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Abstract: The aim of this study was to carry out an independent evaluation of the proposition that the lymphocyte
transformation test-memory lymphocyte immunostimulation assay (LTT-MELISA) may be diagnostically useful in
the confirmation of active Lyme borreliosis in clinically and serologically ambiguous cases. Blood samples from
54 patients consecutively presenting to a British center with clinical suspicion of Lyme borreliosis were tested for
this disease by immunoglobulin M (IgM) and immunoglobulin G (IgG) Western blots and by LTT-MELISA. Forty-five
of these patients had Western blot results which were negative for both IgM and IgG by the criteria of the Centers
for Disease Control and Prevention (CDC); of these patients, 19 (42%) were LTT-MELISA-positive. Two of the patients who had IgM positive results by the CDC criteria were LTT-MELISA-negative. It is concluded that, for putative
European-acquired Lyme borreliosis infections, it would be sensible to carry out both the LTT-MELISA and Western
blot assay.
Keywords: Lyme borreliosis, lymphocyte transformation test, MELISA

Introduction
The multi-systemic disorder Lyme borreliosis
(Lyme disease) is an arthropod-borne zoonosis
which can give rise to dermatological, joint, cardiac, and neurological involvement in affected
humans [1]. While the causative spirochetal
species in the United States tends to be
Borrelia burgdorferi sensu lato [2], in Europe
the causative species are more varied and
most likely to include Borrelia afzelii, Borrelia
garinii, and Borrelia burgdorferi sensu lato [3],
but may also include Borrelia valaisiana,
Borrelia lusitaniae, and Borrelia spielmanii [4,
5]. Therefore, it has been suggested that the
two-tiered serodiagnostic algorithm currently
recommended by the Centers for Disease
Control and Prevention (CDC) [6], whereby an
initial enzyme immunoassay or immunofluorescence assay is followed, in positive or equivocal
cases, by immunoglobulin G (IgG) plus or minus
immunoglobulin M (IgM) Western blots (immu-

noblots) in which the antigen used is usually
derived from Borrelia burgdorferi, is inappropriate for suspected cases of Lyme borreliosis
acquired in Europe [7-9]. (According to the CDC
recommendations, the IgM Western blot should
not be carried out if the patient has been ill for
longer than 30 days.) Other factors which may
be associated with serodiagnostic ambiguity
include cross-reactivity with antigenically-related microorganisms such as Treponema pallidum and Epstein-Barr virus, delayed or failed
antibody production, and IgM persistence.
Valentine-Thon and colleagues have suggested
that the lymphocyte transformation test-memory lymphocyte immunostimulation assay (LTTMELISA) may be diagnostically useful in the
confirmation of active Lyme borreliosis in clinically and serologically ambiguous cases, with
most of the LTT-MELISA-reactive patients tested in their study being seropositive [10]. The
LTT-MELISA is a modified LTT in which the T-cell
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Table 1. Comparison of the results by the
CDC criteria (for both IgM and IgG) and the
LTT-MELISA
CDC criteria
Total
Positive Negative
LTT-MELISA Positive
7
19
26
Negative
2
26
28
Total
9
45
54

immune response (lymphoblast transformation
and proliferation) to recombinant Borreliaspecific antigens can be detected (by 3H-thymidine incorporation) and evaluated [10].
The aim of the present study was to carry out
the first independent evaluation of the value of
the LTT-MELISA in serologically and clinically
ambiguous cases of Lyme borreliosis in which
Western blot IgG and IgM results were negative.
Materials and methods
Patient samples
Blood samples were taken from 54 patients
consecutively presenting to a British center
(Breakspear Medical Group) with clinical suspicion of Lyme borreliosis. Following centrifugation, serum samples were sent to IgeneX Inc.
(Palo Alto, CA, USA) for IgG and IgM Western
blot assays for Lyme borreliosis, while whole
blood samples were sent to the MELISA (LTT)
Center Laboratory (Laborärztliche Arbeitsgemeinschaft für Diagnostik und Rationalisierung
e. V.) (Bremen, Germany) for LTT-MELISA evaluations for Lyme borreliosis. There was no communication between the two laboratories
regarding the results of each patient.
Western blots for Lyme borreliosis
For each sample, an aliquot of 10 µL of serum
was tested with Western blot strips prepared
from a mixture of two strains of Borrelia burgdorferi, 297 and B31, as described by Shah
and colleagues [11]. The IgM bands tested
included those required to determine immunoblot positivity according to the CDC criteria,
namely 23-25 kDa, 39 kDa, and 41 kDa.
Similarly, the IgG bands tested included those
required by the CDC criteria, namely 18 kDa,
23-25 kDa, 28 kDa, 30 kDa, 39 kDa, 41 kDa,
45 kDa, 58 kDa, 66 kDa and 83-93 kDa.
5891

LTT-MELISA for Lyme borreliosis
The LTT-MELISA was carried out as described
by Valentine-Thon and colleagues [10, 12]. One
million peripheral blood mononuclear cells in 1
mL 10% medium were incubated, together with
controls, in a multi-welled culture plate coated
with recombinant Borrelia antigens at three
dilutions for five days at 37°C with 5% carbon
dioxide gas. Following exposure to 3 µC methyl3
H-thymidine (Amersham Buchler, Brunswick,
Germany; specific activity, 185 GBq mmol-1) for
five hours, the uptake of the tritiated thymidine
was measured in counts per minute using a liquid scintillation counter (1450 Microbeta Trilux;
Wallac Distribution, Freiburg, Germany). The
ratio of the radioactive count from a given test
well to the average count from three negative
control wells was defined as the stimulation
index. A stimulation index of at least three, in at
least one well, was defined as being a positive
result for a given patient.
Results
The main results are shown in Table 1. Fortyfive (83%) of the patients had Western blot
results which were negative by the CDC criteria
for both IgM (which require at least two IgM
bands among 24 kDa or 21 kDa (OspC), 39 kDa
(BmpA), and 41 kDa (Fla)) and IgG (requiring at
least five IgG bands among 18 kDa, 24 kDa or
21 kDa (OspC), 28 kDa, 30 kDa, 39 kDa (BmpA),
41 kDa (Fla), 45 kDa, 58 kDa (not GroEL), 66
kDa, and 93 kDa). Of these 45 seronegative
patients, 19 (42%) were LTT-MELISA-positive.
Two of the patients who had IgM positive results
by the CDC criteria were LTT-MELISA-negative.
Discussion
This first independent study of LTT-MELISA in
patients clinically suspected of suffering from
Lyme borreliosis confirms the diagnostic value
of this investigation. There are at least two possible reasons why we found a relatively high
(42%) level of LTT-MELISA-positive results
among our seronegative patients.
Bearing in mind that our study was from a
British center, one possibility is the greater
Borrelia species heterogeneity in Europe compared with the United States, so that the CDC
criteria may be inappropriate for Europeanacquired infections. In line with this possibility,
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it is noteworthy that a recent study of 64 Lyme
borreliosis patients from Slovenia also demonstrated the inadequacy of these CDC criteria [7,
13].
A second possibility relates to one of the ways
in which the LTT-MELISA differs from serological tests such as Western blotting in that, in the
former, the degree of lymphocytic reaction to
the bacterial antigen is assessed. Thus, LTTMELISA can measure disease activity in those
infected patients who have not mounted an
adequate antibody response.
Finally, it is noteworthy that two of the patients
who were IgM positive failed to give LTTMELISA-positive results. This would argue
against replacing the Western blot assay with
the LTT-MELISA in those who have possibly
been infected in Europe. On the contrary, the
results of the present study suggest that, in
such a patient, it would be sensible to carry out
both the LTT-MELISA and Western blot assay.

[5]

[6]

[7]

[8]

[9]

Disclosure of conflict of interest
None.
Address correspondence to: Basant K Puri, Department of Medicine, Imperial College London,
Hammersmith Hospital, London W12 0HS, UK.
E-mail: basant.puri@imperial.ac.uk

[10]

[11]

References
[1]
[2]

[3]
[4]

Steere AC. Lyme disease. N Engl J Med 2001;
345: 115-125.
Wang G, van Dam AP, Schwartz I and Dankert
J. Molecular typing of Borrelia burgdorferi sensu lato: taxonomic, epidemiological, and clinical implications. Clin Microbiol Rev 1999; 12:
633-653.
Wilske B. Diagnosis of Lyme borreliosis in
Europe. Vector Borne Zoonotic Dis 2003; 3:
215-227.
Wilhelmsson P, Fryland L, Borjesson S,
Nordgren J, Bergstrom S, Ernerudh J, Forsberg
P and Lindgren PE. Prevalence and diversity of
Borrelia species in ticks that have bitten humans in Sweden. J Clin Microbiol 2010; 48:
4169-4176.

5892

[12]
[13]

Fingerle V, Schulte-Spechtel UC, Ruzic-Sabljic
E, Leonhard S, Hofmann H, Weber K, Pfister K,
Strle F and Wilske B. Epidemiological aspects
and molecular characterization of Borrelia
burgdorferi s.l. from southern Germany with
special respect to the new species Borrelia
spielmanii sp. nov. Int J Med Microbiol 2008;
298: 279-290.
Centers for Disease Control and Prevention
(CDC). Recommendations for test performance
and interpretation from the Second National
Conference on Serologic Diagnosis of Lyme
Disease. MMWR Morb Mortal Wkly Rep 1995;
44: 590-591.
Schoen RT. Editorial commentary: better laboratory testing for Lyme disease: no more
Western blot. Clin Infect Dis 2013; 57: 341343.
Robertson J, Guy E, Andrews N, Wilske B, Anda
P, Granstrom M, Hauser U, Moosmann Y,
Sambri V, Schellekens J, Stanek G and Gray J.
A European multicenter study of immunoblotting in serodiagnosis of lyme borreliosis. J Clin
Microbiol 2000; 38: 2097-2102.
Hauser U, Lehnert G, Lobentanzer R and
Wilske B. Interpretation criteria for standardized Western blots for three European species
of Borrelia burgdorferi sensu lato. J Clin
Microbiol 1997; 35: 1433-1444.
Valentine-Thon E, Ilsemann K and Sandkamp
M. A novel lymphocyte transformation test
(LTT-MELISA) for Lyme borreliosis. Diagn
Microbiol Infect Dis 2007; 57: 27-34.
Shah JS, Du Cruz I, Narciso W, Lo W and Harris
NS. Improved clinical sensitivity for detection
of antibodies to Borrelia burgdorferi by Western
blots prepared from a mixture of two strains of
B. burgdorferi, 297 and B31, and interpreted
by in-house criteria. Eur Infect Dis 2010; 4: 5660.
Valentine-Thon E and Schiwara HW. Validity of
MELISA for metal sensitivity testing. Neuro
Endocrinol Lett 2003; 24: 57-64.
Branda JA, Strle F, Strle K, Sikand N, Ferraro
MJ and Steere AC. Performance of United
States serologic assays in the diagnosis of
Lyme borreliosis acquired in Europe. Clin Infect
Dis 2013; 57: 333-340.

Int J Clin Exp Med 2014;7(12):5890-5892

