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ABSTRACT A case of chikungunya virus infection was imported from Thailand
into Slovenia in late 2018. The infection was diagnosed using real-time reverse
transcription-PCR, the virus was isolated in cell culture, and the whole genome was
sequenced. Phylogenetic analysis of the nearly complete viral genome indicated that
the virus belongs to the Indian Ocean lineage but does not possess the A226V
mutation in the envelope protein E1.

Chikungunya virus (CHIKV) belongs to the Alphavirus genus of the Togaviridae family,
and, similar to other arthritogenic alphaviruses, the infection is characterized by

acute fever that progresses to severe and persistent arthralgia. The disease is mostly
self-limiting, but in some patients, debilitating joint pain can persist for years (1).
Chikungunya is a vector-borne virus that can be transmitted by the Aedes aegypti or
Aedes albopictus vector (2).

The genome of CHIKV is a single-stranded positive-sense RNA and is approximately
12 kb long. It encodes 4 nonstructural proteins (nsP1 to -4) and 5 structural proteins (C,
E3, E2, 6K, and E1). It was first isolated in 1952 in Tanzania (2). The most recent outbreak
of CHIKV started in Thailand in October 2018. By the end of the year, the Thai Ministry
of Public Health reported more than 2,000 cases of chikungunya infection. The out-
break is still ongoing, with more than 1,500 cases reported in January and February
2019 (3). Until now, at least 9 chikungunya cases were imported to Europe, specifically
to Sweden, Switzerland, the United Kingdom, Romania, Italy, and France (3).

In November 2018, a 38-year-old male patient returned from a 21-day trip through
Thailand suffering from an acute febrile illness, manifesting with fever and chills, severe
arthralgia, headache, occasional dry cough, and gastrointestinal symptoms. He was ill
for 1 day. Inflammatory markers were consistent with a viral disease with a C-reactive
protein level of 68 mg/liter, a normal leukocyte count, and mildly elevated liver
transaminase enzyme levels. He reported a mosquito bite with a local reaction, fol-
lowed by a macular rash over his trunk 4 to 5 days prior to the acute onset of fever.
Real-time reverse transcription-PCR demonstrated the presence of CHIKV RNA (4) in a
blood sample obtained at hospitalization (i.e., second day of fever), and the diagnosis
was confirmed with virus isolation on the Vero E6 cell line and genome sequencing.

For sequencing, supernatant was collected from the Vero E6 cell culture 3 days after
inoculation. Prior to RNA isolation, the supernatant was centrifuged (4°C, 10 min, 12,000 �

g) and filtered through a 0.2-�m filter. RNA was extracted with TRIzol and the Direct-zol
RNA miniprep kit (Zymo Research), and DNA was removed with DNase I, following the
manufacturer’s instructions. cDNA was synthesized with the Maxima H minus double-
stranded cDNA synthesis kit (Thermo Fisher Scientific) using random primer A (5=-GT
TTCCCAGTCACGATCNNNNNNNNN-3=) instead of random hexamers and further ampli-
fied with PCR amplification using primer B (5=-GTTTCCCAGTCACGATC-3=), according to
the SISPA protocol (5). A next-generation sequencing (NGS) library was constructed
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using the Nextera XT kit, and samples were labeled with the Nextera XT index kit,
according to the manufacturer’s instructions (Illumina). Libraries were sequenced using
the MiSeq reagent kit V3 and the MiSeq system. Sequencing generated more than 3 �

105 reads (paired at 2 � 301 nucleotides [nt]). Data were filtered, adapter sequences
were removed with Trimmomatic (default settings, Illuminaclip was performed with
in-built adapter sequences for Nextera paired-end libraries) (6), and the genome was de
novo assembled using the Unicycler (default settings) (7) on the Galaxy server (8). The
average coverage of the final contig is 5,635�, and the GC content is 50.04%. The
contig origin was determined by a BLAST search. In comparison to the most similar
sequence of CHIKV (GenBank accession number MH400249), the newly assembled
genome is 666 nt shorter on the 5= end and 56 nt shorter on the 3= end.

The assembled genome is 11,063 nt long. Open reading frames (ORFs) were found
using the NCBI ORFfinder (minimal ORF length set to 600 nt) (9) and manually anno-
tated according to already-annotated sequences of CHIKV found in the UniProt data-
base. The first ORF encodes a 2,247-amino-acid (aa)-long nonstructural polyprotein that
is processed in a cell to proteins ns1, ns2, ns3, and ns4. The genome is missing an opal
readthrough stop codon between Leu-1629 and Leu-1631 (between ns3 and ns4) and
has instead arginine as the 1,630th amino acid of the nonstructural polyprotein. The
opal readthrough stop codon between ns3 and ns4 regulates the transcription of ns4.
CHIKV circulates in two variants, one with an opal termination codon and the second
with an opal codon readthrough. Reports show that the opal codon is important for

FIG 1 The phylogenetic tree of 35 sequences of CHIKV chosen from the NCBI. The sequences belong to two lineages, the Indian Ocean lineage (green) and
the Asian and Caribbean lineage (blue). The genome sequence of CHIKV imported to Slovenia (GenBank accession number MK848202, red) is part of the Indian
Ocean lineage and most closely related to the sequence from China (GenBank accession number MH400249). Labels on the branches show bootstrap values.
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viral maintenance in vertebrate and invertebrate hosts and that a selective advantage
is conferred in Vero cells for the sense (arg) codon (10).

The second ORF is a 1,248-aa-long structural polyprotein and codes for proteins C,
E3, E2, 6K, and E1. The ORF does not contain a mutation at the position 226 on the E1
glycoprotein (E1-A226V). This mutation was associated with enhanced transmission by
A. albopictus mosquitos in regions where the major mosquito vector, A. aegypti, is
absent (11). Such mutation and consequent vector switching could be the cause of the
recent spike in CHIKV infections in southern Thailand, but since it is absent from the
genome, the underlying cause of the CHIKV spread remains unknown.

The phylogenetic analysis (Fig. 1) indicates that the virus belongs to the Indian
Ocean lineage and that it associates with a recent isolate from China (GenBank
accession number MH400249) with 99.8% nucleotide identity, based on a best blastn
hit (Web BLAST). The alignment of selected genomic sequences was made using the
MUSCLE alignment algorithm (12) in the UNIPRO Ugene (version 1.32, default settings)
(13), and the phylogenetic analysis was made with IQ-Tree (version 1.6.10 using 100
bootstrap replicates) (14, 15). The phylogenetic tree was drawn with FigTree (version
1.4.4).

Data availability. The genome sequence was deposited in GenBank under acces-
sion number MK848202. The raw reads were deposited into the SRA under accession
number SRR9077329.

ACKNOWLEDGMENTS
This work was supported by the Slovenian Research Agency (grant number P3-0083)

and by the European Virus Archive goes Global (EVAg) project, which received funding
from the European Union Horizon 2020 research and innovation program under grant
agreement number 653316.

REFERENCES
1. Suhrbier A, Jaffar-Bandjee M-C, Gasque P. 2012. Arthritogenic alphavi-

ruses—an overview. Nat Rev Rheumatol 8:420 – 429. https://doi.org/10
.1038/nrrheum.2012.64.

2. Burt FJ, Chen W, Miner JJ, Lenschow DJ, Merits A, Schnettler E, Kohl A,
Rudd PA, Taylor A, Herrero LJ, Zaid A, Ng LFP, Mahalingam S. 2017.
Chikungunya virus: an update on the biology and pathogenesis of this
emerging pathogen. Lancet Infect Dis 17:e107– e117. https://doi.org/10
.1016/S1473-3099(16)30385-1.

3. Javelle E, Florescu SA, Asgeirsson H, Jmor S, Eperon G, Leshem E, Blum
J, Molina I, Field V, Pietroski N, Eldin C, Johnston V, Cotar IA, Popescu C,
Hamer DH, Gautret P. 2019. Increased risk of chikungunya infection in
travellers to Thailand during ongoing outbreak in tourist areas: cases
imported to Europe and the Middle East, early 2019. Euro Surveill
24:1900146. https://www.eurosurveillance.org/content/10.2807/1560-7917
.ES.2019.24.10.1900146.

4. Panning M, Grywna K, van Esbroeck M, Emmerich P, Drosten C. 2008.
Chikungunya fever in travelers returning to Europe from the Indian
Ocean region, 2006. Emerg Infect Dis 14:416 – 422. https://doi.org/10
.3201/eid1403.070906.

5. Fernandez-Cassi X, Rusiñol M, Martínez-Puchol S. 2018. Viral concentra-
tion and amplification from human serum samples prior to application
of next-generation sequencing analysis. Methods Mol Biol 1838:
173–188. https://doi.org/10.1007/978-1-4939-8682-8_13.

6. Bolger AM, Lohse M, Usadel B. 2014. Trimmomatic: a flexible trimmer for
Illumina sequence data. Bioinformatics 30:2114 –2120. https://doi.org/10
.1093/bioinformatics/btu170.

7. Wick RR, Judd LM, Gorrie CL, Holt KE. 2017. Unicycler: resolving bacterial
genome assemblies from short and long sequencing reads. PLoS Com-
put Biol 13:e1005595. https://doi.org/10.1371/journal.pcbi.1005595.

8. Afgan E, Baker D, Batut B, van den Beek M, Bouvier D, Čech M, Chilton

J, Clements D, Coraor N, Grüning BA, Guerler A, Hillman-Jackson J,
Hiltemann S, Jalili V, Rasche H, Soranzo N, Goecks J, Taylor J, Nekrutenko
A, Blankenberg D. 2018. The Galaxy platform for accessible, reproducible
and collaborative biomedical analyses: 2018 update. Nucleic Acids Res
46:W537–W544. https://doi.org/10.1093/nar/gky379.

9. Wheeler DL, Church DM, Federhen S, Lash AE, Madden TL, Pontius JU,
Schuler GD, Schriml LM, Sequeira E, Tatusova TA, Wagner L. 2003.
Database resources of the National Center for Biotechnology. Nucleic
Acids Res 31:28 –33. https://doi.org/10.1093/nar/gkg033.

10. Lanciotti RS, Ludwig ML, Rwaguma EB, Lutwama JJ, Kram TM, Karabatsos
N, Cropp BC, Miller BR. 1998. Emergence of epidemic O’nyong-nyong
fever in Uganda after a 35-year absence: genetic characterization of the
virus. Virology 252:258 –268. https://doi.org/10.1006/viro.1998.9437.

11. Arias-Goeta C, Mousson L, Rougeon F, Failloux A-B. 2013. Dissemination
and transmission of the E1-226V variant of chikungunya virus in Aedes
albopictus are controlled at the midgut barrier level. PLoS One 8:e57548.
https://doi.org/10.1371/journal.pone.0057548.

12. Edgar RC. 2004. MUSCLE: multiple sequence alignment with high accu-
racy and high throughput. Nucleic Acids Res 32:1792–1797. https://doi
.org/10.1093/nar/gkh340.

13. Okonechnikov K, Golosova O, Fursov M. 2012. Unipro UGENE: a unified
bioinformatics toolkit. Bioinformatics 28:1166 –1167. https://doi.org/10
.1093/bioinformatics/bts091.

14. Nguyen L-T, Schmidt HA, von Haeseler A, Minh BQ. 2015. IQ-TREE: a fast
and effective stochastic algorithm for estimating maximum-likelihood
phylogenies. Mol Biol Evol 32:268 –274. https://doi.org/10.1093/molbev/
msu300.

15. Kalyaanamoorthy S, Minh BQ, Wong TKF, von Haeseler A, Jermiin LS.
2017. ModelFinder: fast model selection for accurate phylogenetic esti-
mates. Nat Methods 14:587–589. https://doi.org/10.1038/nmeth.4285.

Microbiology Resource Announcement

Volume 8 Issue 37 e00581-19 mra.asm.org 3

https://www.ncbi.nlm.nih.gov/nuccore/MH400249
https://www.ncbi.nlm.nih.gov/nuccore/MK848202
https://trace.ncbi.nlm.nih.gov/Traces/sra/sra.cgi?run=SRR9077329
https://doi.org/10.1038/nrrheum.2012.64
https://doi.org/10.1038/nrrheum.2012.64
https://doi.org/10.1016/S1473-3099(16)30385-1
https://doi.org/10.1016/S1473-3099(16)30385-1
https://www.eurosurveillance.org/content/10.2807/1560-7917.ES.2019.24.10.1900146
https://www.eurosurveillance.org/content/10.2807/1560-7917.ES.2019.24.10.1900146
https://doi.org/10.3201/eid1403.070906
https://doi.org/10.3201/eid1403.070906
https://doi.org/10.1007/978-1-4939-8682-8_13
https://doi.org/10.1093/bioinformatics/btu170
https://doi.org/10.1093/bioinformatics/btu170
https://doi.org/10.1371/journal.pcbi.1005595
https://doi.org/10.1093/nar/gky379
https://doi.org/10.1093/nar/gkg033
https://doi.org/10.1006/viro.1998.9437
https://doi.org/10.1371/journal.pone.0057548
https://doi.org/10.1093/nar/gkh340
https://doi.org/10.1093/nar/gkh340
https://doi.org/10.1093/bioinformatics/bts091
https://doi.org/10.1093/bioinformatics/bts091
https://doi.org/10.1093/molbev/msu300
https://doi.org/10.1093/molbev/msu300
https://doi.org/10.1038/nmeth.4285
https://mra.asm.org

	Data availability. 
	ACKNOWLEDGMENTS
	REFERENCES

