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Additional files  

1. Laboratory measurements 

 

Spirofind Revised 

The Spirofind Revised (hereafter Spirofind) is a pre-market test that will be performed in part in-house 

at the AMC and Radboudumc, and in part on-site at the facilities of Oxford Immunotec in Oxford, the 

United Kingdom. It uses 6 ml of heparinized blood.  

 

The test follows the analogy of Oxford Immunotec’s patented in vitro diagnostic T-SPOT
®
.TB, as 

currently in use for the diagnosis of tuberculosis. It uses an enzyme-linked immunospot (ELISPOT) 

platform. The test is performed by isolating peripheral blood mononuclear cells (PBMCs) from a 

whole blood sample using specialized tubes containing Ficoll
®
 (Leucosep). After isolation, the 

concentration of PBMCs is standardized using a Beckman Coulter Counter and cells are incubated 

with a mix of bacteria from several Borrelia spp. and recombinant Borrelia antigens, as well as with a 

negative and a positive control. Incubation is done in sterile 96-wells culture plates. These plates are 

pre-coated with antibodies to IFN-γ. After incubation, the plates are washed and developed as 

instructed by the manufacturer. The resulting spot-forming units (SFUs) are fixated and the plates 

stored, until they are sent blinded and batchwise to the facilities of Oxford Immunotec for further 

analysis. The results of the Spirofind are reported in SFUs, which are counted using a specialized 

automated counter and analysis software. Results are interpreted following the manufacturer’s 

instructions.  

 

Quantiferon-LB 

The Quantiferon-LB (hereafter QFN-LB) is a test candidate under development, performed in-house at 

the AMC and Radboudumc. It uses 4 ml of heparinized blood. 

 

The QFN-LB is performed essentially as previously described by Callister and colleagues [1]. It is 

based on QIAGEN’s patented QuantiFERON technology, as currently in use for the diagnosis of 

tuberculosis using the QuantiFERON-TB Gold. The QFN-LB works by stimulating effector T cells of 

a patient in vitro with specific antigens and quantifying the resulting IFN-γ in plasma. The antigens 

used in the QFN-LB are proprietary recombinant proteins that are higly conserved (>80% identity) 

among the several Borrelia spp., while being distinct from non-Borrelia proteins (<50% identity) [1].  

Whole blood is collected from a patient in a heparin tube and then transferred to specialized 

containers, containing antigen, pokeweed mitogen (positive control) or  negative control. Samples are 

incubated in these containers at 37⁰C for 24 hours, after which the cells are spun down and the 

supernatant is collected. The supernatants are stored at -20⁰C and analysed batchwise by quantifying 
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the concentration of IFN-γ using an ELISA as instructed by the manufacturer. Results are interpreted 

following the manufacturer’s instruction.  

 

iSpot 

The two-colour iSpot is a test that is currently commercially available in Germany, having been 

developed by the company AID (also known as GenID). The iSpot is performed on-site at the facilities 

of AID/GenID in Strassberg, Germany. It uses 10 ml of heparinized blood. 

 

The iSpot uses an ELISPOT technique. The technique used for the present study is identical to the 

techniques used in daily clinical practice at AID/GenID’s facilities. Whole blood samples are 

incubated with Borrelia lysate (B31) and a mix of recombinant Borrelia proteins (OspC, DbpB and 

OspA), as well as with a negative and a positive control. The production of two cytokines by T cells, 

namely IFN-γ and interleukin-2 (IL-2), is then assessed using the so-called ‘traffic light principle’. 

After incubation and development, wells that contain a high concentration of IFN-γ and a low 

concentration of IL-2 turn red, which according to the manufacturer indicates the presence of mainly 

effector T cells, which would be suggestive of an active infection. A reversed concentration of IFN-γ 

and IL-2 is indicated by a green colour, suggesting a higher concentration of memory T cells, 

indicating a past infection. A balanced concentration of IFN-γ and IL-2 is said to indicate a latent 

infection. Test results are interpreted following the manufacturer’s instruction. 

 

LTT-MELISA 

The Lymphocyte Transformation Test-Memory Lymphocyte Immunostimulation Assay (LTT-

MELISA), is also currently commercially available in Germany. The LTT-MELISA is performed on-

site at the facilities of Invitalab in Neuss, Germany. It uses 27 ml of blood in citrate. 

 

The LTT measures the proliferation of T cells in vitro to Borrelia stimulation. Culture plates are 

precoated with recombinant Borrelia antigens [2]. Lymphocytes are then isolated from a whole blood 

sample and are incubated with the antigens for 5 days. Negatives controls and a positive control are 

included on each plate. After incubation, the cells are pulsed for 5 hours with 3 μC methyl-ᶾH-

thymidine and the radioactivity is measured. Counts per minute are converted to a stimulation index 

(SI) representing the counts per minute in the tested well divided by the average counts per minute in 

negative control wells [2]. Results are interpreted following the manufacturer’s instruction. A cutoff of 

SI ≥ 3 in at least 1 well is defined as an equivocal result; two or more morphologically confirmed 

wells with SI ≥ 3 are considered a positive result.   
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2. Questionnaires 

Questionnaires in this study are identical to the questionnaires used in the LymeProspect study [3]. 

They are described in that study’s protocol, as follows: 

 

Fatigue severity is assessed by the fatigue severity subscale of the Checklist Individual Strength (CIS). 

[4] Scores range from 8 to 56, and scores of 35 or higher reflect severe fatigue. The Medical Outcomes 

Survey Short Form-36 (SF-36) pain subscale is used to assess severity and impact of pain. Significant 

impairment due to pain is reflected by a score of 55 or lower, based on Dutch norm scores. [5] 

Neurocognitive functioning is assessed with the Dutch version of the Cognitive Failure Questionnaire 

(CFQ). [6] Clinically significant complaints on neurocognitive functioning are reflected by a score of 

44 or higher. Clinical and cognitive-behavioral parameters are assessed by online questionnaires as 

well, including somatic symptoms (PHQ-15) [7], physical and social functioning (SF-36, subscales 

physical functioning and social functioning) [8], health care use, absenteeism from work, co-morbidity 

(adapted from TiC-P) [9], pre-existent symptoms in the year preceding enrolment (adapted from 

PREDIS) [10], illness perception (adapted Brief IPQ) [11], cognitive and behavioral responses to 

symptoms (CBSQ) [12], psychological distress (HADS) [13], self-efficacy with respect to pain and 

fatigue (PCS, SEF-F) [14, 15], and the level of physical activity (IPAQ) [16]. 
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3. Calculations of group sizes 

Sensitivity and comparing the various cellular tests (t=0 weeks, LB cases): 

Serological tests have a sensitivity of about 50% for early localized LB [17-19]. We consider cellular 

tests to have added diagnostic value if their sensitivity would rise to 70% or higher. An exact binomial 

test with a nominal 0.050 two-sided significance level will have 97% power to detect the difference 

between the Null hypothesis proportion, π0 of 0.500 (serology a t=0) and the Alternative proportion, 

πA, of 0.700 (cellular tests at t=0) when the sample size is 100. If the improvement in sensitivity is 

only 10-15%, inclusion of 150 cases will suffice to assess the primary outcome, since an exact 

binomial test with a nominal 0.050 two-sided significance level will have 85% power to detect the 

difference between the Null hypothesis proportion, π0 of 0.500 (serology at t=0) and the Alternative 

proportion, πA, of 0.625 (cellular test at t=0) when the sample size is 150. 

 

Test-of-cure (t=12 weeks, LB cases):  

To assess the discriminating power of the cellular tests, we will evaluate the proportion of patients that 

are negative in the cellular tests at t=12 weeks compared to the serological tests. From an earlier study 

[1], we assume that roughly 25% of patients or fewer are positive in the cellular tests at t=12 weeks. In 

contrast, we estimate that at least 40% of patients have a positive serological test. An exact binomial 

test with a nominal 0.050 two-sided significance level will have 81% power to detect the difference 

between the Null hypothesis proportion, π0 of 0.4 (serology at t=12 weeks) and the Alternative 

proportion, πA, of 0.250 (cellular tests at t=12 weeks) when the sample size is 80. Even though the 

time point at t=12 weeks is optional for LB cases, based on previous experience, we expect 

participation to be sufficient to achieve this goal.  

 

Specificity (healthy controls):  

Serological tests have a specificity of approximately 95% for early LB in case control studies [19, 20]. 

We consider cellular tests to have added value if the specificity would not drop below 90%. An exact 

binomial test with a nominal 0.050 two-sided significance level will have 81% power to detect the 

difference between the Null hypothesis proportion, π0 of 0.950 (serology) and the Alternative 

proportion, πA, of 0.90 (cellular tests) when the sample size is 225. 

 

Other groups 

No sample size calculation was made for the potentially cross-reactive controls and the observational 

cohort of patients with persistent signs and symptoms attributed to LB, because these analyses are 

descriptive. We aim to include a total of 60 potentially cross-reactive controls and 150 participants in 

the observational cohort. 
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