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Hygiene-Institut der Universitat Wein, Austria
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Sequestration of antibody to Borrelia burgdorferi in
immune complexes in seronegative Lyme disease

STEVENE. ScuTzER P. K. COYLE ANITA L. BELMAN

MARC G. GOLIGHTLY JOHN DRULLE

To find out whether apparent seronegativity in
patients strongly suspected of having Lyme
disease can be due to sequestration of antibodies
in immune complexes, such complexes were
isolated and tested for antibody to Borrelia
burgdorferi. In ablinded analysis the antibody was
detected in all 10 seronegative Lyme disease
patients with erythema chronicum migrans
(ECM), in none of 19 patients with other diseases,
and in 4 of 12 seronegative patients who probably
had Lyme disease but had no ECM. These findings
were confirmed by western blot, which also
showed that immune complex dissociation
liberated mainly antibody reactive to the 41 kD
antigen and sometimes antibody to an
approximate 30 kD antigen. Complexed B
burgdorferi antibody was also found in 21 of 22
(95%) of seropositive patients with active disease,
3 additional seronegative but cell mediated
immune reactive patients, and 3 other
seronegative patients who eventually became
seropositive. Apparent B burgdorferi sero-
negativity in serum immune complexes may thus
be due to sequestration of antibody in immune
complexes.

' Lancet 1990; 335: 312-15.

Introduction

Lymcdisme,whid:isw;sedbydxcspimchxtc, Borrelia
., affect the musculoskeketal,
3

Seronegativity is an unexplained feature and is a major
obstacle to diagnosis when the hallmark, erythema
(chronicum) migrans (ECM), is not observed,** as happens
in up t 50% of patients with Lyme disease. The main
labontoryustfonhcdismc,zbcdetccdonofzntibodytol?
burgdorferi, may also be negative in many instances.* A
nepdvetstdspitedixﬁalfamaofthcdisasemay
pcrhapsbcduemsequestnﬁonofmcantibodyin
complacdfom,asmnoccurind'sesesmdtashcpaﬁﬁs&
multiple sclerosis (MS), systemic lupus erythematosus, and
syphilis, in which immune complexes (1C) often contain the
rdcvmtmﬁgcnandanﬁbody,cvmmd::absmceofmc&ee

10 To examine this possibility we have isolated
andanalysedlemmmmgaﬁveLymcdimpade.

Patients and methods

Patients 3

The seronegative group consisted of 22 symptomatic patents
whohadbemwdvefoerdafaimﬁbodybymdd
enzynxlhkcdinmumsorbmtmy(EL!SA)befucm:rykmdx
study (‘Lyme FAST, 3M Santa Clars, California, USA) (wble 1).
hﬁmnmﬁmnhﬁammmmmc«mﬁa,ﬂcw]m,
an ares endemic for Lyme disease. All samples were received

ADDRESSES: Division of Allergy and Immunology. Departmant
of Medicine, University of Medicine and Dentistry-New Jersey
Medical School, Newark, New Jersey. and Departments of
Neurclogy and Pathology. Health Sciences Center-State
University of New York at Stony Brook, New York State, USA
(S. E. Schutzer, MD, P. K. Coyle, MO, A_L. Belman, MD, M. G. Golightly,
#hD, J. Drulle, MD). Comrespondence to Dr S. E. Schutzer, Department of
Medicine, UMDNJ, 185 South Orange Avenue, Newark, NJ 07103,
USA
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in 2 blinded manner, and the dclinical histories, including past
occurrence of ECM, were unknown to those of us doing the
upainmmﬂmkdmdanml’onhiumdy.um
disease was taken as definite when there was a history of
unequivocal ECM (n=10), and as possible when symptoms
Wzdmemmmmp-iedbyahimqof
ECM (n=12). Many of the symptoms listed in table 1 were
transient snd occurred some time during the course of the discase.

Controls

The controls were 22 seropositive Lyme discase patients; 9
patients, matched for IC levels, with a variety of other discases
(ssthma, urticaria, upper respiratory infection, po!_y-
radiculoneuropathy, allergy, muldple sclerosis, polymyositis,
stroke); 10 seronegative patients from an endemic area with chronic
fatigue =s a prominent symptomy; and seroncgative healthy
individuals, also from an endemic area. To further evaluate specific
IC formation, additional unblinded samples were analysed from 3
with definite and possible Lyme discase.

Antibodies to B burgdorferi

Samples were retested by ELISA™ for anti-B burgdorferi
antibodies o confirm the pre-study tests indicating spparent
seronegativity. The 96 flat-bottomed-well microtitre plates were
coated with a sonicate of B burgdorfert (B31) (5 pg/ml). Serum was
diluted 1/500. Optical density readings greater than 3 SD above the
mean for a standard panel of 10 healthy controls without a history of
Borrelia infection was taken as a positive result. These 10 controls
came from an endemic area and were used in cach ELISA run. This
assay was also used to probe isolated serum IC (diluted 1/10) for
B burgdorferi antibodies. In this case the control panel used to define
the optical density cutoff (mean + 3 SD) consisted of isolated
serum IC from 10 individuals without a history of Borrelia
infection.

Immunoglobulin concentration

An ELISA was used to measure the Ig isotype contents of the
serum samples and isolated IC as previously described.*®

Rheumnatoid factor (RF)
The presence of RF, which could potentially bind Borrelia
reactive antbody, was screened for in all samples by latex
utination (‘Rheuma-Fac’, ICL Sdentific, Founuin Valley,

different assays™ were used—ant C3 and anti-Clq assays ("Raji’
cell replacement EIA and CIC EIA, Cytotech, San Diego,
California, USA).

Analysis of immune complexes

Polyethylene glycol precipitation (PEG), modified® from the
method of Digeon etal,’* was used to isolate and analyse IC. Briefly,
100 pl of the sample was added to an equal volume of 7% PEGin0-1
mol/l sodium borate, pH 8+4, incubated overnight at 4°C, then
centrifuged st 8320 g for 15 min. Pellets were washed twice with
35% PEG-borate and resuspended in 100 pl of 01 mol/l sodium
borate, pH 10-2. This dissociates IC into its components, which can
be snalysed by ELISA and western blot for Borrelia antibody
and antigen. The precipitate was also probed for IgG, and IgM and
IgA in sppropriatc cases, and the optical densities read on
the microELISA reader. The ELISA described above was used to

56

TABLE I—CHARACTERISTICS OF SERONEGATIVE PATIENTS

ECM positive ECM negative
Feature (n=10) (n=12)

Measn (SD, range) age (yesrs) 35-4(222,8-86)| 38(9-2,23-52)
Sex (M][F) 3 75
Measn (SD range) time from
onset of sample (mo) 258(267,1-81)] 224(288,4-78)
Clinical manifestations during
course of disease
Minor CNS (headache,
cognitive, mood) 10 12
Fatigue 12
Paracsthesiss
Arthralgias
Arthrids
Myzlgias
Palpitations, tight chest, without
conduction defects

10

e
~ W ENONNO
(8]

Flu-like onset
Laboratory findings

Positive Lyme (free Ab) tests
Pre-study ELISA
ELISA*

Rheumatowd factor®

Immune complex assays*
(mean)
Ant C3(+ >15) 33 ug Eq/ml 24 g Eq/mi
Clq binding (+ >4) 5.1 g Eq/mil 61 pg Eq/ml

CNS = conral nervous systems.
*Tests performed after entry into study.

NO O
-0

probe for ant-Borrelia antibody in the dissociated serum IC

preparatons.

To confirm the ELISA results western blots were done as
previously described,!517 with relevant modifications. Sonicates
of cultured B31 strain B burgdorferi were used as the antigenic
source (25 pg/85 mm of membrane) and run on 8 preparative 10%
sodium dodecy! sulphate-polyacrylamide gel (SDS-PAGE) witha
4% stacking gel electrophoresis (*Mighty Small IT” system, Hocffer,
San Frandisco, California, USA). The separated proteins and
molecular weight standards were transferred ton nitrocellulose
membranes, which were developed in a2 28 lane ‘Miniblotter’
(Immunetics, Cambridge, Massachuserts, USA) by previously
reported methods.™*? A 1{100 dilution of serum, and 1/10 dilution
of the IC preparation was addded to cach lane 35 the source of the
first antibody. To better compare bound to free antibody
proportions, serum was also diluted t a concentration of IgG
equivalent to that of the isolated IC and then used in the western
blot. This would also serve to control for any possible concentration
of immunoglobulin during PEG precipitation. Controls included
from patients with other diseases and matched for IC levels.

To probe for Borrelia antigens and further assess the specificity of
the ant-Borrelia antibodies, dissociated PEG IC preparations

TABLE lIl—ANT! B. BURGDORFERI ANTIBODY IN IMMUNE
COMPLEXES IN SERONEGATIVE PATIENTS AND SEROPOSITIVE
ACTIVE LYME DISEASE CONTROLS

P
1C with IC without | (compared
sntibody to | antibody to | with other
Group 8 burgdorferi| B burgdorferi| diseases')
Seronegative samples
Definite LD:
ECM+ (n=10) 10 0 Sx10°*
Possible LD:
ECM ~ (n=12) 4 ) 8 16x10"*
Seropositive Lyme disease
(n=22) 21 1 <10-*
Other dissases* (n=19) 0o 19 <5
LD = Lyme disease.
*3( hed for IC o rth respestory infection,

( ) with A, upper =
polyradiculoneuropathy, allergy, multiple sclerosis, polymyositia, or stroke; 10 with
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(undilured, 1/10 dilutions) were run on the SDS-PAGE and then
immunoblotted along with the B bwygdorferi sonicates and
molecular weight standards. Affinity purified human IgG with 2
very high anti-Borrelia antibody titre was used to probe for antigen;
non-specific staining was evaluated by the use of IgG from a
non-discase control as well as probing isolated IC from the
controls.

Statistical analysi

Fisher’s exact test was applied to results obtained from the study
of B burgdorferi reactive antibody in the serum IC in these 22
seronegative patents suspected of having Lyme discase.

Results

Free anti-B burgdorferi antibody in serum samples

The “seronegative” starus of all 22 purative seronegative
samples was confirmed by the anti- B burgdorfert antibody
ELISA (table). 21 of the 22 samples gave readings of <1 SD
above that of control panel, the other was between 1 and 2
SD above that for controls. Other samples were analysed in
the same way, and the seronegative and seropositive status
confirmed.

Immune complex levels

Although our primary intent was to cxamine the
components of circulating IC in these patents,
concentrations were measured so thar controls could be
matched for circulating IC concentrations. After decoding
the samples, we found that IC levels were near normal in all
groups when measured by the Clq and C’3 assays. There
were no significant differences between the ECM-positive
and ECM-negative groups with respect to the level of IC
(table 1). Specifically, among the seronegative patients, 5 of
the 10 padents with ECM, and 9 of the 12 without ECM,
had 2 low positive value in the Clq assay (above 4 pg Eq/ml);
the mean concentradons were 51 and 61 pg Eq/ml,
respectively. The ant-C3 IC concentrations did not risc
above a positive threshold of 15 pug Eq/ml in either group—
the mean values were 3-3 and 24 pg Eq/ml for the
ECM-positive and the ECM-negative groups.

Rheumatoid factor (RF) in serum samples
Rheumatoid factor (RF), which can bind Borrelia reactive
antibody, was rarely found.

Anti-B burgdorferi antibody in isolated serum
immune complexes

Though serum IC concentrations were not raised, there
was sufficient for analysis for complexed B burgdorferi
antdbody. All 10 ECM-positive seronegative Lyme disease
padents had IC containing B burgdorferi reactive IgG
antibody (table I1). Included in this group was I patient who
had not received antibiotic therapy. 4 of the 12 seronegative
possible Lyme discase padents had complexed anu-B
burgdorferi 1gG antibody. 20 of 21 (95%) samples from
symptomatic seropositive Lyme disease patients also had
complexed IgG anti-B burgdorferi antibody. No complexed
anti-B burgdorferi antibody was found in any of the 9 other
discase controls, or any of the 10 seronegative chronic
fatgue padents, or the 10 scroncgative symptom-free
healthy individuals from the endemic area. There was a
significant association (Fisher’s exact test, 1 degree of
freedom, p=5x10"%) between the detection of IC
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Comparative western blots of IgG antibodies to B burgdorferiin
immune complax dissociated preparations and serum samples
in seronegative Lyme disease patients.

S=serum (diluted, see text); IC run undiluted. A, B, and C represent
gative (d i ‘vaLISA)Lmdmpammhmubodv
B burgdorferi in the i 2s determined by PEG-ELISA; A
was ECM - BandeECM+ D represents a known seropositive
mmemom.E.F and G represent other disease controls.
Not shown is conjugate run alone, which was negative. Approximate
molecular weights in kilodaltons are indicated to the right of patient D. IC
and serum samples from each patient were run in tandem. Not all patients
were run on the same gel.
in these representative blots, IgG antibody liberated from the complex
scans reacts with a polypeptide antigen of 41 kD (possibly the flagella) in
mMost cases, as well as an approximate 30 kD one (possibly OspA- an outer
surface protein) in some cases.

I § IT 5 €S

containing anti-B bwrgdorferi antbody and ECM-
positive Lyme disease cases. The association was also
significant for ECM-negative possible cases (table 11).

The western blots confirmed the appearance of B
burgdorferi reactive antibody which had been sequestered
and thus not detected before PEG-borate dissociation of the
IC. IgG antibody liberated from the complex reacted with a
polypeptide antigen of 41 kD (flagella antigen) in most cases,
and with an approximately 30 kD antigen (probably OspA)
in 2 of 10 cases. Dilution of serum samples to the equivalent
concentration of IgG in the IC showed that the observed
results were not due 1o possible concentration of IgG during
PEG precipitation. In other experiments dissociated IC
preparations showed heavier blot staining than even serum
containing 10-100 dmes the equivalent IgG concentrations,
thus further highlighting this liberation of complexed
antibody. In analysis of free antibody a 41 kD band was
clearly visible in the seropositive controls but absent or
barely discernible in the seronegative Lymedxsascpanmts
and other controls.

Dissociated ICsampksfmmSpaumuvmhmpl:wd
Borrelia antibody (2 ECM + and 1 ECM — seronegative, 2
seropositive) were analysed by western blot analysis.
Polyclonal affinity purified human IgG from a seropositive
Lyme disease patient stained antigens, which co-migrated
with antigens from the B burgdorferi sonicate, most visibly in
the region of 43 kD and 38 kD. Polyclonal IgG from a
healthy uninfected individual showed no reactivity. 5
conwol samples, matched for IC levels, were negative for
such antigens when similarly probed.

Further support for sequestradon of andbodies as a
mechanism of seronegativity and IC formation as a feature
even in seropositive Lyme disease patients is the finding of
complexed ant B burgdorferi anubody in 3 seronegative

2
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patients with positive T-cell-mediated immunity (CMI) to
Borrelia and in 3 patients who eventually seroconverted on
follow-up. Initially only complexed ant B burgdorferi
antibody was found in all 3 seronegative patients; 2 later
became seropositive and the third became borderline
positive.On:ECM—posiﬁvepaﬁcmhndmplamdmﬁB
burgdorferi 1gM at 2 wecks, at which time treatment was
started; and 2 weeks later the concentration of complexed
antibody fell, but that of free, anti B burgdorferi IgM rose. In
contrast to this rapid transition, in 1 patient in whom the
diagnosis was not made and so remained untreated with
entibiotics for a year, complexed IgG anti B burgdorfers
amib_odywasdewcwdintwomplaayurapan;dte
patient.seroconverted 8 months after therapy.

Discussion
Our daa show that symptomatc scronegative or
seropositive individuals with Lyme disease form circulating
IC containing B burgdorferi reactive antibody, as
dmum:'mdbymeofsu-hgmtcrituiafotdzeELISAps
SD of the controls for a positive reading) and as confirmed
bymblot.‘l‘bespedﬁcityoftheoompkxedanﬁbody
wnabomggestedinapreﬁnm&shionbywestmblot
probes of the IC for B burgdorferi ant

ImnmemgrﬁtimofBbwgdovfcﬁ,inthcfomofToeﬂ
maivitymewgdorferi,mﬁgcm,hasbemrcponedhﬁ
sumegativepaﬁems.“lnBsuchpatimts,notpanofme
blindedaspectofthcpmmumdy,wefmmdmplcxedB
burgdorferi antibody. Additional direct support for IC
ﬁom:donuamedmianofappammsamegzﬁvityindﬁs
dismeisptwidedbyd)edaecﬁonofBbmgdarfa-imctive
IChsaoposiﬁvepadmtswithacﬁvcdisaseorh
sumxcpﬁvepaﬁmtswbolatersamwmed.mabsmce
of B burgdorferi reactive IC in patients with chronic fatigue,
healthy symptom-free individuals, and other disease
connob,aﬂ&ommmdmﬁcm,mdiamspuﬁﬁdtyofmc
IC.

Sequdonofmu'bodywiﬂxinICocmrredinall
seronegative definite Lyme disease patients  studied.
Howcva,dmepaﬁmtsdidnothavenisedlcvdsoﬂCmd
did not show features of chronic IC discase such as those that
occur in serum sickness or systemic lupus erythemarosus.
The near-normal levels in the patients with prolonged
illness is consistent with reports'®® that in most patents
dsedClqbindklglcvdsoccmwduthesm'tofdxedisuse
and returned to normal after 2 months. Complexes were also
found in the serum of our seropositive patients.

Since carly administration of antbiotics has been
associated with apparent seronegativity in Lyme disease, we
poimmnbywayofobservationm%hthaﬁminm
study had not received antibiotics but were positive for
speciﬁcIC.TheodlapatimBindleblhdedpanofd)e
mudyhadbemumedwi&:mmn‘biodcmgimmbmuot
any of those currently recommended for Lyme disease.?
Though undefined mechanisms may contribute 1o
mﬁvity,indnpmai:mdy,sequsuadonof
sntibody seems to be a sufficient explanation.

Western blot analysis revealed, in most cases, complexed
anti-B burgdorferi antibody to a 41 KD antigen (probably
contspondingmaﬂagellaanﬁgm),mdhothetmatodu
31 kD and higher molecular weight antigens. Antibodies to
dx4lkDmﬁsmmybefcmdinmas=ofnm-Lyme
disease.” In our study, such antibodies were absent or
barely discernible in the free serum or IC of controls. In

contrast these antibodies were present in the free serum of
suopositivcpadentswithLymcdisuseandirxderCof
seronegative patients with Lyme disease. Nevertheless, the
pom’blcooammceofthcseanﬁbodiahothcrdisasa
should be acknowledged and taken into account in
interpreting positive findings.

Our study shows that, irrespective of the actual
circulating concentration, the complexed antibody can be
detected when simple techniques are used to isolate the
complexes and dissociate antibody from its target antigen.”
Complexed antibodies are likely to signify disease activity,
whereas free antibodies alone do not necessarily do so.

The PEG-ELISA IC technique is simple and not tme
consuming and could be used as a diagnostic assay if the
conventional ELISA is negative in suspected cases. In
comparison the cell mediated lymphocyte stimulation assay
is laborious and rime consuming, and therefore only a few
samples can be assayed per week. Selective use of diagnostic
amysmdxasmubodyoamﬁgmmalysisoflc
components may be uscful in esmblishing the diagnosis of
Lylmdiscaseinmscronegativcascs,aswellash
variably positive cases, and in monitoring disease activity.
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