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Immune responses in TBEV 
infection and vaccination 



The	virus	

•  Tick-Borne	
Encephali5s	virus	
(TBEV)	is	an	
enveloped	RNA	virus	
of	the	family	
Flaviviridae.	Size	
approx.	50	nm,	single	
stranded	+RNA	10	kb.	
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•  The	RNA	serves	as	
both	the	genome	
and	the	viral	
messenger	RNA.	The	
whole	genome	is	
translated	into	a	
polyprotein.	

•  C	–	capsid	protein	
•  M	–	membrane	

protein	
•  E	–	envelope	protein	
•  NS	–	Non-structural	

proteins	
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The	genome	



•  The	virion	RNA	serves	
as	both	the	genome	and	
the	viral	messenger	
RNA.	The	whole	
genome	is	translated	
into	a	polyprotein.	

•  C	–	capsid	protein	
•  M	–	membrane	protein	
•  E	–	envelope	protein	
•  NS	–	Non-structural	

proteins	
•  NS1–	nonstructural	

glycoprotein	
“enigma5c	protein”	
(Intracellular	dimer/secreted	
hexamer)	
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Non-structural	proteins	
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Vaccina5on	gives	
strong	IgG	an5body	
responses	

TBE	diagnos,cs	–	serology	needed	
An5body	detec5on	using	EIA/ELISA		



TBE	-	vaccines	
•  Two	TBE	vaccines	are	licensed	in	Europe,	

FSME-Immune	(Pfizer)	and	Encepur	
(Bavarian	Nordic).		

•  Both	are	based	on	purified	inac5vated	TBEV	
whole-virus	an5gens	(Austrian	isolate	
Neudoerfl/	German	isolate	K23)	and	can	be	
given	from	1	year	of	age	and	gives	good	
protec5on	from	disease	(>95%).		

Upphovsrätt: ronstik 



•  Vaccina5on	against	TBE	is	effec5ve	to	prevent	
TBE,	but	vaccine	failures	/	vaccine	breakthrough	
(VBT)	occur.		

•  Andersson	C,	Vene	S,	Insulander	M,		Lindquist	L,	
Lundkvist	Å,	Günther	G.	Vaccine	failures	a6er	
ac,ve	immunisa,on	against	,ck-borne	
encephali,s.	Vaccine	28	(2010)	2827–2831	

•  Inves5ga5ons	of	VBT	is	laborious	and	ofen	
include	repeated	an5body	detec5on	of	blood	and	
cerebrospinal	fluid	samples	+	neutraliza5on	test	
(NT)	BSL	3.	

•  Simplify	and	improve	diagnos5cs	of	VBT	is	a	
priority.	TBEV	SMIA	has	been	tested.	
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Vaccines	



Number of sold TBE vaccine doses (x 1000) in Sweden 2001-2018 
Source: The Public Health Agency of Sweden 



Number of notified TBE cases in Sweden 1999-2018 
Source: The Public Health Agency of Sweden 



Introduc5on	–	TBE	the	
disease		

TBE	in	Sweden,	reported	
cases	2000-2019,	Source:	
Public	Health	Agency	of	
Sweden 
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An,body	detec,on	using	Suspension	Mul,plex	
Immuno	Assay	(SMIA)		

Colour-
coded	
magne5c	
beads	

wash	 wash	 wash	
Read	result	in	Luminex	
200	instrument	(or	
Luminex	Magpix)	



•  The	TBEV-SMIA	method	was	developed	from	the	more	
comprehensive	Flavivirus	suspension	mul5plex	immunoassay,	
FSMIA	(Rönnberg,	Blomberg,	Lundkvist	et	al,	Med	Microbiol	
Immunol	(2017).		

•  TBEV	Whole	Virus	(WV)	and	Non-structural	protein	1	(NS1)	
an5gens	bound	to	differen5ally	color-marked	magne5c	beads	in	
a	96-well	micro5ter	plate.	

•  An5bodies	in	serum	samples	binds	to	the	an5gen	on	the	beads.	

•  Signals	(via	detec5on	an5bodies	and	conjugate)	are	analyzed	
using	laser	beams	in	a	Luminex/Magpix	instrument.	MFI	
(Median	Fluorescence	Intensity)	is	calculated.	

Methods	
TBEV Suspension Multiplex Immuno Assay (TBEV-SMIA)  



 
TBEV SMIA	

•  NS1 antigen is not present in existing vaccine 
preparations. 

•  -> Vaccinees are not expected to develop any 
antibodies against NS1. 

•  TBE exposed persons should develop 
antibodies to NS1.  



		 IgG	 IgM	 NT	 IgG	 IgM	
Sample	 A75	 A14	 A75	 A14	 		 Siemens	 Siemens	 Reascan	

		 TBEV	wv	 Urea	 AI	 TBEV	NS1	 Urea	 AI	 TBEV	wv	 Urea	 AI	 TBEV	NS1	 Urea	 AI	 		 		 		 		
1	 3208	 148	 0,0	 659	 50	 0,1	 3894	 825	 0,2	 817	 130	 0,2	 ND	 46	 2.2	 287	
2	 992	 32	 0,0	 155	 23	 		 4776	 1062	 0,2	 755	 136	 0,2	 ND	 12	 2.0	 280	
3	 3384	 1011	 0,3	 408	 127	 0,3	 2557	 355	 0,1	 513	 78	 0,2	 ND	 29	 2.0	 259	
4	 1742	 80	 0,0	 238	 45	 0,2	 2882	 422	 0,1	 299	 22	 0,1	 ND	 47	 1.6	 278	
5	 1493	 40	 0,0	 363	 36	 0,1	 2992	 385	 0,1	 286	 33	 0,1	 ND	 19	 1.9	 282	
6	 2613	 97	 0,0	 773	 47	 0,1	 3485	 489	 0,1	 677	 76	 0,1	 ND	 52	 1.6	 81	
7	 1751	 260	 0,1	 0	 24	 		 1232	 106	 0,1	 162	 10	 		 ND	 21	 1.2	 120	
8	 4443	 331	 0,1	 754	 56	 0,1	 5009	 1227	 0,2	 357	 83	 0,2	 ND	 89	 2.0	 241	
9	 3470	 359	 0,1	 269	 55	 0,2	 3186	 759	 0,2	 317	 23	 0,1	 ND	 86	 2.0	 249	
10	 2618	 180	 0,1	 615	 118	 0,2	 2690	 383	 0,1	 214	 22	 0,1	 ND	 81	 1.2	 291	
11	 2202	 116	 0,1	 564	 142	 0,3	 2641	 390	 0,1	 384	 77	 0,2	 ND	 20	 1.6	 259	
12	 3077	 309	 0,1	 838	 148	 0,2	 4032	 753	 0,2	 621	 198	 0,3	 ND	 57	 2.2	 267	

707-0	 212	 42			 0	 14			 5	 0			 1	 0			 <5	 ND	 ND	 ND	
707-120	 692	 82	 0,1	 39	 14			 28	 0			 6	 0			 <5	 ND	 ND	 ND	
707-390	 4209	 3258	 0,8	 111	 123			 24	 0			 0	 0			 >20	 ND	 ND	 ND	
708-0	 160	 61			 12	 13			 93	 30			 40	 0			 <5	 ND	 ND	 ND	
708-120	 201	 35			 16	 6			 86	 16			 34	 0			 <5	 ND	 ND	 ND	
708-390	 0	 0			 10	 30			 59	 21			 0	 0			 <5	 ND	 ND	 ND	
709-0	 223	 46			 0	 7			 0	 0			 4	 0			 <5	 ND	 ND	 ND	
709-120	 804	 111	 0,1	 44	 24			 73	 7			 0	 0			 <5	 ND	 ND	 ND	
709-390	 1153	 643	 0,6	 4	 35			 2	 0			 0	 0			 20	 ND	 ND	 ND	
710-0	 204	 44			 0	 17			 0	 0			 0	 0			 <5	 ND	 ND	 ND	
710-120	 225	 37			 0	 0			 0	 0			 0	 0			 <5	 ND	 ND	 ND	
710-390	 2256	 878	 0,4	 0	 0			 0	 0			 0	 0			 >20	 ND	 ND	 ND	

		 IgG	 IgM	 NT	 IgG	 IgM	
Sample	 A75	 A14	 A75	 A14	 		 Siemens	 Siemens	 Reascan	

		 TBEV	wv	 Urea	 AI	 TBEV	NS1	 Urea	 AI	 TBEV	wv	 Urea	 AI	 TBEV	NS1	 Urea	 AI	 		 		 		 		

Example	newly	infected	(part	of	results)		

Example	vaccinated	(part	of	results)		
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Publica5on	#1	

Fig. TBEV SMIA IgG reactivity 
whole virus vs NS1 antigens in 
infected (n = 50) vs vaccinated 
individuals (n = 50) at 0, 120 and 
390 days after first vaccination. 

Comment: 3 positive. 2 low close 
to cut-off. Infection during study 
period can not be ruled out. 



•  To	study	if	a	TBEV	Suspension	Mul5plex	
Immunoassay	(TBEV	SMIA),	based	on	non-
structural	protein	1	(NS1)	and	whole	virus	
(WV)	an5gens,	can	be	used	for	efficient	
detec5on	of	TBE	vaccina,on	failure	cases.	

•  Serum	and	cerebrospinal	fluid	(CSF)	samples	
from	14	pa5ents	previously	analyzed	at	the	
Public	Health	Agency	of	Sweden	were	
tested.		

•  All	14	pa5ents	had	a	documented	history	of	
previous	TBEV	vaccina5on	and	were	all	
considered	to	be	TBE	vaccine	failure	cases.	

	

	

Aim	



Results	



Conclusion	

•  The	detec5on	of	an5bodies	directed	to	TBEV	
WV	vs.	NS1	an5gen	is	a	most	useful	tool	to	
differen,ate	previous	TBEV	infec,ons	from	
vaccina,ons.	

•  The	detec5on	of	an5bodies	directed	to	TBEV	
NS1	an5gen	considerably	simplify	and	
improve	the	quality	in	inves5ga5ons	
regarding	suspected	TBEV	infec,on	in	
vaccinated	pa,ents.	

•  In	a	material	from	Slovenia,	9/9	VBT	pa5ents	
had	NS1	an5bodies.	



Seroprevalence	TBE	(blood	donors)	
TBEV	SMIA	whole	virus/NS1	an5gens	

Region
Antal	

serumprover
Gotland 300
Gävle 300
Göteborg 300
Karlstad 300
Lund 300
Stockholm 300
Umeå 300
Uppsala	(inkl	Hofors...) 300
Växjö 300
Totalt 2700



Reagena	ReaScan®	TBE	IgM	rapid	
test	

•  The	Reagena	ReaScan®	TBE	IgM	rapid	test	
(ReaScan	TBE)	was	evaluated	for	usage	in	a	
clinical	laboratory	sesng	in	five	diagnos5c	
laboratories	in	Estonia,	Finland,	Slovenia,	
Sweden,	and	the	Netherlands.	



0	

100	

200	

300	

400	

500	

600	

Re
aS
ca
n	
re
ad

er
	v
al
ue

	(A
U
)	

ReaScan	TBE	IgM	results	-	Estonia	and	
Sweden	

a	

TBEV+	 TBEV-	 HSV	EBV	CMV	 VZV	
JEV,	
WNV,	
YFV	

DENV	

Reagena	ReaScan®	TBE	IgM	rapid	
test	



Publica5on	#1	
	
		
Dis5nc5on	between	serological	responses	
following	5ck-borne	encephali5s	virus	
(TBEV)	infec5on	vs	vaccina5on,	Sweden	
2017.	
	
Eurosurveillance	(2018-01-18)	



And then came 
Covid-19… 
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