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In 1991, we reported that 55% of laboratories participating in the Wisconsin Proficiency Testing Program
could not accurately identify serum samples from Lyme disease patients containing antibody against Borrelia
burgdorferi. The purpose of this study was to determine whether the accuracy of Lyme disease test results
reported by approximately 500 participants in the Wisconsin State Laboratory of Hygiene/College of American
Pathologists Lyme Disease Survey had improved. From 1992 through 1994, 50 serum samples were sent to
participants of the survey. Each laboratory received 28 serum samples from individuals with Lyme disease
according to the case definition of the Centers for Disease Control and Prevention and 22 serum samples from
healthy individuals. Unfortunately, the serodiagnosis of Lyme disease by participants had not improved. The
specificity of the Lyme disease assays steadily decreased from approximately 95% to approximately 81% during
the 3-year period of the survey. False-positive test results approached 55% with some of the serum samples
from healthy donors. A serum sample containing antibody against Treponema pallidum was reported as positive
by 70% of the participants. In addition, the sensitivity fluctuated between 93 and 75%, depending upon the
conjugate used by the laboratories. These results suggest that stronger criteria must be applied for approving
and continuing to approve commercially available kits for the serodiagnosis of Lyme disease.

Lyme borreliosis, caused by the spirochete Borrelia burgdor-
feri sensu lato, is an illness that can affect numerous organ
systems including the skin, connective tissue, heart, and central
nervous system (20). Symptoms range from mild, flu-like ab-
normalities to severe disabling conditions. Since the illness can
resemble aseptic meningitis, rheumatoid arthritis, influenza, or
other syndromes, clinicians tend to rely upon serological tests
as the primary indicator for detection of infection with B.
burgdorferi sensu lato. Serological tests for Lyme borreliosis,
however, have demonstrated poor sensitivity and specificity
(9–12, 14, 18) and continue to make the overdiagnosis of Lyme
borreliosis common (19). Therefore, Magnarelli (15) and oth-
ers (9, 14) have suggested that laboratories performing sero-
logical tests for the detection of anti-B. burgdorferi antibodies
be required to participate in a proficiency testing program.
We showed previously (1) that significant inter- and intra-

laboratory variations existed among test results obtained from
45 laboratories performing Lyme disease proficiency testing in
an area where Lyme disease is endemic. Approximately 4 to
21% of the laboratories failed to identify correctly positive
serum samples with titers of 512 or more by using polyvalent
serum or immunoglobulin G (IgG) conjugates. With lower
levels of anti-B. burgdorferi antibody in the serum samples,
approximately 55% of participating laboratories did not iden-

tify a case-defined serum sample from an individual with Lyme
disease according to the case definition of the Centers for
Disease Control and Prevention (CDC; CDC case-defined se-
rum sample). In addition, 2 to 7% of laboratories identified as
positive serum samples from individuals with no known expo-
sure to B. burgdorferi. The false-positivity rate increased to
27% when an IgG conjugate was used. Furthermore, we
showed a striking inability of many laboratories to reproduce
their results with split samples from the same individual.
In the present study, we sought to determine if Lyme disease

test results had improved since our initial report (1). We eval-
uated the sensitivity and specificity of “screening tests” per-
formed by 516 laboratories for the Wisconsin State Laboratory
of Hygiene (WSLH)/College of American Pathologists (CAP)
Lyme Disease Proficiency Survey from 1992 through 1994.
This is the first report that evaluated the performance of

serodiagnostic testing for Lyme disease at the national level.

MATERIALS AND METHODS

Selection of patients. Twenty-eight serum samples were obtained from pa-
tients diagnosed with Lyme borreliosis according to the case definition of Lyme
disease established by CDC (6). In addition, a serum sample with Venereal
Disease Research Laboratory (VDRL) test positivity and antibodies against
Treponema pallidum was selected, as was a serum sample containing rheumatoid
factor. Furthermore, 20 serum samples were obtained from healthy individuals
with no history of Lyme borreliosis. All subjects were evaluated and diagnosed by
physicians with expertise in the diagnosis and treatment of Lyme borreliosis.
Descriptions of the serum samples distributed to participants of the WSLH/CAP
Lyme Disease Proficiency Survey are presented in Table 1.
Serum sample preparation. Approximately 500 ml of whole blood was ob-

tained from each donor. The blood was allowed to clot, and the serum was
collected by centrifugation at 50 3 g and was stored at 2208C until it was used.
Subsequently, the serum samples were thawed and 250-ml aliquots, without
preservatives, were dispensed into 0.5-ml polypropylene vials (Sarstedt Inc.,
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Princeton, N.J.). Most of the serum samples (all samples except specimen 93-13)
were nonreactive for rheumatoid factor, hepatitis B virus surface antigen, and
human immunodeficiency virus type 1. The serum samples were also tested for
cross-reactivity to T. pallidum. Serum sample 93-03 was reactive when tested by
the VDRL and the fluorescent treponemal antibody-absorption tests. No
changes in titers by an indirect fluorescent-antibody test for detection of anti-B.
burgdorferi antibody were detected with stored serum samples during the dura-

tion of the program. A minimum of 1% of the serum samples from each donor
was tested prior to each shipment.
Absorption of serum samples from healthy individuals. Two serum samples

were absorbed for demonstration of the absence of cross-reactive or natural
antibodies against B. burgdorferi. Serum samples 92-13 and 92-15 from healthy
individuals were absorbed with B. burgdorferi sensu stricto 297. This isolate
expresses the major outer surface proteins of B. burgdorferi (13) and is repre-
sentative of the dominant genomic (2) and seroprotective (13) groups of B.
burgdorferi sensu stricto found in the United States. Briefly, a suspension of
low-passage B. burgdorferi sensu stricto 297 was thawed, and an aliquot was used
to inoculate five centrifuge bottles containing 250 ml of fresh Barbour-Stoenner-
Kelly (BSK) medium (4). The cultures were inoculated at 328C for 3 days,
washed three times by centrifugation with phosphate-buffered saline (PBS),
pooled with 3 ml of PBS, and used to inoculate 250 ml of serum specimens 92-13
and 92-15. After incubation for 1 h at 218C the spirochetes were pelleted by
centrifugation (10,000 rpm) for 30 min. The sera were removed and were stored
at 2208C until used.
Selection of serum samples for shipment to participants. Serum samples

obtained from 22 individuals with no history of Lyme borreliosis (including the
VDRL test- and rheumatoid factor-reactive specimens) and 28 patients with
Lyme disease were randomized for distribution into 10 shipments. Sera from
patients with Lyme disease were collected 1 week to 111 months after the onset
of symptoms. The average time between the onset of symptoms and the collec-
tion date was 7 months. Serum samples 93-01 and 93-02 were replicates of the
same specimen. Paired serum samples 93-09 and 93-10 and serum samples 94-02
and 94-13 were collected from two individuals, respectively, and the serum
samples in the pairs were drawn at 1-month intervals. Five serum samples were
distributed per shipment, for a total of 50 randomized serum samples tested by
each participating laboratory.
Testing of serum samples prior to shipment. A random selection of 1% of the

aliquots of each serum sample was tested by an in-house enzyme immunoassay
for reactivity to B. burgdorferi 7 days prior to shipment to the survey participants.
Flat-bottom microtiter plates (Nunc) were coated with 100 ml of 2.0 mg of
low-passage (,10) B. burgdorferi sensu stricto B31 antigen per ml in coating
buffer and were incubated overnight at 48C. The plates were washed with PBS-
Tween buffer and were dried for 1 h by incubation at 218C. The plates were then

TABLE 2. Reference index values for serum samples
from healthy donorsa

Sample
identification no.

Mean 6 SD index value

IgM IgG

92-02 0.44 6 0.01 0.60 6 0.17
92-04 0.60 6 0.07 0.29 6 0.01
92-06 0.77 6 0.05 0.52 6 0.08
92-13b 0.93 6 0.05 0.23 6 0.03
92-14 0.22 6 0.03 0.31 6 0.04
92-15b 0.65 6 0.03 0.01 6 0.01
92-18 0.68 6 0.03 0.22 6 0.03
93-03c 0.19 6 0.02 1.11 6 0.04
93-04 0.77 6 0.05 0.08 6 0.01
93-06 0.08 6 0.06 0.25 6 0.03
93-08 0.38 6 0.06 0.14 6 0.05
93-11 0.18 6 0.01 0.21 6 0.01
93-12 0.31 6 0.02 0.57 6 0.02
93-13d 0.02 6 0.00 0.15 6 0.01
93-14 0.20 6 0.01 0.43 6 0.01
94-05 0.26 6 0.01 0.17 6 0.01
94-06 0.97 6 0.22 0.47 6 0.03
94-07 0.18 6 0.01 0.25 6 0.01
94-08 0.69 6 0.06 0.47 6 0.03
94-09 0.50 6 0.05 0.21 6 0.01
94-11 0.30 6 0.03 0.87 6 0.04
94-14 0.08 6 0.01 0.18 6 0.01

Mean 0.43 6 0.04 0.35 6 0.03

a A total of 22 serum samples were obtained from healthy donors. Values are
mean index values for 1% of each serum sample. A positive result had an index
value of .1.1. Equivocal results were reported for values of between 0.9 and 1.1,
and negative results were reported for those with index values of ,0.9.
b Serum samples 92-13 and 92-15 were treated with B. burgdorferi sensu stricto

297.
c Serum samples 93-03 were reactive when tested by the VDRL and FTA-ABS

tests.
d Serum samples 93-13 was positive for rheumatoid factor.

TABLE 1. Serum samples obtained for distribution in the
WSLH/CAP Lyme disease proficiency testing survey

Sample
identification no.

Type of serum
samplea

Date of onset
(mo/day/yr)

Date of sample
collection
(mo/day/yr)

92-01 Lyme 4/1/90 10/1/91
92-02 Normal NAb

92-03 Lyme 10/1/91 12/1/91
92-04 Normal NA
92-05 Lyme 6/1/91 9/1/91
92-06 Normal NA
92-07 Lyme 8/1/91 12/1/91
92-08 Lyme 8/1/91 8/1/91
92-09 Lyme 6/1/91 10/1/91
92-10 Lyme 6/1/91 8/1/91
92-11 Lyme 6/1/83 7/1/92
92-12 Lyme 5/1/92 7/1/92
92/13 Normal NA
92-14 Normal NA
92-15 Normal NA
92-16 Lyme 7/1/92 8/1/92
92-17 Lyme 7/1/92 10/1/92
92-18 Normal NA
92-19 Lyme 8/1/92 10/1/92
92-20 Lyme 7/1/92 8/1/92
93-01c Lyme 5/1/92 11/1/92
93/02c Lyme 5/1/92 11/1/92
93-03 Normal NA
93-04 Normal NA
93-05 Lyme 9/1/90 3/1/91
93-06 Normal NA
93-07 Lyme 10/1/92 3/1/93
93-08 Normal NA
93-09d Lyme 7/1/92 7/1/92
93-10d Lyme 7/1/92 8/1/92
93-11 Normal NA
93-12 Normal NA
93-13 Normal NA
93-14 Normal NA
93-15 Lyme 7/1/93 9/1/93
94-01 Lyme 8/1/93 8/1/93
94-02e Lyme 8/1/93 9/1/93
94-03 Lyme 7/1/93 7/1/93
94-04 Lyme 8/1/93 7/1/93
94-05 Normal NA
94-06 Normal NA
94-07 Normal NA
94-08 Normal NA
94-09 Normal NA
94-10 Lyme 7/1/93 7/1/93
94-11 Normal NA
94-12 Lyme 7/1/93 9/1/93
94-13e Lyme 8/1/93 8/1/93
94-14 Normal NA
94-15 Lyme 8/1/93 8/1/93

a Lyme, serum sample from patient with Lyme disease; Normal, serum sample
from a healthy subject.
b NA, not applicable.
c Serum sample 93-01 and 93-02 were replicates of the same specimen.
d Serum samples 93-09 and 93-10 were collected 4 weeks apart from one

individual.
e Serum samples 94-02 and 93-13 were collected 4 weeks apart from one

individual.
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placed in a desiccator jar under vacuum and were stored at 48C for 24 h before
being sealed with a desiccant in aluminum packs (Riley and Geehr, Evanston,
Ill.) and stored at 2708C until they were used.
Microtiter plates containing B. burgdorferi sensu stricto B31 antigen were

overlaid with a 100-fold dilution of each serum sample, a calibrator, or a refer-
ence serum sample contained in PBS with 1% bovine serum albumin. The
microtiter plates were incubated for 1 h at 258C in a humid chamber and were
then washed three times with PBS containing 0.05% Tween 20 (Sigma Chemical
Co., St. Louis, Mo.). This step was followed by incubation with antibody to
human IgM or IgG labeled with horseradish peroxidase (Organon-Teknika-
Cappel, Malvern, Pa.) and subsequent incubation with o-phenylenediamine
phosphate (Sigma). The reaction was stopped by the addition of 0.1 ml of 3 M
NaOH, and the absorbances were determined immediately at a wavelength of
490 nm. A mean index value was obtained for each of the test samples by dividing
the absorbance value of the sample by the absorbance of the positive control. For
this assay, a positive result had an index value of greater than 1.1. Equivocal
results were reported for values between 0.9 and 1.1, and negative results were
those with index values of less than 0.9. All serum samples were tested five times
by this method prior to shipment.
Shipments. Serum samples were sent to participants in styrofoam boxes con-

taining two refrigeration packs (Mid-Lands Chemical, Inc., Omaha, Nebr.). Se-
rum samples were delivered by the U.S. Postal Service’s priority mail service for
receipt within 2 days. Samples shipped outside the United States were sent by
Federal Express.
Participating laboratories. No criterion was established for excluding labora-

tories from participating in the Lyme Disease Proficiency Survey. Test protocols
were not consistent among the participants. Some laboratories tested only for
IgM, while others used only IgG-specific assays. Other laboratories used both
assays. Furthermore, protocols for testing varied (e.g., some laboratories per-
formed an IgM test only if a polyvalent assay was positive). An average of 388
(76%) laboratories voluntarily tested serum samples with polyvalent conjugates

with each shipment of the serum samples. Seventy-eight (15%) laboratories
tested the specimens by IgG assays, and 50 (9%) laboratories used IgM assays.
The percentage of laboratories performing polyvalent, IgM, or IgG tests varied
slightly (,5%) over the 3-year study period. In 1992, 84% of the polyvalent tests
performed by participants were enzyme immunoassays, while 67 and 48% of the
laboratories used enzyme immunoassays to perform IgM- and IgG-specific tests,
respectively. These percentages changed in 1993. Ninety-three percent of the
laboratories using polyvalent tests performed enzyme immunoassays. In addi-
tion, 80 and 70% of the IgM- and IgG-specific tests were performed by enzyme
immunoassays. The percentages of laboratories that used enzyme assays in 1994
were similar to those reported in 1993.
Most of the participants were located in areas of the United States where

Lyme disease is endemic. Twelve laboratories were located in countries outside
the United States.
Data collection. An average of 516 laboratories reported results from 1992

through 1994. During this period, a laboratory may have chosen not to report
results on a sample or set of samples, thus causing variability in the number of
tests performed. Laboratories were instructed to treat and process the serum
samples used for proficiency testing as routine samples and to perform their
established methods for determining the serodiagnosis of Lyme disease. Results
were requested within 10 days of receiving the shipment. Quantitative (numerical
values) and qualitative (test interpretations) results were collected. Other pro-
cedural data such as specimen treatment, source of conjugate, reagents, controls,
reporting schemes, incubation time, and temperatures were also recorded.
Statistical analysis. A t test was used to determine if there was a significant

difference between the reference index values for the sera from individuals with
Lyme disease and those from healthy individuals.

RESULTS

Reference sera used for proficiency testing. Table 2 presents
the mean anti-B. burgdorferi IgM and IgG index values ob-
tained for 1% of each of the serum samples from healthy
individuals (including two cross-reactive serum samples; sam-
ples 93-03 and 93-13). The serum samples were evaluated by
an enzyme immunoassay before being distributed to partici-
pants of the Lyme Disease Proficiency Survey. Only serum
sample 93-03 had a significant level of immunoglobulin, spe-
cifically IgG, against B. burgdorferi. All normal and cross-reac-
tive sera had IgG index values of#1.11, while index values with
the IgM conjugate were #0.97. The overall mean anti-B. burg-
dorferi IgM and IgG index values were 0.43 6 0.04 and 0.35 6
0.03, respectively.
By contrast, the overall mean index values for anti-B. burg-

dorferi IgM and IgG antibodies with CDC case-defined sera
were 2.06 6 0.16 and 2.08 6 0.11, respectively (Table 3).
Serum samples 92-03, 92-12, 92-17, 92-19, 92-20, 93-01, 93-02,
and 93-10 had elevated levels of anti-B. burgdorferi IgM but
relatively low levels of IgG when they were compared by the
in-house reference enzyme immunoassay. Low levels of anti-B.
burgdorferi IgM and elevated levels of anti-B. burgdorferi IgG
were detected in serum samples 92-07, 93-05, and 94-12. All
other serum samples except sample 94-04 had elevated anti-B.
burgdorferi IgM and IgG antibodies. Sample 94-04 had very low

FIG. 1. Specificity of polyvalent, IgM, and IgG conjugate-specific tests for
identification of serum samples from healthy donors for 1992 (n 5 516), 1993
(n 5 515), and 1994 (n 5 496), as indicated by the bars from left to right,
respectively.

TABLE 3. Reference index values for sera from patients
with Lyme diseasea

Sample
identification no.

Mean 6 SD index value

IgM IgG

92-01 1.22 6 0.03 4.66 6 0.11
92-03 2.18 6 0.11 0.95 6 0.06
92-05 1.33 6 0.01 3.28 6 0.06
92-07 0.74 6 0.02 2.91 6 0.12
92-08 1.35 6 0.12 4.49 6 0.04
92-09 1.35 6 0.15 4.87 6 0.29
92-10 1.07 6 0.04 1.80 6 0.09
92-11 1.01 6 0.03 4.73 6 0.19
92-12 4.16 6 0.08 0.56 6 0.07
92-16 2.83 6 0.12 2.71 6 0.17
92-17 1.87 6 0.21 0.59 6 0.06
92-19 2.08 6 0.24 0.88 6 0.13
92-20 1.93 6 0.13 0.74 6 0.06
93-01b 2.64 6 0.21 0.52 6 0.04
93-02b 2.61 6 0.24 0.51 6 0.04
93-05 0.43 6 0.05 4.16 6 0.32
93-07 1.81 6 0.15 4.04 6 0.18
93-09c 6.68 6 0.21 1.78 6 0.07
93-10c 3.85 6 0.38 0.99 6 0.09
93-15 1.26 6 0.07 1.77 6 0.07
94-01 2.16 6 0.24 2.43 6 0.12
94-02c 1.13 6 0.09 1.42 6 0.06
94-03 1.93 6 0.18 1.07 6 0.09
94-04 0.26 6 0.02 0.68 6 0.04
94-10 2.62 6 0.22 1.59 6 0.11
94-12 0.87 6 0.15 1.57 6 0.17
94-13c 3.38 6 0.45 1.40 6 0.14
94-15 2.84 6 0.32 1.05 6 0.11

Mean 2.06 6 0.15 2.08 6 0.11

a A total of 28 serum samples were obtained from patients with Lyme disease.
Values are mean index values for 1% of each serum sample. A positive result had
an index value of.1.1. Equivocal results were reported for values of between 0.9
and 1.1, and negative results were reported for those with index values of ,0.9.
b Serum samples 93-01 and 93-02 were replicates of the same serum sample.
c Serum samples 93-09 and 93-10 along with serum samples 94-02 and 94-13

were drawn 4 weeks apart from two individuals, respectively.
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levels of anti-B. burgdorferi IgM and IgG antibodies. The pa-
tient was diagnosed with lumbar neuropathy and arthralgia.
The IgG and IgM index values for case sera (Table 3) were
significantly different (P , 0.05) than those for sera from
donors without Lyme disease (Table 2).
Specificity. Three hundred eighty-eight laboratories re-

ported results of assays in which a polyvalent conjugate was
used to test 22 serum samples from healthy individuals. The
specificity was 97% in 1992 and decreased to 93 and 80% in
1993 and 1994, respectively (Fig. 1). Similar results were ob-
tained when participants used IgM or IgG conjugate-specific
tests. The specificity of the IgM conjugate-specific tests re-
ported by 78 laboratories decreased from 97% in 1992 to 84%
in 1994. Likewise, the specificity of the IgG conjugate-specific

tests used by 50 laboratories decreased from 92 to 81% during
the survey period (Fig. 1).
Figure 2 presents the percentage of laboratories (n 5 78)

reporting positive IgM test results for each of the 22 serum
samples from healthy donors that had various index values.
The percentage of laboratories reporting false-positive results
rapidly increased, with serum samples from healthy donors
having an index value of 0.69 or more. A total of 46, 45, 10, and
41% of laboratories reported false-positive test results when
serum samples from healthy donors had index values of 0.69,
0.77, 0.77, and 0.97, respectively. Furthermore, 3 to 7% of
laboratories reported false-positive test results when serum
samples from healthy donors had index values of 0.08, 0.50,
0.60, 0.65, and 0.93.

FIG. 2. Percentage of laboratories (n5 78) reporting positive IgM test results for each of the 22 serum samples from healthy donors with various index values. There
were two serum samples with an index value of 0.77.

FIG. 3. Percentage of laboratories (n5 50) reporting positive IgG test results for each of the 22 serum samples from healthy donors with various index values. There
were two serum samples with an index value of 0.25.
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A similar pattern of false-positive test results occurred with
laboratories performing IgG conjugate-specific tests (Fig. 3). A
total of 12, 16, 22, 46, 11, 10, and 54% of laboratories reported
false-positive results with serum samples from healthy donors
with index values of 0.08, 0.25, 0.47, 0.47, 0.52, 0.60, and 0.87,
respectively. Serum sample 93-03, which was obtained from a
subject who was VDRL and FTA-ABS test positive, had an
index value of 1.11. Sixty-eight percent of laboratories reported
this serum sample to be positive for antibodies against B.
burgdorferi (Fig. 3). In addition, laboratories that used polyva-
lent-specific tests reported false-positive test results at rates
similar to those for the IgM and IgG conjugate-specific tests
(data not shown).
Sensitivity. Twenty-eight CDC case-defined Lyme disease

serum samples were tested by 388, 78, and 50 laboratories by
polyvalent, IgM, or IgG conjugate-specific tests, respectively.
The sensitivity varied from 87 to 93% when polyvalent conju-
gates were used for the years 1992, 1993, and 1994 (Fig. 4).
When IgM conjugate-specific tests were evaluated, the sensi-
tivity was 80% in 1992, peaked at 92% in 1993, and then
declined to 76% in 1994. The sensitivity of the IgG conjugate-
specific tests was 84% or less during the 3-year duration of the
survey (Fig. 4).

Figure 5 illustrates the percentage of laboratories that re-
ported positive IgM test results with each of the 28 CDC
case-defined serum samples that had different index values.
Ninety percent or more of the laboratories identified all serum
samples except sample 94-10 with an index value of 1.50 or
more by IgM conjugate-specific tests; serum sample 94-10 had
an IgM index value of 2.62. By contrast, 8 of 12 of the serum
samples with an index value of 1.50 or less were identified as
positive by less than 90% of the laboratories. Furthermore, five
of six of these serum samples with an IgM index value of 1.10
or less were reported to be positive for antibodies to B. burg-
dorferi by only 3 to 61% of the participants.
When IgG conjugate-specific tests were used (Fig. 6), more

than 90% of the laboratories identified all serum samples ex-
cept samples 93-09 and 94-03 as positive with an index value of
1.10 or more; serum samples 93-09 and 94-03 had index values
of 1.78 and 1.07, respectively. Nine serum samples, however,
with index values of 0.99 or less were identified by 75% of the
laboratories or less. Specifically, serum samples 92-03, 92-12,
92-17, 92-19, 92-20, 93-01, 93-02, 93-10, and 94-04 were re-
ported to be positive by 74, 48, 37, 57, 28, 45, 49, 49, and 36%
of the laboratories, respectively. Similar test results were ob-
tained when polyvalent conjugate tests were used (data not
shown).

DISCUSSION

The serodiagnosis of Lyme disease has been plagued with
problems of sensitivity and specificity (9–12, 14, 18) since the
development of the first serologic test for the detection of
antibodies against B. burgdorferi (17). Concomitantly, investi-
gators (9, 14, 15) and medical organizations (5) increasingly
called for the development of a national proficiency testing
program as one means for improving the quality of test results.
Initially, WSLH and CAP introduced Lyme disease proficiency
programs for laboratories and manufacturers to evaluate the

FIG. 4. Sensitivity of polyvalent, IgM, and IgG conjugate-specific tests for
identification of CDC case-defined serum samples for 1992 (n 5 516), 1993 (n 5
515), and 1994 (n 5 496), as indicated by the bars from left to right, respectively.

FIG. 5. Percentage of laboratories (n 5 50) reporting positive IgM test results for each of the 28 CDC case-defined Lyme disease serum samples with various index
values. There were two serum samples with an index value of 1.35.
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quality of their Lyme disease assays. These programs, specifi-
cally the WSLH Lyme Disease Proficiency Survey (1), affirmed
that the serodiagnosis of Lyme disease needed improvement.
Fourteen to 21% of laboratories failed to identify correctly a
positive serum sample with high levels of antibodies against B.
burgdorferi by using polyvalent or IgG conjugates. When serum
samples contained lesser amounts of anti-B. burgdorferi anti-
body, accuracy varied by approximately 55%. Most disconcert-
ing was the inability of many laboratories to reproduce their
results. In addition, none of the commercial or home-brewed
assays demonstrated a clear superiority.
Those results (1), however, were obtained from laboratories

participating in WSLH’s regional (Wisconsin) Lyme disease
proficiency program. Furthermore, those results were obtained
during a period of rapid commercialization of serodiagnostic
kits, the use of a less stringent criterion for determination of
case-defined serum, development of multiple home-brewed
assays, poorer understanding of the antibody response against
B. burgdorferi, and increased testing of patients without indi-
cations of Lyme borreliosis. Subsequently, the WSLH and
CAP Lyme disease proficiency testing programs merged to
offer a comprehensive national program to test approximately
500 laboratories. The cosponsored program now evaluates lab-
oratories during a period of enhanced governmental regulation
of commercially available kits, renewed awareness about the
sensitivity and specificity of testing methods, and increased
focus on quality assurance (5).
Unfortunately, our results demonstrated that the serodiag-

nosis of Lyme disease has not improved. We showed that the
specificity of the Lyme disease assays steadily decreased from
approximately 95% to approximately 81% during the 3 years of
the survey. False-positive test results approached 55% with
some of the serum samples from healthy donors. A serum
sample containing antibody against T. pallidum was reported to
be positive by 70% of the participants. In addition, the sensi-
tivity fluctuated between 93 and 75%, depending upon the
conjugates used by laboratories for the detection of anti-B.
burgdorferi antibodies. In general, the sensitivity of the Lyme
disease assays decreased during the duration of the survey.
These results are discouraging and suggest that even more
stringent criteria must be applied by the Food and Drug Ad-
ministration for approving or continuing to approve commer-
cially available kits for the serodiagnosis of Lyme disease.
The extent of the problem can be illustrated with the results

obtained with some of the serum samples from healthy donors
that had relatively high IgM index values. As the reference
index value increased, the percentage of false-positive test re-
sults increased. Approximately 45% of laboratories reported
false-positive test results when the IgM index values for three
proficiency test serum samples were between 0.69 and 1.10. In
addition, false-positive results increased for IgG tests when the
index values were between 0.40 and 0.60. Ten to 54% of the
laboratories reported false-positive IgG test results for five of
seven serum samples within this range of index values. Fifty-
four and 68% of laboratories reported false-positive IgG tests
for two serum samples, respectively, that had index values of
between 0.87 and 1.11. The false-reactivity of the IgM and IgG
tests can only be explained for 1 of the 22 serum samples. This
serum sample (sample 93-03) was reactive when tested by the
VDRL and FTA-ABS tests. It is well known that infection with
T. pallidum can be detected with Lyme disease assay systems
(3, 16).
We also observed a steady decline in the sensitivity of the

tests from 1992 through 1994. We found that the sensitivity of
the IgM and IgG tests markedly declined when the index
values for the serum samples were 1.50 or less. The decline in
sensitivity was even greater with the IgG and IgM tests when
the index values for the serum samples were 1.10 or less (1.10
was the cutoff value of our reference immunoassay). For ex-
ample, nine serum samples with an index value of 1.10 or less
were identified by only 74% or less (range, 36 to 74%) of the
laboratories that used the IgG tests. Similarly, five of six serum
samples with index values of 1.10 or less were reported to be
positive by 61% or less (range, 3 to 61%) of the laboratories
that used the IgM conjugates. Collectively, these results affirm
our previous finding (1) that laboratories have the greatest
difficulty in identifying serum samples with lower levels of B.
burgdorferi antibody.
Our results also demonstrated that the performance of lab-

oratories performing tests for Lyme disease can change dras-
tically with the selection of serum samples. In 1995, serum
samples with high index values for IgM and IgG antibodies
were shipped to survey participants. Concurrently, serum sam-
ples from healthy donors were selected for the absence of
cross-reactivity. The sensitivity and specificity of Lyme disease
tests performed by survey participants increased to 95%. These
serum samples clearly did not reflect the spectrum of patients
with Lyme disease or their test results.

FIG. 6. Percentage of laboratories (n 5 78) reporting positive IgG test results for each of the 28 CDC case-defined Lyme disease serum samples with various index
values.
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Under current proficiency testing regulations (7), 90% con-
sensus is required to score each serum sample. If the Lyme
disease survey were scored under these regulations, only sam-
ples with high levels of antibody would be evaluated. This gives
the laboratory a false sense of security since the most difficult
samples are not scored and laboratories are given full credit for
those samples. As indicated by our results, the greater chal-
lenge of test performance is with samples containing low levels
of antibody. Although Clinical Laboratory Improvement Amend-
ments of 1988 regulations require that proficiency testing pro-
grams provide a wide range of challenges, the scoring mecha-
nism does not allow low levels of antibody to be appropriately
evaluated when reference methods or standards do not exist.
Thus, laboratories evaluate their own performance based on
scientific evidence provided with the case history and scientific
literature.
Although Lyme disease proficiency testing is not regulated,

our results demonstrated that grading must be flexible to allow
laboratories to be tested with samples that represent the spec-
trum of samples from patients with Lyme disease. Although
the sensitivity and specificity will vary from challenge to chal-
lenge, it will reflect the current testing methods until a “gold
standard” that can be used to compare or eliminate test meth-
ods that are inferior is developed. Again, commercially avail-
able tests appear to be excellent if high levels of anti-B. burg-
dorferi antibodies are present. They fail when the level of
antibody to B. burgdorferi is low. A lack of sensitivity may not
be a problem when the prevalence of Lyme disease is low;
however, in areas where Lyme disease is endemic, this may
prohibit the early detection of the disease. Furthermore, these
tests will not be useful as screening tests unless their sensitivity
is improved and standardized assays with high specificities are
available to confirm the results.
Recently, CDC along with the Association of State and

Territorial Public Health Laboratory Directors have recom-
mended that sera submitted for serology be tested by an en-
zyme immunoassay or indirect fluorescent-antibody assay and
that borderline or positive samples be tested by Western blot-
ting (immunoblotting) (5, 8). Our data indicated that the sen-
sitivity and specificity of the currently used tests for Lyme
disease are not adequate to meet the two-tier test approach
being recommended. Ideally, a screening test should have a
high degree of sensitivity (.95%). The current methodologies
need to be improved to adequately screen serum samples for
confirmatory testing.
In conclusion, our results suggest that stronger measures

need to be taken by the Food and Drug Administration to
control the quality of commercially available Lyme disease
assay kits. One solution is to force all currently used or ap-
proved assay systems through an evaluation with sera obtained
from culture-positive patients. An arbitrary sensitivity of 90%
could be selected. The specificity could also be set at 95%.
Commercially available tests that did not reach these perfor-
mance levels would be removed from the market. Although
this is a drastic solution, its time has come. This measure would
lessen the overdiagnosis of Lyme disease (19) and prevent the
use of costly laboratory solutions, like Western immunoblot-
ting, to make a serodiagnosis of Lyme disease.

APPENDIX

The other members of the Diagnostic Immunology Resource Com-
mittee are as follows: Michael J. Borowitz, Department of Pathology,
Johns Hopkins Medical Institution, Baltimore, Md.; John S. Coon,
Department of Pathology, Rush-Presbyterian Medical College, Chi-
cago, Ill.; Robert Hamilton, Johns Hopkins Asthma and Allergy, Bal-
timore, Md.; Sandra Larsen, Treponemal Pathogenesis and Immunol-

ogy Branch, Centers for Disease Control, Atlanta, Ga.; Helene Paxton,
Maryland Medical Laboratories, Baltimore, Md.; Rebecca L. Johnson,
Department of Pathology, Berkshire Medical Center, Pittsfield, Mass.;
David J. Bylund, Box 2701, Rancho Santa Fe, Calif.; Charles A. Hor-
witz, Department of Pathology, Abbott Northwestern Hospital, Min-
neapolis, Minn.; David F. Keren, Department of Pathology, Warde
Medical Laboratory, Ann Arbor, Mich.; Russell H. Tomar, Depart-
ments of Pathology and Laboratory Medicine, University of Wisconsin
Hospital and Clinics, Madison, Wis.; Felice Miller Soifer, Department
of Pathology, Memorial Sloan-Kettering Cancer Center, New York,
N.Y.; Henry A. Homburger, Clinical Immunology Laboratory, Mayo
Clinic, Rochester, Minn.; and Robert M. Nakamura, Department of
Pathology, Scripps Clinic and Research Foundation, La Jolla, Calif.
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