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ABSTRACT Diagnostic testing for Lyme disease (LD) remains dependent on detec-
tion of antibodies to LD Borrelia using serologic assays, in adherence to the standard
two-tiered testing (STTT) algorithm. We present the first analytic evaluation of the
automated Borrelia B31 ViraChip IgM and IgG microarray immunoblot (MIB) assays
(Viramed Biotech AG, Planegg, Germany) in comparison to two different, semiauto-
mated blot assays for LD, including the Borrelia B31 ViraStripe IgM and IgG line im-
munoassays (LIAs) (Viramed) and the MarDx Borrelia burgdorferi IgM and 1gG West-
ern blot (WB) assays (Trinity Biotech, Carlsbad, CA), using prospectively collected sera
(n = 411) and archived, clinically characterized samples (n = 91). We show compara-
ble overall agreement (>84%) of the ViraChip MIB assays against the two aforemen-
tioned LD blot methods. The ViraChip MIB assays were also compared to a consen-
sus standard, whereby samples were classified as positive or negative for IgM or IgG
to B. burgdorferi if the analyte-matched ViraStripe LIA or MarDx WB assay were posi-
tive or negative, respectively. The ViraChip IgM and IgG MIB assays showed >93%
positive, negative, and overall agreement versus these consensus criteria. The
ViraChip MIB assays were associated with a time savings of 28 min to process one
full batch of samples compared to the time required for the ViraStripe LIAs. The
ViraChip MIB assays can be programmed and performed on an open-system, auto-
mated enzyme-linked immunosorbent assay (ELISA) processor, negating the need for
assay-specific equipment and enabling laboratories to consolidate LD testing onto a
single platform. We conclude that the ViraChip IgM and IgG MIB assays may be
added to the repertoire of supplemental, second-tier blot testing systems for diag-
nosis of LD.
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yme disease (LD), caused by infection with pathogenic members of the Borrelia

burgdorferi sensu lato complex and transmitted by Ixodes species ticks, is the most
common tick-borne infection in both North America and Europe, with up to 400,000
infections estimated to occur annually in the United States alone (1-3). Within the B.
burgdorferi sensu lato complex, B. burgdorferi sensu stricto (here referred to as B.
burgdorferi) is the predominant genospecies circulating in North America and is asso-
ciated with nearly all cases of LD (4). Following infection, LD may progress through
multiple different stages, including early localized disease, which classically presents
with an erythema migrans (EM) lesion (5). In the absence of treatment, LD can progress
to systemic illness, including symptoms of myalgia, arthralgia, fatigue, and fever; more
severe sequelae, including neuroinvasive disease and cardiac involvement (e.g., artrio-
ventricular heart block) are also well described in the literature (6).

For patients without EM but who are symptomatic and have had tick exposure in an
area of LD endemicity, serologic testing for the presence of antibodies to B. burgdorferi
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remains the main diagnostic method for LD (7). Currently, the Centers for Disease
Control and Prevention (CDC) recommends that serologic testing for LD be performed
using the standard two-tiered testing (STTT) algorithm (8). Briefly, the STTT begins with
an initial screen using an enzyme-linked immunosorbent assay (ELISA) or immunoflu-
orescence assay for detection of anti-B. burgdorferi IgM- and 1gG-class antibodies, with
positive or equivocal samples requiring supplemental blotting (e.g., Western blotting
[WB] or immunoblotting) for detection of discrete IgM and/or IgG antibodies to the
spirochete. Currently, a positive anti-B. burgdorferi IgM or IgG blot is defined as the
presence of host antibodies to at least 2 out of 3 or at least 5 out of 10 B. burgdorferi
proteins, respectively (8, 9). Importantly, due to the seropersistence of IgM antibodies
to B. burgdorferi and the documented high rate of false-positive B. burgdorferi IgM blots,
results from IgM immunoblotting should be considered only in patients with 30 days
of symptoms or less in order to minimize the risk of erroneously misdiagnosing a
patient with recent LD (8, 10).

Although screening ELISAs for LD are highly sensitive for detection of anti-B.
burgdorferi antibodies, their specificity varies depending on the type of antigen used
(e.g., whole-cell sonicate [WCS] or purified or recombinant antigens) and remains
imperfect; this limitation is resolved by supplemental blot testing of ELISA-reactive
samples (9). Despite the presence of shared, cross-reactive epitopes for a number of the
targeted B. burgdorferi proteins (e.g., p41, p66, etc.) in other bacteria, blot testing for
detection of antibodies to B. burgdorferi provides a small yet statistically significant
improvement in specificity versus testing for LD by an ELISA alone (11-13). This increase
in specificity translates to approximately 37,000 fewer false-positive LD test results in
the United States, where nearly 3.4 million serologic tests for LD are performed annually
(1, 14, 15). Supplemental LD blot testing, however, is associated with a number of
interpretive and analytic challenges. First, the presence or absence of antibody bands
on LD blots is determined by comparing the intensity of the band in the patient sample
to the intensity of a control band. Visual examination of these blots, a subjective and
technologist-dependent process, can lead to over- or undercalling band presence,
resulting in low test accuracy and reproducibility (16). To avoid the challenges of visual
LD blot interpretation, many testing centers rely on reference laboratories to perform
second-tier blot testing; this practice of sending samples out for additional testing,
however, is associated with a delay in turnaround time to final results (14). Alternatively,
an increasing number of laboratories have transitioned to assessing band intensities
using blot scanners and band densitometry measurements, a method which provides
more objective interpretation of blot results than visual inspection (17). However,
differences in software settings and platforms may still lead to result disparity across
laboratories (D. Granger and E. Theel, unpublished data). The variability associated with
blot interpretation is most concerning for the anti-B. burgdorferi IgM blots, which have
been associated with a high rate of false positivity (10, 14, 18). Finally, when performed
manually, blot testing requires significant technologist hands-on time, largely dedi-
cated to pipetting of samples and processing. While automated blot processors are
available, there are few stand-alone platforms that incorporate both automated spec-
imen pipetting and blot processing. Although there are instruments capable of per-
forming these two functions, they are typically dedicated to blot testing only and are
unable to be used for completion of alternative immunoassays (e.g., ELISAs).

In this study, we present the first evaluation of the recently FDA-cleared Borrelia
B31 ViraChip IgM and IgG microarray immunoblot assays (ViraChip MIB assays;
Viramed Biotech AG, Planegg, Germany), which were entirely automated on a
Gemini Compact Microplate Processor (Stratec Biomedical AG, Birkenfeld, Ger-
many). Results of the ViraChip MIB assays were compared to those of the Borrelia
B31 ViraStripe IgM and IgG line immunoassays (LIAs) (Viramed Biotech AG, Planegg,
Germany) and the MarDx B. burgdorferi IgM and IgG WB assays (Trinity Biotech,
Carlsbad, CA), both performed in a semiautomated manner using a BeeBlot strip
processor (Bee Robotics, Gwynedd, Wales, UK).
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MATERIALS AND METHODS

Study design. Specimens evaluated in this study were split into two arms. The first arm included 411
prospectively collected, residual sera from unique patients submitted to Mayo Medical Laboratories
(MML; Rochester, MN) for clinician-ordered serologic evaluation of LD using the STTT algorithm. Due to
receipt of these samples through our MML reference laboratory practice, clinical information on these
patients, including exposure history, symptoms, and treatment regimens, was not available. Inclusion
criteria for these sera included being either positive (n = 366) or equivocal (n = 45) by the first-tier C6
Lyme ELISA (Oxford Immunotec, Marlborough, MA) and having sufficient residual specimen volume for
testing by six different B. burgdorferi blot assays (described below). Prospective samples meeting these
criteria were consecutively collected over a 30-day period between August and September 2017,
deidentified, and stored frozen at —20°C until testing. All included samples were tested within one
freeze-thaw cycle by the following second-tier supplemental assays: the Borrelia B31 ViraChip IgM and
1gG microarray immunoblots (ViraChip MIB assays; Viramed Biotech AG, Planegg, Germany), the Borrelia
B31 ViraStripe IgM and IgG LIAs (Viramed Biotech AG, Planegg, Germany), and the MarDx B. burgdorferi
IgM and IgG WB assays (Trinity Biotech, Carlsbad, CA). This arm of the study was exempt from review by
the Mayo Clinic Institutional Review Board (IRB).

The second study arm included 91 sera from 20 patients with confirmed LD and 71 control sera
collected from unique, healthy individuals without a history of LD and residing in an area of LD
endemicity (here, endemic control samples). A total of 79 of these 91 sera were received from the Bay
Area Lyme Foundation (Portola Valley, CA) National Lyme Disease Biobank (LDB) (https://www
.bayarealyme.org/our-research/biobank/). Among these 79 patients, 8 were classified by the LDB as
confirmed early LD based on the presence of a documented EM lesion and exposure in a state with a
high incidence of LD (Wisconsin), in accordance with the LD CDC case definitions (19). Convalescent,
posttreatment serum samples from these eight patients, collected 1 to 2 months post-symptom onset by
the LDB, were used for this study. The remaining 71 serum samples from the LDB were collected from
asymptomatic individuals living in an area of LD endemicity (Wisconsin) (20, 21). An additional 12 serum
samples collected 1 to 2 months post-symptom onset from 12 unique Mayo Clinic patients with
confirmed LD between 2016 and 2018 were classified using the 2017 CDC LD case definitions and were
also included in this arm following approval by the Mayo Clinic IRB (19). Among these 12 patients, 2 had
Lyme carditis with atrioventricular conduction block, 3 had arthralgia attributed to LD, and 7 had Lyme
neuroborreliosis, confirmed by the presence of lymphocytic pleocytosis in cerebrospinal fluid and an
elevated Lyme antibody index. All samples were tested within one freeze-thaw cycle by the IgM and IgG
Borrelia B31 ViraChip MIB assays and ViraStripe LIAs.

Borrelia B31 ViraChip MIB assays. The Borrelia B31 ViraChip IgM and IgG assays are both novel
microarray immunoblot (MIB) assays which received FDA clearance in 2017. The ViraChip MIB assays are
designed using a 96-well microtiter plate format, and to the bottom of each well is adhered a
nitrocellulose membrane onto which either recombinant or highly purified B. burgdorferi B31 antigens
are immobilized in triplicate at defined positions, or spots; the IgM and IgG ViraChip MIB assays are
adhered in individual wells (Fig. 1). The B. burgdorferi B31 antigens used in the ViraChip MIB assays are
identical to those recommended by the CDC for second-tier blot testing and include the p23, p39, and
p41 antigens for the ViraChip IgM MIB assay and the p18, p23, p28, p30, p39, p41, p45, p58, p66, and p93
antigens for the ViraChip IgG MIB assay. Additionally, each IgM and IgG ViraChip MIB plate has spots for
one negative control, two serum controls, two IgM or two IgG conjugate controls, and a calibrator control
spotted in sextuplet. Sample pipetting and ViraChip MIB processing were performed using a Gemini
automated microplate processor (Stratec Biomedical AG, Birkenfeld, Germany) with strict adherence to
the manufacturer’s instructions. Briefly, each patient serum was diluted at 1:76 in sample diluent prior to
addition into the IgM and IgG ViraChip MIB wells. Samples were incubated for 30 min at room
temperature (RT), followed by removal of serum and three wash steps to eliminate unbound antibodies.
Alkaline-phosphatase anti-human IgM or IgG conjugate, which binds to the respective immobilized
anti-B. burgdorferi antibody (if present), was subsequently added. Following a 30-min incubation at RT,
unbound conjugate was aspirated, wells were washed three times, and chromogen/substrate solution
was added. Plates were incubated for 15 min at RT, and if conjugate-antibody complexes were present,
the substrate precipitated, leading to a color change. The substrate was subsequently removed, and
wells were washed three times and allowed to dry under continuous airflow for 20 min prior to
colorimetric imaging using a high-sensitivity charge-coupled-device (CCD) camera on a CLAIR reader
(Sensovation, Stockach, Germany).

Evaluation of the colorimetric intensity for each triplicate B. burgdorferi antigen was calculated in
relation to the calibrator control, lot-specific correction factor, and individual antigen-specific correction
factors using customized ViraChip software (version 1.10_1056). Briefly, the mean colorimetric intensity
of the replicate calibrator controls is multiplied by the lot-specific factor for each antigen to establish the
antigen-specific cutoff value. The mean intensity for each triplicate B. burgdorferi antigen is divided by
the cutoff value to determine a signal-to-cutoff (S/CO) ratio, which is multiplied by 100. Antibodies to
each B. burgdorferi antigen are considered present if the S/CO ratio is equal to or greater than 100. S/CO
values of 19 or less are reported as 0 by the ViraChip software. Both the CLAIR reader and ViraChip
software are FDA cleared for use with the ViraChip MIB assays. Manual (visual) interpretation of results
from the ViraChip MIB assays is not possible due to antigen-specific cutoff intensity values and the
compact size of the microarray. Qualitative interpretation of the ViraChip IgM and IgG MIB assays
adhered to current CDC guidelines as described above (8). Per the manufacturer’s instructions, ViraChip
IgM and IgG MIB assays for which the ViraChip software could not assess the serum, conjugate, or
calibrator controls were interpreted as invalid.
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B. ViraChip IgG MIB schematic
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FIG 1 (A and B) Schematic representation and arrangement of control and B. burgdorferi antigens for the ViraChip IgM and 1gG microarray immunoblot (MIB)
assays. (C and D) Representative images of positive and negative results, as indicated. (Images adapted and used with permission from Viramed Biotech AG.)

Borrelia B31 ViraStripe LIAs. The Borrelia B31 ViraStripe IgM and IgG line immunoblot assays (LIAs)
(Viramed Biotech AG, Planegg, Germany) are FDA-cleared assays, utilizing highly purified B. burgdorferi
B31 antigens which are immobilized onto nitrocellulose membranes at defined positions. Each IgM and
IgG LIA strip has an integrated control system, including a cutoff calibrator, serum control, and IgM or
1gG conjugate control bands. The assays were performed according to the manufacturer’s instructions for
use as described previously (17). Briefly, samples and controls were manually pipetted, and strips were
processed using a BeeBlot semiautomated blot strip processor (Bee Robotics, Gwynedd, Wales, UK). The
LIAs were objectively read using a Viramed ViraCam reader and ViraScan software (version 2.10 B.0022).
The ViraScan software locates each B. burgdorferi antigen and calibrator control band and measures the
intensity by densitometric analysis. The background signal intensity level of each LIA is also measured
and subtracted from that of the calibrator control, the cutoff value, and each B. burgdorferi antigen band.
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TABLE 1 Comparison of the ViraChip MIB assays and ViraStripe LIA for detection of anti-B. burgdorferi IgM and IgG antibodies in serum

ViraStripe assay and no. to tests with

. . indicated result® % agreement (95% Cl)©
ViraChip assay
and result? Positive Negative Uninterpretable Positive Negative Overall Kappa value (95% Cl)
IgM MIB IgM LIA (n = 411)
Positive 160 1 1
Negative 494 191 4 75.5 (69.2-80.8)  99.0 (96.1-99.9)  85.6 (81.9-88.7)  0.71 (0.65-0.78)
Invalid 3 1 1
IgG MIB IgG LIA (n = 411)
Positive 122 25 0
Negative 9 253 0 93.1 (87.3-96.5)  90.4 (86.3-93.3)  91.2 (88.1-93.6)  0.81 (0.75-0.87)
Invalid 0 2 0

aMIB, microarray immunoblot; LIA, line immunoassay.

bThe ViraChip IgM MIB assay detected antibodies to only p41 in 37/49 samples and to only p23 in only 1 sample. The ViraChip IgM MIB assay did not detect
antibodies to p39 in any of the 49 discordant samples.

<Cl, confidence interval.

dEleven samples had 0 bands, and 38 samples had only 1 band detected by the ViraChip IgM MIB assay.

The resulting normalized B. burgdorferi band signal intensities are divided by the cutoff signal intensity,
resulting in an S/CO ratio for each band. An IgM or IgG response to each B. burgdorferi protein is
considered present if the S/CO is 80 or higher. S/CO levels of 19 or less are reported as 0 by the ViraScan
software. Qualitative, anti-B. burgdorferi IgM and 1gG LIA interpretations were determined in accordance
with current CDC guidelines (8). ViraStripe IgM and IgG LIAs for which the ViraScan software was unable
to identify the cutoff calibrator or serum control bands were considered uninterpretable, as per the
manufacturer’s instructions.

MarDx B. burgdorferi IgM and IgG Marblot WB assays. The MarDx B. burgdorferi IgM and IgG
Western blot (WB) assays are FDA cleared and are based on separation of B. burgdorferi B31 antigens via
polyacrylamide gel electrophoresis followed by transfer of the proteins onto a nitrocellulose membrane.
Processing of the MarDx IgM and IgG WBs was performed in accordance with the manufacturer’s
instructions. Briefly, following manual pipetting of the samples, controls, and a serum band locator onto
the MarDx IgM and IgG WB strips, a BeeBlot semiautomated processor was used to complete all WB
incubation and wash steps as described previously (17). The WBs were read manually by a single
technologist using results from the serum band locator strip to identify the required B. burgdorferi IgM
and IgG bands; scoring of the bands (i.e., present or absent) was based on visual comparison of the
intensity of each band to the cutoff calibrator band located on the weakly reactive control strip. WBs
were considered uninterpretable when bands were completely or partially masked due to heavy
background or blotching. Qualitative interpretations of the B. burgdorferi IgM and IgG WBs were
determined in accordance with current CDC guidelines (8).

Statistics. MeasuringU software (MeasuringU, Denver, CO) was used to calculate positive, negative
and overall percent agreement and 95% confidence intervals (Cls). Weighted kappa was calculated using
MedCalc statistical software (22). Kappa values of <0.20, 0.21 to 0.40, 0.41 to 0.60, 0.61 to 0.80, and 0.81
to 1.00 were interpreted as poor, fair, moderate, good, and very good interrater agreement, respectively
(23). Microsoft Excel 2010 with the Data Analysis ToolPak (version 14.0) was used to create correlation
plots and to determine Pearson’s coefficient (R) and P values. Pearson’s correlation coefficient values of
<0.3, 0.3 to 0.49, and >0.5 were interpreted as indicative of little, medium to moderate, and strong
correlations, respectively (24).

RESULTS

Agreement between the B. burgdorferi ViraChip MIB assays, ViraStripe LIAs,
and MarDx WB assays. Using the prospectively collected samples (n = 411), the
ViraChip IgM and IgG MIB assays showed positive, negative, and overall percent
agreement values of 75.5% and 93.1%, 99.0% and 90.4%, and 85.6% and 91.2%,
respectively, compared to results with the ViraStripe IgM/IgG LIAs (Table 1). Cohen’s
kappa values were 0.71 and 0.81, indicating good and very good interrater agreement
between the ViraStripe LIA and ViraChip MIB IgM and IgG assays, respectively. Analysis
of ViraChip IgM and IgG MIB results compared to those with the corresponding MarDx
WB assays exhibited positive, negative, and overall percent agreement values of 85.4%
and 80.4%, 84.5% and 94.8%, and 84.7 and 86.4%, respectively, with Cohen’s kappa
values of 0.68 and 0.72, both indicative of good interrater agreement between the
assays (Table 2).

Performance of the ViraChip IgM and IgG MIB assays was also compared to a
consensus standard, whereby a sample was classified as positive for anti-B. burgdorferi
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TABLE 2 Comparison of the ViraChip MIB assay and MarDx WB assay for detection of anti-B. burgdorferi IgM and IgG antibodies in serum

MarDx WB assay and no. of tests with

. . indicated result® % agreement (95% Cl)¢
ViraChip assay
and result? Positive Negative Uninterpretable Positive Negative Overall Kappa (95% ClI)
IgM MIB IgM WB (n = 411)
Positive 123 39 0
Negative 20 223 1 85.4 (78.7-90.3) 84.5 (79.6-88.4) 84.7 (80.9-87.9) 0.68 (0.61-0.75)
Invalid 1 2 2
IgG MIB IgG WB (n = 411)
Positive 135 10 2
Negative 33 220 9 80.4 (73.7-85.7) 94.8 (91.1-97.1) 86.4 (82.7-89.4) 0.72 (0.66-0.79)

Invalid 0 2 0

aMIB, microarray immunoblot.
bWB, Western blot.
<Cl, confidence interval.

IgM if both of the ViraStripe IgM LIA and MarDx IgM WB assay were positive. Similar
criteria were used to define a sample as positive for IgG to B. burgdorferi, while a
negative result by both the ViraStripe and MarDx blot assays was used as the consensus
definition for a negative anti-B. burgdorferi IgM or IgG sample. Samples discordant by
the matched ViraStripe LIA and MarDx WB assays were excluded from this subset
analysis. Using these criteria, of the 411 sera evaluated, 311 and 350 samples had
consensus results for IgM and IgG to B. burgdorferi, respectively, by the ViraStripe LIA
and MarDx WB assays. Compared to this consensus standard, the ViraChip IgM and IgG
MIB assays exhibited greater than 93% positive, negative, and overall agreement values,
with kappa values of 0.92 and 0.91, respectively, indicating very good interrater
agreement (Table 3).

Comparison of the B. burgdorferi antigens detected by the ViraChip MIB assays
and ViraStripe LIAs. Correlation between the ViraChip and ViraStripe IgM and IgG
assays was evaluated by comparing the S/CO ratios and qualitative results from both
assays for each individual B. burgdorferi target protein. The ViraChip IgM MIB assay and
ViraStripe IgM LIA showed strong and statistically significant (P < 0.001) qualitative
correlations for all three B. burgdorferi antigens (p41, p39 and p23) with Pearson’s
coefficient (R) values of 0.57, 0.65, and 0. 67, respectively (see Fig. S1 in the supple-
mental material). Qualitative correlation between the ViraChip IgG MIB assay and

TABLE 3 Comparison of the ViraChip IgM and IgG MIB assays to a consensus standard for the presence or absence of IgM and IgG

antibodies to B. burgdorferi

Consensus standard
and no. of tests with

i i 0 0, d
Virachiplassay the indicated result % agreement (95% Cl) e v
and result? Positive Negative Positive Negative Overall (95% ClI)
IgM MIB IgM (n = 311)°
Positive 122 1
Negative 8 178 93.1% (87.3-96.5) 98.9% (95.8-99.9) 96.5% (93.7-98.1) 0.92 (0.88-0.97)
Invalid 1 1
1gG MIB I9G (n = 350)°
Positive 118 8
Negative 5 217 96.0% (90.6-98.5) 95.6% (92.0-97.7) 95.7% (93.0-97.4) 0.91 (0.86-0.95)
Invalid 0 2

aMIB, microarray immunoblot.

bThe consensus standard for an anti-B. burgdorferi IgM-positive sample was defined as positivity by both the ViraStripe IgM LIA and the MarDx IgM WB assay; the

consensus standard for a negative IgM sample was defined as a negative result by both assays.

“The consensus standard for an anti-B. burgdorferi IgG-positive sample was defined as positivity by both the ViraStripe I1gG LIA and the MarDx IgG WB assay; the

consensus standard for a negative IgG sample was defined as a negative result by both assays.
dCl, confidence interval.
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TABLE 4 Performance of the ViraStripe LIA and ViraChip MIB assay in clinically
characterized sera

No. (%) of samples positive by:

ViraChip MIB
No. of days . .
Serum type post-symptom No. of assay MIEEEGDTE
(n = 96)° onset? samples IgM 19G IgM I9G
Confirmed LD 30-60 20 13 (65)¢ 9 (45) 15 (75)¢ 10 (50)
Endemic control N/A 71 2 (2.8)¢ 0(0) 4 (5.6)4 0(0)

aConfirmed LD cases were defined by the LDB using the CDC case criteria, including the presence of an EM
rash in a patient with tick exposure in a high-incidence state or using the CDC laboratory criteria for
diagnosis, including a positive standard two-tiered test or a positive nucleic acid amplification test for B.
burgdorferi. Endemic control serum samples were from patients living in areas of endemicity for LD who
were seronegative for antibodies to B. burgdorferi using standard two-tiered testing.

bNA, not applicable.

<One of the two samples was negative by the screening C6 Lyme ELISA.

dThree of the four samples were negative by the screening C6 Lyme ELISA.

eTesting of samples for IgM-class antibodies to B. burgdorferi by immunoblotting is not recommended for
patients with more than 30 days of symptoms. These data were included for comparison purposes only.

ViraStripe 1gG LIA was strong for 4 of the 10 relevant B. burgdorferi proteins, including
p66 (R = 0.50), p41 (R = 0.65), p28 (R = 0.77), and p18 (R = 0.72) (Fig. S2). Correlation
of the two IgG immunoblot assays for the remaining six proteins ranged from little to
moderate (R = 0.23 to 0.48), with the lowest correlation exhibited for p23.

Performance of the ViraChip MIB assays and ViraStripe LIAs using clinical
characterized patient samples. Sensitivity levels of the ViraChip IgM and IgG MIB
assays were 65% (13/20) and 45% (9/20), respectively, among 20 convalescent-phase
serum samples collected posttreatment from patients with confirmed LD. In compari-
son, sensitivities of the ViraStripe IgM assay and IgG LIAs among this group were
slightly higher at 75% (15/20) and 50% (10/20), respectively (Table 4). The low positivity
rates observed for these samples may be attributed to the use of sera collected
posttreatment of LD for these patients. The ViraChip IgM MIB assay was positive for
2.8% (2/71) of endemic control samples, compared to 5.6% (4/71) for the ViraStripe IgM
LIA. Both the ViraChip IgG MIB assay and ViraStripe IgG LIA were negative for all 71
endemic control samples (Table 4).

Workflow analysis between the ViraChip MIB assays and ViraStripe LIAs. The
total hands-on and processing times for the ViraChip MIB assays and the ViraStripe LIAs
were evaluated for one full batch of patients (n = 46) and appropriate controls (n = 2)
per assay. Full-batch testing consisted of processing one 96-well plate, including 48 IgM
and 48 IgG MIB wells for the ViraChip assay using a Gemini instrument, and 96
ViraStripe LIAs, including 48 IgM and 48 1gG LIAs, performed on two separate BeeBlot
instruments. Total technologist hands-on time was 31 min to process samples for the
ViraStripe IgM and IgG LIAs, which included 26 min for manual pipetting of serum
samples and controls onto the LIA strips (Table 5). Comparatively, the ViraChip MIB
assays did not require any time devoted to manual pipetting as this function was
entirely automated; 15 min was required for preanalytical assay preparation. Assay run
times for the ViraChip MIB assay and ViraStripe LIA were 165 min and 175 min,

TABLE 5 Total processing times for the ViraChip MIB and ViraStripe LIA for a full batch of
patient samples and controls per assay

Technologist hands-on time

(min) for:

Manual Preanalytical assay Assay run  Total time/batch
Assay? pipetting  preparation time (min)  (min)
ViraStripe IgM and IgG LIA 26 7 175 208
ViraChip IgM and IgG MIB 0 15 165 180

aFor each assay, 46 patient samples and 2 control samples were processed. LIA, line immunoassay; MIB,
microarray immunoblot.
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respectively; total times per batch for these two assays were 180 min and 208 min,
respectively, a difference of 28 min.

DISCUSSION

We present the first analytic evaluation of the recently FDA-cleared Borrelia B31
ViraChip IgM and IgG MIB assays in comparison to two different second-tier blot assays
for LD, including the Borrelia B31 ViraStripe IgM and IgG LIAs and the MarDx B.
burgdorferi 1IgM and IgG WB assays, both also FDA cleared. Our findings indicate
substantial overall agreement (>84%) between the ViraChip IgM and IgG MIB assays
and the respective IgM and IgG LIA and WB assays in both prospectively collected sera
and in banked samples collected from both control individuals and patients with
confirmed LD. Additionally, we show a significant reduction in technologist time and,
importantly, risk for ergonomic injury in performance of the ViraChip IgM and IgG MIB
assays, which are entirely automated, compared to levels with the semiautomated blot
processing method currently used in our laboratory.

A number of specific observations from this comparison deserve discussion. First,
while the ViraChip IgG MIB assay showed over 90% negative and positive agreement
values with the ViraStripe 1gG LIA, the ViraChip IgM MIB assay showed 99% negative
agreement and only 75.5% positive agreement with the ViraStripe IgM LIA. The lower
positive agreement of the ViraChip IgM MIB assay was due to the lack of any antibodies
detected in 11 of the 49 ViraChip-negative/ViraStripe-positive samples and detection of
antibodies to only one B. burgdorferi protein (p41) in 37 of the remaining discrepant
specimens; antibodies to p23 were detected in only one sample, and antibodies to p39
were not identified in any of the 49 discordant samples by the ViraChip IgM MIB assay.
This finding is consistent with the S/CO scatter plot analysis of the ViraChip IgM MIB
assay and ViraStripe IgM LIA results for the p23 and p39 proteins, which suggests that
although there is a strong qualitative result correlation between the two assays, the
ViraChip IgM MIB assay shows lower S/CO ratios for these two antigens than the
predicate ViraStripe IgM LIA. Additionally, we observed only a moderate to low corre-
lation between the ViraStripe LIA and ViraChip MIB assay for 6 of the 10 B. burgdorferi
proteins; this is surprising given that these assays are produced by the same manu-
facturer (Viramed). Although we cannot identify a specific cause for the differences in
levels of agreement or correlation between the Viramed MIB assay and LIA, we
speculate that this may be the result of multiple factors. First, while the targeted B.
burgdorferi proteins are equivalent between the two methods, five of the proteins used
in the ViraChip IgG MIB assay are produced using recombinant methods, whereas the
remaining 5 proteins and all 10 proteins printed on the ViraStripe IgG LIA are highly
purified extracts from B. burgdorferi cell culture (M. Kintrup, Viramed, personal com-
munication). The precise identification of which antigens are recombinant in the
ViraChip IgG MIB assays is considered proprietary by the manufacturer; however, this
difference in antigen preparation may account for the difference in correlations ob-
served for multiple proteins between the ViraChip IgG MIB assay and ViraStripe 1gG LIA.
Second, the method by which the presence or absence of antibodies to B. burgdorferi
proteins is established differs between the two assays: signal intensity at each individ-
ual protein band on the LIAs is determined using densitometry; whereas for the MIB
assays, signal intensity is determined using colorimetric imaging at three replicate
protein spots, which are averaged, and the signal is adjusted using both lot- and
protein-specific correction factors. Third, the amount of purified antigen printed on the
LIA and MIB membranes may differ, impacting assay performance, and, finally, the
nitrocellulose membranes used for the MIB assay and LIA, including the method of
antigen application and adherence, differ (M. Kintrup, Viramed, personal communica-
tion) and may lead to different surface chemistry reactions impacting reactivity. Al-
though our limited evaluation of the ViraChip assays in sera from clinically character-
ized patients and healthy controls suggests that performance is similar to that of the
ViraStripe LIAs, further assessment of the ViraChip MIB assays is necessary, using a
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larger cohort of patients presenting at different stages of LD, to determine the clinical
accuracy of the ViraChip IgM and IgG MIB assays.

Notably, while the ViraChip IgM MIB assay showed higher positive agreement with
the MarDx IgM WB assay (85%) than the ViraStripe IgM LIA (75.5%), the overall
concordance between the ViraChip MIB assays and corresponding MarDx WB assay was
lower than that observed between the ViraChip and ViraStripe assays. This finding is
likely attributable to both the subjectivity associated with visual evaluation of the
MarDx WBs and the use of different protein preparations between the MIB (recombi-
nant or highly purified proteins) and WB (WCS material) assays. A key limitation
associated with WCS-based blot assays is the higher rate of cross-reactivity, in part due
to the presence of antigens recognized by antibodies induced by non-B. burgdorferi
bacteria and due to the comigration of multiple B. burgdorferi proteins with similar
molecular weights to the same region of the blot as the targeted B. burgdorferi protein
(10, 25). Overall, while the ViraChip MIB assay results generally suggest lower analytic
sensitivity than other blot methods, there is no accepted reference comparator method
for second-tier LD blot evaluation. Therefore, we also compared performance of the
ViraChip MIB assays to a consensus standard, whereby a sample was defined as positive
or negative for anti-B. burgdorferi IgM or 1gG only if both the ViraStripe LIA and MarDx
WB assay results matched. Compared to this consensus definition, positive, negative,
and overall agreement values of the ViraChip IgM and IgG MIB assays were above 93%
for all parameters, with kappa values above 0.90 for both IgM- and IgG-class antibodies.
This indicates that for samples with concordant anti-B. burgdorferi IgM and/or IgG
results across blot methods, the ViraChip MIB assays perform equivalently.

The 96-well microtiter plate format of the ViraChip IgM and IgG MIB assays allows for
these assays to be entirely automated, from sample pipetting to processing, on an
open-system microplate ELISA analyzer. We compared the time required to process a
full batch of 48 samples by the ViraChip IgM and IgG MIB assays using a Gemini
microplate processor and ViraStripe IgM and IgG LIAs, which in our laboratory require
manual pipetting of samples onto the LIA strips prior to automated processing on the
BeeBlot instruments. We determined that the use of the ViraChip MIB assays is
associated with a time savings of 28 min for one full-batch run compared to time
required for the ViraStripe LIAs. For laboratories which perform high-volume testing
during the season for tick-borne diseases in the United States (approximately June
through October), this time savings can be significant. For example, our laboratory tests
approximately 300 patient samples per day during LD season by the ViraStripe IgM and
IgG LIAs. Based on the timings indicated above, running the ViraChip IgM and IgG MIB
assays will decrease the processing time for second-tier LD testing by approximately 3
h daily and will significantly decrease the risk of ergonomic injury by eliminating the
repetitive motion associated with manual pipetting. Notably, while manual pipetting
for any blot assay may be obviated via a liquid handler, this would be an added
expense to the laboratory and would require dedicated instrument space. Also, while
alternative, entirely automated platforms for sample pipetting and blot processing are
currently available (e.g., EUROBIlotOne from Euroimmun AG, Luebeck, Germany), these
instruments are restricted to blot testing. In contrast, the ViraChip MIB assays can be
programmed on a variety of different open-system, automated ELISA processors,
negating the need to buy dedicated equipment for this assay and enabling laboratories
to consolidate LD testing assays on a single, existing platform.

A number of limitations deserve mention. First, a limited number of the samples
evaluated in this study were well characterized for the presence or absence of LD, and
therefore firm conclusions cannot be made with respect to the clinical sensitivity and
specificity of the ViraChip MIB assays. This is particularly relevant for the ViraChip IgM
MIB assay as the duration of disease prior to sample collection was unknown, and
second-tier testing may not have been indicated for certain samples. Although we
assessed performance of the ViraChip MIB assays compared to a consensus standard in
an effort to identify a true positive or negative result, this approach remains imperfect.
Despite this, however, we provide an in-depth evaluation of the analytic performance
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of the ViraChip MIB assays against two different FDA-cleared blot methods and were
able to determine differences in antibody detection trends against each B. burgdorferi
antigen between the ViraChip MIB assays and ViraStripe LIAs. Second, sample inclusion
criteria for the prospective arm required a positive or equivocal result by the C6 Lyme
ELISA, which has imperfect specificity and may have led to evaluation of samples that
would have tested negative by alternative first-tier screening assays (15, 26). Finally, we
did not compare the performance of this assay to that of an alternative, entirely
automated platform for second-tier LD blot testing and therefore cannot comment on
differences in time saved between similar systems.

In summary, we present the first evaluation of the Viramed ViraChip MIB assays for
detection of IgM- and IgG-class antibodies to B. burgdorferi. We show comparable
performance characteristics of these assays when they are evaluated against two
commonly used LD blot methods and note that when a consensus result between the
ViraStripe LIAs and MarDx WB assays is used to define samples as positive or negative
for the presence or absence of anti-B. burgdorferi antibodies, the overall percent
agreement of the ViraChip IgM and IgG MIB assays increases to over 95%. Additionally,
we show that performance of the ViraChip MIB assays on an open-system, automated
ELISA analyzer is associated with a significant time savings, particularly for high-
throughput laboratories, and decreases the risk of ergonomic injury due to repetitive
motions associated with manual specimen pipetting. Finally, it deserves mention that
there is increasing data to support amendment of the current STTT algorithm for LD
and, specifically, to replace the supplemental blot testing with a second-tier B.
burgdorferi-specific ELISA (14, 27, 28). This modified two-tiered testing (MTTT) algorithm
would obviate many of the aforementioned limitations associated with blot testing,
significantly improving both the sensitivity and accuracy of LD testing overall. Until the
MTTT algorithm is officially adopted, however, second-tier blot testing as part of the
STTT algorithm will remain necessary, and as our study suggests, the ViraChip IgM and
IgG MIB assays may be added to the repertoire of supplemental blot testing systems for
diagnosis of LD.

SUPPLEMENTAL MATERIAL
Supplemental material for this article may be found at https://doi.org/10.1128/JCM
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