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Introduction

The National Lyme Borreliosis Testing Laboratory in
Inverness, Scotland, uses the internationally recognised
two-step testing protocol of a sensitive screening enzyme
immunoassay (EIA) and a more specific, confirmatory
Western blot for the diagnosis of Lyme borreliosis (LB).1

However, the traditional two-tier testing strategy is
expensive in terms of time and resources, can lack sensitivity
in the diagnosis of early LB, is not able to distinguish
between current and past infection and therefore cannot be
used as a marker for treatment response.2,3

VIsE is a variable surface antigen of Borrelia burgdorferi
thought to be involved in host immune evasion.4 Gene
expression is down-regulated during tick feeding and up-
regulated early once the mammalian host has been infected.4

VIsE, with a predicted molecular mass of approximately
34–35 kDa, contains variable and invariable domains.5 The
sixth invariable region (IR6), which is considered to be
conserved among B. burgdorferi sensu lato species, contains
the C6 peptide, which is highly immunogenic.6

The C6 EIA, which utilises a single C6 peptide antigen, has
generated a great deal of interest throughout Europe and
the USA where it has been proposed as a sensitive screening
assay,7,8 as an alternative to traditional two-tier testing as part
of a two-tier EIA test strategy9–11 and an indirect marker of
treatment response/resolving infection.12

The aims of this study are to investigate the role of the C6
assay as a screening assay and as part of a two-tier EIA test
strategy and its use as a marker of treatment response or
resolving infection in a routine diagnostic laboratory. 

Materials and methods

To determine C6 EIA sensitivity, sera (n=249) from patients
with clinically suspected Lyme borreliosis, referred to the
National Lyme Borreliosis Testing Laboratory, Raigmore
Hospital, Inverness, from laboratories throughout Scotland
during 2012 and 2013 were tested both by the C6 Lyme EIA
(Immunetics, Boston MA, USA) and the current screening
test, the Enzygnost Lyme link VlsE/IgG (a whole-cell EIA

with additional VlsE antigens; Siemens Healthcare
Diagnostics Products, Marburg, Germany), as per the
manufacturers’ instructions. The C6 Lyme EIA was tested
manually whereas the Enzygnost Lyme link VlsE/IgG was
tested on the Dynex DS2 platform (Launch Diagnostics,
Kent, UK). The results were compared using the two-tailed
Fishers exact test.

To assess the potential of a two-EIA testing strategy
(whole-cell EIA followed by C6 Lyme EIA confirmation), the
results from 151 of the above sera that were tested by the
traditional two-tier testing strategy utilising Enzygnost
Lyme link VlsE/IgG screening with manual commercial EU
Lyme IgG Western blot (Trinity Biotech, Co Wicklow,
Ireland) confirmation, were compared with the results that
would have been obtained with the two-EIA strategy.
Statistical analysis was carried out using the two-tailed
Fishers exact test.
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To assess the use of the C6 EIA as an indirect marker of
treatment response/resolving infection, 76 archived sera
from 23 patients (2–6 sera per patient, taken three months to
seven years apart) were tested with the C6 Lyme EIA and the
results were compared with traditional two-tier testing of
Enzygnost Lyme Link VlsE/IgG EIA followed by in-house
IgG Western blot confirmation (whole-cell lysate blot
incorporating local B. burgdorferi sensu stricto and B. afzelii
antigen, 50:50 mixture).13

Results

C6 as a screening assay
Overall, the C6 EIA was significantly less sensitive than the
Enzygnost Lyme link VlsE/IgG EIA (169/249 vs. 190/249
reactive sera, respectively, P=0.0455). 

Two-EIA strategy
The two-EIA strategy was more sensitive (although not
significantly) than the traditional two-tier strategy, detecting
82/151 vs. 67/151 positive sera, respectively (P=0.1069; Table
1). Of the 27 sera positive by the two-EIA strategy but not by
the traditional two-tier testing (Table 1), 17 were from
patients with symptoms of early LB (nine erythema migrans
[EM], seven rash, one meningitis), two with late LB
(arthritis/joint pain), five of past infection/non-specific
symptoms, and three with insufficient clinical information.
Conversely, 12 sera were positive with the traditional two-
tier testing but not with the two-EIA strategy (Table 1). Four
were from patients with symptoms of early LB (two EM, one
rash, one neuroborreliosis), two with late LB (arthritis/joint
pain), five of past infection, and one with insufficient clinical
information.

C6 as a marker of treatment response or resolving infection
Of the 23 patients with multiple archived sera taken at
different time points that were tested by traditional two-tier
testing (Enzygnost Lyme link VlsE/IgG EIA followed by in-
house IgG Western blot) then C6 Lyme EIA, nine patients
had no change in Enzygnost or C6 EIA titre or Western blot
band intensity over time. There was a decrease in EIA titre
and/or Western blot band intensity in all other patients
(Table 2), although this was only qualitative (i.e., positive to
negative) in four patients (three had a change in WB result,
one had a change both in Enzygnost and C6 EIA results). 

Discussion

The C6 EIA has been found to be sensitive in studies in the
USA,11,12 but in Europe the C6 EIA is said to be less sensitive
than other more traditional whole-cell EIAs as not all
patients have a response to the C6 peptide.14–16 Although the
IR6 region is conserved, there appears to be variation in 
4–5 amino acid sequences among genospecies.17 This would
be less of a problem for the USA where B. burgdorferi sensu
stricto is the sole pathogenic species, but would explain the
differences in Europe where there are at least three
pathogenic species.14–16,18 The results presented here indicate
that in Scottish patients the C6 EIA is less sensitive than the
Enzygnost Lyme link VlsE/IgG screening EIA, and at the
time of this study it is almost four times more expensive. 

In the USA it has also been suggested that the C6 EIA
could be a standalone test,11,19,20 without the need for Western
blot confirmation, as it is at least as sensitive as traditional
two-tier testing in early LB.3,6,11,21 An immune response to the
C6 peptide appears at an early point in time, often
developing more rapidly than either the IgM or IgG
response to a combination of antigens on which the two-tier
blot criteria are based.20 However, like other EIAs, Western
blot is still more specific than the C6 EIA.11,22 As the C6 EIA is
less specific than traditional two-tier testing,10,20 this
approach could produce more false-positive results and
contribute further to the over diagnosis of Lyme borreliosis. 

To reduce this false-positive rate, a two-EIA approach
(whole cell EIA with C6 EIA confirmation) has been
proposed,9,10,23 which was claimed to provide sensitivity close
to that of the C6 EIA alone in early LB, but maintain the
specificity of traditional two-tier testing. Indeed, the two-
EIA approach performed better in early LB (i.e., it was more
sensitive) than traditional two-tier testing and was
comparable in late LB.10 The two-EIA approach would be
very desirable for the routine laboratory as it is simpler and
more objective than traditional two-tier testing, reducing the
need for experienced laboratory staff and equipment.
Instead of referring samples to a reference laboratory for
screening and/or Western blot confirmation, the EIA
approach would enable the routine laboratory to do its own
testing and confirmation, reducing costs and turnaround
times. The present results indicate that traditional two-tier
testing is slightly less sensitive than the two-EIA strategy,
although this may be due in part to poor sensitivity of the
commercial Western blot assay used. 

Encouragingly, the clinical information for those sera
positive with the two-EIA strategy only suggested that the
majority of patients (70%) had LB. However, it is of concern
that 12 samples positive with the traditional two-tier testing
were missed with the two-EIA strategy as they were C6 EIA
negative, six (50%) with symptoms of current LB.
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Traditional two-tier testing

Pos Ind Neg Total

Two-EIA testing Pos 55 20 7 82

Equiv 3 1 0 4

Neg 9 6 50 65

Total 67 27 57 151

Table 1. Results of two-EIA (Enzygnost Lyme link VlsE/IgG EIA and C6
Lyme EIA confirmation) versus traditional two-tier testing (Enzygnost
Lyme link VlsE/IgG EIA and Trinity IgG Western blot confirmation).

Assay No. patients

Enzygnost and C6 EIA, Western blot 9

C6 and Enzygnost EIA 1

C6 EIA and Western blot 1

C6 EIA only 1

Enzygnost EIA only 2

Table 2. Assays with decreased titre/weaker bands following treatment.



the treatment response or the clinical course of Lyme
arthritis,24 and indeed the majority of patients were still
positive for IR6 four years after diagnosis. 

Unfortunately, the studies that implicated the C6 EIA in
this role were performed on serial dilutions of sera, and were
not based on C6 antibody index comparisons, which would
make it much more difficult and complex for the routine
laboratory.2,12,25,26 Philipp et al. originally stated that there was
a decline in C6 antibody titres by greater than four-fold in all
successfully treated LB study patients at 20 weeks or more.12

However, it was later conceded that as infection progresses
the quantitative C6 test used to assess response to treatment
decreased in sensitivity so that a decline in C6 antibody titre
occurred only in successfully treated patients with early
localised or early disseminated LB,25 and not in patients with
late LB, where such information would clinically be of more
use. 

Although these findings were promising, Kannian et al.
found that the rate of decline of C6 antibodies was usually
too slow to be useful at the time that decisions about further
antibiotic therapy needed to be made in patients with Lyme
arthritis.27 The researchers also highlighted that a great
proportion of patients will have a persistently positive C6
test and that this should not be equated with persistence of
infection.27 As a result, a single titre is not informative of
status after therapy and it can be used only as part of a
longitudinal assessment of a patient.2 It is important to note
that the C6 EIA varied between the studies examined; some
were in-house whereas others were commercial, and they
varied slightly in the IR6 sequences used, which could affect
assay sensitivity and specificity. 

In conclusion, although the C6 EIA appears to be sensitive,
there is no convincing evidence to suggest that it detects
infection earlier than other assays, infection may be missed
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Fig. 1. Proposed Lyme borreliosis testing algorithm.
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Unfortunately, specificity could not be
determined in this study as the study
sera were from routine samples that
could not easily be defined. 

These results would suggest that
while there may be a place for the
two-EIA strategy within the routine
laboratory due to the increasing
pressures of reduced staff and
resources, there is still a need for
Western blot in certain situations. The
authors have devised an algorithm
(Fig. 1) in which the two-EIA strategy
could be employed for patients with a
high clinical suspicion of LB (i.e., with
tick bite and rash). Although
serological testing is not advocated for
patients with the erythema migrans
rash diagnostic of Lyme borreliosis,
the reality in Scotland is that many
general practitioners are not familiar
with this characteristic rash, or its
many atypical forms, and still require
laboratory confirmation. The testing
algorithm reserves Western blot
testing for those patients with
discordant EIA results and those
whose clinical picture is not
straightforward, such as those with
non-specific symptoms or those with late LB. As well as
being very specific, the Western blot provides additional
valuable information such as the degree of expansion of the
antibody response.10,22

The algorithm is, in part, similar to that suggested by
Jansson et al., who suggested a two-EIA approach using WB
confirmation for discordant samples only.9 If the proposed
algorithm had been applied to the 151 sera originally tested
with the traditional two-tier strategy, it would have reduced
the number of sera requiring Western blot by 50% (108 to 54),
saving approximately £600 in reagent costs, with additional
saving on staff time. Perhaps more importantly, it would
allow routine laboratories to do their own testing and
confirmation for the majority of their LB patients, reducing
turnaround times and the testing burden for reference
laboratories, ensuring there can be more focus on the more
complex cases.

Traditional serological detection of B. burgdorferi antibodies
is not recommended for monitoring treatment response or
resolving infection because IgG antibodies can remain
elevated for years. However, small differences can
occasionally be observed when testing sequential samples in
parallel following treatment. A more robust method for
monitoring treatment response or resolving infection would
be extremely beneficial for patient management, especially
in complexes cases of late LB; therefore, the proposal that the
C6 EIA may be used in this capacity was encouraging.

When the C6 EIA results from 23 patients with multiple
sera were examined there was no evidence to support that
the C6 EIA provides any information above that provided by
the traditional two-tier testing for monitoring treatment
response or resolving infection. This was similar to a study of
Lyme arthritis in children in which the rate of decline of
antibodies to IR6 did not appear useful in the prediction of



in some European patients due to potential IR6 variation,
and it may lack some specificity. The C6 EIA may be used to
monitor treatment response but a large decline in C6 after
treatment appears to be less common in late LB, where this
may be of most use. 

The present study introduces a novel approach to detect
Lyme borreliosis in Scottish patients. Although Western blot
remains invaluable for the more complex cases of Lyme
borreliosis, the authors have shown that for straightforward
cases of Lyme borreliosis in Scotland, the C6 EIA could play
an important role in the routine laboratory, replacing the
need for Western blot confirmation undertaken by a
reference laboratory with a simpler, more cost-effective two-
EIA strategy. 5

The authors would like to thank all clinicians and laboratory staff
within Scotland who continue to support the laboratory.
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