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ARTICLE INFO ABSTRACT
Article history: Lyme borreliosis is a frequently encountered tick-borne infection worldwide, caused by a
Received 9 June 2024 spirochete from the Borrelia burgdorferi genoscpecies. In most cases, the initial sign of
Accepted 17 September 2024 Lyme disease is the pathognomonic symptom — erythema migrans rash appearing at the
Available online 28 September 2024 site of the thick bite. Other described cutaneous manifestations besides erythema migrans
- such as erythema nodosum (an acute nodular septal panniculitis), papular urticaria, gran-
Keywords: uloma annulare, psoriatic changes, lichen striatus et atrophicans, Henoch-Schoénlein pur-
Borrelia burgdorferi pura, and morphea - could potentially present as an initial/first sign of acute Borrelia
Lyme borreliosis burgdorferi infection. Serological testing for Lyme disease is only reliable after the initial
Erythema nodosum stages of the disease. Additional PCR or serological examinations such as ELISA, immuno-
Pathognomonic symptom blot, indirect immunofluorescence examination could be performed. The diverse cutane-

ous manifestations of Lyme disease can lead to delays or ineffectiveness in treatment, as
these symptoms may not be promptly identified as signs of the infection. Therefore, a
comprehensive evaluation of the three key aspects — clinical findings, serology, and histol-
ogy — is essential and should be considered collectively. We present a 78-year-old female
with an acute form of Borrelia infection following a thick bite, manifesting as erythema
nodosum on the lower extremities. Serology confirmed the presence of Borrelia infection,
and the histological findings were indicative of erythema nodosum. The patient initially
received anti-inflammatory and antibiotic medications. Reverse development of the nod-
ules was observed after therapy with ceftriaxone, methylprednisolone, esomeprazole, and
local dressings with povidone-iodine. For outpatient care, her regimen consisted of sys-
temic reduction of the corticosteroid therapy, esomeprazole, and doxycycline. Due to the
potential triggering of erythema nodosum by valsartan, it was recommended switching to
an alternative medication. The rarity of erythema nodosum as an initial or first sign of
acute Borrelia infection is being discussed.
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Introduction

Lyme borreliosis, commonly referred to as Lyme disease, is
a common tick-borne infection caused by the bacterial spi-
rochete from the Borrelia burgdorferi sensu lato complex.*
It is transmitted through the bite of ticks belonging to the
Ixodes genus, most commonly Ixodes scapularis (deer
tick).! The disease progresses through three stages: early
localized, early disseminated, and late, each exhibiting dis-
tinct characteristics."

In 70—80 % of cases, the initial sign of Lyme disease is the
pathognomonic symptom-erythema migrans rash at the site
of the thick bite, which is an expanding, erythematous cuta-
neous lesion measuring 5 cm in diameter or larger." The rash
typically appears 1-2 weeks after the initial thick bite, pre-
senting as a homogenous erythema or a target-like lesion.*
Untreated, the disease can advance to more severe stage,
including symptoms like arthritis, neurological issues, or car-
diologic conditions."

During the initial weeks of Borrelia infection, serological
testing is unsensitive, and patients with erythema migrans or
a history of a thick bite should begin treatment promptly.*

The patient’s age and the stage of the disease are impor-
tant in determining the appropriate treatment plan.” Differ-
ent antibiotics are available for treatment: doxycycline is
typically preferred for most patients above 8 years old with
early, localized disease, excluding children and pregnant
women, cefrtiaxone is recommended as an alternative or in
case of pregnancy; and amoxicillin and cefuroxime are the
preferred choices for patients under 8 years old.*

Erythema nodosum is a frequent acute nodular septal pan-
niculitis, marked by sudden appearance of painful, deep nod-
ules or plaques, primarily found on the lower extremites.’
Women are more affected compared to the male population.?
It occurs commonly as an acute or recurrent type IV delayed
hypersensitivity response to different antigens, infectious or
noninfectious.”? Sarcoidosis - Lofgren syndrome, character-
ized by a triad of erythema nodosum, acute arthritis, and hilar
lymphadenopathy, is classified under the miscellaneous non-
infectious causes of erythema nodosum.” Further tests are
required to differentiate the origin of the erythema nodosum.

We conducted a comprehensive search and gathered all
available articles published in PubMed regarding Lyme dis-
ease or acute Borrelia infection presenting clinically and his-
tologically as erythema nodosum. Our primary focus will be
on this rare coexistence and discuss the potential link
between them while reviewing the available literature.

Case report

A 78-year-old female presented to the dermatology depart-
ment with primary complaints of multiple erythematous-
edematous lesions on the right thigh following a tick bite. She
also reported pain in both legs and lower back for several
days, along with swelling in her lower legs.

According to the anamnesis, the bite sites initially
appeared red with a “dot” in the center (clinical suspicion for
erythema migrans), which quickly developed into painful

nodules. These nodules were particularly sensitive to palpa-
tion, but also caused spontaneous pain. She visited her gen-
eral practitioner, who prescribed dexamethasone im. for
three days and antihistamine tablets. The patient visited
another general practitioner who prescribed cetirizine dihy-
drochloride 10 mg one tablet a day. Before her hospitalization,
following another consultation, the patient was also pre-
scribed amoxicillin/clavulanic acid 875 mg/125 mg twice daily
for several days, bilastine 20 mg once daily, and daily ban-
dages with povidone-iodine.

Her medical history includes arterial hypertension, which
the patient manages with amlodipine 5 mg administrated
once daily in the morning, and valsartan 160 mg once daily at
night.

The patient presented for a physical evaluation of the
lesions and further therapeutic approach to be established.

The dermatological examination revealed multiple ery-
thematous-edematous lesions with crusts located on the left
and right lower extremities, pretibial area (Fig. 1a-d). Enlarged
lymph nodes were not palpable.

Due to clinical suspicion of erythema nodosum, laboratory
tests were assigned which resulted in: ANA antibodies 1:100,
ANA panel — normal; serology for Borrelia Burgdorferi — IgM
— 2.05 (a positive result; referent values above 1.1 is consid-
ered positive), IgG — 0.56 (a negative result; referent values
under 0.9 is considered negative). The serology for B. Burgdor-
feri was conducted using Enzyme-Linked Immunosorbent
Assay (ELISA) test.

A punch biopsy was conducted from one of the lesions in
the left lower leg area (Fig. 1c), revealing marked orthohyper-
keratosis, irregular acanthosis, significant fibrosis throughout
the dermis, septal panniculitis with the formation of dense
collagen sheaths extending deep into the hypodermis (Fig. 2a
and b). The histological findings were consistent with ery-
thema nodosum (Fig. 2a and b).

A chest X-Ray was taken to rule out Lofgren’s syndrome
within sarcoidosis. Due to the pain and numbness in the
lower limbs, a consultation with a neurologist was scheduled,
and a CT scan of the lumbar region was performed. To rule
out macroangiopathy, a consultation with a vascular surgeon
was appointed, who added procyanidolic oligomers 150 mg
administrated twice daily to the therapy.

Treatment was initiated with ceftriaxone sodium 2 g once
daily and methylprednisolone 20 mg i.v. once daily, along
with esomeprazole 40 mg twice daily and local dressings with
povidone-iodine. Reverse development of the nodules was
observed.

For outpatient care, the following regimen was recom-
mended: reduction of the systemic corticosteroid therapy,
esomeprazole 40 mg twice daily for one month, and doxycy-
cline 100 mg twice daily for 21 days. Due to the potential trig-
gering of erythema nodosum by valsartan, it was
recommended to switch to another medication after consult-
ing with a cardiologist.

Discussion

In endemic regions, medical practitioners can face significant
challenges when dealing with insect bites capable of



BRAZ ] INFECT DIS. 2024;28(6):103877 3

Ic

\ >
» .
Fig. 1-(a-d) Multiple erythematous-edematous lesions with crusts located on the left and right lower extremities, pretibial

area (a-d). The punch biopsy was conducted from an erythema nodosum lesion located in the lower pretibial area of the left
lower extremities (c).

Fig. 2-(a and b) Erythema nodosum: marked orthohyperkeratosis, irregular acanthosis, significant fibrosis throughout the
dermis, septal panniculitis with the formation of dense collagen sheaths extending deep into the hypodermis. (a) Septal pan-
niculitis x 40 x HE - septal panniculitis with small foci of inflammatory cells extending into the adjacent fat lobules. (b) Septal
panniculitis x 100 x HE - fibrotic collagen bundles, forming thick septal compartment, extending into the adjacent lobular fat
with small groups of lymphocytes and a few histiocytes.
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transmitting different types of diseases. The occurrence of
two major-borne zoonoses in Europe, tick-borne encephalitis
and Lyme borreliosis, is rising due to changes in human
behavior and climate change.® For the purposes of this article,
the focus will be on Lyme borreliosis.

Bulgaria, located in south-eastern Europe, has limited
information on Lyme borreliosis. Our review of the available
medical literature indicates that the prevalence of the disease
is relatively low in Bulgaria compared to other countries,
making it a rare disease in this region.* ® Chronologically, we
will evaluate the data from the most available literature to
determinate whether the low incidence rate is accurate or if it
may be attributed to factors such as underreporting, misdiag-
nosis, false negative results, or asymptomatic infections.

Christova et al.* analyzed the clinical and epidemiological
data of 1257 patients diagnosed between 1999 and 2002. When
comparing different age groups, the highest incidence was
observed in children aged 5-9 years, followed by adults aged
45-49 years, 50-54 years, and children aged 10-14 years.” The
majority of patients (68 %) were either more active in
or resided in rural areas.* According to the study, the most
prevalent clinical sign was erythema migrans, noted in 868
patients (69.1 %), followed by neuroborreliosis in 19 % of the
patients, Lyme arthritis in 8 %, and heart and ocular manifesta-
tions in 1.1 % and 0.9 % of the patients, respectively.? Borrelial
lymphocytoma and acrodermatitis chronica atrophicans were
observed in 0.3 % of the patients, while 2.1 % of patients had
multiple organ involvement.*

Ermenlieva et al.”° reported that the mean annual inci-
dence of Lyme borreliosis in Bulgaria for the period 2009-
2018 was 6.9 cases per 100,000 population, with a range
between 4.1 and 11.6 cases per year. Lyme disease was
found to vary significantly at the regional level, with 10-
year average rates ranging from 0.3 cases per 100,000 in
the Kardzhali region to 30.9 cases per 100,000 in the Gab-
rovo region.” The northern regions of the country were
identified as the most susceptible, exhibiting the highest
incidence rates of the disease.’

Ngoc et al.® stated that the annual incidence rate was 3.64
per 100,000 people over the past five years.® In their study,
1892 serum samples collected in December 2023 were ana-
lyzed for specific IgG antibodies using two-tier testing proto-
col, which involved both ELISA and immunoblot methods.
The overall seroprevalence rate was estimated at 5.4 %, with
significant increases observed based on age (peaking at 8.4 %
in individuals over 65), sex (8.4 % in males compared to 3.3 %
in females) and residence (10.2 % in rural areas compared to
4.4 % in urban areas).® Seroprevalence ranged from 0.0 % to
20.0 %, with higher rates reported in northern provinces,
including Gabrovo (18.9 %) and Targovishte (20.0 %).°

Although Lyme disease is less prevalent in Bulgaria com-
pared to endemic regions in other parts of the world, the
country has reported a relatively lower numbers of cases per
100,000 individuals. Analyzing data from the three periods
covered by the above-mentioned articles - 1999-2022, 2009-
2018, and 2023 indicates a decline in incidence rates over the
years. This decrease may be attributed to correct and fast
diagnosis, greater public awareness, and routine medical
check-ups. It is also evident that rural areas, particularly in
the northern provinces of Bulgaria, present the highest risk

for Borreliosis infection. After reviewing the presented
papers, erythema migrans was identified as the most com-
mon clinical manifestation of Lyme disease. Less frequently
reported clinical signs include Borrelial lymphocytoma and
acrodermatitis chronic atrophicans. Unusual signs, such as
erythema nodosum, were not mentioned in these studies.

An article by Sarah E. Randolph® described the term infec-
tion prevalence as being determined by the complex interac-
tion of diverse genetic strains of Borrelia burgdorferi with a
broad spectrum of vertebrate host species, including both
mammalian and avian, within an abiotic environment. Many
of the host species for Ixodes ricinus vary in their competence
to transmit different genospecies of Borrelia burgdorferi to
the tick population.® For instance, in Western Europe, rodents
transmit B. afzelii and B. burgdorferi s.s., while birds transmit B.
garinii and B. valaisiana.’ Analyzing host-tick interactions ena-
bles us to identify infection patterns and evaluate the risk of
human infection.?

Ixodes tick-borne borrelioses refer to a group of transmis-
sible infections caused by the spirochete Borrelia burgdor-
feri.” These infections are characterized by chronic,
progressive course, multiple organ dysfunctions, facial
rashes, urticaria, and transient pointed and minor erup-
tions.” Pathognomonic marker of the acute disease stage is
the appearance of erythema migrans at the site of the thick
bite.” Based on the patient’s medical history, the red bite
sites with a central “dot” are highly indicative of erythema
migrans lesions. These lesions subsequently faded following
the initiation of the anti-inflammatory drug dexamethasone.
A study performed by Ramesh et al.® reported a significant
reduction in the levels of several immune mediators induced
by Borrelia burgdorferi in culture supernatants of fibroblast
culture explants, microglia, astrocytes, and oligodendro-
cytes. Additionally, dexametasone was found to have a pro-
tective effect against Borrelia burgdorferi-induced neuronal
and oligodendrocyte apoptosis in rhesus fibroblast culture
explants.®

In a retrospective-prospective clinical study by Krkic-Dau-
tovic et al,’ treatment was administered to 509 (30.8 %)
patients exhibiting symptoms of borreliosis. Skin changes
accompanied by chronic symptoms affecting multiple organs
occurred in 67.7 % of cases.” These manifestations included
pink/white borreliosis stretch marks, psoriatic changes,
scleroderma circumscripta-morphae, granuloma anulare,
lichen striatus et atrophicans, and erythema nodosum.’
32.3 % of patient did not exhibit any skin changes.’ The study
suggests that European borreliosis can manifest in various
ways through skin changes, suggesting that erythema
migrans alone does not define the disease.” Erythema nodo-
sum was found to be a rare occurrence as a skin change in
patients with chronic relapsing symptoms, appearing in just
2.50 % of all cases studied, making it a relatively rare clinical
finding.’

In another study, other cutaneous lesions besides ery-
thema migrans, such as erythema nodosum, papular urti-
caria, granuloma annulare, Henoch-Schoénlein purpura,
and morphea, were found in patients with positive sero-
logical tests for Borrelia burgdorferi infection.'® Among the
patients with erythema nodosum, 2 out of 9 tested posi-
tive for the spirochete.’® A distinctive cutaneous reaction
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pattern indicative of infection by reactive arthropathy-
associated pathogens was suggested by Magro et al.'* The
majority of the 16 patients included in the study devel-
oped skin lesions clinically similar to erythema multi-
forme, Sweet’s syndrome, and/or erythema nodosum.**
Among the pathogens discussed in the article, Borrelia
burgdorferi was also identified."

These studies suggest that the above-mentioned cutane-
ous manifestations, especially erythema nodosum, occurring
after Borrelia burgdorferi infection, though rare, could poten-
tially serve as markers or at least be indicative of the disease
in the diagnostic process.

Panniculitis as a diagnose itself is relatively rare.’” The
smaller subset of lymphocyte-predominant panniculitis
can be challenging to every pathologist due to its resem-
blance to T-cell lymphoma involving the subcutaneous
tissue, thereby mimicking inflammatory causes of pannicu-
litis.» Erythema nodosum is a septal-predominant pattern
panniculitis,’” characterized by bilateral and symmetric,
tender erythematous nodules and plaques, measuring 1-
6 cm in diameter, mainly located in the lower extremites
on the pretibial areas.”> While erythema nodosum is com-
monly categorized as a type IV delayed hypersensitivity
reaction to antigenic stimuli, some authors suggest that
the condition could be the result of formation and deposi-
tion of immune complexes in the venules of the septae of
the subcutaneous fat.'***

An acute presentation of sarcoidosis, known as Lofgren
syndrome, typically includes the triad erythema nodosum,
bilateral hilar lymphadenopathy and fever.'”> Patients can
also experience periarticular ankle inflammation and develop
papular lesions on the knees and elbows."**> The absence of
these symptoms in the patient, along with the results of the
additional chest X-Ray, resulted in the ruling out of Lofgren
syndrome as a diagnosis.

A tick-borne zoonosis not associated with the Ixodes ricinus
complex, described by colleagues, is the Baggio-Yoshinari Syn-
drome (BYS), a Brazilian human borreliosis.”® In the article,
chronic lymphomonocytic meningoencephalitis, oligoarthritis,
and erythema nodosum are presented as manifestations of
BYS.'® The causative agent, Borrelia burgdorferi sensu lato
microorganisms, can mimic Lyme disease on both clinically
and in laboratory evaluations.'® However, it can be differenti-
ated by its prolonged clinical course, recurrent episodes, and
autoimmune dysfunction.’®

Borrelia burgdorferi antibodies can be detected using indirect
immunofluorescent test."” The study categorized 124 subjects
into groups based on the role of Borrelia burgdorferi antibodies
in patients with scleroderma circumscripta, lichen sclerosus et
atrophicus, erythema nodosum, granuloma annulare, erythema
annulare and chronic urticaria.” These were compared to a
negative control group of 131 individuals in which Borrelia burg-
dorferi was not considered the etiologic cause of disease, and
positive group of 55 patients with lyme borreliosis.”” The results
concluded that the negative control group had a positive titer in
44 cases (33.6 %; n = 131) and the positive titer was found in 9
probands within the erythema nodosum group (64.3 %, n = 14)."
The article suggests that Borrelia burgdorferi may play a role in
the etiology of diseases like erythema nodosum in individuals
with elevated levels of antibodies."”

Some authors, however, have suggested that the presence
of Borrelia antibodies even in the presence of fever, joint pain
and erythema, does not conclusively indicate to the diagnosis
of Lyme disease.'® In these cases, serological examinations
such as ELISA, immunoblots, two-tiered testing algorithms
involving ELISA followed by immunoblots, specific antibody
index measurements (calculated using the antibody titers in
both serum and cerebrospinal fluid), and indirect immunoflu-
orescence examination, can be used in diagnosing the
disease.”

The first-line treatment for Lyme disease in nonpregnant
patients aged 9 years and older is doxycycline 100 mg orally,
twice daily.?® For patients younger than 9 years, the recom-
mended treatment is or amoxicillin 50 mg kg™ per day admin-
istered.”® The second-line treatment for adults with Lyme
disease is amoxicillin 500 mg administered orally.”® Patients
allergic to penicillin or cannot take tetracyclines (for example
pregnant women), can be treated with cefuroxime axetil or
erythromycin, with dosage regimens adjusted accordingly.”
Depending on the stage of the infection, therapy regimens
vary: from 14 days for localized skin infections, to 30-60 days
for Lyme-associated arthritis.” Acrodermatitis chronic atro-
phicans, commonly seen in Europe, typically requires treat-
ment duration of 30 days.”® Patients with neuroborreliosis or
cardiovascular manifestations require treatment with intra-
venous ceftriaxone, cefotaxime, or penicillin G, each for a
minimum of 4 weeks.?

Conclusion

While erythema migrans is widely acknowledged as the
pathognomonic sign of Lyme disease, it is crucial not to over-
look other cutaneous manifestations. Despite its rarity, ery-
thema nodosum, can serve as a valuable diagnostic marker
when it manifests.

After conducting a thorough review of the available litera-
ture on PubMed, we identified 10 articles linking erythema
nodosum as a cutaneous manifestation to a Borrelia burgdor-
feri infection. This, along with the presented case report, fur-
ther supports our hypothesis that erythema nodosum, when
observed, could be regarded as a first/initial sign of Borrelia
infection.

Informed consent

Informed consent was obtained from all individuals included
in this study.

The patients in this manuscript have given written
informed consent to publication of their case details.

The authors declare that this article is intended for a case
report article.

Research funding

None declared.



6 BRAZ J INFECT DIs. 2024;28(6):103877

Authors’ contributions

All authors have accepted responsibility for the entire content
of this manuscript and approved its submission.

Conflicts of interest

The authors declare no conflicts of interest.

Acknowledgments
Not applicable.

REFERENCES

1. Skar GL, Simonsen KA. Lyme Disease. 2024 May 8. StatPearls
[Internet]. Treasure Island (FL): StatPearls Publishing; 2024 Jan
—. PMID: 28613720.

2. Hafsi W, Badri T. Erythema Nodosum. [Updated 2022 Nov 28].
StatPearls [Internet]. Treasure Island (FL): StatPearls
Publishing; 2024. Jan. Available from https://www.ncbi.nlm.
nih.gov/books/NBK470369/.

3. Randolph SE. The shifting landscape of tick-borne zoonoses:
tick-borne encephalitis and Lyme borreliosis in Europe. Philos
Trans R Soc Lond B Biol Sci. 2001;356:1045-56.

4. Christova I, Komitova R. Clinical and epidemiological features
of Lyme borreliosis in Bulgaria. Wien Klin Wochenschr.
2004;116:42-6.

5. Ermenlieva N, Tsankova G, Todorova TT. Epidemiological
study of Lyme disease in Bulgaria. Cent Eur ] Public Health.
2019;27:235-8.

6. Ngoc K, Trifonova I, Gladnishka T, et al. Serological
assessment of lyme borreliosis in bulgaria: a nationwide
study. Pathogens. 2024;13:754. https://doi.org/10.3390/
pathogens13090754.

7. Simakova Al, Popov AF, Dadalova OB. [Ixodes tick-borne
borreliosis with erythema nodosum]. Med Parazitol (Mosk).
2005(4):31-2. Russian.

8. Ramesh G, Martinez AN, Martin DS, Philipp MT. Effects of
dexamethasone and meloxicam on Borrelia burgdorferi-

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

induced inflammation in glial and neuronal cells of the
central nervous system. ] Neuroinflamm. 2017;14:28.

. Krkic-Dautovic S, Salihbegovic A, Dervisevic E, et al. Clinical

manifestations of European Borreliosis on the skin in acute,
subacute and chronic disease. Mater Sociomed. 2024;36:33-9.
Berger BW. Dermatologic manifestations of Lyme disease. Rev
Infect Dis. 1989;11:51475-81.

Magro CM, Crowson AN. A distinctive cutaneous reaction
pattern indicative of infection by reactive arthropathy-
associated microbial pathogens: the superantigen ID reaction.
J Cutan Pathol. 1998;25:538-44.

Shiau CJ, Abi Daoud MS, Wong SM, Crawford RI. Lymphocytic
panniculitis: an algorithmic approach to lymphocytes in
subcutaneous tissue. J Clin Pathol. 2015;68:954-62.
Pérez-Garza DM, Chavez-Alvarez S, Ocampo-Candiani J,
Gomez-Flores M. Erythema nodosum: a practical approach
and diagnostic algorithm. Am J Clin Dermatol. 2021;22:367-78.
Requena L, Sanchez Yus E. Erythema nodosum. Semin Cutan
Med Surg. 2007;26:114-25.

Mana J, Marcoval J. Erythema nodosum. Clin Dermatol.
2007;25:288-94.

Rosa Neto NS, Gauditano G, Yoshinari NH. Chronic
lymphomonocytic meningoencephalitis, oligoarthritis and
erythema nodosum: report of Baggio-Yoshinari syndrome of
long and relapsing evolution. Rev Bras Reumatol. 2014;54:148-
51. English, Portuguese.

Svecova D, Buchvald J. Protilatky proti Borrelia burgdorferi
pri sclerodermia circumscripta, lichen sclerosus et
atrophicus, erythema nodosum, granuloma anulare,
erythema anulare a urticaria chronica [Borrelia burgdorferi
antibodies in scleroderma circumscripta, lichen sclerosus
et atrophicus, erythema nodosum, granuloma annulare,
erythema annulare and chronic urticaria]. Bratisl Lek Listy.
2000;101:194-9. Slovak.

Stiefelhagen P. Auch bei Fieber, Gelenkschmerzen und
Erythem: borrelien-Antikorper beweisen keine Lyme-
Krankheit [Even in fever, joint pain and erythema: borrelia
antibodies do not prove Lyme disease]. MMW Fortschr Med.
2006;148:14.. German.

Leeflang MM, Ang CW, Berkhout J, et al. The diagnostic
accuracy of serological tests for Lyme borreliosis in Europe: a
systematic review and meta-analysis. BMC Infect Dis.
2016;16:140.

Bratton RL, Whiteside JW, Hovan MJ, Engle RL, Edwards FD.
Diagnosis and treatment of Lyme disease. Mayo Clin Proc.
2008;83:566-71.


http://refhub.elsevier.com/S1413-8670(24)00160-0/sbref0001
http://refhub.elsevier.com/S1413-8670(24)00160-0/sbref0001
http://refhub.elsevier.com/S1413-8670(24)00160-0/sbref0001
https://www.ncbi.nlm.nih.gov/books/NBK470369/
https://www.ncbi.nlm.nih.gov/books/NBK470369/
http://refhub.elsevier.com/S1413-8670(24)00160-0/sbref0003
http://refhub.elsevier.com/S1413-8670(24)00160-0/sbref0003
http://refhub.elsevier.com/S1413-8670(24)00160-0/sbref0003
http://refhub.elsevier.com/S1413-8670(24)00160-0/sbref0004
http://refhub.elsevier.com/S1413-8670(24)00160-0/sbref0004
http://refhub.elsevier.com/S1413-8670(24)00160-0/sbref0004
http://refhub.elsevier.com/S1413-8670(24)00160-0/sbref0005
http://refhub.elsevier.com/S1413-8670(24)00160-0/sbref0005
http://refhub.elsevier.com/S1413-8670(24)00160-0/sbref0005
https://doi.org/10.3390/pathogens13090754
https://doi.org/10.3390/pathogens13090754
http://refhub.elsevier.com/S1413-8670(24)00160-0/sbref0007
http://refhub.elsevier.com/S1413-8670(24)00160-0/sbref0007
http://refhub.elsevier.com/S1413-8670(24)00160-0/sbref0007
http://refhub.elsevier.com/S1413-8670(24)00160-0/sbref0008
http://refhub.elsevier.com/S1413-8670(24)00160-0/sbref0008
http://refhub.elsevier.com/S1413-8670(24)00160-0/sbref0008
http://refhub.elsevier.com/S1413-8670(24)00160-0/sbref0008
http://refhub.elsevier.com/S1413-8670(24)00160-0/sbref0009
http://refhub.elsevier.com/S1413-8670(24)00160-0/sbref0009
http://refhub.elsevier.com/S1413-8670(24)00160-0/sbref0009
http://refhub.elsevier.com/S1413-8670(24)00160-0/sbref0010
http://refhub.elsevier.com/S1413-8670(24)00160-0/sbref0010
http://refhub.elsevier.com/S1413-8670(24)00160-0/sbref0011
http://refhub.elsevier.com/S1413-8670(24)00160-0/sbref0011
http://refhub.elsevier.com/S1413-8670(24)00160-0/sbref0011
http://refhub.elsevier.com/S1413-8670(24)00160-0/sbref0011
http://refhub.elsevier.com/S1413-8670(24)00160-0/sbref0012
http://refhub.elsevier.com/S1413-8670(24)00160-0/sbref0012
http://refhub.elsevier.com/S1413-8670(24)00160-0/sbref0012
http://refhub.elsevier.com/S1413-8670(24)00160-0/sbref0013
http://refhub.elsevier.com/S1413-8670(24)00160-0/sbref0013
http://refhub.elsevier.com/S1413-8670(24)00160-0/sbref0013
http://refhub.elsevier.com/S1413-8670(24)00160-0/sbref0013
http://refhub.elsevier.com/S1413-8670(24)00160-0/sbref0014
http://refhub.elsevier.com/S1413-8670(24)00160-0/sbref0014
http://refhub.elsevier.com/S1413-8670(24)00160-0/sbref0014
http://refhub.elsevier.com/S1413-8670(24)00160-0/sbref0015
http://refhub.elsevier.com/S1413-8670(24)00160-0/sbref0015
http://refhub.elsevier.com/S1413-8670(24)00160-0/sbref0016
http://refhub.elsevier.com/S1413-8670(24)00160-0/sbref0016
http://refhub.elsevier.com/S1413-8670(24)00160-0/sbref0016
http://refhub.elsevier.com/S1413-8670(24)00160-0/sbref0016
http://refhub.elsevier.com/S1413-8670(24)00160-0/sbref0016
http://refhub.elsevier.com/S1413-8670(24)00160-0/sbref0017
http://refhub.elsevier.com/S1413-8670(24)00160-0/sbref0017
http://refhub.elsevier.com/S1413-8670(24)00160-0/sbref0017
http://refhub.elsevier.com/S1413-8670(24)00160-0/sbref0017
http://refhub.elsevier.com/S1413-8670(24)00160-0/sbref0017
http://refhub.elsevier.com/S1413-8670(24)00160-0/sbref0017
http://refhub.elsevier.com/S1413-8670(24)00160-0/sbref0017
http://refhub.elsevier.com/S1413-8670(24)00160-0/sbref0017
http://refhub.elsevier.com/S1413-8670(24)00160-0/sbref0017
http://refhub.elsevier.com/S1413-8670(24)00160-0/sbref0018
http://refhub.elsevier.com/S1413-8670(24)00160-0/sbref0018
http://refhub.elsevier.com/S1413-8670(24)00160-0/sbref0018
http://refhub.elsevier.com/S1413-8670(24)00160-0/sbref0018
http://refhub.elsevier.com/S1413-8670(24)00160-0/sbref0018
http://refhub.elsevier.com/S1413-8670(24)00160-0/sbref0018
http://refhub.elsevier.com/S1413-8670(24)00160-0/sbref0019
http://refhub.elsevier.com/S1413-8670(24)00160-0/sbref0019
http://refhub.elsevier.com/S1413-8670(24)00160-0/sbref0019
http://refhub.elsevier.com/S1413-8670(24)00160-0/sbref0019
http://refhub.elsevier.com/S1413-8670(24)00160-0/sbref0020
http://refhub.elsevier.com/S1413-8670(24)00160-0/sbref0020
http://refhub.elsevier.com/S1413-8670(24)00160-0/sbref0020

	Erythema nodosum as first clinical sign of acute Borrelia burgdorferi infection
	Introduction
	Case report
	Discussion
	Conclusion
	Informed consent
	Research funding
	Authors´ contributions
	Conflicts of interest
	Acknowledgments
	References


