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Abstract

Introduction: The role of host immune responses in the pathogenesis of borrelial

dissemination in early Lyme borreliosis (LB) in the form of multiple erythema

migrans (MEM) or LB‐associated symptoms is incompletely understood.

Methods: In this study, fifteen cytokine or chemokine levels, representative

of innate, Th1, and Th17 immune responses, were assessed using a bead‐
based Luminex multiplex assay in acute sera from 76 adult patients with

skin culture‐positive Borrelia afzelii solitary erythema migrans (SEM) and

58 patients with MEM at a single‐center university hospital. Differences

between the groups were tested by modeling each cytokine or chemokine

concentration by means of left‐censored regression using the classic

Tobit model.

Results: Mean serum cytokine or chemokine levels were low. When taking

into account the proportion of patients with cytokine or chemokine con-

centrations below the lowest detectable limit, only levels of CXCL10 (p = .03)

and CCL19 (p= .02), representatives of the Th1 immune response, differed

between patients with SEM and those with MEM; however, the differences did

not reach statistical significance when adjusted for multiple comparisons. In

addition, we did not find differences in systemic inflammatory responses when

comparing patients with and those without LB‐associated constitutional

symptoms.

Conclusion: No significant differences in systemic immune responses re-

presented by selected cytokines or chemokines in serum samples of patients

with EM infected with B. afzelii suggest that systemic mediators are not pivotal

in the pathogenesis of dissemination of early infection in the form of MEM or

LB‐associated symptoms. Localized immune responses in the skin or other

pathogenetic mechanisms may be more important in this regard.
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1 | INTRODUCTION

Erythema migrans (EM) is the most common clinical
manifestation of early Lyme borreliosis (LB), which is caused
by Borrelia burgdorferi sensu lato (s.l.).1 Solitary EM (SEM)
results from inflammation generated by local immune re-
sponses to borreliae inoculated into the skin during tick
feeding, while multiple EM (MEM) results from inflamma-
tion at distant skin sites developing several days after onset of
the primary skin lesion due to hematogenous dissemination
of bacteria from the initial inoculation site.2 Hematogenous
dissemination may arise from infection with more invasive
strains of borreliae,1–4 failure of patients to mount an ade-
quate immune response,5 the immunosuppressant activities
of tick salivary proteins,6 or a combination of these factors.

In comparison with B. burgdorferi sensu stricto (further
reported as B. burgdorferi) in the U.S., the most prevalent
borrelial species in Europe, B. afzelii, causes EM which has
slower progression of local inflammatory signs, presents less
often with disseminated disease as evidenced by spir-
ochetemia or presence of MEM, is less often accompanied by
LB‐associated constitutional symptoms, and induces weaker
immune responses, as indicated by lower levels of both in-
nate and adaptive immune response mediators detected in
skin and serum samples from patients with EM.2,7–11

In an effort to understand the role of immune responses
in the pathogenesis of dissemination of borrelial infection,
several previous studies examined cytokine or chemokine
profiles in patients with SEM and MEM, but their results are
inconclusive,5,10,12,13 and to our knowledge no such com-
parisons have been performed in B. afzelii EM.

The aim of this study was to further investigate the
association between systemic innate, Th1, and Th17
immune responses and dissemination of early borrelial
infection by comparing these responses in patients with
skin culture‐positive B. afzelii localized or disseminated
early LB manifested as SEM or MEM. We also explored
the association between markers of serum immune re-
sponses and LB‐associated symptoms.

2 | MATERIALS AND METHODS

2.1 | Setting and participants

Between June 2006 and October 2015, 1020 patients
with SEM and 200 patients with MEM were enrolled

prospectively in five clinical trials at the University Medical
Center Ljubljana, Slovenia.11,14–17 We selected 58 patients
with culture‐positive B. afzelii MEM, who were 18 years of
age, had no history of LB in the past, had attended the 2‐ and
12‐month follow‐up visits, and for whom sufficient volumes
of sera for analysis were available. Because of limited fi-
nancial resources, 76 age and sex‐matched patients with
solitary B. afzelii EM were randomly selected from the group
of 1020 patients, using the same inclusion criteria.

SEM was defined as an expanding erythema, with or
without central clearing, developing days to weeks after a
tick bite or after exposure to ticks in an LB endemic region.
For a reliable diagnosis, the erythema must have a diameter
of at least 5 cm. If the diameter was smaller, a history of tick
bite, a delay in appearance of at least two days, and an
expanding erythema at the site of the bite were required.18

MEM was defined as the presence of two or more er-
ythemas, at least one of which had to fulfill the size criterion
for SEM.1 At enrollment, patients were prescribed antibiotics
in accordance with treatment guidelines.19

2.2 | Evaluation of patients

At baseline and at follow‐up (14 days and 2, 6, and
12 months), the patients were physically examined and their
medical histories were collected. Patients were also asked,
without prompting, an open question about any health‐
related symptoms that had newly developed or worsened
since the onset of the EM. If these symptoms had no other
medical explanation, they were considered as LB‐associated
constitutional symptoms at enrollment or post‐LB symptoms
at follow‐up.

Complete response to treatment was defined as a
return to pre‐LB health status. Incomplete recovery was
defined as the presence of post‐LB symptoms (partial
response), or as the occurrence of new objective signs of
LB and/or persistence of borreliae as detected by culture
of a re‐biopsied skin sample, and/or persistence of EM
that could still be seen in daylight and at room tem-
perature at 2 months posttreatment (treatment failure).

2.3 | Laboratory analyses

After collection, serum samples were immediately stored at ‒
20°C until used in this study. To maintain integrity, the
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samples did not undergo freeze‐thaw before the cytokine or
chemokine analysis. Based on results of previous stu-
dies,10,20–22 bead‐based Luminex (EMD‐Millipore) multiplex
assays were used to analyze selected cytokines or chemo-
kines representative of innate (interleukin‐1β [IL‐1β], IL‐6,
IL‐8, IL‐10, tumor necrossis factor‐α [TNF‐α], CCL2), adap-
tive Th1 (IL‐12P70, IFNγ, CXCL9, CXCL10, CCL19), and
adaptive Th17 (IL‐17F, IL‐21, IL‐23, IL‐27) immune re-
sponses in serum samples from patients at enrollment. To
minimize inter‐assay variation, all measurements in a single
panel were performed on the same day in one complete
experiment, following the manufacturer's instructions.

Serologic data were obtained using indirect chemilumi-
nescence immunoassays for immunoglobulin M (IgM) an-
tibodies to OspC and VlsE and immunoglobulin G (IgG)
antibodies to VlsE borrelial antigens (Liaison). Results were
interpreted according to the manufacturers' instructions.
Modified Kelly–Pettenkofer mediumwas used for cultivation
of B. burgdorferi s.l. from skin samples as described else-
where.23 Isolates were identified to species or strain level
using MluI restriction of genomic DNA (MluI‐length re-
striction fragment patterns) or by MseI restriction of rrf
(5S)–rrl (23S) intergenic spacer amplicons (MseI‐restriction
fragment‐length polymorphism).23,24

2.4 | Statistical analyses

Data for cytokine or hemokine concentrations are presented
as medians and interquartile range (IQR) and, considering
only the values above the detection limit, as means and
standard deviations; the proportion of values above the de-
tection limit is also reported. Mann–Whitney test was used
for the between groups comparisons. To account for the left‐
censoring of cytokine or chemokine concentrations (values
below the detection limit), the SEM and MEM groups were
compared as follows. Data were first log transformed (using
natural logarithms) to ensure that the normality assumption
was met. The differences between the groups were tested by
modeling each cytokine or chemokine concentration by
censored regression using the classic Tobit model where the
group variable is modeled as an independent variable. The
model parameters were estimated using the method of
maximum likelihood, assuming the normal distribution of
the error term.25 Multivariate analysis, adjusting for age and
sex, was also performed. Censored regression was used also
for assessing the association between cytokine or chemokine
concentrations and duration, diameter and presence/absence
of LB‐associated symptoms (considered as independent
variables in separate models) adjusting the analysis also for
sex, age, and dissemination (SEM vs. MEM). The association
between cytokine or chemokine concentrations and specific
immune responses to borrelial antigens was estimated with

Spearman's rho rank based correlation coefficient, testing the
correlation using the algorithm AS89.26 To account for
multiple comparisons, p values were adjusted using the
Benjamini–Hochberg method to control the false discovery
rate at 5% (an adjusted p< .05 was considered statistically
significant). R language for statistical computing (R version
3.5.1) was used for the analysis.27 The censored regression
was fitted using the censReg package in R. The algorithm
AS89 was implemented using the R package pspearman.

3 | RESULTS

Basic demographic, clinical, and serologic information on
the acute disease and posttreatment outcome in the 76 pa-
tients with SEM and 58 patients with MEM is shown in
Table 1.

3.1 | Clinical characteristics according
to dissemination

Patients from the SEM and MEM group did not differ in
regard to age, sex distribution, chronic comorbidities and
duration of EM since first observed. At enrollment, patients
with SEM compared with patients with MEM had larger
EM, reported LB‐associated constitutional symptoms less
often (18/76, 23.7% vs. 24/58, 41.4%; p< .046), and were less
likely seropositive for borreliae. The proportion of patients
with incomplete recovery, represented predominantly by the
presence of post‐LB symptoms, steadily decreased and was
comparable between the two groups during follow‐up.

3.2 | Inflammatory responses according
to dissemination

To investigate whether disseminated disease as defined by
the presence of MEM, was associated with systemic in-
flammation, we compared results of the multiplex cytokine
or chemokine analysis on serum samples between patients
with SEM and those with MEM. Antibiotic therapy was
started a median of 12.5 (IQR: 5‒31) days and 7 (IQR:
6‒15.5) days after erythema was first observed in patients
with SEM and in those with MEM, respectively. Overall,
median serum cytokine levels were low and the proportion
of patients with detectable levels of each of the 15 cytokines
or chemokines tested ranged from 9.2% to 100% (Table 2 and
Figure 1). When taking into account the proportion of pa-
tients with cytokine/chemokine concentrations below the
lowest detectable limit, mediator concentrations differed
significantly between patients with SEM and those with
MEM for only two of the mediators tested, CXCL10 and
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CCL19, both representing Th1 inflammatory response.
However, when adjusting the analysis for multiple compar-
isons, the difference between the two patient groups did not
reach significance for any of the mediators tested (Table 2
and Figure 1).

3.3 | Immune responses according to
selected clinical characteristics and
borrelial antibodies in serum

Patients with SEM and MEM were pooled together for
investigation of the association between inflammatory
responses and selected clinical characteristics and specific
borrelial antibodies.

Disease duration varied at the time serum samples
were collected because patients had different dura-
tions of erythema before referral to our outpatient
clinic. This provided us with an opportunity to ex-
amine the association between inflammatory immune
responses and disease duration. However, the asso-
ciations between cytokine or chemokine levels and
the duration of disease were not significant (Data not
shown).

Defining duration of disease from time of initial ob-
servation of EM is subjective. To assess disease duration
more objectively, we also analyzed the association between
inflammatory immune responses and diameter of EM
(Table 3). The associations between cytokine/chemokine
levels and the diameter of EM were also not significant.

Rho rank correlation values indicated potential po-
sitive associations between the Th1 mediator CXCL10
and specific borrelial IgM, the Th1 mediator CXCL9 and
specific borrelial IgG, as well as IL‐10 and specific bor-
relial IgG (Table 4). However, none of these associations
were statistically significant after adjustment for multiple
comparisons.

The levels of 15 mediators tested did not differ sig-
nificantly between patients who reported LB‐associated
constitutional symptoms and those who were asympto-
matic at enrollment (Table 5 and Figure 2).

4 | DISCUSSION

In this study, we evaluated systemic inflammatory immune
responses in patients with two clinically distinct manifesta-
tions of early infection with B. afzelii: early localized and

TABLE 1 Characteristics of patients
with solitary erythema migrans (SEM)
and multiple erythema migrans (MEM) at
enrollment and follow‐up

Characteristic SEM (n= 76) MEM (n= 58) p

Age, years 44.5 (36.8–59.0) 45.0 (35.3–53.0) .21

Male sex 38 (50%) 27 (46.6%) .83

Comorbiditiesa 31 (40.8%) 24 (41.4%) 1.0

Days since EM first observed 12.5 (5–31) 7 (6–15.5) .09

Diameter of primary EM, cm 18.5 (11.8–29.3) 12.5 (8.3–20) <.001

LB‐associated constitutional symptoms at
enrollmentb

18 (23.7) 24 (41.4) .046

Fatigue 9 (11.8) 13 (22.4) .16

Arthralgia 7 (9.2) 11 (18.9) .17

Headache 8 (10.5) 12 (20.7) .16

Myalgia 5 (6.6) 5 (8.6) .75

Seropositivec 59 (77.6) 55 (94.8%) .01

Incomplete recovery at

14 Days post‐enrollment 17/76 (22.4) 20/55 (36.4) .12

2 Months post‐enrollment 11/76 (14.5%) 10/58 (17.2%) .84

6 Months post‐enrollment 3/74 (4.1%) 6/56 (10.7%) .17

12 Months post‐enrollment 4/76 (5.3%) 3/58 (5.2%) 1.0

Note: Data are median (IQR), n (%), or n/n (%).

Abbreviations: EM, erythema migran; IQR, interquartile range; LB, lyme borreliosis.
aPatients with underlying chronic illness.
bPatients who reported LB‐associated constitutional symptoms at enrollment. Some patients had more
than one symptom.
cPositive test result for immunoglobulin M and/or immunoglobulin G to B. burgdorferi sensu lato at
enrollment.
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TABLE 2 Cytokine or chemokine levels (pg/ml) in serum from 76 patients with SEM and 58 patients with MEM

Cytokine/chemokine SEMa (n= 76) MEMa (n= 58)

Estimate (95% CI)b

p p AdjdAdjusted estimate (95% CI)c

Innate

IL‐1β 35.5 34.5

10.78 ± 11.67 8.38 ± 5.53 −0.04 (−0.56, 0.48) .88 1.00

3.11 (3.11‒4.33) 3.11 (3.11‒5.16) −0.05 (−0.58, 0.47) .86 .88

IL‐6 21.1 25.9

35.38 ± 40.04 54.86 ± 58.77 0.67 (−1.10, 2.45) .46 .86

1.51 (1.51‒1.51) 1.51 (1.51‒1.44) 0.57 (−1.16, 2.29) .52 .73

IL‐10 9.2 19.0

38.09 ± 37.71 38.66 ± 75.09 1.31 (−0.47, 3.10) .15 .56

3.13 (3.13‒3.13) 3.13 (3.13‒3.13) 1.47 (−0.35, 3.28) .11 .53

IL‐8 98.7 96.5

107.00 ± 336.57 91.37 ± 188.64 −0.10 (−0.57, 0.37) .68 .90

23.92 (13.35‒60.63) 27.31 (9.27‒66.52) −0.10 (−0.57, 0.38) .69 .79

TNF‐α 98.7 96.5

22.77 ± 37.77 25.16 ± 30.13 0.08 (−0.26, 0.43) .63 .90

12.75 (7.79‒124.5) 11.96 (7.46‒24.72) 0.13 (−0.21, 0.47) .44 .73

CCL2 100.0 100.0

635.49 ± 377.88 601.71 ± 255.95 −0.00 (−0.18, 0.17) .96 1.00

582.40 (365.54‒820.97) 542.78 (406.20‒777.90) −0.01 (−0.16, 0.19) .88 .88

Th1

IL‐12P70 59.2 74.1

6.98 ± 7.64 7.07 ± 9.03 0.30 (−0.10, 0.71) .14 .56

2.24 (1.65‒4.96) 2.97 (0.45‒6.23) 0.30 (−0.10, 0.70) .14 .53

IFNγ 77.6 58.6

14.20 ± 29.89 14.93 ± 16.29 −0.25 (−0.68, 0.18) .25 .63

5.21 (3.08‒9.34) 4.57 (2.65‒10.53) −0.30 (−0.73, 0.13) .18 .53

CXCL9 98.7 98.3

956.91 ± 5178.34 390.72 ± 402.80 0.00 (−0.33, 0.34) 1.00 1.00

234.86 (136.76‒364.71) 253.53 (142.15‒410.44) 0.09 (−0.23, 0.41) .59 .73

CXCL10 100.0 100.0

332.09 ± 392.28 385.88 ± 337.31 0.25 (0.02, 0.47) .03 .24

233.67 (177.70‒299.61) 317.88 (231.19‒410.76) 0.28 (−0.06, 0.51) .01 .22

CCL19 100.0 98.3

78.68 ± 46.04 72.18 ± 64.01 −0.29 (−0.52, −0.05) .02 .23

69.04 (53.78‒83.52) 52.81 (32.14‒83.78) −0.25 (−0.48, 0.02) .04 .26

Th17

IL‐17F 19.7 17.2

250.00 ± 321.49 395.00 ± 562.32 −1.27 (−8.21, 5.68) .72 .90

0.01 (0.01‒0.01) 0.01 (0.01‒0.01) −1.88 (−8.65, 4.89) .28 .73

IL‐21 47.4 63.8

15.52 ± 33.53 7.79 ± 5.11 0.27 (−0.19, 0.73) .25 .63

2.48 (2.48‒5.64) 3.42 (2.48‒7.10) 0.26 (−0.21, 0.72) .22 .59

IL‐27 96.1 98.3

1574.25 ± 1373.84 1616.32 ± 1223.94 0.34 (−0.33, 1.01) .32 .68

1145.0 (742.5‒1815.0) 1345.0 (1057.5‒1762.5) 0.42 (−0.25, 1.09) .22 .55

(Continues)
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early disseminated LB, manifesting as SEM and MEM. We
did not find statistically significant differences in the serum
concentrations of 15 inflammatory mediators tested, al-
though there was a trend towards higher levels of CXCL10
and lower levels of CCL19 in patients with MEM. In addi-
tion, we did not find differences in systemic inflammatory
responses when comparing patients with and without
LB‐associated constitutional symptoms. To our knowledge,
this is the first study comparing systemic immune responses
in patients with SEM and MEM caused by B. afzelii. In an
earlier study of European patients with SEM, higher serum
levels of CXCL9 were found in 45 patients presenting with
LB‐associated symptoms than in 41 of those who were
asymptomatic, and higher serum levels of CXCL10 were
associated with negative borrelial skin culture result.20

However, that study excluded samples with undetectable
values of inflammatory mediators and lacked multiplicity
adjustments.28 A similar study did not provide a detailed
description on how to address sub‐detectable values of in-
flammatory mediators.21 For samples with concentrations
below the lowest standard, Eckman et al.22 assigned a mid-
point of the interval extending from zero to the lower de-
tection limit. When the proportion of undetectable results is
large, as was the case in a previous study analyzing immune
responses in European patients with EM20 and the present
study, cytokine or chemokine values close to zero should not
be ignored as they also represent the reality of the im-
munologic response. Therefore, in this study, we applied a
method that included all cytokine or chemokine results and
found that the levels of 15 tested serum cytokines or che-
mokines were not statistically different between patients
with SEM and MEM or between patients reporting
LB‐associated symptoms and those who were asymptomatic.
We also found no association between cytokine or chemo-
kine levels and duration of disease as assessed by duration
and diameter of erythema before referral to our outpatient

clinic suggesting no significant dynamic variations to sys-
temic immune responses over time. We believe that appli-
cation of a censored data method, such as the one we used in
the present analysis provides a more comprehensive assess-
ment of the weak inflammatory responses found in serum of
patients with EM, caused by B. afzelii.

Studies comparing immune responses in patients
with SEM and MEM caused by B. burgdorferi provide
inconsistent results.5,10,12,13 Salazar et al. who compared
immune responses in 15 patients with SEM and 6 pa-
tients with MEM caused by B. burgdorferi, found sig-
nificantly lower serum concentrations of IFN‐α, TNF‐α,
and IL‐2 in patients with SEM than in those with MEM.5

On the other hand, in two other U.S. studies, the fre-
quency of hematogenous dissemination of borreliae, as
based on a positive polymerase chain reaction (PCR)
result in blood or the presence of MEM, did not correlate
with the levels of chemokines or cytokines in serum
samples.10,12 The latter findings parallel those of another
U.S. study analyzing transcriptome, where no difference
in gene transcription of a large number of biomarkers in
peripheral blood mononuclear cells (PBMC) was found
between 17 patients with SEM and 12 patients with
MEM.13 The divergence of results of these studies could
possibly be explained by differences in the patient po-
pulations enrolled, for example, defining disseminated
B. burgdorferi infection by the PCR positivity in blood
may have blurred distinctions between the groups of
patients with and without disseminated infection, be-
cause not all patients with hematogenous dissemination
have a positive PCR result in blood.10 Moreover, lack of
statistical power due to low sample numbers, sampling at
different time points along the evolution of EM, or
differences in the statistical approach may have con-
tributed to discordant results. Furthermore, results of
transcriptome analysis and those of the cytokine or

TABLE 2 (Continued)

Cytokine/chemokine SEMa (n= 76) MEMa (n= 58)

Estimate (95% CI)b

p p AdjdAdjusted estimate (95% CI)c

IL‐23 47.4 53.4

2757.97 ± 6003.47 1555.69 ± 2946.83 −0.21 (−1.27, 0.84) .69 .90

75.14 (75.14‒546.22) 70.45 (75.14‒541.61) −0.46 (−1.47, 0.56) .38 .71

Abbreviations: CI, confidence interval; IFN‐γ, interferon γ; IL, interleukin; MEM, multiple erythema migran; SEM, solitary erythema migrans; TNF, tumor
necrosis factor.
aData in the first row are the percentage of samples with detectable levels. Data in the second row are mean ± standard deviation for values above the detection
limit. Data in the third row are median and interquartile range.
bDifferences between the SEM and MEM groups as estimated using the Tobit regression model.
cDifferences between patients with SEM and MEM as estimated using the Tobit regression model, and adjusted for sex and age.
dp Value, adjusted for multiple comparisons.
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chemokine analysis may not be consistent due to
dynamic and differential interactions between RNA and
protein kinetics.29

In B. burgdorferi infection, the association between
higher levels of innate and Th1 inflammatory media-
tors in serum and more symptomatic early infection
(more LB‐associated constitutional symptoms) in pa-
tients with EM, suggests that innate and adaptive im-
mune responses are important for the pathogenesis of
LB‐associated symptoms.12,21,30 However, findings
have not been consistent across studies. Salazar et al

found that out of several cytokines tested (IFN‐α,
IFN‐γ, TNF‐α, IL‐2, IL‐4, IL‐6, or IL‐10), only serum
IFN‐γ seemed to correlate with symptom scores in
patients with SEM or MEM.5 Differential expression
of an interferon‐dominated transcriptional signature
in PBMC over time appeared to track with early dis-
seminated disease and resolution of symptoms in one
study.31 Conversely, another study found no difference
in gene transcription of a large number of biomarkers
in PBMC between patients with persistent post‐LD
symptoms and those who were asymptomatic at

FIGURE 1 Cytokine or chemokine Levels (pg/ml) in serum from 76 patients with solitary erythema migrans (SEM) and 58 patients
with multiple erythema migrans (MEM). Data are presented on the log scale. Vertical lines show lower limits of detection. p Values were
obtained using Mann–Whitney test and adjusted for multiple comparisons using the Benjamini–Hochberg method
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6 months after having received antibiotic therapy for
EM caused by B. burgdorferi.13

The cytokine or chemokine levels in the serum
samples of 12 European patients with EM caused by B.
afzelii or B. garinii were significantly lower from those
in patients with EM caused by B. burgdorferi and si-
milar to those in normal control subjects, yet half of
European patients reported LB‐associated symp-
toms.10 It is uncertain how systemic cytokines or
chemokines would decisively mediate symptoms in
infection with B. burgdorferi in the U.S., but not in
European LB. This suggests that serum inflammatory
markers may not reflect the principal pathogenetic
mechanism by which dissemination of LB, in the form
of MEM or LB‐associated constitutional symptoms,
occurs, implying other mechanisms at play, such as
variations in the inherent hematogenous potential of
different Borreliae species or strains or local immune
response. The latter was suggested recently by
Marques et al.,32 who assessed the transcriptome of
EM skin lesions in patients infected with B. burgdor-
feri. The transcriptome assessment of EM skin lesions
revealed that interferon‐inducible genes coding for

enzymes involved in tryptophan metabolism may
mediate localized immunosuppressive or tolerogenic
host responses to infection, suggesting a mechanism
facilitating spirochetal dissemination.32 Induced
genes involved innate immune responses, cell mi-
gration and chemotaxis, and microbial defense re-
sponses.32 It is possible that a dampening of the net
inflammatory response may be permissive of borrelial
immune evasion and allow dissemination. In a mouse
model, IL‐10 deficiency was associated with more
inflammation and increased borrelial clearance.33 An
in vitro study using mouse macrophages and dendritic
cells revealed that these cells produced IL‐10 in re-
sponse to B. burgdorferi thereby blocking certain cri-
tical antigen presenting cell functions including
secretion of inflammatory cytokines or chemokines.
The resulting IL‐10 mediated anti‐inflammatory im-
mune response was hypothesized to have a major
influence on dissemination and persistence of B.
burgdorferi.34 Despite this intriguing concept based
on in vitro and animal studies, our results did not
reveal a significant difference in serum IL‐10 between
patients with SEM and MEM.

TABLE 3 Association between inflammatory immune responses in serum and diameter of erythema in 134 patients with erythema
migrans

Cytokine/chemokine Estimate (95% CI)a p p Adjb Adjusted estimate (95% CI)c p p Adjb

Innate

IL‐1β −0.02 (−0.24, 0.20) .83 .96 −0.03 (−0.26, 0.19) .77 .79

IL‐6 0.08 (−0.66, 0.83) .83 .96 0.22 (−0.56, 1.00) .58 .79

IL‐10 −0.00 (−0.77, 0.77) 1.00 1.00 0.25 (−0.56, 1.06) .54 .79

IL‐8 −0.11 (−0.31, 0.08) .26 .79 −0.14 (−0.35, 0.07) .18 .79

TNF‐α −0.09 (−0.23, 0.05) .21 .78 −0.08 (−0.23, 0.06) .26 .79

CCL2 0.01 (−0.06, 0.09) .69 .96 0.02 (−0.06, 0.09) .66 .79

Th1

IL‐12P70 −0.16 (−0.33, 0.01) .08 .53 −0.13 (−0.31, 0.05) .17 .79

IFNγ −0.02 (−0.19, 0.16) .87 .96 −0.06 (−0.25, 0.13) .52 .79

CXCL9 −0.02 (−0.16, 0.12) .74 .96 −0.02 (−0.16, 0.12) .78 .79

CXCL10 −0.09 (−0.18, 0.01) .08 .53 −0.05 (−0.15, 0.04) .28 .79

CCL19 0.02 (−0.08, 0.11) .76 .96 −0.03 (−0.13, 0.07) .61 .79

Th17

IL‐17F −1.11 (−4.10, 1.87) .47 .96 −1.44 (−4.49, 1.61) .36 .79

IL‐21 −0.16 (−0.35, 0.03) .11 .53 −0.14 (−0.35, 0.06) .18 .79

IL‐27 −0.02 (−0.30, 0.26) .90 .96 0.04 (−0.25, 0.34) .79 .79

IL‐23 −0.10 (−0.54, 0.38) .66 .96 −0.18 (−0.63, 0.26) .41 .79

Abbreviations: CI, confidence interval; IFN‐γ, interferon γ; IL, interleukin; TNF, tumor necrosis factor.
aThe association between the diameter of erythema migrans and cytokine/chemokine levels (pg/ml) as estimated using the Tobit regression model expressed
for a difference in diameter of 10 cm.
bP value, adjusted for multiple comparisons.
cThe association between diameter and cytokine/chemokine levels (pg/ml) as estimated using the Tobit regression model, adjusted for sex, age, and
dissemination (solitary vs multiple erythema migrans) expressed for a difference in diameter of 10 cm.
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Development of specific B. burgdorferi immunoglobulins
has been correlated with increased spirochetal clearance and
even prevented establishment of borrelial infection in mouse
models.35–38 In patients with EM, the levels of inflammatory
mediators, particularly TH17‐associated cytokines, correlate
directly with B. burgdorferi immunoglobulin G antibodies,
suggesting a beneficial role for these responses in control of
early infection.21 Although we found a trend towards in-
creased anti‐inflammatory cytokine IL‐10 in patients with
specific borrelial IgG, these associations were not significant.
Perhaps a more adequately powered study might shed light
on the relationship between anti‐ and proinflammatory cy-
tokines and specific borrelial IgG.

5 | LIMITATIONS

Our study has several limitations. The major limita-
tion of our study is that inflammatory mediators were
only assessed in the sera of patients with EM, yet
assessing local immune responses in skin samples
from EM lesions and measuring other biomarkers
might provide more relevant information in regard to
the pathogenesis of borrelial dissemination in the

form of MEM and LB‐associated symptoms. Second,
we did not include a control group of healthy in-
dividuals without LB or other acute infection to set
the baseline for inflammatory mediators. However,
we believe this is not a major drawback because the
analysis aimed to explore potential differences in in-
flammatory responses in patients with clinically dis-
tinct LB manifestations regardless of the absolute
inflammatory mediator concentration values. Third,
sampling was performed at specific time points, ra-
ther than according to symptoms. Conceivably, a
more individualized testing scheme may be more ap-
propriate. Finally, the sample size, although being
substantially larger than in similar studies, was small
for the type of analysis conducted and the number of
tested hypotheses, resulting in a potentially under-
powered study.

6 | CONCLUSION

In summary, systemic immune responses represented
by selected cytokines or chemokines in serum samples
of patients with EM infected with B. afzelii do not

TABLE 4 Correlation of cytokine or chemokine levels (pg/ml) and borrelial IgM and IgG antibody levels in serum

Cytokine/chemokine

Correlation with borrelial IgM in serum Correlation with borrelial IgG in serum

Rhoa Unadjusted pb Adjusted pc Rhoa Unadjusted pb Adjusted pc

Innate

IL‐1β 0.081 .35 .52 −0.021 .81 .81

IL‐6 0.114 .19 .49 0.109 0.21 .45

IL‐10 0.116 .18 .49 0.249 <.01 .06

IL‐8 0.095 .28 .52 −0.142 .11 .41

TNF‐α 0.096 .27 .52 −0.121 .16 .41

CCL2 −0.034 .70 .75 0.092 .29 .55

Th1

IL‐12P70 0.111 .19 .49 0.030 .73 .81

IFNγ −0.003 .97 .97 0.049 .57 .78

CXCL9 0.133 .13 .49 0.219 .01 .08

CXCL10 0.248 <.01 .06 0.123 .16 .41

CCL19 −0.062 .48 .65 0.083 .34 .57

Th17

IL‐17F −0.049 .57 .71 0.027 .75 .81

IL‐21 0.043 .62 .72 −0.032 .71 .81

IL‐27 0.116 .18 .49 0.124 .15 .41

IL‐23 −0.084 .33 .52 0.049 .57 .78

Abbreviations: IgG, immunoglobulin G; IgM, immunoglobulin M; IL, interleukin; INF‐γ, interferon γ; TNF‐α, tumor necrosis factor α.
aSpearman's rho rank‐based correlation; values >0 indicate positive associations.
bThe association was tested using Spearman's method.
cAdjusted for multiple comparisons.
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TABLE 5 Cytokine or chemokine levels (pg/ml) in serum from 42 patients with Lyme borreliosis‐associated constitutional symptoms
and in serum from 92 asymptomatic patients at enrollment

Cytokine/chemokine
LB‐associated symptoms
present (n= 42)a

LB‐associated symptoms
absent (n= 92)a

Estimate (95% CI)b

p p AdjdAdjusted estimate (95% CI)c

Innate

IL‐1β 33.3 35.9

11.56 ± 11.56 8.96 ± 8.62 0.02 (−0.54, 0.57) 0.95 0.95

3.11 (3.11‒4.75) 3.11 (3.11‒4.88) 0.01 (−0.55, 0.57) 0.98 0.98

IL‐6 16.7 26.1

49.57 ± 58.62 43.42 ± 48.69 −1.25 (−3.26, 0.76) 0.22 0.80

1.51 (1.51‒2.52) 1.51 (1.51‒1.51) −1.25 (−3.19, 0.69) 0.21 0.70

IL10 14.3 13.1

51.43 ± 103.61 31.94 ± 29.75 0.05 (−1.79, 1.90) 0.95 0.95

3.13 (3.13‒3.13) 3.13 (3.13‒3.13) −0.21 (−2.08, 1.66) 0.82 0.88

IL8 97.6 97.8

120.79 ± 417.54 90.99 ± 193.99 −0.24 (−0.75, 0.26) 0.34 0.80

26.81 (13.37‒70.01) 19.42 (8.91‒50.89) −0.23 (−0.74, 0.28) 0.38 0.70

TNF‐α 95.2 98.9

28.29 ± 53.34 21.81 ± 22.00 −0.15 (−0.51, 0.22) 0.42 0.80

13.31 (8.03‒26.66) 10.33 (6.81‒24.22) −0.17 (−0.53, 0.19) 0.36 0.70

CCL2 100.00 100.00

590.67 ± 272.59 634.65 ± 353.61 −0.05 (−0.23, 0.14) 0.61 0.91

581.3 (380.61‒821.26) 549.14 (367.96‒755.42) −0.05 (−0.24, 0.14) 0.61 0.87

Th1

IL‐12P70 66.7 65.2

6.87 ± 10.17 7.09 ± 7.36 −0.02 (−0.45, 0.41) 0.93 0.95

2.65 (1.65‒5.16) 2.76 (1.65‒5.73) −0.08 (−0.51, 0.35) 0.73 0.87

IFNγ 64.3 71.7

17.11 ± 20.31 13.39 ± 27.62 0.02 (−0.44, 0.48) 0.93 0.95

4.99 (2.65‒9.10) 4.67 (2.65‒12.23) 0.07 (−0.39, 0.54) 0.75 0.87

CXCL9 97.6 98.9

387.41 ± 493.86 858.85 ± 4699.59 −0.15 (−0.51, 0.21) 0.41 0.80

263.85 (152.26‒367.29 197.44 (120.38‒386.31) −0.16 (−0.50, 0.19) 0.37 0.70

CXCL10 100.00 100.00

351.98 ± 312.54 356.93 ± 393.85 −0.03 (−0.28, 0.21) 0.78 0.95

255.81 (208.10‒353.19) 246.76 (178.86‒395.15) −0.09 (−0.33, 0.15) 0.47 0.79

CCL19 97.6 100.00

71.35 ± 55.61 77.92 ± 53.95 −0.19 (−0.44, 0.06) 0.14 0.80

66.55 (43.54‒85.99) 59.26 (36.98‒77.29) −0.14 (−0.39, 0.11) 0.26 0.70

Th17

IL‐17F 11.9 21.7

746.00 ± 637.05 198.50 ± 289.89 −5.06 (−13.07, 2.94) 0.22 0.80

0.01 (0.01‒0.01) 0.01 (0.01‒0.01) −3.88 (−11.58, 3.82) 0.32 0.70

IL‐21 57.1 53.3

6.19 ± 5.05 14.25 ± 28.77 −0.22 (−0.71, 0.26) 0.37 0.80

3.26 (2.48‒7.13) 2.77 (2.48‒5.45) −0.29 (−0.78, 0.20) 0.25 0.70

IL‐27 95.2 97.8

1628.50 ± 1630.70 1576.78 ± 1141.95 −0.35 (−1.06, 0.37) 0.34 0.80

1300.0 (960.0‒1815.0) 1220.0 (750.0‒1472.5) −0.43 (−1.15, 0.29) 0.24 0.70

IL‐23 52.4 48.9

1555.52 ± 3441.82 2517.60 ± 5401.18 −0.31 (−1.44, 0.81) 0.59 0.91

75.14 (75.14‒771.31) 70.45 (75.14‒370.29) −0.19 (−1.29, 0.90) 0.73 0.87

Abbreviations: CI, confidence interval; IL, interleukin; INF‐γ, interferon γ; LB, lyme borreliosis; TNF‐α, tumor necrosis factor α.
aData in the first row are the percentage of samples with detectable levels. Data in the second row are mean ± standard deviation for values above the detection
limit. Data in the third row are median and interquartile range.
bDifferences between patients with LB‐associated constitutional symptoms at enrollment and patients without these symptoms as estimated using the Tobit regression
model.
cDifferences between patients with LB‐associated constitutional symptoms at enrollment and patients without these symptoms as estimated using the Tobit
regression model, and adjusted for sex, age, and dissemination (multiple vs. solitary erythema migrans).
dp Value, adjusted for multiple comparisons.
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appear to reveal a significant mechanism regulating
dissemination of early infection in the form of MEM or
LB‐associated symptoms. Future studies might focus
on local immune responses to further elucidate the
pathogenesis of these phenomena.
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