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Background. The conventional 2-tiered serologic testing protocol for Lyme disease (LD), an enzyme immunoassay (EIA) fol-
lowed by immunoglobulin M and immunoglobulin G Western blots, performs well in late-stage LD but is insensitive in patients with
erythema migrans (EM), the most common manifestation of the illness. Western blots are also complex, difficult to interpret, and
relatively expensive. In an effort to improve test performance and simplify testing in early LD, we evaluated several modified 2-tiered
testing (MTTT) protocols, which use 2 assays designed as first-tier tests sequentially, without the need of Western blots.

Methods. 'The MTTT protocols included (1) a whole-cell sonicate (WCS) EIA followed by a C6 EIA; (2) a WCS EIA followed by
a VIsE chemiluminescence immunoassay (CLIA); and (3) a variable major protein-like sequence, expressed (VIsE) CLIA followed by
a C6 EIA. Sensitivity was determined using serum from 55 patients with erythema migrans; specificity was determined using serum
from 50 patients with other illnesses and 1227 healthy subjects.

Results.  Sensitivity of the various MTTT protocols in patients with acute erythema migrans ranged from 36% (95% confidence
interval [CI], 25%-50%) to 54% (95% CI, 42%-67%), compared with 25% (95% CI, 16%-38%) using the conventional protocol
(P =.003-0.3). Among control subjects, the 3 MTTT protocols were similarly specific (99.3%-99.5%) compared with conventional
2-tiered testing (99.5% specificity; P = .6-1.0).

Conclusions.  Although there were minor differences in sensitivity and specificity among MTTT protocols, each provides com-
parable or greater sensitivity in acute EM, and similar specificity compared with conventional 2-tiered testing, obviating the need

for Western blots.
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Conventional 2-tiered testing for Lyme disease (LD) begins
with a whole-cell sonicate (WCS) enzyme immunoassay (EIA)
or immunofluorescence assay (IFA). If the first-tier test is
positive or equivocal, the specimen is further analyzed using
standardized immunoglobulin M (IgM) and immunoglobulin
G (IgG) Western blots (WBs). Seropositive status is only estab-
lished when 1 or both of the WBs is positive according to spe-
cific interpretive criteria [1, 2].

Next-generation first-tier assays have been approved for
diagnostic use in the United States [3-6]. These assays are pre-
pared from recombinant proteins or synthetic peptides that
correspond to spirochetal antigens known to induce relatively
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early and robust humoral immune responses [7]. Because they
contain far fewer antigens than WCS assays, these alternative
first-tier assays are typically more specific [3, 5, 6, 8], although
none is completely specific. At present, these assays must still
be used in the first tier of a 2-tiered testing protocol, with WBs
used in the second tier.

Two-tiered testing protocols involving WBs are sensitive
and specific in the later stages of LD [5, 9, 10], but they are
insensitive in early infection [3, 5, 7, 9, 10] due to the slow
development of the humoral immune response. Therefore, a
negative result does not rule out the diagnosis of early Lyme
disease, if signs and symptoms have been present for <30 days
[2]. Because first-tier assays typically become reactive earlier
during seroconversion than WBs, the WB component substan-
tially reduces the sensitivity of 2-tiered testing in patients with
the earliest manifestation of LD, erythema migrans (EM) [3,
5, 8, 10, 11]. Although EM is the most common clinical man-
ifestation of LD, only 10%-20% of EM lesions present in the
form of a characteristic targetoid rash [12, 13], creating diag-
nostic uncertainty and strong demand for a diagnostic test to
support suspected LD. A recent survey of large commercial
reference laboratories revealed that the great majority of LD
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serologic tests are performed on patients with suspected EM
[14], despite the fact that conventional 2-tiered testing is insen-
sitive for this purpose [15].

In addition to their low sensitivity in early LD, WBs are com-
plex assays and must often be performed at reference labora-
tories. This prolongs turnaround time and adds expense [16].
Furthermore, WBs are sometimes interpreted subjectively by
visual examination, and current interpretive guidelines indi-
cate that a positive IgM WB alone should not be used to sup-
port a diagnosis of active LD if signs and symptoms have been
present for >1 month [1]. In practice, IgM WBs may be overin-
terpreted, either because faint bands are incorrectly scored as
present, or because seropositive status is assigned on the basis
of a positive IgM WB despite the presence of symptoms for
>1 month [17, 18].

To address these limitations, we recently proposed a modi-
fied 2-tiered testing (MTTT) protocol, in which a WCS EIA is
followed by a C6 EIA, the latter being a next-generation assay
designed as a first-tier test [8]. This “2-EIA” algorithm, which
does not involve WBs, improves sensitivity in early LD com-
pared with conventional 2-tiered testing, is equally sensitive in
later stages of LD, is equally specific, and is less expensive [3, 8,
16]. The 2-EIA algorithm is more specific than either EIA alone,
because the assays involved are orthogonal to some degree.
Cross-reactive antibodies that affect the specificity of WCS EIAs
often do not react with the C6 EIA, and vice versa [3, 5, 8].

In the present study, we reevaluated the original 2-EIA proto-
col using serum samples from a distinct cohort of patients with

EM, and also evaluated 2 additional MTTT protocols, involv-
ing different pairings of assays designed as first-tier tests, which
might improve the performance of the original 2-EIA algo-
rithm. The various MTTT protocols were compared with con-
ventional 2-tiered testing as the reference standard (Figure 1).

METHODS

Patient Samples

The study was approved by the Partners Healthcare Human
Research Committee. Sensitivity of the diagnostic algorithms
under evaluation was determined using serum samples col-
lected from patients who had physician-diagnosed EM,
confirmed by culture in 62% of cases. The patients were eval-
uated by experienced physicians in 2 highly endemic areas
for LD: Nantucket, Massachusetts (T. J. L., Nantucket Cottage
Hospital) or Wakefield, Rhode Island (N. S. D., South County
Internal Medicine). Samples were collected during the sum-
mer tick-transmission seasons in 2012 or 2015. Acute-phase
serum samples were obtained at initial presentation; conva-
lescent-phase samples were obtained after the completion
of standard oral antimicrobial regimens, 3-6 weeks after
study entry. In addition, a 2.0-mm punch skin biopsy was
performed for Borrelia burgdorferi culture [19] during the
initial visit.

Specificity of the algorithms was determined using serum
samples from 2 groups of control patients: (1) patients referred
to A. C. S. for possible LD, but diagnosed with other illnesses;
(2) healthy, asymptomatic patients who donated blood in

Conventional 2-tiered testing protocol

Enzyme immunoassay (EIA)
OR
Immunofluorescence assay (IFA)

Positive Negative
or result
equivocal

Slgns or Slgns or
symptoms symptoms
<30 days >30 days
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IgM and IgG
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blot only

Figure 1.
IgG, immunoglobulin G; IgM, immunoglobulin M.
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Serodiagnostic testing protocols evaluated in this study. Adapted from Moore et al [2]. Abbreviations: EIA, enzyme immunoassay; IFA, immunofluorescence assay;
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Boston (an endemic area) or New Zealand (a nonendemic
area), or who presented for routine well-office visits in Rhode
Island or Connecticut clinics. All control sera were collected
as part of previous studies [8, 9, 20].

Serologic Testing

All testing was performed according to the manufacturers’
instructions. Serum samples were analyzed using the C6 B.
burgdorferi EIA (Immunetics), which uses a variable major
protein-like sequence, expressed (VISE) C6 peptide, and the
Liaison B. burgdorferi CLIA (DiaSorin), which uses full-
length, recombinant VISE, as well as 1 of 2 polyvalent WCS
EIAs. Serum samples from patients with EM and from Boston
blood donors were analyzed using the Wampole B. burgdor-
feri IgG/M enzyme-linked immunosorbent assay II (Alere).
The remaining serum samples, which represent the smaller
control groups, were analyzed using the VIDAS Lyme IgG/
IgM assay (bioMérieux). WBs were performed using Borrelia
B31 IgM and IgG ViraBlot or ViraStripe test strips (Viramed
Biotech AG). WBs were interpreted using standard Centers
for Disease Control and Prevention criteria [1]. As done pre-
viously, bands that were fainter than the cutoff control band
were scored as absent [8, 20]. Serologic testing of the control
sera, except using the Liaison CLIA, was performed as part
of previous studies [8, 20], and the results are reported again
here.

Statistical Analysis

Differences between proportions were considered statistically
significant if the 2-tailed P value was <.05, as determined using
Fisher exact test. The 95% confidence intervals (CIs) were cal-
culated by the modified Wald method.

RESULTS

First-Tier Assays
When all patients with acute EM were considered together,
there were nonsignificant differences in sensitivity between the
first-tier tests (C6 EIA, 65%; VISE CLIA, 55%; WCS EIA, 49%;
P > 12 for all comparisons; Table 1). However, in the subcate-
gory of patients with acute EM whose skin biopsy culture was
positive for B. burgdorferi, the C6 EIA was significantly more
sensitive than the WCS EIA (79% vs 50%, P = .02), while the
VISE CLIA was not (71% vs 50%, P = .14). The sensitivity of
each first-tier assay was greater during convalescence than in
the acute phase of EM; the difference was significant for the
WCS EIA (77% vs 49% sensitivity, P = .008), but not for the
C6 EIA (81% vs 65%, P = .12) or the VISE CLIA (72% vs 55%,
P=.07).

Among control subjects, differences in specificity between
the first-tier assays were primarily confined to symptomatic
patients with other illnesses, rather than asymptomatic, healthy

Serologic Responses in Patients with Erythema Migrans

Table 1.

No. Positive or Equivocal (%)

Modified 2-Tiered Protocols

2-Tiered Protocols Using WBs

First-Tier Tests Alone

WCS EIA f/b C6 EIA WCS EIA f/b VIsE CLIA VIsE CLIA f/b C6

C6 EIA VIsE CLIA WCS EIAf/bWBs  C6 EIAf/loWBs  VIsE CLIA f/b WBs

WCS EIA

Serology

EIA

Patients with erythema migrans

(54) [42-67]

30

20 (36) [25-50]
14 (41) [26-58]

21 (38) [26-51]

(35) [23-48]

19

(25) [16-38] 20 (36) [25-50]
10 (29) [17-46]

14

30 (55) [42-67]
24 (71) [54-83]

36 (65) [62-77]

27 (49) [36-62]
17 (50) [34-66]

Acute phase (n = 55)

(71) [564-83]

24

14 (41) [26-58]

15 (44) [29-61]

16 (47) [31-63]

27 (79) [63-90]

Culture-confirmed

(n=34)
Culture-negative

6 (29) [14-50]

6 (29) [14-50]

4(19) [7-41] 7 (33) [17-55]

9 (43) [24-63] 6 (29) [14-50] 4.(19) [7-41] 4 (19) [7-41]

10 (48) [28-68]

(n=21)
Convalescent phase

34 (72) [568-83]

34 (72) [58-83] 31 (66) [52-78]

38 (81) [67-90] 34 (72) [58-83] 26 (55) [41-69] 28 (60) [45-72] 27 (57) [43-71]

36 (77) [63-87]

(n = 47)

(90) [73-97]

26

23 (79) [61-91]

(90) [73-97]

20 (69) [561-83] 22 (76) [58-88] 21 (72) [54-86] 26

26 (90) [73-97]

29 (100) [86-100]

26 (90) [73-97]

Culture-confirmed

(n=29)
Culture-negative

8 (44) [25-66]

8 (44) [25-66] 8 (44) [25-66]

9 (60) [29-71] 8 (44) [25-66] 6 (33) [16-56] 6 (33) [16-56] 6 (33) [16-56]

10 (56) [34-75]

=18)

Bracketed numbers represent the 95% confidence intervals for the listed percentages.

Abbreviations: CLIA, chemiluminescence immunoassay; EIA, enzyme immunoassay; f/b, followed by; VISE, variable major protein-like sequence, expressed; WB, Western blot; WCS, whole-cell sonicate.
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Table 2. Serologic Responses in Control Subjects

No. Positive (% Negative)

2-Tiered Protocols Using WBs Modified 2-Tiered Protocols

First-Tier Tests Alone

WCS EIA f/b C6 EIA WCS EIA f/b VISE VISE CLIA f/b C6 EIA

VISE CLIA /b WBs

C6 EIA f/o WBs

WCS EIA f/bo WBs

C6 EIA VISE CLIA

WCS EIA

Subjects

CLIA
7 (99.5) [98.9-99.8] 9 (99.3) [98.6-99.7]

7 (99.5) [98.9-99.8]

33 (974) [96.4-98.2] 20 (98.4) [97.6-99.0] 24 (98.1) [97.2-98.8] 7 (99.5) [98.9-99.8] 4 (99.7) [99.2-99.9] 4 (99.7) [99.2-99.9]

All control subjects

(n=1277)

0 (100) [91-100] 0 (100) [91-100] 0 (100) [91-100] 1 (98) [89-100]

0 (100) [91-100]

1 (98) [89-100] 2 (96) [86-100] 0 (100) [91-100]

11 (78) [65-87]

Other illnesses

(n =50)
Asymptomatic

7(99.4) [98.8-99.8] 8 (99.4) [98.7-99.7]

7 (99.4) [98.8-99.8]

22 (98.2) [97.3-98.8] 19 (98.5) [97.6-99.0] 22 (98.2) [97.3-98.8] 7 (99.4) [98.8-99.8] 4 (99.7) [99.1-99.9] 4 (99.7) [99.1-99.9]

(n =1227)

3 (94) [82-98] 3 (94) [82-98] 1(98) [88-100] 1(98) [88-100] 1(98) [88-100] 1(98) [88-100] 1 (98) [88-100] 1(98) [88-100] 1(98) [88-100]

CT or Rl field sites

(n=47)
Boston blood

6(99.4) [98.8-99.8] 7 (99.4) [98.6-99.7]

6 (99.4) [98.8-99.8]

3(99.7) [99.2-100]

16 (98.5) [97.6-99.1] 16 (98.5) [97.6-99.1] 19 (98.2) [97.3-98.9] 6 (99.4) [98.8-99.8] 3 (99.7) [99.2-100]

donors

(n = 1080)
NZ blood donors

0 (100) [96-100] 2 (98) [93-100] 0(100) [96-100] 0 (100) [96-100] 0 (100) [96-100] 0 (100) [96-100] 0 (100) [96-100] 0 (100) [96-100]

3(97) [91-99]

(n = 100)

Bracketed numbers represent the 95% confidence intervals for the listed percentages.

Abbreviations: CLIA, chemiluminescence immunoassay; CT, Connecticut; EIA, enzyme immunoassay; f/b, followed by; NZ, New Zealand; RI, Rhode Island; VISE, variable major protein-like sequence, expressed; WB, Western blot; WCS, whole-cell sonicate.

control subjects (Table 2). In patients with other illnesses, the
specificity of the C6 EIA (98%) or VISE CLIA (96%) was signifi-
cantly greater than the specificity of the WCS EIA (78%; P = .004
and P = .01, respectively). Among asymptomatic control sub-
jects, each of the first-tier assays was comparably specific.

Two-Tiered Testing Protocols Using Western Blots in the Second Tier
Regardless of which first-tier test was used, the 2-tiered algo-
rithms involving WBs in the second tier were comparably
sensitive. Whereas each individual protocol was more sensi-
tive in patients with convalescent-phase EM compared with
acute-phase EM (P < .03), within these categories there were
no significant differences in sensitivity between the protocols.
Each first-tier assay, when considered as a stand-alone test, was
approximately 2-fold more sensitive in acute EM compared
with the corresponding 2-tiered protocol using WBs in the sec-
ond tier (49% vs 25% with the WCS EIA, P = .02; 65% vs 36%
with the C6 EIA, P =.004; and 55% vs 35% with the VISE CLIA,
P=.05).

All of the 2-tiered algorithms involving WBs in the second
tier were comparably specific in the control group as a whole
(99.5%-99.7% specificity, P > .55), or in any of the subcategories
of control subjects. Each of the protocols was significantly more
specific compared with any of the first-tier assays used alone
(P < .02 for all comparisons).

Modified 2-Tiered Testing Protocols, Invelving Sequential Use of Assays
Designed as First-Tier Tests, without the Use of Western Blots

Three MTTT protocols were evaluated. Although sensitivity
values were higher in patients with acute EM for all 3 MTTT
protocols compared with the conventional 2-tiered testing algo-
rithm (WCS EIA followed by WBs), the difference was only
significant for the MTTT protocol involving a VIsE CLIA in
the first tier, followed by a C6 EIA in the second tier (54% vs
25% sensitivity, P = .003; Table 3). In the subcategory of patients
with acute EM who were culture-positive, this MTTT was also
significantly more sensitive compared with the conventional
algorithm (71% vs 29% sensitivity, P = .001). During the con-
valescent phase of EM, the 3 MTTT protocols were similarly
sensitive compared with any of the 2-tiered protocols involv-
ing WBs in the second tier. Compared with each other, the 3
MTTT algorithms were comparably sensitive in the convales-
cent phase of EM, and in patients with culture-negative acute
EM. However, in patients with culture-confirmed acute EM, the
VIsE CLIA followed by C6 EIA protocol was significantly more
sensitive than the other 2 MTTT protocols (71% vs 41% and
41%, P = .03).

Among control subjects, the 3 MTTT protocols were sim-
ilarly specific when compared with each other (99.3%-99.5%
specificity), or compared with 2-tiered protocols using WBs
in the second tier (99.5%-99.7% specificity; P > .3 for all com-
parisons between any of these protocols). Each of the 3 MTTT
protocols was significantly more specific compared with any
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Table 3. Sensitivity and Specificity of Serodiagnostic Algorithms for Acute Erythema Migrans

Modified 2-Tiered Testing Conventional 2-Tiered

First-Tier Tests Alone Protocols Testing
WCS EIA f/b WCS EIA VIsE CLIA f/b

Sensitivity and Specificity WCS EIA C6é VISE CLIA C6 EIA /b VISE CLIA C6 EIA WCS EIA f/b IgM/IgG WBs
Sensitivity, %

Acute-phase EM (n = 55) 49 [.02] 65 [<.0001] 55 [.003] 38 [.22] 36 [.30] 54 [.003] 25

Convalescent-phase EM 77 1.05] 81 [.01] 72 1.13] 721.13] 66 [.40] 72 1.13] 55

(n=47)

Specificity, %

Overall (n = 1277) 974 [<.0001]  98.4[.02] 98.1 [.003] 99.5 [1.00] 99.5 [1.00] 99.3 [.63] 99.5

Bracketed numbers represent the P values for the comparison with conventional 2-tiered testing.

Abbreviations: CLIA, chemiluminescence immunoassay; EIA, enzyme immunoassay; EM, erythema migrans; f/b, followed by; IgG, immunoglobulin G; IgM, immunoglobulin M;
VIsE, variable major protein-like sequence, expressed; WB, Western blot; WCS, whole-cell sonicate.

of the first-tier assays (WCS, C6, or VIsE) used alone, with the
exception of the comparison between the C6 EIA alone and
the MTTT protocol using a VISE CLIA followed by a C6 EIA
(P = .06 for that comparison; P < .02 for all other comparisons).

DISCUSSION

In this study, we evaluated the performance of 3 MTTT proto-
cols, in which assays designed as first-tier tests are performed
sequentially in 2-tiered algorithms. One of the MTTT protocols,
a WCS EIA followed by a C6 EIA, has been evaluated by several
independent groups with similar findings to those reported
here [3, 5, 6, 8, 21]. Our study furnishes additional evidence that
this algorithm provides similar or greater sensitivity in acute- or
convalescent-phase EM, compared with any 2-tiered protocol
involving WBs, while maintaining the specificity of algorithms
involving WBs. Moreover, we demonstrated that the C6 EIA
can be replaced in this algorithm with a VIsE CLIA, without any
significant difference in sensitivity or specificity.

The highest sensitivity in patients with acute EM was
obtained using a third MTTT protocol, involving a VIsE CLIA
as the first-tier test, and a C6 EIA as the second-tier test. This
was expected; the other 2 MTTT protocols used a WCS EIA
in the first tier, and this assay was less sensitive as an individ-
ual test compared with the VISE CLIA or C6 EIA in patients
with acute EM. Moreover, the MTTT protocol using a VISE
CLIA followed by a C6 EIA was similarly specific compared
with the other MTTT protocols or with 2-tiered protocols
involving WBs. Assays using full-length VIsE may be orthog-
onal to assays using the C6 peptide, at least to some degree.
The resolved 3-dimensional structure of VISE demonstrates
that its sixth invariable region (IR ) is buried within the parent
molecule, and anti-IR  antibodies are predicted to have mini-
mal interaction with full-length VIsE [22]. There is also direct
evidence that anti-IR antibodies often do not react with VIsE
and vice versa [23]. Thus, cross-reactive antibodies capable of
causing falsely positive results with one assay may not react
in the other assay. However, even when used sequentially in a

2-tiered protocol, these tests are not completely specific for B.
burgdorferi infection.

Although this study demonstrated that the C6 peptide and
full-length VISE assays were more specific compared with WCS
EIAs, we do not recommend their use as stand-alone tests.
Rather, we think that they should be used in 2-tiered testing
protocols, whether standard (involving WBs) or modified
(using tests designed as first-tier tests sequentially, without the
use of WBs). When used as stand-alone tests, both the C6 and
VISE assays were significantly less specific compared with any
2-tiered algorithm using WBs in the second tier, or compared
with any MTTT protocol. The one exception was the compari-
son between the most specific first-tier assay (the C6 EIA) and
the least specific MTTT protocol (VISE CLIA followed by C6
EIA); however, even this comparison closely approached sta-
tistical significance (P = .06). Considering that the prevalence
of LD among the tested population is usually low [14], small
differences in specificity translate to substantial differences in
positive predictive value [8].

Any of the MTTT protocols evaluated in this study could be
reversed (putting the second test first, and the first test second),
with equivalent sensitivity and specificity (data not shown). In
addition, while we have proposed the sequential use of assays
designed as first-tier tests, the 2 assays involved in any particu-
lar MTTT protocol could instead be performed in parallel. In
deciding which assay to perform first in a MTTT protocol, or
in choosing between sequential or concurrent testing, there are
performance and practical matters to consider. When assays
are performed sequentially, there will be more discordant out-
comes (one test positive or equivocal, the other test negative)
if the more sensitive assay is used first, and fewer if the less
sensitive assay is used first. Concurrent performance of both
assays will likely produce even more discordant outcomes than
sequential testing, regardless of which test is used first during
sequential testing. Whether the goal should be to maximize
or minimize discordant outcomes depends somewhat on the
disease prevalence in the tested population. When prevalence
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is high, a substantial proportion of patients with discordant
results will have true early infection, with an antibody response
that is too undeveloped to yield positive results in orthogonal
serologic assays. In such patients, discordant results may appro-
priately support empiric antimicrobial therapy and/or repeated
serologic testing after a short time. However, in low-prevalence
populations, most patients with discrepant results will not have
LD, and in such patients the results might lead to unnecessary
monitoring or therapy. Beyond this consideration, the question
of whether to perform the assays simultaneously or sequen-
tially, and in which order, and the question of which particular
assays to use will depend on practical considerations such as
cost, the availability of compatible instrument platforms, and
turnaround time.

Although MTTT protocols address several drawbacks of
conventional 2-tiered serologic testing, they do not distinguish
between active or past infection, as antibody responses may
persist for months or years after antibiotic treatment [24-27].
In addition, for the evaluation of complex cases, there is still a
need for WBs or similar systems that separately measure mul-
tiple antibody specificities. By showing the degree of expan-
sion of the antibody response, and by differentiating antibody
classes, they can help to determine the duration of illness.
This can aid in determining whether a given clinical manifes-
tation is due to LD. Therefore, the best use of MTTT proto-
cols is in suspected first-stage infection (erythema migrans),
or in straightforward cases of suspected second stage infection
(Lyme carditis or early neuroborreliosis), where there are clear
advantages in sensitivity [3, 5, 8, 21]. There is less advantage in
performing MTTT protocols when late-stage LD is suspected
(eg, Lyme arthritis or late neuroborreliosis) [8], at least from
a performance standpoint. Patients with late manifestations of
LD have been infected for months or years, and thus have a
well-developed anti-B. burgdorferi antibody response that is
reliably detected by any serologic assay, including WBs [5, 9].
However, the practical advantages of MTTT protocols, such as
lower cost and complexity compared with Western blotting, are
maintained [16].

Our study has several limitations. First, some patients who
were diagnosed with EM had a negative skin biopsy culture.
Because B. burgdorferi infection could not be directly con-
firmed in these patients, it is possible that some were not truly
infected. This could lead to an underestimate of the sensitiv-
ity of serologic testing among patients with EM. On the other
hand, it is clear that B. burgdorferi cannot be cultured from
EM skin lesions in all patients [28]. Among other potential
variables, skin biopsy culture may be negative when the spi-
rochetal burden is relatively low [29]. Because the exclusion
of patients with low spirochetal burden may overestimate the
frequency of seropositivity, the inclusion of culture-negative
EM patients might actually provide sensitivity values that are
closer to reality. A second limitation is the inclusion of only a

relatively small number of control patients with other illnesses
(n = 50), compared with healthy subjects (n = 1227). Because
symptomatic control subjects may have a higher frequency
of falsely positive results [5], this distribution of control sub-
jects may overestimate the specificity of the tests studied here.
However, in this study, there were no significant differences in
the specificity of any 2-tiered testing protocol between sympto-
matic and asymptomatic control subjects, suggesting that this
theoretical consideration was not a real problem. Finally, while
some serum samples were analyzed using typical Western blots
prepared by protein electrophoresis, others were analyzed
using commercially available immunoblots prepared by dir-
ect application of purified proteins to the blot. These “ladder”
blots generally give a cleaner result that is easier to score, and
their use might have yielded better specificity than would be
expected in routine clinical practice, where ordinary Western
blots are commonly used.

In summary, MTTT algorithms provide a reliable “posi-
tive or negative” result regarding seroreactivity in early LD.
The tests involved are cleared by the US Food and Drug
Administration for diagnostic use, are not highly complex, can
be performed using automated instruments, are objectively
interpreted, and are relatively inexpensive. Although there
were minor differences in sensitivity or specificity among the
3 MTTT approaches, any would be a valid replacement for
conventional 2-tiered testing during the first several weeks of
infection.

Notes
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