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Diagnostics alternatifs

* |IFN-y/IL-1B/TTL

e Biomarqueurs (CXCL-13)

* Immuno-PCR

 |FN-a

e CD57

Tests immunochromatographiques
e Spectroscopie Raman

Diagnostic indirect

Diagnostic direct

* Microscopie

* Phelix-Phage
 Xenodiagnostic
* OspA




Réponse Immunitaire cellulaire
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Gergel et al. Infect Immun 2004



Tests de transformation lymphocytaire
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Duché et al., DMT 2005
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Diagnostic parameters of cellular tests for Lyme borreliosis in
Europe (VICTORY study): a case-control study

M E Baarsma*, Freek R van de Schoor*, Stefanie A Gauw, Hedwig D Vrijmoeth, Jeanine Ursinus, Nienke Goudriaan, Calin D Popa,
Hadewych JM ter Hofstede, Mariska MG Leeflang, Kristin Kremer, Cees C van den Wijngaardf, Bart-Jan Kullbergt, Leo AB Joostent,
Joppe W Hoviust

Etude prospective cas-témoin

e Spirofind (IL1-B)

* iSpot Lyme (INF-y)
e LTT-MELISA (TTL)
 STTT (comparateur)

2022



Sensitivity at baseline (all patients
with Lyme borreliosis)

Specificity at baseline (participants
without Lyme borreliosis [healthy

True positive, n;

N

Spirofind (per-protocol)
Spirofind (all samples)

iSpot Lyme (primary)

iSpot Lyme (alternate)
LTT-MELISA (primary)
LTT-MELISA (alternate)

C6-ELISA (primary)
C6-ELISA (alternate)

Standard two-tier testing

(STTTC6-ELISA and
immunoblot)

88; 204
116; 260
51; 94
11; 94
66; 218
42;218
135: 270
126; 270
76;270

controls))

Sensitivity (95% Cl),  True negative, n; Specificity (95% (),
% N %
431% 136-4-50-4) 140;171 6-1-87-2)
44-6%)38-7-50-6)  174;216 5-3-85-5)

44.5-63-7) 32;103 21-5-40-3)
11-7% §5-5-18-6) 79:103 67-3-845)
30-3%§23-8-36-7) 100;190 14-9-60-3)
19-3% §14-1-25-0)  130;190 61-2-75-0)
G0-0% (44-5-55.5)  212;228 93-0% (89-2-96-4)
46-7% (41:1-52-3) 214; 228 93-9% (90-5-97-1)
281% 23-0-33-6) 216;228 94-7% (91-5-97-7)
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Clinical Infectious Diseases

CORRESPONDENCE

The Initial QuantiFERON-Lyme
Prototype is Unsuitable for

European Pationts Our findings strongly suggest that the
initial QuantiFERON-Lyme prototype is
not suitable for use in Europe. These find-
ings may be explained by less cross-reac-
tivity than was presupposed by Callister
and colleagues between the B31 strain of
Borrelia burgdorferi sensu stricto, from
which the antigens were derived, and
genospecies generally causative of LD
in Europe, such as Borrelia afzelii and
Borrelia garinii [1, 4]. Alternatively, these

Baarsma et al. 2021 CID



Biomarqueurs (CXCL-13)



CXCL-13

C-X-C motif chemokine ligand 13

Chimiotactisme

CXCL-13

Cerar et al. Clin Vaccine Immunol 2013
Wagner et al.J Neurol 2017



CXCL-13 intratheécal

Lymphocyte B
CD27+

‘ Chemokine conc

Direction of chemotaxis

Lymphopléiocytose

Rupprecht et al. Neurology 2005



CXCL-13 intratheécal

Bonne performance diagnostique

: 85-93%
: 92-98%
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Rupprecht et al. Clin Microbiol Infect 2018



CXCL-13 intratheécal

Diagnostic précoce, avant positivité de la SIT

CXCL13

e
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Dosage CXCL13

Ljostad et al. J Neurol 2008;Rupprecht et al. Nervenartz 2006;Rupprecht et al. Nervenartz
2014; Eckman et al. CID 2018




CXCL-13 intratheécal

Marqueur de l'efficacité du traitement

180 — CXCL13 [%]

- === loukocyte count [%4)]
160 - 1 — o(atbumin) %]
140 - -== BB-IgG-Al [%]

120-: : 1 28 patients NB

time after onset of therapy [weeks]

Senel et al. ) Neurol Neurosurg Psychiatry 2010



CXCL-13 intratheécal

Utilisable chez I'enfant

Remy et al. ) Neuroinflam 2017

Skogman et al. Eur J Clin Microbiol Infect Dis 2017
Van Burgel et al. J Clin Microbio 2011

Knudtzen et al. Eur J Clin Microbiol Infect Dis 2020
Sillanpaa et al. Scand J Infect Dis 2013



Autres étiologies d’élévation du CXCL13

Exemples

Autres bactéries Méningites,
méningoencéphalites ou
encéphalites bactériennes

Autres virus Méningites,
méningoencéphalites ou
encéphalites virales

cancers Cancers du SNC

S. aureus, neurotuberculose

HSV, VZV, enterovirus, TBE

Lymphomes cérébraux,
cancers hématologiques avec
atteintes méningées,
méningites carcinomateuses




Autres étiologies d’élévation du CXCL13

Exemples

Autres bactéries

Autres virus

Pathologies inflammatoires

Méningites,
méningoencéphalites ou
encéphalites bactériennes

Méningites,
meéningoencéphalites ou
encéphalites virales

Maladies inflammatoires SNC

S. aureus, neurotuberculose

HSV, VZV, enterovirus, TBE

SEP, Neurosarcoidose,
vascularites, Guillain Barré,
Encéphalomyélite disséminée




Autres étiologies d’élévation du CXCL13

Exemples

Autres bactéries

Autres virus

Pathologies inflammatoires

Méningites,
méningoencéphalites ou
encéphalites bactériennes

Méningites,
meéningoencéphalites ou
encéphalites virales

Maladies inflammatoires SNC

S. aureus, neurotuberculose

HSV, VZV, enterovirus, TBE

SEP, Neurosarcoidose,
vascularites, Guillain Barré,
Encéphalomyélite disséminée




Autres étiologies d’élévation du CXCL13

Sprirochétose

Neurosyphilis

Exemples

Autres bactéries

Méningites,
méningoencéphalites ou
encéphalites bactériennes

S. aureus, neurotuberculose

VIH

Séropositivité VIH avec ou
sans encéphalites

Autres virus

Méningites,
méningoencéphalites ou
encéphalites virales

HSV, VZV, enterovirus, TBE

parasites et champignons

Méningites,
méningoencéphalites ou
encéphalites mycologiques

C. neoformans, encéphalites
T. gondii, Trypanosomiase

Pathologies inflammatoires

Maladies inflammatoires SNC

SEP, Neurosarcoidose,
vascularites, Guillain Barré,
Encéphalomyélite disséminée

cancers

Cancers du SNC

Lymphomes cérébraux,
cancers hématologiques avec
atteintes méningées,
méningites carcinomateuses




CXCL-13 intratheécal

absence de seuil universel

Seuil des études dépend :
e Kit utilisé
* Population (enfant/adulte)

* groupes de patients utilisés comme temoins pos
et neg

Seuil utilisable actuellement : 162 pg/mL (Se 89%; Sp

96%) ou 91 pg/mL (Se 96%; Sp 94%)

Rupprecht et al. Clin Microbiol Infect 2018



CXCL-13 intratheécal

Utilisable uniguement en absence

d’antibiothérapie préalable

=— CXCL13 [%]

»== loukocyte count [%]
T — aalbumin ()
--- BB-IgG-Al [%)]

Chute de sensibilité de plus de 20% si
antibiothérapie préalable

time after onset of therapy [weeks)]

Knudtzen et al. Eur J Clin Microbiol Infect Dis 2020



CXCL-13 intratheécal

Et la NBL tardive ?

Les taux de CXCL13 auraient tendance a se normaliser avec le

temps
=> Place inconnue
=> Intérét pour différencier infections actives/passées ?

Strle et al. 2020 CID
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Microscopie

Bickogical nnd Biomedicsl Reparts, 2013, 3(1), 1528

Research Article

A simple method for the detection of live Borrelia spirochaetes in human
blood using classical microscopy techniques

Morten M. Laans', Frar Mystarud ™

1D¢pnmmnfMuhcﬂuMmUnhwr}' of Osba, P.O. Box 1041 Blndar, 0316 Osla,

Horaay

I Dwopartmeat of Biology, University of Oslo, P.O. Box 1066 Blindam, 0316 Osle, Norway

Cormesponding authar™; ivar mystered(@hio wic.no

ABSTRACT

We have developed a simple methed for the
detection of Hve spirocheste stages in blood of
patiants where chronic bomelicsis is suspected.
Classic techniques imvobving phase-contast and
fluomescencs microscopy are nsed The method
is also quite semsiowe for detecting other
bacteria, protists, fungi and other organisms
preseat in bloed mamples. I is alse usefl for
monitering the effects of variom anbbictics
durimg treatmset We also present 2 simpls
bhypothesin  for  explaining the confuson
pemarated throngh the interpretation of possibls
siages of Borreffa seen in bmmom bood Wa
hypothesize that these wabom stages @ the
blood seam are derived from secomdamly
infected tissues and hicBlow in the body with
low oxygen coocentratioms. Motle  stxges
tmsform mpidly e ok or sometimes
penetrate other blood cells inchading red blood
calls, (RBCs). The latter aze idsal hiding places
for les: motile stages that ke advantage of the
host's RBEC: hlebbing-system Leas motils,
morphologically different stages may be
passively ajectod in the blood plamma from the
hlebbing RBCs, mom or ks coated with the
host's membmme protwine which prwvent
detection by immunclogical methods.

Keywords: spimchastes; Lyme discoss;
Bomelix; bomuliosis; microscopical detection
mathod; hupses blood

Imtroduction

Since the discovery of Borrelia burgdarferi, the
Lyme disease spiochasts, bomuliclegy bas
svolved from a miceobiclogial camiosity to &
major branch of bacterial pathogenosis meeanch.
Lymws diveass is & ghobal bealth problem; mdesd
fow imfections diseases bove gamersd more
sustaingd attenton fom the scientific and
notshly, the lyy mediz [1]. Forrefis-relssed
dizeases 2 2 major chalkmge in medical
Teagarch in mamy couniries of the world, and we
mefar o comprebensive sources for the history
and charscteristics of this dangerous dissase [1).
The dissase is of meat relevance today, and will
be sven mors important fomormew [3].

The most serious ckallonge: are comnected to
diagnosin. The relatively lage Borreliz, ie. B.
brerpdovfert, is in pemoral mot readily detectable
im blood smsams of varying thickmess. from Lymss
dizcass patiants and mmupoectsd hoat amirals. ¥at
blood engorgement from infected heost resmlt i
up to 100 infoctod ticks [4].

Easlorgicil and Bavmedical Repons (IS5 10E2-4136), 2013, 31), 1318

Borrelia spirochaete attached to RBC
Structure inside the inflated RBC are probably
infection sites



Microscopie
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Validate or fakify: Lessons leamed from a microscopy method climed to be
useful for detecting Borrelia and Bobesia organisms in human blood

Suckn Rase', O Hapunek, Bkind Bines’, Hanne O
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Table 2. Proportion (%) of subjects positive for Bomelia and Babesia like struc-
tures (95% Cl) by microscopy; Lab. 1 using the LM-method and Lab. 2 using
conventional protocol of the patient group (n = 21) and the control group (n
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Nombre de positifs :
groupe « controle » >> groupe « patient »

Aucun positif chez les témoins positifs !




Phelix-Phage
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Benech et al. Med Sci 2022



* Multiples plasmides
e Certains prophages
* Recherche par gPCR
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Targeting Multicopy Prophage Genes
for the Increased Detection of
Borrelia burgdorferi Sensu Lato (s.l.),
the Causative Agents of Lyme
Disease, in Blood

Jinyu Shani*, Ying Jia', Louis Teuliéres2, Faizal Patel' and Martha R. J. Clokie?*
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Opinion: Methodological
Shortcomings in the Study on a
Prophage-based PCR Test for Lyme
Borreliosis

Freek R. van de Schoor'’, M. E. Baarsma?®!, Mariska M. G. Leeflang?, Volker Fingerie*-,
Gabriele Margos*5, Joppe W. Hovius 2% and Alje P. van Dam?=5*



Usage d’une souche (Bbss B31) qui possede 13 copies du gene

recherché
Patients diagnostiqués par un seul médecin (Criteres ?)

Sur les 23 VS, 21 ont un signal positif
Soucis statistiques (gonflement artificiel de I'effectif)
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Healthy volunteers vs. early LB

ROC Curve
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Healthy volunteers vs. late LB
ROC Curve
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Au mieux, pour une spécificité de 90% :

- Se 62% early LB
- Se 57% late LB

Whole blood (mean)
~Serum (mean)







Spectroscopie Raman
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detectior 676 Pyrrole symmetric bending (Heme)*®

719 C-C-0 related to glycosidic ring skeletal

deformations®® "
Charles Farb i ki
artes rardl 4sy Protein,®! Heme ring breathing™” rous

Artem S. Rog

962 Associated with alpha CH of porphyrin ring®?

1002 Phenylalanine ring breathing®, CH, in-plane

rocking of polyenes®

1126 C-C stretching®

1172 Trp, Phe®!

1226 CH Bending (Heme)™
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Exploring a possibility of using Raman spectroscopy for
detection of Lyme disease

Charles Farber' | Rohini Morey’ | Mark Krimmer' | Dmitry Kurouski'*
Artem S. Rogovskyy**

Analyse en PLS-DA
Aucune bande significative
Bandes « discriminantes »: cycle de ’"heme et alcene

Calcul de probabilité de précision sans intervalle de confiance

Quid des autres situations cliniques ?
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Testing Raman spectroscopy
as a diagnostic approach
for Lyme disease patients

Nicolas K. Goff*, Tianyi Dou*, Samantha Higgins®,
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Dmitry Kurouski™ and Artem S. Rogovskyy >



