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* Revue de la littérature : Sérologie

* Bonne Se et Sp de la stratégie 2 ELISA comparée a la
stratégie classique ELISA WB

Table 1 Sensitivity and specificity for STTT
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u Table 2 Examples of sensitivity and specificity for MTTT in America and in Europs

Symptoms / Stage of the disease

Europe

Sensitivity ~ Specificity  References
Erythema migrans or early Lyme borreliosis 23-55% 75-00% [34, 58-61]
Acute phase” (AP)
Erytherma migrans or early Lyme borreliosis 0—67% i 1]
Convalescent phase” (CP)
Arute-phass neurologic or cardiac involverment  69-07% QE-00% [58,61]
Arthritis or late neurologic invohement 7R-100% 0E-00%

Methods used Symptoms / Stage of the  Patient's localization
diseasa
America Europe
First tast Second test Sensitivity Specificity References Sensitivity Specificity
WisE CE-ELISA na Erythemna migrans or early 9% 064 [6E] B65-68% 01 -92%
Lyme borrelioss AP
Ervthema migrans orearly  56% D% B0-82%
Lyme borreliosis CP
Acute-phasze neurnalogic a5-100%  96% 94-100%
or cardiac invohement
Arthritis or late neurologic 98-100%  96% Q4 100%
involvernent
Erzygniost-2® Ca-ELISA Ervthema migrans orearly na 7% O
Lyme bomeliosis
Whole-Cell Sonicate ELISA  Co-ELISA Ervthemna migrans orearly  38-58% 05-100%  [20,34) na
Lyme borreliosis AP
Erythemna migrans or early  76-79% 98- 100%
Lyme borreliosis CP
Borrelia DotBlot G® na nd Q3% 355 [65]
MarCn® Elt na 100%: a7%
VIDAS® na 100%: Q0%
VISE1-lgG pepC10-igM  Eryvthema migrans orearly  46% D% [54]
Lyme borreliosis AP
Erythema migrans or early  89%
Lyme borreliosis CP
Acute-phasze neunalogic 100%:
or cardiac invohement
Arthritis or late neurclogic  100%
'r--.rhwr"r
VisE1-pepC10 Co-ELISA Erythema migrans orearly  na 5% Q405%
Lyme borreliosis AP
Erythemna migrans or early 67%
Lyme borrelioss CP
Acute-phasze neunologic Aa%
or cardiac invohement
Arthritis or late neurologic 0%
involvement
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* Amélioration de I'ELISA? iPCR se 69%-sp 98%

Anti-Human lgG conjugated

to streptavidin

Magnetic

bead

Fig.4 iPCR principle

q

Serum antibodies

Recombinant Ag

g £\

PCR

ULNH!!J:WD Amplication of PCR Products

Relative Fluorescence

BMC Microbiology

)

Che -
u Table 2 Examples of sensitivity and specificity for MTTT in America and in Europs

Number of Cycles

Methods used Symptoms / Stage of the  Patient's localization
diseasa
America Europe
First tast Second test Sensitivity Specificity References Sensitivity Specificity
WisE CE-ELISA na Erythemna migrans or early 9% 064 [6E] B65-68% 01 -92%
Lyme borrelioss AP
Ervthema migrans orearly  56% D% B0-82%
Lyme borreliosis CP
Acute-phasze neurnalogic a5-100%  96% 94-100%
or cardiac invohement
Arthritis or late neurologic 98-100%  96% Q4 100%
involvernent
Erzygniost-2® Ca-ELISA Ervthema migrans orearly na T8% O
Lyme bomeliosis
Whole-Cell Sonicate ELISA  Co-ELISA Ervthemna migrans orearly  38-58% 05-100%  [20,34) na
Lyme borreliosis AP
Erythemna migrans or early  76-79% 98- 100%
Lyme borreliosis CP
Borrelia DotBlot G® na nd Q3% 355 [65]
MarCn® Elt na 100%: a7%
ViDAS® na 100%: S0%
VISE1-lgG pepC10-igM  Eryvthema migrans orearly  46% D% [54]
Lyme borreliosis AP
Erythema migrans or early  89%
Lyme borreliosis CP
Acute-phasze neunalogic 100%:
or cardiac invohement
Arthritis or late neurclogic  100%
'r-\.n.rm.r"r
ViE1-pep10 CE-ELISA Erythema migrans orearly  na 51% 0050
Lyme borreliosis AP
Erythemna migrans or early 67%
Lyme borrelioss CP
Acute-phase neunclogic 28%
or cardiac invohement
Arthritis or late neurologic 0%
involvement
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Table 3 Sensitivity and spedificity for emerging but not yet accredited laboratary tests

. /7
L Revu e d e |a I |tte ratu re : Classification Tests Sensitivity Specificity
Microfluidics, mChip-Ld | 24% % |
b TDR lateral and vertical flow immunoassay Lyme IgM and 1gG J5%; A5,
\ . Keul-o-tast Bormeliosa C lete ight and IgG test 32% 2B
* Setrés faible sauf avec un « Reader » ittt [ oo
e Existe un test « multi TBP » xVFA Multiplexed vertical flow assay (xvFA) 25% 055
\ . . g Lumninex Paramagnetic bead-based multiplex assay and INTEL-] 54% 7%
e Systeme micro fluidique LIFLEX Systern
, . ELISpot and cells-based approaches iSpot LymeThi 54— BA% 54 _ 04,
* Tests de la réponse cellulaire QuantiFERON-Lyme 70% na
Spirofind 43% 82%

° SpetouSe: Falbles,-)‘ faux positifs et faux TTAELIEA o 306
négatifs, non adaptés a la pratique clinique TCR sequending 56% 005
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Table 3 Sensitivity and spedificity for emerging but not yet accredited laboratary tests

. /7
L Revu e d e |a I |tte rat u re : Classification Tests Sensitivity Specificity
Microfluidics, mChip-Ld BA% % |
b TDR lateral and vertical flow immunoassay Lyme IgM and 1gG J5%; A5,
. . Keul-o-test Borreliose Complete lgM and IgG test 32% 28%
* Setrés faible sauf avec un « Reader » ittt [ oo
e Existe un test « multi TBP » xVFA Multiplexed vertical flow assay (xvFA) 25% 055
\ . . g Lumninex Paramagnetic bead-based multiplex assay and INTEL-] 54% 7%
e Systeme micro fluidique LIFLEX Systern
, . ELISpot and cells-based approaches iSpot LymeThi 54— BA% 54 _ 04,
* Tests de la réponse cellulaire QuantiFERON-Lyme 70% na
. . Spircfind 43% 82%
* Spetou Se: Faibles = faux positifs et faux TTAMELEA - -
négatifs, non adaptés a la pratique clinique TCR sequencing SE% 00%

* Medium Enriched for Newly Synthesized Antibodies : Evaluation de la réponse humorale

1,000, 1,000

PLOS ONE
Circulating antibody-secreting cells are a

biomarker for early diagnosis in patients with

MFI-B
MFI-B

Lyme disease i

0

D
MENSA Anti-C6 MENSA Anti-pepC10

0.0034

Natalie S. Haddad ', Sophia Nozick', Shant Ohanian', Robert Smith?, Susan Elias®, Paul Controls  Patients Controls  Patients

G. Auwaerlera, F. Eun-Hyung Lee' ’4*, John L. Daiss'* Fig 3. The Newly Diagnosed Lyme Discase Patient population has significantly higher MENSA and serum anti-C6
and anti-pepC10 antibody levels than the Control population. Average net MFI values were caloulated for A) serum
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* Revue de la littérature : Dg direct par PCR

e Se surtout dans les Iésions cutanées et
articulaire

* Mais ADN persistant?

Table 4 Sensitivity of culture detection and PCR assays depending of the origin of dlinical sample

Methods Crigin of clinical sample Sensitivity range

Culture of B burgdorferi Skin biopsies from EM 40 — 90%
Skin biopsies from ACA 20 - 60%
Skin biopsies from Borrelia 24— 37%
lymphocytoma
Synowial fluid/biopsy < 15
Cerebrospinal fluid 10 - 26%:
Blood 5 - 40%
Urine nd

Traditional PCR assays Skin biopsies from EN 30 - 80%
Skin biopsies from ACA 20 - 100%
Skin biopsies from Borrelia 67 5%
lymphocytoma
Synovial fluid/biopsy 40 — 96%
Cerebrospinal fluid 5 - 30%
Blood 10 - 209
Urine nd

Nd not detectable
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Table 4 Sensitivity of culture detection and PCR assays depending of the origin of dlinical sample

Methods Crigin of clinical sample Sensitivity range
Culture of B burgdorferi Skin biopsies from EM 40 — 90%
Skin biopsies from ACA 20 - 60%
* Revue de la littérature : Dg direct par PCR Sin biopsis from Barreia 2
» Se surtout dans les lésions cutanées et ?’““’a'ﬂ'_jd’i"_zﬁ ]'““"JE%
. . ereorospinal tui 0-2
articulaire oo -
* Mais ADN persistant? Urine nd
L. , L. Traditional PCR assays Skin biopsies from EM 30 - 80%
e Intérét d’'une PCR sur les bactériophage de Bb kin biopsies from ACA 20 - 100%
Skin biopsies from Borrelia 67 5%
Phage DNA ymphocytoma
Synovial fluid/biopsy 40 — 96%
° Cerebrospinal fluid 5 - 30%
Blood 10 - 209
Infection with Urine nd

2%, tropism e

Proliferation Bacterial lysis e

E,

Nd not detectable

Shan, J., Jia, Y., Mijatovic, T. (2024). Use of Specific Borrelia Phages as a New Strategy for

Improved Diagnostic Tests. In: Gilbert, L. (eds) Borrelia burgdorferi. Methods in Molecular
Biology, vol 2742. Humana, New York, NY. https://doi.org/10.1007/978-1-0716-3561-2_8

Fig.5 Phage PCR principle
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Spatial multi-criteria decision analysis s
for the selection of sentinel regions in tick-borne

disease surveillance

e i, . ) \-
C Guillot™=, . Aenishaenslin™, £ 5. Acheson '™, L Koffi =, C Bouchard ™™ and P A Leighton ™~

. STER 2 ANALYSIS
Ca nada * | |dentify decision
e 143=»3000 cas de maladie de Lyme e st
entre 2010 et 2021 — esults
. . . STer 1 BTEP% . A
 Surveillance passive de la population de T o | Identify key decision
tiques en place depuis 1990, débordée B ;
par leur augmentation et stoppée en — I Stee 8 —
TEP . . Multi-eriteria TER
2021 Identity criteria ) :il;:::igm it gy analyses on decision > Sensitivity analyses
« Comment remettre en place une matr
surveillance plus uniforme sur le [ [smees [erers ]
. et |
territoire en tenant compte des dentiy Stermatves | | evaluate performance pemmm—
. . of alternatives to o
particularités du pays ? create decision
INPUT i QUTPUT

Fig.1 Diagram of general steps in multi-criteria analysis

Approche Multicritere : Multi Criteria Decision Analysis
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Mo, MCDA criteria Performance measure

1) Maximize the human population reached within the units of the study  Logarithm of the population taken from Statistics Canadas Census 2016

zone data
) Document risk of disease due to the presence of appropriate vector Mumber of passive tick submissions from federal passive surveillance
within the sentinel region systermn from 2010 to 2015 standardized by the logarithm of the popula-
ticn

3  Determine ecological suitability for the presence of the vector, ivodes Habitat suitability indication for hodes spp. ticks using the product

spp. ticks of the percentage of deciduous or mixed forest cover and temperature
in the form of accumulated degree days above 0°C
4)  |dentify logistical constraints Distance traveled between the nearest CLyDRNM collaboration center (Le.
main address of sampling teams) to the center of the sentinel region
in kilometers
Criteria Weight Standard
deviation
. cn , ; Ararological risk 40 9.81
* Poids des 4 criteres évalué par les ces .
L. . Log of the population 25 7.34
spécialistes de chaque province = Erwironmental index c -
The distance from collaborating 10 308

research centers
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* Phi score pour les difféerentes
alternatives :
e Risque de maladie de Lyme (a)
e Population (b)
e Risque acarologique (c)
e =»Risques pondérés (d)

Low score

Low score

) Q" k,

-

Low score

d) of

Low score High score

d 2 “sfo  10m——TSho 2000 Kilometers
Maps projecting MCDA Phi scores from scenario a) risk-based, b) population, €) erwvironment, and d) weighted. The shading indicates



Table 4 Stability levels for results of Prince Edward Island for weighted scenario, with levels for all ranking to remain the same, and

Guillgt =t ol BMC Public Health  (2024) 24:794 EME Public Health levels for half of the rankings to remain the same
hetpe:fdoi.ong/10.11 861 2B89-024- 1T684-x

i) Criteria Weight Stability intervals® for rankings to remain the same  Stability intervals for 50% of rankings
H 1 1 H Tt H e to remain the same
Spatial multi-criteria decision analysis = —— _ — _
. ) . . . n weight Max weight Min weight Max weight
for the selection of sentinel regions in tick-borne o P e
. " Enwvironment 25 178 348 178 348
disease surveillance —— » o : e
Distance 10 77 2.7 31 21.7
C Guillot™**, C. Aenishaenslin'?, E. 5. .\'-'u:'lescl'l""', 1 Kofi'* CBouchard'* and P A. Lisig hton' = stability Intervals rafir to rangs In which the walght of a criterion can be madified without affacting the ranking for a given scenario

53 £

Fig.3 Sentinel regions (n=37) for the Canadian Lyme Sentinel Network (CaLSeN) (pink dots)



In vitro acaricidal activity of essential oils and their binary mixtures against

ixodes scapularis (Acari: Ixodidae)
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e Résistance aux acaricides synthétiques

* Nécessité de trouver des produits moins
polluants et moins néfastes pour les
pollinisateurs

* Améliorer 'efficacité des Huiles essentielles
(HE) en les associant

=» Evaluation HE citronnelle, géranium, thym
et sarriette

Compound* No. C atoms RT! % abundance + SEM
LG G ST WT

phenylethyl aleohol 8 13.42 - 6.22+0.12 - -
a-phellandrene 10 £.39 - - 2.01+0.01 1.27+0.14
-pinene 10 8.60 - - 4.11+0.16 1.6240.23
camphene 10 9.08 - - 6.55+0.21 -
f-myrcene 10 10.26 - - - 1.33+0.10
i-terpinolene 10 10.99 - - - 1.47+0.10
me_ 10 11.20 - - 10.71+ 0.42 20.89+1.45

imonene 10 11.33 3.52 + 0.126 - - e
i-terpinene 10 12.09 - - - 9.13+0.79
linalool 10 13.12 - 6.10+0.16 5.71+0.05 4.09+0.10
trans-rose oxide 10 13.37 - 1.35+0.06 - -
camphor 10 14.25 - - 0.97+0.02 -
L-menthone 10 14.45 - 2,98+0.11 - -
isomenthone 10 14.66 - 1.29+0.05 - -
borneol 10 14.84 - - 24.63+0.36 —
terpinen-4-ol 10 15.02 - _ Taitoie -
i-terpineol 10 15.34 - - 4.05+0.18 -
citronellol 10 16.01 - 54.38+0.26 - —
ner 10 16.25 40.59+40.15 - - -
zeraniol 10 16.50 - 9.80+0.54 -
nerol 10 16.50 1.32+0.02 - - -

eranial 10 16.87 48.36+0.14 - - -
thymol 10 17.34 - 1.7340.13 53.26+2.31
“carvacrol 10 17.51 - 26.05+0.38 1.96+0.48
R-citronellene 10 18.47 - 1.38+0.04 — -
citronellyl formate 11 16.95 - 11.20+0.29 - —
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* LC,,de HE seule ou en association

e Meilleure HE seule Thym
e Meilleure association : Thym/citronnelle

L
[] White thyme
£ Lemongrass + white thyme

ir a loay! g
I [0 savorythyme
T A Lemongrass + thyme

Fa I
0sr

0 Dose 500 0 Dnse 300

Fig. 2. The dose-effect curve for combinations with lemongrass and savory thyme (A) and lemongrass and white thyme (B) essential oils on unfed Ixodes scapularis

adult females. Fa= fraction affected (percentage of mortality). The dose is expressed in pg/pL.

Table 3
Toxicity (LCgg) of single and combined essential oils against unfed Ixodes scap-
ularis adult females under laboratory conditions.

o

TICKS and
FICK

BORNE

SEASES

Ezzential oil(z) Total no. of Slope LC., 95 9% confidence
ticks tested (ug/pL) interval
Lemongrass 150 37 = 49.0 41.7-58.0
0.93
Geranium 150 7.24 39.7 36.1-43.1
+0.98
Savory Thyme 150 5.06 23.0 24.3-31.5
+=0.73
White Thyme 150 3.10 11.1 8.6-14.4
A
Lemongrass + 150 3.7 = 65.3 53.1-79.8
Geranium 0.57
Savory Thyme + 130 1.99 58.3 18.8-1096.5
White Thyme +=0.34
Lemongrass + 150 0.93 95.4 43.4-210.0
—ZoversThaane 028
Lemongrass + White 150 3.87 18.5 13.6-22.8
Thyme +0.86
Teranium + savory 50 319 Bb.g 53.7-529
Thyme +0.47
Geranium + White 150 1.98 36.9 26.4-49.5
Thyme +0.33
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e Effet
majoritairement
antagoniste des
associations
d’huiles
essentielles

TICKS and
FICK-BORNE
DISEASES

Table 4
Effects of essential oil (EQ) binary combinations on unfed Ixodes scapularis adult females.
EO Binary combinations Ratio* [(LCsgl1/(LCsg)a] Concentrations (pg/pL) % Mortality Combination index Effect
Lemongrass + Geranium 22,2 4 1.295821 Antagonism
44.4 36 1.20858 Antagonism
1.2:1 88.7 52 2.01856 Antagonism
177.4 100 1.33038 Antagonism
354.8 100 2.66076 Antagonizm
Savery Thyme + White Thyme 9.75 12 0.83072 Synergism
19.5 20 1.41850 Antagonism
2.5:1 39.0 28 2.53261 Antagonism
78.0 36 461233 Antagonism
156.0 100 2.78082 Antagonism
Lemongrass + Savory Thyme 13.9 40 0.51576 Synergism
38.5 40 1.05302 Additive
1.75:1 77.0 24 2.60400 Antagonism
154.0 28 4.90520 Antagonism
050 LO0 247315 Aniﬂgnniqn1
Lemongrass + White Thyme 15.0 40 0.61214 Synergism
30.0 72 0.75994 Synergism
4.5:1 60.0 100 042161 Synergism
120.0 100 0.54322 Synergism
240.0 100 1.68644 Antagonism
Geranium + Savory [hyme 7.0 ] 302030 ATtagonism
34.0 27 1.14061 Antagonism
1.4:1 63.0 42 2.05148 Antagonism
136.1 80 3.13259 Antagonism
272.2 100 377747 Antagonism
Geranium + White Thyme 12.7 24 0.72898 Synergism
25.4 32 1.31702 Antagonism
3.6:1 50.7 60 1.97153 Antagonism
101.5 73 3.41447 Antagonism
203.0 100 2.97051 Antagonism




