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Tick-borne encephalitis virus (TBEV) is an emerging 
pathogen in Europe and Asia. We investigated TBEV in 
Kyrgyzstan by collecting small mammals and ticks from 
diverse localities and analyzing them for evidence of 
TBEV infection. We found TBEV circulating in Kyrgyzstan 
much farther south and at higher altitudes than previously 
reported.

Tick-borne encephalitis virus (TBEV) is a fl avivirus 
in the family Flaviviridae. The TBEV positive-sense 

RNA genome is translated as a polyprotein and subsequently 
cleaved into 3 structural and 7 nonstructural (NS) proteins 
(1). TBEV has 3 subtypes— European, Siberian, and 
Far-Eastern—each of which has its own ecology, clinical 
presentation, and geographic distribution (2). The vectors 
are Ixodes ricinus ticks for the European subtype and I. 
persulcatus ticks for the other 2 subtypes. TBEV circulates 
through a complex cycle involving small mammals, ticks, 
and large mammals (3); it can also be transmitted through 
consumption of unpasteurized milk and milk products (4).

Our unpublished data and that of others suggest that 
TBEV circulates in Kazakhstan. However, we have found 
no reports (in English) since 1978 of TBEV infection in the 
neighboring Kyrgyz Republic (Kyrgyzstan). Kyrgyzstan 
has extensive alpine and subalpine habitats (94% of 
Kyrgyzstan is >1,000 m above sea level) (5); the Tien 
Shan mountain range dominates and physiographically 
links Kyrgyzstan to the Himalayas and western People’s 
Republic of China. We conducted fi eldwork in Kyrgyzstan 

during June–July 2007 and July–August 2009 to establish 
a baseline of risk for zoonotic diseases, including TBEV. 

The Study
During the 2007 and 2009 study periods, we collected 

369 rodents and insectivores and 222 ixodid and 128 
argasid ticks from 6 localities in Kyrgyzstan (Figure 1; 
Table 1) in accordance with animal subject review boards 
of Texas Tech University and the State University of New 
York at Buffalo. We analyzed 302 rodents and insectivores 
for immunoglobulin (Ig) G and IgM to TBEV by using 
recombinant antigen of domain III from the envelope 
(E) protein of Kumlinge and Powassan viruses (6). This 
assay is specifi c for the tick-borne fl avivirus group and 
lacks cross-reactivity that occurs with other assays (7). We 
found that serologically positive (IgG and IgM) mammals 
were clustered at Ala-Archa National Nature Park, ≈40 km 
south of Bishkek, the capital of Kyrgyzstan, at elevations 
ranging from 1,891 to 2,472 m. Using mitochondrial DNA 
analysis, we also found clusters of seropositive Himalayan 
fi eld mice, Apodemus pallipes. 

To further evaluate the prevalence of TBEV, we 
used reverse transcription–PCR (RT-PCR) to examine 
viral genomic sequences in tissue samples collected from 
rodents, insectivores, and ticks. We used 3 separate PCR 
protocols. Table 2 shows primer sequences. Real-time and 
conventional RT-PCRs were used; however, conventional 
RT-PCR was preferred because it allowed sequencing of 
viral genomes. Thus far, we have examined sequences 
from the NS5 (8) and E (9) protein coding regions.

On the basis of data obtained in 2007, we focused 
collections in 2009 at 2 sites at Ala-Archa, 5 km apart 
and differing in elevation by 100 m. We found TBEV-
positive ticks and IgG- and IgM-positive A. pallipes mice 
at collection sites. Sequence analyses of TBEV NS5 and 
E genes from A. pallipes mice and I. persulcatus ticks 
suggested that the TBEV circulating in Kyrgyzstan is 
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Figure 1. Animal trapping sites in Kyrgyzstan, with topographic 
characteristics shown. Ala-Archa (star) is the location of tick-
borne encephalitis virus and a possible human case of tick-borne 
encephalitis.
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of the Siberian subtype. Phylogenetic analyses of the 
E protein, amplifi ed from a pool of I. persulcatus ticks 
collected at Ala-Archa, showed that the TBEV strain from 
Kyrgyzstan shares a clade with 2 strains (TBEV 1467 and 
Z6) isolated in the Novosibirsk region of Russia (Figure 2). 
This sequence is homologous with that of 5 other TBEV-
positive tick pools and liver samples from A. pallipes mice 
from the same collection site.

While we were conducting fi eldwork in 2009, a possible 
case of encephalitis occurred in a human. The 21-year-old 
man had removed an engorged tick (I. persulcatus) from 
himself after visiting Ala-Archa in June 2009. After ≈22 
days, he sought care at the National Center for Infection 
in Bishkek for signs and symptoms consistent with viral 
encephalitis; he died 15 days later. We obtained 2 samples 
of the patient’s serum (in accordance with approved 
human Institutional Review Board protocols from the State 
University of New York at Buffalo) at 22 and 37 days 
postexposure. The TBEV IgG titer for the 22-day sample 
was 200, within reference range, but the titer at 37 days 
was 2,000. This rising titer strongly indicates infection with 
TBEV.

Conclusions
Identifi cation of the Ala-Archa National Nature Park 

as a focus of TBEV transmission is noteworthy because of 
its proximity to the capital. This TBEV focus is unlikely 
to be transient because we found evidence of TBEV in 
small mammals and ticks in 2007 and in 2009. We also 
found serologic evidence of human infection in 2009. Our 
fi ndings are relevant to public health because Ala-Archa 
is frequently visited by hikers and climbers from many 
parts of the world. In 2008, nearly 45,000 persons visited 
Ala-Archa.

A TBEV focus at 2,100 m on the north slope of the 
Tien Shan mountains is relevant for several reasons. One 
of these is the fact that the east–west Tien Shan mountain 
range marks the approximate southernmost distribution of 
I. persulcatus ticks, the vectors of the Siberian and Far-
Eastern strains of TBEV (10). Likewise, the north slope 
of this mountain range marks the northernmost distribution 
of the likely reservoir species in Kyrgyzstan, A. pallipes 
mice. Our analysis of cytochrome b DNA sequences from 
these mice in Kyrgyzstan supports the hypothesis that they 
are recent, Late Pleistocene or Holocene epoch (<15,000 
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Table 1. Overview of samples collected and tested for tick-borne encephalitis virus, 6 localities, Kyrgyzstan* 

Animal species
No. collected No. positive in Jun–Jul 2007/Jul–Aug 2009 (overall %) 

Jun–Jul 2007 Jul–Aug 2009 RT-PCR† IgG IgM
Alticola argentatus 2 5 1 0 0
Apodemus pallipes‡ 79 93 3 5/10 (8) 2/9 (6)
Apodemus agrarius 11 15 0 0 0/5 (19)
Crocidura sp. 11 2 0 0 0
Dryomys nitedula 11 0 0 0 0
Microtus ilaeus§ 39 17 3 0/1 (2) 3/0 (5)
Microtus gregalis 0 1 0 0 0
Mus musculus 3 10 0 1/1 (15) 0/2 (15)
Myodes centralis 1 31 0 0/2 (6) 0/2 (6)
Rattus turkestanicus 26 0 0 1/0 (4) 1/0 (4)
Rattus norvegicus 1 0 0 0 0
Cricetulus sp. 0 4 0 0 0/1 (25)
Meriones sp. 0 6 0 0 0
Total 184 185 7 7/14 6/19
*Analysis of reverse transcription–PCR (RT-PCR) and ELISA. RT-PCR data represent only 2007 samples. Ig, immunoglobulin. 
†5 of 7 positive samples were collected from Ala-Archa. 
‡1 positive A. pallipes mouse was collected from Sary-Chelek. 
§1 positive M. ilaeus vole was collected from Suusamyr. 

Table 2. Primers used to test rodents, insectivores, and ticks for tick-borne encephalitis virus, Kyrgyzstan, 2007 and 2009* 
Primer Gene Sequence, 5 3 Reference
FSM-1 NS5 GAGGCTGAACAACTGCACGA (8)
FSM-2 NS5 GAACACGTCCATTCCTGATCT (8)
FSM-1i NS5 ACGGAACGTGACAAGGCTAG (8)
FSM-2i NS5 GCTTGTTACCATCTTTGGAG (8)
TBEV913F E TGCACACAYYTGGAAAACAGGGA (9)
TBEV1738R E TGGCCACTTTTCAGGTGGTACTTGGTTCC (9)
RH TBE forward E GGCAGCATTGTGACCTGTGT R. Hewson, unpub. data
RH TBE reverse E CGTGTCCTGTGGCTTTCTTTTT R. Hewson, unpub. data
RH TBE probe E 6FAM-AGGYGKCYTGTGAGGC-MGB NFQ R. Hewson, unpub. data
*TBEV, tick-borne encephalitis virus; NS, nonstructural protein; E, envelope. 



DISPATCHES

878 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 17, No. 5, May 2011

years), arrivals in the region. Haplotype divergence across 
all collecting localities is <1%. A tentative explanation for 
the TBEV focus on the northern slope at Ala-Archa is that 
this slope is the approximate geographic point of overlap 
for the distribution of I. persulcatus ticks and a suitable 
reservoir species, A. pallipes mice. Although A. pallipes 
mice have not previously been identifi ed as a TBEV 
reservoir, other Apodemus spp. mice in Europe and Siberia 
are TBEV reservoirs. Laboratory studies have shown that, 
in contrast with other rodents, mice of the genus Apodemus 
are capable of vertical transmission (11) and nonviremic 
transmission of TBEV through ixodid ticks (12).

Finding TBEV-infected ticks active at these altitudes 
is probably not the result of climate change. Rather, we 
propose altitude compensation at southern latitudes as an 
explanation. By altitude compensation, we mean that the 
closer one gets to the equator, the higher the altitude that 
is needed for ideal transmission ecology. We suggest that 
TBEV transmission in Kyrgyzstan is a delicate interaction 
between tick larvae, tick nymphs, and reservoir rodents, 
analogous to the situation seen with I. ricinus ticks in 
central Europe (13).

Our fi ndings provide testable hypotheses about 
the ecologic and physiographic factors that determine 

the distribution of TBEV in Kyrgyzstan. Additional 
understanding of these factors will aid public health 
responses to the zoonosis caused by this virus (14).
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Figure 2. Maximum-likelihood phylogenetic tree of relationship 
between various tick-borne encephalitis virus (TBEV) strains 
isolated from rodents, insectivores, and ticks, Kyrgyzstan, 2007 and 
2009. Tree is based on partial sequencing of the envelope protein 
(from Cys3 to Gly286). Strain names are followed by GenBank 
accession numbers. The strain from Ala-Archa (KY09_HM641235) 
is most closely related to strains from Novosibirsk (TBEV 1467 and 
Z6). This strain was isolated from an Ixodes persulcatus tick pool, 
representative of 5 other positive tick pools, and from liver samples 
from 2 Apodemus pallipes mice (sequence analysis of other 
samples not shown). Scale bar indicates nucleotide substitutions 
per site.
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