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ARTICLE INFO ABSTRACT

Keywords: The annual number of tick-borne encephalitis (TBE) cases in Norway has increased dramatically from 1 case in
TiCk‘-blome encephalitis virus 1998 to 113 in 2023. Characterization of TBE virus (TBEV) genomes from both clinical samples and tick vectors
Flaviviruses ) is necessary to understand disease severity and transmission dynamics. However, clinical samples with intact
xf;?(l)egeg;;'nome sequencing virus are rare because TBE is usually diagnosed by serology in the post-viremic phase, when the viral load is low
Norway and undetectable by molecular methods such as polymerase chain reaction (PCR). To date, Mandal-2009 is the

only TBEV sequence from Norway with complete virus genome, sequenced directly from the tick vector. We used
a combined approach with newly designed overlapping primer pairs and nanopore sequencing together with
Sanger sequencing to obtain nearly complete TBEV genomes from both patient and tick samples from Norway.
The patient had severe TBE complicated with hemophagocytic lymphohistiocytosis (HLH). The patient and tick
samples were collected 16 km apart, from Telemark and Vestfold Counties, respectively. Pairwise genomic
comparison showed 99.7 % identity, and phylogenetic analysis revealed that these sequences were closely
related to the TBEV strain from Kumlinge in Aland, Finland, rather than to the previously published Norwegian
variant Mandal-2009. These findings confirm the existence of novel TBEV variants in the endemic areas of
Telemark and Vestfold Counties of Norway. Our findings highlight the need for continuous monitoring and
characterization of novel TBEV genomes in Norway and Europe.

Tick-borne encephalitis

1. Introduction borne encephalitis (TBE), an infectious disease of the central nervous
system (Taba et al., 2017). TBEV is mainly transmitted to human and
Tick-borne encephalitis virus (TBEV) is the causative agent of tick- animals through Ixodes spp. tick bites (Lickova et al., 2021; Wondim
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et al.,, 2022). The main reservoir and vector of the TBEV European
subtype (TBEV-Eu) to humans is the castor bean tick, Ixodes ricinus. Ticks
can be transported across long distances and extensive geographical
barriers, e.g. by migratory passerine birds and larger mammals like
cervids, leading to the introduction of different TBEV genetic variants to
new geographical locations (Hasle et al., 2009; Mehl, 1983; Paulsen
et al., 2020).

TBEV belongs to the genus Orthoflavivirus, and its genome consists of
approximately 11 kb of positive-sense single-stranded genomic RNA.
The virus genome contains a single open reading frame (ORF) flanked by
5’ and 3’ non-coding regions (NCRs). The ORF encodes a single poly-
protein of about 3,400 amino acids, comprising three structural pro-
teins: Capsid (C), precursor Membrane (prM) and Envelope (E), and
seven non-structural proteins (NS1, NS2A, NS2B, NS3, NS4A, NS4B and
NS5) (Paulsen et al., 2021; Ruzek et al., 2019). Differences have been
observed in the 3’ NCR sequences of TBEV strains isolated from ticks and
patient samples. These changes might have occurred during adaptation
of the virus from the tick vector to the mammalian host (Asghar et al.,
2014). Most of the available TBEV-Eu sequences are derived from ticks,
and very few studies have sequenced complete TBEV genomes from
clinical samples (Haglund et al., 2003; Saksida et al., 2005; Smura et al.,
2019; Zakotnik et al., 2022). TBEV sequences from human clinical
samples are rare because the infection is usually diagnosed during the
post-viremic phase and the viral loads are often low (Zakotnik et al.,
2022).

The aim of this study was to sequence and phylogenetically charac-
terize novel TBEV genetic variants circulating in Norway. We used the
published protocols (Paulsen et al., 2021; Quick et al., 2017), to amplify
2,000 bp long overlapping amplicons before sequencing them by the
Oxford nanopore technology (ONT). We sequenced and characterized
nearly complete TBEV genomes from a patient from Telemark County
and tick samples from Vestfold County of Norway and identified the
presence of different TBEV variants.

2. Materials and methods
2.1. Ethical approval

The study was approved by the South-Eastern Regional Ethical
Committee (Study no 96,505) and the Data Protection Office at all the
participating centers. Written informed consent was obtained from the
patient. Additional ethical approval and consent for publication is not
applicable based on the rules and regulation from the Norwegian min-
istry of Health and Care Services for Reference functions of infectious
agents.

2.2. Case report of patient

In late May 2022, a man in his 60s was hospitalized presenting with
fever, dysarthria, tremor, dysphasia, diarrhea, mental slowness, and
ataxia. He had a history of spontaneous venous thrombosis in 2007 and
was not on any medication as well as unvaccinated against TBEV.

He reported a tick bite in Sandgya, Telemark County, eight days
before hospitalization, followed by fever and muscle pain three days
later (day 1), which worsened until admission. Following suspicion of
having TBE, a lumbar puncture was performed, revealing normal
number of white cells, protein, and normal cerebrospinal fluid (CSF) to
serum ratio of glucose and albumin in CSF. TBE specific antibodies were
negative.

Blood tests showed thrombocytopenia, leukopenia, elevated d-
dimer, and elevated liver transaminases. He was treated with antibiotics
according to the guidelines for central nervous infections of unknown
origin. Microbiological tests for infection in feces were negative. Addi-
tionally, the bacterial cultures on CSF, blood, urine were also negative.

Magnetic resonance imaging of the brain was unremarkable,
including angiography which ruled out sinus venous thrombosis.
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Electroencephalography indicated diffuse cerebral dysfunction. Com-
puter tomography scans of the thorax, abdomen, and pelvis were con-
ducted, revealing enlarged abdominal lymph nodes. Microscopy of bone
marrow aspirate revealed lymphoid infiltration and suspected phago-
cytosis. Flow cytometry of the bone marrow showed findings indicating
B-cell lymphoma, which later was confirmed in lymph node biopsy.

Five days after admission, he developed a swollen epiglottis leading
to airway obstruction, requiring intubation. PCR of nasopharyngeal
aspirate was negative for airborne viruses and bacteria. Blood tests
showed markedly raised levels of serum ferritin, interleukin 2 receptor,
and triglycerides. Due to his deteriorating condition, suspected hemo-
phagocytic lymphohistiocytosis (HLH), and an unclear diagnosis, he was
referred to the tertiary hospital.

After 10 days of symptom debut TBEV was detected through PCR in
CSF and serum. He met criteria for HLH, receiving corticosteroids and
intravenous immunoglobulin. He was further diagnosed with hospital-
acquired pneumonia, and microbiological findings in bronchoalveolar
lavage fluid included growth of Aspergillus fumigatus, positive Gal-
actomannan test and positive Pneumocystis jirovecii PCR. He responded
well to targeted antibiotic treatment and required mechanical ventila-
tion for 9 days.

TBEV IgM turned positive on day 29, and he was transferred to
rehabilitation department on day 77 of symptom debut. Both IgM and
IgG were positive by day 87 and he was discharged home after 113 days.
One year later, neurological examination was normal except for
nystagmus, though he reported some memory issues. The lymphoma did
not require any treatment during hospitalization and is currently under
observation. The clinical case timeline of the patient is summarized in
Fig. 1, and detailed case report with additional laboratory test results is
addressed in Supplement S1.

In this study, we analyzed and sequenced the patient’s serum and
CSF samples from three different days after symptom debut (Table 1,
Fig. 1, Supplement S1).

2.3. Ticks

In September 2021, 74 pools of 10 nymphs each were collected near
Farris Lake, Larvik, Vestfold County (SL4 location in Fig. 2), which is
located 16 km from Sandgya where the patient got tick bite, as part of a
separate tick-survey project. The ticks were collected by dragging a
flannel cloth, sorted, pooled, and stored at —80 °C, all collected ticks
were morphologically identified as Ixodes ricinus (Filippova, 1977, 2017;
Kjaer et al., 2019; Rged et al., 2016; Vikse et al., 2020).

2.4. RNA extraction and cDNA synthesis

A pool of ten nymphs was homogenized in 500 pL. Minimum Essential
Medium Eagle using MP FastPrep-24 bead beating grinder and lysis
system (MP biomedicals, Santa Ana, California, USA) and total RNA
were extracted by RNeasy Mini kit on QiaCube extractor (QIAGEN
GmbH, Hilden, Germany). Viral RNA was extracted manually from pa-
tient serum and CSF samples by QIAamp Viral RNA mini kit (QIAGEN
GmbH, Hilden, Germany) according to the manufacturer's instructions.
The viral RNA was immediately reversely transcribed to cDNA by Su-
perscript IV reverse transcription (RT) kit (Thermofisher Scientific,
Waltham, Massachusetts, USA) using random primers and RNase in-
hibitor (Applied Biosystems, Foster City, California, USA) according to
the manufacturer’s protocol. The presence of TBEV in patient and tick
samples was analysed by In-house real-time RT-PCR (Andreassen et al.,
2012). The PCR-positive samples were confirmed by sequence analysis
(SQA) pyrosequencing on a PyroMark Q48 system (Qiagen, Hilden,
Germany) according to the manufacturers protocol optimized for the
Norwegian strain of TBEV-Eu (Andreassen et al., 2012).
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Fig. 1. Timeline of TBE clinical case in a man in 60s in Norway, 2022. The timeline summarizes events from the day of development of symptoms (day 1) to

discharge of patient from hospital (day 113).

Table 1
Patient samples collected on different days after symptom debut.

Patient Sample ID Sample Type Days after symptom debut
Al Serum 10
A2 Serum 11
A3 CSF 11
A4 Serum 39

2.5. Whole genome sequencing

For the overlapping amplification of TBEV genome, two primer sets
were used: JK (Paulsen et al. 2021) and KUPA (this study) (Supplement

Table S2). To sequence the ORF, PCR was performed with the Q5 high
fidelity polymerase enzyme as described in Quick et al. (2017). Library
preparation and amplification were performed using Rapid PCR Bar-
coding Kit 24 V14 (SQK-RPB114.24; version 14). Sequencing was per-
formed using R10.4.1 flow cell (FLO-MIN114) with the GridION
platform (Oxford Nanopore Technology, Oxford, UK), following manu-
facturer’s recommendations.

Nested PCR was performed to amplify and sequence the ORF termini
and NCRs of TBEV genome using KOD Hot Start Master Mix (Sigma-
Aldrich) and 0.3 pM of each set of primers as previously described
(Asghar et al., 2014). Nested PCR comprised an initial amplification
using a first pair of outer primers, followed by a second amplification of
a second pair of inner primers. PCR products were confirmed by gel

N
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Fig. 2. Map of Norway indicating sites where the patient got infected (Sandgya, Porsgrunn), and the collection site of ticks (SL4 near Farris Lake, Larvik) in Telemark
County and Vestfold County, respectively. The distance between Sandgya and location SL4 is approximately 16 km. Map credit: Kartverket (Norwegian Map-

ping Authority).
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electrophoresis and purified by QIAquick gel extraction kit (Qiagen).
Purified amplicons were sent for Sanger sequencing with appropriate
primers (Eurofins Genomics, Ebersberg, Germany). The amplified PCR
fragments of the 3° NCR were cloned into pcDNA3.1/V5-His-TOPO
(Invitrogen) (Asghar et al., 2014) and fifteen individual clones were
sequenced from each sample to examine fragment diversity. The
experimental workflow performed for genome sequencing is detailed in
Supplement Figure S3.

2.6. Sequence data analysis

The sequencing reads from the overlapping amplification of all 3
samples were mapped against all sixty genomes representing the Euro-
pean TBEV genetic diversity were retrieved from NCBI GenBank
(criteria: complete CDS and whole genome TBEV-Eu sequences) (Sup-
plement Table S4) by minimap2 version 2.24, with settings “data type:
Oxford Nanopore (more sensitive)” in Geneious Prime version 2022.2.2
(Geneious, Auckland, New Zealand). The reference sequence of the
Kumlinge A52 strain (GenBank accession no: GU183380) showed the
most number of mapped reads and were consequently used for the
construction of consensus sequences of the samples. The consensus se-
quences were generated from the patient and tick samples with settings
“Threshold: 25 % Majority, Assign Quality: Total (Call “-” if coverage <
20)”. Bases matching at least 25 % of the reads were considered and the
entire region had >1000 coverage. When performed BLAST search on
the consensus sequences the best match was Kumlinge A52. The
consensus sequences obtained from ONT, and Sanger sequencing were
merged to reconstruct the whole genome of TBEV.

2.7. Phylogenetic analysis

Multiple sequence alignment was performed by Clustal Omega on
TBEV consensus sequences from the patient and tick samples, and ge-
nomes listed in Supplement Table S4. Identity matrix summarizing the
percentage of identity between the samples and their closest relative was
calculated from this sequence alignment. Nucleotide model selection
was performed in ModelFinder integrated in IQ-TREE 1.6.12 (Nguyen
et al, 2015), followed by maximum-likelihood phylogenetic tree
reconstruction with the GTR+F + I + G4 evolutionary model as best
describing the process of evolution. The resultant phylogenetic tree was
drawn and annotated in FigTree version 1.4.4 (http://tree.bio.ed.ac.
uk/software/figtree/). The Louping ill virus (GenBank accession num-
ber: NC_001809.1, strain 369/T2), a closely related flavivirus, was used
as an outgroup.

3. Results
3.1. TBEV detection by PCR

Among the four patient samples, only three tested positive for TBEV
by In-house real-time RT-PCR, namely Al-serum (Ct = 28.2), A2-Serum
(Ct = 22.3) and A3-CSF (Ct = 27.7), which indicates that these samples
were collected during the viremic phase. One of 74 pools was confirmed
as TBEV PCR-positive, with a higher viral load (Ct = 16) compared to the
patient samples.

3.2. TBEV sequencing

Two sets of primers were used (JK and KUPA) to obtain nearly
complete TBEV genome from the patient (A2-Serum and A3-CSF) and
tick samples using the overlapping amplicon method. Due to limitation
in the overlapping amplicon method obtaining whole genome sequence,
we included nested PCR and Sanger sequencing to complete the 5’ and
3’ NCRs.

The sequences from the overlapping amplicon method, and the
nested PCR with Sanger sequencing were assembled to construct the
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nearly complete genome of TBEV. The length of TBEV ORF sequences
from both patient and tick samples was 10,245 nt. The TBEV sequences
from A3-CSF and tick samples (final length 11,057 nt) were submitted to
GenBank under accession number PQ614182 and PQ614181, the primer
sequences used in the nested PCR and Sanger sequencing (Fwd1_primer
and Revl_primer) were not included in these sequences. The consensus
TBEV sequence from A2-Serum was identical to A3-CSF, but due to
incomplete sequencing we were unable to retrieve the complete
sequence of 5° NCR and 3’ NCR and not submitted to GenBank.

When comparing the nearly complete TBEV sequences from A3-CSF
and tick samples, we found 99.7 % pairwise identity (Table 2) and
identified a total of 30 mutations. Among these, 27 SNPs were in the
ORF and 3 in the 3’ NCR. The analysis with deduced amino acid se-
quences of A3-CSF and tick samples revealed 6 amino acid substitutions
in the complete ORF (Supplement Table S6). Our TBEV genome se-
quences were also compared with the reference sequence of Kumlinge
A52 strain (GenBank accession number: GU183380) used for assembly
to check for identity and genetic mutations. Both A3-CSF and tick TBEV
sequences had 99.6 % pairwise identity with Kumlinge A52. The com-
parison revealed a difference between the A3-CSF and Kumlinge A52
sequence of 42 mutations: 39 in ORF and 3 in 3NCR, while the tick
samples and Kumlinge A52 sequence differed with 46 mutations: 44 in
ORF, 2 in 3NCR.

3.3. Variation in polyA tract of CSF sample

Sequencing the 3° NCR of TBEV genome from the tick sample showed
a short 6A (AAAAAA) internal polyA tract. Whereas in case of patient
A3-CSF sample, Sanger sequencing failed at internal polyA tract indi-
cating presence of more than one variant in the patient sample. We
cloned the 3° NCR from A3-CSF and tick samples into a cloning vector.
Sanger sequencing of 15 individual clones from the patient sample (A3-
CSF) showed a variable number of A’s in the repeat tract between 6A to
9A (AAAAAAAAA) long, whereas all the 15 clones from the tick sample
contained only 6A tract. Since the A3-CSF sample showed variation
within polyA tract, we also sequenced the 3° NCR by ONT that
confirmed the presence of both 6A (70 %) and 8A (AAAAAAAA) (30 %).
ONT could not confirm the 9A tract.

3.4. Phylogenetic analysis

In phylogenetic analysis, the genomic sequences from the patient
and tick samples clustered with three TBEV isolates from I. ricinus in
Kumlinge, Finland (Fig. 3). The Norwegian TBEV sequence Mandal-
2009 clustered with the four TBEV isolates from I ricinus in United
Kingdom and Denmark.

4. Discussion
4.1. Clinical characterization

A patient with severe disease and a monophasic TBE course was
enrolled in May 2022 at Telemark Hospital Trust, Norway. The mono-
phasic disease course has recently been described in nearly half of the
TBE patients in a Norwegian cohort (Skudal et al., 2024). This is
consistent with previous findings in Aland (Wahlberg et al., 2006). In
contrast, earlier studies from Europe describe biphasic course in around

Table 2
Identity matrix summarizing the percentage of identity between Kumlinge A52
strain, and TBEV genomic sequences from tick and patient samples.

A3-CSF Kumlinge A52 Ticks sample
A3-CSF 99.6 % 99.7 %
Ticks sample 99.7 % 99.6 %
Kumlinge A52 99.6 % 99.6 %
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Fig. 3. Maximum Likelihood tree showing the TBEV-Eu diversity of 60 strains. The evolutionary history was tested with ML method based on GTR+F + I + G4 as the
best-fit substitution model. The phylogenetic tree was drawn and annotated in Fig Tree version 1.4.4. Node numbers represent bootstrap values (SH-aLRT support
(%), only bootstrap values >70 are shown. Scale bars show the number of nucleotide changes. Genomic sequences (GenBank accession number: PQ614182 and
PQ614181) from this study (bold, red) and closest cluster shown in red whereas the cluster with Norwegian TBEV sequence Mandal-2009 (bold, blue) is shown

in blue.

70 % of patients (Barp et al., 2020; Bogovic et al., 2021; Dobler and
Stoma, 2023; Griska et al., 2024). Interestingly, monophasic course has
been associated with more severe disease in a previous study (Bogovic
et al., 2021).

In this case, the encephalitis was complicated by HLH, a hyper-
inflammatory syndrome with subsequent immunodeficiency that can be
caused by infections, malignancy and autoimmune disease. HLH has
previously been reported in only one case of TBE (Chmelik et al., 2016).
Bicytopenia (leukopenia, thrombocytopenia) is a frequent finding in
TBE during the first disease phase (Barp et al., 2020), but in this case, the
condition worsened dramatically with the development of HLH. Bicy-
topenia is one of the criteria for HLH diagnosis. The patient in our study
was also infected with A. fumigatus and P. jirovecii, which are per se
opportunistic infections and define an immunocompromised status.
These infections in the patient are most likely due to treatment of HLH
with steroids, but also the dysregulation of the immune system in HLH
could contribute to immunodeficiency. The etiology of the patient’s
epiglottitis remains unknown, but the presentation under ongoing
treatment with cefotaxime and ampicillin (according to Norwegian
guidelines for CNS-infection of unknown origin) and negative PCR re-
sults for airborne microbes, suggest most likely an abnormal immuno-
reaction. The patient had subclinical lymphoma at presentation, and this
could contribute to a weakened and/or dysregulated immune response
leading to both a more severe course of TBEV and a delayed antibody
response. The corticosteroids given for his HLH could further delay the
antibody response as has been shown in reported in other immuno-
compromised patients with TBE (Czarnowska et al., 2024).

4.2. Sequencing and characterization of TBEV

Four samples; Al-Serum, A2-Serum, A3-CSF, and A4-Serum were
collected from the patient at different times points during the disease
course (Table 1). The first three samples were positive for TBEV PCR
whereas no TBEV was detected in A4-serum. The lack of TBEV in A4-
Serum could be due to elimination of the virus from the bloodstream
during the late, post-viremic phase of TBE. This is in accordance with a
study by Saksida et al. (2005) who reported PCR positive samples from
TBE patients with fever, after a recent tick bite, when they are in the
early phase of the disease.

In this study, we sequenced the nearly complete TBEV genome from
a TBE patient and tick samples by ONT and Sanger sequencing. We were
successful to sequence the nearly complete TBEV genome from the tick
samples and A3-CSF. The sequences from the Al-Serum and A2-Serum
were incomplete, this could be due to a comparatively low viral load
or quality. Despite higher Ct value, whole genome of TBEV was retrieved
from CSF sample while only 93.6 % of genome was obtained from lower
Ct value serum sample. This is the first TBEV genomic sequence reported
from a human sample in Norway. We would like to highlight that the
TBEV genome of A3-CSF was 99.7 % identical to the TBEV genome from
the tick samples. The ticks were collected in 2021 from Larvik whereas
the patient was infected in Sandgya, Porsgrunn in 2022 and the two
sampling sites are 16 km apart. The differences in geographical location,
sampling time and host species of these TBEV strains indicate the po-
tential endemic presence of this TBEV strain in nearby regions within
southern Norway, which requires further surveillance.

The phylogenetic analysis revealed that these TBEV isolates origi-
nated from same node, and they showed >99 % identity with the TBEV
Kumlinge A52 strain from a small island municipality in Aland, Finland.
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Kumlinge A52 strain was originally from I. ricinus, the TBEV RNA was
extracted from virus cultivated in suckling NMRI mice and sequenced
(Uzcategui et al., 2012). The novel variant differ from the previously
characterized Norwegian sequence Mandal-2009 (Fig. 3) by having a
longer 3NCR and some nucleotide differences. Mandal-2009 clustered
with the four I ricinus TBEV isolates from United Kingdom and
Denmark. We emphasize that the Mandal-2009 and the present genomic
sequences are different variants of TBEV though Mandal in Agder
County is geographically close (distance of approximately 173 km) to
Vestfold and Telemark Counties. The distance between Kumlinge, and
Vestfold and Telemark counties is >750 km across the Bothnian bay and
the Swedish mainland. Thus, it is likely that migratory birds have
transported the ticks from Kumlinge to Norway and established the new
TBEV foci in Vestfold and Telemark Counties. The migrating birds in-
crease the possibility of geographic spreading of ticks and TBEV
(Waldenstrom et al., 2007). There is a possibility that birds might import
TBEV-infected tick larvae which molt to nymphs and spread the virus to
local ticks (Hasle, 2013). A study by Waldenstrom et al. (2007) found 3.4
% of 13,260 migrating birds infested with ticks in Sweden. Most of those
ticks were identified as I ricinus. Four birds, each of a different species,
carried TBEV-infected ticks (Waldenstrom et al., 2007). Our findings
highlight the need for investigating new TBEV foci and novel genetic
variants, along with surveillance of migrating birds to gain insights of
ticks and TBEV transmission in Norway.

TBEV is known to exist as a pool of quasispecies in both tick and
mammals and switching between different hosts lead to rearrangements
in the quasispecies pool for selection of the best-fit variants (Asghar
etal., 2014; Romanova et al., 2007; Rizek et al., 2008). Several TBEV-Eu
strains contain variable length of the internal polyA tract within the
3NCR. The Neudoerfl strain has the longest known TBEV genome with a
30-250 nt long polyA tract (Asghar et al., 2017; Wallner et al., 1995).
Earlier studies have shown that the polyA tract plays an important role
in the replication, diversity of the quasispecies pool, and pathogenicity
of TBEV (Asghar et al., 2016; Sakai et al., 2015). In this study, we
identified TBEV variants with different lengths of the polyA tract, in the
patient sample (A3-CSF) whereas TBEV from the tick sample showed a
stable 6A long polyA tract. The diversity of TBEV heterogeneity of
A3-CSF might be the reason behind the severe clinical symptoms
observed in the current patient compared to the less severe TBE cases in
Norway. The presence of TBEV variants with longer polyA tract in the
patient sample in comparison to the tick sample could be due to the
switching from invertebrate host with lower body temperature to
vertebrate hosts with 37 °C body temperature. This phenomenon has
also been proposed for TBEV strain Saringe 2009 (GenBank accession
number: KF991106), sequenced from a tick after >60 h of blood-feeding
on a 72-year-old male in Sweden (Asghar et al., 2014). This heteroge-
neity may affect the replication of the virus and pathogenesis which
might explain the severe clinical symptoms observed.

5. Conclusion

This study presents, for the first time, a Norwegian patient derived
TBEV sequence and a highly identical TBEV sequence from a tick
collected in a neighboring county. The genomic ORF was sequenced by
large overlapping amplicons with ONT, and non-coding regions were
sequenced by Sanger sequencing. The patient had severe and mono-
phasic TBE complicated with HLH and lymphoma. Notably, he did not
seroconvert until 12 weeks (IgG+) after the onset of symptoms. This
delayed seroconversion may have been crucial for the prolonged pres-
ence of the virus and the subsequent detection of the whole genome. His
disease course highlights the potential severity of TBE, especially in
patients with immunodeficiency. During sequencing the CSF sample
showed a diversity of heterogeneity with varying polyA tails. The ob-
servations of new phylogenetic clusters of Norwegian TBEV variants
emphasizes the importance of further surveillance of ticks and patients.
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