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1. Preliminary remarks

Lyme borreliosis was identified as a disease in its own right in 1975 by Steere et al.™®% and
the causative agent was discovered in 1981 by Willi Burgdorfer.‘m In spite of intensive re-
search, there is as yet an inadequate scientific basis for the diagnosis and treatment of Lyme
borreliosis. This is especially the case with the chronic forms for which there is a lack of evi-
dence-based studies.

The recommendations for antibiotic treatment presented in the Guideline differ significantly
in some respects from the guidelines of other specialist societies. The patient must be made
aware of this fact when he is treated according to this Guideline. In addition, careful checks
for side-effects must be carried out when long-term antibiotic therapy is conducted.

Lyme borreliosis is listed in the ICD-10-GM Diagnosis Code under A 69.2 “Lyme disease, Ery-
thema chronicum migrans due to B. burgdorferi” and under M 01.2 “Arthritis in Lyme Dis-
ease”.

2. Diagnosis of Lyme borreliosis

The earlier classification of the course of the disease into an initial stage (Stage 1) with the
principal symptom of erythema migrans, a second stage (Stage 1) with early organ manifes-
tations after dissemination of the pathogens, and a third stage of the disease (Stage Ill) with
late manifestations of Lyme borreliosis, is outdated as the clinical signs of the various stages
overlap. Today, classification into early and late manifestations of LB is preferred. In this
classification, the early stage is equivalent to Stages | / Il and the late stage is equivalent to
Stage lll. The term “chronic Lyme borreliosis” is equivalent to Stage .

2.1 Essential features of Lyme borreliosis

Lyme borreliosis occurs throughout Europe. One can be infected mainly in the countryside,
in one’s garden or through contact with domestic and wild animals.

As Lyme borreliosis can affect many organs (it is known as a multiorgan disease), a wide
range of differential diagnoses arise for the often numerous manifestations of the disease.

Essential features of LB:

* Erythema migrans (EM) (not inevitable)

* Lymphocytoma, acrodermatitis chronica atrophicans

* Flu-like condition in the early stage even without EM as a sign of dissemination of the
pathogens

* These are followed by (usually acute) manifestations in various organ and tissue sys-
tems with a wide variety of symptoms, see 2.4.

» Characteristic of the late manifestations are chronic fatigue and rapid fatiguability, an
episodic disease course with a strong feeling of illness, and symptoms that appear in
different places. In addition, many different symptoms of the organ manifestations
concerned may also be present, see 2.4.



2.2 Diagnostic strategy

The following situations arise in daily practice:
* recent tick bite
* erythema migrans and lymphocytoma
+ early stage without erythema migrans
* chronic stage.

2.2.1 Recent tick bite

Up to 50% of borreliosis patients deny having suffered a tick bite when their history is
taken, (6/15/23/29/66/72/81/95/103/112/113/125/140) Therefore, a negative history of tick bites does not
rule out Lyme borreliosis. It makes sense to examine the tick for Borrelia by PCR. However, a
negative PCR result does not entirely rule out the infectiousness of the tick.“”)

The following principles therefore apply whenever a tick bite is present:
* observe the site of the bite for 4—-6 weeks. If reddening occurs (erythema), consult
the doctor immediately.
» serological testing to confirm insurance claims, for patients with a history of Lyme
borreliosis and if it is planned to monitor the course of the disease.

If antibodies against Borrelia are found in the blood at a check-up examination 6 weeks after
a tick bite, infection has occurred. (This can be proven only with a pair of sera). The longest
latency period before the occurrence of symptoms of the disease was 8 years.(63/64)

2.2.2  Erythema migrans and lymphocytoma

Erythema migrans is evidential for Lyme borreliosis. Conclusion: immediate antibiotic treat-
ment. The earlier the antibiotic treatment is started, the better the infection can be con-
trolled. Therapeutic success is distinctly poorer even 4 weeks after the start of infection.®

Borrelia-specific antibodies do not appear until 2-6 weeks after the start of infec-
tion,®/37/110/125/134) A ptibiotic treatment at an early stage can prevent the development of
antibodies, and therefore no seroconversion takes place. Seronegativity following early anti-
biotic treatment therefore does not rule out Lyme borreliosis in any way.

If there is a corresponding history (exposure to ticks) and a reddened nodular swelling is
found, e. g. on the nipple, skin of the scrotum, bends of joints, and in children often on the
external ear, this may be a lymphocytoma, which is evidential of Lyme borreliosis just as ery-
thema migrans is, taking into consideration the differential diagnosis. A Borrelia lymphocy-
toma such as this, usually caused by Borrelia afzelii, also sometimes forms in the centre of an
erythema migrans in the region of the original tick bite.

Borrelia can be isolated from all areas of an erythema migrans and of a Borrelia lymphocy-
toma.



2.2.3  Early stage without erythema migrans

Up to 50% of cases no EM is observed in the early stage of Lyme borreliosis, see 2.2.1. in the
absence of EM, the diagnosis is based on the following criteria:
» circumstances of the illness: time spent in one’s own garden and in the countryside,
tick bite.
* thorough physical examination with inspection of the skin in the search for EM,
including those possibly with diameters less than 5 cm™ and lymphocytomas.
* laboratory diagnostic tests, see Table 2.

First manifestations of Lyme borreliosis sometimes do not occur for weeks to years after the
start of infection.®" If appropriate symptoms are present, especially if tick bites are men-
tioned during history-taking, or if there is a high risk of infection, Lyme borreliosis must al-
ways be considered in the differential diagnosis. For example, the following may occur in the
early stage:

* transient migratory arthritis, arthralgia and myalgia

e bursitis, enthesitis

* headaches

* radicular pain syndromes (known as Bannwarth’s syndrome)

e cranial nerve symptoms (especially facial nerve paresis)

e sensitivity disturbance

e cardiac dysrhythmias, stimulus formation and stimulus conduction disorders

e ocular symptoms (e. g. double vision).

2.2.4 Chronic stage

The time differentiation between the early and late stages is arbitrary. Disease manifesta-
tions of Lyme borreliosis which occur more than 6 months after the start of infection are
designated in this Guideline as late manifestations or as chronic.

Lyme borreliosis can lead to numerous symptoms. The following are particularly frequent:
» fatigue (exhaustion, a chronic feeling of illness)
* encephalopathy (impaired cerebral function)
* muscular and skeletal symptoms
* neurological symptoms (including polyneuropathy)
» gastrointestinal symptoms
* urogenital symptoms
* ocular symptoms
* cutaneous symptoms
* heart diseases.

A cutaneous manifestation indicative of the illness in its late stage is acrodermatitis chronica
atrophicans (ACA). Chronic polyneuropathy, which often accompanies ACA, is also seen as a
typical manifestation of the illness in its late stage.



2.3 Occupational disease and accident insurance

Lyme borreliosis is classed as an occupational disease according to No. 3102 in Annex 1 to
the Occupational Diseases Regulation [Berufskrankheiten-Verordnung (BKV)]. The only de-
ciding factor is whether the accident suffered (tick bite), i. e. the infection, occurred in the
course of one’s work. For certain occupational groups at high risk of infection (including
farmers and forestry workers, veterinarians), a relationship between the accident (tick bite)
and the disease is generally accepted (causal relationship). For other occupational groups,
this causal relationship must be demonstrated by the person affected.

Therefore, when a tick bite occurs during one’s work and when manifestations of the illness
subsequently appear, the attending physician must carefully document the history, the ex-
amination findings and the laboratory results. The same applies to a tick bite suffered by in-
dividuals who have taken out the relevant accident insurance.

In the case of a tick bite during work or suffered by those with accident insurance, a sero-
logical test for Borrelia should be performed as soon as possible after exposure and the test
system should be documented. Seroconversion, a significant rise in titre or an increase in the
bands in the immunoblot in the course of four to six weeks must be regarded as proof of a
Borrelia infection.

Patients themselves should keep a diary and record cutaneous changes photographically. If
the tick is still present, it is advisable to keep it for later testing for Borrelia by PCR.

24 Symptoms of chronic Lyme borreliosis

The symptoms of chronic Lyme borreliosis develop either seamlessly from the early stage, or
only after a symptomless interval of months to years, or may indeed develop from the out-
set as chronic Lyme borreliosis without patients being aware of an early stage.(e) The conclu-
sion to draw from this is that chronic Lyme borreliosis may exist even in the absence of his-
tory of a tick bite and EM, if the circumstances of the illness, its manifestations, and the dif-
ferential diagnostic analysis make this a reasonable assumption.

Inflammation of the knee joint (gonitis), after other causes have been excluded by differen-
tial diagnosis, is evidential of the late phase of chronic Lyme borreliosis.®*”)

The spread of Borrelia in the body leads to multiorgan or systemic disease with an excep-
tionally wide variety of possible manifestations apart from the most common symptoms
mentioned in paragraph 2.2.4, see e. g. the detailed description in (125) pp. 261-495 or
(134/136) or (6/35/39/72/77/98/124/125/126/127/158) and, specifically in relation to

* neurological and mental diseases (1/10/16/41/45/48/56/57/58/69/109/141),

* hormonal, vegetative and immunological manifestations (2/50/54/75/100/129/149),

 diseases of the muscular and skeletal systems (70/104/130),

e cutaneous manifestations (4/5/11/49/111/153),

 cardiovascular symptoms (93/133),

» ocular manifestations (79/91/105/106/157/161),

* manifestations during pregnancy (97/114).



2.5 Laboratory diagnostics

LB-related laboratory diagnostic tests for Borrelia infection are indicated if there are symp-
toms or clinical findings present which are consistent with Lyme borreliosis.

Serological monitoring tests in order to assess the success of treatment are not useful in
chronic Lyme borreliosis. The success of treatment must be assessed cIinicaIIy.(156’ 5-51)

2.5.1 Direct identification of Borrelia

Lyme borreliosis is an infectious disease. Applying strict scientific criteria (especially in scien-
tific studies), only the detection of Borrelia in culture with identification of the causative
agent by PCR is proof of a Borrelia infection.

The identification of Borrelia DNA by a polymerase chain reaction (PCR for Borrelia) is also of
major relevance.™*? Although the sensitivity of this identification technique is poor, espe-
cially in the late manifestations of Lyme borreliosis, tests should nevertheless be conducted
to identify the causative agent, e.g. in skin biopsy specimens when suspicious cutaneous
changes are present, in other biopsy specimens and puncture specimens (e. g. in cases of
joint inflammation) and in the CSF in cases of acute neuroborreliosis. Negative results do not
rule out Lyme borreliosis.

2.5.2 Borrelia serology

Borrelia serology is the basic diagnostic tool to answer the question whether a Borrelia infec-
tion might be present.

The test systems on the market (ELISA, immunoblotting) are not standardised. Therefore,
findings from different laboratories can be compared to only a limited degree. Testing for
the presence of Borrelia-specific antibodies is possible only with an immunoblot. If a Borrelia
infection is suspected, an 1gG and IgM immunoblot for Borrelia should be carried out in all
cases. The request note to the laboratory must therefore state the request for:

Borrelia serology inc. immunoblotting for Borrelia

In addition, the clinical diagnosis or suspected diagnosis (CD or SD) at least should be given:
Lyme borreliosis.

The procedure recommended by the Robert Koch Institute (RKI) and prescribed by the Asso-
ciation of Health Insurance Funds [Kassenarztliche Vereinigung (KV)], to conduct im-
munoblotting as well as a confirmatory test only if the ELISA is abnormal (or other so-called
exploratory tests) (a process known as stepwise diagnostics), must be rejected because this
leads to serologically false-negative results in up to a further 15% of patients.(7/81/154) The
reason for this is that the antigen spectrum present in the immunoblot (see Table 1) is usu-
ally not identical to that included in the (ELISA) exploratory test. An ELISA and an im-
munoblot for Borrelia are two different test methods which can yield differing results in the
individual case, even though they correlate with each other to a high degree.(m)



Table 1:

Borrelia antigens for the identification of antibodies against Borrelia in an
immunoblot (Western blot), modified after (8).

(VMP)-like
expressed

sequence

Borrelia Antigen description of | Specificity | Remarks
proteinan- | the antibodies
tigen
p14,18 high Mainly in cases of B. afzelii described as
immunogenic.
p19 OspE unknown
p21 DbpA (Decorin binding | high Binding to Decorin protein on the host
protein A) cell. Decorin is located especially in the
skin.
p22,23, Osp C high Most important marker of the early IgM
24,25 response. To date, 13 different OspC
types have been described.
p26 OspF unknown
P29 OspD high
p31 OspA high Seven different OspA types are known.
The OspA type determines the species.
p34 OspB (outer surface | high Antibodies only appear late post-infec-
protein B) tion
p39 Borrelia membrane | high Antibodies usually appear early post-in-
protein A (BMPA) fection.
p4l Flagellin protein unspecific | Cross-reactions with other spirochaetes
and with flagellated bacteria. IgM anti-
bodies appear first and very early.
p58 high
p60 Hsp6 unspecific | Antibodies often also appear in other
bacterial infections.
p66 Hs unspecific | Antibodies common in bacterial infec-
tions
p75 Hsp (Heat Shock Pro- |unspecific
tein)
p83/100 high Antibodies usually only in the later stage
of the infection
VIsE Variable major protein | high IgG Ab are possible even in the early

stage. VISE is expressed by Borrelia only
in the host.

A negative serological finding does not rule out Lyme borreliosis.”/115/18/15%) There may be a
disease requiring treatment even without the detection of antibodies. (Causes: e. g. antibi-
otic treatment starting early but inadequate with immunodepressants, including cortisone,
exhaustion of the immune system, masking of the causative agents, genetic disposition.)

A positive serological finding means that the patient has acquired a Borrelia infection at
some point in time. With a single serological test it is not possible to decide whether this
infection is active or latent; at best this can be decided by the attending physician on the




basis of its clinical development. It is not within the remit of a laboratory physician to evalu-
ate a positive finding as a “serological relic” i.e. antibodies evidential of an earlier infection.

2.5.3 Examination of the CSF

Diagnostic testing of the CSF is indicated in cases of acute inflammation of the nervous sys-
tem:

e meningitis, meningo-encephalitis, encephalomyelitis, acute encephalitis,

e acute meningoradiculitis (Bannwarth’s syndrome),(gg) Guillain-Barré syndrome,

e cerebral vasculitis, myelitis,

e neuritis of cranial nerves (especially facial nerve paresis),

e acute polyneuropathy.

Testing of the CSF is not indicated in the following disease states in relation to Lyme
neuroborreliosis, because pathological results are not to be expected:

e encephalopathy in chronic Lyme borreliosis,

e chronic polyneuropathy in the late stage,(se)

e cerebro-organic psychosyndrome.(44/78/82/9°)

Pleocytosis (cell count over 5/uL), elevated protein level and evidence of the intrathecal syn-
thesis of Borrelia-specific antibodies (serum/CSF ratio) are indications of acute neurobor-
reliosis.

However, if the neuroborreliosis occurs very soon after Borrelia infection and with late
manifestations, Borrelia-specific antibodies will be absent from both the serum and the CSF
or will appear sooner in the CSF than in the serum and vice versa.

The detection of intrathecally formed Borrelia-specific antibodies in the CSF is only very

rarely possible in cases of Lyme borreliosis with neurological involvement. If acute neurobor-

reliosis is suspected, the treatment should not be made dependent on the laboratory re-
(123)

sults.

2.5.4 Cellular diagnostics, lymphocyte transformation test (LTT)

As the cellular immune response (lymphocytes, monocytes) follows a more rapid dynamic
than the relatively sluggish serological formation of antibodies, a lymphocyte transformation
test (LTT) is faster to provide an indication of an active infection.

The following arguments support the use of cellular immunological methods in the labora-
tory diagnosis of Lyme borreliosis:

1. The direct identification of the causative agent is proof of Lyme borreliosis. The sensitivity
of the methods for the direct identification of Borrelia is technically inadequate at present
for daily practice.

2. A positive serological finding is not evidence of active Lyme borreliosis. On the other hand,
a negative serological finding does not rule it out, especially when there are early manifesta-
tions of Lyme borreliosis, see 2.5.2 penultimate paragraph.



3. If there is no positive result available from a Borrelia culture or PCR for Borrelia, an LTT for
Borrelia can provide an indication whether active Lyme borreliosis is present.(g) A positive re-
sult from the LTT for Borrelia is suspicious, but not evidential of an active Borrelia infection.

4. The LTT for Borrelia is clearly positive even in the early stage of Borrelia infection (even if
erythema migrans is present) and is generally negative or at least clearly regressive 4 to 6
weeks after the conclusion of successful antibiotic treatment.

The indications for an LTT for Borrelia are:

* evidence of an active Borrelia infection in
- seropositive patients with ambiguous symptoms
- a seronegative result or result assessed serologically as borderline in patients

with a strong clinical suspicion of Lyme borreliosis

* to monitor therapy approx. 4—6 weeks after concluding a course of antibiotic treat-
ment

* to monitor progress if there is a clinical suspicion of a recurrence of Lyme borreliosis

* anew infection.

Certain laboratories offer different methods for the detection of Borrelia-specific activation
of T lymphocytes, such as the EliSpot-Test-Borrelia®, for example, to answer these questions.
In these methods, the induction of cytokine synthesis is measured at the cellular level. Al-
though the EliSpot is well-established in the diagnosis of infectious diseases (TB), its impor-
tance in the diagnosis of borreliosis has yet to be tested by appropriate techniques.

2.5.5 CD57+NK cells

According to Stricker and Winger,(”s) CD57+NK cells are often markedly reduced in the blood
of patients with chronic Lyme borreliosis. It is not possible to evaluate the CD57+ NK cells as
a laboratory parameter in connection with Lyme borreliosis at present, on account of the in-
sufficient data available.

For a summary of laboratory diagnostics see table 2.



Table 2: Summary of laboratory diagnostics

Stage

Laboratory test

Recent tick bite
(with or without EM)

Serological tests in cases of:

- occupational accident (e. g. farmers and forestry work-
ers)

- claims against appropriate accident insurance

- to verify antibody status and as a starting value for
documenting the course of the illness.

Other laboratory tests (relative indication):
PCR for Borrelia in the tick (optional). If positive: serologi-
cal test to determine the starting value

Early stage
(with or without EM)

Serological tests (relative indication if EM present):

IgM Ab, 1gG Ab (enzymatic immunoassay)

IgM blot, IgG blot

LTT for Borrelia (relative indication)

Diagnostic testing of CSF if neurological symptoms pres-
ent

Chronic Lyme borreliosis
(late stage)

Serological tests:

IgM Ab, 1gG Ab (enzymatic immunoassay)
IgM blot, IgG blot

LTT for Borrelia

Other tests:
PCR for Borrelia, Borrelia culture, immunofluorescence
microscopy

Acute Lyme neuroborreliosis,
chronic encephalomyelitis,
severe polyneuritis,
meningoradiculitis,
Guillain-Barré syndrome

Diagnostic testing of CSF

(cell count, protein, albumin (disturbance of blood-brain
barrier),

intrathecally formed specific Ab, Western blot, compari-
son of Western blots for serum/CSF, oligoclonal bands)

Therapy monitoring
(4-6 weeks after antibiotic
treatment)

LTT for Borrelia

In the case of a tick bite or in the early stage, a check-up after six weeks is necessary irre-
spective of the initial serological finding.

PCR for Borrelia should be carried out on all biopsy specimens and puncture specimens.

If the success of antibiotic treatment is insufficient, LTT for Borrelia 4-6 weeks after the
conclusion of a course of treatment.




2.6 Other technical medical tests

If Lyme borreliosis is suspected, it may be necessary to consult a specialist first before con-
ducting the planned antibiotic treatment. The following specialists may be consulted de-
pending on the clinical manifestation:

Neurologists (CCT, MRT, SPECT, EMG, ENG, EPs),
Rheumatologists (Laboratory tests),
Ophthalmologists (eyesight, fundus of the eye, visual field, documentation before

and during treatment with hydroxychloroquine),
Specialists in internal

medicine (ECG, epigastric sonography, hormone status especially TSH,
anti-TPO),

Cardiologists (echocardiography, long-term ECG, exercise ECG),

Lung specialists (lung function, spiroergometry),

ENT specialists (diagnosis of dizziness, audiometry),

Urologists

Dermatologists

Single Photon Emission Computed Tomography (SPECT)(SG) is not a routine diagnostic
method on account of the radiation exposure. In the event of professional trade association
proceedings or legal disputes with insurance companies, it may be worthwhile as a supple-
mentary test in an individual case, because it can sometimes reveal considerable cerebral
perfusion disturbance in Lyme borreliosis.

2.7 Co-infections

Other infections may be present simultaneously with Lyme borreliosis which may worsen
the patient’s condition synergistically. Accompanying infections of this sort are known as co-
infections.

Co-infections can be transmitted by ticks or by other routes of infection,m) see tables 3 and
4. By modulating the immune system, co-infections aggravate the severity of disease states

and are regarded as a significant reason for resistance to ther-
apy (22/32/43/53/73/87/89/107/116/117/143/146/148/152/158/162)

Although Bartonella DNA has been found in ticks,(14/33) there is disagreement whether this
leads to transmission with subsequent bartonellosis!*? according to (150) there is no indica-
tion of this. On the other hand, other authors (3/17) describe cases of transmission by ticks
and other arthropods. In patients with diseases of the central nervous system, Bartonella
henselae has been detected in the CSF even without cat-scratch disease preceding it.“*
Moreover, Bartonella henselae, like Borrelia burgdorferi, is able to provoke a multi-organ
disease.'3?

3. Antibiotic treatment of Lyme borreliosis

With regard to the efficacy of antibiotic treatment of LB, two discoveries are of exceptional
importance:

» Antibiotics are more effective in the early stage than in the late phase.(e)
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* With any antibiotic, therapeutic success may be delayed or fail to materialise com-
pletely,”¥°%99/121) yith the consequence that follow-up treatment is necessary, possi-

bly with a different antibiotic.®Y/*%9
Table 3: Co-infections transmitted by ticks
Disease Causative agent Treatment
HGA Anaplasma phagocytophi- | Doxycycline
(Human granulocytic ana- | lum (also in children >8 years)
plasmosis, formerly HGE = Alternatives: rifampicin, levo-
Human granulocytic ehr- floxacin (not yet unequivocally
lichosis) documented clinically)
Rickettsiosis Rickettsia helvetica Doxycycline
Mediterranean  spotted | Rickettsia conorii Doxycycline
fever
Q fever Coxiella burnetii Doxycycline, macrolides, fluor-
(Transmission by the marsh | oquinolones
tick Dermacentor reticula-
tus [a European hard tick],
but mostly by inhalation or
orally)
Babesiosis Babesia bovis (Switzerland) | Atovaquone + azithromycin,
Babesia microti (Poland) quinidine + clindamycin
Bartonellosis Bartonellae Azithromycin, trimethoprim-
sulfomethoxazole, ciproflox-
acin, doxycycline, rifampicin
Table 4: Co-infections not transmitted by ticks
Disease Causative agent Treatment
mycoplasma infec- | Species of the genera mycoplas- | Doxycycline, minocycline, azithro-
tion mas and ureaplasma mycin, clarithromycin, rifampicin
(rifampicin always in combination!)
Chlamydia infec- | Chlamydophila pneumoniae Doxycycline, minocycline, azithro-
tion Chlamydia trachomatis mycin, clarithromycin, cotrimox-
azole, rifampicin
Yersiniosis Yersinia enterocolitica Lactulose; antibiotics only by intri-
(Y. pseudotuberculosis (USA)) cacies: Doxycycline, cotrimoxazole

The scientific basis for antibiotic treatment is still inadequate at the present time, with the
exception of the localised early stages (EM). The considerable shortcomings in the scientific-
clinical analysis are reflected in therapeutic guidelines, which are severely limited in the reli-
ability of their recommendations and in their evidence base in the international litera-
ture,* and they do not meet the requirements from the medical and health-policy aspects.
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Successful antibiotic treatment is possible only if the individual has an effective immune sys-
tem. With regard to antibiotic treatment, problems also arise with Borrelia due to natural or
acquired resistance. The causative agent of Lyme borreliosis can evade the immune system

by what are known as “escape mechanisms”.”/’¥
Y

In the early stage, i. e. in the first 4 weeks after the start of infection, a failure rate of 10% is
to be expected with antibiotic treatment."?3*) |n the chronic forms, it is significantly higher
at up to 50%.30/31/52/55/74/991121) Eyien earlier studies referred to the problem area of chronic
Lyme borreliosis and the limits of its susceptibility to treatment, (3Y/5%/°9/61/62/65/92/94/121/138) |,
all these studies, the duration of treatment was generally limited to a maximum of four
weeks. Considerable therapeutic failure rates occurred under these conditions, even with
repeated courses of treatment."®#%°% The duration of treatment is of decisive importance
for the success of antibiotic treatment.

There are now a few studies available which provide evidence of the positive effect and the
safety of long-term antibiotic therapy.2/26/27/30/36/44/46/51/52/81/144)

The limited effect of antibiotic treatment is documented in numerous studies: Pathogens
were cultured even after supposedly highly effective antibiotic ther-
apy.(63/74/81/96/119/120/122/139/147) For example, Borrelia were isolated from the skin after multi-
ple courses of antibiotic treatment (ceftriaxone, doxycycline, cefotaxime).(4°/61/76/81/122/147’ A
discrepancy was also found between the antibiotic sensitivity of Borrelia in vitro versus in
vivo.¥ Moreover, additional factors are involved in vivo which lie in the capability of Borre-
lia to evade the immune system,‘eo/syss/ss/lzo) specifically under the influence of various
antibiotics.®”

Hypothetically, the persistence of Borrelia is attributed to its residency within the cell and to
the development of biologically less active permanent forms (sphaeroplasts, encystment)
among other things.(19/85/86/94/120) In addition, Borrelia was also shown to develop biofilms
with the effect of resisting complement and typical shedding (casting off antibodies from the
surface of the bacterium).(ga/gs/gs) Other mechanisms, too, e. g. diversification, i. e. changing
protein antigens located on the membrane, the loss of plasmids and processes to inactivate
complement,(gs/gs/lzo’ promote the “escape mechanism”, i. e. the capability of the pathogen
to evade the immune system, that has also been demonstrated in other bacteria. The ability
of the pathogen to down-regulate proteins (pore-forming protein) might also diminish the
antibiotic effect.3¥/74/84

There are four randomised studies relating to the therapy of chronic Lyme borrelio-
sis,(44/78/82/9°) in which different antibiotics were compared when used in the antibiotic treat-
ment of encephalopathy. It was shown in these studies that the cephalosporins were supe-
rior to peniciIIin.(31/62/94/96) Doxycycline in its customary dosage resulted in only relatively low
serum levels and tissue concentrations, whereas the concentrations in the case of the
cephalosporins were markedly higher, i. e. with regard to the minimum inhibitory concentra-
tion (M(IC)) the values with the cephalosporins were at least ten times higher than with doxy-
cycline.®
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A wide therapeutic spectrum and a high tissue concentration of antibiotic is necessary in tis-
sue with a poor blood supply (connective tissue, structures such as the skin, joint capsules,
fasciae, tendons), as Borrelia have a particular affinity to these sorts of tissue.#?/108)

Of the available antibiotics, tetracyclines, macrolides and betalactams have proved effective
in the treatment of Lyme borreliosis. The efficacy of other antibiotics, especially the
carbapenems, telithromycin and tigecycline, is based on in vitro studies.?”’#1%) There are
no clinical studies except for imipenem, which was given a favourable clinical assessment.®

(159)

The treatment of Lyme borreliosis can be conducted either as a monotherapy or with a

synchronous combined therapy.

The efficiency of a combined antibiotic therapy has not been scientifically attested to date;
this form of treatment is based on microbiological findings and on empirical data that have
not so far been systematically investigated.

3.1 Unsuitable antibiotics

The following antibiotics are not suitable for the treatment of Lyme borreliosis:
» carboxypenicillins
» acylaminopenicillins (supposedly effective; no clinical experience; usually employed
in the treatment of inpatients)
 first generation cephalosporins (cefazolin, cefotoxitin)
» oral first and second generation cephalosporins, except for cefuroxime axetil
* quinolones
* aminoglycosides
* chloramphenicol
* clindamycin
» glycopeptide antibiotics
» folate antagonists (except for trimethoprim according to Gasser
* cotrimoxazole
* atovaquone
* nitrofurans
* erythromycin

(51))

(151)

3.2 Suitable antibiotics

The antibiotics effective against Borrelia are listed in table 5 with particulars of their proper-
ties.

As table 5 shows, only the substances metronidazole and hydroxychloroquine have an effect
on encysted forms.® Hydroxychloroquine also has an effect on mobile Borrelia. This does
not apply to metronidazole.*®/*% Hydroxychloroquine assists the action of macrolides'* and
possibly also that of the tetracyclines.
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Table 5: Effective antibiotics in Lyme borreliosis

Effecti
Effective | Enters a ;its':e

Antibiotic intra- the & Plasma half-life

encysted

cellularly | CSF

forms
Betalactams
Ceftriaxone — (+)* — 8 hrs
Cefotaxime — (+)* — 1hr
Cefuroxime axetil — — — 1hr
Benzathine benzylpenicillin — + — 3 days
Phenoxymethyl penicillin — — — 30 min
Amoxicillin — — — 1hr
Tetracyclines and glycylcyclines
Doxycycline + 14% — 15 hrs
Minocycline + 40% — 15 hrs
Macrolides
Clarithromycin + 5% — 4 hrs
Azithromycin + — — 68 hrs tissue half-life
Nitroimidazoles
Metronidazole | + ‘ + ‘ + | 7 hrs
Co-drugs
Hydroxychloroquine | + ‘ + ‘ + | 30-60 days tissue half-life

* The betalactams have a poor ability to enter the CSF but, on account of their wide thera-
peutic spectrum, attain concentrations in the CSF which are clearly above the minimum in-
hibitory concentration (MIC).(74)

** Macrolides are not used in cases of QTc intervals (frequency-corrected QT intervals) of
more than 440 milliseconds with heart rates between 60 and 100 bpm.(67'68)
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3.2.1 Monotherapy

Antibiotic treatment should be adjusted for weight as a matter of principle. This is particu-
larly applicable in the case of children and patients with above or below normal weight.

Some physicians of the German Borreliosis Society are critical of the use of 3rd generation
cephalosporins or of penicillins alone in Lyme borreliosis, because they may possibly favour
the intracellular residency of Borrelia and its encystment.(m/lzo)

Checks of blood count (white cells, red cells, platelets), GPT, lipase, creatinine, possibly
prothrombin time and PTT are required weekly at first, and subsequently every 2-3 weeks. If
ceftriaxone is used, a sonographic check every 3 weeks is necessary to rule out sludge for-
mation in the gall bladder. When macrolides are used, ECG checks must be carried out at
fortnightly intervals.

Table 6: Antibiotic monotherapy of Lyme borreliosis

In the early stage (localised)

Doxycycline 400 mg daily (children of 9 years old and above)
Azithromycin 500 mg daily on only 3 or 4 days/week
Amoxicillin 3000-6000 mg/day

(pregnant women, children)

Cefuroxime axetil 2 x 500 mg daily

Clarithromycin 500-1000 mg daily

Duration dependent on clinical progress at least 4 weeks.
If ineffective with regard to EM maximum 2 weeks; then change antibiotic.

In the early stage with dissemination
and late stage

Ceftriaxone 2 g daily
Cefotaxime 2-3x4¢g
Minocycline 200 mg daily, introduced gradually

Duration dependent on clinical progress. If ineffective, change antibiotic, at the earliest af-
ter 4 weeks.

Alternatives in the late stage

1.2 Mega 2x / week

Benzathine benzylpenicillin | or 2 x 1.2 Mega 1x / week

Metronidazole 400-1200 mg daily, whenever possible parenterally 6-7 days,
max. 10 days, also repeatedly in particular well-fonded cases

Treatment with 3rd generation cephalosporins is worthwhile in the form of pulsed therapy
after initial continuous therapy. In the pulsed phase the drugs are used on 3-4 days a
week.

A summary of antibiotic monotherapy will be given in table 6.
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The danger of a Jarisch-Herxheimer reaction must be borne in mind with any antibiotic
treatment of Lyme borreliosis, irrespective of the stage. Corticosteroids should be adminis-
tered parenterally only in an emergency, depending on the severity of the reaction.

During long-term antibiotic treatment, probiotic treatment should be given to protect the in-
testinal flora and to support the immune system (e. g. E. coli strain Nissle 1917, lactobacillus,
bifidobacterium etc.). Several meta-analyses show that the prophylactic use of probiotics
lowers the risk of antibiotic-associated diarrhoea.!*¥/24/28/38/102/127) ¢ giarrhoea occurs that is
not readily brought under control (e. g. with Saccharomyces boulardii), the antibiotic treat-
ment should be discontinued immediately and a check should be carried out in particular to
establish if an infection with Clostridium difficile toxin A/B is present. If mycoses occur®® e,
g. in the gastro-intestinal tract, non-systemic antimycotic treatment should be given, in par-
allel with the antibiotics, intermittently or continuously, and continued for up to 2 weeks be-
yond the antibiotic treatment.

3.2.2 Combined therapy

In a combined therapy, two, or sometimes three, antibiotics are used at the same time, usu-
ally in the form of synchronously combined long-term antibiotic treatment,(146) see table 7.

The action of macrolides and possibly also of tetracyclines is intensified by the simultaneous
administration of hydroxychloroquine, which, like metronidazole, acts on encysted forms of
Borrelia.®®

Third-generation cephalosporins can be combined with minocycline (enters the CSF) alter-
nating between the two, i. e. each substance alone on 3 days a week each. Both can be
combined with hydroxychloroquine. Hydroxychloroquine can be tested for tolerability e. g.
given as a single drug within the first 3 days of therapy. The dosage of minocycline should be
increased gradually. If minocycline is not tolerated, it can be replaced with doxycycline or
clarithromycin.

Doxycycline and minocycline can be combined with azithromycin and hydroxychloroquine.
To make it easier to identify drug intolerance, the treatment should not be started with the
individual antibiotics given simultaneously. It is preferable to add the other antibiotics stag-
gered over time, say at intervals of one to two weeks.

33 Prevention

As Lyme borreliosis is overwhelmingly transmitted in Europe by Ixodes ricinus (the European
castor bean tick), the preventive measures described below relate to this vector.

Prevention involves the following factors:
* exposure to ticks
* protective clothing
* repellents
* examination of the skin after exposure
* removal of ticks that have started feeding.
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Table 7: Antibiotics for a combined therapy of Lyme borreliosis

Betalactams

Ceftriaxone 2 g daily

Cefotaxime 3 x4 gdaily

Tetracyclines

Minocycline* 200 mg daily

Doxycycline 400 mg daily

Macrolides

Azithromycin 500 mg daily on 3 or 4 days / week

Clarithromycin 2 x 500 mg daily

Others

Metronidazole 400-1200 mg daily, whenever possible parenterally, 6-7 days,
max. 10 days, also repeatedly in particular well-fonded cases

Hydroxychloroquine 200 mg daily or every other day (cumulative)

Duration in the late and disseminated early stage: 3 months and more.
Recurrence is treated again as necessary, but generally in cycles of shorter treatment
times, e. g. 3 days - 3 weeks.

*Take special note of particulars of risks with minocycline!

With regard to the risk of exposure, it should be noted that ticks wait in grasses and under-
growth up to a height of 120 cm above the ground. On contact, the ticks are brushed off the
vegetation and can get to all parts of the body across the skin (beneath clothing). Ticks pre-
fer moist and warm areas of skin, but a tick bite can basically occur on any part of the body.
A particular risk arises also from contact with wild animals and with domesticated animals
which are exposed to ticks periodically.

The following main sources of risk emerge from this constellation:
* private gardens
* grass, low undergrowth and similar vegetation
* spending time in the countryside
* domesticated animals, e. g. horses, dogs, cats
* wild animals.

Protective clothing should prevent ticks gaining entry, especially on the arms and legs, by
having tight-fitting cuffs. The simplest way in some cases is to tuck one’s trousers into one’s
socks.

There is special protective clothing available and various repellents which reduce the risk by

being applied directly onto the skin or clothing before exposure. However, the repellents are
not completely effective and their duration of action is limited to a few hours.
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After exposure, i. e. after spending time in the countryside for example, one should examine
one’s body for ticks.

The problem with this is that the early stages of the adult ticks, the larvae and nymphs, are
only 1 mm in size at best and are therefore easy to miss.

A tick that has started feeding must be removed as soon as possible because the risk of in-
fection increases with the length of time spent feeding. Fine-pointed tweezers or a tick re-
moval tool are suitable for removing a tick. After grasping it with the tweezers, the tick is
pulled slowly and steadily out of the skin. The site of the bite should then be disinfected.

18



4,

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

(10)

(11)

(12)

(13)

(14)

(15)

References

ACKERMANN, R.; GOLLMER, E.; REHSE-KUPPER, B.: Progressive Borrelien-Encephalomyelitis
— Chronische Manifestation der Erythema-migrans-Krankheit am Nervensystem.
Dtsch med Wschr 110 (1985), 1039-1042

ADLER, S. M.; WARTOFskY, L.: The nonthyroidal illness syndrome. Endocrinol Metab Clin
North Am 36 (2007), 657-72. http://dx.doi.org/10.1016/j.ecl.2007.04.007

ANGELAKIS, E.; BILLETER, S. A.; BREITSCHWERDT, E. B.; CHOMEL, B. B.; RaouLT, D.: Potential
for tick-borne bartonelloses. Emerg Infect Dis 16 (2010), 385-391

ASBRINK, E.; HOVMARK, A.; HEDERSTEDT, B.: The spirochetal etiology of acrodermatitis
chronica atrophicans Afzelius. Acta Derm Venereol 64 (1984), 506—512

ASBRINK, E.; OLSSON, I.: Clinical manifestations of erythema chronicum migrans Afzelius
in 161 patients — A comparison with Lyme disease. Acta Derm Venereol 65 (1985),
43-52

AscH, E. S.; Bulak, D. I.; WEIss, M.; PETERSON, M. G.; WEINSTEIN, A.: Lyme disease — An
infectious and postinfectious syndrome. J Rheumatol 21 (1994), 454-461

BACON, R. M.; BIGGERSTAFF, B. J.; SCHRIEFER, M. E.; GILMORE, R. D.; PHILIPP, M. T.; STEERE, A.
C.; WORMSER, G. P.; MARQUES, A. R.; JOHNSON, B. J. B.: Serodiagnosis of Lyme disease by
kinetic enzyme-linked immunosorbent assay using recombinant VISE1 or peptide an-
tigens of Borrelia burgdorferi compared with 2-tiered testing using whole-cell lysates.
J Infect Dis 187 (2003), 1187-1199. http://dx.doi.org/10.1086/374395

BAEHR, V. von: Die Labordiagnostik der Borrelieninfektion. Umwelt-Medizin-Gesell-
schaft 22 (2009), 119-124

BAEHR, V. von ; LIEBENTHAL, C.; GAIDA, B.; SCHMIDT, F.-P.; BAEHR, R. von ; VoLK, H.-D.:
Untersuchungen zur diagnostischen Wertigkeit des Lymphozytentransformationstes-
tes bei Patienten mit Borreliose. Lab Med 31 (2007), 149-158

BARNETT, W.; SIGMUND, D.; RoELcke, U.; MuNnDT, C.: Endomorphes paranoid-halluzina-
torisches Syndrom durch Borrelienencephalitis. Nervenarzt 62 (1991), 445-447

BERGER, B. W.: Dermatologic manifestations of Lyme disease. Rev Infect Dis 11 (1989),
1475-1481

BILLETER, S. A.; LEvY, M. G.; CHOMEL, B. B.; BREITSCHWERDT, E. B.: Vector transmission of
Bartonella species with emphasis on the potential for tick transmission. Med Vet
Entomol 22 (2008), 1-15. http://dx.doi.org/10.1111/j.1365-2915.2008.00713.x

BiscHOFF, S. C.; MANNS, M. P.: Probiotika, Prabiotika und Synbiotika — Stellenwert in
Klinik und Praxis. Dtsch Arztebl 102 (2005), A 752-759. http://www.aerzteblatt.de/-
v4/archiv/artikel.asp?id=45953

BLASCHITZ, M.; NARODOSLAVSKY-GFOLLER, M.; GEROLD STANEK, M. K.; WALOCHNIK, J.: Babesia
Species Occurring in Austrian Ixodes ricinus Ticks. Appl Environ Microbiol. 74 (2008),
4841-4846. http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2519353/

BoLTRI, J. M.; HasH, R. B.; VoGEL, R. L.: Patterns of Lyme disease diagnosis and treat-
ment by family physicians in a southeastern state. J/ Community Health 27 (2002),
395-402

19


http://dx.doi.org/10.1016/j.ecl.2007.04.007�
http://dx.doi.org/10.1086/374395�
http://dx.doi.org/10.1111/j.1365-2915.2008.00713.x�
http://www.aerzteblatt.de/v4/archiv/artikel.asp?id=45953�
http://www.aerzteblatt.de/v4/archiv/artikel.asp?id=45953�
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2519353/�

(16)

(17)

(18)

(19)

(20)

(21)

(22)

(23)

(24)

(25)

(26)

(27)

(28)

(29)

20

BRANSFIELD, R. C.; WULFMAN, J. S.; HARVEY, W. T.; UsmAN, A. |.: The association between
tick-borne infections, Lyme borreliosis and autism spectrum disorders. Med Hypo-
theses 70 (2008), 967-974. http://dx.doi.org/10.1016/j.mehy.2007.09.006

BREITSCHWERDT, E. B.; MAGGI, R. G.; LANTO, P. M.; WoobDs, C. W.; HEGARTY, B. C.; BRADLEY,
J. M.: Bartonella vinsonii subsp. Berkhoffii and Bartonella henselae bacteremia in a
father and daughter with neurological disease. Parasites & Vectors 3 (2010), 1-9.
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2859367/pdf/1756-3305-3-29.pdf

BRORSON, O.; BRORSON, S. H.: An in vitro study of the susceptibility of mobile and cystic
forms of Borrelia burgdorferi to metronidazole. APMIS 107 (1999), 566-576

BRORSON, O.; BRORSON, S. H.: An in vitro study of the susceptibility of mobile and cystic
forms of Borrelia burgdorferi to hydroxychloroquine. Int Microbiol 5 (2002), 25-31.
http://dx.doi.org/10.1007/s10123-002-0055-2

BRORSON, O.; BRORSON, S. H.; SCYTHES, J.; MACALLISTER, J.; WIER, A.; MARGULIS, L.: Destruc-
tion of spirochete Borrelia burgdorferi round-body propagules (RBs) by the antibiotic
tigecycline. Proc Natl Acad Sci USA 106 (2009), 18656—18661. http://dx.doi.org/-
10.1073/pnas.0908236106

BURGDORFER, W.; BARBOUR, A. G.; HAYES, S. F.; BENACH, J. L.; GRUNWALDT, E.; DAvIs, J. P.:
Lyme disease — A tick-borne spirochetosis? Science 216 (1982), 1317-1319

CapaviD, D.; O’NEILL, T.; SCHAEFER, H.; PACHNER, A. R.: Localization of Borrelia burgdor-
feri in the nervous system and other organs in a nonhuman primate model of lyme
disease. Lab Invest 80 (2000), 1043-1054

CAMERON, D.; GAITO, A.; HARRIS, N.; BACH, G.; BELLOVIN, S.; Bock, K.; Bock, S.; BURRASCANO,
J.; Dickey, C.; HOROWITZ, R.; PHILLIPS, S.; MEER-SCHERRER, L.; RAXLEN, B.; SHERR, V.; SMITH,
H.; SMITH, P.; STRICKER, R.: Evidence-based guidelines for the management of Lyme
disease. Expert Rev Anti Infect Ther 2 (2004), S1-13.

CASTAGLIUOLO, |.; RIEGLER, M. F.; VALENICK, L.; LAMONT, J. T.; POTHOULAKIS, C.: Saccharo-
myces boulardii protease inhibits the effects of Clostridium difficile toxins A and B in
human colonic mucosa. Infect Immun 67 (1999), 302—-307

CimmINO, M. A.; AccaArDO, S.: Long term treatment of chronic Lyme arthritis with
benzathine penicillin. Ann Rheum Dis 51 (1992), 1007-1008

CLARISSOU, J.; SONG, A.; BERNEDE, C.; GUILLEMOT, D.; DINH, A.; ADER, F.; PERRONNE, C.; SA-
LOMON, J.: Efficacy of a long-term antibiotic treatment in patients with a chronic Tick
Associated Poly-Organic Syndrome (TAPOS). Med Mal Infect 39 (2009), 108-115.
http://dx.doi.org/10.1016/j.medmal.2008.11.012

CoopeRr, C.: Safety of Long Term Therapy with Penicillin and Penicillin Derivatives.
FDA, US Food and Drug Administration (2001), Dec. 6. http://www.fda.gov/Drugs/-
EmergencyPreparedness/BioterrorismandDrugPreparedness/ucm072755.htm

CREMONINI, F.; CARO, S. D.; NisTA, E. C.; BARTOLOZzZI, F.; CAPELLI, G.; GASBARRINI, G.; GASBAR-
RINI, A.: Meta-analysis — The effect of probiotic administration on antibiotic-asso-
ciated diarrhoea. Aliment Pharmacol Ther 16 (2002), 1461-1467

CuLp, R. W.; EICHENFIELD, A. H.; DAVIDSON, R. S.; DRUMMOND, D. S.; CHRISTOFERSEN, M. R.;
GoLDSMITH, D. P.: Lyme arthritis in children — An orthopaedic perspective. J Bone Joint
Surg Am 69 (1987), 96-99


http://dx.doi.org/10.1016/j.mehy.2007.09.006�
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2859367/pdf/1756-3305-3-29.pdf�
http://dx.doi.org/10.1007/s10123-002-0055-2�
http://dx.doi.org/10.1073/pnas.0908236106�
http://dx.doi.org/10.1073/pnas.0908236106�
http://dx.doi.org/10.1016/j.medmal.2008.11.012�
http://www.fda.gov/Drugs/EmergencyPreparedness/BioterrorismandDrugPreparedness/ucm072755.htm�
http://www.fda.gov/Drugs/EmergencyPreparedness/BioterrorismandDrugPreparedness/ucm072755.htm�

(30)

(31)

(32)

(33)

(34)

(35)

(36)

(37)

(38)

(39)

(40)

(41)

(42)

(43)

(44)

(45)

DATTWYLER, R. J.; HALPERIN, J. J.; Pass, H.; LUFT, B. J.: Ceftriaxone as effective therapy in
refractory Lyme disease. J Infect Dis 155 (1987), 1322-1325

DATTWYLER, R. J.; HALPERIN, J. J.; VOLKMAN, D. J.; LurT, B. J.: Treatment of late Lyme
borreliosis — Randomised comparison of ceftriaxone and penicillin. Lancet 1 (1988),
1191-1194

DATTWYLER, R. J.; VOLKMAN, D. J.; LUFT, B. J.; HALPERIN, J. J.; THOMAS, J.; GOLIGHTLY, M. G.:
Seronegative Lyme disease — Dissociation of specific T- and B-lymphocyte responses
to Borrelia burgdorferi. N Engl ) Med 319 (1988), 1441-1446

DIETRICH, F.; SCHMIDGEN, T.; MAGGI, R. G.; RICHTER, D.; MATUSCHKA, F.-R.; VONTHEIN, R.;
BREITSCHWERDT, E. B.; KEMPF, V. A. J.: Prevalence of Bartonella henselae and Borrelia
burgdorferi sensu lato DNA in ixodes ricinus ticks in Europe. Appl Environ Microbiol
76 (2010), 1395-1398. http://dx.doi.org/10.1128/AEM.02788-09

DiTERICH, |.; RAUTER, C.; KIRSCHNING, C.J.; HARTUNG, T.: Borrelia burgdorferi-Induced
Tolerance as a Model of Persistence via Immunosuppression. Infect. Immun. 71
(2003), 3979-3987. http://www.ncbi.nlm.nih.gov/pmc/articles/PMC162029/

DONTA, S. T.: Late and chronic Lyme disease. Med Clin North Am 86 (2002), 341-349

DonTA, S. T.: Macrolide therapy of chronic Lyme Disease. Med Sci Monit 9 (2003),
P1136—P1142

DRESSLER, F.; WHALEN, J. A.; REINHARDT, B. N.; STEERE, A. C.: Western blotting in the sero-
diagnosis of Lyme disease. J Infect Dis 167 (1993), 392—400

D’Souza, A. L.; RAIKUMAR, C.; COOKE, J.; BULpITT, C. J.: Probiotics in prevention of antibi-
otic associated diarrhoea — Meta-analysis. BMJ 324 (2002), 1361

DuRAY, P. H.: Clinical pathologic correlations of Lyme disease. Rev Infect Dis 11 (1989),
S$1487-51493

DuRrAY, P. H.; STEerE, A. C.: Clinical pathologic correlations of Lyme disease by stage.
Ann N 'Y Acad Sci 539 (1988), 65—-79

EGMOND, M. E.; Lulckx, G.-J.; KRAMER, H.; BENNE, C. A.; SLEBOS, D.-J.; ASSEN, S. van: Dia-
phragmatic weakness caused by neuroborreliosis. Clin Neurol Neurosurg (2010), Oct.
Epub ahead of print. http://dx.doi.org/10.1016/j.clineuro.2010.09.011

EISENDLE, K.; GRABNER, T.; ZELGER, B.: Focus floating microscopy — "Gold standard" for
cutaneous borreliosis? Am J Clin Pathol 127 (2007), 213-222. http://dx.doi.org/-
10.1309/3369XXFPEQUNEP5C

Eskow, E.; RAO, R. V.; MORDECHAI, E.: Concurrent infection of the central nervous sys-
tem by Borrelia burgdorferi and Bartonella henselae: evidence for a novel tick-borne
disease complex. Arch Neurol 58 (2001), 1357-1363

FALLON, B. A.; KEILP, J. G.; CORBERA, K. M.; PETKOVA, E.; BRITTON, C. B.; DWYER, E.; SLAVOV,
I.; CHENG, J.; DOBKIN, J.; NELSON, D. R.; SACKEIM, H. A.: A randomized, placebo-controlled
trial of repeated IV antibiotic therapy for Lyme encephalopathy. Neurology 70 (2008),
992-1003. http://dx.doi.org/10.1212/01.WNL.0000284604.61160.2d

FALLON, B. A.; NIELDS, J. A.: Lyme disease — A neuropsychiatric illness. Am J Psychiatry
151 (1994), 1571-1583

21


http://dx.doi.org/10.1128/AEM.02788-09�
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC162029/�
http://dx.doi.org/10.1016/j.clineuro.2010.09.011�
http://dx.doi.org/10.1309/3369XXFPEQUNEP5C�
http://dx.doi.org/10.1309/3369XXFPEQUNEP5C�
http://dx.doi.org/10.1212/01.WNL.0000284604.61160.2d�

(46)

(47)

(48)

(49)

(50)

(51)

(52)

(53)

(54)

(55)

(56)
(57)

(58)

(59)

(60)

22

FALLON, B. A.; LIPKIN, R. B.; CORBERA, K. M.; YU, S.; NOBLER, M. S.; KEILP, J. G.; PETKOVA, E.;
LISANBY, S. H.; MOELLER, J. R.; SLAvov, |.; HEERTUM, R. V.; MENSH, B. D.; SACKEIM, H. A.: Re-
gional cerebral blood flow and metabolic rate in persistent Lyme encephalopathy.
Arch  Gen  Psychiatry 66 (2009), 554-563. http://dx.doi.org/10.1001/-
archgenpsychiatry.2009.29

FINGERLE, V.; WILSKE, B.: AbschluBbericht zur im Jahr 2004 duchgefiihrten Studie
"Epidemiologische Aspekte zeckenlibertragener Erkrankungen in Bayern — Lyme-Bor-
reliose". Bayerisches Staatsministerium fiir Umwelt, Gesundheit und Verbraucher-
schutz (2005)

FINIzia, C.; JONSSON, R.; HANNER, P.: Serum and cerebrospinal fluid pathology in patients
with sudden sensorineural hearing loss. Acta Otolaryngol 121 (2001), 823—830

GARBE, C.: Kutanes B-Zell-Lymphom bei chronischer Borrelia-burgdorferi-Infektion.
Hautarzt 39 (1988), 717-726

GARCIA-MONCO, J. C.; FERNANDEZ-VILLAR, B.; BENACH, J. L.: Adherence of the Lyme disease
spirochete to glial cells and cells of glial origin. J Infect Dis 160 (1989), 497-506

GASSER, R.; DUSLEAG, J.: Oral treatment of late borreliosis with roxithromycin plus co-
trimoxazole. Lancet 336 (1990), 1189-1190

GASSER, R.; REISINGER, E.; EBER, B.; POKAN, R.; SEINOST, G.; BERGLOFF, J.; HORWARTH, R.; SE-
DAJ, B.; KLEIN, W.: Cases of Lyme borreliosis resistant to conventional treatment — Im-
proved symptoms with cephalosporin plus specific beta-lactamase inhibition. Microb
Drug Resist 1 (1995), 341-344

GRraB, D.J.; NYArRkO, E.; BARAT, N.C.; Nikoskala, O.V.; DUMLER, J.S.: Anaplasma
phagocytophilum-Borrelia burgdorferi coinfection enhances chemokine, cytokine,
and matrix metalloprotease expression by human brain microvascular endothelial
cells. Clin Vaccine Immunol 14 (2007), 1420-1424. http://dx.doi.org/10.1128/-
CVI.00308-07

GRroorT, L. J. D.: Non-thyroidal illness syndrome is a manifestation of hypothalamic-
pituitary dysfunction, and in view of current evidence, should be treated with appro-
priate replacement therapies. Crit Care Clin 22 (2006), 57-86. http://dx.doi.org/-
10.1016/j.ccc.2005.10.001

HALPERIN, J. J.: Abnormalities of the nervous system in Lyme disease — Response to
antimicrobial therapy. Rev Infect Dis 11 (1989), S1499-S1504

HALPERIN, J. J.: Neuroborreliosis. Am J Med 98 (1995), 525-56S; discussion 565-59S

HALPERIN, J. J.; LITTLE, B. W.; CovLE, P. K.; DATTWYLER, R.J.: Lyme disease — Cause of a
treatable peripheral neuropathy. Neurology 37 (1987), 1700-1706

HALPERIN, J. J.; LUFT, B. J.; ANAND, A. K.; Roaug, C. T.; ALVAREZ, O.; VOLKMAN, D. J.; DATTWY-
LER, R. J.: Lyme neuroborreliosis — Central nervous system manifestations. Neurology
39 (1989), 753-759

HALPERIN, J. J.; VOLKMAN, D. J.; Wu, P.: Central nervous system abnormalities in Lyme
neuroborreliosis. Neurology 41 (1991), 1571-1582

HARTIALA, P.: Immune Evasion by Borrelia burgdorferi — With Special Reference to
CD38-mediated Chemotaxis of Neutrophils and Dendritic Cells, Turku Postgraduate


http://dx.doi.org/10.1001/archgenpsychiatry.2009.29�
http://dx.doi.org/10.1001/archgenpsychiatry.2009.29�
http://dx.doi.org/10.1128/CVI.00308-07�
http://dx.doi.org/10.1128/CVI.00308-07�
http://dx.doi.org/10.1016/j.ccc.2005.10.001�
http://dx.doi.org/10.1016/j.ccc.2005.10.001�

(61)

(62)

(63)

(64)

(65)

(66)

(67)

(68)

(69)

(70)

(71)
(72)

(73)

(74)

(75)

(76)

School of Biomedical Sciences, Diss., 2009. https://oa.doria.fi/handle/10024/-
43547?locale=len&author=

HASSLER, D.; RIEDEL, K.; ZORN, J.; PREAC-MURSIC, V.: Pulsed high-dose cefotaxime therapy
in refractory Lyme borreliosis. Lancet 338 (1991), 193

HASSLER, D.; ZOLLER, L.; HAUDE, M.; HUFNAGEL, H. D.; HEINRICH, F.; SONNTAG, H. G.: Cefo-
taxime versus penicillin in the late stage of Lyme disease — Prospective, randomized
therapeutic study. Infection 18 (1990), 16—20

HAssLER, D.: Langzeitbeobachtungen zum Krankheitsbild der Lyme-Borreliose in einem
Endemiegebiet. Habilitation, 1997

HAsSLER, D.: Phasengerechte Therapie der Lyme-Borreliose. Chemother. J. 15 (2006),
106-111

HAsSSLER, D.; MAIWALD, M.: Zweimalige Re-Infektion mit Borrelia burgdorferi bei einem
immunkompetenten Patienten. Deutsches Med Wochenschr 119 (1994), 338—-342

HASSLER, D.; ZOELLER, L.; HAUDE, M.; HUFNAGEL, H. D.; SONNTAG, H.: Lyme-Borreliose in ei-
nem europdischen Endemiegebiet — Antikoérperpravalenz und klinisches Spektrum.
Dtsch med Wschr 117 (1992), 767-774

HAVERKAMP, W.; HAVERKAMP, F.; BREITHARDT, G.: Medikamentenbedingte QT-Verlange-
rung und Torsade de pointes: Ein multidisziplindres Problem. Dtsch Arztebl 99 (2002),
1972-1979

HAVERKAMP, W.; ROLF, S.; ECKARDT, L.; MONNIG, G.: Long QT syndrome and Brugada syn-
drome — Drugs, ablation or ICD? Herz 30 (2005), 111-118. http://dx.doi.org/-
10.1007/s00059-005-2676-7

HeIrR, G. M.: Differentiation of orofacial pain related to Lyme disease from other den-
tal and facial pain disorders. Dent Clin North Am 41 (1997), 243-258

HERzER, P.; WILSKE, B.: Lyme arthritis in Germany. Zentralbl Bakteriol Mikrobiol Hyg A
263 (1986), 268-274

Hor, H.; DORRIES, R.: Medizinische Mikrobiologie. 4. Aufl. Stuttgart 2009

HorsT, H. (Hrsg.): Einheimische Zeckenborreliose (Lyme-Krankheit) bei Mensch und
Tier. 4. Aufl. Balingen 2003

HUNFELD, K.-P.; CINATL, J.; TENTER, A.; BRADE, V.: Granulocytic Ehrlichia, Babesia, and
spotted fever Rickettsia — Not yet widely known tick-borne pathogens of considerable
concern for humans at risk in Europe. Biotest. Bulletin 6 (2002), 321-344

HUNFewD, K.-P.: Contributions to Seroepidemiology, Diagnosis, and Antimicrobial
Susceptibility of Borrelia, Ehrlichia, and Babesia as Indigenous Tick-conducted Patho-
gens, Aachen 2004

JAREFORS, S.; BENNET, L.; You, E.; FORSBERG, P.; EKERFELT, C.; BERGLUND, J.; ERNERUDH, J.:
Lyme borreliosis reinfection — Might it be explained by a gender difference in im-
mune response? Immunology 118 (2006), 224-232. http://dx.doi.org/10.1111/-
1:1365-2567.2006.02360.x

JOHNSON, R. C.: Isolation techniques for spirochetes and their sensitivity to antibiotics
in vitro and in vivo. Rev Infect Dis 11 (1989), S1505-51510

23


https://oa.doria.fi/handle/10024/43547?locale=len&author=�
https://oa.doria.fi/handle/10024/43547?locale=len&author=�
http://dx.doi.org/10.1007/s00059-005-2676-7�
http://dx.doi.org/10.1007/s00059-005-2676-7�
http://dx.doi.org/10.1111/j.1365-2567.2006.02360.x�
http://dx.doi.org/10.1111/j.1365-2567.2006.02360.x�

(77)

(78)

(79)

(80)

(81)

(82)

(83)

(84)

(85)

(86)

(87)

(88)

(89)

(90)

24

KaLisH, R. A.; KAPLAN, R. F.; TAYLOR, E.; JONES-WOODWARD, L.; WORKMAN, K.; STEERE, A. C.:
Evaluation of study patients with Lyme disease, 10-20-year follow-up. J Infect Dis 183
(2001), 453-460. http://dx.doi.org/10.1086/318082

KAPLAN, R. F.; TREVINO, R. P.; JOHNSON, G. M.; Levy, L.; DORNBUSH, R.; Hu, L. T.; EVANS, J.;
WEINSTEIN, A.; ScHMID, C. H.; KLEMPNER, M. S.: Cognitive function in post-treatment
Lyme disease: do additional antibiotics help? Neurology 60 (2003), 1916-1922

KARMA, A.; SEPPALA, I.; MIKKILA, H.; KAAKKOLA, S.; VIUANEN, M.; TARKKANEN, A.: Diagnosis
and clinical characteristics of ocular Lyme borreliosis. Am J Ophthalmol 119 (1995),
127-135

KERSTEN, A.; POLITSCHEK, C.; RAUCH, S.; ABERER, E.: Effects of penicillin, ceftriaxone, and
doxycycline on morphology of Borrelia burgdorferi. Antimicrob Agents Chemother
(1995), 1127-33.
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC162695/?tool=pubmed

KLEMANN, W.; HUISMANS, B.-D.: Patienten mit Erreger-Direktnachweis bei chronischer
Lyme-Borreliose — Klinik, Labordiagnostik, Antibiotika-Therapie und Krankheitsver-
lauf. Eine retrospektive Studie. Umwelt-Medizin-Gesellschaft 2 (2009), 132—-138

KLEMPNER, M. S.; Hu, L. T.; EVANS, J.; ScHMID, C. H.; JOHNSON, G. M.; TREVINO, R. P.; NOR-
TON, D.; LEvY, L.; WALL, D.; McCALL, J.; KosInskl, M.; WEINSTEIN, A.: Two controlled trials
of antibiotic treatment in patients with persistent symptoms and a history of Lyme
disease. N Engl J Med 345 (2001), 85-92

KRraAiczy, P.; SKERKA, C.; KIRSCHFINK, M.; ZIPFEL, P. F.; BRADE, V.. Mechanism of comple-
ment resistance of pathogenic Borrelia burgdorferi isolates. Int Immunopharmacol 1
(2001), 393-401

Kraiczy, P.: Natirliche Komplementresistenz und humorale Immunabwehr bei
Borrelia burgdorferi, dem Erreger der Lyme-Borreliose. Aachen 2004

KRralczy, P.; SKERKA, C.; KIRSCHFINK, M.; ZIPFEL, P. F.; BRADE, V.: Immune evasion of Borre-
lia burgdorferi — Insufficient killing of the pathogens by complement and antibody. Int
J Med Microbiol 291 (2002), 141-146

KRrAIczy, P.; SKERKA, C.; ZIPFEL, P. F.; BRADE, V.: Complement regulator-acquiring surface
proteins of Borrelia burgdorferi — A new protein family involved in complement resis-
tance. Wien Klin Wochenschr 114 (2002), 568-573

KRAUSE, P. J.; TELFORD, S. R.; SPIELMAN, A.; SIKAND, V.; RYAN, R.; CHRISTIANSON, D.; BURKE,
G.; BRASSARD, P.; PoLLACK, R.; PECK, J.; PERSING, D. H.: Concurrent Lyme disease and ba-
besiosis — Evidence for increased severity and duration of illness. JAMA 275 (1996),
1657-1660

KRISTOFERITSCH, W.; LANSCHUTZER, H.: Oligoclonal immunoglobulin M in the cerebro-
spinal fluid of patients with Garin-Bujadoux-Bannwarth meningopolyneuritis. Wien
Klin Wochenschr 98 (1986), 386—388

KRISTOFERITSCH, W.; STANEK, G.; KuNz, C.: Doppelinfektion mit Friihsommermeningo-
encephalitis. Dtsch. Med. Wschr. 111 (1986), 861-864

KrRupp, L. B.; HYMAN, L. G.; GRIMSON, R.; COYLE, P. K.; MELVILLE, P.; AHNN, S.; DATTWYLER, R.;
CHANDLER, B.: Study and treatment of post Lyme disease (STOP-LD) — A randomized
double masked clinical trial. Neurology 60 (2003), 1923-1930


http://dx.doi.org/10.1086/318082�
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC162695/?tool=pubmed�

(91)
(92)

(93)

(94)

(95)

(96)

(97)

(98)

(99)
(100)

(101)
(102)

(103)

(104)

(105)

(106)

LESSER, R. L.: Ocular manifestations of Lyme disease. Am J Med 98 (1995), 605—62S

LimBACH, F. X.; JAULHAC, B.; PUECHAL, X.; MONTEIL, H.; KuNTz, J. L.; PIEMONT, Y.; SIBILIA, J.:
Treatment resistant Lyme arthritis caused by Borrelia garinii. Ann Rheum Dis 60
(2001), 284286

LINDE, M. R. d.; CRUNS, H. J.; KONING, J. de ; HOOGKAMP-KORSTANIE, J. A.; GRAAF, J. J.; PIERS,
D. A.; GALIEN, A. van d.; LI, K. I.: Range of atrioventricular conduction disturbances in
Lyme borreliosis — A report of four cases and review of other published reports. Br
Heart J 63 (1990), 162—-168

Liu, N.Y.; DINERMAN, H.; LEVIN, R. E.: Randomized trial of doxycycline vs. amoxicillin /
probenecid for the treatment of Lyme arthritis — Treatment of non responders with iv
penicillin or ceftriaxone. Arthritis Rheum 32 (1989), S46

Li@sTAD, U.; SKOGVOLL, E.; EIKELAND, R.; MIDGARD, R.; SKARPAAS, T.; BERG, A.; MYGLAND, A.:
Oral doxycycline versus intravenous ceftriaxone for European Lyme neuroborreliosis
— A multicentre, non-inferiority, double-blind, randomised trial. Lancet Neurol 7
(2008), 690—695. http://dx.doi.org/10.1016/S1474-4422(08)70119-4

LoGIGIAN, E. L.; KAPLAN, R. F.; STEERE, A. C.: Successful treatment of Lyme encephalopa-
thy with intravenous ceftriaxone. J Infect Dis 180 (1999), 377-383. http://dx.doi.org/-
10.1086/314860

MAcDoONALD, A. B.: Gestational Lyme borreliosis — Implications for the fetus. Rheum
Dis Clin North Am 15 (1989), 657-677

MALONEY, E. L.: The Need for Clinical Judgment and Diagnosis in Treatment of Lyme
Disease. Journal of American Physicians and Surgeons 14 (2010), 82-89.
http://www.jpands.org/vol14no3/maloney.pdf

MANNING, P. G.: Fulminant refractory Lyme disease. lowa Med 79 (1989), 277-280

MARRACK, P.; SCOTT-BROWNE, J.; MAcLEOD, M. K. L.: Terminating the immune response.
Immunol Rev 236 (2010), 5-10. http://dx.doi.org/10.1111/j.1600-065X.2010.00928.x

MATTMAN, L. H.: Cell Wall Deficient Forms — Stealth pathogens. CRC Press Inc. 3 (2000)

MCFARLAND, L. V.: Meta-analysis of probiotics for the prevention of antibiotic asso-
ciated diarrhea and the treatment of Clostridium difficile disease. Am J Gastroenterol
101 (2006), 812—822. http://dx.doi.org/10.1111/j.1572-0241.2006.00465.x

MEEK, J. I.; ROBERTS, C. L.; SMITH, E. V.; CARTTER, M. L.: Underreporting of Lyme disease
by Connecticut physicians, 1992. J Public Health Manag Pract 2 (1996), 61-65

MEIER, C.; REULEN, H.J.; HuBER, P.; MUMENTHALER, M.: Meningoradiculoneuritis mi-
micking vertebral disc herniation. A "neurosurgical" complication of Lyme-borreliosis.
Acta Neurochir (Wien) 98 (1989), 42—-46

MIKKILA, H.; SEPPALA, I.; LEIRISALO-REPO, M.; IMMONEN, |.; KARMA, A.: The etiology of uvei-
tis — The role of infections with special reference to Lyme borreliosis. Acta Ophthal-
mol Scand 75 (1997), 716-719

MIKKILA, H. O.; SEPPALA, I. J.; VILANEN, M. K.; PELTOMAA, M. P.; KARMA, A.: The expanding
clinical spectrum of ocular lyme borreliosis. Ophthalmology 107 (2000), 581-587

25


http://dx.doi.org/10.1016/S1474-4422(08)70119-4�
http://dx.doi.org/10.1086/314860�
http://dx.doi.org/10.1086/314860�
http://www.jpands.org/vol14no3/maloney.pdf�
http://dx.doi.org/10.1111/j.1600-065X.2010.00928.x�
http://dx.doi.org/10.1111/j.1572-0241.2006.00465.x�

(107)

(108)

(109)

(110)

(111)

(112)

(113)

(114)

(115)

(116)

(117)

(118)

(119)

(120)

(121)

26

MITCHELL, P. D.; ReeD, K. D.; HoOFkKes, J. M.: Immunoserologic evidence of coinfection
with Borrelia burgdorferi, Babesia microti, and human granulocytic Ehrlichia species
in residents of Wisconsin and Minnesota. J Clin Microbiol 34 (1996), 724-727

MULLER, K. E.: Erkrankung der elastischen und kollagenen Fasern von Haut, Sehnen
und Bandern bei Lyme-Borreliose. Umwelt Medizin Gesellschaft 22 (2009), 112-118.
http://www.schattenblick.de/infopool/medizin/fachmed/mz1um194.html

MOKRY, M.; FLASCHKA, G.; KLEINERT, G.; KLEINERT, R.; FAZEKAS, F.; Kopp, W.: Chronic Lyme
disease with an expansive granulomatous lesion in the cerebellopontine angle. Neu-
rosurgery 27 (1990), 446-451

MotLoy, P. J.; BERARDI, V. P.; PERSING, D. H.; SIGAL, L. H.: Detection of multiple reactive
protein species by immunoblotting after recombinant outer surface protein A lyme
disease vaccination. Clin Infect Dis 31 (2000), 42-47. http://dx.doi.org/10.1086/-
313920

MULLEGGER, R. R.: Dermatological manifestations of Lyme borreliosis. Eur J Dermatol
14 (2004), 296-309

MUNKELT, K.: Epidemiologische Studie zur Symptomatik, Diagnostik und Therapie der
Lyme Borreliose in Deutschland, FU Berlin, Diss., 2006

MYGLAND, A.; SKARPAAS, T.; LigsTAD, U.: Chronic polyneuropathy and Lyme disease. Eur J
Neurol 13 (2006), 1213-1215. http://dx.doi.org/10.1111/j.1468-1331.2006.01395.x

MYLONAS, I.: Borreliosis During Pregnancy — A Risk for the Unborn Child? Vector Borne
Zoonotic Dis (2010). http://dx.doi.org/10.1089/vbz.2010.0102

NOWAKOWSKI, J.; SCHWARTZ, |.; LIVERIS, D.; WANG, G.; AGUERO-ROSENFELD, M. E.; GIRAO, G.;
MCcKENNA, D.; NADELMAN, R. B.; CAVALIERE, L. F.; WORMSER, G. P.: Laboratory diagnostic
techniques for patients with early Lyme disease associated with erythema migrans —
A comparison of different techniques. Clin Infect Dis 33 (2001), 2023—-2027

OLESON, C. V.; SIVALINGAM, J. J.; O’NEILL, B. J.; STAAS, W. E.: Transverse myelitis second-
ary to coexistent Lyme disease and babesiosis. J Spinal Cord Med 26 (2003), 168-171

OWEN, D. C.: Is Lyme disease always poly microbial? — The jigsaw hypothesis. Med
Hypotheses 67 (2006), 860—864. http://dx.doi.org/10.1016/j.mehy.2006.03.046

PALECEK, T.; KUCHYNKA, P.; HULINSKA, D.; SCHRAMLOVA, J.; HRBACKOVA, H.; VITKOVA, I.; SIMEK,
S.; HORAK, J.; LoucH, W. E.; LINHART, A.: Presence of Borrelia burgdorferi in endomyo-
cardial biopsies in patients with new-onset unexplained dilated cardiomyopathy. Med
Microbiol Immunol (2010), http://dx.doi.org/10.1007/s00430-009-0141-6

PHILLIPS, S. E.; MATTMAN, L. H.; HULINSKA, D.; MOAYAD, H.: A proposal for the reliable cul-
ture of Borrelia burgdorferi from patients with chronic Lyme disease, even from
those previously aggressively treated. Infection 26 (1998), 364-367

PREAC-MURSIC, V.; WANNER, G.; REINHARDT, S.; WILSKE, B.; BuscH, U.; MARGET, W.: Forma-
tion and cultivation of Borrelia burgdorferi spheroplast-L-form variants. Infection 24
(1996), 218-226

PREAC-MURSIC, V.; WEBER, K.; PFISTER, H. W.; WILSKE, B.; GRoSS, B.; BAUMANN, A.; PROKOP,
J.: Survival of Borrelia burgdorferi in antibiotically treated patients with Lyme borreli-
osis. Infection 17 (1989), 355—-359


http://www.schattenblick.de/infopool/medizin/fachmed/mz1um194.html�
http://dx.doi.org/10.1086/313920�
http://dx.doi.org/10.1086/313920�
http://dx.doi.org/10.1111/j.1468-1331.2006.01395.x�
http://dx.doi.org/10.1089/vbz.2010.0102�
http://dx.doi.org/10.1016/j.mehy.2006.03.046�
http://dx.doi.org/10.1007/s00430-009-0141-6�

(122)

(123)

(124)

(125)
(126)

(127)

(128)

(129)

(130)

(131)

(132)

(133)

(134)

(135)
(136)

(137)

(138)

(139)

PREAC-MURSIC, V.; WILSKE, B.; SCHIERZ, G.; HOLMBURGER, M.; SUss, E.: In vitro and in vivo
susceptibility of Borrelia burgdorferi. Eur J Clin Microbiol 6 (1987), 424-426

ROBERT KOCH INSTITUT: Epidemiologisches Bulletin des RKI. Lyme-Borreliose — Zur Situa-
tion in den éstlichen Bundesléndern, 2007

SANTINO, |.; CoMITE, P.; GANDOLFO, G. M.: Borrellia burgdorferi, a great chameleon —
Know it to recognize it! Neurol Sci 31 (2010), 193-196

SATz, N.: Klinik der Lyme-Borreliose. Bern 2009

SAVELY, V.: Lyme disease — A diagnostic dilemma. Nurse Pract 35 (2010), 44-50.
http://dx.doi.org/10.1097/01.NPR.0000383661.45156.09

SAVINO, F.; CorDIsCO, L.; TARASCO, V.; PALUMERI, E.; CALABRESE, R.; OGGERO, R.; R0OS, S.;
MaTTEUZZI, D.: Lactobacillus reuteri DSM 17938 in infantile colic — A randomized,
double-blind, placebo-controlled trial. Pediatrics 126 (2010), e526—e533. http://-
dx.doi.org/10.1542/peds.2010-0433

SCHARDT, F. W.: Clinical effects of fluconazole in patients with neuroborreliosis. Eur J
Med Res 9 (2004), 334-336

ScHLEINITZ, N.; VELY, F.; HARLE, J.-R.; VIVIER, E.: Natural killer cells in human autoimmune
diseases. Immunology (2010), http://dx.doi.org/10.1111/j.1365-2567.2010.03360.x

SCHOENEN, J.; SIANARD-GAINKO, J.; CARPENTIER, M.; REzNIK, M.: Myositis during Borrelia
burgdorferi infection (Lyme disease). J Neurol Neurosurg Psychiatry 52 (1989), 1002—
1005

SMISMANS, A.; GOOSSENS, V. J.; NULENS, E.; BRUGGEMAN, C. A.: Comparison of five differ-
ent immunoassays for the detection of Borrelia burgdorferi IgM and IgG antibodies.
Clin Microbiol Infect 12 (2006), 648-655. http://dx.doi.org/10.1111/j.1469-
0691.2006.01448.x

SpacH, D. H.; KOEHLER, J. E.: Bartonella-associated infections. Infect Dis Clin North Am
12 (1998), 137-155

STANEK, G.; KLEIN, J.; BITTNER, R.; GLOGAR, D.: Isolation of Borrelia burgdorferi from the
myocardium of a patient with longstanding cardiomyopathy. N Engl J Med 322
(1990), 249-252. http://dx.doi.org/10.1056/NEJM199001253220407

STEERE, A. C.: Lyme disease. N Engl J Med 321 (1989), 586—596
STEERE, A. C.: Seronegative Lyme disease. JAMA 270 (1993), 1369

STEERE, A. C.: Lyme disease. N Engl J Med 345 (2001), 115-125. http://dx.doi.org/-
10.1056/NEJM200107123450207

STEERE, A. C.; HUTCHINSON, G.J.; RAHN, D. W.; SIGAL, L. H.; CRAFT, J. E.; DESANNA, E. T.;
MALAWISTA, S. E.: Treatment of the early manifestations of Lyme disease. Ann Intern
Med 99 (1983), 22-26

STEERE, A. C.; LEVIN, R. E.; MoLLoy, P. J.; KALISH, R. A.; ABRAHAM, J. H.; Liu, N.Y.; SCHMID,
C. H.: Treatment of Lyme arthritis. Arthritis Rheum 37 (1994), 878—888

STEERE, A. C.; MALAWISTA, S. E.; SNYDMAN, D. R.; SHOPE, R. E.; ANDIMAN, W. A.; Ross, M. R.;
STEELE, F. M.: Lyme arthritis: an epidemic of oligoarticular arthritis in children and
adults in three connecticut communities. Arthritis Rheum 20 (1977), 7-17

27


http://dx.doi.org/10.1097/01.NPR.0000383661.45156.09�
http://dx.doi.org/10.1542/peds.2010-0433�
http://dx.doi.org/10.1542/peds.2010-0433�
http://dx.doi.org/10.1111/j.1365-2567.2010.03360.x�
http://dx.doi.org/10.1111/j.1469-0691.2006.01448.x�
http://dx.doi.org/10.1111/j.1469-0691.2006.01448.x�
http://dx.doi.org/10.1056/NEJM199001253220407�
http://dx.doi.org/10.1056/NEJM200107123450207�
http://dx.doi.org/10.1056/NEJM200107123450207�

(140)

(141)

(142)

(143)

(144)

(145)

(146)

(147)

(148)

(149)

(150)

(151)

(152)

(153)

28

STEERE, A. C.; DHAR, A.; HERNANDEZ, J.; FISCHER, P. A.; SIKAND, V. K.; SCHOEN, R. T.; Nowa-
KowsKl, J.; MCHUGH, G.; PERSING, D. H.: Systemic symptoms without erythema migrans
as the presenting picture of early Lyme disease. Am J Med 114 (2003), 58-62

STEk, C. J.; Euk, J. J. J.; JAcoBs, B. C.; ENTING, R. H.; SPRENGER, H. G.; ALFEN, N. van ; ASSEN,
S. van: Neuralgic amyotrophy associated with Bartonella henselae infection. J Neurol
Neurosurg Psychiatry 81 (2010). http://dx.doi.org/10.1136/jnnp.2009.191940

STRAUBINGER, R. K.: PCR-Based quantification of Borrelia burgdorferi organisms in ca-
nine tissues over a 500-Day postinfection period. J Clin Microbiol 38 (2000), 2191—
2199

STRAUBINGER, R. K.; STRAUBINGER, A. F.; SUMMERS, B. A.; JACOBSON, R. H.: Status of Borrelia
burgdorferi infection after antibiotic treatment and the effects of corticosteroids — An
experimental study. J Infect Dis 181 (2000), 1069—1081. http://dx.doi.org/10.1086/-
315340

STRICKER, R. B.; GREEN, C. L.; SAVELY, V. R.; CHAMALLAS, S. N.; JOHNSON, L.: Safety of intra-
venous antibiotic therapy in patients referred for treatment of neurologic Lyme dis-
ease. Minerva Med 101 (2010), 1-7

STRICKER, R. B.; WINGER, E. E.: Decreased CD57 lymphocyte subset in patients with
chronic Lyme disease. Immunol Lett 76 (2001), 43-48

STRICKER, R. B.: Counterpoint — Long-term antibiotic therapy improves persistent
symptoms associated with lyme disease. Clin Infect Dis 45 (2007), 149-157. http://-
dx.doi.org/10.1086/518853

STRLE, F.; PREAC-MURSIC, V.; CIMPERMAN, J.; RuziC, E.; MARASPIN, V.; JEREB, M.: Azithromy-
cin versus doxycycline for treatment of erythema migrans — Clinical and microbiologi-
cal findings. Infection 21 (1993), 83—88

SWANSON, S.J.; NEeTzer, D.; Reep, K. D.; BELONGIA, E. A.: Coinfections acquired from
ixodes ticks. Clin Microbiol Rev 19 (2006), 708-727. http://dx.doi.org/10.1128/-
CMR.00011-06

SWARDFAGER, W.; LANCTOT, K.; ROTHENBURG, L.; WONG, A.; CAPPELL, J.; HERRMANN, N.: A
meta-analysis of cytokines in Alzheimer’s disease. Biol Psychiatry 68 (2010), 930-941.
http://dx.doi.org/10.1016/j.biopsych.2010.06.012

TELFORD, S. R.; WORMSER, G. P.: Bartonella spp. transmission by ticks not established.
Emerg Infect Dis 16 (2010), 379-384

TEREKHOVA, D.; SARTAKOVA, M. L.; WORMSER, G.P.; ScHwARrTz, |.; CaBELLO, F.C.:
Erythromycin resistance in Borrelia burgdorferi. Antimicrob Agents Chemother 46
(2002), 3637-3640. http://www.ncbi.nlm.nih.gov/pmc/articles/PMC128697/

THOMAS, V.; ANGUITA, J.; BARTHOLD, S. W.; FIKRIG, E.: Coinfection with Borrelia burgdor-
feri and the agent of human granulocytic ehrlichiosis alters murine immune res-
ponses, pathogen burden, and severity of Lyme arthritis. Infect Immun 69 (2001),
3359-3371. http://dx.doi.org/10.1128/1A1.69.5.3359-3371.2001

TREVISAN, G.: Atypical dermatological manifestations of Lyme borreliosis, acta
dermatovenerologica. 10 (2001).
http://ibmi.mf.uni-lj.si/acta-apa/acta-apa-01-4/trevisan.html



http://dx.doi.org/10.1136/jnnp.2009.191940�
http://dx.doi.org/10.1086/315340�
http://dx.doi.org/10.1086/315340�
http://dx.doi.org/10.1086/518853�
http://dx.doi.org/10.1086/518853�
http://dx.doi.org/10.1128/CMR.00011-06�
http://dx.doi.org/10.1128/CMR.00011-06�
http://dx.doi.org/10.1016/j.biopsych.2010.06.012�
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC128697/�
http://dx.doi.org/10.1128/IAI.69.5.3359-3371.2001�
http://ibmi.mf.uni-lj.si/acta-apa/acta-apa-01-4/trevisan.html�

(154)

(155)

(156)

(157)

(158)

(159)

(160)

(161)

(162)

TYLEWSKA-WIERZBANOWSKA, S.; CHMIELEWSKI, T.: Limitation of serological testing for Lyme
borreliosis — Evaluation of ELISA and western blot in comparison with PCR and culture
methods. Wien Klin Wochenschr 114 (2002), 601-605

WEBER, K.; WILSKE, B.: Mini erythema migrans — A sign of early Lyme borreliosis.
Dermatology 212 (2006), 113-116. http://dx.doi.org/10.1159/000090650

WILSKE, B.; ZOLLER, L.; BRADE, V.; EIFFERT, M.; GOBEL, U. B.; STANEK, G.; PFISTER., H. W.: MiQ
2000, Lyme-Borreliose. MAUCH, H. (Hrsg.) ; LUTTICKEN, R. (Hrsg.) ; GATERMANN, S. (Hrsg.):
Qualitétsstandards in der mikrobiologisch-infektiologischen Diagnostik, Miinchen
2000, 1-59

WINTERKORN, J.: Lyme disease — Neurologic and opthalmic manifestations. Surv
Ophthalmol 35 (1990), 191-204

WORMSER, G. P.; NADELMAN, R. B.; DATTWYLER, R. J.; DENNIS, D. T.; SHAPIRO, E. D.; STEERE,
A.C.; RusH, T.J.; RAHN, D. W.; CovLE, P. K.; PERSING, D. H.; FisH, D.; LUFT, B. J.: Practice
guidelines for the treatment of Lyme disease. The Infectious Diseases Society of
America. Clin Infect Dis 31 Suppl 1 (2000), 1-14. http://dx.doi.org/10.1086/314053

WORMSER, G. P.; DATTWYLER, R. J.; SHAPIRO, E. D.; HALPERIN, J. J.; STEERE, A. C.; KLEMPNER,
M. S.; KRAUSE, P. J.; BAKKEN, J. S.; STRLE, F.; STANEK, G.; BOCKENSTEDT, L.; FisH, D.; DUMLER,
J. S.; NADELMAN, R. B.: The clinical assessment, treatment, and prevention of lyme dis-
ease, human granulocytic anaplasmosis, and babesiosis — Clinical practice guidelines
by the Infectious Diseases Society of America. Clin Infect Dis 43 (2006), 1089-1134.
http://dx.doi.org/10.1086/508667

YANG, X.; NGUYEN, A.; Qu, D.; LurT, B. J.: In vitro activity of tigecycline against multiple
strains of Borrelia burgdorferi. J Antimicrob Chemother 63 (2009), 709-712. http://-
dx.doi.org/10.1093/jac/dkn551

ZAIDMAN, G. W.: The ocular manifestations of Lyme disease. Int Ophthalmol Clin 33
(1993), 9-22

ZEIDNER, N. S.; DoLAN, M. C.; MASSUNG, R.; PIESMAN, J.; FisH, D.: Coinfection with Borrelia
burgdorferi and the agent of human granulocytic ehrlichiosis suppresses IL-2 and IFN
gamma production and promotes an IL-4 response in C3H/HeJ mice. Parasite Immu-
nol 22 (2000), 581-588

29


http://dx.doi.org/10.1159/000090650�
http://dx.doi.org/10.1086/314053�
http://dx.doi.org/10.1086/508667�
http://dx.doi.org/10.1093/jac/dkn551�
http://dx.doi.org/10.1093/jac/dkn551�

5. Authors

The first version of these recommendations for the diagnosis and treatment of Lyme bor-
reliosis was written in 2007/2008 by the German Borreliosis Society [(Deutsche Borreliose-
Gesellschaft (DBG)]. The recommendations were revised in 2009/2010 by a working party.
This was followed by a repeated, anonymous consultation process in which all ordinary
members of the Society and external experts were able to submit, comment and vote on
suggested amendments. The resulting document was finally discussed in 2010 at the Annual
Congress of the DBG and approved on 24th November 2010 by its members.

The following participated in the consultation process:

Prof. Dr. med. Rudiger von Baehr **
Specialist in Internal Medicine
Institute of Medical Diagnostics, Berlin

Dr. med. Wilderich Becker
Specialist in Laboratory Medicine
Laboratory Medicine, Kassel

Dr. med. Harald Bennefeld *
Specialist in Neurosurgery, Hannover

PD Dr. med. Walter Berghoff *%
Specialist in Internal Medicine, Rheinbach

Uta Everth *%

Physician, Holzgerlingen
Hans-Peter Gabel %

Specialist in General Medicine, Wolfenbittel
Nadja EI-Mahgary *

Specialist in General Medicine, Halle/Westfalen
Prof. Dr. Werner Grossmann *

Specialist in Neurology and Psychiatry, Munich
Dr. med. Wolfgang Heesch

Specialist in Internal Medicine, Vellmar
Dr. med. Dorothea Hillscher * %

Specialist in Internal Medicine, Dresden

Dr. med. Petra Hopf-Seidel * %
Specialist in Neurology and Psychiatry, Ansbach

Dr. med. Bernt-Dieter Huismans * %
Specialist in Internal Medicine, Crailsheim

Dr. med. Wolfgang Klemann *
Specialist in Internal Medicine, Pforzheim

Dr. med. Michael Krahl *%
Specialist in General Medicine, Darmstadt

30



PD Dr. med. Dr. rer. nat. Bernd Krone
Physician in Laboratory Medicine,
Physician in Microbiology, Chemist
Laboratory Medicine, Kassel

Dr. med. Jorg Merkel *
Specialist in General Medicine, Alheim-Heinebach

Dr. med. Kurt E. Mller *%
Specialist in Dermatology and Sexual Diseases, Kempten

Acad. Dir. retd. Dr. med. Uwe Neubert *%
Specialist in Dermatology, Grobenzell

Dr. med. Carsten Nicolaus *
Practising Physician, Augsburg

PD Dr. sc. hum. Oliver Nolte ¥
Microbiologist
Labor Dr. Brunner, Konstanz

Dr. med. Dietrich Rosin *
Specialist in Neurology and Psychiatry, Bonn

Dr. med. Armin Schwarzbach *
Specialist in Laboratory Medicine
Laborbereich Borreliose Centrum, Augsburg

Cord Uebermuth
Specialist in Ophthalmology, Disseldorf

Dr. med. Barbara Weitkus
Specialist in Paediatric Medicine, Berlin

The following patients’ representative organisations also participated without voting, and
were represented by:
Dietmar Seifert
(Borreliose und FSME Bund Deutschland e. V.) [Borreliosis and Tick-borne Encephalitis
Association Germany]
Hanna Priedemuth
(Bundesverband Zeckenerkrankungen e. V.) [Federal Association for Tick-borne Diseases]

* Member of the Working Party
* Participated in the final vote

Potential conflicts of interest

The authors are physicians with their own practices, working for a medical laboratory, a
clinic or are in retirement. Furthermore there are no economic interests which are signifi-
cant for the work on these guidelines. There are no political, academic (e. g. membership of
specific “schools”) or scientific conflicts of interest, too.

31



	1. Preliminary remarks
	2. Diagnosis of Lyme borreliosis
	2.1 Essential features of Lyme borreliosis
	2.2 Diagnostic strategy
	2.2.1 Recent tick bite
	2.2.2 Erythema migrans and lymphocytoma
	2.2.3 Early stage without erythema migrans
	2.2.4 Chronic stage

	2.3 Occupational disease and accident insurance
	2.4 Symptoms of chronic Lyme borreliosis
	2.5 Laboratory diagnostics
	2.5.1 Direct identification of Borrelia
	2.5.2 Borrelia serology
	2.5.3 Examination of the CSF
	2.5.4 Cellular diagnostics, lymphocyte transformation test (LTT)
	2.5.5 CD57+NK cells

	2.6 Other technical medical tests
	2.7 Co-infections

	3. Antibiotic treatment of Lyme borreliosis
	3.1 Unsuitable antibiotics
	3.2 Suitable antibiotics
	3.2.1 Monotherapy
	3.2.2 Combined therapy

	3.3 Prevention

	4. References
	5. Authors

