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Imported 
Chikungunya Virus 

Strains, Taiwan, 
2006–2009 

To the Editor: Chikungunya is a 
reemerging infectious disease that is 
endemic to Africa and Asia and caused 
by a mosquito-borne alphavirus in the 
family Togaviridae. Previous phyloge-
netic studies showed that chikungunya 
virus (CHIKV) strains were clustered 
into 3 distinct genotypes separated pri-
marily by location into West African, 
Central/East/South African, and Asian 
genotypes (1,2).

Earlier outbreaks in Thailand, 
Cambodia, Vietnam, Myanmar, the 
Philippines, Malaysia, Indonesia, 
Pakistan, and India during 1960–1999 
were caused by strains of the Asian 
genotype (2). However, explosive 
epidemics in Indian Ocean islands 
and India since 2005 and the world-
wide increase in travel have changed 
the distribution of CHIKV genotypes. 
Recent studies have shown that differ-
ent lineages of CHIKV strains of the 
Central/East/South African genotype 
have expanded locally and spread to 
new areas in Africa, Europe, and Asia 
and caused epidemics (2–7).

Imported chikungunya cases were 
identifi ed at airports by active surveil-
lance (fever screening) in Taiwan (3). 
Among 14,289 febrile patients arriv-
ing at Taiwan Taoyuan International 
Airport from January 2006 through 
February 2009, a total of 13 were 
confi rmed to have CHIKV infections. 
One additional chikungunya case was 
detected at Kaohsiung International 
Airport among 801 febrile patients 
from February 2008 through Febru-
ary 2009. These imported cases were 
introduced from Indonesia (7 cases), 
Malaysia (4 cases), Singapore (1 
case), Bangladesh (1 case), and India 
(1 case). Real-time quantitative re-
verse transcription–PCR showed virus 
titers ranged from 103.6 PFU/mL to 
106.4 PFU/mL for day 1–3 acute-phase 

serum samples from these patients. 
CHIKV strains were successfully iso-
lated by using a cell culture (C6/36) 
method (online Technical Appendix, 
available from www.cdc.gov/EID/
content/15/11/1854-Techapp.pdf).

To identify genetic relationships 
among these 14 imported CHIKV 
isolates, complete structural poly-
protein gene sequences of 10 isolates 
(GenBank accession nos. FJ807886–
FJ807895) and full genome sequences 
of 4 isolates (Singapore/0611aTw, 
Indonesia/0706aTw, Bangladesh/08
10aTw, and Malaysia/0810bTw strains) 
(GenBank accession nos. FJ807896–
FJ807899) were determined. Nucle-
otide sequences of complete open 
reading frames of Singapore/0611aTw, 
Bangladesh/0810aTw, and Malaysia/
0810bTw isolates were most closely 
related to the India IND-06-AP3 strain 
(99.95%, 99.84%, and 99.77% identi-
ties, respectively) and other India 2006 
isolates, which suggests common ge-
netic origins from India.

In comparison with other CHIKV 
strains, unique substitution K252Q 
in the envelope 2 (E2) protein was 
found in all 4 imported isolates from 
Malaysia, and 2 unique substitutions, 
V4A and N349D, in the envelope 1 
(E1) protein were found in the im-
ported Bangladesh/0810aTw isolate. 
The Indonesia/0706aTw isolate was 
most closely related to the Malaysia 
MY003IMR isolate (99.42% identi-
ty). A novel 4-aa deletion, correspond-
ing to nonstructural protein 3 codons 
379–382 (TTACCAACCATA coding 
for Leu-Pro-Thr-Ile in the Malaysia 
MY003IMR strain), was observed in 
the Indonesia/0706aTw strain when 
it was compared with other CHIKV 
sequences available in GenBank. Fur-
ther sequence analysis showed that all 
6 isolates from Indonesia had the same 
deletion in this region.

A phylogenetic tree based on 49 
CHIKV partial E1 gene sequences 
was constructed to trace the origins 
of the 14 CHIKV strains reported 
in this study (Figure). Phylogenetic 
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analysis shows that all 7 strains from 
Indonesia isolated during 2007–2008 
are grouped into the Asian genotype 
and clustered in a distinct lineage. 
This lineage shows close relationship 
to the Malaysia/MY002IMR/2006 
isolate. However, the 4 strains from 
Malaysia isolated during 2008–2009 
belong to the Central/East/South 
African genotype and are clustered 
with CHIKV strains of India/ALP-
6/2007, Italy/ITA07-RA1/2007, and 
Bangladesh/0810aTw/2008. These 
viruses also have the E1-A226V 

mutation. The imported Singapore/
0611aTw/2006 and India/0812cTw/
2008 strains belong to the Central/East/
South African genotype and are clus-
tered with several India/2006 (IND-
06-AP3, IND-06-TN1 and DRDE-
06), India/Kokkarayapalli/2008, and 
Singapore/EHIss622/2008 strains, 
which have an alanine at the position 
E1–226.

Our results provide insights into 
the current distribution of differ-
ent CHIKV genotypes and lineages. 
Phylogenetic analysis demonstrated 

that CHIKV strains isolated from 
Indonesia during 2007–2008 re-
main stable and belong to the Asian 
genotype, whereas the other 7 iso-
lates from Singapore, Bangladesh, 
Malaysia, and India belong to the 
Central/East/South African geno-
type. The Malaysia/2008–2009 and 
Bangladesh/2008 isolates have the 
E1–226(V) mutation similar to re-
ported variants isolated in Cameroon, 
some Indian Ocean islands, India, 
Italy, and Gabon during 2006–2007 
(4,6–9). These results show that dif-
ferent lineages of CHIKV strains 
from India with the Central/East/
South African genotypes have been 
transmitted long distances by in-
fected persons to various countries in 
Asia, including Singapore, Malaysia, 
and Bangladesh.

Although the urban mosquito Ae-
des aegypti is the primary vector for 
dengue and chikungunya transmission 
in Asia, the Ae. albopictus mosquito, 
a less effi cient vector, was recently 
identifi ed as the main or alternate vec-
tor in chikungunya outbreaks in cen-
tral and East Africa (4,7,10), India (8), 
and Italy (6). Recent studies have sug-
gested that the increased chikungunya 
outbreaks caused by CHIKV strains of 
the Central/East/South African geno-
type might be associated with a change 
in 1 nt, the A226V mutation, in the E1 
protein during continuous epidemics 
(8,9). It is not known whether E1-
A226V variants play a dominate role 
in urban or periurban areas of Asia and 
Africa where Ae. aegypti and Ae. al-
bopictus mosquitoes are present.
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Figure. Phylogenetic relationships of chikungunya virus (CHIKV) isolates from 14 imported 
cases of chikungunya, Taiwan, 2006–2009. The tree was constructed on the basis of 
partial envelope 1 (E1) nucleotide sequences (836 bp, nt positions 10264–11099 of the 
prototype CHIKV S27 genomic sequence) of 49 CHIKV strains. Sequences obtained in this 
study are indicated in boldface. CHIKV strains with the E1-A226V mutation are indicated. 
Genotypes are indicated on the right. Viruses were identifi ed by using the nomenclature of 
virus/country/strain/year of isolation/GenBank accession number. Analysis was performed 
by using MEGA 4 software and neighbor-joining (maximum composite likelihood) methods. 
Bootstrap support values >60 are shown (1,000 replicates). West African genotype Senegal 
strain 37997 sequence was used as the outgroup virus. Scale bar indicates nucleotide 
substitutions per site.
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Cutaneous Larva 
Migrans Acquired 
in Brittany, France

To the Editor: Hookworm-related 
cutaneous larva migrans is a parasitic 
dermatosis caused by the penetration 
of larvae, mostly of a dog or cat hook-
worm, into the epidermis of humans 
(1,2). This eruption is most commonly 
found in tropical and subtropical ar-
eas but was recently reported from 
western Europe, including Germany 
(3,4), England (5,6), Scotland (7), 
and southern France (8). We report a 
patient from the Netherlands who ac-
quired hookworm-related cutaneous 
larva migrans while on a holiday in 
Brittany, France.

A previously healthy 40-year-
old man from the Netherlands trav-
eled to Brittany, France, to visit from 
September 1 to September 15, 2008. 
He and his partner slept in tents, 
sometimes camping rough (not on 
designated camping sites or on pri-
vate property), and they stayed in 
low-budget hotels. They spent a lot 
of time on several beaches along the 
Atlantic Ocean on the southern shore 
of Brittany (≈48°N). The weather 
during their stay was variable. The 
patient was frequently bitten by mos-
quitoes, especially on his feet. He had 
not traveled to the tropics before and 
did not own any pets.

After his return to the Nether-
lands, the area around 2 presumed 
mosquito bites at the lateral side of 
his right foot became red, swollen, 
and itchy. This area evolved into a 

1-cm pustule that later turned into a 
bulla. On November 10, he visited 
his general practitioner, who made a 
diagnosis of cellulitis and started the 
patient on amoxicillin/clavulanic acid 
625 mg, 3×/day for 10 days. During 
antimicrobial drug treatment, skin in-
fl ammation improved, but after 2 days 
the patient noticed that an itching red 
streak had developed, extending from 
the lesions on the lateral side of the 
right foot to the whole width of the 
sole of the foot. The tip of the streak 
proceeded along the sole of the foot 
at the rate of 2 cm/day. On the fi fth 
day, he was referred to our Tropical 
Diseases outpatient clinic.

Physical examination showed 
2 elevated, ulcerative lesions on the 
lateral side of the right foot, and from 
each originated an elevated serpigi-
nous lesion (Figure, panels B and C). 
These were typical tortuous lesions 
2 cm in width. One of the lesions ran 
across the whole sole of the right foot 
and was 14 cm in length (Figure, pan-
els A and C). The medial end of the 
lesion was fervently erythematous. 
Based on clinical signs, we diagnosed 
the skin lesion as hookworm-related 
cutaneous larva migrans with second-
ary impetiginization. The patient was 
subsequently treated with a single oral 
dose of 12 mg ivermectin. The itch 
and the progression of the lesion halt-
ed instantly and the lesion disappeared 
during the following weeks. The larva 
was not extirpated and thus not further 
identifi ed.

Hookworm-related cutaneous 
larva migrans is usually caused by An-
cylostoma brasiliense, A. caninum or, 
rarely, Uncinaria stenocephala. These 
zoonotic hookworms need a high tem-
perature and a moist environment to 
develop from an embryo to fi lariforme 
larva (1,2). Hookworm-related cuta-
neous larva migrans is typically a dis-
order of tropical and subtropical zones 
and it is rather common among tourists 
who visit tropical beaches. This was 
the fi rst patient we had seen with this 
disease who became infected in west-
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