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Introduction

Borrelia burgdorferi sensu lato complex (B. burgdorferi) can cause a variety of clinical manifestations including Lyme neuroborreliosis. Following the tick-borne transmission, B. burgdorferi initially evade immune responses, later symptomatic infection is associated with occurrence of specific antibody responses. We hypothesized that B. burgdorferi induce immune hyporesponsiveness or immune suppression and aimed to investigate patients with Lyme neuroborreliosis ability to respond to immune stimulation.



Methods

An observational cohort study investigating the stimulated immune response by standardized whole blood assay (TruCulture®) in adult patients with Lyme neuroborreliosis included at time of diagnosis from 01.09.2018-31.07.2020. Reference intervals were based on a 5-95% range of cytokine concentrations from healthy individuals (n = 32). Patients with Lyme neuroborreliosis and references were compared using Mann-Whitney U test. Heatmaps of cytokine responses were generated using the webtool Clustvis.



Results

In total, 22 patients with Lyme neuroborreliosis (19 definite, 3 probable) were included. In the unstimulated samples, the concentrations of cytokines in patients with Lyme neuroborreliosis were comparable with references, except interferon (IFN)-α, interleukin (IL)-17A, IL-1β and IL-8, which were all significantly below the references. Patients with Lyme neuroborreliosis had similar concentrations of most cytokines in all stimulations compared with references. IFN-α, IFN-γ, IL-12 and IL-17A were lower than references in multiple stimulations.



Conclusion

In this exploratory cohort study, we found lower or similar concentrations of circulating cytokines in blood from patients with Lyme neuroborreliosis at time of diagnosis compared with references. The stimulated cytokine release in blood from patients with Lyme neuroborreliosis was in general slightly lower than in the references. Specific patterns of low IL-12 and IFN-γ indicated low Th1-response and low concentrations of IL-17A did not support a strong Th17 response. Our results suggest that patients with Lyme neuroborreliosis elicit a slightly suppressed or impaired immune response for the investigated stimulations, however, whether the response normalizes remains unanswered.
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Introduction

Lyme borreliosis (LB) is a tick-borne infection caused by the Borrelia burgdorferi sensu lato complex (B. burgdorferi). B. burgdorferi can cause a variety of clinical manifestations and without treatment the infection can disseminate to various tissues, causing Lyme arthritis, Lyme carditis, acrodermatitis chronica atrophicans or Lyme neuroborreliosis (LNB) (Stanek et al., 2012; Hansen et al., 2013). The B. burgdorferi sensu lato complex now comprises of more than 20 different genospecies (Waindok et al., 2017; Cutler et al., 2019; Margos et al., 2020) of which the genospecies B. burgdorferi sensu stricto, B. afzelii and B. garinii primarily are responsible for human disease (Stanek et al., 2012; Waindok et al., 2017).

Following the transmission of B. burgdorferi, the spirochete encounters many levels of host defense (Embers et al., 2004; Petzke and Schwartz, 2015). Early on, the transmission is enhanced by several tick salivary proteins, which evade the immunologic recognition system (Shemenski, 2019). Furthermore, B. burgdorferi expresses a variety of outer surface proteins (Osp), which modulate the host defense system and both the innate and the adaptive immune responses (Embers et al., 2004; Petzke and Schwartz, 2015; Oosting et al., 2016). The innate immune response directs the adaptive immune response and is sustained until the adaptive immune system is able to control the infection (Petzke and Schwartz, 2015). Relatively little is known about the innate immune receptors mediating the inflammatory response to B. burgdorferi infection (Petzke et al., 2009). However, when a pathogen enters the human body, a cascade of recognition molecules is activated by host cellular receptors, including toll-like receptors (TLRs) (Petzke et al., 2009), leading to the production of inflammatory mediators i.e. chemokines and cytokines causing much of the pathology to LNB (Sjöwall et al., 2005; Petnicki-Ocwieja and Kern, 2014). The TLRs known to be involved in B. burgdorferi infection are primarily TLR2, which binds to Osps in heterodimers with TLR1 or 6 (Ozinsky et al., 2000; Oosting et al., 2010; Petnicki-Ocwieja and Kern, 2014). Furthermore, TLR8 seems to be able to recognize B. burgdorferi RNA after phagocytosis (Cervantes et al., 2013) and though B. burgdorferi does not contain lipopolysaccharide (LPS) on its outer surface, an overexpression of TLR4 has been shown after B. burgdorferi stimulation (Dudek et al., 2017).

The B. burgdorferi spirochete is, like syphilis, able to evade the host response and at the same time elicit an adaptive host response leading to high titers of specific antibodies. This antibody response is not sufficient to eradicate the pathogen nor limit dissemination (Diterich et al., 2001; Embers et al., 2004; Pachner and Steiner, 2007). However, over time, most cases of B. burgdorferi infection are thought to be self-resolving (Kruger et al., 1989; Steere et al., 2016). We hypothesized that B. burgdorferi induces hyporesponsiveness or immune suppression of the host immune system to establish and sustain infection. With the present study, we aimed to investigate patients with LNB’s ability to respond to new immune stimulation.



Methods


Study Design and Population

This study is an observational cohort study, investigating the stimulated immune response as a proxy for immune function by a standardized whole blood assay (TruCulture®) in blood from adult (≥18 years) patients with LNB. The patients were prospectively enrolled within one day prior to antibiotic initiation for LNB and up to 7 days after ended antibiotic treatment from the Department of Infectious Diseases, Rigshospitalet, Denmark between 1st of September 2018 to 31st of July 2020. Laboratory analyses of blood and CSF, baseline characteristics and clinical findings were retrieved from a quality assessment database. A total of 32 healthy individuals in the working age (≥18-<67 years) were included as an anonymous reference group. For each cytokine, a reference interval was based on the 5-95% range of the cytokine concentration in the reference group. Furthermore, 9 patients with other infections in the central nervous system (CNS). Viral meningitis (n=4), bacterial meningoencephalitis (n=2) and cerebral abscesses (n=3) were included for comparison.



Definitions

According to the European Federation of Neurological Societies (EFNS) guidelines, LNB was defined by the following three criteria for definite LNB, and two of them for possible LNB: (i) neurological symptoms; (ii) cerebrospinal fluid (CSF) pleocytosis (>5 leucocytes/µL); (iii) B. burgdorferi antibodies produced intrathecally (Mygland et al., 2010).



TruCulture®

TruCulture® (Myriad RBM, Austin, USA) reveals the stimulated innate immune response in whole blood by quantifying the release of soluble immune activation products in the supernatant after new stimulation (Duffy et al., 2014; Duffy et al., 2017). TruCulture® consists of four different immune cell stimulations, mimicking the presence of fungal (heat killed Candida albicans, HKCA), bacterial (LPS from Ecsherichia coli) and two viral agents (Resiquimod R848 and polyinosinic:polycytodylic acid, Poly I:C), to obtain a broad function of different signaling pathways (TLR1/2/4/6, TLR4, TLR7/8 and TLR3, respectively). A fifth tube containing the TruCulture® media without stimulus reveals the in vivo activation of blood immune cells and serves as a proxy for circulating cytokine levels. In brief, peripheral blood was collected into lithium heparin anticoagulated whole blood tubes and aliquoted into the prewarmed TruCulture® stimulated or unstimulated tubes after 60 minutes (± 15 min). Subsequently, the TruCulture® tubes were inserted into a digital dry block heater (WWR International A/S, Søborg, Denmark) maintained at 37°C for 22 hours (± 30 min). After incubation supernatants were aliquoted and frozen at -20°C and transferred to -80°C after 1-7 days until thawed for analysis.

The concentrations of following cytokines and chemokines were measured: interleukin (IL-)-1β, IL-6, IL-8, IL-10, IL-12, IL-17A, interferon (IFN)-α, IFN-γ and tumor necrosis factor (TNF)-α by a 8-plex Luminex (LX200, R&D Systems, BIO-Teche LTD) and the results are reported in pg/mL. IFN-α was only available in 20 patients with LNB and 16 references.



Statistical Analysis

Categorical variables were reported as counts and percentages and continuous variables were summarized as median with interquartile range (IQR) and compared using Mann-Whitney U test. To accommodate concentrations below the lowest measuring point, which transcript to 0, 0.1 was added to all samples on the logarithmic scale. SAS statistical software Enterprise guide version 7.1 (SAS Institute Inc., Cary, NC, USA) was used for data analysis and p-values below 0.05 (two-sided) were considered statistically significant. Heatmaps of individual cytokine response signatures were generated using the webtool Clustvis (https://biit.cs.ut.ee/clustvis/) by scaling and centering cytokine concentrations. Column (diagnosis) dendrograms were drawn based on hierarchical clustering analysis using the complete agglomeration method on Euclidian distance matrices and Ward linkage.




Results

In total, 22 patients with LNB (19 definite, 3 probable) were included, baseline characteristics are listed in Table 1.


Table 1 | Baseline characteristics of 22 patients with Lyme neuroborreliosis at time of first blood sample.




TruCulture®

In general, blood from patients with LNB had similar or slightly decreased concentrations of most cytokines in all TruCulture® stimulations and were clustered with the lowest relative expression compared with references (Figure 1).




Figure 1 |  Heatmap of individual cytokine response signatures in patients with LNB (red) and references (blue). The stimulations are divided and shown horizontally, HKCA (red), LPS (blue), PolyI:C (purple), R848 (orange) and Null (green). The individual response is shown in vertical columns and every square represent the cytokine response for the given stimulation. Column (diagnosis) dendrograms were drawn based on hierarchical clustering analysis using the complete agglomeration method on Euclidian distance matrices and Ward linkage.




Unstimulated Blood From Patients With LNB Had Lower Concentrations of IFN-α, IL-17A, IL-1β and IL-8 Compared to References

The cytokine levels measured in the unstimulated samples serve as proxy for the circulating cytokine levels and are a crude estimate of the immune response at time of blood sampling. The concentrations of most cytokines in the blood from patients with LNB were comparable with the references, except IFN-α, IL-17A, IL-1β and IL-8 which were significantly below the references (Figure 2A). In total, 15 patients (75%) had a concentration of IFN-α below the reference range, 21 patients (95%) had IL-17A concentrations below reference range, 16 patients (73%) had IL-1β concentrations below reference range and 4 (18%) had concentrations of IL-8 below the reference range (Figure 2A). The results indicate a slightly lower or suppressed immune response prior to stimulation in patients with LNB.




Figure 2 | Cytokine concentration in unstimulated (A) and stimulated blood samples (B–E) from patients with LNB. The gray area represents the reference interval and every concentration is shown individually as color coded dots. Comparison between cytokine concentration in blood from patients with LNB and the reference. *p < 0.05. **p < 0.001. (A) NULL (B) HCKA (C) LPS (D) POLY I:C (E) R848.





Stimulated Blood From Patients With LNB Had Lower Concentrations of IFN-α, IFN-γ, IL-12 and IL-17A in Multiple Stimulations

TruCulture® was designed to represent a broad spectrum of both intra- and extracellular pathways (R848/Poly I:C and HKCA/LPS, respectively) presenting responses to both fungal, bacterial and viral infections. HKCA stimulate through TLR1/2/4/6, LPS through TLR4, R848 through TLR 7/8 and Poly I:C through TLR3 (Duffy et al., 2014; Duffy et al., 2017). Blood from patients with LNB had similar or slightly decreased concentrations of most cytokines in all stimulations compared with the references. Particular, IFN-α, IFN-γ, IL-12 and IL-17A were significantly lower than the references in multiple stimulations; IFN-α was reduced in HKCA, LPS and R848 stimulated samples with 13(65%), 19(90%) and 3(15%) patients with concentrations below the reference range, respectively (Figures 2B, C, E). Concentrations of IFN-γ were below reference in LPS, Poly I:C and R848 stimulated samples and 7(32%), 4(18%) and 4(18%) patients were below the reference range, respectively (Figures 2C–E). IL-12 was lower in all the stimulated samples with 2(9%), 8(36%), 10(45%) and 6(27%) having concentrations below reference range in the HKCA, LPS, Poly I:C and R848 stimulated samples respectively (Figures 2B–E). IL-17A was lower in LPS and R848 stimulated samples with 4(18%) and 10(45%) having concentrations below reference range (Figures 2C, E). These results indicate a less reactive immune response with a low Th1 and Th17 response.

Only two cytokine concentrations were above the references; IL-8 in the HKCA stimulated samples with 1(5%) having concentrations above range, and IL-6 in the LPS and HKCA stimulated samples with 5(23%) and 6(27%) having concentrations above range, respectively. The results suggest a slightly activated immune response to an ongoing CNS infection.



Stimulated Blood From Patients With Other CNS Infections Had the Lowest Relative Expression of Cytokines Compared With LNB and References, but in the Unstimulated Blood Samples Higher Concentrations of IL-17A, IL-6 and IL-8 Were Seen

As an indication of the responses to the TruCulture® stimulations, we included blood samples from 9 patients with other CNS infections in a post hoc analysis (male/female: 5/4, median age 46.9, IQR 30.1-54.7). An additional table shows the baseline characteristics of patients with other CNS infections (see Supplementary Table 2). The patients clustered in groups and other bacterial CNS infections had the lowest relative expression followed by viral CNS infections, LNB and references (Figure 3). In the unstimulated samples, other bacterial CNS infections had higher concentrations of both IL-17A, IL-6 and IL-8 compared with patients with LNB and significant higher IL-6 compared with references (Figure 4). The findings indicate a reactive and possibly exhausted immune response in patients with other CNS infections.




Figure 3 | Heatmap of individual cytokine response signatures in blood from patients with LNB (blue), bacterial CNS infections (red), viral meningitis (purple) and references (green). The stimulations are divided and shown horizontally, HKCA (red), LPS (blue), PolyI:C (purple), R848 (orange) and Null (green). The individual response is shown in vertical columns and every square represent the cytokine response for the given stimulation. Column (diagnosis) dendrograms were drawn based on hierarchical clustering analysis using the complete agglomeration method on Euclidian distance matrices and Ward linkage.






Figure 4 |  Cytokine concentration in unstimulated blood samples from patients with other bacterial CNS infections (light blue), viral CNS infections (green), patients with LNB (dark blue) and references (grey). Bacterial CNS-infections was compared with LNB (grey stars) and bacterial CNS-infections was compared with references (black stars). *p < 0.05.







Discussion

To our knowledge, this study is the first to investigate the stimulated immune response in blood from patients with LNB using the standardized TruCulture® test-kits. The unstimulated cytokine concentrations in patients with LNB were lower or comparable with references, and the stimulated cytokine release in patients with LNB was slightly lower than the references, indicating a less reactive immune response or impaired signaling pathway. Specific patterns of low IL-12 and IFN-γ were seen across stimulations, indicating a low Th1-response. Low concentrations of IL-17A did not support hyperinflammation or a strong Th17 response. The results indicate that patients with LNB elicit a slightly suppressed or impaired immune response for the investigated stimulations.

The overall finding of reduced expression of cytokines found in patients with LNB compared with references, leave the impression that B. burgdorferi may induce immune hyporesponsiveness (Figure 1). This was previously demonstrated in human whole blood from patients with late stage LB stimulated with LPS by a decreased TNF-α and IFN-γ response (Diterich et al., 2001). Another hypothesis is that the immune system, when fighting one pathogen, is exhausted and more vulnerable to other pathogens (Diterich et al., 2003). This hypothesis was supported by a German in vitro study, where human peripheral blood mononuclear cells (PBMCs) stimulated with B. burgdorferi followed by LPS 24h later, presented lower concentrations of TNF-α compared to the PBMCs only stimulated with B. burgdorferi. The same pattern was seen in the opposite set-up were the PBMCs were initially stimulated with LPS and later B. burgdorferi (Diterich et al., 2003). A double stimulation cannot be ruled out as all patients with LNB, at time of blood sampling, were infected with B. burgdorferi and afterwards stimulated with the TruCulture® stimuli. Since spirochetes do not appear for extended duration in blood, and only in low concentrations (Embers et al., 2004; Aguero-Rosenfeld et al., 2005; Pachner and Steiner, 2007), an exhaustion of the immune response in blood from patients with LNB is less likely. However, patients with LNB have typically been infected for 4-6 weeks prior to the symptomatic presentation and some effect cannot be dismissed (Hansen and Lebech, 1992; Mygland et al., 2010). Age has furthermore been linked to a decline in immune response, but also with a general low chronic inflammation with higher concentrations of proinflammatory cytokines (Ray and Yung, 2018). We suspect that patients with LNB had a higher age than the references, which could contribute to a lower stimulated cytokine response. However, we did not find evidence of increased proinflammatory cytokines in the unstimulated samples. Half of the patients (11/22) were treated with Doxycycline for more than 4 days at time of blood sampling. Doxycycline is known to be anti-inflammatory (Bahrami et al., 2012) and shown to inhibit inflammatory responses to B. burgdorferi with reductions in TNF-α, IL-6 and IL-8 in an American non-human primate model (Bernardino et al., 2009). It is possible that this may affect our results.

The optimal host mechanism for infection clearance in early LB is a strong Th1-response (Sjöwall et al., 2011), followed by a Th2-response, as an uncontrolled Th1-response seems to increase the symptomatic burden in LB patients (Sjöwall et al., 2005; Shemenski, 2019). Following the tick-bite, the transmission of B. burgdorferi is mediated by an inhibition of the Th1-response in favor of a Th2-response primarily by upregulating the immune modulating IL-10 (Shemenski, 2019). We did not find any differences in the concentrations of IL-10 in patients with LNB and references. However, it has been suggested that IL-10 might only be intrathecally produced after dissemination to the CNS (Cepok et al., 2003),  which could explain the lack of differences seen in our study.

The four TruCulture® stimulations used in our study represent an activation of different pathways through a variety of TLRs. Interestingly, similar patterns of cytokine responses were found across the stimulations. Particularly, IFN-α, IFN-γ, IL-12 and IL-17A were significantly lower than the references in multiple stimulations. Even in the very different intracellular and extracellular pathway (Duffy et al., 2014; Duffy et al., 2017), decreased concentrations of the four cytokines were found. The phagocytosis of spirochetes seems to be required for IFN-α production and is mediated through TLR7 and TLR9 (Petzke et al., 2009; Cervantes et al., 2014). IFN-α was significantly lower than references in all stimulations except Poly I:C and lower the unstimulated samples. The low expression seen across stimulations could be caused by an exhaustion of the immune response, however due to the low concentration seen in the unstimulated samples, a suppression of the immune response or a defect in the signaling pathway, is more likely. The high missing rate of IFN-α in both references and patients with LNB, however, reduces the power and subsequent interpretation. IL-12 and IFN-γ induce a Th1-response and the production of Th1 T-cells (Cervantes et al., 2014; Shemenski, 2019). IL-12 was found to be significantly increased in whole blood supernatants following stimulation with live B. burgdorferi spirochetes in asymptomatic seropositive individuals compared with seronegative controls but not in previous symptomatic seropositive individuals. This finding indicate that IL-12 has a role in optimal eradication of B. burgdorferi (Sjöwall et al., 2005). The number of IFN-γ secreting T-cells in PBMC’s was also found to be significantly elevated in active LNB, treated LNB and healthy individuals treated for early LB compared to untreated healthy individuals (van Gorkom et al., 2018). IL-12 and IFN-γ were both reduced in patients with LNB across multiple stimulations, which might indicate a defect or inhibition in the immune system to produce a sufficient Th1-response and to eradicate B. burgdorferi.

Studies have suggested a correlation between excessive Th17-response and a clinically unfavorable outcome, possibly due to its hyperinflammatory properties and role in autoimmune diseases (Grygorczuk et al., 2016; Carlsson et al., 2018). Accordingly, a recent Swedish study found subclinical patients with LB to have a lower B. burgdorferi stimulated IL-17A compared with clinical LNB patients (Carlsson et al., 2018). Conversely, we found the concentrations of IL-17A to be lower than the references in multiple stimulations, including the unstimulated samples, which does not correspond with a strong Th17-response. Similarly, Gyllemark et al. did not find significant differences in serum cytokine response of IL-17A in patients with LNB and healthy controls, but differences were found in CSF, indicating that IL-17A is of intrathecal origin (Gyllemark et al., 2017).

As oppose to the other cytokines, IL-6 was higher in patients with LNB than the references in both LPS and HKCA stimulated samples and IL-8 was increased in HKCA stimulated samples. This do not indicate a defect, but a more prone or slightly activated immune response. IL-8 plays an important role in sustaining inflammation and promoting recruitment of inflammatory cells in the CNS (Grygorczuk et al., 2004; Bernardino et al., 2008). IL-6 induces differentiation of Th17 T-cells as well as the final maturation of B cells into immunoglobulin secreting plasma cells, favoring the secretion of IgG, and it appears to be upregulated in most CNS diseases (Cepok et al., 2003; Bernardino et al., 2008; Tanaka et al., 2014). At time of test, patients with LNB had CSF pleocytosis and most (19/22) also had intrathecal B. burgdorferi-antibody production.

The cytokine concentrations were lower or comparable with references in the unstimulated samples. IFN-α, IL-17A, IL-1β and IL-8 were, however, significantly below the references and it seems counterintuitive that the levels of circulating inflammatory cytokines are lower in patients with LNB compared with healthy individuals. It could be an indication of an immune suppression performed by the B. burgdorferi infection. Comparing LNB with other bacterial CNS infections in the unstimulated samples, significant lower concentrations of IL-17A, IL-6 and IL-8 were found in patients with LNB (Figure 4). This finding corresponds with LNB being a less severe infection and may also partly explain, why common markers for infection such as C-reactive protein (CRP), leucocytes etc. are not increased in patients with LNB (Hansen and Lebech, 1992) but increased in patients with other CNS infections (Julián-Jiménez and Morales-Casado, 2019). Other bacterial CNS infections displayed higher levels of IL-12, IL-17A and TNF-α and statistical higher level of IL-6 compared with references in unstimulated samples, possibly causing an exhaustion of the immune response. This could explain why patients with other CNS infections had the lowest relative expression of cytokines. Patients with LNB had a higher response compared to patients with other CNS infections, but lower than references, this may correspond to a less reactive immune system.


Strengths and Limitations

Strengths of this study include the well-defined cohort of patients with LNB, where all patients were diagnosed in accordance with the EFNS guidelines. It is so far the first study to investigate the immune response by TruCulture® with a standardized panel of stimulants covering important extra- end intracellular pathways. The study is, however, limited by the small sample size, and the standardized panel lacked the ability to investigate other important pathways such as TLR2 and the adaptive immune response. Though we conducted 5 individual stimulations simultaneously, only one method was used to investigate the immune reaction. Antibiotic treatment was initiated at the time of blood sampling, which most likely reduces inflammation and possibly affects the immune response upon stimulation. Due to the anonymity of the reference group, we did not have access to age or gender, these factors might limit the comparability between groups.




Conclusion

The cytokine concentrations in unstimulated blood from patients with LNB were lower or comparable with the references. The stimulated cytokine release in blood from patients with Lyme neuroborreliosis was in general slightly lower than in the references. Specific patterns of low IL-12 and IFN-γ were seen across stimulations, indicating a low Th1-response. Low concentrations of IL-17A did not support hyperinflammation or a strong Th17 response. Our results suggest that patients with LNB elicit a slightly suppressed or impaired immune response for the investigated stimulations, however, whether the response normalizes during the course of LNB remains unanswered.
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Supplementary Figure 1 | The TruCulture® set-up. TruCulture® tubes are a closed system for collecting and culturing the whole blood in the presence of customizable stimulants. In this assay, collection tubes are preloaded with the chosen stimulants and culture’s medium. One milliliter of whole blood is drawn directly into the TruCulture® tubes; the tube is incubated for 22 hours. After incubation, the supernatant is separated from cells using a predesigned valve. The concentrations of cytokines and chemokines were measured using 8-plex Luminex. The figure was designed using Gravit Designer.

Supplementary Table 2 | Baseline characteristics of 9 patients with other CNS infection at time of blood sample.
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(n=22)
Age, median (IQR) 64.5 (61.0-72.4)
Meale, n (%) 15 (68)
No comorbidities, n (%) 11 (50)
No prescription medication’, n (%) 7(32)
Clinical presentation
Duration of symptoms, n (%)

<6 weeks 13 (59)

6 weeks — 3 months 7(32)

3 -6 months 2(9)
Cranial nerve palsy, n (%) 10 (45)
Sensory nerve palsy, n (%) 11 (50)
Peripheral motor nerve palsy, n (%) 7(32)
Radiating pain, n (%) 17.(77)

) Diagnosis

Definite LNB 19 (86)

Probable LNB 3(14)
Laboratory results

Serum leucocytes, median (IQR) 6.8 (6.8-7.7)

Serum neutrophils, median (IQR) 4.0 (3.4-5.3)

Serum B. burgdorferi IgM and/or IgG, n (%)

Positive 21(95)
Not measured 1(5)
CSF pleocytosis > 5 leucocytes/uL, n (%) 22 (100
Intrathecal B. burgdorferi antibody production IgM/

I9G, n (%)

Positive IgM 14.(65)

Positive IgG 13 (60)

Neither IgM nor IgG 3(14)
CXCL13 above threshold? 5 (23)

Treatment
Oral Doxycycline 732
IV Ceftriaxone/Penicillin 7(32)
IV Ceftriaxone/Penicillin followed by oral Doxycycline 8(36)
Treatment duration, median (range) 14 (14-21)

IQR, Interquartile range; B. burgdorferi, B. burgdorferi sensu lato complex; Ig,
Immunoglobulin; CSF, Cerebrospinal fluid; IV, intravenous.

Categorical variables are presented as n (%) and continuous variables as medians with
interquartile rates (IQRs).

"Prescriptions of antibiotics for LNB is not included. ?CXCL13 was not measured in 17
patients.





