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L yme disease is the most common tick-borne in-
fectious disease in Europe (1). The responsible

pathogen, Borrelia burgdorferi, was discovered 26
years ago.  This organism was found to be the cause of
erythema chronicum migrans and of other disease
manifestations as well, and the overarching entity of
Lyme borreliosis was thereby defined. After the mani-
festations of neuroborreliosis had been wrongly ascribed,
for decades, to an unknown virus, this discovery was a
milestone in modern infectious disease medicine. The
identification of the pathogen also opened up new pos-
sibilities for the etiological diagnosis of a variety of
conditions due to Borrelia burgdorferi sensu lato (of
which the main types are Borrelia burgdorferi sensu
stricto, B. garinii, B. afzelii, and B. spielmanii), as well
as new possibilities for pathogen-directed antibiotic
therapy aimed at the cause of the disease.

Borrelia burgdorferi sensu lato, like Treponema pal-
lidum and other pathogenic organisms, can cause chronic
as well as acute infection (1). In persistent infections of
the central nervous system (CNS), the bacterial count
in the CNS is often low; bacterial constituents are
released in small quantities over an extended period of
time. Current research therefore addresses the question
whether this might lead to stimulation of both the innate
immune response (predominantly through the family
of toll-like receptors) and the acquired immune re-
sponse (by stimulating antigen-specific B and T cells),
thereby maintaining a state of chronic inflammation.
Furthermore, autoimmune processes are suspected to
play a role in the development of chronic disease man-
ifestations (2).

In parallel with the marked improvement of know-
ledge about the causative organism, clinical features,
diagnosis, and treatment of Lyme disease in recent
years, this disease entity has also become a collecting
basin for speculations and fears about a possible link

Causative organisms
Acute and chronic infection in human beings
can be caused by Borrelia burgdorferi sensu
lato, of which the main types are Borrelia burg-
dorferi sensu stricto, B. garinii, and B. afzelii. 
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SUMMARY
Background: Lyme disease is the most frequent tick-borne
infectious disease in Europe. The discovery of the causative
pathogen Borrelia burgdorferi in 1982 opened the way for
the firm diagnosis of diseases in several clinical disciplines
and for causal antibiotic therapy. At the same time,
speculation regarding links between Borrelia infection and
a variety of nonspecific symptoms and disorders resulted
in overdiagnosis and overtreatment of suspected Lyme
disease.

Method: The authors conducted a selective review of the
literature, including various national and international
guidelines.

Results: The spirochete Borrelia burgdorferi sensu lato is
present in approximately 5% to 35% of sheep ticks (Ixodes
ricinus) in Germany, depending on the region. In contrast to
North America, different genospecies are found in Europe.
The most frequent clinical manifestation of Borrelia
infection is erythema migrans, followed by neuroborreliosis,
arthritis, acrodermatitis chronica atrophicans, and
lymphocytosis benigna cutis. Diagnosis is made on the
basis of the clinical symptoms, and in stages II and III by
detection of Borrelia-specific antibodies. In adults erythema
migrans is treated with doxycycline, in children with
amoxicillin. The standard treatment of neuroborreliosis is
third-generation cephalosporins.

Conclusions: After appropriate antibiotic therapy, the
outcome is favorable. In approximately 95% of cases
neuroborreliosis is cured without long-term sequelae.
When chronic borreliosis is suspected, other potential causes
of the clinical syndrome must be painstakingly excluded.
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between tick-borne pathogens and a multiplicity of
nonspecific complaints and conditions. One reason for
this is the relatively high prevalence of antibodies
against Borrelia burgdorferi (5% to 25%) even in
healthy persons, depending on their prior exposure to
tick bites in their occupational and leisure-time activities
(1). The persistence of antibodies is not uncommonly
misconstrued as evidence of florid infection, and thus
the overdiagnosis and overtreatment of Lyme disease
have become a significant problem. It is not surprising
that worried physicians and patients often insist on treat-
ment with antibiotics even in the absence of a clear
indication.

Learning objectives: After reading this article, the
reader should 

� be acquainted with preventive measures against
Borrelia infections, 

� know when disease due to Borrelia burgdorferi is
to be diagnosed, and

� know what kind of antibiotic treatment is appro-
priate, according to current knowledge.

Microbiology
The Gram-negative spirochetal bacterium Borrelia
burgdorferi sensu lato is transmitted by the bite of an
infected tick; in Germany, depending on the region, it
is found in about 5% to 35% of ticks (e.g., in 25% of
the ticks studied in southern Lower Saxony in the
spring of 2007). The disease that it causes, Lyme bor-
reliosis, has highly variable and often complex clinical
manifestations and therefore must be included in the
differential diagnosis of conditions belonging to many
different medical specialties. Unlike the pathogen causing
early summer meningoencephalitis, Borrelia burgdorferi
is present throughout central Europe, in the same
geographical area as its vector, the ixodid tick (Ixodes
ricinus).

In Europe, unlike North America, there are several
clinically relevant species of Borrelia burgdorferi causing
human disease, which can be distinguished from each
other genotypically (Borrelia burgdorferi sensu stricto,
B. afzelii, B. garinii, B. spielmanii). Borrelia spielmanii
has been described to date only as a cause of erythema
migrans. Borrelia afzelii is the only known pathogen
causing the chronic skin condition acrodermatitis
chronica atrophicans (3). The other species can appar-
ently give rise to all of the clinical manifestations of
borreliosis (3).  Borrelia garinii is found more often in
cases of neuroborreliosis (4).

In view of the different spectrum of pathogens (the
only pathogen causing Lyme disease in the USA is
Borrelia burgdorferi sensu stricto), the findings of
North American clinical studies are not automatically
applicable to the situation in Europe.

The probability of transmission to a human being by
a tick bite is low in the first 24 hours of adhesion and
then increases markedly. It is only after contact with
blood that the borrelia in the gut of the tick migrate to
its salivary gland, so that they can be transmitted to the
human victim through the puncture wound (1, 5).

Preventive measures against infection include the
following:

� Wearing appropriate protective clothing 
� Carefully inspecting the skin for ticks
� Removing the ticks rapidly.
In children, ticks are often found at the hairline. For-

ceps (tweezers) are a suitable instrument for removing
them. Any superfluous manipulation of ticks, e.g.,
crushing them or covering them with oils or ointments,
should be avoided, as these maneuvers may promote
the regurgitation of blood and thereby increase the
likelihood of borrelial transmission. Once the tick has
been removed, the puncture site should be meticulously
disinfected (5).

The prophylactic administration of antibiotics is not
recommended as a routine measure (5). There is debate
about whether this might be of benefit in certain
exceptional cases, e.g., multiple tick bites in a highly
endemic area for the disease, but the necessary duration
of antibiotic treatment in such cases has not been ade-
quately documented in clinical trials. The treatments
that are sometimes given range from a single dose to a
three-week course of antibiotics. The mere demonstra-
tion of borrelia in the tick does not constitute an indi-
cation for antibiotic treatment (5, 6).

After a tick bite, the rate of seroconversion—i.e.,
the probability that specific antibodies to Borrelia
burgdorferi will be produced—is in the range of 3% to
6%. Clinically silent infection is common: clinically
overt disease arises after only 0.3% to 1.4% of tick
bites. In several prospective, regionally representative
studies, the annual incidence of overt borreliosis in
Germany was found to be 100 to 150 cases per 100 000
persons per year (7). In a study based in Würzburg (Ba-
varia) involving 313 cases over a period of 12 months,
Borrelia burgdorferi infection manifested itself as
erythema migrans in 89% of cases, as stage II neuro-
borreliosis in 3%, as borrelial lymphocytoma in 2%, as

Probability of transmission
The probability of transmission to a person bitten
by a tick is low in the first 24 hours of tick
adhesion and then becomes markedly higher.

Antibiotics
The routine administration of antibiotics is not recom-
mended after tick bites. It is currently debated whether
antibiotics should be given under certain exceptional
circumstances, e.g., multiple bites in a highly endemic
area, but the necessary duration of antibiotic treatment
has not yet been adequately studied in clinical trials.
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carditis in less than 1%, as arthritis in 5%, and as acro-
dermatitis chronica atrophicans in 1%. There was not a
single case of chronic (Stage III) neuroborreliosis (7).
Most cases arose between June and August; only 15%
arose between November and April (7).

Clinical features
Lyme borreliosis can affect many different organs. The
stage of the disease is classified as early or late, and the
manifestations are classified as local or generalized.
The frequency of the individual clinical manifestations
is highly variable, depending on the age of the patient,
the species of the pathogen, and other factors (1, 8).

Stage I (days to weeks after the tick bite): erythema
migrans around the site of infection.

Stage II (weeks to six months after the tick bite):
meningoradiculitis (inflammation of the meninges and
nerve roots; Bannwarth syndrome), meningitis, periph-
eral facial palsy, encephalitis, myelitis, cerebral arteritis,
multiple erythemas, arthritis, myalgia, borrelial lympho-
cytoma, myositis, myo- or pericarditis, iritis.

Stage III (longer than six months after the tick bite,
perhaps years after it): encephalitis or encephalomyelitis,
cerebral arteritis, polyneuropathy, mono- or oligo-
arthritis, acrodermatitis chronica atrophicans.

The course of the disease may skip any individual
stage, e.g., a patient with neuroborreliosis need not
have had erythema migrans in the past. Spontaneous
recovery is the rule mainly in stages I and II. Stage III
is differentiated from Stage II rather arbitrarily by a
cut-off interval of six months from the day of the tick
bite.

Stage I (early, localized): The typical, and by far the
most common (> 80%), manifestation of early Borrelia
infection is erythema migrans, which is usually seen
one to two weeks after the tick bite (range, 3 to 30
days) (e1). The erythema spreads locally around the
site of the puncture wound in a circular or oval config-
uration, and it may become quite large. The rash is
painless but may itch. Two or more skin lesions appear
in some cases, indicating early systemic dissemination
of the bacteria. If left untreated, erythema migrans
usually resolves spontaneously in a few days to weeks
(median, 4 weeks).

In 10% to 30% of cases, erythema migrans is
accompanied by nonspecific constitutional symptoms
such as malaise, a subfebrile temperature, short-lasting
migratory pains in the small joints, bursae, and tendons,
and fatigability (1).

Stage II (weeks to six months after the tick bite,
generalized): Meningoradiculoneuritis (Bannwarth
syndrome) is the leading manifestation of this stage in
adult patients. After erythema migrans, this is the
second most common manifestation of acute Lyme
disease in adults. Its main clinical features are lympho-
monocytic meningitis, radiculitis (inflammation of the
spinal nerve roots), cranial nerve deficits (most com-
monly a uni- or bilateral peripheral facial palsy), radic-
ular pain, and paresis (1). The protein concentration in
the cerebrospinal fluid (CSF) is often relatively high, a
finding that distinguishes this condition from a viral
infection of the central nervous system.

In children, the major finding is usually an acute pe-
ripheral facial palsy, usually associated with CSF
pleocytosis, or else a lymphocytic meningitis without
focal neurological manifestations (8, 9).

Borrelial carditis is a relatively rare complication in
Europe (in contrast to North America), occurring in about
1% of all cases of illness due to Borrelia burgdorferi
(7). It reportedly arises with a latency of four days to
seven months after the tick bite (median, 21 days). It is
often accompanied by other manifestations, such as
erythema migrans or neurological deficits. Its symp-
toms are dizziness, palpitations, or syncope, caused by
disturbances of intracardiac impulse generation or im-
pulse conduction. The typical finding is an atrioventric-
ular block of variable severity, which usually resolves
within six weeks. Rarely, ST- and T-wave changes indi-
cate the presence of myocarditis.

Borrelial lymphocytoma (also called lymphadenosis
cutis benigna of Bäfverstedt) is the typical cutaneous
manifestation of stage II disease, usually arising within
2 months of the tick bite. Its frequency is approximately
2%; it is often accompanied by erythema migrans (7).
The lesion is a benign reddish-purple tumor that tends
to appear on the earlobe in children, and on the nipples,
scrotum, nose, or arms in adults (figure 1).

Stage III (late or persistent disease): The typical
manifestations are acrodermatitis chronica atrophicans
of Herxheimer (ACA) and chronic Borrelia-induced
arthritis.

Six months to several years after the tick bite,
inflammatory skin lesions may arise that undergo a
transition to an atrophic stage of ACA. These lesions
tend to appear on the extensor surfaces of the limbs but
are occasionally located on the face or trunk. They
consist of parchment-like thinning of the skin with
prominent venous markings and, sometimes, altered

Clinical entity
Lyme disease can affect many organs. The
frequency of the individual clinical manifestations
varies depending on the age of the patient, the
infecting species, and other factors.

Acrodermatitis chronica atrophicans of
Herxheimer (ACA)
Six months to several years after the tick bite,
inflammatory skin lesions can develop, primarily
on the extensor surfaces of the limbs, which
undergo a transition to an atrophic stage of ACA.
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pigmentation. The patients complain of pain, pruritus,
and hyperesthesia or paresthesia. ACA is occasionally
associated with polyneuropathy.

In stage III, chronically progressive meningoen-
cephalitis and multifocal cerebral vasculitis can arise
(1). The term "chronically progressive meningoen-
cephalitis" is used when irreversible neurological
damage is present and the course of the illness is not
self-limited, as it is in acute Borrelia-induced menin-
goencephalitis.

In a series of 18 patients (10), the following clinical
manifestations were found:

� in 16 patients, spastic quadric- or paraparesis;
� in 11, cranial nerve deficits (figure 2);
� in 9, bladder dysfunction;
� in 7, sensory disturbances;
� in 6, ataxia;
� in 4, altered personality;
� in 2, flaccid paresis;
� in 2, dysarthria.
Fewer than 5% of all patients with neuroborreliosis

suffer from chronic progressive meningoencephalitis.
Cerebral borrelial vasculitis, a rare condition, is an
obliterating vasculitis with thickening of the vascular
intima and adventitia and perivascular lymphocytic
infiltrates (11, 12). Rare cases of extrapyramidal motor
disease associated with Borrelia infection have been
described (e2), but there is some question as to the
causal relationship.

In untreated Lyme disease, joint manifestations can
arise months to years after the tick bite, usually in the
form of a chronic mono- or asymmetrical oligoarthritis.
The knee and elbow joints are most commonly affected.
A not very painful arthritis occurring in episodic
attacks is typical, often associated with a voluminous
effusion but only mild signs of inflammation. Each
episode lasts for several days to weeks. In children,
borrelial arthritis has a good prognosis and rarely
becomes chronic, even when untreated (7, 8) (figure 3).

Diagnostic evaluation
Borrelia burgdorferi sensu lato can be cultured from
body fluids only in highly specialized laboratories,
and, because of the low bacterial count in the fluids
that are tested, the polymerase chain reaction (PCR) is
of limited diagnostic sensitivity. Routine microbio-
logical diagnostic testing therefore generally consists
of an assay for Borrelia-specific antibodies. Lyme
disease is a clinical diagnosis, i.e., clinical criteria (the

history, symptoms, and signs) are decisive for the
assignment of the diagnosis and the interpretation of
the serological findings. The more typical the clinical
features, the less important the serological findings.
Serological examination should be performed imme-
diately whenever an infection with Borrelia burgdorferi
sensu lato is suspected on clinical grounds. If the find-
ings are negative or ambiguous and the clinical suspicion
remains, then the serological examination should be
repeated in three weeks. If clinically evident erythema
migrans is present, no serology need be obtained,
because antibiotic treatment is indicated regardless of
the laboratory findings.

The clinical findings and laboratory parameters are
accordingly considered in the published case-definition
criteria ([13, 14]; see also the box "Internet Addresses"). 

In Europe, microbiological testing for Lyme disease
must take the heterogeneity of the causative organisms
into account. The guidelines recommend a stratified
serological diagnostic evaluation: first, a sensitive

Figure 1: Cutaneous manifestations of Lyme disease:
(a) Macular erythema migrans. (b) Annular erythema migrans with a red margin and central
pallor. (c) Borrelial lymphocytoma on an earlobe. (d) Acrodermatitis chronica atrophicans of
the right arm (photographs kindly supplied by Prof. Dr. H. Prange of the Neurology Department,
Göttingen University Hospital).

a b

c d

Establishing the diagnosis
Lyme disease is a clinical diagnosis, i.e., clinical
criteria (the history, symptoms, and physical fin-
dings) play the decisive role in the establishment
of the diagnosis and the interpretation of serologi-
cal findings.

The interpretation of serological findings
The less specific the patient's symptoms, the
lower the predictive value of a positive serological
finding.



76 Deutsches Ärzteblatt International⏐⏐Dtsch Arztebl Int 2009; 106(5): 72–82

M E D I C I N E

ELISA that differentiates IgG and IgM antibodies
should be used as a screening test. Positive or borderline
results should then be confirmed with an immunoblot,
the interpretation of which is described in the guidelines
(13). In case of doubt, a reference laboratory should
check the specificity of the finding (14).

Antibodies against Borrelia are found in fewer than
50% of patients with erythema migrans (1). In contrast,
when neurological manifestations arise, Borrelia-
specific IgM or IgG antibodies are found in the serum
of more than 90% of patients (9, 13). "Borrelia serology
may be negative in the early phase of a borrelial infec-
tion, particularly if antibiotic treatment has been started
early" (14). Serology together with the corresponding
clinical manifestations has a high diagnostic specificity.

In neuroborreliosis, the CSF examination reveals
pleocytosis, usually with a leukocyte concentration
well below 1000/μL, in which lymphocytes predomi-

nate. The CSF protein concentration is often elevated
to 1 g/L or higher. The clinical suspicion of neurobor-
reliosis is confirmed by the demonstration of CSF
pleocytosis and intrathecally formed specific antibodies
against Borrelia (antibody index, AI). The Borrelia-
specific AI is determined for both IgG and IgM (box).

A pathological Borrelia-specific AI is conclusive
evidence of a current or previous episode of neuro-
borreliosis. In early stages of the disease, the Borrelia-
specific AI can still be negative. CSF pleocytosis
reflects the degree of activity of the inflammatory
process in the central nervous system. Repeated deter-
minations of the specific antibody titer in the serum
and of the CSF/serum AI provide no valid information
about the degree of activity of the disease or the response
to treatment.

In summary, the detection of specific antibodies in
the serum in the early phase of a Borrelia infection is

Figure 2: Manifestations of Lyme disease in the nervous system.

(a) Peripheral facial palsy, a common manifestation of neuroborreliosis
in childhood and adolescence.

(b) CSF pleocytosis in neuroborreliosis: predominantly activated
lymphocytes, monocytes, plasma cells, and rare neutrophilic
granulocytes (kindly supplied by I. Nagel, Neurochemical
Laboratory, Göttingen University Hospital).

(c) Borrelia vasculitis: T2-weighted axial MRI scans of the brain of a
14-year-old girl with subacute right hemiparesis predominantly
affecting the upper limb, CSF pleocytosis, and synthesis of
antibodies against Borrelia burgdorferi in the CNS; complete
clinical resolution after parenteral antibiotic treatment; MRI in the
acute phase (right) and four months later (left).

a b

c

Neuroborreliosis
Clinically suspected neuroborreliosis is confirmed
by the demonstration of CSF pleocytosis and of
intrathecally formed specific antibodies (antibody
index). The Borrelia-specific antibody index (AI) is
determined for both IgG and IgM.

The inflammatory process in the central
nervous system
The Borrelia-specific antibody index (AI) can still
be negative in early stages of the disease. The
criterion for the activity of the inflammatory
process in the central nervous system is CSF
pleocytosis.
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neither a necessary criterion for the diagnosis (e.g., the
sensitivity of this test in the early phase of erythema
migrans is 50% at most) nor a sufficient criterion for it
(as shown by the high prevalence of specific antibodies
[<5% to more than 25%] in the general population).
The less specific the patient's symptoms, the lower the
predictive value of a positive serological finding. Con-
versely, if a borrelial infection has persisted for longer
than eight weeks, Borrelia-specific antibodies must be
detectable in the serum. An elevated Borrelia-specific
AI is not proof of a fresh episode of neuroborreliosis;
even when neuroborreliosis has been successfully treated,
an elevated Borrelia-specific AI can be found for years
afterward, long after the CSF leukocyte count has be-
come normal again.

The direct demonstration of the infectious agent by
laboratory culture or PCR should be attempted only
when there are special indications for this, such as
inconclusive clinical or serological findings. Direct
demonstration requires especially careful preparation
of the sample to be tested (skin biopsy, CSF, joint punc-
ture or biopsy; sensitivity for skin, 50% to 70%; for
joint puncture, 50% to 70% [PCR only]; for CSF, 10%
to 30%). PCR is preferred because it can be performed
much more rapidly than culture.

Neither antigen testing of body fluids nor PCR on
urine samples is recommended, as these techniques have
not been clinically validated. The same holds for the
lymphocyte transformation test, which, in principle,
should be able to detect very early Lyme disease and to
distinguish active from no longer active infection. This
method is particularly subject to false-positive results
and is therefore not suitable for diagnostic use in its
current stage of development (6, 15). 

Treatment
Lyme disease has a good prognosis (14, 16, 17).  Most
of its clinical manifestations are self-limiting. Even in
the pre-antibiotic era, and also afterward, for as long as
neuroborreliosis was mistakenly considered to be a
viral infection (i.e., until 1982), spontaneous cures we-
re often observed. Antibiotic treatment shortens the
clinical course and prevents complications and rare
chronic infections (16, e3–e5). The long-term results
of antibiotic treatment are very good (14, 16–18).
When the disease is treated in accordance with published
guidelines, recurrences are very rare. On the other
hand, reinfection is possible after another tick bite. The
development of antibiotic resistance of the pathogenic

organism has not been demonstrated to date. Even after
the pathogen has been eliminated, the clinical manifesta-
tions may take weeks to resolve. The effect of treat-
ment should be judged from the clinical manifestations
rather than the laboratory findings. Antibiotic treat-
ment rapidly relieves pain in Bannwarth syndrome
(14). 95% of patients with spinal radiculitis had severe
pain at the beginning of treatment; after 14 days of
treatment with ceftriaxone, the intensity of pain was
markedly reduced in all patients. Stage II neuroborre-
liosis resolved completely, without any residual symp-
toms, in 90% of patients after 3 months and in 95%
after 12 months; 5% still had a mild facial palsy. The
neurological deficits resolve more slowly after antibiotic
treatment of stage III neuroborreliosis, and the fre-
quency of residual damage is higher: after 12 months,
the pareses, ataxia, and bladder dysfunction had com-
pletely resolved in 10 of 15 patients (66%) (16). In
neuroborreliosis, normalization of the CSF pleocytosis
can be used as an additional measure of the response to
treatment, alongside the clinical findings.

Because the serological findings can vary markedly,
and because antibodies, including those formed in the
central nervous system, can persist for a long time,
serological follow-up testing is not a suitable means of
monitoring the success of treatment.

Figure 3:
Manifestations of
Lyme disease in
other organs:
(a) Lyme arthritis of
the left knee; 
(b) type III atrioven-
tricular block, a rare
complication of
cardiac Borrelia
infection.

a

b

Treatment
Lyme disease has a good prognosis. Most of its
clinical manifestations are self-limited.

Serology
Because the serological findings vary widely, and
because antibodies (including those formed in the
central nervous system) persist for a long time,
serological follow-up testing is not a suitable
method for judging the adequacy of treatment.
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An infection with Borrelia burgdorferi sensu lato is
not followed by any lasting immunity.

The choice of antibiotic, its mode of administration,
and the duration of treatment depend on the stage of
the disease, the clinical manifestations, and the age of
the patient (table). The recommendations given here
are based on treatment studies, on in vitro data regarding
pathogen sensitivity, and on the pharmacokinetic para-
meters of the antibiotics that are used.

The pathogenic organisms causing borreliosis are
highly sensitive in vitro to cefotaxime, ceftriaxone, and
macrolides (minimal inhibitory concentration for the
growth of 90% of strains [MIC90], 0.06 to 0.12 mg/L)
and somewhat less sensitive to amoxicillin, other
aminopenicillins, and tetracyclines (MIC90, 0.5 mg/L).
The MIC90 of penicillin is relatively high (4 mg/L).

The current standard of treatment in stage I in adult
patients is doxycycline 100 mg po bid or amoxicillin

500 mg po tid for two weeks (evidence level A) (17).
While taking doxycycline, patients should avoid expo-
sure to the sun, because phototoxic side effects are
otherwise common. Children under 9 years old should
not take tetracyclines, because these can cause yellowish
discoloration of the teeth; amoxicillin is usually given
instead. Alternatively, cefuroximaxetil or (in case of
allergy to beta-lactam antibiotics) macrolides can be
given instead, but the effectiveness of these drugs
seems to be less reliable (17).

In randomized studies involving patients with stage
II neuroborreliosis, the following treatment regimes
were found to be effective: penicillin 6 × 106 U IV tid-
qid (evidence level A), cefotaxime 2 g tid (A), ceftri-
axone 2 g IV qd for 14 days (A), and doxycycline
100 mg po bid–tid for 2 weeks (B) (14, e6). The third-
generation cephalosporins are recommended despite
their higher daily treatment costs because of their low

TABLE 

The treatment of Borrelia infection (daily doses for adults)

Antibiotic Duration of treatment Reference

Erythema migrans Doxycycline 100 mg po bid 14 days 17
(Stage I) Amoxicillin 500 mg po tid

Cefuroximaxetil 500 mg po bid

Acute neuroborreliosis Ceftriaxone 2 g IV qd 14 days 14,17
(Stage II) Cefotaxime 2 g IV tid

Doxycycline 100 mg po bid–tid
Penicillin 6 × 106 U IV tid–qid

Chronic neuroborreliosis Ceftriaxone 2 g IV qd 14 to 21 (up to 28) days 14,17
(Stage III) Cefotaxime 2 g IV tid

Doxycycline 100 mg po bid–tid

Lyme arthritis Doxycycline 100 mg po bid 28 days 17
Amoxicillin 500 mg po tid
Cefuroximaxetil 500 mg po bid

Acrodermatitis chronica atrophicans Doxycycline 100 mg po bid 21 days 17
Amoxicillin 500 mg po tid
Cefuroximaxetil 500 mg po bid

Lyme carditis Symptomatic carditis: 14 days 17
Ceftriaxone 2 g IV qd
Asymptomatic carditis:
"oral or parenteral antibiotic treatment"

Borrelial lymphocytoma Doxycycline 100 mg po bid 14 days 17
Amoxicillin 500 mg po tid
Cefuroximaxetil 500 mg po bid

Median recommended durations of treatment are given in the table; some authors and guidelines recommend 
shorter or longer durations (for details, cf. Reference 17). Doses must be adjusted for children.

Doxycycline is not given to children under 9 years old to treat borreliosis because of its side effects.

Immunity
An infection with B. burgdorferi sensu lato is not
followed by permanent immunity. Conclusively
documented cases of clinically manifest
reinfection have been described.

The choice of antibiotic
The choice of the antibiotic drug, its mode of
administration, and the duration of treatment
depend on the stage of the disease, the clinical
manifestations, and the age of the patient.
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MIC90 values. After the intravenous administration of
2 g of drug, equally high CSF concentrations of cefo-
taxime and ceftriaxone are achieved (19). Ceftriaxone
2 g IV qd for 14 days is the standard treatment because
it needs to be given only once daily.

In stage III, ceftriaxone 2 g IV qd is given for 14 to
21 days (or for 14 to 28 days; for alternative treat-
ments, see the table).

Prolongation of the treatment to more than 28 days
is not indicated. On the contrary, this carries a high risk
of side effects, including pseudomembranous colitis
and the accumulation of ceftriaxone calcium salts in
the gall bladder, which can also become symptomatic.

Chronic, nonspecific symptoms accompanied
by a positive Borrelia serology
In addition to the clinical and laboratory findings
described above that clearly fulfill the case-definition
criteria, chronic, nonspecific symptoms accompanied
by a positive Borrelia serology are sometimes thought
to represent a form of Lyme disease. There is concern
in such situations that chronic Lyme disease has arisen
without the clinical signs of an acute infection ever
having been observed previously. The authors consider
this to be possible, in view of the fact that typical
neuroborreliosis or borrelial arthritis can develop in
the absence of prior erythema migrans. Nonetheless,
an especially meticulous process of differential diag-
nosis is mandatory in such cases. In the guidelines of
the German Neurological Society, the following is stated:
"If Borrelia antibody tests are positive (...) and have
been confirmed as positive by a reference laboratory
(...), and if other causes have been excluded, then a
single course of antibiotic treatment can be considered

in individual cases (...). Failure of this empirical course
of antibiotic treatment to relieve the patient's symp-
toms lastingly is evidence against the presence of chronic
Lyme disease" (14). 

Patients who have been through an episode of
borreliosis that has resolved after adequate antibiotic
treatment may have symptoms thereafter, most com-
monly impaired performance, fatigability, impaired
concentration, or chronic pain (20). This symptom
complex is often designated by the as yet inadequately
defined terms "chronic Lyme disease" or "post-Lyme
syndrome," implying the pathogenetic conception of a
persistent infection or of a persistent secondary disea-
se after eradication of the causative organism (18). In
many studies that have been performed on such patients,
the bacterium could no longer be demonstrated, and a
reintroduction or prolongation of antibiotic therapy
had the same effect as placebo treatment (21). In one
study involving 55 patients who were still suffering
from severe fatigability and exhaustion 6 months (or
more) after adequate antibiotic treatment for borreliosis,
a new 28-day course of ceftriaxone (2 g/day) improved
their fatigability and exhaustion, but not the cognitive
impairment that was simultaneously present (22).
Moreover, controlled studies have shown that symp-
toms of this kind do not seem to arise any more often in
patients who have had definitively documented Lyme
disease than they do in normal control individuals (23).
Nonetheless, prolonged antibiotic treatment is still
postulated by some to be beneficial, mainly on the basis
of case reports and nonrandomized studies. Such treat-
ment generally lies within the sphere of "alternative
medicine" (24).

New experimental data suggest that T-cell clones
activated in a borrelial infection can react not only with
Borrelia antigens, but also with endogenous proteins
such as heat shock protein 90 (HSP90). This cross-
reaction to exogenous and endogenous antigens might
induce an autoimmune illness, which might in turn
explain cases of antibiotic-resistant, chronic illness after
borrelial infection (2, 25). Research is currently
addressing the question whether a borrelial infection
can induce an autoimmune reaction of rheumatic type
that persists after the pathogen has been eliminated.
There is much controversy over another question, i.e.,
whether borrelial infection can cause psychiatric
disease.

The demystification of this infectious disease is
urgently needed and can only be brought about by further,

BOX 

Formula for the Borrelia-specific
antibody index (AI)

Borrelia-specific Ig in CSF
Borrelia-specific Ig in serum

total Ig in CSF
total Ig in serum

Antibiotic treatment in children
Tetracyclines are contraindicated for children
under 9 years old, because they can cause yellow
discoloration of the teeth. Children in this age
group with skin or joint manifestations are usually
treated with amoxicillin.

"Post-Lyme borreliosis"
According to the findings of controlled studies,
symptoms such as impaired performance, fatigability,
impaired concentration, or chronic pain apparently do
not arise any more frequently in persons who have
had unambiguously documented Lyme disease than
they do in normal control individuals.

= AI
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unambiguous scientific documentation of its long-
term consequences.

Residual manifestations in the aftermath of Borrelia
burgdorferi infections must be treated symptomatically,
e.g., with anti-inflammatory drugs or antidepressants.
On the other hand, in the authors' judgment, the ad-
ministration of repeated cycles of antibiotic treatment
is not indicated.
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Persisting symptoms in the aftermath of Borrelia
burgdorferi infection must be treated
symptomatically (e.g., with anti-inflammatory
agents or antidepressants).
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d) From the physical findings and imaging studies
e) From the microscopic demonstration of the causative

organism in a biopsy specimen

Question 7
What are the main features of Bannwarth syndrome (the
most common mode of presentation of neuroborreliosis
in adulthood)?
a) Cranial nerve deficits, radiculitis, lymphomonocytic

meningitis
b) Cranial nerve deficits, abdominal pain, granulocytic CSF

pleocytosis
c) Urinary incontinence, unilateral pareses, granulocytic CSF

pleocytosis
d) Intense meningism, headache, granulocytic CSF pleo-

cytosis
e) Urinary incontinence, constipation, weight loss

Question 8
What are the typical CSF findings in untreated
neuroborreliosis?
a) A granulocytic pleocytosis, elevated protein, and the

demonstration of many spirochetes
b) A granulocytic pleocytosis, elevated protein, and the

demonstration of Borrelia-specific antibody synthesis in
the central nervous system

c) Normal CSF leukocyte count, elevated protein, and the
demonstration of Borrelia-specific antibody synthesis in
the central nervous system

d) A lymphomonocytic pleocytosis, normal total protein, and
a markedly elevated CSF lactate concentration

e) A lymphomonocytic pleocytosis, elevated protein, and the
demonstration of Borrelia-specific antibody synthesis in
the central nervous system

Question 9
How can a tick be safely removed?
a) As soon as possible after attachment, with a forceps
b) As soon as possible after attachment, by scalpel excision

with a wide margin
c) If possible, 12 hours after coating the tick with a special

ointment
d) Under sterile conditions by a board-certified surgeon
e) No sooner than 24 hours after attachment, in order to

avoid irritating the hungry tick

Question 10
Which of the following tests is used routinely in clinical
practice to document a suspected Borrelia infection?
a) IgG- and IgM-ELISA
b) Immune blot
c) Culture
d) Polymerase chain reaction (PCR)
e) Microscopy

Question 1
Approximately how high is the annual incidence of
clinically evident borreliosis in Germany?
a) 10 000 to 15 000 cases per 100 000 inhabitants per year
b) 1000 to 1500 cases per 100 000 inhabitants per year
c) 100 to 150 cases per 100 000 inhabitants per year
d) 10 to 15 cases per 100 000 inhabitants per year
e) 1 to 5 cases per 100 000 inhabitants per year

Question 2
What is the most common clinical manifestation of
Borrelia infection?
a) Acrodermatitis chronica atrophicans
b) Bannwarth syndrome
c) Erythema migrans
d) Lymphocytoma
e) Neuroborreliosis 

Question 3
What is the drug of choice for the treatment of erythema
migrans in children?
a) Amoxicillin
b) Doxycycline
c) Erythromycin
d) Fosfomycin
e) Rifampicin

Question 4
What is the drug of choice for the treatment of erythema
migrans in adults?
a) Amoxicillin
b) Doxycycline
c) Erythromycin
d) Fosfomycin
e) Rifampicin

Question 5
Which of the following medications is used in the
standard treatment of both acute and chronic
neuroborreliosis?
a) Amoxicillin
b) Erythromycin
c) Penicillin
d) Ceftriaxone
e) Vancomycin

Question 6
How is Borrelia infection generally diagnosed?
a) By culture of the causative organism in normally sterile

body fluids
b) By demonstration of the genome of the causative

organism in normally sterile body fluids with PCR
c) From the history and physical findings, with the aid of serology
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