cultured from the remaining 20 patients, who were Judged to
have early Lyme disease by the characteristic appearance of their EM. Thirty-six samples were
from healthy blood donors from nonendemic arcas (OH and WY). An additional 36 samples were
duplicates to assess the precision of the assays. 12 each from acute-phase patients, convalesceni-
phase patients, and healthy blood donors.

Calibration of immunoblots. A panel of monoclonal antibodies recognizing 10 antigens of
burgdorferi, a strongly reactive positive control. and a weakly reactive positive control were used
to standardize blot developmen and interpretation

Data anaiysis. The frequency of recognition of all proteins was calculated. Antigens were
ranked in order of diagnostic utility by their ability to distinguish Lyme disease cases from
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controls (chi-square) for each strain. Test interpretation criteria were derived that produced the
best test performance,

Resuolts

Three of the strains in common diagnostic use—-2591, and low passages of 297 and B3 1--
perfunnf:d_ equally well. The criteria for blot interpretation proposed by Engstrom e @/, (8) (two
or more of the following three bands must be present for a blot to be judged positive: OspC. P39,
and Fla) resulted in reasonable test accuracy. The sensitivity was 43%-44% for acute specimens
and 71%-72% at convalescenge: specificity was 98%-100%. If reactivity with P37 was added 1o
the scoring criteria (two or more bands of OspC, P37, P39, and Fla present), the sensitivity
mereased shightly to 43%-48% for acute specimens and 71%-74% at convalescence. Specificity

| was unchanged.

Ome of the strains currently in common use for serodiagnosis of Lyme disease (G39/40) did not
-efficiently express the P39 antigen. This strain did not perform as well as those listed above when
1 the criteria of Engstrom ef al. were applied. The IgM blot scoring system of Dressler et al. (5)

! (two or more bands present from a set of eight: 18, 21, 28, 37, 41, 45, 58, and 93 kDa) was more
suitable for this strain (sensitivity 44%, acute, 77%, convalescent.) The specificity achieved with
this strain was 94%.

Use of antigen from any of the other four strains examined did not result in more accurate test
performance. '

Conclusions

The work group judged strain 2591 and low passages of strains 297 and B31 to be equally
suitable for use as antigen in immunoblots. The group wished to standardize the outcome, that is,
test performance, rather than methodology per se. The criteria of Engstrom et al are bath
simple to apply and standardizable; monoclonal antibodies are available to all three antigens of
diagnostic significance. Use of these criteria for blot interpretation is recommended. When an
antibody marker for P37 becomes available, this protein may be included as an antigen to be
scored.

Other B. burgdorferi strains also may be suitable for diagnostic purposes. Investigators should
first demonstrate that the strain that they have chosen expresses appropriate amounts of the
immunoreactive proteins of diagnostic interest.

“Members of the CDC/ASTPHLD Work Group:

Alan G- Barbour, MD, Uriv of TX Hlth Sciences Cu
Enic Blank, DrPH, ASTPHLD

Raymond J, Datteyler, MD, SUNY at Stony Brock
Sharpn Hanson, Pal, Food and Drug Admimistration

37

-



Russell C. Johnson, PhD, University of Minnesota
Frank W. Lamber;, I FH, ASTPHLD

Robert Martin, InPH, ASTPHLD

Raymond W Ryan, Unuv of CT Hith Crr

Edward McSweegan, PhD National Institutes of Healy
Thomas Schwan, PhD, Rocky Mountain Labs, NIH
Richard Steece, PhD, ASTPHLD

Allen Bteere, MD, Tufts/New England Medical Center
Ralph J Temper, DrPh, ASTPHLD

Arthur Wemnstein, MD, New York Medical College
The CDC Lyme Disease Group

References

1. Craven RB, Quan TJ. Bailey RE, Dattwyler R, Ryan RW, Sigal L, Sicere AC, Sullivan }
Dennis DT, Gubler DJ ( 1995). Evaluations of Lyme diseasc serologic tests conducted a
the Centers for Disease Contro] and Prevention and five academic reference centers, J
Infect. Dis,, manuseript submitted.

2. Weinstein A., Johnson BJB (1995). Recommendations of the work group for standard
criteria for Lyme disease serodiagnosis, Proceedings af the Second National Conference
on the Serologic Diagnosis of Lyme Disease, Dearborn, Michigan, October 28-29, 1994,

3 Johnson BB, Bailey RE, Schriefer ME, Sviat SL, Golde WT, Mitchell PD, Chu MC
(1995). Serodiagnosis of early Lyme disease: impact of antigen choice on IgM
immunoblot performance. Manuseript in preparation,

4, Magnarelli LA, Anderson JF, Johnson RC, Nadelman RB, Wormser GP (1994).
Comparison of different strains of Borrelia burgdorferi sensu lato used as antigens in
enzyme-linked immunosorbent assays..J. Clin. Microbiol 32, 1154-1158.

5. Dressler F, Whalen J A, Reinhardt BN, Stecre AC (1993). Western blotting in the
serodiagnosis of Lyme disease, J Infect. Dis. 167, 392400,

6. Aguero-Rosenfeld ME, Nowakowski J, McKenna DF, Carbonaro CA, Wormser GP
(1993). Serodiagnosis in early Lyme disease, J. Clin. Microbiol 31, 3090-3095.

7. Kowal K, Weinstein A (1994). Western blot band Intensity analysis. Application to the
diagnosis of Lyme arthritis. Arthritis. Rheum. 37, 1206-1211.

8. Engstrom SM, Shoop E. Johnson RC (1995). Immunoblot interpretation criteria for
serodiagnosis of early Lyme discase. . Clin. Microbiol 33, 419427,

38



RECOMMENDATIONS OF THE WORK GROUP FOR STANDARD CRITERIA FOR
LYME DISEASE SERODIAGNOSIS

Arthur Weinstein, M.I). and Barbara J.B. Johnson, Ph.D.

Introduction

The CDC/ASTPHLD Work Groupon the standardization of serodiagnostic testing for Lyme
disease sought to develop criteria for a positive immunoblot in both early and late disease. This
was ol high priority since tmmunoblotling was to be the confirmatory test in a two-step approach o
diagnosis.

Prior studies had suggested that immunoblotting could provide sufficient sensitivity and specificity
to be used in Lyme disease diagnosis (1,2). Dressler et al. conducted a retrospective analysis of 225
Lyme disease case and control subjects from the United States and proposed criteria for positive
immunoblots incorporating both the number and location of bands (3). However, since monoclonal
antibodies were not readily available at that time, it was not possible to identify proteins of
diagnostic importance whose locations in pels depend on both experimental conditions and Borrelia
burgdorferi strain choice. Forexample, Padula etal. reported that the OspC antigen is of diagnostic
importance, especially in early Lyme disease, and this protein may be poorly expressed in a number
of North-American B, burgdorferi strains (4). Despite these limitations, the proposed criteria for a
positive immunoblot in late Lyme disease-- at least 5 of 10 specified 1gG bands —seemed 1o stand up
reasonably well in other laboratories {5). Therefore, the Work Group proposed that the criteria of
Dressler et al. be used to interpret IgG immunoblots in the interim, pending further studies.

The Work Group focused on the standardization of the IgM immunoblot for early Lyme disease.
Preliminary data, presented by Russell Johnson, suggested that relatively simple critena could be
used for [gM immunoblot interpretation (6). Accordingly the Work Group conducted two studies:

1. A multi-centered, blind-coded study of the IgM response in early disease, comparing the
performance of the criteria of Dressler et al. and Engstrom et al. for immunoblot

interpretation (3,6).

2. A comparison of the expression of proteins of diagnostic importance by B. burgdorfer:
strains commonly used for Lyme disease serology.
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in Early Lyme Disease

Design

FPariicipating Laboratories. Tive academic laboratories tested the serum panel. These laboratories
are located at the University of Minnesota, Minneapolis, MN; Tufts/New England Medical Center,
Boston, MA: University of Connecticut Health Center, Farmington, CT; New York Medical
College, Valhalla, NY: and State University of New York at Stony Brook, Stony Brook, NY,

Serum Samples. Each laboratory tested 212 blind-coded serum samples. Acute and convalescent
samples (140) were obtained from 70 patients with erythema migrans, 50 of whom were confirmed
to have B. burgdorferi infection by culture of skin biopsy specimens. The remaining 72 specimens
were duplicates of the abave and controls. Further characteristics of this serum panel are described
elsewhere in these Proceedings (7).

Test Methods. Based upon the results of an Academic Reference Center/ CDC study, each
laboratory used a two-test approach for analysis of serum samples (7). The first test was to be a
sensitive “in house” IgM ELISA, Samples that were judged positive or equivocal by ELISA were
to be tested by IgM immunoblot. Each laboratory employed the methods and strain of B
burgdorferi routinely used by that laboratory for both tests. All protein bands scored positive on
the immunoblots were reported to the CDC.

Data Analysis. The frequency of recognition of al] proteins was calculated. Antigens were ranked
in order of diagnostic utility by their ability to distinguish Lyme disease cases from controls (chi
square) for each lahoratory. The performance criteria for blot interpretation of Dressler et al. and
Engstrom et al. were compared. The performance of many other criteria were also examined, the
two best of which are reported below,

Resulis

The ELISA and immunoblot results of three of the five laboratories were used in the data analysis,
The results of one laboratory were not uscd because a single recombinant-antigen was used in the
ELISA; the results of 4 second Iéﬁﬁwétﬁgf%"ﬁ& used because specialized equipment (an4mage
intensity analyzer) was cmployed in the test A different strain of B. burgdorferi was used by each
of the three laboratories (297, 2591, and G39/40),
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IgM ELISA RESULTS ALONE
Number Positive, Number Positive + Equivocal
(Percent Positive, Percent Positive + Equivocal)

Lab Strain Acute Convalescent Healthy Controls
n=82* n=8§2* n=48*
1 297 33,40 (40,49) 67,73 (B2, 8%) 0, 4 (0. 8)
2 2591 46,46 (56,56) | 71.71(87.87) 3,3(6.6)
3 G39/40 32, 54 (39, 66) 72, 76 (88, 53) 0,3 (0, 6)

* Includes 12 duplicate specimens in each group
Sensitivity (mean % positive, mean % [positive + equivocal]) acute: 45%, 57%; convalescent.

86%, 90%.
Specificity (1 - mean % positive, 1- mean |% positive + equivocal] contrels). 98%, 93%

IgM IMMUNOBLOT RESULTS
(ELISA POSITIVE AND EQUIVOCAL SPECIMENS)

Criteria: =2 of (OspC, 41, 39 kDa) bands present
(Engstrom et al.)

Number Positive (Percent Positive)

Lab Strain Acute Convalescent Healthy Controls
n=82 n=32 n=48
1 297 32 (39) 64 (78) 0 ()
2591 43 (52) 70 (85) 2(4)
3 (330/40 26 (32) 45 (56) 1{2}

Sensitivity (mean % positive): acute, 41%,; convalescent, 73%
Specificity (1 - mean % controls). 98%
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Criteria: =2 of (18, OspC, 28, 37, 41, 45, 58, 93 kDa) bands present
(Dressler et al.)

Number Positive (Percent Positive)
Lab Strain Acute Convalescent Healthy Controls
n=§2 n=§2 n=4§
297 35(43) 66 (81) 0(0)
2 2591 42 (51) 68 (83) 2{4)
3 (339/40 30 (37) 35(B7) 1{2)
Sensitivity (mean % positive): acute, 44%; convalescent. 77%
Specificity (1 - mean % positive controls). 98%
Criteria: 22 of (OspC, 41, 37 kDa) bands present
Number Positive (Percent Positive)
Lab Strain Acute Convalescent Healthy Controls
n=82 n=8§2 n=48
| 297 35(43) 65 (79) 0(0)
2591 42 (51) 66 (81) 2 (4)
3 G39/40 28 (34) ' 50(61) 1(2)
Sensitivity (mean % positive) acute, 43%; convalescent, 74%
Specificity (1 - mean % controls): 98%
Criteria: 22 of (OspC, 41, 39, 37 kDa) bands present
Number Positive (Percent Positive)
Lab Strain Acute Convalescent Healthy Controls
n=§2 n=82 n=48
297 35 (43) 66 (81) 0 (0)
2591 43 (52) 70 (85) 2 (4)
3 G39/40 28 (34) 50 (61) 1(2)

Sensitivity (mean % positive): acute, 43%. convalescent, 76%
Specificity (1 - mean % controls) 98%

Precision analysis. There was a very high concordance rate on immunoblotting for the 12 pairs of
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duplicate specimens in each group. For this analysis, the criteria for a positive immunoblot
employed were those of Engstrom et al (2 ol Osp C, 39. 41 kDa bands) One laboratory had 100%
concordance on all duplicate specimens. On the acute specimens, one laboratory had one
discordant result (97% concordance). On the convalescent specimens, one laboratory had 2
discordant results (94% concordance)., On the control specimens, one laboratory had one
discordant result (97% concordance). The overall concordance rate for the testing of all the
duplicate specimens in all the laboratories was 96%

Discussion

The purpose of this study was to determine the performance of various criteria for a positive Ighd
immunoblot in early Lyme diseasc for those specimens which previously had tested positive or
equivocal by IgM ELISA. The desire was to comhine good performance with simplicity. In order
to permit uniform application of diagnostic criteria between laboratories, it was also deemed
desirable to adopt standards which employed proteins for which monoclonal antibodies existed.

The results of this study confirm that, in general, antibody testing is an imperfect method to
diagnose Lyme disease in its earliest stages. Specimens from patients with acute Lyme disease
demonstrated less than 50% seropositivity no matter which criteria were emploved, This low
frequency, also observed by others, reflects the absence of detectable antibodies in the first days of
infection using methods that afford acceptable specificity (8,9). In some cases, it may represent
abrogation of the antibody response by appropriate and successful antibiotic therapy since only
approximately 75% of the convalescent specimens were positive by immunoblotting,

The sensitivities and specificity obtained in this study were very similar to that obtained by

Johnson et al. in comparing the same three strains using the criteria of Engstrom et al (7). This

suggests that the true sensitivity and specificity are very close to what we have observed (sensitivity
L WL ol b A .ur'i.}|_“'|.__-“:.. - e '

acu , convalescent 73-77%; specificity 98%) and that the differences among the

laboratories to some degree reflect differences in the strains employed.

In general, there was good concordance of results among the 3 laboratories and high precision
{96% overall). The laboratory utilizing the G39/40 strain performed less well, especially with the
criteria of Engstrom et al. This-is a reflection of the inefficient expression of the P32 antigen in that
strain, as demonstrated elsewhere in these Proceedings (7). The more complicated criteria of
Dressler et al., developed for use with strain G39/40, performed better than those of Engstrom et
al. when this strain was used as antigen. If'the presence of = 2 bands of (Ospe, 41, 37 Rda) was
used to judge an IgM blot positive, test performance was essentially equivalent to that using the
critena of Engstrom gt al (6). There was a shightimpravement in sensitivity using the criteria of =
2.of 4 bands(OspC, 41, 3937 kDa), but this improvement was not statistically significant (chi-
square).. A disadvantage of the criteria employing P37 is that there is no monoclonal antibody vet
available for this antigen.

Regardless of the criteria utilized, the specificity of the two-step approach to IgM testing in the
multi-centered study was very high (98%). However, this specificity was calculated using serum
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samples from only normal controls (healthy blood donors).  With normal and disease controls. th
specificities of the IgM criteria of Dressler et al. were 100% (n=125) and 99% (n=100),
respectively, for the two-step procedure (3). Engstrom et al. also evaluated their IgM immunoblot
criteria with serum samples from both healthy blood donors {n=75) and disease controls (n=84)
The specificity for healthy donors was 100% and for disease controls was 95% (80/84) for the two-
step approach (6). False-positivity occurred with serum from patients with infectious
mononucleosis (2/12) and tick-borne relapsing fever (1/2), specimen types not represented in the
study of Diressler et al., as well as with rheumatoid arthritis (1/16). Additional data on the
specificity of the two-step approach, using a sensitive ELISA based on a flagellar preparation 1s
included in the addendum (CDC, unpublished). In this stud ¥, the specificity of the IgM tests using
the criteria of Engstrom et al, was 100% for healthy blood donors (200/200) and 93% for disease
controls (183/196). If samples from patients with tick-borne relapsing fever were excluded from
the calculation, the two-test approach was 98% specific. The specificity of IgM immunoblots for
disease controls would have been only 89% it an ELISA had not been performed as a first step
(data not shown). Similarly, the specificity of IgM testing of healthy blood donors by Engstrom et
al. would have been reduced from 100% to 92% (59/65) 1f the immunoblot results of all samples
were included in the calculations, not just those that were positive or borderline by ELISA 1t s
important to screen out weakly reactive samples by ELISA, especially for IgM, when blots are
scored visually,

The multi-centered study was not intended to compare ELISA testing to immunoblotting.
However, the results show a higher frequency of true positive ELISA tests, especially in the
convalescent specimens. The laboratories that participated in this study have extensive experienct
using ELISA testing for Lyme disease, which may account for the high sensitivity and specificity of
the ELISA in this study. Specificity was lower (93%) if both positive and equivocal ELISA resulis
were used and would likely be even lower if control serum from patients with infectious and
autoimmune diseases had been included (10). The use of ELISA testing alone has been previously
noted to lack specificity and to exhibit significant interlaboratory variability (11). Furthermore, as
reported in these Proceedings, the ARC/CDHC study showed that the laboratories which employed a
two-lest approach, using ELISA and immunoblotting, achieved & higher accuracy than those using
ELISA alone (7).

Conclusion

A two-step approach utilizing a sensitive ELISA test and a confirmatory immunoblot increases the
accuracy of Lyme disease serodiagnosis. The simple criteria for a positive IgM immunoblot of
Engstrom et al.. which use three antigens for which monaclonal antibodies are available, performs
as well as the more complicated criteria of Dressler et a] Therefore, it is recommended that the
criteria for a positive 1gM immunoblot for early Lyme disease be the presence of > 2 of 3 bands
(OspC, 41, 39 kDa). 1gG immunoblotting can be used in the diagnosis of both early and late Lyme
disease. Interim use of the criteria of Dressler et al to mterpret IgG immunoblots is recommended.
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ADDENDUM
{Unpublished dals, Coe)
gpecificity of the two-test gpproach; immunoblotong of samples positive of equivocal by FLA-ELISA.
[1zM immuncblot interpretation criteria of Engstrom ef al. and 1gG criteria of Dressler ef al.}

= - et gt I
l_ B T specificity, % RS
Serum Source (reactive samples/lotal®) Comments .
Autoimmune Disorders ’
SLE 100 (0/41) |
RA 97 (1/35) 1 1gM+, 0 1gG
85 100 (0109 _l
FS 100 (0/2) J
Eptuspunsis o4 (2732} 1 1gM=, 1 1gG+
Periodontitis 100 (0/9) _l
E:lapsi:ng Fever ' 52 {11/23) 10 1gM+, 4 TgG+, 3 Both+
Syphilis 94 (/17 1 1gM+, 01gG+
Tularemia 100 {010
Other * s _lr_ 100 (017 -
Total, All Dnscases a2 (15196) 13 g+, 518G+, 3 Both+
Total, All Discases Excepl
RziaEsinE Fever | =_9'B {4/173) 3 g+ LI§G+
Healthy Blood Donors -[_ gl 100 ngﬂm ______% e .

ELISA antigen was & flapellar preparation from B. burgdorferi stain B3 1.

Sample size. 111 individual disease controls and &3 repeated specimens fo=196)% 113 individual healthy blond
donors and 87 repeated specimens {n=200) for precision analysis,

BEEY = systemic Tupus erythematosus
RA = rheumatoid arthritis

55 = Sjbpren’s syndrome

F5 = Felry's syndrome

Tick-borne relapsing fever

Includes various theumatologic and dermatologic conditions. Patents were from CO, MT, and WY, areas where
Lyme disease is not know Lo be endemic,
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| Immunoblot Interpretation Criteria for Scrodiagnosis
of Early Lyme Disease
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Dvvpuretencens uf Mierabiclogy. Universite of Minacioe Mediond 8ot aned
Cemputer Science Departeient, Univerviey of Mosnesons,
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We monitored the antibody responses of 55 treated patients with early Lyme disease and physician-
documented erythema migrans. Six sequential serum samples were obtained from patients before, during, and
until ene year after antihiotic therapy and analyzed by in-house enzyme-linked immunosorbent (ELISA) and
immunublot assays. An immunaoblot procedure utilizing a gradient gel end an image analvsis system was
developed. A relalional database management system was used to analyze the results and provide criteria Tor
early disease immunoblot interpretation. Recommended criteria fortheimmunoglobulin M (1M} immunoblot
are the recognition of two of thiree proteins (24, 39, and 41 kDa). The recommended criteria for a positive IgG
immunoblot are the recognition of two of five proteins (20, 24 [>19 intensity units], 35, 39, and B¥ kDa),
Alternatively, if band intensity cannot be measured, the 22-kDa protein can be substituted for the 24-kDa
protein with anly a small decrease in sensitivity. Monoclonal antibodies were used to identify all these proteins
except the 35-kDa protein. With the proposed immunoblot interpretations, the sequential serum samples were
examined, At visit 1, the day of diagnosis and initiation of treatment, 54.5% of the serum samples were either
IgM or IgG positive. The peak antibody response, with B0% of the serum samples positive, occurred at visit 2,
B to 12 days into treatment. The sensitivities of the IgM and 1gG immunablot for detecting palients that were
seropositive into the study period were 58.5 and 54.6%, respectively, at visit 1 and 1009 at visit 2. Twenty

percent of the patients remained seronegative throughout the study. The specificities of the Ighl and IgG
immunoblots were 92 to 94% and 93 to 96%, respectively. The IgM immunoblot and ELISA were similar in
sensitivities, whereas the IgG immunoblot had greater sensitivity than the IgG ELISA (P = 0.006).

Lyme discase, a multisystem disorder caused by infection
with the spirochetc Bomelia burgdorferi, is the most common
vector-borne disease in the United Stares today. The diagnosis
of early Lyme disease is usually based on the presence of an
expanding crythematous lesion, erythema migrans (EM).
However, this clinical marker may be absent in spproximarely
20 to 40% of paticnts. Although the diagnosis is primarily
based on clinical findings, it may be assisted by the results of
serological tests. The enzyme-linked immunosorbent assay
(ELISA} has been widely used for detecting antibodies to &.
burgdurferi. These assays are not standardized, resulting in tests
with various levels of sensitivity and specificity, Some of these
tests may result in false-positive reactions, especially when sera
are from persons with other illnesses such as syphilis, sarcoid-
osis (1B), or viral illnesses (21, 26).

The Western immunublot has also been used by investiga-
tors to study the antibody response to infection with B. burg-
dorferi, with variable results. This test has been reported (o be
more sensitive than ELISA for immunoglobulin M (IgM) de-
tection (11, 14, 22) and can identify false EL1SA reacrions (11,
27). Karlsson et al. (15) reported that the immunohlor was
more sensitive bul not more specific than whole-cell ELISA in
diagnosing early Lyme disease in Swedish patients with neu-
rological involvement. [nfgontrast, Dressler et al. {6) reported
that the immunoblot can be used to increase the specificity of
current serological testing for Lyme disease and have proposed
interpretation criteria. However, their propused IpM interpre-

- Curr::!.pt:.-nding author, Mailing address: Box 196 UMHC, 420 Del-
aware Street, 5. E,, Minncapolis. MN 55435, Phonoe: (012} A2-TR44,
Fax: (f12) 626-0622,
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lation criteria resulted in a low sensitivity (32%) in early dis-

ease, ‘Aguero-Rosenfeld 1 al. (1) used a commercial Ig immu-
noblot to test patients with EM end reported that the
immunoblot was more sensitive than the ELISA.

Differences in the interpretation criteria and antigen source
for the immunoblot have led to confusion about the usefulness
of this test for the diagnosis of Lyme disease. The difficulty of
immunoblot interpretation is compounded by the problems of
identification of protein bands and of defining when to con-
sider a weak band present or absent. Some rescarchers dis-
count all weak bands but fail to define intensity quantitatively
{68). Densitometric studies (36) have amempted to define the
significance of strong versus weak bands, vet no standard
method for counting or discounting a band has been proposed.

Standardization of the methodology and interpretation of
immunoblots is necessary for the efective use of this assay in
the serodiagnosis of Lyme disease. We describe and compare
immunohlot and ELISA results of sequential serum samplcs
frum 55 paticnts with early Lyme disease who presented with
EM, utilizing an image analysis system and a database man-
agement system. Immunoblot results were examined statisti-
cally, and various interpretation criteria were evaluated for
their sensitivity and specificity for detecting antibodies in early
Lyme dizease. Criteria for the interpretation of the IgM and
[gl immunablor for the serodiagnosis of early Lyme discase
are proposed.

MATERIALS AND METHODS

Bacterial culture and antigen preparation. & barpdorfen sensu sinctp 297 8
human spimal Aud iselaie from Conneczicur (32). was culrured o 30°C in Bars
bour-Slvenner-Kelly medism (2] with minor modificatiens (3, Low-passage 3497
(fewer than 10 pussuyes in vitro) was used for the immuneblol, and high-passage
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2 45 ALG(AS) 41 (23] Thd <20 290 (18]
1 s @l L33 MLTE2Z) T3 ALS(IT)
1 5s 4R1(28) 3LS(17) S03031) 204{1L)

4, &3 470 () 17009) S92 LAy

& 52 12240) LRy 192410 L)

Healthy donors 75 00U} 131 13 0.0 (0
Other illnesses R4 127 (10 202 (17) 29023 S1(Y

“p = 79 for this group; ELISA [gM was not tested] for & of the 84 serum
samples [rom persons with wiher Hinesees.

297 (more than 50 passages in yitra) was used for the ELISA Farly-iog-phase
bacieria 15 1o 7 days] were harvested by centrifugation a1 °C, The peliet was
waghed (hree times with is-cold phosjinale wuEered saline (PHEA, pH 7.2). The
Final suspension m 0.063 M Tris was mriied well, and aliquos (50 pl) were stored
at = 70C. The protein conlenl {micragrams per rmucroliter} was determined with
u delergemi-compatile prolein assay {Riu-Rad, Hercules, Calif) aearding (o
manutaciurer’s insructions.

Serum samples. Sl sequential sScTUm sampkes per palient (35 set. a total of
K serum Samphss) were awiluhle from an early Lyme dizense treatment study
{23} Papents enelled in the study had physiclan-dovumented EM and received
anlissotic reasment for 20 days (300 mg of cefurasime mwice a day or 190 mg of
dosyrycline three times a day]. Serum samples were collected at visit | (W1, the
day tresiment was initiated], V2 (day B w day 12 into (reatment). V3 {day L 1o
day 5 postireiment [FT]), Wd {day 30 FT} V5 (day 90 FT) and W6 {1 year FT).
All exeept five patients responded satisfaciarily o arithiotic (reaiment as &s-
sessed at Wé, Serum samples trom healthy donors (normals) wers collected by
the Rerl Cross from an area of nonendemicity for Lyme diseass (8 = T5).
Potentially cross-reactive samples (5 = 34) were coliccted fram patients with
rheumatoid arthrits (n = 18] gystemic lupus erylhemalosus in = 5), mulupie
sclerosts (m = 10), syphilis (v = 29), relapsing fever (r = 1), infectous MORD-
pucieosis (5= 12} leptospiross n = €), and group A streplocoeal sequelas
(rn = &)

MAbs. Monoclonal antibodiss {PLABS) were used 1D identify proweins of B
burpdorferi 297. H9724 (fagellin, HII32 (UspAl, HSTS (OspB). and P30 (34
kD) were kindix provided by T. Schwan, Rocky Mountain Laboratories, Ma-
wonal Insumute of Aliergy and Infeciious Dizeases, Hamilton, Mont; CB312
(Drak), CB4E2S {22 kDaj. and CH29 (19 kDa) were provided by 1. Benach, Tew
York Depariment of Healll, Sony Brook. Fala (22 kila) and O6Zs (6 KDa)
were provided by T, Masuraws, U niversity of Shizuoks, Shiruoka, Japan; I (B2
to 53 kDm) was provided by D, Velkman, Srate Univeraty of New York, Stony
Brook, L12 1F& (Ospl) wes priwided by B. Wikke. Perrenkaler-1nstitai, Lini-
vertity of Munich, Munich, Germany; 86 DM-1 (15 bra) was provided by F.
Dulfey. Depanmeant of Health Services, Berneley, Califs 1B4.1 {OspA, 27 klla)
was provided by B, Lull, State University of Mew York, Stony Broak; and 2407
g..‘& kDa) was provided by ;. Habichr, State University of few York, Stony

ook

ELISA ELISA was perlormed as described previously [10) on Lyme disease
gamples (55 o0 V1, 55 on V1, 54 on V3 £4 pn Wa, 51 on V5, and 52 on W),
healthy Blopd donors. Bnd persons with other illnesses. Huefly, a whole well
gonicate Titrate of B burpdorfer THT was the antigen source, The w-well mUETo-
titer plates were costed with 05 g of protein per well of the sonicaue fillrale
{022 pm) and dned avernight uncovered at 37°C, The plates were blocked with
1% horse serwm, washed four times with [¥5 Tween 20-PHS, incubated wilk
g 1200 dilution of patient seram for 1 b, and washed five times with 0.05%
Tween 2-PHS. After this, ihe wells wers incubated with homseradish peronidase-
ronjugated anti-human 1gh o {gr, washed Fve times. and incubaied with
peroxidass substrate. anl the optical density was determmed a1 405 am. An
pptical densiny ol 3 seandasd deviations of greater above the mean optical densit
af 200 =s=rum speeimens from Red Cross healithy blood donors was consulered

posative, Berween bwo and thres standard deviatens above the sme mean Was
considered borderline Less 1han ren siandard devistiens above the mean wat
cmsidered negalive,

BTI5-PAGE, Sothum dodecyl sulfale-polyacrylamide gel elestrophorese (5DG-
PACIE) was carried oun a3 described prewiously (131, Briefly, proteins were
separared with a linear gradiem polvacrvlamide gel (7.5 o 15%) {120 with &
|hickness of 075 mm, The gris were poered in a multiple gel caster (Hoefer
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Bugewdorlr 20T was M bl apgieapd N (TR | BRI
A B bris, 30 Sl Vo] b les el B RTHS (LR (Y
it B Pt e 2 Vel gol g T IR R
ol sl RLBERIERI

liadied vt the el amd TR T L
LRk wars frabasd imtin gl PETTL R TN Lleerrisplniresis by L AT ETL ERIER
bufler system i Lagrimsli il wis aprpisd ait ot 5 sy cofslant ..-r-'u.-u'._ per
gl it P LompreTaluiL BT apprmach | 5 hoantil the abve frons poeies 1he
Rkt of the pl.'l. Foblis g .;Il.'c':llr]"|'lllf'-'\l'-- priny [ pranelerred Lo -
matknlon B Mallpore Corpe, Foollord, Mass ol 1A dn® b min b 1he mthosd ol
Towhin el ol (31 The standard e and (he sides ol U ol wers cui uff the
marmirane, sashed, and sumed wiik Ty ink. The center ul the memhrane
CRamIAIMEnE Tl Jm LG SECRIEn Wil i on Blies papet and storgd in 2urk
place fur up w4 woeks 3l rownm Lemperature

Wesiern immunghlol, Humon serm samphes, including those fuom Lyme
discase putisnts 55 on V1 55 4 V2, 54 0n W3, B on Vi &1 pn W44 on Ml
feom healthy Blood dunars, and liam persiss with b filnesses, Wers examined
b immunablol for FRaciviy 10 PFIEENNS of B furpdorfen 297 Twn SCEUM Hafh-
ples from W5 and three samphes lram VA yesied by ELLGA were unar ailakle for
L nenlat testing. Prior i immunohliob. e BRLIEER SECLION WaS Tl wed & the
1op unct buttom, with the Indin ink-stained sections is puides. fn laies LrrmTing
A L0.f-cm neight, which contained profeins TANEINE from tess than 10 kD8 o
greater than L0 kDo, was kept, The antigen seetion was pewel with 0.5% Twesn
—PES for 75 min, The blos was then blocked fur | Bwnh 0.5 watan! noniat
diry milk in Tris-pufierad saline [TDS: 2 mi Tris, 500 mM Mall jpH 7.5]; ana
washed For 43 min with 1119 Tween W TRS, Afier pring bocked, the g wa
yrimmed a7 the matkings on the 1op and botom. The remaining secton wis tl
inte 3- to d-mm STips japprogmately 1010 11 ug af pratein per steip). which
were numbered and incubated for 1 B aith human s=aum sampies, at & Giluion o
12400 {5 gl of serum plus 2 mi of 0.5 instant nonfa dry milk @ 7 B3] 10 ey
{Accutran disposable inculation trays: Schieiche: and Senuell, Keene, H.HL
The strips were then wached rwice for § min ach with & 15 Tween 20-TD5, afte
which they were incubated with 2 m! of alkaline phm;hatuﬂz-:oniugamé 2od
ami-human Ig0 [ 1:0,000) or 1ght {1:5.000) {Kirkegaard and Permy Laboraons
Graithersburg, Md.) in 35 insteEnt nonfar dry mitk in TES for 1 h. The stop
were washed owice for § min with 0,15 Tween 20-TRS, rwics for 5 min with TH!
and madce [or & min with barbinl bufer (150 mM sodium barbial {pH Pt
Colos wih develnped for 20 min at 7 g I3C with a developing solulion
g 0f nitrablue etrazolium per ml, 150 pg of 5 pramo-4-chlore-3-indalyin
phate per ml, and 813 up of MgCly - 6H.0 per ! in barbital pufer, Conteol
immunoklol ineensity development fime was kept consisient by 1he use af ma
erate IgM- and [gG-positive human cantrel sera with band meactivities of vana
imiensities, Strongly positve conteol sera wers unsatisfactary fov 1his purpo
becanse culor development pecurred tod quickly and jed o difficulty in mssessi
aror development whih sera containing kower levels of antibodies To facilin:
easier and more Bscurate band iddentifieauon, control strps wers placse al &
fiest, middle, and lasy sirips of the immunoblat

Immunoblot analysis, A video optical scanting gysiEm consisung of a vid
cnmera [ 500 lines resalution; Panasomc WYBLSIRIL videodigitizing sirouii, o
crocompuier (Maciniosh 1ici), Imape public domain software {20, I9), 2
Naticnal Center for Supercomputing Apphcations (NCSA) GelReadel solrw:
were utilized. NCSA GelReader was ueed 10 ohtain the mulsculas weight @
imensity of cach prolgin on each immunubiot siAp The intensity was s21.0
gray scale of 112 250 wnits, The peak of each band was seiecied for the inten
rending. Three pasitive [§5 eontrol sirips en gath blot were psed w entfy B
gifferent proteins of & burgdorfen (8, T3, 88, 41, 39, 34, 31, 24 and 20 k1
which were usedl as glze markers. These ning proizins had been previd!
idenificd with MAks, The kowest imensity reacing (packground) level on =
plat wae set as 1 intensity unil, and all other readings were adjused accordin

Band and intensiny information and ELISA serotogy resulis for all pal
samples were stored a0 an Inpres pelatnal databese MANAEEMENT SVslEMD. :
datebase management SySLEm Wik wsed Berause its quenying apabilitizs sllo
jmumunobior band palerms comman 1o sel of patienis o be extracied from
databuse and summarized,

Siatistieal mmabysis. To determine which proteins were signifizant marker
carly Lyme disease, the freguencies of reaciivly for each proiein with L
divease $erR 07 normal sern WETE compaied in 2-py-1 conlingency tables £
analysis

RESULTS

We cxamined sequentia] serum samples from 55 pati
with carly Lyme disease and physician-documented EN
ELISA and immunoblut. This patient set was selected frg
larger group of 123 palients from a 1-year clinical antim
trial (23). The sample set was naot rundomly chosen,
patients with serum samples availahle from each of the six
puints {¥11o VE ) wiere more likely To be included in the 50
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PABEL, L FLISA wd eneviobing resyles for Prormins il resses otlies thaog | VATE ¢ jsiifag
Ml e b
i s i

Bull Bilasa, [P B O S b Fufo iy
Svplole 21 . 15 1 t]
Bhwewmiid arthrinis it | (23] 1 b5 124}
Infvcimes mommae e 25 24, 05, 67} H] LA Il
Multiple sclerms (1] 1] H 1) 2R 2Y
Luepiosperosiy fi I (A2} ] H L inly
Heslmic fupus L3 i} {1 I3 | (33}

ervibicmutasus

Group A strep sequelas 4 0 L 0 L
Relapsing Fever 2 | {hH) 2 (68, 69) 1 [BH) I {6%)

* Mumbers in purenibeses are indwdial pateent identifzation numbers

hAL-mrlJlng W Lhe puectee 1pM immiunoblot intespretalion eriteron two of three protems (41, 39, and 14 kDha).

* According b the positive [p0 immasobilio) snerpreLation criteisn two of five
“ Al thres syphilis patients tesiing ELISA LgM positive were also 1gG ELISA p

EL1SA. Prior to treatmens (day treatment was initiated al
W1, 25 of the 55 paticnis (455%) had a positive IgM or IgG
antibody response by ELISA (Table 1), Tweive {21.E%) of the
patients had a pasitive response only for Igh, and six (10,99}
patients had 3 positive respense only tor IgG. Seven patients
(12.7%%) were positive by both [gM and lglG ELISA. Scven
patients (12.79) had either a borderline IgM or & borderline
IgG response, and 23 (41.8%) had a negative response at V1),
Alter B 10 12 days of treatment (V2), 32.7% (18 of 55) of
patients seroconverted 1o either a positive IgM or a positive
IgG ELISA result. The percent of patients with a positive 1ph
or 1gG ELISA response increased from 45.5% (25 of 55) at V1
1o 76.4% (42 of 53) at V2, and this was the maximum number
of patients with a positive IgM or [gG ELISA response during
the l-year study (Table 1). Also, berween V1 and V2 the
percent of patients with both a positive IgM respunse and a
positive IgG response increased from 12.7% (7 of 55) 1w 29.1%
(16 0f 35). After V2, the percent of paticnts with a positive IgM
or 1gG response declined with each subsequent visit, reaching
alow of 19.2% (10 0of 52) at V6, 1 vear PT. At | vear PT, 12.25%
(6 of 52) of the patients were [gh positive and 8.2% (4 of 52)
were [gG positive. Twenty percent (11 of 55) of the paticnts
did not respond with either a positive IgM or a positive 1gG
ELISA arany of the six visits,

Only one of 75 healthy blood donors had a positive 1gG
ELISA result, and none had a positive IgM ELISA result
(Tabie 1). However, persons with illnesses other than Lyme
discase were more likely than healthy blood donors to have
positive ELISA results, Of persons with other illnesses, 12.7%
(10 of 79) had positive ELISA IgM results, including three with
syphilis, one with rheumatoid arlhritis, four with infectious
mononucieosis, one with Ieptospirosis, and one with relapsing
fever (Table 2). Twenty percent (17 of 84) of persons with
other ilinesses had a pusitive 1gG ELISA. Fificen of these
patients had syphilis, and two patients had relapsing fever,

Immunablat. We next investipated the use of the immuno-
blot in combination with the imuge analysis system o monitor
the antibody response in early Lyme discase, MAbs were used
to identify the location of various proteins otiliburgdorfen.297.
separated by a 7.5 ta 15% linear gradient polyacrvlamide gel
(Table 3). With this pradient gel, the 3%-kDa protein was
clearly resolved from the 41-kDa flagellin protein | Fig. 1}. The
following proteins were identified with MAbs and used as
reference markers for the immunohior 88, 72, 58, 41, 39, 34,
31, 24, and 20 kDa. By the image analysis system and with
moderately positive IgG control serum. the mean inlensity
reading for each of the nine reference proteins an each immu.

provzing {88, 34, 35, 24 (= 10 ineasuy wnits], and 20 ki3a)
oELlive.

nohlot was calculated »The BE-kDa protein hed the lowest
average intensity reading, 15 U, and the 39-kDa prolein had
the hughest.average intensity reading, 92 U A standard devi-
ation was calculared for the intensity readings of each refer-
ence protemn and used 1o assess the reproducihility of this
assay. The assay was very reproducible, wilh only 1 of the 43
immunoblots having two reference proteins with an intensiry
reading greater than 2 standard deviations from their mean
intensity readings. Of the 43 immunoblors, & had one of the
nine reference prateins outside of 3 standard deviations.

The number of 8. burgdarferi 297 proteins reacrive with sera
of early Lyme diseasc patients was determined for each of the
six visits (Table 4). Although the standard deviation is large,
the pattern observed was an intrease in the number of protein
bunds reactive with 1gM and IgG from V1 (5.8 and 6.7, respec-
tively) to V2 (9.3 and B.7, respectively) followed by a gradual
decrease in the oumber of reactive protein bands to 2 low of
4.3 on [gM and 6.7 on [gG at V&. Lower numbers of reactive
prolein bands were present in immunablots of healthy blood
donors and patients with other illnesses (Table 4). The num-
bers of [gM- and IgG-reactive bands were 3.0 and 4.1 for
healthy blood donors and 2.1 and 3.7 for patients with ocher
ilinesses, respectively,

The frequencies at which the various proteins of 8. burgdor-
feri 297 were reactive wilh the sera of ELISA-positive carly
Lyme disease patients were comparcd with those of normal

TABLE 3. Prowin location as determined by MAb reactiviny

MAD MAR Size of vur corresponding
specificity” Blot protein (kba)

D4 B2-0r3 ag
CB312 DMk 72

O62a 62 38
HA724 41 41

Pag k1 g

HSTS {hpB kx
H5332 Cpay 31

&0 DN-1 25 MR®

L22 IF8 OspC 24

1841 Cspa, 22 31
CB&S 22X 22

FP2la il i

CBag 14 0

2407 75 .10

* Proteins are sdennfied hy seee (m kilodalions) or by name
* ME, nunreactive.
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FIG, 1. A representotive immunohlal of serum samples from two patients with early Lyine discase, All six visits are shown for patient 4. and W1 o V3 are sh
farr patient B, The carresponding ELISA results for panent A are V1, 1gM positive and 1g0 negative; V2, IgM positive and Igo positive; V3, LM positve and
positive: Vd_ [gh positeve anit Tpl negative, Y5, [gM positive and IgG negatve; and Wi, g positive and 1gG negative. For patient B. the serresponding ELISA e
are ¥1, IgM negative and Ig5 negative; V2, IgM psitive and 1pG negative; and V3, Igh positive and 1¢G negative, Marksrs are deniified in kilodaltons on the

and right side=s. On the bottom of the figure. G indicates 1gG and M indicates IpM. Co the tep of the Rigure, numbers are patient visic pumbers (V1 to V). Cin

sers are labeled &8s positive 1gM, positive [pti, regative TIghl. and negative IgG.

blood donors by y analysis. Arbitrarily, proteins reactive with
samples [rom fewer than 35% of ELISA-positive early Lyme
disease patients were not studied further. The frequencies of
recognition of B burpdorferi 297 proteins by IgM and 1gG of
ELISA-positive early Lyme discase patients (V1 and V) and
healthy biond donors are shown in Tables 5 and 6, Proteins 0f
significance (P < 0.01) for the lgM immunoblot include the
tollowing, in decreasing order of significance: 39, 41, 23, 44,88,
56, 24, 37, 20, 46, and 58 kDa(TabieS). The 39-kDa protein,
in addition to being the most significant protein, was alse the
protein mast frequently reactive on IgM immunebletfor pa-
tienits with early Lyme dissase. This protein was recognized by
B4% of samples from these patients at V1 and by 54 % at V2.
In contrast, only 6.7% of the healthy blood donors’ samples
were reactive with the 39-kDa protein.

Eight proteins were found te be significant for the IgG
immunoblot in early Lyme disease. In decreasing order of
significance, they arc 39, 20, 35, 22, 56, 72, 23, and 8¢ kDa,
Again, the 39-kDa protein was the most significant, and early
Lyme disease patients’ sera reacted with this protein with a
high frequency.

Some proteins were recognized hy healthy blood donors
frequently but ar a very low intensity (weak band). while show-
ing a more intense reaction with sera of carly Lyme disease
patents. We examined the possibility that the statistical signif-
icance of these proteins could be increased by establishing an

50

intensity reading cutoff that would discount reactivilies al
background levels (Table 7). Utilizing an intensity resc
cutoff of preater than 19 U proved useful for three prob
{46, 41, and 24 kDa) on 1gG immunoblot. OspC (24 kDa)
frequently recognized at a low intensity by sera of m
healthy blood donors (495, 37 of 75) bul ooly by 3.3% {
75) with an intensity reading of greater than 1% UL Sim
results were seen for healthy blood donors with respec

TABLE 4. Average numbers of hands seen on immunobla:

Mo, of bands of indicated |

Group Vislt {mean = 50

Ig Ig

Lyme disease 1 5B =63 [
2 =T 87

3 Bl =82 B.6&

“ 6.5 =54 B.ld

5 53 = 4.8 742

fi 4.3 =33 612

Healthy donors INn=26 J
Cither illnesses 11 =30 37
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* Sers from healthy human donors wers comparsd with carly Lyme disease
sera from V1.

© Drata shown are for proteins having frequencies (percent reactive} of ot feas!
35 ar V1 or W2 and tor sera posiive by lgM ELISAL
# =, statistically significant for early Lyme discasc (P < 0.01)

flagellin (41 kDa) and the 46-kDa protein, for which P values
were decreased to less than 0.01 with an intensity reading
cutoff of greater than 19 U. Intensity reading cutoffs were not
useful for any proteins on Igh immunoblot.

Lising proteins that were statistically significant on the basis
of comparison with those of healthy blood donors for IgM and
1gG immunoblot, we examined the numbers af these proteins

TABLE fi. Frequency of recognition of proteins of B burgdorfert
197 by Il of ELISA-positive sarly Lyme discasc
sers end healthy donor sera

Frequency % reactive) of
recognition by 1gG of

Early Lyme disease

Frotein® seral Sers of healthy F value®
human donors
W1 V2 {n = T5)
{n=10 (n= 23

ae 23 15 53 1.6 1074 [V2)
2w a1 44 6.7 U051
h1:] 54 ] 45 05700
She 39 a4 53 27 w0
46 100 TO 71 0.0241
41 85 o0 4% 0.0183
9= ES 91 40 235 1073
35a an 57 9.3 LA
24 77 &3 40 00654
23+ n 35 o 88 1077
T2 46 52 g3 ESx 107t
20 ] E3 12 1.9 % 107"

“ Identified by size ir kilodahons.

¥ v from healthy human donors were compared with early Lyme dissase
sera from V1, unless specificd otherwise

T Digta shown ore for proteing having frequencies (percent reactive) of et jeast
35% at V1 or W1 and lor scra positive by [gl ELISA.

< u, gtatigtically significant for sarly Lyme disease (P < Q.01
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with which samples from Lyme discase patients reacted re-
gardless of the pattern of reactivity (Table 8), We found inter-
pretation eriteris of this type 1o be useful when the early Lyme
discase group was compared with healthy blood donors (data
not shown) but nor useful in comparisons with persons with
ilinesses other than Lyme discase. For example, at V1, 63.2%
of ELISA lgM-positive carly Lyme diseass serum samples re-
acted with any 5 of the 11 significant proteins for Ighd immu-
noblot, but only 30.9% of all early Lyme disease patients re-
acted with any 5 significant proteins. This criterion wes not
sensitive, although it was specific for early Lyme disease as only
6.0% of persons with other illnesses reacted. Similar results
were found for IgG immunoblot with any 4 of 11 significant
proteins, such that 69.2% of ELISA lgG-positive carly Lyme
disease serum samples and 36.4% of all early Lyme disease
serum samples at V1 reacted and only 8.3% of samples from
persons with other illngsses reacted,

Since the above criteria could provide specificity but lacked
a high sensitivity, we examined the reactivity of specific com-
binations of significant bands of B. burgdorfert to establish the
most sensitive and specific inlerpretation criteria for serodiag-
nosis of early Lyme disease (Table 9). The resubs of this
investigation showed that for the IgM response, the most sen-
sitive and specific criterion was recognition of o of three
bands (41, 39, and 24 kDa). When this criterion was used,
43.6% (24 of 55) of early Lyme disease paticnis were positive
at V1 (the day treatment was initiated) and 74.5% (41 of 55)
were positive at V2 (8 to 12 days of treatmen). In fact, eight
patients having negative Igh ELISA results at V1 were posi-
tive by IgM immunoblot according t© these criteria. Only one
patient converted on 1gM immuneblot from negative to pasi-
tive after V2, compared with 17 patients converting between
V1 and V2. This IgM interpretarion pattern was specific (92 to
04%) for early Lyme discase, since only 8% (6 of T3) of healthy
blood donors and 6.0 (5 of §4) of persons with ilinesses other
than Lyme discase were positive. Persons with mh-l:r illnesses
recognizing two of three {41, 35, and 24 kDa) proteins on IgM
immunoblot included two with infectious mupenuclecss and
positive ELISA IgM serology, one with rheumatond arthnitis
and pusitive ELISA IgM seralogy, one with relapsing fever and
pusitive ELISA 1gM and Igh serology. and one WJ.ThTS}';'I!IEn;.I{.
lupus erythematosus and negative ELISA Sereiop | ;i 4
Although not statistically significant, the 'SM.‘T”“E“"[;:'t'::t.“'I"
terpretation criteria appeared t0 be more sefsiIve in g

g S : han [gh ELISA since at V1
antibodies in carly Lyme disease thaf ¢ by TeM immunoblol
43.6% (24 of 55) of patients were POSHTE 25 b . THis ssrae
versus 34.5% (19 of 55) positive by ELISA TEHL .




¥
\Jl:&t g

Wi, VI A

frlond s with powmilive Lol immanaiials reanbls wirs ol
wervesl witl thest twen BIeepretelinns,

DISCUSSION

e reimed wse wl the immncehlol s pesultied trom some uf
the unecrlaintics assogiuied with the results abtined with Lhe
variewy uf ELISA and indirect immunolluorescent assays prea-
catly availshle, The immunoblot has the potential of being

more sensitive and specific than the ELISA and indirecl im-

munofuorescence assay and has been used Lo confitm results
abtained with these assays. However, the luck of standardiza-
tion of antigen preparations, techenigues, and interpretation
hus limited ils usefulness. In an attempt 1L impraove the sensi-
Livity and specificity uf the immunoblot, we vsed a linear pra-
dient gel for better resolunon uf proteins and an image analysis
system and databuse management system o develop interpre-
tation criteria, The availability of six sequentially collected
SErum SPECHmENS hefore, during, and after antibiotic treatment
from 55 patients with early Lyme disease {physician-decument.
ed EM) provided the opportunity to monitor the antibody
profiles of these patients in detail.

We first determined which proteins of 8 burgdorfert 297 that
reacted with the antibodies of patiznts with carly Lyme disease
were significant, Nexl, we examined several interpretation cri-
teria for the immunohlot, utilizing our relational darabase
management system, We found thal the number of significant

proteins a person’s Serum reacted with was not generally useful’

since the number of reactive bands required for good specific-
irv resulted in a low Jevel of sensitivity, The immunablot inter-
pretation recommended by Dressler =t al. (&) and used by
Aguero-Rosenfeld et al. (1) actvanced the following criteria for
positive immunablots: for the 1gM immunoblot, at least 2 of &
common bands in early disease (18, 21, 28, 37, 41, 45, 58, and
g3 kDa) and for the IgG immunanlot, at least 5 of 10 bands
(18, 21, 28, 30, 39, 41, 45, 58, 64, and 93 kDDa) after the first

weeks of infection. It was nat pessible for us 1o accurately

match a number of our protein bands with those described by
Dressler ¢t al. (6). For example, we found that our 88- and
24-kDDa proteins correspond to (heir 93- and 21-kDa proteins.
Hlowpver, We WETS LNCETiain as to which of our proleins cot-
respond to their 18-, 30-, and 45-kDa proteins. Accordingly, we
were not able (o satisfactorily apply their interpretation criteria
to pur immunoblots. This difficulty in matching protein bands
is prohably due to the use of different strains of B. burgdorfert
as the antigen sourve and the use of difficrent acrylamide gel
concentrations fur protein separation. 1t also emphasizes the
importance of using MAbs for identification of protein bands.

Chur study of the vse of the immunoblot for the serodiagno
sis of early Lyme discase demonstrated that relatively simple
criteria can be wsed [or the interpretation of 1gM and 1gG
immunoblots. Only two of three proteins (24 [OspCl, 39, and
41 kDa) need be recognized for a positive Ighl immunoblol
Hecognition of just wo of five proteins (20, 24 [=19 intensily
units], 35. 3%, and B8 kDia) will satisfy the requirements for a
positive 1gG immunoblot. If a laboratory is nol equipped 1o
Fyeasure intensity, then the 22-kDa protein can be substituted
for the 24-kDa protein, This substitution only slightly de-
creases the sensitivity of the 1gG immunoblat. In addition to
the requirement under he proposed interpretation for the
identification of anly # o 7 proteins, MAbs arc available for all
the proteins eacept the 15 kDa, As discussed previously, the
use of MAbs is of eritical importance for the standurdization of
the immunablot assay. On the basis of the analysis of a limited
numher of serum specimens, we found that the criterion we
develuped for the positive lglG immuncblet in early Lyme
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imotse il adsey e aprlicd e bt e disaane, AMthough
antitbaalees Lo the Y-k (0spe N amd Gde k130 (4 B prikeins
v e relamely indreguently. thase protuins Lan p iniuded
amene The signihican? nraloins reaciive i Lt discise it
al their high levels of spuciticily. espuiiliy when fhov ocur in
vindem. 10 uddition, MAaby for e ptificattion of these priteins
are availanle,

The Hagelinproteingdd wa)has been shown Lo he ane of
the [l prakeins thut antibudies are directed agiinst after
infeenan with fj.ﬂ:\&%ﬂ_{én}[ 11,17, 22, 36y, We found the
fugeliin, protein o be sipnificant for the (oW immurnoblo. [
was not s[gniﬁcﬁﬁ‘t“fﬁ?ﬁtﬁi’l‘gﬁ' irmuAaRlict onless an intensity
readingaeuiall was used. This was due to the presence of low
levels of lgﬂ':dﬁéﬁt@ﬁ aguinst the flageliin in sera from healthy
hiood donars and persens with linesses other than Lymu dis-
ease. However, the inclusion of the 41-kDa protein with an
intensiry cutoff in the criterion for a pusitive 1gG immunobint
did nat improve ine specificity of sensitivity of the proposed
interpretation. Similar results were observed with the 46-kLJa
protein. which required an intensity level cutoff in order 1o be
sipnificant far the IgG immunoblot.

‘Another dominant antibody Fesponse in-early Lyme disenase
is directed against The European investigatars Wilske
et al. (35) and Fuchs et al. (&) were the first 1o descripe and
characterize this immunedominant antigen. originally referred
1o as pC. Morth American investigators have also described an
early and dominant antibody response o this protein in pa-
Lents with Lyme disease (1, 6.9, 24). However, the eXpression

__af this protein i variable, and it may be poorly expressed in

grrains that have been passaged many times in vitro (12, 25, 28,
34). We have used low-passage in 297 for 0 it tmmiunoblol
<tudies, breause CspC-is the major protein expressed Whercas
our high-passage 287 expresses this prorein at a low level
Using this low passage strain, we observed a SUTONE, specific,
and frequent Ighl response Lo the 24-kDa protein (OspC) The
IgG response 10 OspC was also strong and frequent in patients
with®early Lyme disease, bul a respimnac also occurred at a low
intensity in healthy blood donors and persans with other ill-
pesses. In order to include OspC as & significant reactive pro-
tein for the 1pG response, it was necessary 1o use an intensity
reading cutaff of greater than 19 U.

Simpson et al. {31) reparted that the 39-kDa protein is
specific for B, burgdorferi and is strongly serologically reactive,
Ma et al. {17) found the 39-kDa protein tu be the most signif-
jcant marker for Lyme borreliosis, with approximately 0% of
serum samples from patients with early disease reacting with
this protein. Aguero-Rosenfeld et al. (1) reported that anti
hodies against the 39-kDe protein were nbserved in 35% of
1gM and 26% of lgl - munoblots during the acute phase of
carly discase, In canliast, Diressier-er al. (6) did nol ohserve
antibadies reactive with the 30-kD4 protein in palients with
earlv Lyme disease. We found the 39-kDa protein to be the
most commaon specific marker for early Lyme disease on both
igh and IgG immunablots, These variable results could be
atiributed Lo the lack of resnlution of the 41- and 39-kDa
proteins in gel concentrations of less than 12.5%. Wariations in
the expression of this protein in the strains used may also be
important.

W found that the immunobliot was both very sensitive and
specific for detecung aptibadies in patients with early Lym g
disease, Hesults from our propused critena for immunoble
interpretation wers compared with results from our in-house
ELISA. We found the immunablot to be mors specific than tne
ELISA. ln nur goatrol group of B4 scrum specimens from
patients with illnesses that might resemble Lyme disease, the
specificities of the lgM ELISA and the 1gG ELISA were g7
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" Slgnificant IgM proteins incluge BE, 58, 54, a6, &4, 41, 3%, 37, 74, 73, and 20 kDa; significant 10 prowcing include S8, 72 56, 48 (219 U, 41 (200 U, 3, 32, 24

(= B9 L}, 35 22, and 20 kDa.

trend was seen at V2, when 74.5% (41 of 55) of early Lyme
disease patients were IgM immunoblot positive versus 63.6%
(35 nf 55) positive by ELISA Igh.

= - L LT PE g o Piﬂl < s
“Iﬁmun:ihlm at V1 \rersus 23.6% (13 of 55} poﬁuvf by EﬁS‘A

IgG (P = 0.026). At V2, 80.0% (44 of 55) of early Lyme disease
patients were lgG immunoblot positive co ith 41.8%
123 of 55) positive by IgG ELISA (P -::‘EIB% ew healthy
blood donors or persons with other illnesses I'.:atl:d IgG immu-
noblot positive with this IgG interpretation criterion (4.0 and
1.1%, respectively). Persons with ather illnesses testing 1gG
immunoblot positive included two with multiple sclerosis and
negative ELISA serology, one with svstemic lupus erythema-
tosus and negative ELISA serology, one with leplospirosis and
negative ELISA serology, one with relapsing fever and positive
ELISA IgG serology, and one with rheumatoid arthritis and

positive [gh ELISA serology (Table 2). Cwverall, ane patient
with rheumatoid arthritis had both IgM and [gl immunoblior
and ELISA tests positive,

Since the IgG immunoblot criterion requires an image anal-
ysis system to analyze the intensity of the 24-kDa protein, it
may nat be useful to laborararies without this ability. We faund
that recopnition of rwo of the five proteins 88, 39, 33, 22, and
20 kDa was only slightly less sensitive than the previously
mentioned [gG immunoblot interpretation criterion. This pat-
lern replaces recognition of the 24-kDia protein at an intensity
greater than 19 U7 with recognition of the 22-kDa protein at
any intensiry. Aceording to this Ip(i immunohlot interpreta-
tion, 40%% (22 of 55) and 76.4% (42 of 55) of V1 and V2 serum
samples were positive, respectively, This compares favorably
with the previous pattern incorporating intensity measure-
ments, according to which 43.6%: (24 of 55) and R (44 of 55)
of serum samples at V1 and V2 were positive. According Lo this
muodified IgG immunoblot interpretation, one additional pa-
tient with other illnesses became positive, resulting in an 8.3%
{7 of 84) reactivity. No difference in the numbers of healthy

TABLE 9. Use of patterns for interpretation of IgM and 1gl immunoblots

& Immunoblol gositive {na. positiveso, tested)

Group Visit ELISA result®
Iohi" [l IgM or lgG4=
Early Lyme diseass 1 Fus,, bord., or neg. 43.6 (24/55) 43,6 [24/55) 54.5 (M55
1 Paos. B4.2 (16/1Y) T (10:13) HNal
1 Bord. 0O {01 B6.7 (273 NA
1 Neg. 72,9 [8/15) 30,8 (12730 NA
2 Fos., bord., or neg. 74.5 (41/55) B0 (44455 B0 (L4/55)
2 Fos. a7.1 (3/35) 1.3 {21/23) M
2 Bord, B6.7 (46 Q0.0 {9710 ™A
2 Meg. 214 (14) 636 (1422) NA
3 Pos., bord., or neg. TLZ (3W53) Toh (43454 BOG{43/54)
4 Poe., bord, or neg. 593 (32454} 778 (42/54) BILU {43/54)
3 Pos., bord., or neg, 41.2 (21/51) G686 (3551 T25 {3751}
& Fos., bord., o1 neg. 6.5 (13M4%) 45,0 (2449 59.1 (2948
1-2 Fos., bord., or neg. T4.5 (41/55) B0 (44/55) MA
14 Pos., bord., or neg. Th.4 (4255) BL.E (45/55) M A
Heahhy donors Pos., bard., or neg. R.O[6T5) 40375} 12.0[W73)
Dither illnesses Fos., bord., or neg: 6.0 (5584 7.1 (604} 115 {1WB4

* Refers wocorresponding ELISA 1gM or [g0 resules of samples; pos. positive: bord.. bordecling; neg.. neganive

* Posmiive mterpretation criterion; two of three protews (41, 39, and 14 k1)

* Positive interpratation criterion: two of five proteins (88, 39, 35, 24 [> 19 mtensity unit], and 30 kDaj

# MA nor anajvzed.
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and B pespuatisely. v pos Sy spucilicities ol the TzM and
Yok i immu bt W 04 andl 4373, respectively (= LA
The 1M B E5A and immunoiinl wery Gimibur in sensitiy far
dotecting antibosdiss in carly Lyme discast. Although the e
immunohlol was shightly more enstbive than the g ELISA.
the difference was Ao statistically srnificant, Thore wis #
sipnificant dificrence pemween the sensitivities of bt LG
ELISA and immunoblot AL V1 and V7 (acule- und convales-
cent-phase specimens). 345 and 63.6% of Lhe patients were
ELISA Igl positive whereas 430 and 2% wert positive by
g5 immunublat. The finding that the g immunobiol wis
already psitive for BU.05 of the patients afier only 8 10 L2
days of treatment was unexpected. Gencrally, the 120 response
al this carly stage of the diseass was thought 10 be of little
diagnostic value, For example, Dresslet €1 al, (6} reporied that
their 25 paticnts with EM had only & minimal specific lg re-
sponst 2 1o 4 weeks after antibivtic therapy and did pot analyze
these serum samples with the Ighs immuncblot, Cur resulls
suggest thal the 1gG response can be of considerable value i
the seradiagnosis of early Lyme disease. In additon, some
patients who are reinfected may have an 1gG response only in
early disease. It 15 ible that the greater sensitivity ol the
immunoblot versus the ELI5A may be due in part 10 the use af
high-passage B. burgdorferi 297 in the ELISA and low-passage
297 in the immunablol.

The highest level of positive serology was seen at W2 (day 8
{o day 12, during a 20-day antibiotic treatment regimenl, when
Ta.45 (42 of 53} of patients were positive by ELISA 1gG or
1gM and B0.0% {44 of 55) were positive oy 1gG or 1gM immu-
noblot. Since 93% of the seroconversions accurred by V2, it
may be of value for physicians tu test 2 paticnt approximately
7 weeks into treatment, .f serology is negative at the patient’s
first consultation. This ma¥ minimize problems later if treat-
ment is unsuccessful or symploms 1e0ccul by providing Sere-
Jogic confirmation of the earlier diagnosis of Lyme disease.

The length of time antibodies persist will depend on the
serological assay psed. The ELISA measures antibody concen-
cration, and 1 year afier rreatment 17.1% (6 af 35) of the igM
ELISA-positive patients and 17.4% (4 of 23) of the 1gG
ELISA-positive paticnts remained positive. The immunoblot
as routinely used MEasures anly the presence of antibodies,
and accordingly more patients remained antibody positive with
this assay. One ycar after therapy, 31.7% (13 of 41) of the IgM
immunoblot- and 54 6% (24 of 44) of the 1gG immunoblol-
positive patients remained positive. Five patients in this study
proup did not have & satisfactory [ESponsc 10 antibiotic ther
apy, as assessed at ¥, Meither the EL1SA not the immunoblot
was helpful 0 identifving thesc patients. Feder &t al. (7) ex-
amined the persistence of antibodies in patients with a variety
of clinical maniiestations (EM, arthritis, and neuropathy ) who
received appropriaic antibiotic therapy. They reported that
bands on the 186G immunoblot could be detecied as long 85 3
years after therapy and that the EL1SA and immunoblot were
not helpful for identifying patients with persistent or recurrent
symploms.

It has been suggested that early antibiotic therapy may abort
the antibody response in palients treated soon after infection
(30%. Agu:rn-Rosen[eM et al. (1) reported that 135 (8 of 39)
of treated early-discase patients did not seroconvert and two of
these patients had culture-positive EM lesions. We found that
2055 (11 af 35) of cur palients with garly Lyme disease did nol
develop either a positive IgM or a positive 1gG immunoblut
during the duration of this study. It is possible that the clinical
diagnnsis of EM for some of these paticnlts was incorrect since
culture of the skin was not conducted.

On the basis of our swdy of §5 clinically and serologically

1 4hs M s

wobl-delimed patients wih carls Ly dieiese sewaeril rowatr
pepchativns lar wlnmbardatian aanad wse ol L s neshiut §
Lhw m_'n'-di;.ur.'.-.hi-‘ o bame imasabse w1t e piathe. LD s A
shoutd be avitilahle and wsed Lar idenulicatin ol pritleins this
are of dignustic s rlanc., sinee [hay Iy Villy i e lar
weight in different woapus b B. hreredorteri, e 18K of MARS
will aliow Lhe compurisin of the results of immunublats from
difterent iuhoratories. (i} Since there 1 varikien in the Expros-
gion of sume proteins by 8, burgdorfen strains. only those 1l
adequately express the proteins af diapnosiic impartanee
should be used (iii) The concentration of acrylamide gel used
must be sufficient 10 allow resotution ol proeins of similas
maolecular masses. such as the 39- and 41-k[ka proweins. These
rwo profeins arc pot well separated on 0% acrvlamide gels.
() Both lgM und IgG assays should be conducted on sera
from patients with garly Lyme disease. post pancols with early
disease have a good 10 response. and some reinfected pa-
Lients may have only an 1p(G response. (v} Patients seronegative
4l the Lime treatment s initiated should be rewesied 2 weeks
later if serological confirmation of the clinical diagnasis is
desirable.
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CRITERIA FOR FDA CLEARANCE OF LABORATORY TEST KITS

Roxanne Shively, M.S., M.T,, SC (ASCP)

The Federal Food Drug and Cosmetic Act (FD&CA), by amendments passed in 1976, provides for
regulation of in vitro diagnostic laboratory test kits. Additionally, the safe Medical Devices Act of
1990 enacted new regulations that apply 1o in vitro diagnostic laboratory test kits, The regulations
specify three regulatory classes for medical devices according to the level of controls deemed
necessary to assure device safety and effectiveness: Class | devices require general controls and are
legally marketed by Section 510 (k) notification; Class T devices require special controls and
premarket approval (PMA). A PMA is designed to establish that all aspects of a device are
reasonably safe and effective for its intended use. A 510 (k) establishes substantial equivalence 1o a
pre-amendments device and also (following enactment of SMDA ) may require clinical data to provide
a reasonable assurance of safety and effectiveness. Legally, all devices arc considered Class III until
determined substantially equivalent, at which time they are classified.

Commercial test kits for detecting antibodies to B. burgdorfers are cleared for lepal marketing by 510
(k) notification. Theyv are classified under treponemal test reagents (21 CFR Section B66.3830) as
Class II devices. A 510(k) is required when a device is introduced into the market for the first time,
a new device is being introduced that may already be marketed by another manufacmrer, a device
currently distributed is to be significantly changed or modified, or there is a change of intended use.
Substantial equivalence is having the same intended use and the same technological characteristics
as a predicate; or having different technological characteristics but performance data demonstrates
safety and effectiveness equivalent to a predicate, and that there are no new issues of safety and
efficacy.

The FDA review of test kits is not a certification nor does it include laboratory testing by the FDA.
The review is a scientific assessment of the clinical utility, relevant medical literature, supporting
performance data, and labeling information. Recommendations from NCCLS and other professional
groups are often embraced. For example, the proposed guidelines Specifications for Immunological

Testing for Infectious Diseases (NCCLS I/LA18-P) has been an invaluable resource for FDA
reviewing all serological assay devices.

IFA type serological tests for antibodics to B. burgdorferi have been cleared for marketing since
1987, EIA formats since 1988. Today legally marketed commercial kits are available from 14
different manufacturers in 35 different formats (IFA and EIA for IgG, IgM, and total antibody). At
this time, no Western blot methods have been cleared for marketing, Other than indirect serological
assays, no direct detection tests using antigen detection, capture, or nucleic acid hybridization are
cleared by the FDA for marketing. Serological assays are not considered diagnostic as a stand-alone
test: they are only useful for testing patients with suggestive signs and symptoms. As with most
serological assays, disadvantages include insensitivity in early disease stages and poor reproducibility
between methods, inter-, and intra- laboratory. 4
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 Since 1991, FDA review of serological assays is based on an internal guidance document that is
available to the public: “Review Criteria for Assessment of Serological in vitro Diagnostic Devices
for Detection of Serum Antibodies to B. burgdorferi” The NCCLS document previously mentioned
is also used. The FDA internal guidance document outlines the types of information (descriptive and
data) that should be included in a submission of a 510 (k) notification; it also includes
recommendations for the labeling (package insert). The guidance document is available from the
Division of Small Manufacturers Assistance (telephone: 800-638-2041) by requesting the name of
the document (dated 9/12/91) and coded GDL-0133. -
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SUMMARY AND FUTURE DIRECTION OF
SEROLOGIC DIAGNOSIS OF LYME DISEASE \

Duane J. Gubler, 5¢.D.

Appraximately 5 years ago, the Centers for Disease Control and Prevention (CDC) embarked on
a program to better define Lyme disease and its public health importance in the United States,
We outlined several major objectives: 1) to better define the epidemiology and ecology of the
disease, 2) to implement standardized national surveillance, 3) to implement improved,
standardized diagnostic testing for Borrelia burgdorferi, and 4) to develop more effective
prevention and control strategies for Lyme disease. Clearly, a great deal of research was needed
before we could achieve any of these objectives, especially standardized diagnostic testing. With
the help and parmership of the Association of State and Territorial Public Health Laboratory
Directors (ASTPHLD), the Council of State and Territorial Epidemiologists (CSTE), and health
professionals all over the country, significant progress has been made.

An evaluation of diagnostic test kits sold in this country in 1989-90 culminated in the First
National Conference on Lyme Disease Testing in November 1990, where | gave a talk by the
same title as T have today.!"" At that time, [ was particularly discouraged because an evaluation of
available Lyme disease serologic tests had confirmed what many of you already knew, that the
tests were inaccurate and that concordance in test results between laboratories was poor.® |
concluded at that time that there were fundamental problems with the serologic tests used for
Lyme disease and that we must go back to basic bacteriology and attempt to confirm Borrelia
burgdorferi infection in patients by culturing the spirochete. Only then could we be sure that the
serum specimens used to develop serologic tests came from persons actually infected with B.
burgdorferi.

At that meeting in 1990, I committed CDC to obtaining a reference collection of serum

specimens from patients whose infections were bacteriologically confirmed and clinically well
characterized, and to using that reference collection to develop new and more accurate diagnostic
tests.’"’ As yvou have heard over the past 2 days, tremendous progress has been made, primarily
because of the parmerships and collaborations between academic research centers, commercial
manufacturers, ASTPHLD, and CDC. The unselfish commitment and dedication of these groups
and many others not mentioned have resulted in significant progress and an approach for serologic
diagnosis of Lyme disease that, while still not perfect, has come a long way in terms of accuracy.

As you have heard, a two-test approach to serologic diagnosis of Lyme disease, using & sensitive
FLISA as the front-line test and the Western Immunoblot as a confirmatory test on all serum
specimens that show ELISA positive or equivocal results, provides relatively high sensitivity
(dependent on stage of disease) and specificity >98%." Of significant importance is that these
two tests can be fully standardized so that serologic results will be interpreted the same way
regardless of where in the country the person is infected. /As has been discussed at this meeting,
geographic variation has been documented among strains of B, burgdorferi, and the full
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implications of this observation on serologic lest performance and interpretation need further
study.™ While the two-test approach that we propose is not the gold standard, it does provide a
reliable and reasonably accurate laboratory diagnosis that can be used anywhere in the country. In
{he meantime, as you have also heard, there are many exciting developments on the horizon. 1
think we can expect in the not too distant future, the development of new tests that use & cocktail
of recombinant antigens or chimeric antigens that will improve the sensitivity and specificity’of
serologic tests for B. burgdorferi.

As with all infectious diseases, it is difficult to achicve an unequivocal serologic diagnosis of B.
burgdorferi infection in the acule stage of disease. Culture of the spirochete or direct detection
methods must be used for this, and as we all know, thesc methods are not always practical. Asa
result, physicians must continue to rely on their clinical judgement in deciding whether to treat 4
patient for Lyme disease. However, sensitive and specific laboratory diagnostic tests are critical
to help physicians better define the clinical spectrum of B. burgdorferi infection and to help the
epidemiologists gain a better understanding of the epidemiology and risk factors associated with
transmission.

So where do we go from here? The multicenter studies, using large panels of coded serum
specimens collected from persons with clinically and bacteriologically well-characterized iliness,
have given us the confidence to come to you this week and propose that we move forward with
standardized serologic testing on a national level. We recognize that the approach is still not the
hest we can achieve, but it is good enough to move ahead. There may be betier tests that we do
not know about, and we have heard at this conference in the past 2 days about many Lests that
have potential. We encourage continued development of these tests, but it should be pointed out
that they must be properly evaluated and they must he standardizable if they are to be used for
serologic diagnosis of Lyme disease.

There are two basic approaches 1o achieving national standardized serologic testing. The first,
and one that has been followed by default, has been to wait until the perfect test has been
developed before implementing the program. HOWever, we feel this approach is not in the
interest of public health. A second approach 15 to move ahead and implement national
standardized testing with the two-test approach proposed at this conference. The rationale for

this is that implementation of standardized testing will take some time. If we move now to put the
process in place, as new and better tests are developed and evaluated, they can be integrated into
the system without delay. In the meantime, we will all be able to interpret results and understand
each other when we talk about serologically positive Lyme disease, regardless of where we are in
the country.

We must remember that even sensitive and specific tests are only as good as the persons and the
laboratory conducting the test. Some questionable findings have been published in recent years,
and we as a group must be vigilant to police ourselves and critically evaluate our work. It helps
no one to have inaccurate and uncontrolled laboratory tests that mislead the physician in
prescribing treatment. 1implore you all to insist on quality control and to help us bring Lyme
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discase laboratory diagnostic testing up to the level that we demand of diagnostic testing for other
infectious diseases.

It has been agreed at this conference that a rigorous national proficiency testing program must be
implemented and that the emphasis of this program should be on outcome. Many of you have
suggested that CDC be responsible for implementing this program, Unfortunately. CDC does not
have the resources to implement such a program alone, but will work with ASTPILD to make
sure that a quality proficiency testing program is developed. Given proper support from the Lyme
disease community, CDC can play a leadership role in coordination and supervision of this
program.

In conclusion, | want to thank all of you for your attendance and participation in this important
sccond National Conference on Lyme Disease Serologic Testing. [ think we can return home
| from this conference feeling much better than we did 4 years ago. Many, but not all, of the
| fundamental problems mentioned earlier have been solved.

However, we have much work to do. T urge evervone who has an interest in this disease 1o
participate in this exercise of national standardization of Lyme disease serologic testing,. Working
alone, ASTPHLD and CDC will fail. Working in partnership with the entire Lyme disease
community as a team and with the guidance of scientists conducting research on diagnostic test
development, however, I feel will ensure success.

I would like to finish with a quote from Lewis Carroll's Alice in Wonderland, which says, "If you
don't know where you are going, any road will take you there." This quote typifies research on
serologic diagnosis of Lyme disease in this country, with everyone going in different directions to
presumably the same destination. However, I believe we have now identified a single road that
we can all follow,_1 would urge all of you to join us on that road to standardization of serologic
testing for Lyme disease.
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WORKGROUP A: Standardization and Interpretation

Paul T. Fawcett, Ph.D., Alfred 1. DuPont Institute, Wilmington, Delaware
Cross Reactivity and Antigen (Band) ldentification by Western Blotting

Arthur Markovits, MSPH, MarDx Diagnostics, Carlsbad, California
Standardization of Lyme Western Blot Interpretation

Dr. Edward Guy, Public Health Laboratory, Swansea, United kingdom
Standardization of the Laboratory Diagnosis in Lyme Borreliosis - Suggestions from
Europe

Frank Dressler, M.D,, Kinderklinik NHII, Hannover, Germany
standardization of the Laboratory Diagnosis in Lyme Borreliosis - Suggestions from
Europe, part 2.

Maria E. Aguero-Rosenfeld, M.D., et. al., New York Medical Collepe, Westchester County
Medical Center, Valhallia, New York
Seroconversion in Treated Patients with Culture Positive Erythema Migrans.

R.H. Seder, M.D., M.P.H_, Vice President, Imugen, Norwood, Mass.
- Accuracy of Diagnosis and Staging of Well Characterized Lyme Disease patients (CDC)
by an Antibody Capture / Western Blot Panel. Compared with IgM and TgG ELISA, and
IgM and IgG Western Blotting and a Flagellin-Enriched ELISA.

Kay Case, Immunology Laboratory, Lutheran Hospital, LaCrosse, W1
Use of a Monoclonal Standard Curve and Uniform Band Designations

Sunil K. Sood, M.D,, Zemel, L.S., M.D. and Tlowite, N.T., M.D., Pediatric Lyme Discasc Center,
Division of Infectious Discases and Division of Rheumatology, Schneider Children’s Hospital,
Long Island Jewish Medical Center, the Long Island Campus for Albert Einstein College of
Medicine, New Hyde Park, NY; and University of Connecticut School of Medicine and Division
of Rheumatology, Newington Childrens Hospital, Newington, CT.

Interpretation of Lyme Borreliosis Immunaoblot in Pediatrics

Workgroup A: Moderator: Stanley Inhorn, M.D., Co-Director WI State Laboratory of Hygiene
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Cross Reactivity and Antigen (Band) Identification by Western Blotting

Submitted by: Paul T. Fawcett, Ph.D., Head of ]minunulcrg}f Laboratory at the Alfred
I. DuPont Institute, 1600 Rockland Road, P.O. Box 269, Wilmington, DE 19899

This presentation will focus on the types of cross reactive binding detected on Western
blots of B, burgdorferi when sera from normal and disease control patients are tested. Banding
patierns from patients with well documented Lyme disease will also be presented to demonstrate
potential problems associated with identification of antibodies to specific antigens by KD.

Data to be presented were selected from a Lyme disease clinic population and control
patient population over a 4 year period. Normal controls were obtained from autodonors for
elective orthopedic surgery and healthy blood bank donors. Disease control sera was obtained
from patients with a variety of confirmed autoimmune and infectious diseases for whom Lyme
borreliosis was ruled out. Sera from Lyme borreliosis patients was obtained from cases which
met CIDC criteria.

Results demostrate which blotted antigens of 8. burgdorferi are most likely to bind cross
reactive antibodies (primarily 41 and 60 range KDs) and which Ags of B. burgdorferi appear (o
have high diagnostic specificity as well as their frequency of detection.

Results to be presented on banding patterns demostrate the intra and inter lot variability in
antigen location on Western blot as well as providing an indication of patient to patient variability
in Ag recognition.

The objective of this presentation is to demonstrate some of the technical problems which

should be recognized and taken into account when attemping to standized and establish
interpretive critcria for Western blots of B. burgdorferi.
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MarDx Diagnostics Inc.

5910 Farmeworth Coury, Carlsbad, CA 92008
(615) 929-0500 {800} 331-22%1

The Second National Conference on Serologic Diagnosis of Lyme Discase
Dearborn, Michigan

October 28, 1994

A Technical Report
Lyme Western Blotting of the CDC ARC Panel

A clinical study consisting of 500 clinically defined sera from four stages of Lyme
Borreliosis, normal specimens from non-endemic geographic locations, and sera
from patients found positive by tests other than Lyme.

Introduction | ~

In this blind study from the CDC, Division of Vector-Bome Infectious Diseases, Fort Collins, CO.,
500 clinically defined specimens (CDC ARC Panel) were tested by MarDx Lyme IgM and 1gG
Western Blot. Banding results and interpretations were processed, entered into a spreadsheet and
sent to the statistician, Mr, Ray Bailey of the CDC, for decoding.

The retrospective study, contained 200 clinically defined Lyme specimens, sera from 200 healthy
blood donors residing in non-endemic areas, and 100 potential cross-reactive serum specimens
from patients with:

Systemic lupus (SLE)

2. Rheumatoid arthnitis

Felty’s syndrome

Leptospirosis

Syphilis

Periodontal disease

Tularemia

Equivocal EIA results from patients which did not meet the CDC surveillance case
definition

Tick-borne Relapsing Fever were analyzed using the MarDx Lyme IgM and 1gG
Western Blot Test system.

el

R

0

It was the goal of this study to evaluate the MarDx Western Blot test systems and interpretation
criteria using the CDC ARC Panel. Sensitivity and specificity of the various case and control groups
were determined.
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This group is disqualified because they were given arthritis-positive blood to qualify their test kits.  They also were given both vaccine trial contracts.


MarDx Diagnostics Inc.

5010 Farnsworth Court, Cerlsbad, CA 82008
(619} 925-0500 (RO, 33§-229]

MarDx IgG Positive Criteria E

1gG Blot Positive { Any 5 of 12 bands: 93kD
18.23,28,30,31,34™ 39,41,45 58 66,0r 93kDa
Bolded molecular weights are new bands added to Dressler- 66kD
Stzere criteria ; 60kD ; h8kD
MarDx 1gM Positive Criteri
IgM Blot Positive / EEkD__
41kD
23 plus one of the following; HEKD_""Q 37kD
18,31,34,37,39,41,93kDa
or. OspB 34kD
3 31kD OspA
37 plus one of the following: ::II]II:D__
18,23,31,34,39,41,93kD -2
a Elilk:[fl_m't
23kD OspC
Any pattern that does not meet the positive criteria. 21kD
1BkD

'"The 93kD band and the 83kD referred to in the literature is
the same band and will be referred to as the 93kD band.

* The 30kDa band mey be diffuse or have multiple thin bands,

2 . r
e Osp C band referred to e literature SkDy
2 P 8.1 a5l B "* The 2BkDa (5) band can be seen with cither one of the twao bands or both bands.

23kDa, or 21kDa is the same band and will be referred to
as the 23kDa Osp C band,

Conelusions

Results of this study provide evidence for the intended use of separate MarDx Lyme IgM and IgG
Western Blot Test Systems. When properly used with staged sera from suspected B. burgdorferi
infected individuals, sensitivity and specificity of the test can be 95% and 100% respectively. These
tests must not be used on first stage EM patients (4 weeks after onset) or patients known to have had
Tick-borne Relapsing Fever. Periodontal disease is not seen to be cross-reactive with this test and
therefore does not present a cause for false positive results. Specificity of this test is greater than
94% with all diseases tested, SLE, RA, Felty’s syndrome, Leptospirosis, Syphilis, Periodontal
disease, and Tularemia.

MarDx would like to thank Dr. Barbara Johnson, Mr. Ray Bailey, Dr. May Chu, and Dr. Martin
Schriefer for the opportunity to participate in the CDC ARC panel study for Lyme Western Blot.
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MarDx Diagnostics Inc.

2919 Famsworth Court, Carlsbad, CA 92008
(&149) AEN-0500 (RD0) 331-2291

Lyme Western Blot Specificity
Table 2

Specificity in the 200 non-endemic normal specimens was 97% for IgG and 87% for IgM. Of the
seven different diseases tested, only Syphilis serum specimens were found to have any cross-
reactivity (6%) with the Lyme IgG Westerni Blot. All other six diseases (including periodontal
disease) were negative on the MarDx Lyme 1gG Western Blot Test, 100% specificity.

Tick-borne Relapsing Fever, a known serologic cross-reactive organism with B, burgdorferi, cross
reacted in 3 of 7 specimens giving a false positive rate of 42%.

The IgM blot was cross reactive with Systemic Lupus (27%), Leptospirosis (9%), Syphilis (6%),
and Tick-borne Relapsing Fever at (72%). The MarDx Lyme Western Blot Test Systems must be
used with caution in patient: known to have had Tick-borme Relapsing Fever.

Table 2: Lyme Western Blot Specificity

70

Specimen type Number Specificity IghM Specificity 1gG Ty
Tested
Healthy blood donors 200 (26/200) 87% | (6/200) 97%
Systemic Lupus 11 (3/11) 73% | (0/11) 100%
Rheumatoid arthritis 7 (0/7) 100% (0/7) 100%
Felty’s syndrome pi (0/2) 100% (0/2) 100%
Leptospirosis 22 (2/22) 91% | (0722) 100%
Svphilis 17 (1/17) 94% | (1/17) 04%
Periodontal disease 9 (0/9) 100% | (0/9) 100%
Tularemia g (0/8) 100% | (0/8) 100%
Tick-bomne Relapsing Fever 7 (5/7) 28% | (3/7) 58%
“Equivocal” EIA specimens 13 (2/17) B8% | (0/17) 100%




MarDx Diagnostics Inc,

5619 Famsworth Cowrt, Carlsbad, CA 92008
(5619) 929-0300 (BOC) 331-2291

Sensitivity; Table 1

010 4 weeks afier onser

During the erythema migrans phase (clinically classified) the IgM blot had a sensitivity of 73% and
the 1gG sensitivity was 50%. During the erythema migrans phase (culture positive) the IgM blot had
a sensitivity of 70% and the IgG sensitivity was 43%.

Meningit:
& weeks after onset

Although both the IgM and 1gG blots were efficacious in the detection of early stage neurologic
manifestations, all seven 100% of the patients were positive by IgM blotting. The IgG sensitivity for
this phase with a limited population sample of seven was §7%.

Acthotic Bamrds.

month to years after onset
From this stage forward the IgG blot had a high sensitivity while the IgM sensitivity predictably
decreased. The IgM sensitivity for this phase was 48% while the IgG sensitivity was 97%.

Chronic Fetealicat
Yyears after onset :
As during the arthritic stage of this disease, the IgG blot had maximum sensitivity at 100% while

the IgM sensitivity for this phase was 69%.

Table 1: Lyme Western Blot Sensitivity

?pecimen type Number Sensitivity IgM ~Sensitivity 1IgG |
Tested

EM Clinically Classified 26 (19/26) 73% | (13/26) 50%

EM Culture Positive 70 (49/70) 70% | (30/70) 43%

Meningitis Stage 7 (77| 100% | (&/7) 87%

Arthritic Stage 62 (30/62) 48% | (60/62) 97%

“ Neuro-borreliosis 25 (17/25) 69% | (25/25) 100%

« The IgG blot was most sensitive during the arthritic and neuro-borreliosis stages of the disease (97%
and 100% sensitivity respectively). The IgM blot was most sensitive during the meningitis stage
- of the disease (100%)
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$TANDARDISATION OF THE LABORATORY DIAGNOSIS IN LYME BORRELIOSIS-
SUGGESTIONS FROM EUROPE

Edward Guy, Public Health Laboratory, Swansea, UK, and Frank Dressler. Kinderklinik MHH,
Hannover, Germany, for the European Union-Funded Research Network “Risk Assessment of
Lyme Disease’

A European Union-funded research network (EU-network) for ‘Risk Assessment of Lyme
Disease’ was set up to promote the coordinated study of ecological, epidemiological and clinical
aspects of Lyme borreliosis across Europe. One of the research groups within this network deals
with the laboratory diagnosis in specimens from humans and animals.

The clinical presentation of Lyme borreliosis shows certain differences in Europe and in North
America. For example, borrelial lympheytoma and acrodermatitis chronica atrophicans occur
much more frequently in Europe. The greater variation of Borrelia burgdorferi stramns m Europe,
including the isolation of three of the four known different species from patients, may be
responsible for some or all of these differences. Within Eurpoe there are significant differences in
the vector ticks (mainly Ixodes ricinus and ixodes persulcatus), the rate of tick infection by the
spirchete and the frequencies and clinical presentations of Lyme borriliosis.

Any attempts at standardisation of laboratory diagnostic criteria for Lyme borreliosis in Europe
have to take such aspects of variation into account. In an initial study an interlaboratory
comparison was undertaken in 5 laboratories in Austria, France, Great Britian, [taly, and The
Netherlands. Sera from 100 patients (with erythema migrans or with clinically diagnosed late
Lyme borreliosis, and healthy and disease controls including patients with syphilis were
investigated in a blinded fashion. Each laboratory used its own serological test, usually an elisa,
with or without a conflirmatory second test, usually Western blot.

Preliminary analysis of the data indicates a significant discrepancy between the sensitivity and
specificity of some of the tests employed. The laboratories with the highest sensitivities did not
achieve the highest specificities, and visa versa, The highest specificities (up to 100%) were
achieved by laboratories employing Western blots.

Considering the large number of laboratories using a wide range of commercial or *in-house’
diagnostic tests and the apparent confusion among many clinicians caring for patients with
positive Lyme serologies, we have concluded that a larger European study 15 indicated. One
important question that must be addressed is whether serodiagnostic methods can be improved by
incorporation of antigen from more than one species of B. burgdorferi. The strategy for such a
study will be the subject of a special session of the ElJ-network in Vienna on October 16th. The
results of this meeting, including our proposed plan, will be presented in Dearborn for discussion.
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STANDARDISATION OF TIE LABORATORY DIAGNOSIS IN LYME BORRELIOSIS-
SUGGESTIONS FROM EUROPE (PART 2}

Frank Dressler, MD, kinderklinik MHH; 30623 Hannover; Germany, for the European Union-Funded
Rescarch Network “Risk Assessment of Lyme Disease’

A European Union-funded research network for ‘Risk Assessment of |.yme Disease’ was set
up to promote the coordination study of ecological, epidemiological and clinical aspects of Lyme
borreliosis across Europe (chairman: Dr. J. Gray, Dublin, Ireland). One of the research groups within
this network deals with the laboratory diagnesis in specimens from humans and animals (chairman: Dr.
E. Guy, Swansea, UK).

The clinical presentation of Lyme borreliosis shows certain differences in Europe and in North
America For example, borrelial Imphocytoma and acrodermatitis chronica atrophicans occur more
frequently in Europe. The greater variation of Borrelia burgdorferi strams in Europe, including the
isolation of three of the four known difierences in the vector ticks{mainly [xodes ricinus and Jxodes
persulcatus), the rate of tick infection by the spirochete and the frequencies and clinical preseniations
of Lyme borreliosis.

Attempts at standardisation of laboratory diagnostic criteria for Lyme borreliosis in Europe have to take
these aspects of variation into account. At a meeting of the collaborators of the Concerted Action in
Vienna on October 16 and 17 (organized by Dr. G. Stanek, Vienna, Austria) the following steps were
discussed: First, there is a need for more specific case definitions based on clinical criteria and well
established laboratory tests, such as culture, histology, and serological methods. New criteria for
erythema migrans, acrodermatitis chronica atrophicans, neuroborreliosis, and Lyme arthritis were
discussed and will be published after futher review. Second, there is a need (o establish a bank of
specimens from European patients with well -established Lyme borreliosis. This bank may be
developed under the guidance of the WHO in Geneva, Third, there was general agreement that
attempts at standardisation of laboratory tests should start with serological methods.

A gquestionnaire will be sent to a large number of European laboratones, in order to identify
which methods are currently used, how the cut-offs are determined and the results are interpreted, what
antigens are used.

Next, we discussed three kinds of studies needed in the next years: First, single laboratory
studies using sera from different parts of Europe could establish Western blot criteria suitable for
European patients, test the value of antigens from each of the three strains of B. burgdorferi in
serodiagnosis in Europe, or the value of recombinant antigen preparations in sera from our patients.
Second, a blinded study involving the laboratories of the Concerted Action collaborators as well as a
number of other leading European laboratories could investigate, whether the two-test approach
advocated by the CDC for use in North America is suitable in Europe or whether a one-test method can
yield similar results. Finally, a quality assurance program with a small panel of high volume sera
should be developed to be used by any European laboratory willing to participate in such an effort

The members of the Concerted Action welcome the participation of all colleagues interested in
the standardisation of Lyme testing in Europe.
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SEROCONVERSION IN TREATED PATIENTS WITH CULTURE POSITIVE ERYTHEMA
MIGEANS

Aguero-Rosenfeld, M.E., . Nowakowski, S. Bittker, D. Cooper, R. Nadelman, and G.P.
Wormser.

Departments of Pathology and Medicine, New York Medical College, Westchester County
Medical Center, Valhalla, NY

The development of IgM and IgG antibodies to B. burgdorferi in patients with erythema migrans
(EM) correlates directly with the duration of disease prior to antibiotic treatment. We present our
experience with 46 patients with culture positive EM attending the Lyme Disease Diagnostic
Center at Westchester County medical Center. Valhalla, NY, during the 1991 and 1992 seasons,
These patients were periodically evaluated afler their initial visit and sera collected at each visit.
Sera were tested by commercial IgM and IgG immunoblots (MarDx diagnostics) and polyvalent
ELISA (Whittaker Bioproducts). Blot results were interpreted according to the criteria of
Dressler et al.

At baseline 38% of patients with EM< 7days duration (n=29) had a positive IeM immunoblot
(IB) and 10% a positive ELISA; patients with EM of 7-14 ds duration (n-11) were positive in
73% and 55% by 1gM IB and ELISA respectively and all 6 patients with EM>14 ds duration
(range 16-23 ds) had a positive ELISA and 1gM IB (5 patients also had a positive IgG [B). As
we previously reported, the IgM bands most frequently seen at baseline were 23-kDa (ospC)
(63%) and 41-kDa (54%).

Seroconversion Sera collected 8-14 days after initial visit showed seroconversion by IgM IB and
ELISA in 83% of patients initially testing negative. An additional 3% of negative patients
seroconverted at day 20 or day 30 post initial visit. Greater intensity and number of bands were
also observed in IgM IB of sera collected at day 8 - 14 post baseline. Most frequently observed
bands in IgM TB blots in these sera were: 23 and 41 kDa (86%), 37-kda (68%), 39-kDa (54%)
and 60-kDa (43%). Although IgG bands appeared and/or increased in number and intesity in
majority of blots at some point during follow-up, only 20% of patients with EM <7ds and 36% of
patients with EM-7 14 ds duration could be considered positive by Dressler's criteria.

In conclusion: IgM IB appears to be more sensitive tham polyvalent ELISA in patients with TM
of <7ds duration, IgM reactivity to the 23-kda is the single most frequent band in blots at
baseline;We concur with the CDC recommendation of 2 of 3 bands in IgM IB for positivity, but
being then; 23, 41 and 37-kDa; and finally we recommend that scrological follow-up for
seroconversion in patients receiving antimicrobials should be done 8-14 dayvs afier the initial visit
rather than afier 1 month when antibody reactivity may already be decreasing.

74



Kathleen
Note
In his assessment of the Dearborn/Steere proposal, Gary Wormser found that for the proposed IgG panel, 9 of his 59 victims were detected.  That's an accuracy rate of 15%.  See PubMed ID # 8308100 to confirm. 
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ACCURACY of DIAGNOSIS and STAGING of WELL-CHARACTERIZED LYME DISEASE
PATIENTS (CDC) by an ANTIBODY CAPTURE/WESTERN BLOT PANEL, COMPARED
with [gM and 1gG ELISA, and IGM and IgG WESTERN BLOTTING and a FLAGELLIN-
ENRICHED ELISA. RH SEDER and VP BERARDI, IMUGEN, NORWOOD, MA 02062

Blinded testing of a CDC-assembled and documented serum set from well characterized patients
was performed by IMUGEN using its panel of antibody capture assays and Western blotting, by
the laboratory of a community hospital using commercial kit IgM and IgGG ELISA assays, and by
laboratories of the CDC using IgM and IgG Westemn blots and a flagellin-enriched ELISA.
Striking performance differences occurred on the sera from 22 patients with early Lyme discase,
all but one of them culture positive for B. burgdorferi, as shown:

POSITIVE RESULTS ONLY POSITIVE/BORDERLINE
Laboratory = Test Method No. % Chi?2 p-value No. % Chic p-value
IMUGEN M-Caplure 20 o1
HOSPITAL  M-ELISA 7 3216.2 <0001 - B8 36 14.1 <.0001
G-ELISA 12 &85 7.8 <.01 14 64 46 <05
MorG-ELISA 12 55 7.8 <.01 14 64 46 <.05
cDC M-Blot 13 59 5.9 <.01
G-Blot 3 (14)26.5 <.0001
M or G-Elot 14 4 4.8 <,05
Flagellin ELISA 2 9 29,4 <.0001 7  3216.2 <¢.0001
ELISA/Blot POST 2 9 29.4 <.0001 6 27 1B.4 <.0001
- Afiytest(s) POS 14 64 4.6 <.05 15 68 3.5 <.056

1. blot performed only to “confirm” a positive ELISA

Ablility of the IMUGEN algorithm to identify a patient’s stage of Lyme discase was also
demonstrated on the 36 positive patients:

CLINICAL STAGE BY CDC DATA I i IIT
n 24 3 g

Mo. CORRECTLY STAGED by IMUGEN 21 3 Fi

% STAGE CORRECTLY IDENTIFIED 88 i00 78

The clinical and public health implications of these findings will be discussed.
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Western Blot Stapdardization -Kay L. Case, Immunology Lahoratory, Lutheran Hospital,
La Crosse, WL

Current Center for Disease Control recommendations advocate the use of the Western
blot as the confirmatory test for Lyme disease. However, results from the Lyme Disease
Proficiency Testing Survey provided by the Wisconsin State Laboratory of Hygienc and the
College of American pathologists highlight the need for standardization of Western blotting
procedures before guidelines for interpretation are recommended. Significant procedural
differences (eg. gel concentrations, isolates) currently exist among testing laboratories. These and
other factors have contributed to cause wide yariations in molecular weight standard curves. In
addition, monoclonal antibodies for detecting positions of several significant B. hurgdorferi
proteins are not widely available. Conseguently, detection of significant band reactions identified
in the scientific literature is often difficult. The CDC has proposed standardizing the molecular
weight designations of significant proteins by averaging the values reported in the hterature. This
non-standardized approach will likely generate additional confusion.

The designation of significant Western blot antigen-antibody reactions is also puzzling.
For example, the CDC interpretive guidelines proposes inclusion of the highly nonspecific 41kD
band while omitting consideration of the more specific 31kL) (OspA) band. Several investigators
have recently confirmed that patients produce antibody to OspA during both early and late Lyme
disease. In arecent in-house study using 65 case-defined sera from patients with all stages of
Lyme disease and 200 control sera, antibodies against OspA werc detected in 14(22%) and
9(14%) of Lyme serd using IgM or IgG Western blotting, respectively. Results from this study
also demonstrated a highly significant decrease in sensitivity when the proposed CDC criteria
were applied for interpretation. Using an in-house interpretation, the sensitivity for 1gM and 1leG
Western blotting was 6% and the specificity was 91%. The specificity using the proposed CDC
criteria was 100%. However, the sensitivity was only 34% for IgM-specific tests and 22% for
1gG-specific tesls.

In conclusion, these results strongly suggest that establishing guidelines for interpretation
may be inappropriate until standardized procedures such as calculating standard curves based on
monoclonal antibodies are established. In addition, the sensitivity of the recommended Western
blot criteria highlights the need to carefully consider the consequence of promoting Western
blotting as the confirmatory methods in Lyme disease serology.

76



b e i g e S o s e

it

iy

[ PRV B

%“?f - 0 I s spec i vm clnledrres

;:;; e A d” }" _QX, S{ VL Cf(, /
INTERPRETATION OF LYME BORRELIOSIS IMMUNOBLOT IN PEDIATRICS
Sunil k. Sood M.D., Lawerence S. Zemel M.D., Norman T. llowite M.D. '
Pediatric Lyme Disease Center, Division of Infectious Diseases and Division of Rheumatology,
Schneider Children’s Hospital, Long Island Jewish Medical Center, the Long Island Campus for
Albert Einstein College of Medicine, New Hyde Park, NY; and University of Connecticut School
of Medicine and Division of Rheumatology, Newington Children’s Hospital, Newington, CT.

The Pediatric Lyme Disease Center at the Schneider Children’s Hospital of Long Island
Jewish Medical Center receives referrals from a wide endemic area, including children with non-
specific, often long standing symptoms, with positive results on a EIA or IFA for Lyme disease.
We have used the immunobot as an aid in the diagnosis of B. burgdorferi infection in these
children. However, we have lacked uniformly accepted criteria for a positive immunoblot.

Children differ from adults with regard to their antigenic exposure experience and in their
level of maturation of the immune system, therefore criteria derived in adults may not necessarily
be extrapolated to children. Children experience fewer periodontal infections and syphilis is rare
and both are conditions in which cross reactive antibodies to the 41 kD B. burgdorferi flagellum
polypeptide occur frequently. Also, children are less likely to have experienced past B.
burgdorferi infection, which could result in persistent antibodies. Conversely, they experience
multiple viral infections, e.g. infection with the Epstein Barr virus which is known to stimulate a
non-specific polyclonal antibody response. We sought to determine band patterns n control sera,
this being the background against which a positive immunoblot is interpreted. We hypothesized
that bands would be present infrequently in control pediatric sera, chiefly due to the less frequent
occurance of other spirochetal infections and because children are less likely to have experienced
B. burgdorferi infection in the past.

3

Another common pediatric problem is that of episodic oligoarthritis. Using earlier
proposed criteria,” children with a clinical diagnosis of JRA and positive EIA for B. burgdorfei
antibodies were found to be immunoblot negative.” Thus we showed that the immunoblot is
potentially a useful assay to exclude Lyme disease.

Our experience with immunoblots performed on sera from control children, children with
JRA and children with Lyme arthritis® is summarized herein. A comparison of the band patterns

seen in these three groups enabled us to derive criteria for positive immunoblot for pediatric Lyme
arthritis.

METHODS
Sera 2
162 sera submitted for other (non-Lyme) tests from children aged 2 mo to 18 yrin an
endemic area, sera from 99 children with immunoblot. 6.2% of controls, 10% of JRA specimens,
and all Lyme arthritis specimens (by definition) were positive by EIA.
Immunoblot Conditions

Sonicated B. burgdorferi B31 sodium dodecyl sulfate (SDS)-glycerol:mggg&plgﬁ;ﬁhaI_Lol
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buffer was applied at a protein concentration of 15 ugflane on an 11% SDS-PAGE gel (Mini-
protean); 1:100 dilutions of sera; IgG detection with goat anti-human alkaline phosphatase

conjugate.

RESULTS (Figures 1-3)

87% of normal control sera revealed no bands on immunoblot, 10% had 1 band, 2% had 2
bands. One serum specimen each had 3 (18121, 41, 55 kD) and 4 (31, 34, 55, 60 kD) bands.
Bands most frequently present were 41 kD and 54kD. 82% of JRA sera revealed no bands on
immunoblot, 13% had 1 bands, 8% had 2 bands. One had 3 bands(18/21, 41, 55 kD). Bands
most frequently seen were 41 kD and 66 kD. Thus all non-Lyme sera had< 4 bands, and the most
frequent bands were those representing antibodies to the 41 kD polypeptide and to higher
molecular weight polypeptides.

All Lyme arthritis sera revealed 25 bands (mean 8.4, range 5-13 bands). Bands of
molecular weight 25-OspC, 28, 39, 47,{5@ 93 kD were seen in patients and not in controls. Inno
specimen was an IgM band present where there was no correlation between duration of arthritis
or activity of arthritis at presentation and number of bands present.

DISCUSSION

We hypothesized that the interpretation of immunoblot in pediatrics may be different
because of the different antigentic experience and relative immaturity of the immune response of
children. We found a relative paucity of bands in pediatric control and JRA sera, despite a
substantial number of sera that were positive by EIA. This is probably due to a lower prevalence
of cross-reactive antibodies. Additionally, past B. burgdorferi infection is less likely because of
their younger age, therefore specific bands are less likely to be encountered. The lower “noise™
facilitates the interpretation of an immunoblot in children. As a consequence, pediatric criteria
may not need to be as stringent as those derived in adult sera, as the presence of multiple bands is
more likely to represent true B. burgdorferi infection. In clinical practice in an endemic area, the
knowledge that non-specific bands are infrequent, and, when present, few, is useful when
interpreting an immunoblot in children with non-specific symptoms and positive EIA.

Our criteria for a positive immunoblot based on the number and molecular weights of
bands seen in our laboratory are the presence of 5 or more bands, of which at least one 1s an
apparently specific band (25-OspC, 28, 39, 47,@0r 93 kD). This “pool” of apparently the 39kD
band was present in commonly in adults with syphilis®, but was not seen in our controls, thus
constituting a specific band in pediatrics.

Whereas the presence of 5 or more bands in children may be sufficient to confirm Lyme
arthritis, we recommend that the presence of at least one specific band be required in addition, to
account for the theoretical possibility of encountering 5 or more bands non-specifically e.g. in
EBV infection or in JRA. We conclude that non-specific symptoms, as well as JRA, in children
with positive EIA, can be distinguished from Lyme arthritis by immunoblot. An additional
conclusion from these data is that there appears to be no utility in performing separate lgm and
IgG blots for Lyme arthritis.
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WORKGROUP B and C:
Technical Issues and Test Performance:
Certification and New Test Evaluation

Dr. Janet N. Robertson, UK Lyme Disease Reference Unit, Southhampton.
Nine Years of Serologic Testing at the Southampton Public Health Laboratory

Ann M. Johnston, Ph.D., Roche Biomedical Laboratories, Raritan, New Jersey
Summary of Lyme Testing Study of 1992.

Karim E. Hechemy, Rory A. Duncan, Wadsworth Center for Laboratories and Research, New
York State Department of Health, Albany, NY.
Reporting of Digitized Immunoblot Scan Test Results for Lyme Disease to Clinicians

E.K. Hofmeister, J.E. Childs, Johns Hopkins University School of Hygiene and Public Health,

Baltimore, Maryland, and division of Viral and Rickettsial Diseases, CDC, Atlanta, Georgia.
Sensitive and Specific Detection of Antibodies to Borrelia burgdorferi by Imunoblotting
in Naturally Infected Peromyscus leucopus Captured ata Lyme Disease Enzootic Site in
Maryland.

Ching Y. Lo, Robert H. Notenboo, Laboratory Services Branch, Ontario Ministry of Health,
Toronto, Canada
Lyme Borreliosis in Ontario.

Nick S. Harris, Ph.D., Igenex, Inc. Reference Laboratory, Palo Alto, California
A Brief view of Antibody Diversity in Western Blots of Lyme Patients and an Overview of
the Data of an Antigen-Capture Test for Borrelia burgdorferi.

Lori Bakken, M.S., Wisconsin State Laboratory of Hygiene

Expericnce with Proficiency Testing in the United States in 1993, The CAP WSLIIPT
Propram
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Dr. Janet Robertson (UK Lyme diseasc reference Unit, Southampton)

The Southampton Public Health Laboratory (PHL). located in one of the key UK endemic arcas
for Lyme disease, has approximately g year’s experience of providing both sereening and
reference serological testing for the UK. The laboratory also organized the recent EU research
network study on ser-standardization among five ‘regional” and national European Lyme discase
reference laboratories.

The widely reported problems of low sensitivity of serological tests. particularly in garly Lyme
disease, and cross-reactivity among the normal population is apparent in the UK also. The
strategies employed by S outhampton PHL 0 attempting to overcome the limitations of the
available serological methods, and to optimize the diagnostic value 10 clinicians of test results, will
be discussed.

The currently favored protocol for serological testing consists of either & commercial enriched
antigen ELISA or an ‘in-house’ ELISA screen with confirmatory testing of all positive results by
immunobiot. In addition, immunaoblot is also performed on all samples where symploms are
consistent, with early Lyme disease, Current criteria for positivity by immunoblot will be present
together with a summary of the relative merits of both methods, based on the experience of
Southampton PHL.
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Summary of Lyme Testing Study of 1992
Roche Biomedical Laboratories
Immunpology Department

Our laboratory produces a large volume of Lyme Disease tests each year using enzyme
mmunoassays and Western blot kits provided by Cambridge Biotech. In the absence of any
definitive criteria for positivity we use a modification of those recommended by the vendor and
we have added an equivocal category. The criteria used are relatively non-stringent,

We have a large data bank of lyme test results but do not have access to patient histories. In an
effort to correlate positive Western blot results with a final diagnosis of Lyme Diseasc we sent
questionnaires to referring physicians during 1992 requesting information about patient
symploms, test results, diagnosis, and treatment. This information was voluntary and kept
confidential once received in our laboratory.

We received eighty-one responses to the questionnaire, in many instances we had total antibody
EIA and/or the IgM specific EIA results, some of which were from tests performed at RBI and
others from external laboratories. Twenty four of the patients were reported to have shown
erythema migrans(EM). The most commonly reported symptoms were flu-like illnesses, and joint
pain usually of the knee.

The number of Western blot bands in putative positive patients varied but in general exceeded the
number required by our criteria. A few patients showed the minimal number of bands for
positivity (two for IgM and three for IgG) but most showed multiple bands. Twenty eight percent
were positive for every possible IgG band. Others were positive by IgM Western blot and
equivocal by the 1gG blot suggested of early disease.

Although these data are just a “snapshot™ of our population we are hopeful that they mayv aid in
the development of consensus criteria for Lyme Western blot interpretation. Presentation and
discussion of these data at the ASTPHLD sponsored meeting of Serological Diagnosis of Lyme
Disease may contribute towards this end,

Submitted by Anne M. Johnston, Ph.D.




Reporting of Digitized Immunoblot Scan Test Results for
Lyme Disease to Clinicians
Karim E. Hechemy and Rory A. Dunecan
Wadsworth Center for Laboratories and Research
New York State Department of Health

Albany, NY., 12201-0509

We are reporting the immunoblot assay results for antibodies to Borrelia
burgdorferi to clinicians along with the sereening test results. The immunoblot is
scanned and the picture digitized and reproduced on the test results report. The
actual reporting of the immunoblot profile instead of just the number of bands
and/or identity of the bands, allows the clinician to better evaluate the profile of
the antibody response to the various antigens of B. burgdorferi. The following is
the test algorithm used in our laboratory: The IBA is used to confirm reactive or
equivocal test results obtained with the standard screening serodiagnostic
assay(s]: The bands that are lighted with IBA are rated 1+ to 4+. Only those
bands that are rated 22+ are scored. The serum’s IBA test results are interpreted
according to the "Report of the CDC/ASTPHLD Working Group on Standardization
of Imunoblotting for Serodiagnosis of Lyme Disease”. Serum specimens are first
tested with IBA using the polyvalent probe. If the serum scores R (25 bands) or

NR, no further tests are performed. Sera that score EQ in the IBA with the

polyvalent probe are tested in the IBA with both 1gG and 1gM probes.
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Sensitive and specific detection of antibodies to Borrelia burgdorferi by immunoblotting in
naturally infected Peromyscus lewcopus captu red at a Lyme disease enzoafic site in

Marviand. @

E. K. Hofmeister and J.E. Childs, Johns Hopkins University School of Hygiene and Public
Health Baltimore, MD, and Division of Viral and Rickettsial Discase, Centers for Disease
Control and Prevention, Atlanta, GA.

In a prospective study on the maintenance of infection with B. burgdorferi in wild-caught F.
leucopus, in which infection status was primarily determined through culture and PCR of ear
biopsy samples, immunoblotting was utitized to determine the infection status of mice which were
captured, but not biopsied. The immunoblot method was validated by testing captured and
sacrificed wild-caught mice of which 34 were determined to be culture-positive for the organism
in > one organ or ear biopsy sample and 22 were culture-negative, and by testing 10 colony
reared P. leucopus which were negative for the organism by testing ear and/or organ tissues by
PCR. B. burgdorferi strain 910255, isolated from one of the sacrificed mice, was utilized as the
antigen, after first determining the identity of the spirochete by comparison with strain B31 by
$DS-PAGE, monoclonal antibody reactivity, and PCR. Whole ccll lysates were electrophoresed
by proteins with molecular weights of approximately 16, 17.9 and 21.5 kDa (the latter specifically
identified as OspC by reaction with a monoclonal antibody) were selected from the major protein
bands recognized by mouse serum for determination of infection status in mice of unknown
infection status. The 16 kDa band was detected by 27 of 34 (79%) of the infected and | of 22
(5%) uninfected wild-caught mice and in none of the uninfected wild-caught mice, and 1 of 10
(10%) of the colony reared mice. OspC was detected by 25 of 34 (74%) of the infected mice and
by none of the uninfected wild-caught mice or the colony reared mice. Reactivity with two out of
three of these proteins was considered positive for infection with B. burgdorferi in wild-caught
mice resulting in an overall sensitivity of between 74-79% and a specificity of > 99%. No other
major protein bands were as clearly diagnostic as the bands selected due to co-migration of non-
specific proteins. The use of a 10-20% gradient (10x14 cm) gel enabled the clear visualization of
Jow molecular weight bands which resulted in a sensitive and highly specific immunoblot detection
of antibodies to B. burgdorferi in wild-caught mice. We believe this approach may be
successfully applied in detection of antibodies to B. burgdorferi in other species as well,
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LYME BORRELIOSIS IN ONTARIO: Ching Y. Lo and Robert H. Notenboom, Serology
Department, Laboratory Services branch, Ontario Ministry of Health, Toronto, Ontario, Canada

Objective: To estimate the number of cases of Lyme borreliosis diagnosed in the Provinee of
Ontario in the year 1992,

Methods: Reported cases and test results in 1992 were reviewed. Sera and Cerebral Spinal
Fluids were screened for antibodies to Borrelia burgdorferi by ELISA(Lymestat, Whittaker) and
confirmed by Western Blot (Accublot-G and-M, Whittaker). ELISA was repeated on any
positive or borderline specimen.

Results: In 1992, 6057 clinical specimens (including follow-ups) were tested by ELISA among
which 58 ((.96%) were ELISA positive, 10(0.17%) were borderline, and 90 (1.49%) were
irreproducible. Western blots were positive in 38 of the 58 (66%) ELIS A positive specimens.
This represent 36 paticnts conflirmed by Western Blots.

In 1992, 22 new cases of Lyme borreliosis were studied, all were sero-positive by ELISA
and by Western Blots. Nineteen of them were contracted in the USA, one in Long Point Ontario.
The exposure risk was unknown in the remaining 2 cases. Afier exposure in endemic areas,
antibodics were detectable as early as 1 week (1 case) of half a month (8 cases).

Summary: Indigenous Lyme disease is rare in Ontario. The National Wildlife Area and Provincial
Park at Long Point remain the only endemic area identified up to the Spring of 1993,
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Overview of an Antigen-Capture lest for B. burgdorferi
Nick S. Harris, Ph.D., ABMLI, IgeneX, lnc. Reference Laboratory, Palo Alto, CA.

The Lyme Urine Antigen Test (LUAT) offered by IgeneX, Inc. is a second generation
antigen capture test which was developed by 3M Diagnostic Systems (3MDS) of Santa Clara,
CA. 3MDS was a wholly owned subsidiary of 3M Corporation, 51.Paul, MN. The first
generation antigen test was developed by 3M Corporation, St. Paul, Mn. It 1s important to make
the distinction between both tests, because while both tests are covered under the same patent,
they are considerably different. The first test used a single monoclonal antibody to 31K1) 10
capture antigen on a paper membrane in an assay somewhat analogous to a dot blot. Because of
the design of the first peneration assay, the results were influenced by the protein concentration of
the urine, This assay was available from an East Coast laboratory for a short period of time
(1989-1990), before it was taken off the market.

The new second generation assay, the LUAT, is a “capture” and competitive inhibition
assay, which uses a specially absorbed polyclonal antibody. The Electron Microscope capture
assay, developed at the NTH-Rocky Mountain National Laboratory, also uses a polyclonal
antibody. In order to have specificity for those antigens most unique in infections with B.
burgdorferi, the antibody was absorbed with non-specific bacteria obtained from urine of Lyme-
negative individuals. Western Blot analysis of this absorbed antibody indicate reactivity only
against the 31KD , 34KD. 39KD and 93 KD antigens of B.burgdorferi. In the assay (Figure 1).
antigen in urine competes with antigen bound on the solid phase. Captured antigen in the urine
thus blocks the bindings of the antibody to the solid phase and gives a lower signal in a
fluorescent Elisa assay.

The initial studies of the LUAT were designed to examine negative control groups, as well
as patients suspected of Lyme disease. The following data was obtained from more than 1000
patients and controls.

The initial part of the studies with the LUAT focussed on Lyme negative controls (Table
1) as well as, blocking and interference studies. Two hundred eight (208) non-Lyme healthy
controls from California were studied by LUAT. That study appeared to have a 3% false positive
rate. Those seven controls, who tested positive, were lost to additional clinical follow-up.

Because of the high percentage of Lyme patients with arthritic symptoms a new contral
study was recently initiated. Those results are also presented in Table 1. In this new control
study, the urine from 150 patients with arthritis and arthralgials were studied from the presence of
Lyme antigens. Patients were excluded from this study if they had Lyme disease, syphilis, SLE or
scleroderma. Only one arthritic control exhibited a positive antigen value. Upon further study
this individual has a urinary tract infection, which is a listed contraindication to LUAT testing.

Numerous blocking, interference and recovery studies were performed and demonstrated
that blood, serum, and urinary protein levels neither caused false positive nor negative values nor
effected the quantitative recovery of antigen spiked into urine.




Serum and urine was obtained from four hundred and twenty five (423) Lyme diseast
patients located in endemic areas of New Jersev, New York, Connecticut and Massachuserts,
This group was further refined to reflect only those patients meeting the CDC surveillance
criteria, at the time. The remaining group of 251 patients, Table 2, had a physician diagnosed
erythema migrans (EM) rash and at least three of the critical signs and symptoms of Lyme disease.
It was observed that 30% of this group had a positive LUAT. However, only 8% of the group
had a concurrent positive serology. This observation, troubling at the time, became the focus of
another clinical study.

The new study attempted to observe and evaluate the temporal relationship of the
antigenuria seen in patients with Lyme Disease and the serological response in the patients. The
study followed a group of patients for a two month period afier the appearance of an EM
diagnosed in a physicians office, Since all patients presented with an EM, all patients were pul on
oral antibiotics at the initial visit. Urine was obtained at this first visit and every other day for two
months. A LUAT (Lyme Urine Antigen Test) was performed on these urines. Serum was also
obtained at this first visit and weekly thereafter, for two months. An ELISA 1gG/lgM Lyme
serological assay was performed on the serum. During the first visit, and weckly thereafter, the
patient’s various symptoms were recorded and scored by a physician. A symptom algorithm was
then developed to quantitate the symptoms and severity. Figure 2 is an example of the data sheet
by which symptoms were analyzed.

Of the ten patients in the study, one patient did not make an antibody response of excrete
Lyme antigen. Three patients (examples, Figures 3 and 4) had an antibody response, by no
significant antigen was detected in the urine during the two month period. The antibody response,
scaled on the right side of the graph, was judged positive at greater than 8.5%. The antigen

response, scaled on the left side of the graph, was considered positive at greater or equal to 46
ng/ml.

Six patients excreted Lyme antigen, but made no significant antibody as seen in the
examples from Figures 5, 6 and 7. Tt was noticed that antigenuria was not present every day and
in some patients it would last for a few weeks, then disappear only to reappear again, It was also
observed in this preliminary study that the average symptom score for the patients with
antigenuria was 3.5 times higher than the patients with an antibody response.

The preliminary data suggests a potential dichotomy of response 1o B. burgdorferi.
During the limited time of this study, some patients made the typical antibody response to
infection. Another group of patients, had antigenuria and developed no detectable serological
response. It was observed that the patients with early antigenuria and no antibody, had more
clinical symtoms and appeared “sicker” than the patients that made an antibody to B. burgdorderi.

While these single-blinded studies are interesting and suggest that B. burgdorferi antigen
may be another laboratory marker for Lyme disease, more patients need to be studied. Itis
important to try and understand the physiology which leads to the conditions for antigenuria. It is
also important to investigate if other antigens, such as osp-C, are also detectable and whether they
are present in the same pattern as the osp-A, osp-B, 39K.d and 93kd moieties.
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TABLE1

CONTROL POPULATIONS

Apparent False Positive Rale
Lyme Antigen Tes!

Mermal Controls

Endemic (n=139) and Mon Endemic (n=69)

1992 71208=3%

Arthritic and Arthralgic Controls (n=150)
1984 11150=<1%

NORMAL RANGE

Mean +3SD = 48ng/mi

TABLE 2

Lyme Patients with & Pgﬁlcinn Diagnosed EM.
ns

e
Histary of Tick Blie 133/251 53%
»3 pther symptoms 2041251 81%
History of arthritis 177251 T1%
Positive concurrent sarology 19/251 8%
Positive Lyme Urine Antigen Test (LUAT) 75/251 30%
Antiblotic treatmant 158/251 63%




Lyme Urine Antigen Test (LUAT)
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HISTORY AND SYMPTOM FORM

=M rash was obsarved on:

Date of tick bite:

State

where was patient when tick bite occured? City

Does anyone in the patient's family have Lyme Borreliossis?

i Brother 2. Father 3. Son 4. Husband 5. Sister 6. Mother 7. Daughter 8. Wife

Is the patient pregnant? No Yes

Due Date

ANTIBIOTIC HISTORY

DATE STARTED DATE STOPPED

SYWPTOMS EVALUATED WEEKLY
Complete all symptoms that are current and are part of the clinical picture for this lliness

_FLU-LIKE SYMPTOMS

1 \NHEADACHE/STIFF NECK

2 GASTROINTEST SYMPTOMS
3 GENERAL MALAISE

4 LYMPHADENOPATHY

5

MUSCLE PAIN

ARTHRALGIAS

B
NARTHRITIS
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Kathleen
Note
This group really slams the crooks over this conference and Steere's antibody panel proposal, so read carefully.


EXTENDED ABSTRACT
The Wisconsin State Laboratory of Hygiene and the College of American Pathologists
- provide the Lyme Disease Proficiency Testing Survey to approximately 600 laboratories
nationwide. In 1993, fifteen serum samples were sent to participants including seven from
patients with Lyme disease (CDC case definition), six from healthy individuals, one from a
reactive pool for syphilis and one containing rheumatoid factor. The duration between onset
of disease and collection of serum samples ranged from one to six months. Approximately
fifty of the participants performed Western immunoblots. Twenty-five laboratories utilized
commercial assays while the remainder employed a variety of procedures with different
preparations of antigens.

The frequency of bands identified in case-defined and normal serum samples was
compared for 1gM- and for IgG-specific Western immunoblots. The 41 kDa protein was
reported with a frequency of 85% and 95% for IgM and IgG tests with case-defined serum
samples. In normal serum samples, the 41 kDa protein was reported with a frequency of
70% for IgM-specific tests and 82% for IgG-specific tests. In case sera, IgM bands for the
25-, 31-, 34- and 39- kDa proteins were reported with a frequency of 23%, 41%, 28%, and
48%, respectively. The 18-, 21-, 22-, 75-, 83- and 93 kDa bands were reported with a
frequency less than or equal to ten percent in case-defined and normal serum samples with
IgM tests. The 60- and 66 kDa IgM bands were reported with a higher frequency in normal
serum samples (18% and 34 %, respectively) than case-defined serum samples (16% and
25%, respectively). IgG bands to the 21-, 25-, 31-, 34-, 39-, 60-, 66- and 75 kDa proteins
were reported with frequencics between 20% and 48%. These bands were also identified

with frequencies less than or equal to twenty percent in normal sera.
98




Subsequently, the case defined Lyme disease serum samples were separated by
1 aefinition into early (=2 months) or late disease. In early discase, the 41 kDa
1 band was repmjed by >95% of the laboratories using IgG or IgM conjugates. Bands
: [gM-specific tests were reported more frequently (20-45%) than IgG bands (< 10%)

: 31-, 39- and 83 kDa proteins. The 18-, 21-, 22-, 25-, 34-, and 60 kDa proteins were
« with a frequency less than or equal to 20% by participants using a IgG or IgM
rate.

In late disease, the band for the 41 kDa protein was reported with a frequency of 95%
5 and 70% for IgM. A greater number of bands were reported more frequently in late
: than those reported in early disease. The 25-, 31-, and 34- kDa bands were reported
early equal frequencies for IgG and IgM-specific tests. IgG bands to the 18 anﬂ 21
roteins were reported by 30% and 38% of the part.icipants, respectively. IgM bands to
ne proteins were reported witﬁ a frequency of less than ten percent. Bands reported
+ 75- and 83 kDa proteins were predominately IgG (30% and 22%, respectively). The
J- and 66 kDa bands were observed at a frequency of 55%, 38% and 45% for IgG and
15% and 15% for IgM, respectively.

Based on the participants’ interpretation of their immunoblots, the specificity for IgG
M assays was 85%. IgM tests had a sensitivity of 81%, while IgG tests had a
vity of 69%. When the proposed CDC criteria were applied for interpretation of the

the specificity of Western immunoblot was 99%. The sensitivity of the immunoblot

this interpretive criteria was 32% for IgM-specific tests and 15% for IgG-specific tests. @

In conclusion, the sensitivity of the Western immunoblot to identify B, burgdorferi

15 15 limited. For example, less than 50% of the participants identified B. burgdorferi
99



Kathleen
Note
Sensitivity was 15%, they say.  This means Steere's proposal misses 85% of the cases.  And this is what Wormser and Imugen said was Steere's IgG criteria detection rate,


specific proteins (39-, 34-, 31- and 22 kDa) in case-defined Lyme serum samples. These
results strongly suggest that standardization of Western blotling procedures must be
established before guidelines for interpretation are recommended. Since few laboratories
have experience with performing Western immunoblot, the impact of using this test must be
carefully considered before it is promoted as the confirmatory method in Lyme

serodiagnosis.
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Kathleen
Note
Here is where all the idiots and crooks sign on to the charade.  Lyme is just relapsing fever and the nature of the relapse is antigenic variation. Therefore any antibodies outside the non-variable flagellin band (41) are moot.  Not to mention ridiculous when you consider OspA is an triacyl lipopeptide, TLR2-agonist and therefore could never be a vaccine since those antigens turn off the antibody response. This is why there is no Tuberculosis vaccine.
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