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Abstract
The genus Borrelia encompasses a diverse group of spirochetes transmitted primarily by ticks, with Borrelia burgdorferi 
causing Lyme disease, which is prevalent in North America and Europe. Borrelia’s structural adaptations and ability to 
persist in diverse host tissues underscore its pathogenic potential. Beyond traditional infectious responses, Borrelia engages 
in complex interactions with the host immune system, contributing to autoimmune mechanisms such as molecular mimicry 
and persistent infections. This intricate interplay manifests in symptoms resembling various autoimmune diseases, including 
systemic lupus erythematosus, dermatomyositis, local scleroderma, and systemic sclerosis. However, these associations lack a 
precise explanation, emphasizing the need for further investigation. The cases of misdiagnosis between Lyme borreliosis and 
autoimmune diseases highlight the critical importance of accurate diagnostics and adherence to guidelines. Understanding 
Borrelia’s impact on immune responses is pivotal for advancing diagnostics and targeted therapeutic interventions in Lyme 
borreliosis and its potential autoimmune implications.
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Introduction

Borrelia, a genus of spirochetes, comprises a diverse group 
of bacteria known for their unique spiral shape and complex 
life cycle [1]. These microorganisms are primarily transmit-
ted through arthropod vectors, particularly ticks, and have 
been implicated in various human diseases. Spirochetes are 
characterized by their spiral-shaped morphology, facilitated 

by axial filaments that run longitudinally along the bacteria’s 
body [2]. Borrelia spirochetes are motile, exhibiting a cork-
screw motion, enabling them to navigate diverse host tissues 
and evade the host’s immune system. This unique structural 
adaptation contributes to the pathogenicity and persistence 
of Borrelia within the host. Borrelia species share stand-
ard features that distinguish them from other bacteria. They 
possess a segmented genome, contributing to their genomic 
plasticity. In addition, Borrelia can alter their surface pro-
teins, facilitating immune evasion [3]. The ability to persist 
in diverse host tissues, including joints, skin, and the central 
nervous system, underlines their adaptability and pathogenic 
potential [4].

Borrelia spirochetes are worldwide, showing different 
prevalence levels across various regions. The most rec-
ognized species, Borrelia burgdorferi, known for causing 
Lyme borreliosis (LB), has a notably high prevalence in 
North America, Europe, and some areas of Asia [5].

In the most recent national analysis of insurance claims 
data from 2010 to 2018, researchers estimated that approxi-
mately 476,000 patients are diagnosed and treated for 
LB each year in the United States [6]. In Europe, LB is 
widespread but inconsistent, with annual rates fluctuating 
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between 1 and 100 cases per 100,000 individuals. In addi-
tion, there are countries where LB is rapidly emerging as 
a significant health concern, such as Canada and Ukraine 
[6, 7].

In addition, different Borrelia species like Borrelia afzelii 
and Borrelia garinii add to the diversity of Lyme borreliosis 
(LB) in specific geographical locations.

Borrelia burgdorferi: This species is the primary cause of 
LB and is prevalent in North America and Europe. It exhib-
its significant genetic diversity, contributing to variations in 
disease manifestations.

Borrelia afzelii: Predominantly found in European ticks, 
this species is associated with cutaneous manifestations 
of LB and is often implicated in acrodermatitis chronica 
atrophicans [8].

Borrelia garinii: Prevalent in Europe and Asia, B. gari-
nii is frequently associated with neuroborreliosis, leading to 
diverse neurological symptoms [5].

Borrelia mayonii: Recently identified in North America, 
this species is responsible for a subset of Lyme disease 
cases, displaying unique genetic characteristics [9].

Borrelia recurrentis: Causative agent of relapsing fever, 
transmitted by body lice, B. recurrentis poses a threat in 
regions with poor living conditions [10].

Borrelia hermsii, Borrelia turicatae, and others: These 
species contribute to tick-borne relapsing fever and are prev-
alent in different parts of North America [11].

Therefore, the objective of this manuscript is to investi-
gate and clarify the intricate interactions between Borrelia 
burgdorferi and host immune responses. It further aims to 
assess how these interactions may lead to autoimmune reac-
tions and the possibility that Borrelia can replicate symp-
toms of autoimmune rheumatic diseases.

Search strategy

A literature review was carried out across databases, such 
as Scopus and MEDLINE/PubMed, using a range of MeSH 
search terms. Keywords used in the search included “bor-
relia”, “Lyme disease”, “borreliosis”, “rheumatic disease”, 
“systemic sclerosis”, “scleroderma”, “morphea”, “systemic 
lupus erythematosus”, “dermatomyositis”, and “autoimmun-
ity”. Each article identified was carefully assessed for its 
relevance. In addition, the references of these articles were 
examined to find any additional related sources. The review 
focused on peer-reviewed articles published in English with-
out setting the time limit for search. To ensure the review’s 
reliability and relevance, specific criteria for exclusion were 
applied following the initial search phase. These criteria 
excluded articles without an abstract, document types like 
reviews, book chapters, conference proceedings, and errata, 
retracted articles, and studies not highlighting the possible 

connection between borreliosis and systemic autoimmune 
connective tissue diseases.

Borrelia and autoimmunity

The pathogenesis of Borrelia infection unfolds beyond the 
conventional scope of infectious diseases, delving into a 
complex interplay with the host immune system, ultimately 
contributing to autoimmune mechanisms. Upon transmis-
sion through tick bites, Borrelia adopts a stealthy invasion 
strategy, disseminating throughout the host while adeptly 
evading immune detection via alterations in surface proteins 
[12]. The remarkable antigenic variation of outer surface 
proteins (Osps) empowers Borrelia to elude immune recog-
nition, thereby establishing a persistent infection [12].

Triggering responses from the host’s innate and adaptive 
immune systems, Borrelia infection prompts the recruitment 
of macrophages and neutrophils to the site of infection to 
eliminate the spirochetes [13]. However, Borrelia employs 
various evasion tactics, including downregulating comple-
ment activation and resistance to phagocytosis, thereby pro-
longing its survival within the host.

Recent findings have shed light on a link between infec-
tion by Borrelia and the onset of autoimmune conditions. 
Molecular mimicry is at the forefront of these autoimmune 
mechanisms, wherein spirochetal antigens exhibit struc-
tural similarities to host antigens, leading to cross-reactive 
immune responses [14]. This phenomenon may catalyze the 
onset or exacerbation of autoimmune conditions. The ensu-
ing production of autoantibodies, particularly those targeting 
host tissues such as joints and neural structures, further con-
tributes to the complex landscape of autoimmune responses. 
Notably, in diseases like rheumatoid arthritis, anti-Borrelia 
antibodies have been implicated in joint pathology [15, 16].

Persistent infections established by Borrelia contribute 
to chronic inflammation, a hallmark of autoimmune dis-
eases. By evading clearance mechanisms and residing in 
immune-privileged sites, spirochetes perpetuate the inflam-
matory response, creating an environment conducive to 
autoimmunity.

Borrelia—a great mimicker

Lyme borreliosis can present a wide range of clinical symp-
toms encompassing dermatological, cardiac, joint, neurolog-
ical, cardiovascular, and ocular issues [17]. These symptoms 
often closely resemble those seen in various autoimmune 
pathologies, including rheumatoid arthritis (RA), systemic 
sclerosis (SSc), systemic lupus erythematosus (SLE), and 
dermatomyositis (DM). This overlap in clinical presentation 
is particularly intriguing in medical practice, underscoring 
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the importance of accurately identifying the underlying con-
dition to develop an appropriate treatment plan. Generally, 
LB is effectively treatable with antibiotics, yet some indi-
viduals may develop chronic, non-specific symptoms known 
as post-treatment Lyme disease syndrome (PTLDS). The 
similarity of PTLDS symptoms with those of autoimmune, 
neuromuscular, or other somatic disorders can lead to diag-
nostic challenges [18].

The related study examined the seropositivity for B. burg-
dorferi in patients with SLE and other rheumatic diseases 
using ELISA. It analyzed sera from individuals with SLE, 
seronegative arthritis, RA, and Lyme disease using ELISA 
and immunoblot tests. The findings revealed seroreactivity 
to the antigens of B. burgdorferi in 40% of SLE patients, 
8% of RA patients, and 4% of patients with seronegative 
arthritis, as determined by ELISA [19]. However, subse-
quent immunoblot tests did not corroborate these ELISA-
positive results. Remarkably, 57% of patients with rheuma-
toid arthritis showed cross-reactivity to various antigens of 
Borrelia [19]. This disparity highlights the importance of 
careful interpretation of positive ELISA results for Lyme 
disease and the crucial role of immunoblot testing in differ-
entiating true positives from false ones. This study under-
scores the complexities and limitations of current diagnostic 
approaches, particularly in populations with autoimmune 
diseases.

The possible connection between Borrelia 
and localized forms of scleroderma 
and systemic sclerosis

Morphea is a localized variant of scleroderma (Figs. 1 and 
2). It is identified by the fibrosis of the skin and subcutane-
ous tissues. [20]. While the exact etiology remains elusive, 
recent scientific inquiry has delved into the potential asso-
ciation between Borrelia infections and morphea’s develop-
ment, offering intriguing insights into the complex interplay 
between infectious agents and autoimmune responses. The 
hypothesis suggesting a link between Borrelia infection and 
morphea stems from observations of Borrelia’s ability to 
trigger autoimmune phenomena [21].

One plausible mechanism involves molecular mimicry, 
wherein antigens from Borrelia structurally resemble host 
tissues, leading to cross-reactivity and subsequent autoim-
mune responses. Borrelia’s surface proteins, particularly 
those associated with adhesion and evasion of host defenses, 
may share similarities with skin components, contributing 
to the development of morphea lesions [3].

Borrelia’s ability to persist within host tissues, evade 
immune detection, and induce chronic inflammation raises 
the prospect of sustained immunological responses. In indi-
viduals genetically predisposed to autoimmune reactions, the 

presence of Borrelia may act as a trigger, initiating a series 
of events that ultimately lead to the fibrotic alterations typi-
cal of morphea [22].

While the Borrelia–morphea hypothesis is intriguing, the 
scientific evidence supporting a direct causal relationship 
remains inconclusive. Limited studies have explored this 
association, and conflicting results underscore the need for 
comprehensive investigations. Some studies report the pres-
ence of Borrelia DNA in morphea lesions, while others find 
no consistent correlation [23].

The emergence of skin lesions in LB is intriguing, par-
ticularly when examining the involvement of B. burgdorferi 
in skin lesions that exhibit fibrosis. A striking aspect is the 
marked affinity of B. burgdorferi for collagen and elastic 
fibers. This feature has been identified in histopathological 
examination of skin lesions in patients with LB [22].

It is crucial to recognize that B. burgdorferi has devel-
oped adaptive mechanisms that enhance its ability to invade 
human tissues, especially those of the musculoskeletal sys-
tem. Research indicates that decorin, a proteoglycan in liga-
ments and tendons, is crucial for the bacterium’s invasion 
process. Experiments have shown that mice lacking decorin 
exhibit resistance to Borrelia burgdorferi infection [24]. 

Fig. 1  Two isolated, multiform patches of hardened skin on the 
patient’s chest, who has a medical history of Lyme borreliosis. 
Patient#1 (The figure is a curtesy of O. Zimba MD)
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Decorin plays a role in the extracellular matrix by binding 
to collagen types I and II, aiding connective tissue struc-
ture. Based on these observations, a scientific theory pro-
poses that when Borrelia burgdorferi binds to decorin, it 
may interfere with its interaction with collagen, potentially 
causing collagen degradation. This process sheds light on 
the intricate relationship between Borrelia burgdorferi and 
the connective tissue matrix, and could explain the fibrosis 
in some skin lesions associated with Lyme borreliosis.

However, challenges in researching the Borrelia–morphea 
connection include the diversity of Borrelia strains, varia-
tions in clinical presentations, and the complexity of auto-
immune responses. Future studies should employ advanced 
molecular techniques, consider host genetics, and address 
confounding factors to elucidate the mechanisms linking 
Borrelia infection to morphea.

Given the established causal relationship between B. 
burgdorferi and skin fibrosis that reflects localized scle-
roderma, the question of a potentially similar relationship 
with systemic sclerosis arises. The pathogenesis of systemic 
sclerosis is notably intricate, with a multifaceted etiology 
that includes altered collagen production by fibroblasts and 
vascular abnormalities, both contributing to the development 
of sclerosis [25].

The initial phase in the development of systemic sclero-
sis is characterized by endothelial injury, often manifested 
through symptoms like Raynaud's phenomenon and micro-
angiopathy. A combination of genetic, environmental, and 
infectious elements is thought to influence this condition’s 
pathogenesis [25]. Chronic infection by Borrelia burgdor-
feri is suspected to affect vascular endothelial cells, caus-
ing damage and microvasculopathy and possibly triggering 
the activation of skin fibroblasts [26, 27]. Moreover, recent 
study observed a marked increase in collagen mRNA pro-
duction in fibroblast cultures exposed to Borrelia. Aberer 

et al. also discovered a significant association between the 
levels of mRNA for growth factors transforming growth 
factor beta (TGF-β), platelet-derived growth factor alpha 
(PDGF-α), calreticulin (CALR), and decorin (DCN) and 
the synthesis of collagen mRNA [27].

Hosts also utilize various innate and adaptive immune 
systems to defend against extracellular infectious agents. As 
part of this defense, infected hosts produce reactive oxygen 
species (ROS) or reactive nitrogen species (RNS) to combat 
the infection, a mechanism that has been shown to contribute 
to the pathogenesis of systemic sclerosis in animal models 
[28, 29].

A case described by Wackernagel et al. supports the 
notion of B. burgdorferi playing a role in developing sys-
temic sclerosis [30]. They presented a patient exhibiting 
symptoms such as Raynaud's phenomenon, facial and upper 
trunk swelling, resulting in skin thickening and sclerosis. 
Diagnostic tests confirmed the B. burgdorferi infection 
through positive antibody results and PCR in the urine. The 
patient also tested positive for anti-centromere antibod-
ies. Treatment with intravenous ceftriaxone successfully 
addressed the infection, leading to total resolution of skin 
lesions. The discussed paper proposes that Borrelia burg-
dorferi could be considered an etiological factor contributing 
to systemic sclerosis, particularly in individuals predisposed 
to its development. However, this hypothesis does not have 
wide acceptance.

Borreliosis and systemic lupus 
erythematosus

Lyme borreliosis and SLE represent distinct medical entities, 
yet their convergence in clinical presentations underscores 
the complexity of autoimmune and infectious interactions 

Fig. 2  Hyperpigmented and 
indurated round foci on the 
skin of the arms (A), lower 
back (B), and legs (C) which 
appeared after Lyme borrelio-
sis. Patient#2. (The figure is a 
curtesy of O. Zimba MD)
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[31]. The challenge lies in differentiating between LB and 
SLE, as both can exhibit overlapping symptoms, such as 
joint pain, fatigue, and neurological complications. The 
diagnostic process becomes particularly intricate when 
considering the potential for misinterpretation, especially 
in regions where LB is endemic. Moreover, the interplay 
between these conditions raises questions about the poten-
tial for Borrelia burgdorferi to trigger or exacerbate autoim-
mune responses, contributing to the development or progres-
sion of SLE.

Strisova et al. reported a case involving a 37-year-old 
woman diagnosed with SLE [32]. The individual experi-
enced multiple misdiagnoses of LB and received treatment 
with antibiotics of the tetracycline group. Unfortunately, the 
patient faced a severe worsening of SLE and, ultimately, 
succumbed to multi-organ failure.

The patient, who had a history of pericarditis, pleuritis, 
and an acute ischemic stroke, was diagnosed with SLE. 
However, influenced by online resources, the patient chose 
to pursue treatment for chronic LB instead of accepting 
immunosuppressive drugs. This led to repeated serological 
tests and long-term therapy with Minocycline or Doxycy-
cline over a decade. Despite medical advice, the patient con-
sistently rejected immunosuppressive treatments, resulting 
in the advancement of systemic autoimmunity and ultimate 
multi-organ failure.

This case highlights the importance of adhering to estab-
lished guidelines in diagnosing and treating LB. A positive 
serology test is not a definitive confirmation of B. burgdor-
feri infection, and long-term antibiotic use for PTLDS can 
be risky. The Lyme disease self-diagnosed by the patient, 
coupled with multiple misdiagnoses by medical profession-
als, led to the refusal of proper immunosuppressive care, 
culminating in premature death. The case also points out the 
need for thorough immune system evaluation before begin-
ning IVF procedures, given the potential for thromboem-
bolic events and aggravation of autoimmune diseases.

Borrelia and dermatomyositis

The link between Lyme disease and dermatomyositis (DM) 
extends beyond mere coincidence, as evidenced by their 
co-occurrence in clinical settings. The relationship between 
these two conditions underscores the intricate nature of LB, 
where the pathogen’s ability to modulate immune responses 
and evade detection contributes to a spectrum of manifesta-
tions, including autoimmune disorders like DM [33].

Novitch M et al. reported that in contrast to the spontane-
ous form, DM associated with LB exhibits a higher prev-
alence in males (five males, three females) [33]. Clinical 
cases of LD-related DM involve a combination of inherent 
factors such as age, gender, and comorbidities, as well as 

external factors like occupation, outdoor activities, residence 
in areas prone to LB, and delays in treatment. Moreover, 
a connection has been identified between LB-associated 
DM and other autoimmune disorders, although the specific 
contribution of these conditions to the pathogenesis is still 
unclear. [34–36].

While dermatomyositis (DM) can occur in both acute and 
chronic LB scenarios, most documented cases are linked to 
chronic LB infections, possibly due to the prolonged survival 
of B. burgdorferi in the reticuloendothelial system. Numer-
ous efforts were made to comprehend the mechanisms driv-
ing the development of DM in LB, indicating a multifaceted 
pathogenicity [33]. From an immunological perspective, B. 
burgdorferi has the potential to impact both types of immu-
nity. It includes cellular alterations such as lymphopenia, 
decreased activity of T-suppressor cells, the abnormal ratio 
between T-helpers and T-suppressors, deviations in natural 
killer cells and humoral modifications such as an increase 
in several polyclonal B cells and production of immuno-
globulins [3].

Likewise, autoantibodies appear to play a role in cases 
associated with LB, similar to idiopathic DM. [33]. While 
there seems to be an inherent inclination to develop DM, 
not all LB patients experience this complication. DM is 
generally linked to specific genetic markers, such as HLA-
DRB10301/DQA10501 in Caucasians and HLA-B27 in 
Asians [37]. However, these same genetic associations may 
not necessarily extend to LB-associated DM. Hoffman et al. 
propose the potential role of haplotype HLA-Cw3 as a pre-
disposing factor for DM associated with LB, underscoring 
the intricate interplay between genetics and LB-induced 
autoimmunity [38].

Misdiagnoses in the context of Lyme borreliosis and 
autoimmune diseases can inflict significant harm on 
patients. Inaccurate identification may lead to inappropriate 
or delayed treatments, allowing the underlying condition to 
progress unchecked. For instance, mistaking Lyme disease 
for an autoimmune disorder might result in the unnecessary 
administration of immunosuppressive therapies, potentially 
exacerbating the infection. Conversely, misdiagnosing an 
autoimmune condition as Lyme disease could lead to pro-
longed antibiotic regimens with associated risks, and the 
actual autoimmune disorder may remain untreated. Such 
diagnostic errors may contribute to worsening symptoms, 
increased morbidity, and, in some cases, fatal outcomes. The 
toll extends beyond physical health, impacting the patient’s 
emotional well-being and quality of life [39]. Therefore, pre-
cision in diagnostics is crucial to ensure timely and appro-
priate interventions, minimizing potential harm to those 
affected by these complex medical conditions.

In conclusion, Borrelia demonstrates a global preva-
lence and diverse genetic makeup, being the primary 
cause of Lyme disease. The intricate interplay between 
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Borrelia and the host immunity extends beyond conven-
tional infectious responses, contributing to autoimmune 
mechanisms such as molecular mimicry and persistent 
infections. This complexity is reflected in the mimicry of 
symptoms associated with various autoimmune diseases, 
including systemic lupus erythematosus, dermatomyositis, 
local scleroderma, and even systemic sclerosis. Neverthe-
less, these associations lack a precise explanation and 
necessitate further investigation. The cases of misdiag-
nosis between Lyme borreliosis and autoimmune diseases 
underscore the importance of accurate diagnostics and 
adherence to guidelines. Understanding Borrelia’s impact 
on immune responses is crucial for improved diagnostics 
and targeted therapeutic interventions in Lyme borreliosis 
and its potential autoimmune implications.

Author contributions OZ: supervised the patient management and took 
part in the initial version of the manuscript writing and revision. BD: 
collected data and took part in the initial version of the manuscript 
writing and revision. Both authors approved the final manuscript for 
publication.

Funding No funding was received for this study.

Data availability The data supporting the findings of this study are 
available within the article.

Declarations 

Conflict of interest Both authors declare no conflict of interest.

Ethical statement This article does not include any human participants 
and/or animals. (Written informed consent was received from both 
patients for the use of their photographs in this manuscript).

Informed consent Written informed consent to use photographs was 
obtained from the patients reported in the study.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

 1. Trevisan G, Cinco M, Trevisini S et al (2021) Borreliae part 1: 
Borrelia Lyme group and echidna-reptile group. Biology (Basel) 
10(10):1036. https:// doi. org/ 10. 3390/ biolo gy101 01036

 2. Nakamura S (2020) Spirochete flagella and motility. Biomolecules 
10(4):550. https:// doi. org/ 10. 3390/ biom1 00405 50

 3. Strnad M, Rudenko N, Rego ROM (2023) Pathogenicity and viru-
lence of Borrelia burgdorferi. Virulence 14(1):2265015. https:// 
doi. org/ 10. 1080/ 21505 594. 2023. 22650 15

 4. Siciliano V, Passerotto RA, Chiuchiarelli M, Leanza GM, Ojetti 
V (2023) Difficult-to-treat pathogens: a review on the manage-
ment of multidrug-resistant Staphylococcus epidermidis. Life 
13(5):1126. https:// doi. org/ 10. 3390/ life1 30511 26

 5. Marques AR, Strle F, Wormser GP (2021) Comparison of lyme 
disease in the United States and Europe. Emerg Infect Dis 
27(8):2017–2024. https:// doi. org/ 10. 3201/ eid27 08. 204763

 6. Mead P (2022) Epidemiology of lyme disease. Infect Dis Clin N 
Am 36(3):495–521. https:// doi. org/ 10. 1016/j. idc. 2022. 03. 004

 7. Doskaliuk B, Zimba O, Yatsyshyn R, Kovalenko V (2020) 
Rheumatology in Ukraine. Rheumatol Int 40(2):175–182. 
https:// doi. org/ 10. 1007/ s00296- 019- 04504-4

 8. Ogrinc K, Maraspin V, Lusa L, Cerar Kišek T, Ružić-Sabljić 
E, Strle F (2021) Acrodermatitis chronica atrophicans: clinical 
and microbiological characteristics of a cohort of 693 Slovenian 
patients. J Intern Med 290(2):335–348. https:// doi. org/ 10. 1111/ 
joim. 13266

 9. Walter L, Sürth V, Röttgerding F, Zipfel PF, Fritz-Wolf K, Krai-
czy P (2019) Elucidating the immune evasion mechanisms of 
Borrelia mayonii, the causative agent of lyme disease. Front 
Immunol 10:2722. https:// doi. org/ 10. 3389/ fimmu. 2019. 02722

 10. Warrell DA (2019) Louse-borne relapsing fever (Borrelia recur-
rentis infection). Epidemiol Infect 147:e106. https:// doi. org/ 10. 
1017/ S0950 26881 90001 16

 11. Krishnavajhala A, Armstrong BA, Kneubehl AR, Gunter SM, 
Piccione J, Kim HJ et al (2021) Diversity and distribution of the 
tick-borne relapsing fever spirochete Borrelia turicatae. PLoS 
Negl Trop Dis 15(11):e0009868. https:// doi. org/ 10. 1371/ journ 
al. pntd. 00098 68

 12. Anderson C, Brissette CA (2021) The brilliance of borrelia: 
mechanisms of host immune evasion by lyme disease-causing 
spirochetes. Pathogens 10(3):281. https:// doi. org/ 10. 3390/ patho 
gens1 00302 81

 13. Woitzik P, Linder S (2021) Molecular mechanisms of Borrelia 
burgdorferi phagocytosis and intracellular processing by human 
macrophages. Biology 10(7):567. https:// doi. org/ 10. 3390/ biolo 
gy100 70567

 14. Adkison H, Embers ME (2023) Lyme disease and the pursuit of 
a clinical cure. Front Med 10:1183344. https:// doi. org/ 10. 3389/ 
fmed. 2023. 11833 44

 15. Lochhead RB, Strle K, Arvikar SL, Weis JJ, Steere AC (2021) 
Lyme arthritis: linking infection, inflammation, and autoimmun-
ity. Nat Rev Rheumatol 17(8):449–461. https:// doi. org/ 10. 1038/ 
s41584- 021- 00648-5

 16. Arvikar SL, Crowley JT, Sulka KB, Steere AC (2017) Auto-
immune arthritides, rheumatoid arthritis, psoriatic arthritis, or 
peripheral spondyloarthritis following lyme disease. Arthritis 
Rheumatol 69(1):194–202. https:// doi. org/ 10. 1002/ art. 39866

 17. Stanek G, Strle F (2018) Lyme borreliosis: from tick bite to 
diagnosis and treatment. FEMS Microbiol Rev 42(3):233–258. 
https:// doi. org/ 10. 1093/ femsre/ fux047

 18. Talbot NC, Spillers NJ, Luther P, Flanagan C, Soileau LG, 
Ahmadzadeh S et al (2023) Lyme disease and post-treatment 
lyme disease syndrome: current and developing treatment 
options. Cureus 15(8):e43112. https:// doi. org/ 10. 7759/ cureus. 
43112

 19. Weiss NL, Sadock VA, Sigal LH, Phillips M, Merryman PF, 
Abramson SB (1995) False positive seroreactivity to Borrelia 
burgdorferi in systemic lupus erythematosus: the value of immu-
noblot analysis. Lupus 4(2):131–137. https:// doi. org/ 10. 1177/ 
09612 03395 00400 209

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/biology10101036
https://doi.org/10.3390/biom10040550
https://doi.org/10.1080/21505594.2023.2265015
https://doi.org/10.1080/21505594.2023.2265015
https://doi.org/10.3390/life13051126
https://doi.org/10.3201/eid2708.204763
https://doi.org/10.1016/j.idc.2022.03.004
https://doi.org/10.1007/s00296-019-04504-4
https://doi.org/10.1111/joim.13266
https://doi.org/10.1111/joim.13266
https://doi.org/10.3389/fimmu.2019.02722
https://doi.org/10.1017/S0950268819000116
https://doi.org/10.1017/S0950268819000116
https://doi.org/10.1371/journal.pntd.0009868
https://doi.org/10.1371/journal.pntd.0009868
https://doi.org/10.3390/pathogens10030281
https://doi.org/10.3390/pathogens10030281
https://doi.org/10.3390/biology10070567
https://doi.org/10.3390/biology10070567
https://doi.org/10.3389/fmed.2023.1183344
https://doi.org/10.3389/fmed.2023.1183344
https://doi.org/10.1038/s41584-021-00648-5
https://doi.org/10.1038/s41584-021-00648-5
https://doi.org/10.1002/art.39866
https://doi.org/10.1093/femsre/fux047
https://doi.org/10.7759/cureus.43112
https://doi.org/10.7759/cureus.43112
https://doi.org/10.1177/096120339500400209
https://doi.org/10.1177/096120339500400209


Rheumatology International 

 20. Papara C, De Luca DA, Bieber K, Vorobyev A, Ludwig RJ (2023) 
Morphea: The 2023 update. Front Med 10:1108623. https:// doi. 
org/ 10. 3389/ fmed. 2023. 11086 23

 21. Zinchuk AN, Kalyuzhna LD, Pasichna IA (2016) Is localized scle-
roderma caused by Borrelia burgdorferi? Vector Borne Zoonotic 
Dis 16(9):577–580. https:// doi. org/ 10. 1089/ vbz. 2016. 2004

 22. Smoleńska Ż, Masiak A, Strzelecki A, Zdrojewski Z (2014) The 
role of Borrelia burgdorferi infection in scleroderma. Reumato-
logia 52(5):326–331

 23. Yazdanpanah MJ, Sharifi N, Khooei A, Banihashemi M, Khaje-
Daluee M, Shamsi A, Ghazvini K (2015) Frequency of borrelia 
in morphea lesion by polymerase chain reaction in Northeast of 
Iran. Jundishapur J Microbiol 8(8):e19730v2. https:// doi. org/ 10. 
5812/ jjm. 19730 v2

 24. Saputra EP, Trzeciakowski JP, Hyde JA (2020) Borrelia burgdor-
feri spatiotemporal regulation of transcriptional regulator bosR 
and decorin binding protein during murine infection. Sci Rep 
10(1):12534. https:// doi. org/ 10. 1038/ s41598- 020- 69212-7

 25. Asano Y (2020) The pathogenesis of systemic sclerosis: an under-
standing based on a common pathologic cascade across multiple 
organs and additional organ-specific pathologies. J Clin Med 
9(9):2687. https:// doi. org/ 10. 3390/ jcm90 92687

 26. Hyde JA (2017) Borrelia burgdorferi keeps moving and carries 
on: a review of borrelial dissemination and invasion. Front Immu-
nol 8:114. https:// doi. org/ 10. 3389/ fimmu. 2017. 00114

 27. Aberer E, Surtov-Pudar M, Wilfinger D, Deutsch A, Leitinger 
G, Schaider H (2018) Co-culture of human fibroblasts and Bor-
relia burgdorferi enhances collagen and growth factor mRNA. 
Arch Dermatol Res 310(2):117–126. https:// doi. org/ 10. 1007/ 
s00403- 017- 1797-1

 28. Pérez-Figueroa DC, Reyes-Jiménez E, Velázquez-Enríquez JM, 
Reyes-Avendaño I, González-García K, Villa-Treviño S, Torres-
Aguilar H, Baltiérrez-Hoyos R, Vásquez-Garzón VR (2023) Eval-
uation of renal damage in a bleomycin-induced murine model of 
systemic sclerosis. Iran J Basic Med Sci 26(7):760–767. https:// 
doi. org/ 10. 22038/ IJBMS. 2023. 67117. 14720

 29. Doskaliuk B, Zaiats L, Gupta L (2023) Vitamin D3 and 
α-tocopherol acetate ameliorate inflammatory and fibrotic 
processes in systemic sclerosis: preclinical evidence. Proc 
Shevchenko Sci Soc Med Sci. https:// doi. org/ 10. 25040/ ntsh2 023. 
01. 09

 30. Wackernagel A, Bergmann AR, Aberer E (2005) Acute exacerba-
tion of systemic scleroderma in Borrelia burgdorferi infection. J 
Eur Acad Dermatol Venereol 19:93–96

 31. Yehudina Y, Trypilka S (2021) Lyme borreliosis as a trigger for 
autoimmune disease. Cureus 13(10):e18648. https:// doi. org/ 10. 
7759/ cureus. 18648

 32. Strizova Z, Patek O, Vitova L, Horackova M, Bartunkova J (2019) 
Internet-based self-diagnosis of Lyme disease caused death in a 
young woman with systemic lupus erythematosus. Joint Bone 
Spine 86(5):650–651

 33. Novitch M, Wahab A, Kakarala R, Mukerji R (2018) The emer-
gence of a forgotten entity: dermatomyositis-like presentation of 
lyme disease in rural Wisconsin. Cureus 10(5):e2608. https:// doi. 
org/ 10. 7759/ cureus. 2608

 34. Arniaud D, Mattei JP, Pham T, Guis S, Baiada-Demoux AL, Ser-
ratrice J, Roux H (1997) Coexistent dermatomyositis, relapsing 
polychondritis, and positive Lyme serology. A case-report. Rev 
Rhum (English Edition) 64:589–590

 35. Nguyen H, Le C, Nguyen H (2010) Acute Lyme infection present-
ing with amyopathic dermatomyositis and rapidly fatal interstitial 
pulmonary fibrosis: a case report. J Med Case Rep 4:187. https:// 
doi. org/ 10. 1186/ 1752- 1947-4- 187

 36. Waton J, Pinault AL, Pouaha J, Truchetet F (2007) Lyme dis-
ease could mimic dermatomyositis [Article in French]. Rev Med 
Interne 28:343–345. https:// doi. org/ 10. 1016/j. revmed. 2007. 01. 
002

 37. Deakin CT, Bowes J, Rider LG, Miller FW, Pachman LM, Sanner 
H et al (2022) Association with HLA-DRβ1 position 37 distin-
guishes juvenile dermatomyositis from adult-onset myositis. Hum 
Mol Genet 31(14):2471–2481. https:// doi. org/ 10. 1093/ hmg/ ddac0 
19

 38. Hoffmann JC, Stichtenoth DO, Zeidler H, Follmann M, Brandis 
A, Stanek G, Wollenhaupt J (1995) Lyme disease in a 74-year-old 
forest owner with symptoms of dermatomyositis. Arthritis Rheu-
matol 38:1157–1160. https:// doi. org/ 10. 1002/ art. 17803 80820

 39. Zimba O, Doskaliuk B, Yatsyshyn R, Bahrii M, Hrytsevych M 
(2021) Challenges in diagnosis of limited granulomatosis with 
polyangiitis. Rheumatol Int l 41(7):1337–1345. https:// doi. org/ 
10. 1007/ s00296- 021- 04858-8

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.3389/fmed.2023.1108623
https://doi.org/10.3389/fmed.2023.1108623
https://doi.org/10.1089/vbz.2016.2004
https://doi.org/10.5812/jjm.19730v2
https://doi.org/10.5812/jjm.19730v2
https://doi.org/10.1038/s41598-020-69212-7
https://doi.org/10.3390/jcm9092687
https://doi.org/10.3389/fimmu.2017.00114
https://doi.org/10.1007/s00403-017-1797-1
https://doi.org/10.1007/s00403-017-1797-1
https://doi.org/10.22038/IJBMS.2023.67117.14720
https://doi.org/10.22038/IJBMS.2023.67117.14720
https://doi.org/10.25040/ntsh2023.01.09
https://doi.org/10.25040/ntsh2023.01.09
https://doi.org/10.7759/cureus.18648
https://doi.org/10.7759/cureus.18648
https://doi.org/10.7759/cureus.2608
https://doi.org/10.7759/cureus.2608
https://doi.org/10.1186/1752-1947-4-187
https://doi.org/10.1186/1752-1947-4-187
https://doi.org/10.1016/j.revmed.2007.01.002
https://doi.org/10.1016/j.revmed.2007.01.002
https://doi.org/10.1093/hmg/ddac019
https://doi.org/10.1093/hmg/ddac019
https://doi.org/10.1002/art.1780380820
https://doi.org/10.1007/s00296-021-04858-8
https://doi.org/10.1007/s00296-021-04858-8

	Borrelia burgdorferi and autoimmune mechanisms: implications for mimicry, misdiagnosis, and mismanagement in Lyme disease and autoimmune disorders
	Abstract
	Introduction
	Search strategy
	Borrelia and autoimmunity
	Borrelia—a great mimicker
	The possible connection between Borrelia and localized forms of scleroderma and systemic sclerosis
	Borreliosis and systemic lupus erythematosus
	Borrelia and dermatomyositis
	References


