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Tick-borne encephalitis virus (TBEV) is a neurotropic, positive-sense RNA virus of the genus Flavivirus
(family Flaviviridae) which can cause a variety of clinical manifestations in humans. Previously the sever-
ity and outcome of dengue fever and hepatitis C (diseases caused by viruses from the family Flaviviridae)
were associated with the rs4804803 single nucleotide polymorphism (SNP) located in the promoter
region of the human CD209 gene. This gene encodes dendritic cell-specific ICAM3-grabbing nonintegrin
(DC-SIGN), a C-type lectin pathogen-recognition receptor expressed on the surface of dendritic cells and
some types of macrophages. In the current study, a possible association between two SNPs in the pro-
moter region of the CD209 gene (rs4804803 and rs2287886) and predisposition to severe forms of
TBEV-induced disease was investigated. The genotypic, allelic and haplotypic frequencies of these SNPs
were analyzed in 136 non-immunized Russian patients with different clinical manifestations of tick-
borne encephalitis (TBE) and in a control group. An increase in the frequency of the rs2287886 SNP AA
homozygotes and the A allele was detected among patients with severe central nervous system disease
compared with the group of patients with meningitis (P = 0.003 and 0.019), or a combined group of
patients with mild forms (fever and meningitis) (P = 0.003 and 0.026), or the control group (P = 0.007
and 0.035). Thus, our results suggest that the CD209 gene promoter region rs2287886 SNP is associated
with predisposition to severe forms of TBE in the Russian population.

� 2011 Elsevier B.V. All rights reserved.
1. Introduction

Tick-borne encephalitis virus (TBEV) is a neurotropic, positive-
sense RNA virus that can cross the human blood–brain barrier
and cause severe central nervous system (CNS) disease. TBEV be-
longs to the genus Flavivirus, family Flaviviridae; this genus also in-
cludes yellow fever, West Nile, Japanese encephalitis and dengue
viruses. In Northern Eurasia, 6000–14,000 clinical cases of tick-
borne encephalitis (TBE) are reported annually, including 3000–
11,000 cases in Russia. Although TBEV infections in humans can
cause a variety of clinical manifestations, about 70–95% of these
infections are asymptomatic (Gritsun et al., 2003; Suss, 2008). It
is known that human genetic factors, as well as other factors,
including prior immunization and virus type, can influence the
severity and outcome of viral diseases. Variations in AB0 blood
groups and human leukocyte antigens, as well as polymorphisms
ll rights reserved.
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in human genes encoding the chemokine receptor CCR5, 20–50-oli-
goadenylate synthetases 2 and 3 (OAS2 and OAS3) and toll-like
receptor 3 (TLR3) were previously reported to be associated with
susceptibility to TBEV-induced disease in different human popula-
tions (Barkhash et al., 2010a,b; Ierusalimsky, 2001; Kindberg et al.,
2008, 2011). However, since host genetic control of susceptibility
to infectious diseases in humans is likely to be complex, variations
in additional genetic loci may also be involved in predisposition to
TBE.

The severity and outcome of a TBEV infection in a particular
individual depends on the efficiency of both the innate and adap-
tive immune responses in suppressing virus replication. At the ini-
tial stage of the infectious process, TBEV is thought to infect
dendritic cells and macrophages, cells which mediate the interac-
tion between the innate and adaptive immune responses; the effi-
ciency of virus propagation in these cells may influence the
subsequent distribution of infection through the host organism
(Dorrbecker et al., 2010). Dendritic cell-specific intercellular
adhesion molecule 3 (ICAM3)-grabbing non-integrin (DC-SIGN) is
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a C-type lectin expressed on the surface of dendritic cells and cer-
tain macrophages that has several functions. As a pathogen recog-
nition receptor (PRR), DC-SIGN allows the cell to detect specific
pathogen-associated molecular patterns and then to capture
viruses and other pathogens, process pathogen antigens and pres-
ent them to effectors of the adaptive immune response (such as T-
lymphocytes). As a cell adhesion receptor, DC-SIGN is involved in
dendritic cell migration and adhesion as well as in T-lymphocyte
activation. This receptor contains an extracellular domain (com-
posed of a carbohydrate recognition domain and a neck domain),
a transmembrane region and a cytoplasmic domain (van Vliet
et al., 2008; Zhou et al., 2006). It was previously reported that both
dengue and hepatitis C viruses (which also belong to the Flaviviri-
dae family) use DC-SIGN as a receptor to infect dendritic cells and
macrophages (Tassaneetrithep et al., 2003; van Vliet et al., 2008).
The role of DC-SIGN in TBEV infections has not been studied.

Human DC-SIGN is encoded by the CD209 gene located in the
p13.3 region of chromosome 19. This gene comprises seven exons
and produces multiple transcripts by alternative splicing (Ensembl
ID: ENSG00000090659). Previously the severity and outcome of
dengue fever and hepatitis C were associated with the rs4804803
single nucleotide polymorphism (SNP) located in the promoter re-
gion of this gene. In the current study, a possible association be-
tween two SNPs located in the promoter region of the human
CD209 gene (rs4804803 and rs2287886) and predisposition to se-
vere forms of TBE in the Russian population was investigated.
2. Materials and methods

2.1. Subjects

Blood samples were collected from unrelated symptomatic pa-
tients with TBE from hospitals in Novosibirsk (Russia) between
2002 and 2007. TBE was diagnosed based on clinical symptoms, sea-
sonality, evidence of a tick bite and positive immunological diagno-
sis. This research was approved by the Bioethics Committee of the
Institute of Cytology and Genetics (Russian Academy of Sciences,
Siberian Branch). All patients gave informed consent for participa-
tion in the research. Only those patients who self-reported that they
had not previously received a TBEV vaccination or specific immuno-
globulin after a tick bite were included in the study. All studied indi-
viduals were white (mainly Russians). A total of 136 samples were
obtained from TBE patients (76 males and 60 females) and divided
into three groups according to the following clinical symptoms: fe-
ver (n = 35), meningitis (n = 61), and severe CNS disease such as
encephalitis or poliomyelitis-like syndrome (n = 40). The mean age
of patients was approximately 48 years (56 years for patients with
fever, 42 – with meningitis, 50 – with severe disease). The TBEV
sub-type was not determined; however, since the studied patients
were Novosibirsk citizens, we assumed that most patients were
infected with the Siberian TBEV sub-type (Gritsun et al., 2003).

Control samples (Russian population) were obtained from 263
Novosibirsk citizens (130 males, 133 females, mean age approxi-
mately 44 years) from The World Health Organization MONICA
project (Russia). The control group was developed by random
selection of individuals from the voting list of the population of
one of the Novosibirsk district. No information about whether or
not they had been previously infected with TBEV was available.
2.2. Genotyping

DNA was extracted from whole blood by phenol and chloroform
deproteinization as described previously (Sambrook et al., 1989).
Allelic Discrimination TaqMan SNP genotyping assays and a
RealTime PCR 7500 machine (Applied Biosystems) were used to
genotype the CD209 rs2287886 SNP in the TBE patient samples col-
lected from 2002 to 2005. A polymerase chain reaction and restric-
tion fragment length polymorphism (PCR–RFLP) analysis was used
to genotype the CD209 rs2287886 SNP in the 2006 to 2007 TBE pa-
tient samples and in the control group as well as the CD209
rs4804803 SNP in all TBE samples and in the control group. To
facilitate these SNP assays, new restriction sites were generated
in the PCR products by substituting nucleotides in one of the prim-
ers for each assay (Neff et al., 2002). The details of the genotyping
assays developed are summarized in Table 1. The restriction prod-
ucts were visualized on 5% polyacrylamide gels stained with ethi-
dium bromide. The PCR–RFLP assay conditions were optimized
using DNA samples with known genotypes. Initially, the genotypes
of randomly selected DNA samples were determined by sequenc-
ing PCR fragments containing the studied SNPs using an automated
ABI Prism 310 Genetic Analyzer in the Inter-institutional DNA
Sequencing Center of the Siberian Branch of Russian Academy of
Sciences. The sequencing primers are listed in Table 1.
2.3. Statistical analysis

SNP allelic and genotypic frequencies (the portion of chromo-
somes with a particular allele and the portion of individuals with
a particular genotype, respectively) were compared between
groups by v-square test using SPSS Software (version 11.0). The
difference between two groups was considered significant if the
P-value was less than 0.05. The correspondence of the genotype
frequencies to the Hardy–Weinberg equilibrium was assessed
using both the v-square test and CHIHW Software (Zaykin and
Pudovkin, 1993). Prediction of potential haplotypes was performed
using a maximum-likelihood method and Arlequin Software (ver-
sion 3.0) (Excoffier et al., 2005). Permutation tests using the EM
algorithm were applied to analyze pairwise linkage disequilibrium
(LD) between SNPs (Slatkin and Excoffier, 1996).
3. Results

The promoter region of the CD209 gene was selected for the
analysis because the rs4804803 SNP (located 336 nts upstream of
the translation start codon) was previously reported to be associ-
ated with the disease severity and outcome of infections with den-
gue and hepatitis C viruses, which, as well as TBEV, belong to the
family Flaviviridae (Ryan et al., 2010; Sakuntabhai et al., 2005;
Wang et al., 2011). Two SNPs from the CD209 gene promoter re-
gion, rs4804803 and rs2287886 (located 139 nts upstream of the
translation start codon) were selected as genetic markers to study
a possible association between genetic variation in this promoter
and predisposition to TBE in humans.

Genotypic and allelic frequencies for these SNPs were calcu-
lated for each of the different TBE patient groups (severe CNS dis-
ease, fever, meningitis, and a combined group of patients with
fever and meningitis) and for a control Russian Novosibirsk popu-
lation group (Table 2). No statistically significant differences were
found in genotype and/or allele frequencies between the overall
group of patients with TBE and the control group for either of
the CD209 gene SNPs studied. For the majority of individual groups
the genotype frequency distribution corresponded to the Hardy–
Weinberg equilibrium. Only in the TBE severe CNS disease group
was a statistically significant deviation from the Hardy–Weinberg
equilibrium observed for the SNP rs2287886 (v2 = 5.46; d.f. = 1)
because of the abundance of AA homozygotes and a low number
of heterozygotes. An increase in the frequency of the rs2287886
SNP AA homozygotes was detected among patients with severe
disease (28.2%) compared with meningitis patients (6.7%)
(P = 0.003) or fever plus meningitis patients (8.4%) (P = 0.003), or



Table 1
Single nucleotide polymorphism (SNP) genotyping assays.

SNP Primer sequences Tm (�C) Product length (bp) Restriction enzyme Restriction fragment lengths, bp

rs4804803 50-aactgggggtgctacctgGc-30a

50-ggatggtctggggttgacag-30a
62 153 HaeIII AA: 153

AG: 153, 134, and 19
GG: 134 and 19

50-aatgaggacagcagcagctc-30b

50-ggagaaggactcatccactc-30b

50-actcatccactcatggatg-30c

62 196 – –

rs2287886 50-atgctctgatgctttccacGag-30a

50-cactcatgtcaccccactctcc-30a
64 168 HinfI GG: 168

GA: 168, 146, and 22
AA: 146 and 22

50-tgctcagccatccatgagtg-30b,c

50-cctcctctgaatggatagacgtg-30b
64 410 – –

Tm, annealing temperature; bp, base pair.
a Primers for SNP genotyping by RFLP; nucleotides designated by capitalization were changed in sequences of primers, as described by Neff et al. (2002).
b Primers for SNP genotyping by DNA sequencing (for PCR of DNA fragment containing SNP).
c Primers for SNP genotyping by DNA sequencing (sequencing primers).

Table 2
Genotypic and allelic frequencies for the CD209 gene single nucleotide polymorphisms (SNPs) in tick-borne encephalitis (TBE) patients with different clinical manifestations and
in the control group.

SNPs (genotypes or alleles) Genotype (allele) frequency, %

Control group TBE patients

All Fever Meningitis Fever plus meningitis Severe forms

rs4804803
AA 66.2 68.4 62.9 63.9 63.5 80.0
AG 30.8 27.9 31.4 32.8 32.3 17.5
GG 3.0 3.7 5.7 3.3 4.2 2.5
A 81.6 82.4 78.6 80.3 79.7 88.8
G 18.4 17.6 21.4 19.7 20.3 11.2
Na 263 136 35 61 96 40

rs2287886
GG 49.0 47.0 45.7 51.6 49.5 41.0
GA 39.0 38.8 42.9 41.7 42.1 30.8
AA 12.0b 14.2 11.4 6.7b 8.4b 28.2
G 68.5 66.4 67.1 72.5 70.5 56.4
A 31.5c 33.6 32.9 27.5c 29.5c 43.6
Na 249 134 35 60 95 39

a N – number of individuals.
b P < 0.01 for comparison between group of TBE patients with severe forms of the disease and other groups.
c P < 0.05 for comparison between group of TBE patients with severe forms of the disease and other groups.
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the control group (12.0%) (P = 0.007). In addition, for this SNP, an
increase in the A allele frequency was found among patients with
severe disease (43.6%), compared to meningitis patients (27.5%)
(P = 0.019) or to fever plus meningitis patients (29.5%)
(P = 0.026), or to the control group (31.5%) (P = 0.035).

Although no significant differences in genotypic or allelic fre-
quencies were found between TBE patients with severe disease
and the other groups studied for the CD209 gene rs4804803 SNP,
an increase in the AA homozygote frequency was observed among
patients with severe disease (80.0%) compared with all other
groups studied (from 62.9% in patients with fever to 66.2% in the
control group). There was also a corresponding decrease in the fre-
quency of AG heterozygotes among patients with severe disease
(17.5%) compared with each of the other groups studied (from
30.8% in the control group to 32.8% in patients with meningitis).

The frequencies of different genotype combinations for these
two SNPs were calculated using only samples with known geno-
types for each of the SNPs in both the TBE (133 patients including
35 with fever, 59 with meningitis, and 39 with severe disease) and
control (157 individuals) groups (Table 3). Six out of nine possible
combined genotypes were found in each of the groups studied. One
genotype combination, AG/AA (the first genotype corresponds to
the SNP rs4804803 and the second corresponds to the SNP
rs2287886) was found for only one individual from the control
group. Two of the genotype combinations (GG/AG and GG/AA)
were not found in the tested samples. Statistically significant dif-
ferences were detected in the frequency of the AA/AA combined
genotype between patients with severe disease (28.2%) and those
with meningitis (6.8%) (P = 0.004) or fever plus meningitis (8.4%)
(P = 0.003) or the control group (12.7%) (P = 0.018).

Since the two analyzed SNPs are located only 197 bp apart, a
linkage analysis for these SNPs was performed. In each of the
TBE groups as well as in the control group these two SNPs were
found to be in a significant linkage disequilibrium (LD) (data not
shown), and the haplotype frequencies were calculated for these
SNPs in TBE patients with severe disease compared to those for pa-
tients with fever or meningitis, the combined fever and meningitis
group and the control group (Table 4). The order of the nucleotides
shown in the haplotype structure corresponds to the order of SNPs
on the chromosome (rs4804803, rs2287886). Three out of four
possible haplotypes (AG, AA, and GG) were found in each of the
groups studied. The GA haplotype composed of the minor alleles
of both of the studied SNPs was found only in one individual in
the control group (0.3%). A significant increase in the AA haplotype
frequency was observed among patients with severe disease
(43.6%) compared to the meningitis group (28.0%) (P = 0.024), com-
bined fever plus meningitis group (29.8%) (P = 0.03), or the control
group (30.9%) (P = 0.033).



Table 3
Frequencies of genotype combinations for the CD209 gene SNPs rs4804803 and rs2287886 in TBE patients with different clinical manifestations and in the control group.

Genotype combination (rs4804803/rs2287886) Genotype combination frequency, %

Control group TBE

All Fever Meningitis Fever plus meningitis Severe forms

AA/GG 28.0 27.8 25.7 28.8 27.7 28.2
AA/AG 25.5 26.3 25.7 28.8 27.7 23.0
AA/AA 12.7b 14.3 11.4 6.8a 8.4a 28.2
AG/GG 20.4 15.0 14.3 18.6 17.0 10.3
AG/AG 10.2 12.8 17.2 13.6 14.9 7.7
AG/AA 0.6 0 0 0 0 0
GG/GG 2.6 3.8 5.7 3.4 4.3 2.6
GG/AG 0 0 0 0 0 0
GG/AA 0 0 0 0 0 0
Nc 157 133 35 59 94 39

a P < 0.01 for comparison between group of TBE patients with severe forms of the disease and other groups.
b P < 0.05 for comparison between group of TBE patients with severe forms of the disease and other groups.
c N – number of individuals.

Table 4
Haplotype frequencies for the CD209 gene SNPs rs4804803 and rs2287886 in TBE patients with different clinical manifestations and in the control group.

Haplotypea Haplotype frequency, %

Control group TBE

All Fever Meningitis Fever plus meningitis Severe forms

AG 51.0 48.5 45.7 52.5 50.0 44.9
AA 30.9b 33.8 32.9 28.0b 29.8b 43.6
GG 17.8 17.7 21.4 19.5 20.2 11.5
GA 0.3 0.0 0.0 0.0 0.0 0.0
Nc 157 133 35 59 94 39

a The order of nucleotides in the haplotype structure corresponds to the order of SNP alleles on the chromosome (rs4804803, rs2287886).
b P < 0.05 for comparison between group of TBE patients with severe forms of the disease and other groups.
c N – number of individuals.
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4. Discussion

Because the symptoms of non-immunized patients were con-
sidered to more accurately indicate individual susceptibility to
TBEV-induced disease, only patients who had not received vaccina-
tion or specific immunoglobulin after a tick bite were included in
this study. For both SNPs studied, no statistical differences were
found between the overall group of patients with TBE and the con-
trol group. This result was expected because TBE is a complex dis-
ease with various clinical manifestations, and it was not reasonable
to consider all TBE patients as a single group. Non-immunized pa-
tients with severe CNS disease were considered to be more suscep-
tible to TBE virus-induced disease than individuals with mild fever
and/or meningitis. Since neither blood donors nor other individuals
in the Russian population are routinely screened for a TBEV infec-
tion, it was not possible to collect samples from non-immunized,
asymptomatic TBEV infected individuals.

Both the AA genotype and A allele of the CD209 rs2287886
(�139) SNP were associated with predisposition to severe forms
of TBE in the Russian population. Although no association between
the rs4804803 (�336) SNP genotypes or alleles and predisposition
to severe forms of TBE was detected, a significant increase in the
frequency of the combined rs4804803 and rs2287886 SNPs AA/
AA genotype, as well as in the frequency of the AA haplotype,
was found suggesting that both the rs2287886 and rs4804803
SNPs may contribute to predisposition to severe forms of TBE in
the Russian population. However, further studies are required to
investigate the role of the rs4804803 SNP in TBE pathogenesis.

Previously the G allele of the CD209 gene rs4804803 SNP (both GG
and GA genotypes) was associated with a significant risk of dengue
hemorrhagic fever compared to dengue fever in a Thai population
(Sakuntabhai et al., 2005) and with dengue pathogenesis in a Tai-
wanese population (Wang et al., 2011). However, in a Brazilian pop-
ulation, no association of the rs4804803 or some other CD209 gene
SNPs with dengue pathogenesis was found (Silva et al., 2010). The
G allele of the rs4804803 SNP was also associated with more ad-
vanced liver disease, higher liver fibrosis scores and levels of alanine
transaminase in Irish patients with a chronic hepatitis C virus infec-
tion (Ryan et al., 2010). It was also demonstrated that the G allele of
the rs4804803 SNP is associated with lower CD209 expression levels
in vitro (Chan et al., 2010; Sakuntabhai et al., 2005). In contrast, our
results demonstrated that the alternative A allele of this SNP (within
the combined rs4804803/2287886 genotype or haplotype) may con-
tribute to increased susceptibility to TBE. This finding may reflect ge-
netic differences between Asian, Irish and Russian populations and/
or different roles of DC-SIGN in the pathogenesis of the different fla-
viviruses studied. Since the A allele of the SNP rs4804803 has been
associated with higher CD209 expression levels in vitro (Sakuntabhai
et al., 2005), individuals with this allele would be expected to have
higher concentrations of DC-SIGN molecules on the surfaces of their
dendritic cells and macrophages compared to individuals with the
G allele. This may lead to enhanced spread of TBEV in an infected
person. While the A allele of the rs4804803 SNP was shown to be
associated with increased susceptibility to tuberculosis in a sub-
Saharan African population (Vannberg et al., 2008), the same allele
was reported to be associated with the protection from this disease
in a South African population (Barreiro et al., 2006). No association
between the rs2287886 SNP and susceptibility to dengue fever in a
Thai population was previously reported (Sakuntabhai et al.,
2005). In contrast, the G allele of this SNP was associated with rapid
progression of AIDS in HIV type 1-infected Japanese hemophiliacs
(Koizumi et al., 2007).

Although the rs2287886 SNP in the CD209 promoter region was
not included in some of the previous virus-induced disease
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association studies in which the rs4804803 SNP was analyzed, dif-
ferent rs4804803/rs2287886 LDs have been observed in various
ethnic populations. For example, a significant LD was observed in
an Indian population (Selvaraj et al., 2009) but was not detected
in a Thai population (Sakuntabhai et al., 2005). In the present
study, significant LD between these two SNPs in a Russian popula-
tion was detected. However, only the rs2287886 SNP (AA genotype
and A allele) was found to be associated with predisposition to se-
vere forms of TBE. In the CD209 promoter region, the rs2287886
SNP is located 7 bps from one of the predicted binding sites for
the transcription factor AP-1 (Liu et al., 2003), and variation in this
site may affect the expression level of the CD209 (Koizumi et al.,
2007).

Our results suggest that the rs2287886 SNP in the CD209 gene
promoter region is associated with predisposition to severe forms
of TBE in the Russian population. To our knowledge, this is the first
study of a possible association between variation in the CD209
gene and the outcome of a TBEV infection. Additional studies are
required to further validate these results. Analysis of additional
CD209 gene SNPs (including those in the coding region) may be
useful in determining the involvement of this gene in modulating
the severity and outcome of TBE. Biochemical analyses performed
either on samples obtained from patients during the course of their
illness (cytokine levels etc.) or on cells obtained from convalescent
patients with different clinical symptoms should also be done to
supplement the results obtained in future studies. Identification
of genetic variants associated with predisposition to severe
TBEV-induced disease will be important for better understanding
viral pathogenesis mechanisms and may be useful for the develop-
ment of specific therapy for treatment of TBEV infections.
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