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Background: Tick-borne encephalitis virus (TBEV), the most prevalent arbovirus, causes 
potentially fatal encephalitis in humans. Prevalent in northeast China, tick-borne encephalitis 
(TBE) poses a major threat to public health, local economies and tourism. There are no 
biomarkers for TBE, which is classified serologically and clinically. Due to sample hetero
geneity of samples and different detection platforms, obtaining stable markers is a great 
challenge for metabolomics. Accurate annotation is vital for data mining and interpretation.
Objective: To identify reliable biomarkers of TBEV infection.
Methods: An untargeted metabolomics analysis of serum from 30 TBE patients and 30 
healthy controls was carried out. Liquid chromatography–mass spectrometry (LC-MS)-based 
metabolomics methods were used to characterize the subjects’ serum metabolic profiles and 
to screen and validate TBE biomarkers.
Results: A total of 3370 molecular features were extracted from each sample, and the peak 
intensity of each feature was obtained. Pattern analysis, principal component analysis, partial 
least squares discriminant analysis were used to screen for potential metabolites. Bilirubin, 
LysoPC (18:1[9Z]), palmitic acid, and CL (8:0/8:0/8:0/8:0) were significantly different. 
Pathway enrichment analysis showed that these metabolites were in the fatty acid biosynth
esis and glycerophospholipid metabolism pathways. The phospholipid family had 
a significant difference in both the difference ratio and the abundance.
Conclusion: Phospholipids may be used to distinguish TBEV patients from healthy con
trols. TBEV infection affects the normal metabolic activity of host cells, providing insight 
into the pathogenesis of TBE.
Keywords: untargeted metabolomics, TBEV, diagnostic biomarkers

Introduction
Tick-borne encephalitis (TBE), also known as forest encephalitis, is the most pre
valent arboviral disease affecting the human central nervous system (CNS) in north
eastern China. The TBE virus (TBEV) vaccine has not been updated for more than 30 
years. TBE was first reported in Australia and Russia in 1930.1 And the number of 
reported TBE cases increased rapidly in Europe and China, posing a major threat to 
public health.2,3 TBE has spread from forest to urban areas with the revitalization of 
tourism in northeast China.4 TBEV is a single-stranded, positive-sense RNA virus of 
the genus Flavivirus.5 TBEV exists as Far-Eastern, Siberian, and European serotypes, 
among which the Far-Eastern is the serious pathogenic.6 Most TBEV infections are 
asymptomatic at first and not easily detected. Symptoms range from sudden-onset 
fever with nausea, fatigue, headache, and joint-pain to severe neurological manifesta
tions, such as meningitis and encephalitis.7,8
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Metabolomics and lipidomics are the -omics techniques 
most closely related to phenotype capture the dynamic 
changes in metabolites at the system level in response to 
endogenous or exogenous disturbance.9–11 Metabolomics 
directly reflects metabolism,12 whereas lipidomics reflects 
changes in lipid content and composition.13 Lipids make 
up cellular membranes and function in energy storage and 
signal transduction to maintain cellular homeostasis. Virus 
infection disrupts cellular homeostasis, and the resulting 
inflammatory response can increase or decrease metabolite 
levels. Metabolomics provides insight into the mechanisms 
of disease processes. Therefore, endogenous metabolites 
may serve as indicators of pathogen metabolism during 
infection. High-performance liquid chromatography/quad
rupole time-of-flight mass spectrometry (HPLC-Q-TOF/ 
MS) has high sensitivity and specificity.14 Metabolomics 
enables identification of biomarkers of virus infection and 
associated pathologies.15–17 To date, few metabolomics 
analyses of TBE patients have been reported. To assess 
the metabolic profiles of TBE patients, we conducted 
untargeted metabolomics and lipidomics analyses of 
serum samples from TBE patients and healthy controls.18 

In fact, to TBE patients, the virus is most concentrated in 
the cerebrospinal fluid. Dendritic cells in the skin are 
thought to be the initial cells involved in replication, by 
transporting the virus to nearby draining lymph nodes via 
the lymphatic system. After replication in the lymphatic 
organs, TBEV spreads through efferent lymphatics. Thus, 
CSF seems to be susceptible to neuropsychological dys
function and offers a window into understanding the meta
bolic basis of neurological disorders.19 In TBE, 
cerebrospinal fluid samples are difficult to obtain due to 
patient compliance.

In the present study, we continued to do validation 
experiment with new platforms for serum sample queue. 
The biomarkers conducted by this research were combined 
the previous study to obtain an intersection of biomarker 
data to further verify the reliability of the results. In this 
study, we attempted to confirm several hallmark metabolites 
in the serum of TBEV patients and consequently evaluated 
the pathology and diagnostic biomarkers of TBE.

Materials and Methods
Ethics Statement
Ethical approval of the study was obtained from the Ethics 
Committee of Inner Mongolia Forestry General Hospital, 
and all eligible individuals provided written informed 

consent. The study was conducted in accordance with the 
Declaration of Helsinki. All information about the partici
pants was anonymized.

Study Design
From April 2018 to August 2018, 30 TBE patients and 30 
healthy controls (attendees at an annual hospital staff exam
ination), who were matched for sex and age, were selected 
from Inner Mongolia Forestry General Hospital (Table 1). 
Young teenagers were excluded because the response to 
TBEV differs according to age. Patients were enrolled 
based on the occupational forest encephalitis diagnostic 
criteria (GBZ88-2002). Mild forest encephalitis has 
a sudden onset, with fever, headache, nausea, vomiting, 
and other symptoms. The body temperature usually nor
malizes within a week. Forest encephalitis can be diagnosed 
by an IgG/IgM ratio≥ 1:20. Compared with mild forest 
encephalitis, moderate forest encephalitis has more severe 
symptoms, including neck stiffness and signs of meningeal 
irritation, including positive Kernig’s and Brudzinski’s 
signs. Severe forest encephalitis has worse symptoms, 
including delayed paralysis of the neck, shoulder, or limb 
muscles, dysphagia, speech disorder, altered consciousness 
or convulsions, and respiratory failure. Venous blood sam
ples were collected at admission. Some enrolled patients had 
received treatment at a clinic, such as injections or anti- 
inflammatory drugs, before being admitted to the hospital. 
The patients tested positive for dengue IgG and IgM in acute 
sera using a commercial enzyme-linked immunosorbent 
assay kit (Pan-Bio, Brisbane, Australia).

Sample Preparation
Serum samples were collected according to the ethical 
standards of Inner Mongolia Forestry General Hospital. 
A vacuum container was used to collect about 5 mL 
blood from each participant. Serological detection of par
ticipants was performed immediately after centrifugation 

Table 1 Sample Grouping Schedule of Healthy Subjects and TBE 
Patients Enrolled in This Study

Control 
Group 
(n=30)

TBE Group 
(n=30)

Gender (M/W) 11/19 18/12 χ2=3.270, P=0.071

Age 43.27 ± 8.31 47.17 ±11.56 t=−1.500, P=0.139
ALT 17.53±8.32 18.07±6.76 t=−0.273, P=0.786

AST 19.53±5.23 21.1±8.51 t=−0.859, P=0.394
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and samples were stored at –80°C prior to LC-MS. The 
samples were thawed at room temperature and 100 μL was 
transferred to EP tubes and mixed with 300 μL methanol. 
The mixture was centrifuged at 10, 000 rpm for 30 min at 
4 °C. The supernatant was filtered through a 0.22 μm 
membrane to HPLC-TOF/MS. To avoid batch effects, the 
sample sequence was randomized. To monitor system 
stability in real-time, quality control (QC) samples of 
equal volumes to the participant samples were interspersed 
at the beginning, middle, and end of the sequence.20

HPLC-Q-TOF/MS Analysis
Metabolic profiling of serum samples was performed using 
an LC (Thermo Fisher Scientific, Germering, Germany) 
coupled online to a hybrid linear ion trap/ Orbitrap mass 
spectrometer (LTQ-Orbitrap-XL system, Thermo Fisher 
Scientific, Bremen, Germany). Samples were loaded onto 
a reverse-phase C18 column (1.9 um, 2.1 mm i.d. × 
150 mm). The column temperature was set at 4 °C. The 
mobile phases of 0.1% formic acid in water (A) and 0.1% 
formic acid in acetonitrile (B) were used in positive ioni
zation mode. In the positive model, the elution gradient 
started with 5% B for 3.5 min, was linearly increased to 
95% B at 10 min, was maintained for 3 min, and then was 
returned to 5% for 2.5 min. The flow rate was set to 200 
μL/min, and a 10 μL aliquot of each sample was injected 
into the column. TOF/MS was performed in positive 
mode. Electrospray ionization source conditions were as 
follows: ion source voltage, 4.8 kV; capillary voltage, 7 V; 
cone voltage, 50 V. Analyses were performed over a mass 
range of 50 to 1000 m/z (mass-to-charge ratio).

Data Pretreatment and Statistical Analysis
The raw metabolomics datasets were converted into 
mzData format via the open-source software MS-Dial 
3.82 for peak picking. The export files of MS runs were 
aligned using various forms of chromatography mass spec
trometry (XCMS version 1.26.0), an R-based platform for 
raw LC-MS data processing and visualization, following 
retention time correction, data filtering, and feature extrac
tion. For MS peak alignment, the parameters of mass 
tolerance and retention time (RT) tolerance were set to 
0.25 Da and 30 s, respectively. The goal was to correct 
the shift in RT and reduce signal redundancy. The algo
rithm and parameters used for peak detection were as 
follows: minimum peak width, 5 s; maximum peak 
width, 20 s; ppm deviation, 5 ppm; signal-to-noise thresh
old (snthresh), 4. Then, the three dimensional matrix table 

was imported into Metaboanalyst (version 4.0), an online 
software package for multivariate data analysis. Sum, log- 
transformation, and pareto-scaled algorithms were sequen
tially applied for normalization to reduce systematic bias 
and ensure data consistency. Principal component analysis 
was used as an unbiased statistical method to generate 
a map of the healthy controls and TBEV patients. PCA 
was applied to confirm the quality of the datasets via the 
clustering degree of QC samples and visualize differences 
between groups of samples in the unsupervised analysis. 
To distinguish between TBEV patients and the healthy 
controls, supervised multivariate analysis and orthogonal 
partial least squares data analysis (OPLS-DA) were con
ducted to identify potential metabolites. The significance 
of the biomarkers was assessed by calculating the variable 
importance in projection (VIP) score (>1), measures of the 
contribution to sample separation in the OPLS-DA analy
sis. A t-test was performed to identify metabolites that 
differed significantly between the groups (p<0.05). The 
fold change threshold was used to differentiate the groups.

Pathway Analysis and Interaction 
Networks
The metabolites were mapped to metabolic pathways 
using MetaboAnalyst 5.0 (www.metaboanalyst.ca)21 and 
LIPID MAPS Lipidomics Gateway (http://www.lipid 
maps.org/). Enrichment analysis was performed via topol
ogy analysis accounting for the positions of significant 
metabolites in metabolic pathways. Two indexes were 
estimated in the topology analysis: the centrality and the 
pathway impact. The centrality measures the number of 
shortest paths going through the target metabolite, and is 
employed to assess the significance of each metabolite 
within a specific pathway. The pathway impact is the 
cumulative value of the significant metabolites.22

Results
Serum Metabolome and Reproducibility
The serum metabolic markers identified are displayed in 
Figure 1. The pretreated datasets obtained via the LC-MS 
platform were used to create PCA models (Figure 2). All 
QC injections were tightly clustered, indicating their relia
bility and the stability and reproducibility of the analysis. 
The retention time shifts, and the total ion chromatogram 
peak areas of the QC sample, demonstrated slight changes, 
suggesting good overall reproducibility.
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Untargeted Metabolomics Analysis
To distinguish ion peaks that could be used to differentiate 
between TBE patients and healthy controls, we generated 
a supervised OPLS-DA model centered on the objective 
class discriminating variation. Separation was observed 
between the TBE patients and healthy controls. The 

goodness of fit (R2) and predictive power of the model 
(Q2) by the first components were 0.928 and 0.908 for 
differentiating TBE patients and healthy controls, respec
tively (Figure 3A). To verify whether the OPLS-DA model 
was overfitted, the model was verified to ensure the relia
bility of subsequent results. The permutation test was set 

Figure 1 Chromatograms representing serum metabolic fingerprints of TBE patient samples and control samples obtained with LC-MS in positive ionization mode on 
reverse C18 column. (A) TBE patient sample; (B) control sample.
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to 200 times. The Q2 intercept was less than the R2 value, 
and the Q2 value was < 0.05, indicating the effectiveness 
of the OPLS-DA model (Figure 3B).

Identification of Differential Serum 
Metabolites and Pathway Analysis
Next, we identified serum metabolites whose levels dif
fered between the TBE patients and healthy controls 
(Table 2). The metabolites LysoPC (18:1(9Z)), 
CL.3-O-sulfogalactosylceramide and PE (P-16:0e/0:0) 
and LysoPC (15:0) were significantly (12.84-, 7.62-, 7.57- 
and 7.01-fold, respectively) different between the groups 
(Table 2). The heatmap shows the concentration changes 
of potential biomarkers in each group (Figure 4).

We performed a KEGG analysis of the pathways affected 
by TBE (Figure 5). The overexpressed metabolites were 
enriched mainly in the lipid metabolism pathway, which is 

associated with the virus infection and the host response. The 
metabolite network manifested that the most vital changes 
occurred in lipid metabolism, the major altered pathway 
phenomenon are summarized in Figure 6.

Screening for Cluster of Potential 
Biomarkers
An independent cohort of 25 identified markers was 
further used to match the result of the previous study to 
evaluate the diagnostic performance of the biomarker 
panel. Finally, a biomarker panel of PE (P-16:0e/0:0) and 
bilirubin, capable of discriminating TBE form those 
healthy participants, was selected as potential biomarkers.

Discussion
TBE is often a self-limiting illness, but may cause perma
nent disability or death. Little is known about the 

Figure 2 PCA models built on metabolomics data obtained with LC-ESI-MS analysis in positive mode (PC1=32.6%, PC2=14.4%). Red, green and blue solid circles correspond 
to control, QC and TBE samples respectively.
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molecular mechanisms that govern the potential ability of 
humans to defend against the virus and the ability of the 
virus to infect humans. Diagnosis of TBE relies on sero
logical testing (including the IgG:IgM ratio) as well as 
other clinical features, such as fever, headache, and nau
sea, and advanced molecular methods are awaited.23,24 

False-negative or false-positive results and methodological 
shortcomings may impede prompt diagnosis and manage
ment of TBE.25 Tick encephalitis infection does not have 
a high viral load in the blood. Therefore, a sensitive, 
robust method is required. Knowledge of how humans 
defend against and recover from TBEV infection is crucial 
for improving our understanding of TBE. In this study, we 
sought to establish and characterize a biomarker cluster of 
TBEV infection in humans and to decipher the relation 
between virus and host. Virus infection alters the host 
metabolome by up- or down-regulating metabolic pro
cesses, such as amino acids metabolism, energy metabo
lism, tricarboxylic acid cycle, and lipid metabolism.26–28 

Biological fluids (eg, serum, urine) contain metabolites 
whose variation reflects health status. Thus, substances 
found in biological fluids at a given time can mirror the 
metabolic characteristics of that state. In this study, meta
bolomics was used to comprehend the global metabolomic 
changes that occur in TBEV patients, through which we 
identified metabolic biomarkers that are specific to TBEV 
infection. Enrichment analysis was performed for potential 

biomarkers, enabling us to identify metabolic pathways 
that are altered during TBEV infection.

Using a Thermo Fisher commercial platform, 25 serum 
metabolites were changed significantly. Lipids accounted 
for more than half of the identified biomarkers. Lipid 
mediators have important roles in inflammation and its 
resolution, indicating a stress response by the host to 
excessive inflammation to prevent excess damage by 
TBEV infection. The altered metabolites may serve as 
“auxiliary diagnostic markers” of a disease and provide 
insights into its progression. Metabolomics screening is 
important in metabolomics experiments, and the identifi
cation of metabolites is the main bottleneck in the deter
mination of their biological role.

In a previous study, we used multiple separation plat
forms compared to only one in this work (reverse C18 
column). It is important to obtain reproducible metabolic 
markers in metabolomics due to the differences in separa
tion platforms and sample heterogeneity. To examine meta
bolic differences, we examined the intersection of 
experiments. Although some useful information may be 
lost, the use of multiple separation platforms generates 
overlapping and redundant signals. Therefore, we used 
a single platform and OPLS-DA and found clear separation 
between TBEV patients and healthy controls. Hence, 
exploring the physiological effects of TBEV infection is 
crucial for understanding the responses to other flaviviruses.

Figure 3 (A) OPLS models based on metabolomics data obtained with LC-ESI-MS analysis in positive mode on reverse C18 column. Red and jade-green solid circles 
correspond to TBE and control samples respectively. (B) 200-time permutation test was used to validate the corresponding model.
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These results provide proof of concept that perturba
tion of the serum metabolome is associated with TBEV 
infection and disease outcome. Unfortunately, the iden
tified metabolites may not be unique to TBEV infection. 
However, in this retrospective proof of concept, no 
detailed serological information and immune index 
were collected to establish relations with the metabolic 
profile. This is the most convincing way to establish 
relationships between immune factors and metabolites. 
In subsequent experiments, we will obtain more relevant 
data and increases the sample size to improve the 
reliability.

The response to TBE infection is initially pro- 
inflammatory and subsequently anti-inflammatory.29 The 
acute inflammatory reaction mediates pathogen killing, 
whereas the concurrent anti- and pro-inflammatory pro
cesses prevent injury to the host.

In the present study, some metabolites were upregu
lated and others were downregulated in TBE patients. 
More specifically, phospholipids showed the greatest 

variation between the groups. We did not subdivide the 
participants according to the disease course. Lipids were 
involved in several functions during the disease course, 
and were not consistently down-regulated. Phospholipids 
are the smallest structural units of cell membranes and 
have C16, C18, C36, and C38 unsaturated acyl chains. 
Phospholipids are precursors of lipid mediators, such as 
platelet- activating factors (PAFs) and eicosanoids, which 
are involved in inflammatory responses.30,31 Being the 
structural basis of cell and viral membranes, lipids play 
a core role in the first step of viral infection.32 To initiate 
infection, a virus must transmit genetic information to the 
host cell, and so an enveloped virus must first fuse its 
membrane with that of the target cell. Lipids can serve 
as direct receptors or entry co-factors for viruses at the cell 
surface or in endosomes.33,34 Virus entry depends on 
membrane fusion via endocytosis, in which lipid rafts 
(sphingolipid-, cholesterol-, and protein-rich microdo
mains) of the cell membrane are crucial.35,36 The interna
lized virus is transported to the endosomal system. Virally 

Table 2 Identified Metabolites of TBE Serum from LC-MS Analysis Based on Reverse C18 Column in Positive Mode

ID m/z RT(min) Metabolite HMDB Log(T/N) T/N

1 522.355 7.58081 LysoPC (18:1(9Z)) 02815 12.84 ↑*
2 544.339 7.00691 LysoPC(20:4(8Z,11Z,14Z,17Z)) 10,396 1.32 ↑*

3 510.355 7.89328 LysoPC(17:0) 12,108 1.11 ↑*

4 985.631 6.16895 LysoPC(15:0) 10,381 7.01 ↑*
5 572.371 7.55966 LysoPC(22:4(7Z,10Z,13Z,16Z)) 10,401 −0.49 ↓*

6 506.36 8.56195 LysoPC(P-18:1(9Z)) 10,408 1.22 ↑*

7 480.345 7.73942 LysoPC(P-16:0) 10,407 1.25 ↑*
8 546.355 7.29405 LysoPC(20:3(8Z,11Z,14Z)) 10,394 1.54 ↑*

9 959.607 5.64521 LysoPE(0:0/18:1(11Z)) 11,475 −0.25 ↓*
10 719.493 7.5151 PG(16:1(9Z)/16:1(9Z)) 10,586 −1.86 ↓*

11 769.497 5.52398 PG(18:2(9Z,12Z)/16:0) 10,645 −0.17 ↓*

12 871.557 5.66662 PG(22:5(4Z,7Z,10Z,13Z,16Z)/22:5(7Z,10Z,13Z,16Z,19Z)) 16,619 −0.05 ↓*
13 823.539 6.61991 PG(18:0/20:3(5Z,8Z,11Z)) 10,608 2.23 ↑*

14 777.532 7.71687 PA(22:2(13Z,16Z)/18:1(11Z)) 15,302 −1.55 ↓*

15 653.41 5.19017 PA(a-13:0/18:2(9Z,11Z)) 15,697 9.82 ↑*
16 545.357 6.89364 LysoPA(24:0/0:0) 14,756 −0.25 ↓*

17 459.248 7.42966 LysoPA(18:1(9Z)/0:0) 07855 1.46 ↑*

18 901.571 5.49354 PS(22:4(7Z,10Z,13Z,16Z)/22:6(4Z,7Z,10Z,13Z,16Z,19Z)) 16,782 0.19 ↑*

19 922.644 5.98456 PS(24:0/20:2(11Z,14Z)) 12,895 2.55 ↑*

20 966.65 5.95461 PS(MonoMe(13,5)/DiMe(13,5)) 61,617 2.54 ↑*

21 853.548 6.30049 PE(22:6(4Z,7Z,10Z,13Z,16Z,19Z)) 09705 7.37 ↑*
22 867.569 6.52988 PE-NMe(22:6(4Z,7Z,10Z,13Z,16Z,19Z)) 13,698 3.20 ↑*

23 318.299 6.08666 Phytosphingosine 04610 −0.99 ↓*

24 836.599 8.04873 3-O-Sulfogalactosylceramide (d18:1/20:0) 12,315 7.62 ↑*
25 897.578 6.24425 PE(P-16:0e/0:0) 11,152 7.57 ↑*

Note: *p<0.05 (compared with the control group).
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infected cells have disrupted homeostasis because of the 
need to meet the anabolic demand of viral replication.37–40 

Flaviviruses capture host intracellular membranes to create 
double-membrane vesicles (DMVs) for viral genome 
amplification. Viruses require a certain phospholipid com
position to establish integrated replicative organelles. In 
addition, a supply of energy is vital for vital replication. 
Moreover, lipids modulate the cellular distribution of viral 

proteins, in addition to the assembly, transition and release 
of viral particles.41,42

In brief, lipid metabolism plays an important role in 
viral infection. Lipids are important components of cell 
membranes, which not only act as virus receptors but also 
regulate cell fluidity and homeostasis. Lipids supply 
energy, and regulate the distribution of virus proteins, 
hence the altered lipid profile during virus infection.

Figure 4 Significant metabolites that distinguish TBE patients from control group. Two-way hierarchical cluster analysis (HCA) using C18 chromatography shows clusters of 
metabolites from human serum and illustrates the patterns distinguishing those with TBE from control group (A: shown in TBE patient sample; B: shown in control group).
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Bilirubin, a product of heme metabolism is crucial 
for regulating oxidative stress and the immune response. 
Recently, bilirubin was recognized as an immunomodu
latory metabolite that alters CD4+ T lymphocyte (TL) 
function by promoting the induction of de novo regula
tory T cells (Tregs) in murine models; and this 
correlates with an increase in the proportion of Tregs 
in cirrhotic patients. Bilirubin is also a powerful 

antioxidant, possessing physiological properties akin to 
the antioxidants Vitamin C and Vitamin E. Most impor
tantly, bilirubin can counter the oxidative damage 
caused by free radicals generated from the peroxisome, 
which can effectively inhibit the oxidation of LDL at 
nearly physiological serum levels.43 The powerful anti
oxidant effect of bilirubin was verified by showing that 
asymptomatic males with low total bilirubin levels have 
more severe coronary artery disease on angiography. 
Furthermore, a low total serum bilirubin is 
a significant, independent risk factor that is almost as 
powerful as smoking or high blood pressure.44 Research 
has examined bilirubin in therapy. HO-1, the target of 
bilirubin, is under investigation as a therapeutic target in 
coronary artery disease, via the regulation of biliverdin 
reductase.45 Our results indicated that bilirubin levels 
tended to decrease during the pyrogenic phase of 
TBEV infection, hinting at its conflicting roles in 
immune ability and oxidation resistance.

Conclusions
In summary, a biomarker panel consisting of lipids and 
biliverdin was defined and validated as an effective tool 
for detecting TBE in a multi-center cross-sectional study. 
The biomarker could discriminate patients from a control 
group. Its diagnostic performance in tandem with antibody 
detection was more accurate. This panel might reveal more 
about the development of TBE and might be useful in the 
surveillance of patients with TBE.

Figure 5 Graphic representation of the pathway analysis of significantly altered 
metabolites. (A: Glycerophospholipid metabolism; B: sphingolipid metabolism; C: 
glycerolipid metabolism; D: phosphatidylinositol signaling system; E: biosynthesis of 
unsaturated fatty acids; F: fatty acid elongation).

Figure 6 (A) Diagram of illustrating of the cycle of flavivirus and potential lipid modifications that enrolled in inhibition viral entry, membrane fusion, and viral replications. 
(B) Abundances analysis of the potential biomarkers in TBE patients compared to control group. (C) Major altered lipid pathways in TBE patients.
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