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Sika Deer Carrying 
Babesia Parasites 
Closely Related to 

B. divergens, Japan
To the Editor: Human babesiosis 

caused by Babesia divergens, a zoo-
notic pathogen of bovines in Europe, 
is an emerging tickborne disease (1). 
In the United States, a closely related 
Babesia sp. was identified in persons 
in Missouri and Kentucky and in 
eastern cottontail rabbits (Sylvilagus 
floridanus) on Nantucket Island, Mas-
sachusetts (2–5). We report that sika 
deer (Cervus nippon) in Japan also 
carry parasites genetically closely re-
lated to B. divergens.

During November 2007–Febru-
ary 2008 and November 2008–Febru-
ary 2009, we collected blood samples 
from 96 wild sika deer throughout Ja-
pan. We purified DNA from the blood, 
which had been stored in a freezer, by 
phenol/chloroform extraction and per-
formed nested PCR for B. divergens 
18S rRNA (rDNA), chaperonin-con-
taining T-complex protein 1 eta subunit 
(CCT7, formerly described as CCTη) 
(6), and β-tubulin (7) genes. Primers 
for rDNA were designed from the se-
quences of related Babesia spp. (Gen-
Bank accession nos. U16370, U16369, 
and AY046575): dv101F (5′-ACAA-
C A G T T A T A G T T T C T T T G -
GTATTCG-3′) and dv1353R 
(5′-GCCTTAAACTTCCTTGCG-
GCTTAGAGC-3′), and dv159F 
(5 ′ -GCTAATGCAAGTTCGAG-
GCCTTTTGGCG-3′) and dv1296R 
(5′-CGGACGAACCTTTTTACG-
GACACTAG-3′) for the first and 
second rounds, respectively. CCT7 
primers were similarly designed 
(GenBank accession nos. AB367924 
and AB367925): Bdiv/odoCCTF1 
(5′-CAAAATGAGYCACCTMCT-
CAACCTACC-3′) and BdivCCTR1 
(5 ′ -ATCTCAGCAGCTCACTA -
CAGTGACCACCTC-3′), and Bdiv/
odoCCTF2 (5′- CAACCTACCRAT-
TCTCCTYYTGAAGGAGGG-3′) 

and BdivCCTR2 (5′-GGCTAATA-
A G T C G ATAT T G C G G G G C T-
CACG-3′) for the first and second 
rounds, respectively. The β-tubulin 
PCR protocol has been described (7).

Of the 96 blood samples, 12 
from 5 prefectures (Hokkaido, Iwate, 
Tochigi, Nagano, and Miyazaki) were 
positive for Babesia rDNA (online 
Technical Appendix, http://wwwnc.
cdc.gov/EID/article/20/8/13-0061-
Techapp1.pdf). The sequence for 
sample 08–22 from Hokkaido (Gen-
Bank accession no. KC465978) was 
distinct from sequences of the other 
11 samples (97.5%–97.6% identity in 
1,041 bp), which consisted of 7 vari-
ant sequences (GenBank accession 
nos. KC465973–7 and AB857845–6) 
and 5 identical sequences (Gen-
Bank accession nos. KC465977 and 
AB861504–7) (99.7%–100% identi-
ty). The 5 identical sequences varied 
in only 1 of 909 bp from B. divergens 
rDNA from an Ixodes persulcatus 
tick in Russia [GenBank accession 
no. GU057385] (8).

β-tubulin (900 bp) was also am-
plified from the 12 Babesia rDNA–
positive samples. Ten of the sequenc-
es consisted of 3 sequence variants 
(99.9% identity; GenBank accession 
nos. KC465969, KC465970, and 
KC465968/AB861508–14). The 2 
divergent sequences (GenBank ac-
cession nos. KC465971 [08–22] and 
KC465989 [08–25]) were most similar 
to B. odocoilei (GenBank accession no. 
KC465972; 91% identity) and Theile-
ria orientalis (GenBank accession no. 
AP011947; 79.9% identity), respec-
tively. Thus, at least 1 deer likely had 
Babesia and Theileria spp. infections.

CCT7 was amplified from 10 of 
the 12 Babesia-positive blood sam-
ples. The sequences (GenBank acces-
sion nos. KC465979–88) were more 
heterogeneous (98.7%–99.9% identi-
ty) than those for rDNA and β-tubulin; 
this finding was expected because 
CCT7 evolves more quickly (6).

We generated a neighbor-join-
ing phylogenetic tree (ClustalW, 

http://clustalw.ddbj.nig.ac.jp/index.
php?lang=ja) from the Babesia rDNA 
sequences from our study and from 
GenBank (Figure, panel A). The 
tree shows a distinct lineage (Asian) 
cluster for the deer parasites, except 
for 08–22 (GenBank accession no. 
KC465978), within a clade also hold-
ing the B. divergens strains (human 
and bovine) from Europe (European 
Union lineage). The tree also shows 
a cluster encompassing Babesia spp. 
(human and rabbit) from the United 
States; B. divergens (deer), B. cap-
reoli (deer), and Babesia sp. (cham-
ois) from Europe; and B. divergens 
(human) from Portugal. Sequence 
08–22 branches with Babesia spp. 
in Ix. ovatus ticks from Japan (Gen-
Bank accession nos. AY190123 and 
AY190124) (9). The branch lengths 
indicate clear separation between 
the isolates from sika deer and ticks, 
suggesting that the clustering may be 
attributable to the limited number of 
available related sequences.

We also generated a phyloge-
netic tree of β-tubulin sequences (900 
bp), which produced similar topology 
and high bootstrap support (Figure, 
panel B). However, the limited num-
ber of relevant β-tubulin sequences 
precludes conclusions regarding 
the phylogeny of Babesia parasites. 
A CCT7 phylogenetic tree was not 
generated because of the paucity of 
sequences. Overall, the phylogenies 
suggest that B. divergens– and B. 
capreoli–related parasites are found 
worldwide in temperate zones of 
the Northern Hemisphere, including 
Europe (1), the United States (2–5), 
Russia (8), and Japan.

We showed the presence of B. 
divergens–like rDNA, β-tubulin, and 
CCT7 genes in sika deer from differ-
ent Japanese prefectures, confirming 
the presence of this parasite in Japan. 
B. capreoli, which is serologically 
indistinguishable from B. divergens, 
was previously reported in sika deer 
(10). However, no molecular data for  
the B. capreoli isolate exist, so no  
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conclusion may be drawn regarding its 
relationship to the B. divergens–like 
parasites from sika deer in our study.

There is an overabundance of 
wild sika deer in Japan because these 
animals easily adapt to a variety of 
climates, vegetation, and geography. 
Increased human exposure to deer 
habitats increases the risk of exposure 
to tickborne zoonoses, such as those 
caused by Babesia spp. In humans, 
infections caused by B. divergens and 
B. divergens–like parasites can be life 
threatening; fatality rates of 42% and 
33% have been reported in infected 
asplenic patients in Europe and the 
United States, respectively (1–3). 
The findings from our study empha-
size the need for increased clinical 
awareness of babesiosis in Japan 
and globally. They also emphasize  

the need for the swift diagnosis of 
suspected cases and prompt treat-
ment of confirmed cases, especially 
in asplenic patients at high risk for 
the potentially deadly consequences 
of babesiosis.

Acknowledgments
We are grateful to Danny H.-K. Jokl 

for his critical reading of the manuscript. 
We thank Jeremy Gray for providing ge-
nomic DNA of B. divergens MRNK and 
Marek Sawczuk and Bogumiła Skotarc-
zak for providing genomic DNA of B. 
divergens from Ix. ricinus tick collected 
in Poland.

Financial support for this study was 
provided in part by grants-in-aid from 
the Ministry of Education, Science and 
Culture of Japan and by the Ministry of 

Health, Labor and Welfare Science of 
Japan (H25-Shinko-Ippan-008 and H25-
Shinko-Shitei-009). Support was also pro-
vided by a Grant-in-Aid for Cooperative 
Research from Rakuno-Gakuen Universi-
ty and by Gakujutsu Frontier Cooperative 
Research in Rakuno-Gakuen University.

Aya Zamoto-Niikura,  
Masayoshi Tsuji,1  

Koichi Imaoka,  
Masanobu Kimura,  
Shigeru Morikawa,  
Patricia J. Holman,  

Haruyuki Hirata,  
and Chiaki Ishihara

Author	 affiliations:	 National	 Institute	 of	
Infectious	 Diseases,	 Tokyo,	 Japan	 (A.	
Zamoto-Niikura,	K.	 Imaoka,	M.	Kimura,	S.	
Morikawa);	 Rakuno-Gakuen	 University,	
Hokkaido,	 Japan	 (A.	 Zamoto-Niikura,	 M.	
Tsuji,	 H.	 Hirata,	 C.	 Ishihara);	 and	 Texas	
A&M	 University,	 College	 Station,	 Texas,	
USA	(P.J.	Holman)

DOI:	http://dx.doi.org/10.3208/eid2008.130061

References

  1. Gorenflot A, Moubri K, Precigout E,  
Carcy B, Schetters TP. Human babesiosis. 
Ann Trop Med Parasitol. 1998;92:489–501. 
http://dx.doi.org/10.1080/00034989859465

  2. Herwaldt B, Persing DH, Precigout EA, 
Goff WL, Mathiesen DA, Taylor PW, et al. 
A fatal case of babesiosis in Missouri: iden-
tification of another piroplasm that infects 
humans. Ann Intern Med. 1996;124:643–
50. http://dx.doi.org/10.7326/0003-4819-
124-7-199604010-00004

  3. Beattie JF, Michelson ML, Holman PJ. 
Acute babesiosis caused by Babesia di-
vergens in a resident of Kentucky. N Engl 
J Med. 2002;347:697–8. http://dx.doi.
org/10.1056/NEJM200208293470921

  4. Goethert HK, Telford SR III. Enzootic 
transmission of Babesia divergens among 
cottontail rabbits on Nantucket Island, 
Massachusetts. Am J Trop Med Hyg. 
2003;69:455–60.

  5. Spencer AM, Goethert HK, Telford SR III,  
Holman PJ. In vitro host erythrocyte 
specificity and differential morphology of 
Babesia divergens and a zoonotic Babesia 
sp. from eastern cottontail rabbits (Sylvila-
gus floridanus). J Parasitol. 2006;92:333–
40. http://dx.doi.org/10.1645/GE-662R.1

	 Emerging	Infectious	Diseases	•	www.cdc.gov/eid	•	Vol.	20,	No.	8,	August	2014	 1399

Figure.	 Neighbor-joining	 phylogenetic	 trees	 generated	 from	Babesia sequences from 
GenBank	and	from	our	study	in	Japan,	November	2007–February	2008	and	November	
2008–February	 2009.	Bootstrap	 support	 (1,000	 repetitions)	 is	 indicated	 at	 the	 nodes.	
The	trees	are	based	on	the	partial	(1,041	bp)	Babesia 18S rRNA	gene	(A)	and	the	partial	
(900	bp)	β-tubulin	gene	(B).	Sequences	determined	in	this	study	are	in	boldface.	Scale	
bar	indicates	the	inferred	number	of	substitutions	per	site.	Lineages	are	indicated.	CDS,	
coding	DNA	sequence.
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Transcontinental 
Movement of  

Asian Genotype  
Chikungunya Virus

To the Editor: Chikungunya vi-
rus (CHIKV), a mosquito–transmit-
ted virus (family Togaviridae, genus 
Alphavirus), was first isolated >60 
years ago in Africa and is responsible 
for epidemics of acute polyarthral-
gia. During CHIKV epidemics, the 
transmission cycle is from humans to 
mosquitoes, with no intervening am-
plifying host, and the virus can rapidly 
disseminate, infecting large numbers 
of persons. Epidemics have been de-
scribed in Africa, the Middle East, Eu-
rope, India, and Southeast Asia. On the 
basis of detailed clinical descriptions 
of the disease, chikungunya fever, it 
appears that CHIKV caused epidem-
ics in the Caribbean (St. Thomas, US 
Virgin Islands) and the southeastern 
coastal United States during the early 
19th century (1).

Genetic studies show that the virus 
has evolved into 3 distinct genotypes: 
West African, East/Central/South 
African (ECSA), and Asian (2). The 
genotypes likely indicate independent 
evolution of the virus in historically 
isolated areas. Phenotypic differences 
have been described between geno-
types and between individual strains, 
most notably an E1 mutation among 
some ECSA strains, which facilitates 
replication in Aedes albopictus mos-
quitoes (3). However, more recently, 
the movement of virus genotypes has 
increased dramatically, probably as a 
direct result of increased movement 
of humans and increased commercial 
trade. Beginning in 2005 and through 
2006, the ECSA genotype virus was 
responsible for an explosive epidemic, 
during which the virus moved from 
coastal Kenya to islands adjacent to 
southeastern Africa and then to India, 
where >1 million cases were recorded 
(2). During this time, imported cases 
were reported worldwide, and in some 

instances, autochthonous transmission 
was detected in distal locations (4,5).

In October 2013, the arbovirus 
diagnostic laboratory at the Centers 
for Disease Control and Prevention 
(CDC; Fort Collins, CO, USA) detect-
ed CHIKV in human serum specimens 
from Yap State, Federated States of 
Micronesia; the specimens were col-
lected during an epidemic of disease 
clinically compatible with chikun-
gunya fever. In December 2013, the 
French National Reference Centre for 
arboviruses confirmed that CHIKV 
was responsible for an epidemic oc-
curring on St. Martin Island, French 
West Indies, in the Caribbean (6). In 
January 2014, the Caribbean Public 
Health Agency detected CHIKV in 
2 human serum specimens from the 
British Virgin Islands (BVI); the sam-
ples were subsequently confirmed by 
CDC to be positive for CHIKV.

By using next-generation se-
quencing, we determined the com-
plete nucleotide sequence for 1 of 
the CHIKV specimens detected in 
BVI and for 2 of the CHIKV speci-
mens detected in Yap. DNA libraries 
for next-generation sequencing were 
prepared directly from RNA extracted 
from serum, and the amplified librar-
ies were sequenced by using the Ion 
Torrent Personal Genome Machine 
(Life Technologies, Grand Island, NY, 
USA). The CLC Genomics Work-
bench (CLC bio, Aarhus, Denmark) 
and Lasergene NextGen (DNASTAR, 
Madison, WI, USA) were used to 
analyze and assemble raw sequence  
reads. ClustalW (http://www.ebi.ac. 
uk/Tools/msa/clustalw2/) was used to 
align the complete genome sequences 
with a variety of CHIKV sequences, 
representing the 3 genotypes, from 
GenBank. Nearly identical phyloge-
netic trees were generated by several 
methods (i.e., minimum evolution, 
maximum likelihood, neighbor join-
ing); a representative neighbor-join-
ing tree generated and analyzed with 
1,000 replicates for bootstrap testing 
is shown in the Figure.
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 For more information please contact:
Centers for Disease Control and Prevention

1600 Clifton Road NE, Atlanta, GA 30333
Telephone: 1-800-CDC-INFO (232-4636) 

TTY: 1-888-232-63548  
Web: www.cdc.gov/Lyme

How to Correctly Remove a Tick
Grasp the tick firmly and as closely to the 

skin as possible. With a steady motion, pull 
the tick’s body away from the skin.  

Do not be alarmed if the tick’s mouthparts 
remain in the skin.  

Cleanse the area with an antiseptic.
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Technical Appendix Figure. Map of Japan showing prefectures where rDNA genes of Babesia divergens–

like parasites were detected by PCR in blood samples from sika deer (black areas). Sample identification 

numbers are listed under prefecture names; numbers in parentheses indicate the number of positive 

samples/total number tested samples. A list of prefectures where no positive samples were found is shown 

at the bottom of the figure; the number of animals tested is shown in parentheses. 
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