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Introduction
Tick-borne encephalitis (TBE) causes more than 10,000 human 

cases across Europe and Asia annually. In its natural habitat, the main 
reservoir of TBE virus (TBEV) are rodents (e.g. mice, moles) and the 
vector are ticks of the genus Ixodes. Humans are incidental hosts for ticks 
and may become infected by suckling ticks. The clinical manifestation 
caused by the TBEV range from inapparent infections and fever with 
complete recovery of patients to severe clinical pictures and fatal cases 
[1,2]. TBE can be caused by three closely related subtypes of the virus 
which have a different virulence. The European subtype (TBEV-Eu) 
is mostly transmitted by hard ticks of the genus I. ricinus, while the 
Siberian subtype (TBEV-Sib) and the Far Eastern subtype (TBEV-Fe) 
are mostly transmitted by I. persulcatus [3]. The clinical outcome of 
TBEV infection in humans depends on the respective TBEV subtype. 
TBEV-Fe subtype is regarded as the most virulent strain with more than 
20% case fatality rate reported, while the TBEV-Eu subtypes has a case 
fatality rate of about 1%. The induction of chronic disease has been 
linked to the TBEV-Sib subtype, which has an intermediate case fatality 
rate of about 7% [1,4].

Mature TBE virions are spherical particles with a positive 
orientated, single-stranded RNA genome of about 11 kb embedded 
in a capsid that is surrounded by a lipid envelope in which the 
glycoproteins M (gM) and E (gE) are inserted. The gE plays a pivotal 
role in the viral life cycle mediating binding of the virus to its cellular 
receptor (glycosaminoglycans) and fusion of the virus with the cellular 
membrane. Furthermore, the gE represents the major antigenic 
determinant of the virus inducing a protective immune response [1] 
based on neutralizing antibodies broadly cross-protective among the 
TBEV-Eu, -Sib, and -Fe subtypes [5,6].

Two inactivated whole virus vaccines are internationally available, 
one is based on the TBEV-Eu subtype strain K23 (originally isolated 
near Karlsruhe in Southern Germany) and the other vaccine is based 
on the TBEV-Eu subtype strain Neudörfl (originally isolated in Austria) 
[7]. Both TBE vaccine manufacturers use primary chick embryonic 
fibroblast cells (PCEC) for the propagation of the TBE virus and both 
vaccines are based on purified inactivated virus preparations. The 
formulations and the history of development of both vaccines as well as 

their immunogenicity and safety profiles have been reviewed in detail 
[7,8]. These two highly effective modern vaccines are on the market in 
28 European countries [9]. In addition to these two widely distributed 
vaccines, two local manufacturers in Russia and one in China produce 
TBE vaccines. 

Mutations in the gE of a number of flavivirus strains are responsible 
for changes in host range, cell tropism and altered virulence and 
attenuation [10-12]. It has been shown that serial passages of viruses 
in cell culture, especially on cells not derived from the natural host, 
can result in cell-adapted virus mutants. Some of these mutants show 
changes in the net charge of their gE proteins, influencing the affinity 
for glycosaminoglycans which are putative viral receptors on the 
cell surface [10]. Those changes in the molecular structure of the gE 
molecule can result in an altered virulence in vivo and may be caused 
by a single amino acid exchange [11]. Even more important for vaccine 
manufacturers, due to mutations in the gE, otherwise protective 
epitopes might get modified or lost and thus, decreasing the protective 
efficacy of a vaccine. Here, we describe investigations to analyse the 
stability of the genetic information encoding the gE of TBEV strain K23 
during the vaccine manufaturing process, starting from the viral master 
seed lot to the final product.

Material and Methods
The TBE virus strain K23 had been isolated by Prof. R. Ackermann, 

University of  Cologne, from ticks collected in Southern Germany near 
Karlsruhe in 1975 [13]. The strain K23 was received as the third passage 
of the virus in the brains of suckling mice and was further propagated 
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Abstract
Tick-borne encephalitis (TBE) is an arthropod-borne virus disease with more than 10,000 cases annually in 

Europe and Asia. Vaccines have been developed to help protect against TBE. Pre-requisite for consistent production 
of a viral vaccine is the stable replication of the virus from early development steps to the end of production. We have 
analysed the nucleotide sequence encoding the surface glycoprotein E of TBE virus strain K23 derived from the virus 
master seed bank, the working seed bank and a production lot and no sequence variation was found in these three 
virus samples. We conclude that the genetic constitution during the production process of the analysed TBE vaccine 
is highly consistent and stable, which is a requirement for defined antigen production process.
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in primary chick embryo fibroblasts (PCEC). The 20th passage on 
PCEC was carried out in a bigger quantity and was used as master seed. 
This master seed lot was produced in January 1987 and was stored at 
-80°C in suitable containers. This lot was intensively tested for absence 
of adventitious agents, purity and identity in accordance with WHO 
and national requirements [14]. A working seed bank was produced in 
September 1995 diverged from the Master Seed Bank produced in 1987 
by propagating on PCEC and stored in suitable aliquots at -80°C. The 
production process of the TBE vaccine has been described in detail by 
Klockmann et al. [14].

TBEV material used is this study was i) a master seed bank prepared 
in January 1987 and stored for 17 years , ii) the working seed bank 
prepared in September 1995 and stored for 9 years, and iii) material 
from the end of a production run in November 2004.

For the 3 isolates sequenced in this study, viral RNA was extracted 
from the master and working seed lot and from a vaccine batch using 
the QIAamp Viral RNA Mini Kit (Qiagen) and was reverse transcribed 
with the SuperScript II Reverse Transcriptase kit (Invitrogen, Carlsbad, 
CA – USA). PCR amplifications were performed by using specific 
primers (primer sequences available on request) and the products were 
purified by use of a QIAquick PCR purification kit (Qiagen), according 
to the manufacturer’s directions. The Taq polymerase and other reagents 
used for PCR were obtained from Qiagen. The sequences were obtained 
by direct sequencing of the PCR products, which was performed by the 
DNA-sequencing facility at Novartis Vaccines, Siena, Italy. Sequence 
data were assembled and edited with Vector NTI software (Invitrogen) 
and compared with representative sequences of viruses available in 
GenBank (http://www.ncbi.nlm.nih.gov/genbank). The nucleotide 
sequences obtained in this study are deposited in gene bank of the 
European Molecular Biology Laboratories Sequence database URL 
http://www.ebi.ac.uk/embl with the accession number AM600965 and 
at http://www.ncbi.nlm.nih.gov/nuccore/AM600965. 

Results and Discussion
Two internationally available TBE vaccines have been developed 

either based on TBEV-Eu strain K23 or strain Neudörfl and which 
confer protection not only against the TBEV-Eu subtype, but also 
against strains representing the Siberian and Far Eastern subtypes. 
Neutralizing antibodies against the E protein is a correlate of protection 
against virus infection [1]. Both virus strains have been isolated from 
ticks and were adapted to growth on chick embryo fibroblasts.

Sequence analysis of the gene encoding the gE protein of the master 
and working seed lot virus and of a vaccine batch revealed no differences 
in the gE protein of TBE virus K23. Comparison of the E protein from 
K23 TBE virus with another subtype of TBEV-Eu, strain Neudörfl 
published by Ecker et al. [3], disclosed four amino acid exchanges at 
positions 52: lysine (K) to asparagine (N), 84: threonine (T) to alanine 
(A), 137: arginine (R) to lysine (K).  At position 167, valine (V) was 
determined for both strains K23 and Neudörfl, while in the original 
publication by Ecker et al. [3], the authors indicated an isoleucine (I) at 
this position (Figure 1). 

Sequencing of vaccine strains is of interest from two points. First, 
it is well-known that changes in neurovirulence and pathogenicity of 
the virus can be due to even a single amino acid exchanges and changes 
in an important epitope may reduce or destroy the capacity to induce 
neutralizing antibodies to the homologous and/or heterologous strains. 
Otherwise, mutations may also result in an increase in virulence. In this 
context, it is notable, that a strain has recently been isolated in a new 
TBE focus in Bavaria, Germany, where three of nine clinical human 

cases were fatal indicating an unusually high mortality rate possibly due 
to a highly virulent TBEV strain. Sequencing of the virus isolate from 
this focus revealed two unique amino acid substitutions in the envelope 
protein, known to play a role in the pathogenicity of TBE virus and the 
membrane fusion with host cells [15].

Genetic instability could cause an altered antigen make-up 
with reduced efficacy of the vaccine produced by a mutated strain. 
Second, upon development of master and working seed lots for the 
production of a vaccine, clinical studies are carried out to evaluate 
safety and immunogenicity. These seed lots are then used for many 
years upon licensure of the vaccine. Quality control tests include in-
vitro and in-vivo analyses, e.g. evaluation of immunogenicity and 
efficacy in challenge experiments, but analyses on the molecular basis 
are commonly not carried out, because these are not requested by 
the authorities. Therefore, we were interested to analyse the genomic 
sequence, especially the coding gene for the glycoprotein E gene that 
comprises neutralizing capacity and is of upmost importance for the 
efficacy of the vaccine from a master seed lot and a working seed lot 
with a history of 17 and 9 years respectively and of a virus sample 
harvested at the end of the production phase. Comparison of the 
compiled sequences revealed no nucleotide changes during the long 
production history of the K23 based TBE vaccine and therefore this 
indicates a consistent and stable virus handling procedure in the virus 
storage and vaccine production process.
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K23    SRCTHLENRD FVTGTQGTTR VTLVLELGGC VTITAEGKPS MDVWLDAIYQ 
Neudoerfl ---------- ---------- ---------- ---------- ---------- 
  
K23  EKPAKTREYC LHAKLSDTKV AARCPTMGPA TLTEEHQGGT VCKRDQSDRG 
Neudoerfl -N-------- ---------- ---------- --A------- ---------- 
 
 
K23  WGNHCGLFGK GSIVACVKAA CEAKKKATGH VYDANRIVYT VKVEPHTGDY 
Neudoerfl ---------- ---------- ---------- -----K---- ----------   
 
K23  VAANETHSGR KTASFTVSSE KTILTMGEYG DVSLLCRVAS GVDLAQTVIL 
Neudoerfl ---------- ------I--- ---------- ---------- ----------    
K23  ELDKTVEHLP TAWQVHRDWF NDLALPWKHE GAQNWNNAER LVEFGAPHAV 
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Neudoerfl ---------- ---------- ---------- ---------- ------ 
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