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S t r e s z c z e n i e

Borrelia burgdorferi, bakteria Gram-ujemna o  kształcie krętka, 
przenoszona na ludzi przez kleszcze, stanowi czynnik etiologiczny 
boreliozy (choroby z  Lyme). Obraz kliniczny boreliozy jest bardzo 
zróżnicowany, a w jej przebiegu wyróżnia się kilka patomorfologicz-
nych rodzajów zmian skórnych, takich jak zapalne, zanikowe i skle-
rotyczne. Badania naukowe w ostatnich dwudziestu latach wska-
zują na możliwy związek twardziny miejscowej i liszaja zanikowego 
z zakażeniem Borrelia burgdorferi. Wykazano, że istnieje kliniczne 
podobieństwo późnej zmiany skórnej w  przebiegu boreliozy, tj. 
przewlekłego zanikowego zapalenia skóry, do liszaja zanikowego 
i morphea. Dowodu na udział tej bakterii w etiopatogenezie twar-
dziny miejscowej dostarczają wyniki badań, które wykazały cofanie 
się zmian skórnych po zastosowaniu celowanej antybiotykoterapii. 
Rola zakażenia Borrelia burgdorferi w złożonym patomechanizmie 
twardziny układowej jest wciąż kontrowersyjna. W artykule omó-
wiono wyniki badań nad udziałem zakażenia Borrelia w etiopato-
genezie twardziny i  w  wybranych chorobach dermatologicznych 
oraz różne objawy skórne spotykane w boreliozie.
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S u m m a r y

Borrelia burgdorferi, a  Gram-negative, spiral-shaped bacterium 
transmitted to humans via tick bites, is the etiologic agent of bor-
reliosis (Lyme disease) with diverse clinical manifestations. There 
are several types of pathological lesions in the course of Lyme 
disease: inflammatory, atrophic and sclerotic ones. Recent stud-
ies suggest a possible association between localized scleroderma, 
lichen sclerosus and Borrelia burgdorferi. A  clinical similarity be-
tween late skin manifestation acrodermatitis chronica atrophicans, 
lichen sclerosis and morphea was noted. Studies showing regres-
sion of skin lesions in patients with localized scleroderma treated 
with targeted antibiotic therapy against Borrelia provide evidence 
for the role of the infection in the pathogenesis of morphea. The 
role of Borrelia burgdorferi infection in the complex pathogenesis 
of systemic scleroderma is still controversial. This article discusses 
the results of studies involving Borrelia infection in the pathogen-
esis of scleroderma and some dermatological disorders and de-
scribes various skin changes of borreliosis.

Introduction
Borrelia burgdorferi is a Gram-negative, spiral-shaped 

bacterium belonging to the Spirochaetaceae along with 
Leptospira and Treponema. The majority of pathogenic 
forms of these bacteria, forming approximately 12 spe-
cies, are classified as the Borrelia burgdorferi sensu lato 
complex; it includes Borrelia burgdorferi sensu stricto, 
Borrelia garinii and Borrelia afzelii. All pathogenic strains 
are transmitted to humans by ticks, especially by Ixodes 
spp., and they are responsible for Lyme disease, a chron-
ic, multi-system inflammatory disease the symptoms 
of which are the consequences of the direct action of 

the spirochete or its antigens, and cellular and humoral 
immune responses [1]. Borrelia burgdorferi sensu stricto 
is the main pathogen responsible for borreliosis (also 
known as Lyme disease, LD) in the US, whereas Borrelia 
afzelii and Borrelia garinii are responsible for the majori-
ty of cases in Europe [2].

In 1977 Steere et al. described cases of patients in the 
region of Lyme, Connecticut, with arthritis and skin lesions 
consistent with erythema chronicum migrans (ECM). At 
the beginning, they were thought to be cases of juvenile 
idiopathic arthritis. In this region humans were often bit-
ten by ticks. In 1982 Burgdorfer isolated spiral-shaped 
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bacteria from the intestinal diverticula of these ticks, and 
in 1983 Steere et al. found a correlation between infection 
with these microorganisms and cases observed; finally, 
the spirochete Borrelia burgdorferi (named after the re-
searcher mentioned above) was considered to be a direct 
etiological factor of LD [3].

In 1989 Steere [4] observed that B. burgdorferi “may 
cause an immune response that lasts for some time 
even if a microorganism has been killed”. This statement 
started a  discussion on the possibilities of persistent  
B. burgdorferi infection.

Being intracellular organisms, spirochetes may enter 
different tissues in humans and easily cross the blood-
brain barrier; therefore they are responsible for various 
neuropsychiatric symptoms as a result of infecting the 
central nervous system. A great amount of evidence in-
dicates that B. burgdorferi is well adapted to avoid a re-
action triggered by the host’s immune system; therefore 
it is able to survive and remain infectious despite ag-
gressive antibiotic therapy [5].

Skin lesions in the course of borreliosis 
and in selected dermatological conditions 
associated with fibrosis

According to a current classification, borreliosis is di-
vided into early, localized, disseminated and late Lyme 
disease. Late Lyme disease is borreliosis present for 
more than 12 months.

The course of Lyme disease may be associated with 
various pathomorphological skin lesions that are in-
flammatory, atrophic or sclerotic. Dermal forms of Lyme 
disease include erythema migrans (EM) at the disease 
onset and subsequent lesions such as erythema chron-
icum migrans (ECM), borrelial lymphocytoma (BL) and 
acrodermatitis chronica atrophicans (ACA), a symptom 
that was described a long time before its etiological fac-
tor was discovered.

Erythema migrans usually develops 1–3 weeks after 
a tick bite at the site of the tick bite. It is an inflamma-
tory reaction with a type 4 cell-mediated response back-
ground, consisting of groups of lymphocytes, dendritic 
cells, macrophages and plasma cells located around the 
blood vessels in the dermis. Contrary to typical bacterial 
infections there is a  low number of neutrophils [6]. Ac-
cording to the literature it is present in 30–60% of people 
infected. A classical lesion has the form of erythema with 
well-defined borders, usually with central clearing or 
with a central papule of a purple-red color (“bull’s eye”), 
with the minimum diameter of 5 cm, although smaller 
eruptions are sometimes also observed. When untreat-
ed, EM regresses spontaneously within a month. When 
treated, this period is shorter. However, its elimination 

during antibiotic treatment does not always correspond 
to complete elimination of spirochete infection [7].

Atypical forms of erythema migrans include chronic 
erythema migrans (ECM), which is a  single lesion per-
sisting for many months on the skin, as well as multiple 
erythema migrans, which is associated with the pres-
ence of numerous disseminated erythematous spots in 
early disseminated Lyme disease.

Borrelial lymphocytoma, a  pseudolymphoma, is 
a very rare skin lesion, representing up to 1% of all cases 
of early disseminated LD, and it develops mainly in chil-
dren. This lesion is a result of abnormal proliferation of 
lymphocytes in response to a spirochete antigen. Poly-
clonal proliferation of B cells and plasma cells leads to 
the formation of infiltrations consisting mainly of these 
cells in the dermis. They have the form of small nodules 
of a red or purple-red color, and are located mainly on 
the skin of ear conchas, nape, mammilla and scrotum.

Acrodermatitis chronica atrophicans is a  late skin 
symptom of Lyme disease, and it develops mainly in pa-
tients infected with Borrelia afzelii spirochetes. This bac-
terium is endemic to Europe, especially its north-central 
regions, so this complication is not observed in the US, 
except for cases in people who migrated from Europe. 
ACA develops within several years after a tick bite and is 
mainly observed among adult women. Most commonly 
lesions are located on the skin of distal extremities, but 
they might also appear on the face and trunk. A patho-
genetic mechanism, not fully known yet, subsequently 
leads to further stages such as inflammatory-edema-
tous, atrophic and, sometimes, scleroderma-like stages. 
Early inflammatory lesions are not characteristic and 
are often misdiagnosed. They have the form of pur-
ple-red, poorly demarcated discolorations accompanied 
by swollen subcutaneous tissue, especially in the area 
of the hands and feet, but they are most frequently ob-
served on the lower extremities. A  typical symptom in 
this disease phase is “acute blue finger”, namely one 
finger or toe becomes cyanotic and swollen, and it may 
be mistakenly diagnosed as a  secondary Raynaud’s 
symptom. When appropriate antibiotic therapy has 
been introduced, in time inflammatory lesions are sup-
pressed, and they completely regress. When untreated, 
these lesions lead to a second disease phase, namely an 
atrophic phase, when focal or widespread skin thicken-
ing may be additionally observed. In the atrophic period 
the skin within a  lesion becomes significantly thinner, 
looks like absorbing paper, is shiny, and there are telan-
giectasia and hyper- and hypopigmentation. Usually it is 
also dry and itchy. More intensive reactions of the skin 
to touch and small traumas (allodynia) as well as the 
sensation of numbness and paresthesia at the site of 
the lesion are a result of peripheral polyneuropathy. In 
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the late period of Lyme disease, skin lesions usually co-
exist with other symptoms associated with the nervous 
system such as cranial nerve inflammation, hearing 
impairment and chronic arthritis. Atrophic and sclerotic 
skin lesions similar to skin lesions observed in late LD 
are also present in two other dermatological conditions 
of an autoimmune background: localized scleroderma 
and lichen atrophicus. These conditions are of unknown 
etiology, and different infections are considered among 
other etiological factors [8].

Localized scleroderma (LS) is an inflammatory con-
dition leading to thickening of the skin and subcutane-
ous tissue as a result of excessive production of colla-
gen. This condition may have various forms, including 
linear scleroderma (lesions consistent with lines or 
streaks) and morphea (a  rounded lesion). In the early 
disease phase the vascular endothelium in the skin 
becomes damaged and a  local inflammatory reaction 
develops. According to the studies, including those per-
formed in Polish centers, the early morphea phase is as-
sociated with elevated levels of interleukin 1β (IL-1β) in 
the serum of such patients and increased expression of 
genes for IL-1β, IL-23 and IL-17A in polymorphonuclear 
blood cells [9, 10]. In the late phase fibroblast prolifera-
tion stimulated mainly by IL-1β can be observed, and it 
leads to fibrosis. In the majority of patients with local-
ized scleroderma, skin is damaged on the trunk or on 
the extremities on one side. Lesions may be red or pur-
ple and are usually well demarcated. Sometimes, skin 
lesions may appear white or wax-like. Localized sclero-
derma has to be differentiated from systemic sclerosis 
(SSc) based on the lack of evidence for internal organ 
involvement.

Lichen atrophicus or sclerosus is a condition charac-
terized by the presence of white discolorations of the skin 
that are usually present on the neck, nape, genital organs 
and in surrounding areas. In the early disease stage his-
topathological findings of skin specimens reveal swelling 
of collagen fibers, perivascular lymphocytic infiltrations 
and deposits of IgG, IgA and IgM immunoglobulins, com-
plement and fibrin, and in a later stage atrophy of elastic 
fibers can be observed. Scarring lesions and significant 
skin thinning can also be observed in this condition.

Correlation between Borrelia burgdorferi 
and localized scleroderma and lichen 
atrophicus

Within the last 20 years there have been reports on 
a  possible correlation between localized scleroderma 
and lichen atrophicus and B. burgdorferi infection.

In 1985 Aberer [11] was the first to note a correlation 
between B. burgdorferi infection and development of 

localized scleroderma. She demonstrated that in 12%  
(6 out of 50) patients with LD with skin lesions similar to 
ACA there was clinical similarity with lichen atrophicus 
and morphea [11]. Subsequent papers have demonstrat-
ed that some skin lesions associated with ACA are also 
histologically similar to lesions consistent with morphea 
[2, 12]. Despite many similarities there are also visible 
differences between these dermal conditions. Acroder-
matitis chronica atrophicans is mainly evident on the 
extensor surfaces of extremities, and at the beginning 
there is only red-purple swelling present for years, lead-
ing to atrophy of the epidermis and skin, and their scle-
rotization, especially above bone prominences. On the 
other hand, morphea does not exhibit any tendency 
with regard to lesion location, although it usually de-
velops on the trunk and extremities and has the form 
of central skin thickening. A  histopathological skin ex-
amination in late ACA demonstrates epidermal atrophy, 
and it is usually not observed in morphea.

Despite the fact that many studies did not confirm 
the presence of B. burgdorferi in skin lesions associated 
with localized scleroderma [13], there are reports where 
B. burgdorferi was directly isolated from eruptions re-
lated to scleroderma using immunohistochemistry and 
PCR [12, 14]. The results of studies indicating clinical 
improvement with regard to skin lesions following an-
tibiotic therapy provide strong evidence supporting the 
contribution of Borrelia sp. infection to lesions in sclero-
derma.

Breier et al. [2] isolated Borrelia afzelii from skin le-
sions in a patient with localized scleroderma who also 
exhibited high levels of anti-B. burgdorferi IgG in the 
serum. It is worth emphasizing that researchers ob-
served reduced levels of specific antibodies and partial 
suppression of skin fibrosis following antibiotic therapy 
with b-lactams.

Epidemiological studies have provided interesting 
data that enable better understanding of results of stud-
ies on a potential correlation between LD and dermato-
logical conditions described above.

Population differences associated with Borrelia in-
fection and Lyme disease morbidity rate should be tak-
en into account when the results of such studies are 
interpreted. Population differences with regard to the 
correlation between B. burgdorferi and morphea have 
been demonstrated. This correlation was confirmed in 
Japanese and European populations, as well as in a Bra-
zilian population from the Amazon River basin, but not 
in patients from North America [15]. In a population of 
patients with morphea in the northern US B. burgdorferi 
DNA was not detected [12]. Conflicting results were ob-
tained for different geographical regions in Europe with 
regard to positive results for B. burgdorferi in a  group 
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of patients with morphea and lichen sclerosus [8, 12, 
16, 17]. Positive results were observed in patients from 
Austria, Switzerland, Germany, Italy and Japan, whereas 
negative results were observed in populations from Den-
mark, France, Holland, Spain and Finland [8, 12, 18]. Such 
conflicting results may be a result of differences in the 
incidence of Borrelia strains in Europe and the USA. Bor-
relia burgdorferi sensu stricto is the predominant strain 
in the northern US, and a correlation between this strain 
and late dermatological symptoms of LD has never been 
documented [19]. Additionally, in many regions of Europe 
various clinical forms of LD have been discovered, and 
they are associated with various strains of B. burgdorferi 
[20]. It has to be additionally emphasized that a genetic 
background is of significant importance for an immune 
response to B. burgdorferi infection. Based on study re-
sults presented, it has been suggested that a population 
of Central Europe may exhibit a genetic predisposition 
for development of skin lesions associated with fibrosis 
during infection with B. burgdorferi [16, 20].

In 2009, American researchers published a  paper 
suggesting a correlation between Borrelia infection and 
rapid development of autoimmune processes leading to 
the development of morphea-like changes in a popula-
tion of children and adolescents, and it is confirmed by 
higher serum levels of antinuclear antibodies (ANA) in 
this population of patients [21].

Despite intensive studies there is still no firm evi-
dence to indicate a relation between B. burgdorferi in-
fection and development of some dermatological condi-
tions with a component of fibrosis.

Scientific evidence collected within the last years 
by Polish scientists refutes the hypothesis that Borrel-
ia infection is an etiological factor in the pathogenesis 
of scleroderma. In a group of 110 patients with chronic 
Lyme disease in north-east Poland where people are at 
a high risk of tick bites, no skin lesions typical of mor-
phea or other scleroderma-like skin lesions have been 
observed [22]. However, it has to be emphasized that 
these patients have been previously treated with anti-
biotics, some of them even several times due to recur-
rent infection or resistance. Taking into account previous 
results of studies indicating that antibiotic therapy may 
be beneficial for scleroderma, it cannot be excluded that 
antibiotic therapy was the factor that affected the whole 
clinical picture in these patients. However, coexistence of 
Borrelia infection and morphea is more likely to be a re-
sult of secondary infection, or it may be a result of a di-
rect influence of a  given bacterial strain depending on 
geographical variability. A correlation between localized 
scleroderma and lichen atrophicus and infection with 
the B. burgdorferi spirochete is still a topic of hot discus-
sion, and further studies are necessary. The diagnostic 

method to detect spirochetes directly and its specificity 
depending on disease stage is also controversial.

Borrelia burgdorferi and metabolism  
of connective tissue

With regard to the possible pathogenesis of skin le-
sions in the course of LD and the possible involvement 
of infection with these bacteria in other skin lesions 
with a component of fibrosis, attention should be paid 
to the high affinity of Borrelia burgdorferi to collagen 
and elastic fibers that has been observed in histopatho-
logical skin lesions in patients with LD [19]. Above all, it 
should be noted that Borrelia burgdorferi has developed 
many adaptive features facilitating penetration of the 
human body by bacteria, especially in the musculoskel-
etal system [5]. There is evidence that the presence of 
decorin in the ligaments and tendons plays a vital role in 
bacterial invasion. It was demonstrated that mice with 
a deficiency of this enzyme were resistant to infection 
with Borrelia burgdorferi. Decorin is a proteoglycan lo-
cated intracellularly or in the intercellular matrix. It is 
a connective tissue component, binding to type I and II 
collagen fibers and playing a role in the formation of the 
extracellular matrix structure. It has been hypothesized 
that when a spirochete binds to decorin, its binding to 
collagen becomes impossible, thus leading to collagen 
destruction [19].

Infection with Borrelia burgdorferi with 
regard to the search for an etiological 
factor of systemic sclerosis

Taking into account the etiological correlation be-
tween B. burgdorferi and skin fibrosis consistent with 
localized scleroderma and its different forms presented 
above, there arises the question whether the same cor-
relation can be found for systemic sclerosis.

The pathomechanism of this condition is thought to 
be complex and its etiology multifactorial, including dis-
turbed collagen production by fibroblasts as well as vas-
cular lesions that together may affect the development 
of sclerosis. The endothelial damage is the first step in 
its pathogenesis, and it may manifest with a Raynaud’s 
symptom and microangiopathy. Genetic, environmental 
and infectious factors may play a role in the pathomech-
anism of this condition [23]. Persistent infection with  
B. burgdorferi is thought to affect the cells of the vas-
cular endothelium, and it may lead to their damage, as 
well as to the development of microvasculopathy and/or 
activation of skin fibroblasts [23].

Wackernagel et al. [24] described a  patient with 
sclerosis in whom this condition developed only after 
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infection with B. burgdorferi. Results of diagnostic tests 
confirming the infection included positive results for 
antibodies against B. burgdorferi and positive PCR for 
B. burgdorferi in the urine. The patient exhibited a Ray-
naud’s symptom, pitting swelling of the face and upper 
trunk that led to skin thickening and sclerosis. Additional 
serological tests revealed positive anti-centromere anti-
bodies. The role of a bacterial infection as a pathological 
factor was confirmed after treatment had been applied. 
The infection was successfully treated with intravenous 
ceftriaxone, and complete regression of skin lesions was 
observed. This case report suggests that B. burgdorferi 
may be treated as an etiological factor causing systemic 
sclerosis in patients with a predisposition for its devel-
opment [24].

However, some studies did not confirm the theory 
claiming that bacterial infections play a role in the com-
plex pathomechanism of this condition. Mayes et al. 
[23] used a broad bacterial panel evaluating the genetic 
presence of several bacterial species, including B. burg-
dorferi, and they did not demonstrate persistent bacte-
rial infections in skin biopsy specimens collected from 
patients with sclerosis.

The role of infection with B. burgdorferi or other bac-
terial infections as a causative factor participating in the 
complex pathomechanism of systemic sclerosis is con-
troversial.

Some studies suggest that viral infections may play 
a  role in the pathogenesis of this systemic connective 
tissue disease. The infection with human cytomegalovi-
rus that infects endothelial cells and monocytes is sus-
pected to play a role in the development of SSc [25]. Re-
searchers suggest that cytomegalovirus infection leads 
to endothelial damage and impaired fibroblast func-
tions. Parvovirus B19 may also play a vital role, among 
other viral factors. DNA of this virus was demonstrated 
more often in skin biopsy specimens and bone marrow 
specimens in patients with SSc compared to a control 
group [26].

Available methods to treat SSc are only partially ef-
fective, and therefore it is necessary to conduct further 
studies regarding the pathomechanism of this condi-
tion, including the role of persistent infection in the SSc 
pathogenesis.

Summary

The role of Borrelia burgdorferi infection is still poorly 
known with regard to its possible role as an etiological 
factor in the development and pathogenesis of some 
dermatological and rheumatological conditions, includ-
ing sclerosis. The problem of bacterial contribution to the 
development of many late organ lesions in the course of 

LD is still an issue that has to be explored further. There-
fore the subject of studies regarding the Borrelia sp. spi-
rochete requires further attention and interest.

The authors declare no conflict of interest.
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