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ABSTRACT. Objective. To evaluate prospectively in a clinical setting the use of a soluble fraction of E. coli to

adsorb nonspecific antibodies which can cause false positive ELISA tests for Lyme borreliosis.
Methods. The patient population tested was obtained from individuals referred to or initially presenting
at a pediatric Lyme disease clinic in Wilmington, DE. Patients were followed for a minimum of
6 months subsequent to primary presentation at the clinic.

Results. A total of 209 met criteria for study inclusion, 93 of whom were diagnosed as having Lyme
borreliosis and 116 of whom had other diagnoses. Results of ELISA tests were compared with different
diagnoses and, when available, ELISA results from commercial laboratories. Findings indicate that
some commercial laboratories have excessively high rates of false positive results (>90% of posi-
tives were found to be false positives).

Conclusion. Adsorption with E. coli antigens effectively removed antibodies causing false positive
results including those occurring at commercial laboratories and did not cause any significant reduction
in assay sensitivity. (J Rheumatol 1995;22:684-8)
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It is generally recognized that enzyme linked immunosorbent
assays (ELISA) for detecting antibodies to Borrelia burg-
dorferi still yield unacceptably high numbers of false posi-
tive results and lack sensitivity for early detection!2. A con-
sequence of this problem is that physicians in our area
(endemic for Lyme borreliosis) treat patients for whom ELI-
SA were ordered irrespective of test result. Lack of confi-
dence in serology coupled with potential difficulties in mak-
ing a diagnosis of Lyme borreliosis on a clinical basis (in
absence of erythema migrans) contribute to the reported over-
diagnosis of Lyme borreliosis in endemic regions®*.
Previous reports indicate that false positive ELISA tests
for Lyme borreliosis occur in patients with other bacterial
infections, viral infections, and autoimmune diseases’’.
Efforts to eliminate these false positives iniclude use of more
dilute patient sera, increasing cut off values from 3 standard
deviations (SD) above the normal mean to up to 8 SD and
addition of adsorbents to remove crossreactive or nonspecific
antibodiess?. We have published reports indicating that ad-
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ELISA ADSORPTION

sorbent prepared from E. coli added to serum diluent effec-
tively reduced false positive test results without adversely
affecting assay sensitivity!®:!. In performing those studies
we used sera from a large number of patients having a broad
spectrum of disorders that may require serologic tests of
Lyme disease in the diagnostic investigation. Our rationale
was that use of a large well defined non-Lyme population
was necessary to accurately test assay performance in rou-
tine clinical use. Our study was performed to prospectively
evaluate the performance of E. coli adsorption in 2 clinical
setting. All patients for whom results of serology for aid in
diagnosing Lyme was available and for whom a clinical diag-
nosis had been established and 6 months of followup was
available were involved in this study. Analysis of data result-
ing from our study was also reviewed to evaluate our esti-
mates of clinical usefulness determined in prior
investigations.

A total of 209 patients seen at our institute’s Lyme clinic
were enrolled in this study. All patients were tested by ELISA
using E. coli adsorbent and 45 had ELISA results from tests
performed at commercial laboratories available for compar-
ison. Diagnoses for patients in the study included 93 with
Lyme borreliosis (30 early localized, 28 early disseminat-
ed, 36 chronic) and 116 non-Lyme including diagnosis of
chronic fatigue, arthromyalgia, juvenile rheumatoid arthri-
tis and viral infections. Comparison of serologic results
obtained at initial presentation to our clinic with final diag-
nosis after at least 6 months followup indicate that adsorp-
tion with E. coli maintains adequate assay sensitivity and sub-
stantially improves specificity, particularly when compared
with results from commercial laboratories.
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MATERIALS AND METHODS

Patient selection. Patient data used for this study were obtained from patients
seen at our pediatric Lyme clinic during 1990, 91 and 92. Inclusion in the
study required that the following criteria were met (1) Patient was seen and
evaluated by either a rheumatologist or infectious disease specialist at our
clinic. (2) Medical histories or records were reviewed by a rheumatologist
with expertise in the diagnosis of Lyme borreliosis. (3) A patient diagnosis
remained unchanged for at least 6 months following sample test date. (4)
A serum specimen was tested by ELISA, using E. coli antigens in serum
diluent, for antibodies to B. burgdorferi. A total of 209 patients met the
criteria for inclusion in this study. Diagnosis for 93 patients was Lyme bor-
reliosis (30 early localized, 28 early disseminated and 35 chronic). Patients
diagnosed with Lyme borreliosis met Centers for Disease Control criteria
for case definition and reporting!2. The other 116 patients had other diag-
noses which are given in the results.

Adsorbent preparation. Adsorbent was prepared from E. coli (ATCC strain
25.922). The bacteria were grown to late log phase at 37°C in nutrient broth
(Difco, Detroit, MI) and harvested by centrifugation in a refrigerated cen-
trifuge at 10,000 g for 15 min. Pelleted bacteria were then washed 5 times
by centrifugation in phosphate buffered saline (PBS). Resuspended E. coli
were then disrupted by sonication on ice with 6 ten second blasts at a set-
ting of 3 using a cell disrupter (Heat Systems-Ultrasonics, Formingdale,
NY). Sonicated bacteria were then centrifuged at 10,000 for 20 min, the
supernatant harvested, centrifuged again for 20 min and saved. Protein con-
centration of the supernatant was determined using the BioRad microassay
(2 modified Bradford procedure) and adjusted to 0.7 mg/ml of E. coli pro-
tein in PBS containing 0.5% bovine serum albumin (BSA). Frozen stock
was stable for 6 months at —70°C.

Borrelia antigen preparation. Borrelia burgdorferi (ATCC strain B31) were
grown to late log phase at 35°C in Barbour Stoenner Kelly medium.
Spirochetes were harvested by centrifugation at 10,000 g for 30 min at 4°C,
washed 3 times in PBS (pH 7.4). Pelleted spirochetes were resuspended
in cold PBS and sonicated on ice by six 10 second blasts of a cell disrupter
at a setting of 6. The sonicate was then centrifuged at 10,000 g for 30 min
at 4°C, the supernatant collected, protein content determined using a BioRad
protein assay kit and protein content adjusted to 400 pg/ul in PBS. The soluble

Borrelia antigen stock was then diluted to 5 pg/pl in PBS and 100 ul added’

to microtiter wells Immulon-1, Dynatech, Alexandria, VA) and incubated
at 37°C for 2 h. Wells were then washed 3 times with PBS containing 0.05%
Tween 20 and 0.5% BSA, fixed with 95% methanol for 10 min, washed
3 times as above and blocked by incubation with 300 plof 1% BSA at 37°C
for 1 h.

ELISA assay. Patient sera were diluted 1:80 with PBS containing 0.7 mg/ml
E. coli protein and 0.5% BSA. A 100 ul aliquot of diluted sera was then
added to appropriate microtiter wells and incubated for 1 h at 37°C. Wells
were then washed 3 times with PBS containing 0.5% BSA and 100 gl of
1:1000 dilution of peroxidase conjugated goat antihunan IgG (Cappel, West
Chester, PA) was added to each well for a 30 min incubation at 37°C. Wells
were then washed as above and 100 1 of ABTS substrate was added for
2 10 min incubation at room temperature. The reaction was stopped by ad-
dition of 50 ul of 250 mM oxalic acid and the optical density (OD) of each
well at 405 nm was determined using 2 Titerteck Multiscan (Flow Labora-
tories, Helsinki, Finland). Results were converted to titer units for report-
ing purposes from a standard curve prepared from sera of known reactivity.

RESULTS

A total of 209 patients seen at our pediatric Lyme clinic were
included in this study. Lyme borreliosis was diagnosed in
93 of the patients and 116 had Lyme borreliosis ruled out
as a diagnosis. All sera were tested for IgG antibodies to
B. burgdorferi by ELISA using E. coli antigens in the serum
diluent. Results shown in Figure 1 indicate that ELISA using
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Fig. 1. Comparison of adsorbed ELISA test results with diagnostic category
for Lyme and non-Lyme patients.

adsorption performs reasonably well in detecting B. burg-
dorferi specific antibody in sera from patients with early
localized [primarily presenting with erythema migrans (EM)
at the time of sample acquisition] and patients with early dis-
seminated Lyme borreliosis (primarily mild neurologic,
febrile, or mild muscular/articular involvement) with 40 and
57% of patients testing positive. All of the chronic Lyme
patients (primarily Lyme arthritis) tested positive using the
E. coli antigen adsorption ELISA. Ten percent of the non-
Lyme patients (12 of 116) produced sufficient reactivity in
the adsorbed ELISA to test positive. Titers for this group
ranged from 1:80 to 1:320 (1 patient). All of the patients
tested by ELISA were also tested by Western blot for both
IgG and IgM antibodies to B. burgdorferi. Interpretive criter-
ia for the Western blot required detection of 4 bands includ-
ing one at the 41 kDa position and one band in the 60 kDa
range as described’3. No non-Lyme patients tested posi-
tive by Western blot; however, about 50% had at least one
band on blots, the majority occurring at the 41 and 60 kDa
locations. Preliminary work (unpublished) indicates the ad-
sorption with E. coli does not prevent binding to these bands
in non-Lyme sera.

A subset of our patient population had been tested by refer-
ring physicians for antibodies to B. burgdorferi at commer-
cial laboratories. Data from the commercial laboratories were
available for 12 of the Lyme borreliosis patients and for 45
of the non-Lyme patients. Figure 2 shows a comparison of
the commercial laboratory results with results achieved us-
ing E. coli adsorbed ELISA. Results achieved for patients
with Lyme borreliosis were identical for both assays. Results
for the non-Lyme patients were dramatically different,
however, with 3 of the 45 non-Lyme patients testing posi-
tive by our E. coli adsorbed ELISA and 42 of the 45 non-
Lyme patients testing positive at commercial laboratories.
The median time elapsed between acquisition of samples for
reference laboratories and our assays was less than 2 weeks.
These results suggest that over 90% of false positive test
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Fig. 2. Data presented depicts results of a comparison between commercial
laboratories and E. coli adsorbed ELISA for Lyme and non-Lyme populations
tested. The 2 patients classified as disseminated Lyme disease testing positive
by our assay were the same 2 who tested positive at commercial laboratories.

results for antibodies to B. burgdorferi are removed by ad-
dition of E. coli antigens to serum diluent.

Data presented in Table 1 shows results for both E. coli
adsorbed and commercial ELISA performed on non-Lyme
patients. The most common diagnoses for non-Lyme patients
in this study were chronic fatigue and arthromyalgia. Of the
31 patients with chronic fatigue tested by our adsorbed
ELISA only 1 was considered positive in comparison to 14
out of 15 chronic fatigue sera testing positive by commer-
cial laboratories. Two of 15 patients with arthromyalgia
(13 %) tested positive using our ELISA versus 6 of 6 by com-
mercial laboratories. Viral infection (Epstein-Barr virus,
Parvovirus B19 and Varicella) caused the greatest percen-
tage of false positives (29%) for E. coli adsorbed ELISA
and also caused false positives for commercial laboratories
(6 of 6 for 100%). The overall false positive rate for ELISA

using E. coli adsorption was 10% while that for commer-
cial laboratories was 93%. The false positive rate for E. coli
adsorbed ELISA on samples from patients tested by refer-
ence laboratories was 7%. Of the 42 patients who tested posi-
tive at commercial laboratories only 3 tested positive when
E. coli antigens were added to serum diluent demonstrating
that over 90 % false positive may be eliminated by using this
adsorption procedure. Results obtained in this study are simi-
lar to those reported in a previous retrospective study which
included more patients with non-Lyme autoimmune and in-
flammatory conditions!!-!4.

DISCUSSION

Reliability, reproducibility, and diagnostic significance of
results from assays detecting antibodies to B. burgdorferi re-
main subjects of contention!.5. This despite availability of
FDA approved assays and commercial laboratories to per-
form such tests.

Our data demonstrate an effective and relatively simple
technique that could be adapted to most enzyme assay tests
and that improves specificity without sacrificing sensitivity.
Perhaps more important results from this study concur with
our earlier work!!. This demonstrates that our validation
study design, in which we included extensive testing of dis-
ease controls, was effective at predicting assay performance
in routine clinical use. Results from commercial laboratories
suggest that certain factors included in our validation study
are not, though should be, included as part of such studies
for serologic test performance. Those factors are (1) use of
appropriate non-Lyme control populations for assay valida-
tion studies, (2) use of appropriate and rigorously defined
Lyme disease patient sera for positive controls in validation
studies, and (3) realistic expectations of performance capa-
bilities for antibody detection assays.

Reports on evaluation/validations of commercial and in-

Table 1. Comparison of adsorbed and commercial ELISA results with diagnoses of non-

Lyme patients
Number Tested Number Positive

Diagnosis n Ads Comm Ads Comm Both
Chronic fatigue 31 31 15 1 14 0
Arthromyalgia 15 15 6 2 6 0
Fever 13 13 3 1 3 0
Tick 7 7 1 0 1 0
Viral infection 14 14 6 4 6 1
Rash 5 5 1 0 1 0
Bell’s palsy 5 5 1 0 1 0
Arthritis 3 3 0 1 0 0
Headache 4 4 1 1 1 0
No symptoms 6 6 2 0 2 0
Other 13 13 i 2 7 2
Total 116 116 45 12* 42%* 3

* The 12 samples that tested positive using the adsorbed ELISA did not include any of the 3 that tested negative
at commercial laboratories. No non-Lyme patient tested was positive for either IgG or IgM antibodies measured

by Western blotting.

** The majority of specimens testing positive at commercial laboratories were in the *“‘low’’ positive range.
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house developed ELISA tests for detection of antibodies to
B. burgdorferi usually indicate that distinguishing negative
from borderline and positive reactions is based on determin-
ing 3 or more standard deviations of reactivity above the
mean for normal sera. Many reports also indicate that several
or more autoimmune or syphilitic sera were tested to assess
cross reactivity. Use of sera from healthy normals to estab-
lish cutoff values is a valid and necessary step in the develop-
ment of an assay; however, determination of assay efficacy
for routine clinical use should involve more extensive test-
ing of a disease control population in addition to testing sera
from patients with diseases known to cause false positive test
results in many antibody detection based assays. Control
patient populations can be best determined by noting what
symptoms are likely to lead to suspicion of Lyme disease
and hence testing for antibodies to B. burgdorferi or by test-
ing patients presenting for evaluation at a Lyme disease
clinic.

Selection of patient sera for antibody positive controls
should require that patients not only meet accepted critera
for a diagnosis of Lyme borreliosis based on clinical find-
ings but that the patients have been followed for a sufficient
time to assess outcome following treatment. Ideally one
should try to obtain positive control sera from culture con-
firmed cases. However, such cases are relatively rare. Well
documented (by experienced physicians) erythema migrans,
classical disease symptoms, and chronology representative
of disease stage and confirmation from 1 or more already
evaluated assays should suffice for documentation of posi-
tive control sera.

The 3rd factor to consider is performance expectation of
serologic assays. Detection of IgG antibodies and in some
circumstances IgM antibodies to B. burgdorferi in sera from
patients with chronic Lyme arthritis presents little or no
problem. However, in cases with vague symptoms and no
history of EM or when samples are obtained soon after
infection (before or concurrent with EM), detection of IgG
antibodies is unlikely and even IgM antibody detection should
be interpreted with caution. The time course for generating
a humoral immune response for both IgG and IgM antibod-
ies has been fairly well established as has the persistence of
IgG antibodies and usually rapid decrease in IgM antibod-
ies. Results in some reports and case reports of patients from
whom College of American Pathologists proficiency survey
samples were prepared appear to deviate from what is con-
sidered the norm for humoral responses!S. While it may be
that B. burgdorferi possesses unique immunopotentiating
properties that contribute to generation of a vigorous immune
response, positive antibody tests for IgG occurring sooner
than expected after infection, or in the case of IgM present-
ing at significant levels for up to a year following infection
and successful treatment should be viewed with
skepticism!6-18. We feel this to be a particularly significant
problem as false positives are common (in this study almost

all of the positive referrals were false positive) for Lyme bor-
reliosis. In addition, the presence of an EM rash or a tick
bite does not preclude false positivity. Indeed there is no rea-
50n to expect patients with very recent infection ( < 1 week)
with B. burgdorferi to be less likely to possess crossreactive
antibodies and yield false positive results than non-Lyme
patients for whom false positives are relatively common. Use
of such patients with very early well documented infections
to establish sensitivity limits could lead to increased false
positive results for non-Lyme patients.

The high background prevalence of IgM and IgG antibod-
ies to some components of B. burgdorferi most notably the
41 kDa flagellar antigen in non-Lyme patients seems likely
to result from natural antibodies as suggested by Cook, et
al®_1f this is indeed the case it would help to explain why
IgM responses tend to persist for prolonged periods of time
in patients with Lyme disease and remain detectable in non-
Lyme patients. In the absence of classical symptoms, IgG
response or favorable response to treatment, distinguishing
between IgM B. burgdorferi specific and natural antibodies,
known to be broadly reactive, is difficult?'.

When first investigating the use of E. coli to adsorb cross
reactive antibodies we used a well defined panel of 20 posi-
tive reactive control sera as well as a selection of sera from
patients with autoimmune diseases. We next tested a large
patient population (n = 200) of control sera obtained from
patients with well defined diagnoses (other than Lyme) for
whom extensive (min 6 months) followup was available. This
2nd phase of testing was used as our validation study. Our
report presents results obtained for use of E. coli adsorption
on patients presenting or seen at our pediatric Lyme clinic
over a 2-year period. Our findings with regard to sensitivity
and specificity are very similar to that obtained by our vali-
dation study that was designed taking into account the fac-
tors discussed in the preceding paragraphs. There is no doubt
that the results obtained from commercial laboratories which
we presented in comparison with our own were achieved
using assays that had passed a validation study. We acknow-
ledge that the extremely high false positive rate (93 %) results
in part from sample bias as patients with a positive serology
were more likely to be referred to our clinic than were nega-
tive. However, the fact that over 90% of the false positives
were correctly identified by our assay demonstrate that com-
mercial assays were not properly validated.

In summary, we report on an adsorption procedure which
utilizes soluble antigens prepared from E. coli that remove
antibodies that can crossreact with B. burgdorferi. The
manufacture and use of this adsorbent is relatively simple
and adds no additional incubation or timed steps to our
ELISA for B. burgdorferi specific antibodies. Comparison
of our results with those obtained at commercial laboratories
on the same patients clearly demonstrates the value of in-
corporating this adsorption step. Finally, we suggest that
proper validation studies that include appropriately selected
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sera should be required prior to instituting tests for antibod-
ies to B. burgdorferi.
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