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Tick-borne encephalitis virus

Genus Flavivirus, Family Flaviviridae

* TBEV VECTORS
Ixodes ricinus - sheep tick (TBEV European subtype) 1-2 % -|-

Ixodes persulcatus - taiga tick“> (TBEV - Siberian and
Far Eastern subtypes)
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- virus transmitted within minutes from tick saliva, cycle in nature
requires suitable climate, which faiors ”c-o-feedigg”
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In endemic foci
typically 1-2%
of ticks TBEV positive




TBE - sensitive to climate
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TBE in Europe

Incidence (2018) Cases (N, 2015-2020)

Notification rate (N/100000)
0.00-0.09

Figure 3. Distribution of confirmed tick-borne encephalitis cases by month, EU/EEA, 2014—-2018
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* Flavivirus phylogeny

Flavivirus

TBEV, Genus Flavivirus, family Flaviviridae
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TBEV, Genus Flavivirus, family Flaviviridae

* Flavivirus phylogeny

Flavivirus
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TBEV, Genus Flavivirus, family Flaviviridae

* Flavivirus phylogeny

Flavivirus
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Figure 1. A phylogenetic tree based on the complete coding regions of TBEV. Omsk hemorrhagic
fever virus (OHFV) that is the closest relative to TBEV was included as an outgroup. The three
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Figure 1. A phylogenetic tree based on the complete coding regions of TBEV. Omsk hemorrhagic
fever virus (OHFV) that is the closest relative to TBEV was included as an outgroup. The three



Molecular epidemiology of TBEV in Europe

based on full genomes - strains available for the study

Bumber of Samples.
SEQURNCING
New Genbank
TBEV-Eur Austria, 7 3
Gageh.Republic 7 3
Renmatk 1 5
Estonia 10 1 53
Finland 65 18
France 1
Germany 3 6
Hungary. 6
Italy, 3 1
bletherdands, 2
Dlorway. 1
Boland 44
Russia, 15
Slovakia 1 2
Slovenia 9 23
South Korea 2
Sweden 4 5 41
United Kingdom 2
Total 103 100 141
TBEV-Sih Baltic glade. Estonia 19 2
Finland 22 2
Latvia 1
Russian Karelia 2 2
Total 43 7
TBEV-Sib (al)) 96
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TBEV and LIV taxonomy

ICTV: Tick-borne encephalitis virus

ICTV: Louping ill virus
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TBEV and LIV taxonomy

ICTV: Tick-borne encephalitis virus

ICTV: Louping ill virus
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European Subtype
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European Subtype, Time of most recent ancestor (tMRCA)

100

100 -AMUW113238 human Bornholm Denmark 2003
10 AMUW1161001 human Moosdorf Austria 2019
100 {A MN661145 Hampshire UK 2019
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TBEV-Eur sublineage B.1
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Slovenia

tMRCA: 118 [80-159]

Denmark

tMRCA 277 [203-364]
Sweden

tMRCA 381 [282-484]

Nordic clade

tMRCA 646 [486-816]
4 tMRCA 672 [508-851]
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B.1.1 ON228426.1 UNVERIFIED NK8558 ampl human-blood-Slovenia 2017

94 B.1.1 ON228419.1 R5843 ampl human-serum-Slovenia 2013
o B.1.1 ON228416.1 R2758 ampl human-serum-Slovenia 2010

o~ B.1.1 ON228411.1 1812 ampl human-blood-Slovenia 2019

SLN

| 1o B.1.1 ON228420.1 12340 ampl human-blood-Slovenia 2020

' B.1.1 ON228414.1 NK4357 ampl human-blood-Slovenia 2019
———B.1.1 ON228427.1 UNVERIFIED NK2696 ampl human-blood-Slovenia 2018

B.1.2 K1940 08UU1753 Finland 2008 FIN: DEN
B.1.2 MN735991 DENO9 Tokkekoeb Denmark 2009 .
UK

J { B.1.2.2 MN128700 UK Thetford Forest 2018
[ B.1.2.2 KF991107 Mandal 2009 Ixodes ricinus Norway 2009
100 |

DEN;NOR

Northern

-B.1.2.2 MN735990 DEN19 S4A Tisvilde Denmark 2019
14— B,1.2.2 MN735989 DEN19 S3 Tisvilde Denmark 2019

#5.1.2.2 MN735988 DEN19 S3A Tisvilde Denmark 2019
B.1.2.1 KX966399 JP 554 Ixodes ricinus Sweden 2008
— B.1.2.1 DQ401140 Toro 2003 Ixodes ricinus Sweden 2003
I B.1.2.1 KX966398 JP 296 Ixodes ricinus Sweden 2008
0 B.1.2.1 4944 Sweden 1991
w —B.1.2.1 KF991106 Saringe 2009 Ixodes ricinus Sweden 2009
B B.1.2.1 531 Sweden 1992

Europe

— SWE




TBEV-Eur sublineage B.2
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B.2.1

100

B.2.1.1 U39292 Hypr Human Czechoslovakia 1953

E' B.2.1.1 KJ922516 Vlasaty Human Czech Republic 1953
— B.2.1.2.3 ISS-IR-968 Ixodes-ricinus Vaglia Tuscany Italy 1978 . .
100 L L B.2.1.2.3 1SS-IR-62 Ixodes-ricinus Montaione Tuscany ltaly 1978 AU St rla, S I oven |a; Czec h Re p, |ta |y

B.2.1.2.2 ON228415.1 R5799 ampl human-serum-Slovenia 2009
— B.2.1.2.2.1 KJ922515 Tobrman Human Czech Republic 1953
40 L B.2.1.2.2.1 KJ922513 Petracova Human Czech Republic 1953
9 B.2.1.2.1.2 TBEV human Austria Leoben MUW445358 2008
ﬂu TBEV human Austria Knittelfeld MUW447913 2008
B.2.1.2.1.1 ON228423.1 UNVERIFIED NK8556 ampl human-blood-Slovenia 2015

it [8.2.1.2.1.1.1 U27495 Neudoerfl Ixodes ricinus Austria 1971 ‘ vaccine

10 B.2.1.2.1.1.1 TBEV human Austria Graz MUW104998 2003

100 100

’ ; B.1




B.2.2
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B.2.2 3511 Sweden 1993
B.2.2.1 ON228417.1 UNVERIFIED R5837 ampl human-serum-Slovenia 2013
B.2.2.1 ON228428.1 R932 metag human-serum-Slovenia 2008
00 B.2.2.1 ON228432.1 11599 metag human-blood-Slovenia 2020
98 B.2.2.1 ON228422.1 UNVERIFIED R2582 ampl human-serum-Slovenia 2009
B.2.2.3 KX268728 MucAr HB 171 11 Ixodidae Germany 2011
60 B.2.2.3 ON228418.1 R5685 ampl human-serum-Slovenia 2013
100 B.2.2.3 KJ922514 Skrivanek Human Czech Republic 1953
B.2.2.2 Sipoo 12 Finland 2013
o B.2.2.2 Sipoo 4 Finland 2013
. B.2.2.2 Sipoo 22 Finland 2013
100 B.2.2.2 Sipoo 8 Finland 2013
w0 B 2 2.2 Sipoo 23 Finland 2013

SWE
SLN

DEU
SLN
CZE

FIN



B.2.3.1 MH021184 NL UH Netherlands 2016 «

B.2.3.1 Isosaari Ixodes ricinus Finland 2005
| B.2.3.1 TBEV human Austria Schleedorf MUW998160 2017

w0 |
‘ ! 100 ,7 - B.2.2.1 ON228410.1 NK&6108 ampl human-bleod-Slovenia 2020
= e B.2.2.1 ON228430.1 NK6108 metag human-blood-Slovenia 2019
B.2.3.1 ON228409.1 5171 human-serum-Slovenia 2003
B.2.3.1 ON228413.1 UNVERIFIED NK8563 ampl human-blood-Slovenia 2018

w0

- B.2.3.1 ON228408.1 R1672 ampl human-serum-Slovenia 2008
4 B.2.3.1 JQ654701 Ljubljana | Human Slovenia 1992
~B.2.2.1 ON228429.1 R1672 metag human-serum-Slovenia 2008

0100

B.2.2.2.1.1 MK922616 HB IFO6 8040 Germany 2018
F* B.2.3.2.1.1 MK922615 HB IF06 8033 Germany 2018

&

B.2.3.2.1.1 MK922617 Rauher BuschP13 S40 Germany 2018
B.2.3.2.1.1 JETI Canis familiaris Finland 2016
= B.2.3.2.1.1 6926 Ixodes ricinus Jarise Saare Estonia 2012
we| B.2.3.2.1.1 6928 Ixodes ricinus Jarise Saare Estonia 2012
B.2.3.2.1.1 6927 Ixodes ricinus Jarise Saare Estonia 2012
I B.2.3.2.2 ON228421.1 NK8568 ampl human-blood-Slovenia 2018
b B.2.3.2.2 OL441148 FR Ain France 2020
B.2.3.2.2.1 U27491 263 Ixodes ricinus Czech Republic 1987
B.2.3.22 1 E£1572210 Salem Macaca sylvanus Germany 2006
B.2.3.2.2.2 MT311861 Hochosterwitz Ixodes ricinus Austria 1971
[— B.2.3.2.2.2 HM535611 KrM 93 Apocdemus agrarius South Korea 2006
=—B.2.3.2.2.2 HM535610 KrM 213 Apodemus agrarius South Korea 2006
ussia

oo

23223, = TR
[-B.2.3.2.2.3.3 MK562430 214-67 Russia 1967
100 || B.2.3.2.2.3.3 KY069121 163 74 Ixodes persulcatus Russia Irkutsk 1974
I B.2.3.2.2.3.3 KY069123 126 71 Ixodes persulcatus Russia Irkutsk 1971
B.2.3.2.2.3.3 KY069120 118 71 Spermophilus undulatus Russia Irkutsk 1971
B.2.3.2.2.3.3 KY069122 262 74 Ixodes persulcatus Russia Irkutsk 1974
l B.2.3.2.2.3.3 KY069119 1G 98 Human blood Russia Irkutsk 1998
ap— B.2.3.2.2.3.3 KP331441 IrkutskBR 99 08 Ixodes persulcatus Russia 2008
o B.2.3.2.2.3.3 KP331442 IrkutskBR 1434 09 Ixodes persulcatus Russia 2009
U‘c- -B.2.3.2.2.3.3 KP938507 Sorex 18 10 Sorex sp Russia 2010
= B.2.3.2.2.3.3 KP331443 IrkutskBR 1456 09 Ixodes persulcatus Russia 2009
B.2.3.2.2.3.1 LR2D Roihuvueri Helsinki Finland 2021 —
B B.2.3223.1GU183383 Est3476 Human Estonia 2000
B.2.2.2.2.3.1 KK1789 Ixodes persulcatus Maalahti Finland 2015
B.2.3.2.2.3.1 A10 Jollas Finland 2016
B.2.3.2.2.3.1.1 C6 Kuhmoinen Finland 2019
e B.2.2.2.2.3.1.1 C3 Kuhmoinen Finland 2019
1 B.2.3.2.2.3.1 KK4171 Ixodes persulcatus Lapinlahti Finland 2015
rB.2.3.2.2.3.1.1 A6 Kuhmoinen 2019
'ﬂl B.2.3.2.2.3.1.1 E6 Kuhmoinen Finland 2019
& 7Hi B.2.3.2.2.3.1.1 D6 Kuhmoinen Finland 2019
IB.2.3.2.2.3.1.1 F6 Kuhmoinen Finland 2019
°B.2.3.2.2.3.1.1 A2 Kuhmoinen 2019
— B.2.3.2.2.3.2.1 KU885457 Absettarov Human Blood Russia Leningrad 1951
-B.2.3.2.2.3.2.1 KY069125 Zmeinogorsk 5 Ixodes persulcatus Russia Altai 1986
on B.2.3.2.2.3.2.1 KY069126 Zmeinogorsk 9 Ixodes persulcatus Russia Altai 1986
=[B.2.3.2.2.3.2.1 KY069124 Zmeinogorsk 1 Ixodes persulcatus Russia Altai 1986
B.2.3.2.2.3.2.4 MW256716 KEM-1 Hungary 1952
i B.2.3.2.2.3.2.4 MG210945 KEM 118 Hungary Ixodes ricinus 2011
L B.2.3.2.2.3.2.4 MG210948 KEM 168 Ixodes ricinus Hungary 2016
»B.2.3.2.2.3.2.4 MG210947 KEM 127 Haemophysalis concinna Hungary 2012
7B.2.3.2.2.3.2.4 MG210946 KEM 125 Hungary Ixades ricinus 2012
B.2.3.2.2.3.2 Korppoo 259 Finland 2007
B.2.3.2.2.3.2.2 814 Sweden 1992
100 s B.2.3.2.2.3.2.2 479 Ixodes ricinus Paju Saare Estonia 2004
B.2.3.2.2.3.2.3 Kumlinge 24 Finland 2003
wo- B.2.3.2.2.3.2.3 GU183380 Kumlinge ABZ Ixedes ricinus Finland 1959
100 ’7 B.2.3.2.2.3.2.3 Kumlinge 38 Finland 2003
won | B.2.3.2.2.3.2.3 Kumlinge 25 Finland 2003

- B.2.3.2.2.3.2.3 GU183379 Kumlinge 25 03 Ixodes ricinus Finland 2003
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B.2.3.1 MT311860 1993 783 Sweden 1993 L

B.2.3.2.1 ON228424.1 UNVERIFIED NK6645 ampl human-blood-Slovenia 2014
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TBEV-Sib/Baltic lineage:
FIN/EST/LV/RUS

SSEV
TSEV & GGEV

HIMALAYAN
SIBERIAN

OBSKYA
BAIKAL
FAR-EASTERN

Kokkola-26-K1900-Entraskholmen 2004
Kokkola-25-Entraskholmen 2004
Kokkola-65 2018

Kokkola Thalamus 2010 0,113
Kokkola Frontal 2010
KK9167 Ixodes persulcatus Kokkola 2015 0,112
KK9137 Ixodes persulcatus Kokkola 2015
Kokkola-19 2018 o 0,111
Kokkola-9-Ixodes persulcatus-Kupu 2004 g
K okkola-4-Ixodes persulcatus-Kupu 2004 I. persulca tus (N W FIN) B 011
Kokkola-85-Ixodes persulcatus-Borskar 2004 A !
Kokkola-86-Ixodes persulcatus-Borskar 2004 ?I. D, 109
okkola-102-Ixodes persulcatus-Borskar 2004 =
o o Kokkola-118-Ixodes persulcatus-Borskar 2004 -é 0.108
Kokkola-79-Borskar 2004 PO
1gKokkola-84-Borskar 2004 8
Kokkola-81-Borskar 2004 L V e 0,107
GU183382 Latvia-1-96-Human-Latvia 1996

K . Kotka-8-Ixodes ricinus-Haapasaari-Finland 2011 - - DJ 106
Kotka-21-Ixodes ricinus-Haapasaari-Finland 2011 I (SE FIN)

I MG589940 Kotka-18-Ixodes ricinus-Haapasaari-Finland 2011' rl Cln us
MG589939 Kuutsalo 2 Human Cerebellum Finland 2015
Kuutsalo-53 2018
3720 Ixodes persulcatus Tudulinna Ida-Viru Estonia 2008
1043 Ixodes persulcatus Tartu Estonia 2006
8164 Ixodes ricinus Jarvselja Tartu Estonia 2006
8161 Ixodes ricinus Jarvselja Tartu Estonia 2006
1045 Ixodes persulcatus Tartu Estonia 2006
3626 Ixodes persulcatus Jarvselja Tartu Estonia 2006

0,105

I. persulcatus
l. ricinus

100

100

- 3625 Ixodes persulcatus Jarvselja Tartu Estonia 2008
274 Ixodes persulcatus Saki Tartu Estonia 2003

3469 Ixodes persulcatus Laeva Tartu Estonia 2008

312 Ixodes persulcatus Saki Tartu Estonia 2003
DQ486861 EK-328-Ixodes persulcatus-Estonia 1972

%- 894 Ixodes persulcatus Oonurme Ida-Viru Estonia 2006
759 Ixodes persulcatus Oonurme Ida-Viru Estonia 2006

I. persulcatus

od- 758 Ixodes persulcatus Oonurme Ida-Viru Estonia 2006

3721 Ixodes persulcatus Tudulinna Ida-Viru Estonia 2008

3479 Ixodes persulcatus Laeva Tartu Estonia 2008

—— Karelia-94-Aleksandrovka 2006

| |———KT224352 LEIV-13652Ar-Myodes glareolus-Russia-Archangelsk 1984
. MN542364 Rus/Ix persulcatus/Karelia/2/2018
KK3035 Ixodes persulcatus llomantsi 2015

10 | KK3034 Ixodes persulcatus llomantsi 2015
Karelia-1928-Aleksandrovka 2006

6820 Ixodes persulcatus Kalita Parnu Estonia 2012
222 Ixodes persulcatus Estonia 2002

GU183384 Est54-Ixodes persulcatus-Estonia 2000
3925016 Estonia 2020

Sib-2 / Zausaev clade

Sib-1 / Valischenko clade
Kyrgystan / Bosnia and Herzegovina

MF774565.1 TBEV-2871 Ixodes pavlovskyi 2012

4 Baikalian

100

EF469661 178-79

Far-Eastern

1965

TBEV-Sib/Baltic lineage:

correlation between root-to-tip
distance & time of sampling

] ]
(o] O oana 8
o o]
[* ]
(o]
LLETTT R s}

.-......-....-O..-.G.
058 | T

b
8o $
[s] g o) I's)

o 8
1975 1985 1995

2005 2015

Sampling Year

No clock! -> tMRCA?

I. persulcatus (RUS; E FIN , EST)



Conclusions of TBEV phylogeography

e Limited large-scale geographical clustering

e Both Eur and Sib subtypes had “vector-jumps” to the other tick species ( I. ricinus & I. persulcatus)
e Both north, south and west long-distance movements of foci

e Foci in “new emerging areas” in W and N Europe particularly diverse genetically

e |solated foci originating from single introductions decades ago

TBEV-Eur subclusters (A and B) Diverged ~2700 years ago

Strains in both A and B diverged independently ca ~700 years ago. (what happened in the 14th centrury?)

Taxonomic definition of TBEV and LIV “wrong”



O >2cases

(® TBEV circulation* observed locally

Q

No cases, no TBEV circulation observed

TBEV arrival and spread in Helsukl

@ >2 cases AND TBEV: circulation* observed locally

e TBEV in foci spread decades ago —

introduced earlier several times by
(?) migratory birds
Needed for TBE emergence:
1) Introduction
2) Suitable environmental
conditions and exposure

3) Lack of control means

HMRCA 253.6 (95%.H8

3

kilometers

tMRCA 40.6 (95% HPD 20.5-62.5)

78.4-369)

. TBEV full genomes,
Phylogeny

SMURA YM, EMERG MICROB
& INFECT 2019, 1: 675-683

%spoo -K14-Finland-2018
Espoo K13-Finland-2018
Esp(x) K16-Finland-2018
A ‘Bspoo-K15-Finland-2018
Espoo-K12-Finland-2018
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Control:

Transmission occurs soon after attachment,

® Tl C k CO nt rO | unlike for borrelia, tick removal usually too late

e Avoiding unpasteurized milk

» » Formalin-inactivated, purified TBEV-Eur viral particles
¢ TB E Va CCI n at I O n Pfizer: FSME-immun; Novartis: Encepur

Rapid dose d14 (instead of 1-3 mo) for faster immunisation
Extra dose d7 for >50-y ? (Kantele et al, Vaccine 2022)
1-st periodic booster dose Following periodic booster doses
/

KK \_ X X |
AN N Y $\ N Y

R

Day 0 1-3 months 5/9-12 months 3 years Every 3-5 years

after 1-st dose After 2nd dose aiter 3-rd dose Or some countries 10 years (<50y)

- Who should be vaccinated?
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