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Wechselwirkungen zwischen Erreger und
Immunsystem des Betroffenen

Erreger:
Um welche(n) Erreger geht es?

Welche Virulenzfaktoren hat oder haben die Erreger
(wie aggressiv ist er) ?

Patient (Betroffener, Infizierter, Wirt):
Welche Abwehrmechanismen sind vorhanden?
Ist das Immunsystem stark oder geschwacht?



Bakterielle Erreger (eine Auswabhl, Beispiele)

Human-pathogene
Borrelienstamme

Borrelia burgdorferi
S.S.

Borrelia garinii
Borrelia afzelii
Borrelia bavariensis
Borrelia miyamotoi

Borrelia spielmanii

Ko-Infektionen

Ehrlichia/Anaplasma
spp.
Bartonella spp.

Babesia spp.

Rickettsia spp.

Coxiella burnetii

Sekundar- oder
Begleitinfektionen

Chlamydia spp.

Mykoplasma spp.
Yersinia enterocolica

Toxoplasma gondii



Virale Erreger (eine Auswahl, Beispiele)

Ko-Infektionen

FSME (TBE) — virus
Colorado- fever
Krim-Kongo-fever

Kyasanur Forest Disease

Sekundar- oder
Begleitinfektionen

EBV

CMV
Coxsackie
Herpes spp

Borna virus



Verschiedene Borrelienstamme und mehr..?

Anders gesagt: Wir mussen wahrscheinlich komplexer denken!

Es gibt mehrere, human-pathogene Borrelienstamme, die
auch gleichzeitig im Patienten vorkommen kdénnen!

Das gilt auch fir alle anderen Zecken-lbertragenen Erreger
und Sekundar- oder Begleitinfektionen!




Borrelien

Verschiedene Zustandsformen von Borrelien:
* Native Spiralform

* Pleomorphe Formen (Round bodies, Blebs,
Loops, coccoid, etc.)

* |Intrazellulare Formen (auch wichtig bei
anderen Erregern)

» Biofilme (auch wichtig bei anderen Erregern)



Physical forms of Borrelia

granular or coccoid form

round bodies
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Physical Forms of Borrelia
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Spiral form Biofilm

Pleomorphic forms of Borrelia allow evasion of the
immune system and trigger chronic conditions.



Borrelia: granular forms in vivo

Eisendle K. et al:
Acrodermatitis Chronica
Atrophicans
Immunohistochemistry AJCP
o 2007,127:213-222

“Granular forms of B
burgdorferi in a “colony”
with a “Reddish veil”
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Borrelia: granular forms in Brain tissue in vivo

In Situ DNA hybridization y
Alexa Fluor (red) Fluorochrome

Mac Donald A: Concurrent
Neocortical Borreliosis and
Alzheimer's Disease
Demonstration of a Spirochetal
Cyst Form, 1988

“An unexpected observation was
the identification of cystic forms
of the Borrelia spirochete in

dark-field preparations of
cultured hippocampus”

Granular forms
Of Borrelia in

Brain tissue
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Borrelia: Conversion between the forms

Grunter et al: Conversion of Borrelia garinii Cystic Forms to Motile
Spirochetes In Vivo. Grunter, 2001

B. garinii cystic forms maintain their capability to reconvert into normal
spirochetes not only in vitro but also in vivo and can therefore be
considered infective, at least in BALB/c mice.” “Dormant borreliae
evacuated in cysts might be resistant to antibiotics (due to low metabolic
activity) and stage under non-optimal environmental conditions.
Borrelial cystic forms could therefore be responsible for the frequent
failures of antibiotic therapy and for the commonly reported relapses of
Lyme disease.
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Borrelia: Biofilms in vivo

L

Eisendle A et al: 2007: Borrelial lymphocytoma with medusa-like
colony of Borrelia.
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Borrelia: Biofilms in vivo

Eisendle et al,
“Morphea” a
manifestation of
infection with Borrelia
species, British J
Dermatology 2007

Morphea — with
biofilm-like “clump”
of Borrelia

Y
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Borrelia: Biofilms in vivo

Human brain culture demonstrating Tick gut cul.t.ure showing Borrelia
a potential biofilm of Borrelia burgdorferiin a potential biofilm

burgdorferi, 1987 Unit; 1981
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Borrelia: networks in vivo

Dunham-Ems et al
2009:

B. burgdorferi in
nymphal midgut
during feeding in the
form of epithelial
cell-associated
networks
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Borrelia: Atypical Cell Wall

HZOWB /‘

Pleomorphic forms of B. burgdorferi are not cell wall deficient.

Transmission electron micrographs of epon embedded pleomorphic forms. Upper
panel represents whole cell and expanded insets on the lower panel indicate the
zoomed morphology of the outer membrane. The outer envelope (oe), inner

membrane (im) and protoplasmic cylinder (pc) are easily discernible in zoomed images.

Scale bar 5 um.
Study: Merildinen, L et al.: Morphological and biochemical features of Borrelia burgdorferi pleomorphic forms.
Microbiology Papers in Press. Published January 6, 2015 as doi:10.1099/mic.0.000027.
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Mechanismen fir Erregerpersistenz

Borrelien entwickeln zahlreiche Uberlebens-

mechanismen in den verschiedensten Wirten,
so z.B.:

a) Einnisten in schlecht durchblutete Gewebebereiche
(Gelenke, Sehnen, Bindegewebe, Nervensystem)

b) Veranderung des makroskopischen Aussehens
(pleomorphe Formen)

c) Veranderung der immunologischen Oberflachen
d) Bildung von Biofilmen



Borrelien: Veranderungen der
immunologischen Oberflache

Wechsel der Antigenitat (wie HIV) z.B. mit den
variablen Regionen des VIsE

Beschichtung der eigenen Oberflachen mit FHL-
1/Reconectin und damit Erreichen einer Resistenz
gegen das Komplementsystem (bzw. Inaktivierung)

Exprimieren von Antigenen, die zu einer Anbindung
bestimmter Antikorper oder Gewebsmolekule
(Decorin, Fibronectin u.a.) des Wirtes fihren und
damit Aufbau einer ,Schutzschicht” gegen die
Immunabwehr und Antibiotika



Borrelia: Variable Surface Marker VIsE

VISE = Vmp-like sequence Expression site:
highly specific, associated to activity and variable

__invariable
Regionen

_variable .
_ _ _HBegionen

Borrelien-
Membran

_imnen .
' konservierte
-~ Bereiche

VIsE auf der Borrelien-Obe'rfIéiche




Borrelien: weitere Uberlebensmechanismen

Fahigkeit der Borrelien zur raschen Auf- und Abregulation
von verschiedenen Genen: dadurch gelingt die Modulation
der Immunsysteme von sehr verschiedenen Wirten
(Sdugetiere, Vogel, Zecken, Menschen) und somit das
Uberleben unter verschiedensten Bedingungen der
unterschiedlichen Wirte (z.B. Temperatur, pH-Werte,
Immunsysteme)

Schutz durch ,,Salp 15 Protein“ im Zeckenspeichel

Die Komplementresistenz (wichtiger Virulenzfaktor) der
Borrelien ist abhangig vom jeweiligen Borrelienstamm und
vom Komplementsystem des betroffenen Wirtes: wichtige
Wechselwirkung



Hypothese: Die partielle, funktionelle Schwachung

des Immunsystems fuhrt zur Erkrankung!

Die Resistenz von Borrelienstammen gegentiber dem humanen
Komplementsystem (einem wichtigen Teil unseres angeborenen
Immunsystems) fihrt zu einer partiellen und funktionellen
Immunschwache (Ineffektivitat des Abwehrsystems) und damit zur
Erkrankung in Form von Symptomen.

Welche Rolle oder Auswirkungen dies auch bei der Abwehr von
anderen Erregern (Chlamydien spp., Mycoplasma spp., etc.) spielt
bzw. hat, ist dabei sicher auch noch interessant, aber noch nicht
untersucht worden.

Diese Komplement-Resistenz und die daraus resultierende
Ineffektivitat der Immunabwehr (Schwache) ist leider bisher mit
keinem Routinelabortest messbar. Die Komplement-Resistenz
existiert aber und ist bereits nachgewiesen fur mehrere Borrelien
spp.(siehe nachfolgende Folie und auch N. Satz: Klinik der Lyme-
Borreliose, S. 173 ff)



Resistenz der Borrelien gegen das humane
Complementsystem

The relapsing fever spirochete Borrelia miyamotoi is
cultivable in a modified Kelly-Pettenkofer medium,
and is resistant to human complement
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The relapsing fever spirochete Borrelia miyamotoi resists

complement—mediated k]“]ng by human serum ! Center for Experimental and Molecular Medicine, Academic Medical Center,
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ARTICLE INFO ABSTRACT Medical Center, Amsterdam, The Netherlands
Article history: Borrelia miyamotoi, a relapsing fever spirochete transmitted by ixodid ticks, is able to cause infections 4 RY=N R .
Received 5 June 2014 associated with systemic complaints, including malaise and fever, as well as meningoencephalitis in Amsterdam Multidisciplinary Lyme Center, Academic Medical Center,
Accepted 10 July 2014 immunocompromised patients. In order to elucidate immune evasion of previously difficult to culti- Amsterdam, The Netherlands
Available online xxx vate B. miyamotoi, we have examined the ability of this newly emerging human pathogen to escape

the complement system. Growth inhibition assays revealed that B. miyamotoi is strongly resistant to . . . e e N
Keywords: : iated bacteriolysis. ipating c activation, we found that B. miyamotoi Correspondxng author. Amsterdam Multidisciplinary Lyme Center, Academic
Smmchne showed reduced deposition of components C3, C5, C7, C8, C9 as well as the membrane attack complex Medical Center, Amsterdam, The Netherlands
Borrelia p e i
&‘::r’:na miyamotol (MAC) on the borrelial surface. In addition, no aberrations in cell morphology were observed after incu-

Complement bation of B. miyamotoi in active human serum, confirming the findings of the growth inhibition assay.
Immune evasion The data presented here provide strong evidence that B. miyamotoi overcome human complement by Abstract
affecting the central complement component C3, thereby inhibiting formation of the C3 convertase and

downstream activation of the complement cascade.
© 2014 Elsevier GmbH. All rights reserved. Background

Borrelia miyamotoi is a relapsing fever spirochete found in Ixodes ticks in North America,
Europe, and Asia, and has recently been found to be invasive in humans. Cultivation of this
spirochete has not yet been described, but is important for patient diagnostics and scientific
purposes. Host specificity of Borrelia species is dependent on resistance to host complement
(serum resistance), and since B. miyamotoi has been identified as a human pathogen we were
interested whether B. miyamotoi is resistant to human complement.




Borrelia, Co-Infections and Secondary
Infections

Borrelia afzelii Borrelia garinii
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Borrelia, Co-Infections and Secondary
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Infections

Bartonella
henselae
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Ehrlichia
ewingii

http://www.capcvet.org/capc-

recommendations/7
ehrlichia-spp-and-anaplasma-sppl/
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Borrelia, Co-Infections and Secondary

Infections

Chlamydia Mycoplasma
pneumoniae fermentans
E‘-b

* EBV

s CMV

* HSV

* Coxsackie

* Borna

Copyright by Dr. Leona Gilbert
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The NEW ENGLAND JOURNAL of MEDICINE

REVIEW ARTICLE ‘

CURRENT CONCEPTS

Human Babesiosis

Edouard Vannier, Ph.D., and Peter J. Krause, M.D.

UMAN BABESIOSIS IS AN INFEC
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STATE-OF-THE-ART REVIEW ARTICLE

Beyond Cat Scratch Disease: Widening Spectrum of
Bartonella henselae Infection
Todd A. Florin, MD*®, Theoklis E. Zaoutis, MD, MSCEP<d, Lisa B. Zaoutis, MD>

Divisions of 2General Pediatrics and <Infectious Diseases, Children’s Hospital of Philadelphia, Philadelphia, Pennsylvania; Departments of ®Pediatrics and “Epidemiology
and ¢Center for Clinical Epidemiology and Biostatistics, University of Pennsylvania School of Medicine, Philadelphia, Pennsylvania

Financial Disclosure: The authors have indicated they have no financial relationships relevant to this article to disclose.

ABSTRACT
Bartonella henselae was discovered a quarter of a century ago as the causative agent of Bl
cat scratch disease, a clinical entity described in the literature for more than half a =

century. As diagnostic techniques improve, our knowledge of the spectrum of clinical =~ Www.pediatricsorg/cgi/doi/10.1542/
disease resulting from infection with Bartonella is expanding. This review summarizes P
current knowledge regarding the microbiology, clinical manifestations, diagnostic = 90610:1542/peds2007-1897
techniques, and treatment of B henselae infection. Key Words

I e B - B lla, cat scratch disease,

lymphadenopathy, fever of unknown
Y A origin, hepatosplenic disease
( : AT SCRATCH DISEASE (CSD) has been reported in the literature for more than half
a century as a syndrome of regional lymphadenopathy and fever. However, it = csp et scratch disease

JO—fever of unknown origin

has been only a quarter of a century since Bartonella henselae was identified as the

VEGF—vascular endothelial growth factor
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Ehrlichien: Durch Zecken libertragbare Erreger

Ditsch Arziobl 2000; 97(38): A-2458 / B-2097 / C-1005

Bogdan, Chastian; Baumgarien, 8irgit Uwa; Rbilinghof, Martin

Zusammenfassung
Ehrlichlen werden von Zecken auf den Menschen Obertragen. Sie vermehren sich In

M, PP Py

Y phagen adar Gi yten und kdnnen zu schweren, akulen oder
chronischen Krankheltszusldnden mit Fleber, Schilttelfrost, Kopfschmarzen, Myalglen,
Arthralgien, Leber- und Nierenfunktionssidrungen flhren. Ehrichlosen gehdren zu den
«neu aufgetretenen® Infeklionskrankheiten (.emerging Infectious diseases®), die aulgrund
der Nichtanzlichtbarkelt mit kiassischen mikroblologlschen Verfahren bisher selten
dlagnosliziert wurden. In Slddeutschland sind etwa 1,8 bis 4 Prozent der Zecken mit
granulozytiiren Ehrdichien Infizlert. Bel Fleber unklarer Ursache mil Leukozytopenie,
Thrombozytapenie ader ErhShung der Transaminasen sollie wihrand der Zeckensalson
elne Ehrdichien-Diagnostik erfolgen.

SchiiisselwBrier: Ehdichlen, Ehrichlosis, humane granulozytiire Ehrichlose (HGE),

+amerging Infectious diseases"

Summary
Tick-Transmilted Agents: Ehrichia Species
Ehrlichla specles are transmitted to humans by ticks, They muitiply

Neuralgic amyotrophy associated with
manocytes/macrophages or pranulacyles and may cause serious Bartonella henselae infection
disansas with faver, chilis, headache, myalgia, arthraigia, and disq

funclion, Ehrichiosts Is cansldered an “smerging Infectious disess] Cari J Stek, Jeroen J J van Eijk, Bart C Jacobs, et al.
becausa of the inabllity to culture thase organisms by classical mi

procedures. In Southern Germany 1.6 to 4 per cent of ticks are Inf|

J Neurol Neurosurg Psychiatry published online August 14, 2010
f i f unknawn origin | mbination with leukapenia, th . "
chota e sy kol o ek sosucs nstputin | doi: 10.1136/jnnp.2009.191940
recommended.

Updated information and services can be found at:
http://jnnp.bmj.com/content/early/2010/08/13/jnnp.2009.191940.full.html
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Feature Article

Miycoplasmal Infections in Chronic Ilinesses:

Fibromyalgia and Chronic Fatigue Syndromes,
Gulf War Illness, HIV-AIDS and Rheumatoid Arthritis

GarthEaNieslson, PhD, Marwan Y. Nasralla, PhD, Joerg Haier, MD, PhD,
Robert Erwm,MD Nancy L. Nicolson, PhD, Richard Ngwenya, MD

ABSTRACT Invasive bacterial infections are associated with several acute and chronic illnesses,
including: aerodigestive diseases such as Asthma, Pneumonia, Inflammatory Bowel Diseases; rheumatoid
diseases, such as Rheumatoid Arthritis (RA); immunosuppression diseases such as HIV-AIDS;
genitourinary infections and chronic fatigue illnesses such as Chronic Fatigue Syndrome (CFS),
Fibromyalgia Syndrome (FMS) and Gulf War Ilinesses (GWI). It is now apparent that such infections
could be (a) causative, (b) cofactors or (c) opportunistic agents in a variety of chronic illnesses. Using
Forensic Polymerase Chain Reaction we have looked for the presence of one class of invasive infection
umycoplasmal infections) inside blood leukocyte samples from patients with CFS (Myalgic
Encephalomyelitis), FMS, RA, and GWI. There was a significant difference between symptomatic CFS,
FMS, GWI, and RA patients with positive mycoplasmal infections of any species (45-63%) and healthy
positive controls (~9%) (P<0.001). This difference was even greater when specific species (M.
fermentans, M. hominis, M. penetrans, M. pneumoniae) were detected. Except for GWI, most patients had
multiple mycoplasmal infections (more than one species of mycoplasma). Patients with different
diagnoses but overlapping signs and symptoms often have mycoplasmal infections, and such
mycoplasma-positive patients generally respond to multiple cycles of particular antibiotics (doxycycline,
minocycline, ciprofloxacin, azithromycin, and clarithromycin). Multiple cycles of these antibiotics plus
nutritional support appear to be necessary for successful treatment. In addition, immune enhancement and
other supplements appear to help these patients regain their health. Other chronic infections may also be

involved to various degrees with or without mycoplasmal infections in causing patient morbidity in
various chronic illnesses.
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Warum: Ganzheitliche Therapie?

Diese komplexen und multifaktoriellen Ursachen aus den
Vorbetrachtungen erfordern nach unserer Ansicht einen
individuellen und ganzheitlichen Therapieansatz, der sich nach
der speziellen Situation des Patienten richten sollte.

Welche Infektionen und welche Situation des individuellen
Immunsystems liegen vor?

Dabei sollte man auch immer diese Méglichkeiten der Bildung
von Persisterformen und Biofilmen durch die Erreger allgemein
mit beachten (das gilt nicht nur fir die Borrelien).



Ganzheitlicher Therapieansatz

Bei chronischen und/oder schwerwiegenden Krankheitsverlaufen empfiehlt sich
neben der Therapie mit Antibiotika auch eine gezielte Begleittherapie sowie
interdisziplindare Therapie:

1.
2.

2

Antibiotika

Erndhrungsumstellung (Starkung des Immunsystems, Hemmung von
Entziindungsprozessen)

Zielgerichtete Nahrungserganzung (Vitamine , Mineralstoffe, Essentielle
Fettsauren (Omega 3 u.a.), Probiotika, Co-Enzym Q10)

Komplementidrmedizinische Therapien (Naturheilkunde) als Erganzung
der Antibiose oder auch alleinige Therapie moglich (z.B. wilde Karde,
Artemisinin, Resveratrol, Knoblauch-Allicin, jap. Knoterich
Kapuzinerkresse, Rosmariensaure, Brennessel, Monolaurinsaure,
Hagebutte, Teufelskralle, Cranberry, etc.)

Schmerztherapie (WHO-Schema, physikalische Therapien)
Physiotherapie und Bewegungstherapie
Psychotherapeutische Begleitung



Antibiotikatherapie

Zur Eliminierung oder Reduzierung der Borrelien und
eventuell vorhandener Ko-Erreger

Auswahl der Antibiotika unter Berlicksichtigung der
verschiedenen Zustandsformen der Borrelien (spirale
Form, round bodies, Biofilme, intrazell. Formen)

Auswahl der Antibiotika auch nach den begleitenden
Ko-und Begleit-Infektions-Erregern und deren
moglichen Zustandsformen (z.B. intrazellular, Biofilme)

Ausreichend lange Therapiedauer unter
Berucksichtigung der langen Lebenszyklen von
Borrelien (langsam wachsende Bakterien wie z.B. auch
TBC-Bakterien).



Lyme-Borreliose: Therapieempfehlungen

Stadium | (Orale Therapie)
- Dauer: 4 -6 Wochen
- oder bis zum Verschwinden der ,\Wanderrote“ bzw. des Lymphozytoms
einnehmen
Doxycyclin (ab 8. Lebensjahr) 200- 400 mg/d fir mind. 28 d
Empfehlung: Doxycyclin-Spiegel im Serum bestimmen!

Cefuroxim* 2x0,5g/d fir mind. 28 d
Amoxicillin* 3x0,5g/d fir mind. 28 d
Azithromycin* 1. Woche: 1 x tgl. 1 Thl. (500 od. 600mg) fiir 5 d

2./3. Woche: 1 x tgl. 1 Tbl. (500 od. 600mg) Mo, Mi, Fr
*bei Kindern unter 8 Jahren und Schwangeren
- Unterstitzung Gastrointestinaltrakt durch Probiotika/Symbiotika

- zusatzlich regelmaliige Laborkontrollen (Blutbild, Leber- und Nierenwerte)



Recommendations: Stade 1 (Early stage)

Doxycycline 200- 400 mg a day min. 28 days
(> 8 years old) (depending on doxy-level
in blood!)
Cefuroxim™ 2 x0,5gaday min. 28 days
Amoxicillin* 3x0,5g tolgaday min. 28 days
Azithromycine* First week: 1 x tgl. 1 Tbl. for 5 days
(500 or 600mg)
From 2nd week on: 1 x Mon, Wed, Fri
daily. 1 Thl. (500 or
600mg)

* For children under 8 years and pregnant patients
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Antibiotika-Kombination fiir Spatformen

Cell Walli Round bodies Intracellular

Betalactams: Plaquenil/Quensyl Macrolides:
Amoxicillin (Tinidazole) Azithromycin
Penicillin G benzathine (Metronidazole) Clarithromycin
Cephalosporins: Artemisin Clindamycin
Ceftriaxon i.v. Atovaquone Quinolones:
Cefotaxim i.v. Ciprofloxacin
Cefuroxim Levofloxacin
Cefdinir Moxifloxacin
Cefpodoxime Rifampicin

Tetracyclines:
Doxycycline

Minocycline
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Studie: Antibiotika-Kombinationstherapien bei anderen Infektionen

New insights into Chlamydia and arthritis.

Promise of a cure?

Henning Zeidler," Alan P Hudson®

ABSTRACT

Chlamydia trachomatis and Chlamydia pneumoniae
together comprise the most frequent causative
pathogens that elicit reactive arthritis (ReA). Advances in
our understanding of the molecular biology/molecular
genetics of these organisms have improved significantly
the ability to detect chlamydiae in the joint for
diagnostic purposes, as well as extending our current
understanding of the pathogenic processes they elicit in
the joint and elsewhere. An important aspect of the
latter is that synovial chlamydiae infect the joint in an
unusual but metabolically active state. While some
standard treatments can provide a palliative effect on the
ReA disease phenotype, many reports have indicated
that standard antibiotic treatment does not provide a
cure. Of critical importance, however, two recent reports
of controlled clinical trials demonstrated that Chlamydia-
ReA can be treated successfully using combination
antibiotic therapy. These observations offer the
opportunity of a cure for this disease, thereby increasing
the practical importance of awareness and diagnosis of
the spondyloarthritis caused by Chlamydia. In this
viewpoint, we provide an overview of recent key findings
in the epidemiology, pathophysiology, clinical
manifestations, diagnosis and treatment of Chlamydia-
induced arthritis. Our intention is for these insights to be
translated rapidly into clinical practice to overcome
misdiagnosis and underdiagnosis of the disease, and for
them to stimulate the continued development of a cure.

INTRODUCTION

That chlamydial infection acts as a trigger for
Reiter’s syndrome and reactive arthritis (ReA) has
been known for many years. However, it has
become clear during the last two decades that the
two species primarily responsible for causing arth-
ritis, Chlamydia trachomatis and Chlamydia pneu-
moniae elicit arthritis by their persistence in the
joint." % Interestingly, evidence now exists indicat-
ing a chlamydial aetiology for at least some patients
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Antichlamydial therapy of the arthritis

Identification of Chlamydia and/or other bacteria in joints
initiated several studies to test various antibiotics for their elim-
ination of pathogens from that site; all trials using antibiotic
monotherapy were unsuccessful (cf refs 97, 98). However, a
recent trial demonstrated positive results using an antibiotic
combination in chronic SpA, with a special focus on
Chlamydia.”® This was followed by a study in patients with
demonstrated CReA which showed that a 6-month course of
combination therapy with rifampicin (300 mg/day) plus doxy-
cycline (200 mg/day), or plus azithromycin (500 mg/day fol-
lowed by 5 days of 2-500 mg once/week) is effective in
eliminating pathogens, giving improvement of arthritis; patients
in this study were shown to be PCR-positive either in blood or
joint fluid for C trachomatis or C pneumoniae.” © A response
was observed in 63% versus 22%, and complete remission was
observed in 20% versus 0% under active treatment compared
with placebo, respectively. The combination of azithromycin
and rifampin was most effective, although the study was not
powered to determine which combination of antibiotics is super-
ior. These results open for the first time the prospect for cura-
tive treatment. However, the effectiveness of this approach must
be confirmed in additional studies, especially in patients diag-
nosed only by serology and clinical manifestations for chlamyd-
ial infection.”
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ORIGINAL ARTICLE

|dentification of novel activity against Borrelia burgdorferi
persisters using an FDA approved drug library

Jie Feng', Ting Wang', Wanliang Shi', Shuo Zhang', David Sullivan', Paul G Auwaerter® and Ying Zhang'

Although antibiotic treatment for Lyme disease is effective in the majority of cases, especially during the early phase of the disease, a
minority of patients suffer from post-treatment Lyme disease syndrome (PTLDS). Itis unclear what mechanisms drive this problem, and
although slow or ineffective killing of Borrelia burgdorferi has been suggested as an explanation, there is a lack of evidence that viable
organisms are present in PTLDS. Although not a clinical surrogate, insight may be gained by examining stationary-phase in vitro
Borrelia burgdorferi persisters that survive treatment with the antibiotics doxycycline and amoxicillin. To identify drug candidates that
can eliminate B. burgdorferi persisters more effectively, we screened an Food and Drug Administration (FDA)-approved drug library
consisting of 1524 compounds against stationary-phase B. burgdorferi by using a newly developed high throughput SYBR Green I/
propidium iodide (PI) assay. We identified 165 agents approved for use in other disease conditions that had more activity than
doxycycline and amoxicillin against B. burgdorferi persisters. The top 27 drug candidates from the 165 hits were confirmed to have
higher anti-persister activity than the current frontline antibiotics. Among the top 27 confirmed drug candidates from the 165 hits,
daptomycin, clofazimine, carbomycin, sulfa drugs (e.g., sulfamethoxazole), and certain cephalosporins (e.g. cefoperazone) had the
highest anti-persister activity. In addition, some drug candidates, such as daptomycin and clofazimine (which had the highest activity
against non-growing persisters), had relatively poor activity or a high minimal inhibitory concentration (MIC) against growing B.
burgdorferi. Our findings may have implications for the development of a more effective treatment for Lyme disease and for the relief of
long-term symptoms that afflict some Lyme disease patients.

Emerging Microbes and Infections (2014) 3, e49; doi:10.1038/emi.2014.53; published online 2 July 2014

Keywords: Borrelia burgdorferi; drug discovery; FDA approved drug library; persisters; SYBR Green |

37



Antibiotikakombinationen gegen Borrelia burgdorferi-Persiterformen
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Drug Combinations against Borrelia
burgdorferi Persisters In Vitro: Eradication
Achieved by Using Daptomycin,
Cefoperazone and Doxycycline

Jie Feng', Paul G. Auwaerter?, Ying Zhang'*

1 Department of Molecular Microbiology and Immunology, Bloomberg School of Public Health, Johns
Hopkins University, Baltimore, Maryland, United States of America, 2 Fisher Center for Environmental
Infectious Diseases, School of Medicine, Johns Hopkins University, Baltimore, Maryland, United States of
America

* yzhang@jhsph.edu

Abstract

Although most Lyme disease patients can be cured with antibiotics doxycycline or amoxicil-
lin using 2-4 week treatment durations, some patients suffer from persistent arthritis or post-
treatment Lyme disease syndrome. Why these phenomena occur is unclear, but possibili-
ties include host responses, antigenic debris, or B. burgdorferi organisms remaining despite
antibiotic therapy. In vitro, B. burgdorferi developed increasing antibiotic tolerance as mor-
phology changed from typical spirochetal form in log phase growth to variant round body
and microcolony forms in stationary phase. B. burgdorferi appeared to have higher persister
frequencies than E. coli as a control as measured by SYBR Green I/propidium iodide (P1)
viability stain and microscope counting. To more effectively eradicate the different persister
forms tolerant to doxycycline or amoxicillin, drug combinations were studied using previous-
huiclantifiackeninadinmnnEidunnnesmmslebmmlimm———
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Langzeit-Antibiotikatherapie: Studien
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Therapiemonitoring durch Bestimmung der
Antikorpertiter? — Nein!

Increased IFNa Activity and Differential Antibody Response in
Patients with a History of Lyme Disease and Persistent

Cognitive Deficits

Elzbieta Jacek?, Brian A. Fallon®, Abhishg A
and Armin Alaedini®”

@Division of Rheumatology, Hospital for Spe

Department of Psychiatry , Columbia Unive|

°Department of Neurology and Neuroscienc 181
York, NY, USA .

dDivision of Infectious Diseases, Departmen
NY, USA

¢Department of Medicine, Columbia Univers 121

Abstract

Following antibiotic treatment for Lyme dis{
symptoms of pain, fatigue, and/or cognitive
immune abnormalities, have been suggested
Furthermore, the effect of antibiotic treatmel
unknown. In this study, a longitudinal analy
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Statement dazu vom NRZ fur Borrelien in Deutschland
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Was dann?: EliSpot (Interferon-Gamma-Test)

* Der EliSpot-Test ist eine Labormethode auf zellularer Ebene zur
Bestimmung einer Infektion mit Borrelien und verschiedenen Co-
Erregern. Die erste Generation des enzymatischen EliSpots
(Interferon-y-Test) liefert uns im Zusammenspiel mit der
Bestimmung der CD3- und CD57-NK-Zellen wichtige
Zusatzinformationen aus dem zellularen Immunsystem Gber die
Infektion.

e Die EliSpot-Technik (TB-Spot) wurde 2011 von der FDA Uberprift
und zugelassen fur die Diagnostik der Tuberkulose

Studien dazu unter:
www.bca-clinic.de/Unsere Auffassung & Studien/Diagnostik/EliSpot (Interferon-
Gamma-Test)

www.erlebnishaft.de/diagnostik/zellulareabwehr



EliSpot: Die nachste Generation
,LymeSpot revised”

bietet detaillierte Aussage Uber Aktivitat der
Infektion

Test differenziert in aktive T-Effektor-Zellen und
T-Memory-Zellen, d.h. es besteht die Moglichkeit zu
unterscheiden, ob aktive Infektion oder/und
Inflammation (Entziindung oder Autoimmunprozess)
vorliegt

in Zwischenphase entscheidend klinische Bild des
Patienten

zuverlassige Entscheidungshilfe fur Therapeuten



LymeSpot: Prinzip

IL2-Wert Interferon-y- Wert Therapeutische
Konsequenz

niedrig hoch antibiotische bzw.
anti-infektive Therapie
notwendig

Entscheidung in
Zusammenschau mit
der klinischen
Symptomatik
(Antibiose weiter?)

Antibiotika-Therapie
beenden. Bestehen
weiter Symptome,
hoch niedrig nur Behandlung der
Inflammation notig
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Specific in vitro interferon-gamma and IL-2 production as
biomarkers during treatment of chronic Q fever
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Background: Antibiotic treatment of chronic Q fever is cumbersome and of long duration.To
monitor treatment, there is a need for alternative biomarkers. Coxiella burnetii-specific
interferon (IFN)-y and interleukin (IL)-2 production reflect the type of effector and memory
T-cell response. In chronic Q fever, C. burnetii-specific IFN-y production is higher and IL-
2 production is lower than in individuals with past Q fever. Here we explore whether C.
burnetii-specific IFN-y and |IL-2 production correlate to treatment response.

Methods: We studied the longitudinal C. burnetii-specific IFN-y/IL-2 ratio in fifteen proven
chronic Q fever patients. All patients were followed for at least 18 months during antibiotic
treatment. Treatment was considered successful when clinical recovery was observed, a
positive PCR for C. burnetii DNA in blood became persistently negative, anti-phase | IgG
showed a fourfold decrease or more, and imaging techniques showed disappearance of
infectious foci.

Results: Overall, the IFN-y/IL-2 ratio declined when patients experienced a successful
treatment outcome. When treatment failed, IFN-y/IL-2 ratios did not significantly decrease.
The median (£IQR) slope of the longitudinal IFN-y/IL-2 ratio with successful treatment
was —2.10 (=702 to —0.06), and —0.15 (—1.13 to 0.25) with unsuccessful treatment
(P = 0.19). Q fever endocarditis patients had higher IFN-y/IL-2 ratios than patients with
endovascular infections.

Conclusion: We propose that the IFN-y/IL-2 ratio can be used as an additional biomarker for
monitoring chronic Q fever treatment, with declining ratios being indicative of successful
treatment.

Keywords: Q fever, Coxiella burnetii, cell-mediated ir ity, interferon
treatment

, interleukin-2, biomarker, serology,
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Schmerztherapie

Neben der ursachlichen Therapie hat die Schmerztherapie bei der
Behandlung der Borreliose und anderer Zecken-lUbertragener Erkrankungen
eine besondere Bedeutung. Ein gezieltes ,,Schmerzmanagement” ist bei
vielen Patienten erforderlich und sollte immer Bestandteil der Therapie sein.

Schmerz ist ein starker Stressfaktor und damit unglinstig fiir das.
Immunsystem (Stress---Produktion von Adrenalin und Cortisol).

Haufige Schmerzformen bei Borreliose:

Muskuloskeletale Schmerzen :
- Arthritiden
- Polyarthralgien
- Myalgien

Neuropathische Schmerzen :
- Polyneuropathien
- Mono- und Polyneuritiden
- Neuralgien




Schmerztherapie

Zentrale Schmerzen :

* Meningitis
 Meningoradikuloneuritis

Behandlung nach dem Stufenschema der WHO:

WHO Stufe |

- Nicht-Opioid (z.B. Paracetamol, Ibuprofen, Diclofenac, Metamizol,
COX-2-Hemmer)

WHO Stufe lI

- schwaches Opioid (Tramadol, Tilidin-Naloxon, Dihydrocodein ret.) +
Nicht-Opioid

WHO Stufe Il

- starkes Opioid (Morphium, Hydromorphon, Fentanyl ?) + Nicht-Opioid




Schmerztherapie

Begleitmedikation in der Schmerztherapie ,,Co-Analgetika”:

— Antidepressiva (Amitriptylin, Doxepin)

— Antikonvulsiva (Carbamazepin, Gabapentin, Pregabalin)
— Sedativa (Lorazepam, Midazolam)

— Spasmolytika (Butylscopolamin)

— Antiemetika (Metoclopramid, Haloperidol)

Begleittherapie in der Schmerztherapie , physikalische Therapie :

— Elektro-Therapie
— Tens

— Akupunktur



Antibiose und Schmerzen
Herxheimer-Reaktion

* Lungenentziindung, Hirnhautentzindung und Sepsis gehdren
zu den besonders gefiirchteten Erkrankungen. Alle diese
Krankheiten haben eines gemeinsam: Sie konnen von Gram-
negativen Bakterien ausgeldst werden.

* Auch Borrelien-, Ehrlichien-, Chlamydien-, Bartonellen-,
Yersinien-, Rickettsien-Stamme usw. sind Gram-negative
Bakterien.

* Forscher haben jetzt gezeigt, dass die von diesen Bakterien
erzeugten Giftstoffe (LPS) eine direkte Ursache fur starke
Schmerzen und auch Entziindungen sein konnen.



Antibiose und Schmerzen
Herxheimer-Reaktion

Die Zellwande der Gram-negativen Bakterien werden von
Lipopolysacchariden (LPS), fetthaltigen Zuckerkettenmolekiilen,
stabilisiert. Werden die Bakterien nun vom Immunsystem oder von
Antibiotika angegriffen, zerfallen sie und setzen groRe Mengen der
LPS frei. In der Regel wirken die LPS als Signalstoffe und aktivieren
die Zellen des Immunsystems.

Ein europaisches Forscherteam aus Alicante, Leuven und Erlangen,
an dem auch eine Arbeitsgruppe um Prof. Dr. Peter Reeh vom
Institut fir Physiologie und Pathophysiologie der FAU Nirnberg-
Erlangen beteiligt ist, hat entdeckt, dass LPS auch die direkte
Ursache fiir Schmerzen sein konnen. Sie sind in der Lage,
Nozizeptoren — feine Nervenverastelungen, die Schmerz erzeugen
kdnnen — zu aktivieren und zu sensibilisieren.



Herxheimer Reaktion

Verantwortlich fir die leichte Erregbarkeit der Nervenfasern ist wiederum ein
hochst universeller Chemorezeptor — das EiweiBmolektl TRPA1. Es handelt
sich dabei um einen lonenkanal, der in der Zellwand sitzt. Durch diesen Kanal
stromen lonen ein, die die Nerven erregen. Die Folge davon kennt jeder, der
schon einmal Zwiebeln geschnitten hat: Der TRPA1 spricht auf den Schadstoff,

das ,Tranengas”, an und verursacht das unangenehme Brennen in Augen und
Nase.

Zusammenfassung:
Mechanismus: Borrelien, Chlamydien, Ehrlichien und/oder
andere Gram-negative Bakterien werden durch Antibiotika
zerstort . Dadurch wird LPS freigesetzt, was wiederum zu
Schmerzen, Entziindungen, leichtem Fieber und Schwellungen
fuhren kann.
Das sind dann keine allergischen Reaktionen, sondern eine
Herxheimer Reaktion. Das ist ein Hinweis fir alle Therapeuten.




Gram-negative Bakterien, Antibiotika, LPS,

Schmerz und mehr

Mechanism of operation in pain induction by LPS of Gram-negative bacteria
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Antibiose und Schmerzen

WENN BAKTERIEN SCHMERZEN

Guelle: FAU



Antibiose und Schmerzen

Wirkmechanismus der Schmerzinduktion durch das LPS Gram-negativer Bakterien
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Behandlung der Borreliose und Ko-Infektionen
Vielen Dank fiir Ihre Aufmerksamkeit !

Besonderer Dank an Frau Prof. Dr. Leona Gilbert!
Associate Professor in Cell and Molecular Biology
Department of Biological and Environmental Science
University of Jyvaskyla, Finland

Weitere Literatur und Studien:

www.bca-clinic.de/ ,Unsere Auffassung & Studien”
und

www.erlebnishaft.de
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