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Abstract
This retrospective case-control study assesses the sensitivity, specificity, and area under the curve of the ZEUS Borrelia 
VlsE1/pepC10 assay in comparison with the C6-ELISA in European patients with Lyme borreliosis, healthy blood donors, 
and potentially cross-reactive controls. We included a convenience series of 161 sera from patients with physician-confirmed 
early localized or disseminated Lyme borreliosis (n = 143), 400 sera from healthy blood donors and 44 sera with potentially 
cross-reactive antibodies, on which we performed the aforementioned serological assays and the recomLine immunoblot. 
Diagnostic parameters were compared in various single-tier and two-tier algorithms. The specificities of the C6-ELISA 
and the ZEUS Borrelia VlsE1/pepC10 were comparable in healthy blood donors (e.g., single-tier permissive: C6: 362/400, 
90.5% [87.2–93.2]; VlsE1/pepC10: 361/400, 90.3% [86.9–93.0]). The C6-ELISA had an apparently higher sensitivity in 
EM sera (e.g., both time points combined: C6: 61/76, 80.3% [69.5–88.5]; VlsE1/pepC10: 54/76, 71.1% [59.5–80.9]), but 
these differences were all not-significant. Interestingly, the VlsE1/pepC10 assay had a significantly higher specificity in 
sera with potentially cross-reactive antibodies (e.g., single-tier permissive: C6: 34/44, 77.3% [62.2–88.5]; VlsE1/pepC10: 
40/44, 90.9% [78.3–97.5]; p = 0.031). While the areas under the curve for both assays were excellent, that of the C6-ELISA 
exceeded that of the VlsE1/pepC10 (C6: AUC = 0.925; VlsE1/pepC10: AUC = 0.878; p = 0.003). The novel ZEUS Borrelia 
VlsE1/pepC10 assay has generally comparable diagnostic parameters to the C6-ELISA with potentially improved specificity 
in cross-reactive sera. Thus, it is a useful tool for the serodiagnosis of Lyme borreliosis in Europe.

Keywords  Lyme borreliosis · Borrelia · Serology · C6 · pepC10 · VlsE

Introduction

One of the most commonly used assays for serodiagnosis of 
Lyme borreliosis (LB) is the C6-ELISA (Oxford Immuno-
tec, Oxford, UK), which is used both in Europe and North 
America [1, 2]. This assay depends on a synthetic peptide 

derived from invariable region 6 (IR6) of the VlsE protein, 
which is both highly immunogenic and highly conserved 
between Borrelia burgdorferi sensu lato (Bbsl) genospe-
cies [3]. Although previous research and guidelines have 
recommended that the C6-ELISA be used in either standard 
or modified two-tier testing algorithms [4–7], it has a stan-
dalone specificity which is only slightly lower than most 
commonly used immunoblots [8]. For reasons unknown 
to us, the C6-ELISA has been withdrawn from the market 
and has not yet been substituted by an equivalent assay by 
its manufacturer. This has led diagnostic and research labs 
across much of the Northern hemisphere to start the search 
for a new assay with comparable diagnostic parameters.

One potential replacement for the C6-ELISA is the ZEUS 
Borrelia VlsE1/pepC10 assay (ZEUS Scientific, Branch-
burg, NJ, USA). This assay uses a recombinant version of the 
VlsE protein, together with a synthetic peptide derived from 
Bbsl’s outer surface protein C (OspC), called pepC10 [9]. 
A previous study from Denmark found that IgM antibodies 
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against this antigen, which is derived from the C-terminus 
of OspC, were present in sera of 36.3% (29/80) of patients 
with erythema migrans (EM) and 45.0% (45/100) of patients 
with Lyme neuroborreliosis [9]. Interestingly, IgG antibod-
ies against pepC10 were largely absent in sera from all LB 
manifestations [9]. The authors conclude that combining 
pepC10 with another antigen geared towards IgG antibodies 
(in their study: flagellin) leads to a more sensitive diagnostic 
assay. Studies from North America similarly suggested that 
assays in which pepC10 is combined with another antigen 
may be useful as a serodiagnostic tool [10, 11].

Regardless of the antigen used, two drawbacks of sero-
logical testing for LB are a limited sensitivity in early LB 
and the inability of serological assays to distinguish a past 
infection from a present one. The former problem was partly 
circumvented by the introduction of the aforementioned 
modified two-tier testing algorithm using the C6-ELISA in 
the second tier, which increased the sensitivity of serological 
testing in EM patients to approx. 75% [4, 6]. Here, we pre-
sent the results of this multiple-gate case–control study with 
European LB patients and various controls [12], in which 
we compare the ZEUS Borrelia VlsE1/pepC10 assay to the 
C6-ELISA.

Methods

LB sera

For the cases, we used a convenience sample of 161 sera 
from 143 patients with physician-confirmed erythema 
migrans (EM) or disseminated LB. These sera were selected 
from the serum bank of the Amsterdam UMC Multidisci-
plinary Lyme Borreliosis Centre and were donated between 
December 1986 and April 2018. Classification and selec-
tion of cases were performed as previously described [13]. 
In brief, clinical information was collected by retrospec-
tive assessment of patient records, and the diagnoses made 
therein were verified for study purposes by JWR (professor 
of vector-borne infectious diseases) and AV/MEB/JU (MD-
PhD students specializing in LB). Patients were classified as 
proven when PCR- or culture-confirmed, or as well-defined 
when based on specific LB-related work-up (e.g., CSF analy-
sis for Lyme neuroborreliosis) and exclusion of other poten-
tial causes. Classification was based on current European 
guidelines for case definitions of LB [14].

Sera were categorized as acute/early convalescent when 
drawn < 12 weeks after of onset of symptoms, or as late 
convalescent when drawn ≥ 12 weeks after onset of symp-
toms. When > 1 serum from the same patient was available 
for the same time point, only the chronologically first was 
chosen. Sera from patients for whom the date of onset 
of symptoms was unknown, could not be included in the 

analysis of any specific time point, but were used in the 
determination of the overall combined sensitivity.

A total of 86 sera were available for the EM patients 
(n = 76), of which 35 sera were acute/early convalescent, 
49 sera were late convalescent, and 2 sera were from an 
unknown time point. This total includes the consecutive 
sera from 10 EM patients for whom both the acute/early 
convalescent and late convalescent time point were avail-
able. A total of 75 sera were available for the patients with 
disseminated LB (n = 67), of which 16 sera were acute/
early convalescent, 51 sera were late convalescent, and 8 
sera were from an unknown time point. This total includes 
the consecutive sera from 8 patients with disseminated 
LB for whom both the acute/early convalescent and late 
convalescent time point were available.

The median age of all cases at time of first serum dona-
tion was 51 years (IQR 36–60); 59.4% were female. More 
detailed characteristics of cases are provided in Table 1.

Table 1   Patient characteristics

a Date of onset of symptoms unknown for 2 patients
b A concurrent EM was present in 10 patients
c Multiple disseminated manifestations: 1 acrodermatitis chronica 
atrophicans and Lyme arthritis, 2 acrodermatitis chronica atrophicans 
and Lyme neuroborreliosis
d Date of onset of symptoms unknown for 8 patients

Characteristic LB patients (n = 143)

Female sex – no. (%) 85 (59.4)
Age – year – median (interquartile range) 51 (36–60) 

Early localized LB – no. (%) 76 (53.1)
  Erythema migrans 76

Classification – no. (%)
  Culture and/or PCR positive 52 (68.4)
  Well-defined 24 (31.6)

Duration of manifestation – weeks
  Median (range)a 12 (0–43) 

Disseminated manifestationsb – no. (%) 67 (46.9)
  Acrodermatitis chronica atrophicans 25
  Lyme neuroborreliosis 24
  Lyme arthritis 6
  Multiple EM 4
  Lyme carditis 1
  Multiple disseminated manifestationsc 3
  Unspecified disseminated LB 4

Classification – no. (%)
  Culture and/or PCR positive 15 (22.4)
  Well-defined 52 (77.6)

Duration of manifestation – weeks
  Median (range)d 30 (0–707)

388 European Journal of Clinical Microbiology & Infectious Diseases (2022) 41:387–393



1 3

Control sera

We included 400 sera from healthy blood donors (HBDs) 
and 47 sera from patients with potentially cross-reactive 
antibodies as controls.

The HBD sera were donated between October 2018 and 
March 2019 and were acquired from Sanquin, the legally 
mandated organization for blood donation in the Nether-
lands. Selected HBD sera were a representative subset of 
a larger cohort of 600 sera [13], and had a similarly even 
spread of sex, age category, and geographical location across 
the Netherlands. The approximate median age of all HBDs 
at time of donation was 46 years (IQR 36–56); 50.0% were 
female.

The potentially cross-reactive controls (CRCs) were 
patients with PCR-confirmed Borrelia miyamotoi disease 
(BMD, n = 8), syphilis (n = 9), or patients who were sero-
positive for Epstein-Bar virus (EBV, n = 8), cytomegalovi-
rus (CMV, n = 6), or both (n = 7). For the CRCs with BMD, 
consecutive sera were available for 6 patients, resulting in a 
total of 44 sera from CRCs.

Study execution

All sera were tested using the ZEUS Borrelia VlsE1/pepC10 
assay (hereafter: VlsE1-pepC10) and the C6-ELISA. All 
sera which were equivocal or positive in either assay were 
tested by recomLine Borrelia IgM and IgG immunoblot 
(Mikrogen, Neuried, Germany). All assays were performed 
in a non-blinded fashion at Amsterdam UMC’s facilities, 
following the manufacturers’ instructions and using pre-
scribed cut-offs. Bands on study-specific immunoblots were 
interpreted by two independent assessors and a third in case 
of disagreement. If any assay result was already available 
through routine clinical diagnostics, then that assay was not 
repeated, but the available clinical result was used for study 
purposes.

The immunoblot was interpreted as follows: when either 
or both the IgM and IgG blots were positive, then the test 
result was classified as positive; when both the IgM and 
IgG blots were negative, then the test result was classified 
as negative; when either was equivocal and the other nega-
tive, or when both were equivocal, then the test result was 
classified as equivocal.

Both the VlsE1-pepC10 and C6-ELISA were tested in a 
single-tier algorithm, standard two-tier algorithm (STTT: 
either assay followed by the immunoblot), and modified 
two-tier algorithm (MTTT: VlsE1-pepC10 followed by the 
C6-ELISA). In STTT and MTTT algorithms, equivocal first-
tier results were classified as positive, while equivocal sec-
ond-tier results were classified as negative. For the combined 
sensitivity, a patient was considered positive when either 
or both time points were positive, and considered negative 

when both time points were negative (if consecutive sera 
from the same patient were available) or when the sole avail-
able time point was negative (if only one serum was avail-
able from the same patient).

Statistical analysis

The 95% confidence intervals of the sensitivity and speci-
ficity were calculated using Clopper-Pearson. Diagnostic 
parameters of tests within one serum group were compared 
to one another using the exact McNemar test; diagnostic 
parameters between independent groups (proven vs. well-
defined) were compared using Fisher’s exact test. In the 
receiver operating characteristics (ROC) analysis, areas 
under the curve (AUCs) were compared using a z-test. For 
all analyses, p-values < 0.05 were considered statistically 
significant. No sample size analysis was performed.

Ethical statement

The study was conducted in accordance with the princi-
ples of the Declaration of Helsinki and in conformity with 
institutional regulations and guidelines. As this study used 
only de-identified leftover patient samples, the Medical Eth-
ics Committee of Amsterdam UMC has indicated it to be 
outside the scope of the Dutch Medical Research Involving 
Human Subjects Act (MEC decision W20_455). Hence, no 
informed consent was asked from LB patients and poten-
tially cross-reactive controls. HBDs explicitly consented to 
using their leftover materials for scientific research.

Results

The diagnostic parameters of all assays/algorithms are given 
in Table 2.

Comparing both interpretation variants of the VlsE1-
pepC10, the permissive rule (equivocal interpreted as posi-
tive) not unexpectedly yielded a better sensitivity than the 
strict rule (equivocal interpreted as negative) in patients with 
an EM. While this pattern was seen in both acute/early con-
valescent and in late convalescent sera, it achieved the level 
of statistical significance when the analysis was done on the 
complete EM patient group (VlsE1-pepC10-strict: 61.8%; 
VlsE1-pepC10-perm: 71.1%, p = 0.016). This matches 
the intended use of the VlsE1-pepC10 as a first-tier assay, 
where, according to the manufacturer, equivocal results 
would normally be interpreted as positive [15].

While the highest sensitivity in EM patients was appar-
ently achieved by the C6 (permissive interpretation), the 
comparison with the equivalent VlsE1-pepC10 algorithm 
was not statistically significant (late convalescent sera: 
C6-perm: 81.6%, VlsE1-pepC10-perm: 71.4%; p = 0.180). 
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Table 2   Diagnostic parameters of all algorithms

strict: interpreting equivocal results as negative; permissive: interpreting equivocal results as positive; STTT​: standard two-tier testing; MTTT​: 
modified two-tier testing; 95%-CI: 95% confidence interval; VlsE1-pepC10: ZEUS Borrelia VlsE1/pepC10 assay; C6: C6-ELISA; blot: recom-
Line immunoblot
a Includes 10 sera from patients (EM: n = 2; disseminated LB: n = 8) for whom the date of onset of symptoms was unknown. For 18 patients 
(EM: n = 10; disseminated LB: n = 8), both an acute/early convalescent serum and a late convalescent sample was available. These patients were 
counted only once in the combined sensitivity, i.e., as positive when either serum was positive or as negative when both sera were negative
b Includes sera from 6 BMD-CRCs for whom a set of 2 consecutive sera was available
c There was insufficient material of 2 BMD sera to perform the blot

EM patients (n = 76) HBD sera (n = 400)
Acute/early convalescent 

(n = 35)
Late convalescent (n = 49) Both time points com-

bineda (n = 76)
No. true 

positive 
(sensitiv-
ity %)

95%-CI No. true positive (sensitivity %) 95%-CI No. true 
positive 
(sensitiv-
ity %)

95%-CI No. true 
negative 
(specific-
ity %)

95%-CI

VlsE1-
pepC10 
– strict

20 (57.1) 39.4–73.7 31 (63.3) 48.3–76.6 47 (61.8) 50.0–72.8 368 (92.0) 88.9–94.5

VlsE1-
pepC10 
– permis-
sive

23 (65.7) 47.8–80.9 35 (71.4) 56.7–83.4 54 (71.1) 59.5–80.9 361 (90.3) 86.9–93.0

C6 – strict 23 (65.7) 47.8–80.9 39 (79.6) 65.6–89.8 59 (77.6) 66.6–86.4 368 (92.0) 88.9–94.5
C6 – per-

missive
24 (68.6) 50.7–83.2 40 (81.6) 68.0–91.2 61 (80.3) 69.5–88.5 362 (90.5) 87.2–93.2

STTT 
(VlsE1-
pepC10/
blot)

9 (25.7) 12.5–43.3 15 (30.6) 18.3–45.4 23 (30.3) 20.3–41.9 379 (94.8) 92.1–96.7

STTT (C6/
blot)

8 (22.9) 10.4–40.1 15 (30.6) 18.3–45.4 22 (28.9) 19.1–40.5 382 (95.5) 93.0–97.3

MTTT 
(VlsE1-
pepC10/
C6)

18 (51.4) 33.9–68.6 33 (67.3) 52.5–80.1 49 (64.5) 52.6–75.1 376 (94.0) 91.2–96.1

Disseminated LB patients (n = 67) Cross-reactive sera 
(n = 44) bAcute/early convalescent (n = 16) Late convalescent 

(n = 51)
Both time points com-

bineda (n = 67)
No. true 

positive 
(sensitiv-
ity %)

95%-CI No. true 
positive 
(sensitiv-
ity %)

95%-CI No. true 
positive 
(sensitiv-
ity %)

95%-CI No. true 
negative 
(specific-
ity %)

95%-CI

VlsE1-
pepC10 
– strict

14 (87.5) 61.7–98.5 45 (88.2) 76.1–95.6 61 (91.0) 81.5–96.6 42/44 (95.5) 84.5–99.4

VlsE1-
pepC10 
– permis-
sive

14 (87.5) 61.7–98.5 47 (92.2) 81.1–97.8 62 (92.5) 83.4–97.5 40/44 (90.9) 78.3–97.5

C6 – strict 15 (93.8) 69.7–99.8 47 (92.2) 81.1–97.8 63 (94.0) 85.4–98.4 35/44 (79.5) 64.7–90.2
C6 – per-

missive
15 (93.8) 69.7–99.8 48 (94.1) 83.8–98.8 64 (95.5) 87.4–99.1 34/44 (77.3) 62.2–88.5

STTT 
(VlsE1-
pepC10/
blot)

11 (68.8) 41.3–89.0 40 (78.4) 64.7–88.7 55 (82.1) 70.8–90.4 41/42 
(97.6)c

87.4–99.9

STTT (C6/
blot)

11 (68.8) 41.3–89.0 40 (78.4) 64.7–88.7 55 (82.1) 70.8–90.4 41/42 
(97.6)c

87.4–99.9

MTTT 
(VlsE1-
pepC10/
C6)

14 (87.5) 61.7–98.5 46 (90.2) 78.6–96.7 61 (91.0) 81.5–96.6 42/44 (95.5) 84.5–99.4
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Similarly, there were no significant differences between both 
assays in equivalent algorithms at the acute/early convales-
cent time point and in the combination of both time points. 
The sensitivity of the assays dropped sharply when used 
together with an immunoblot in STTT, equaling a sensitivity 
of a mere 22.9–25.7% in acute/early convalescent sera and 
not exceeding 30.6% in late convalescent sera. As the data 
were available, we also calculated what the sensitivity of a 
hypothetical MTTT algorithm with the VlsE1-pepC10 and 
C6 would be. This MTTT algorithm had a slight decrease in 
its sensitivity (both time points combined: VlsE1-pepC10/
C6: 64.5%), but compared to the single-tier algorithm, this 
was statistically significant only for the C6 (VlsE1-pepC10/
C6 vs. C6-perm: p < 0.001; VlsE1-pepC10/C6 vs C6-strict: 
p = 0.002).

No major differences between both assays were observed 
in patients with disseminated LB, where both assays per-
formed comparably. This was also true for both MTTT algo-
rithms in patients with disseminated LB, which performed 
on par with the single-tier algorithms. The aforementioned 
single-tier and MTTT algorithms all outperformed both 
STTT algorithms, although the difference was less strik-
ing than in EM patients (e.g., both time points combined: 
VlsE1-pepC10/blot: 82.1%; VlsE1-pepC10-perm: 92.5%; 
p = 0.016).

Diagnostic parameters were comparable between patients 
with well-defined, and PCR- or culture-confirmed LB (both 
time points combined, all comparisons: p > 0.05).

Specificities in HBDs of the VlsE1-pepC10 and C6 were 
comparable to one another (permissive: VlsE1-pepC10-
perm: 90.3%; C6-perm: 90.5%; p = 1.000; strict: VlsE1-
pepC10-strict: 92.0%; C6-strict: 92.0%; p = 1.000). The 
two-tier algorithms outperformed their equivalent single-
tier algorithm in terms of specificity, the highest specific-
ity being reached with the C6/blot combination (95.5%, 
C6/blot vs. C6-perm: p < 0.001), followed closely by the 
VlsE1-pepC10/blot combination (94.8%, VlsE1-pepC10/
blot vs. VlsE1-pepC10-perm: p < 0.001) and then the VlsE1-
pepC10/C6 (94.0%; VlsE1-pepC10/C6 vs. VlsE1-pepC10-
perm: p < 0.001; VlsE1-pepC10/C6 vs. C6-perm: p < 0.001). 
There were no significant differences in specificity within 
two-tier algorithms.

Interestingly, the VlsE1-pepC10 assay had a statistically 
significant higher specificity in CRCs than the C6 (per-
missive: VlsE1-pepC10-perm: 90.9%; C6-perm: 77.3%; 
p = 0.031; strict: VlsE1-pepC10-strict: 95.5%; C6-strict: 
79.5%; p = 0.016). Both single-tier assays had compara-
ble false-positivity in BMD sera (VlsE1-pepC10-perm: 
3/14; C6-perm: 4/14). However, apart from these BMD 
sera and one serum from a CRC with syphilis, the VlsE1-
pepC10-perm did not have any other false-positives, while 
the C6-perm had false-positives in all categories of CRCs 
(syphilis: 1/9; CMV: 2/6; EBV: 1/8; EBV/CMV: 2/7; BMD: 

4/14). Unfortunately, the limited sample size did not permit 
any further statistical analyses on the different categories of 
CRCs among each other.

As the VlsE1-pepC10 was only recently commercialized, 
and this is the first paper to date to describe its diagnos-
tic parameters, we also assessed the appropriateness of the 
manufacturer-prescribed cut-off. Because the most striking 
discrepancy with the C6 was its tentatively lower sensitivity 
in EM patients, we used sera from these patients to perform 
an ROC analysis. In this analysis, we included only the first 
serum from each EM patient (n = 76), and we compared 
these to the sera obtained from HBDs (n = 400).

The resulting AUC for the VlsE1-pepC10 was sig-
nificantly lower than that of the C6 (VlsE1-pepC10: 
AUC = 0.878; C6: AUC = 0.925; p = 0.003), though 
both AUCs should be considered excellent (Fig. 1). The 
ROC analysis did not produce any usable cut-off optimiza-
tion strategies for the VlsE1-pepC10, as any improvement to 
its sensitivity in EM patients would have resulted in an unac-
ceptable decrease in specificity to < 90% (data not shown).

Discussion

Our study is the first to assess the diagnostic parameters of 
the ZEUS Borrelia VlsE1/pepC10 assay, which we did in 
confirmed LB patients from the Netherlands and various 
controls.

Our results show that the assay under study performs 
largely on par with the benchmark C6-ELISA, which we 
used as a comparator test in our study. The specificity of both 
assays in HBDs is identical, as is the sensitivity in patients 
with disseminated LB. The sensitivity of the VlsE1-pepC10 
assay in patients with an EM seemed to be slightly lower, but 
this difference was not statistically significant in our dataset. 
Interestingly, the VlsE1-pepC10 assay performed signifi-
cantly better in CRCs than the C6, where it showed reactiv-
ity with respect to other spirochetal infections only (BMD 
and syphilis), while the C6-ELISA was also reactive in sera 
from patients with EBV or CMV antibodies. As was to be 
expected, the sensitivity of both assays decreased sharply 
when used together with an immunoblot. Even though it is 
unlikely that both assays are ever going to be used together 
in one algorithm, we did investigate what the diagnostic 
parameters of a hypothetical MTTT algorithm with VlsE1-
pepC10/C6 would be. We found that such algorithms would 
suffer from a slight reduction in sensitivity as compared to 
the single-tier C6 (difference with VlsE1-pepC10 was not 
significant), but would have a significantly better specificity 
than either single-tier assay. This could guide future imple-
mentation of the VlsE1-pepC10 assay in Europe.

Because the main difference with the C6 seemed to be its 
slightly reduced sensitivity (not-significant) in EM patients, 
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we also assessed the appropriateness of VlsE1-pepC10’s 
cut-off by performing an ROC analysis. We found that both 
assays had an excellent AUC, but that the AUC of the C6 
was significantly higher than that of the VlsE1-pepC10. 
ROC analysis failed to yield any useable cut-off optimiza-
tion strategies, as this would have unacceptably reduced the 
assay’s specificity to < 90%.

Despite several known drawbacks, serological testing is 
the cornerstone of the diagnostic process of LB. Modern 
assays utilizing recombinant antigens have improved upon 
the diagnostic parameters of earlier tests, therewith partly 
negating the unreliability of serological testing in early LB. 
An important recent step in this direction was the introduc-
tion of MTTT, which has the potential to improve sensitivity 
of serological testing in early LB to > 70% while maintain-
ing adequate specificity [4], and which was recently intro-
duced in the new IDSA guidelines on LB [7]. As far as we 
know, all previous work on MTTT used the C6-ELISA as 
confirmatory assay. With its withdrawal from the market, 
an important diagnostic tool was removed from the kit of 
clinical microbiologists and infectious disease consultants. 
Our results show that the VlsE1-pepC10 assay under study 
may function as a viable alternative to the C6, both in terms 
of diagnostic power and practicality. An important remark 
in this regard is that the ZEUS Borrelia VlsE1/pepC10 assay 
was designed by its manufacturer to function in the first tier 
of an MTTT algorithm, followed by a second tier EIA using 
a whole-cell sonicate as an antigen [15]. While the manufac-
turer has such an FDA-approved separate second-tier ELISA 
for use in the USA, a similar assay has not yet been released 
for the European market [15, 16]. Thus, there is currently 

no commercially available combination of assays which can 
be used for MTTT in Europe and which has evidence-based 
diagnostic power.

A limitation of our study was its limited sample size, 
especially with respect to acute/early convalescent sera from 
LB patients. Thus, our study may have missed small sig-
nificant differences between the sensitivities of the VlsE1-
pepC10 assay and C6-ELISA. It did convincingly show that 
both assays are identical with respect to their specificity in 
HBDs and that the VlsE1-pepC10 may even have a better 
performance than the C6 in patients with various cross-reac-
tive antibodies. We must also re-iterate some of the limita-
tions which were mentioned in our previous work using sera 
from the same serum bank (LB patients and HBDs) [13]. 
These include a case–control rather than a cohort design, the 
use of HBDs rather than controls from the general popula-
tion, and the implications of a lack of a universally accepted 
reference standard for LB.

In summary, we conclude that the ZEUS Borrelia VlsE1/
pepC10 assay has potential to replace the C6-ELISA as a 
benchmark serological assay for the diagnosis of LB in 
Europe. We recommend further research to focus specifi-
cally on the sensitivity of the assay in early LB and to inves-
tigate ways to use the assay in an MTTT algorithm.
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