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A new type of rodent babesia, which resembled Babesia microti but was phylogenetically placed closest, with
the highest level of statistical support, to Babesia canis, a canine babesia, was identified in Thai Bandicota indica
in Thai provinces to which malaria is endemic. Close watch should be kept on human babesiosis in Thailand.

Babesiosis is a typical zoonotic disease which is caused by
Babesia spp., tick-borne intraerythrocytic protozoan parasites
(3, 4). Only a few of the more than 100 Babesia spp. have been
known to infect humans. In Europe, a few human babesiosis
cases have been attributed to Babesia divergens, the cattle
babesia transmitted by Ixodes ricinus. In contrast, hundreds of
human babesiosis cases in the northeast and midwest United
States have been attributed to Babesia microti, the rodent
babesia transmitted by Ixodes scapularis (Ixodes dammini).
Newly emerging species, referred to as WA1 and CAl, have
been found to cause human infection in the western United
States (15, 16).

Cases of human babesiosis have been recently reported con-
secutively in Taiwan and Japan (19-21). In Taiwan, Manwell
and Kuntz identified piroplasms in bandicoot rats, Bandicota
indica, and in spiny rats, Rattus coxinga, in 1964 (7), and the
first Taiwanese patient was reported in 1997 (21). In Japan, the
emergence of human babesiosis has been expected since the
early 1980s, when a B. microti-like parasite was found to have
infected wild Apodemus speciosus and Apodemus argenteus ro-
dents (24). Saito-Ito et al. reported that the first human case,
which occurred in 1999, was caused by a geographical variant
of B. microti that was traced back to a blood transfusion (19,
20).

Human babesiosis has sometimes been diagnosed initially as
malaria (13, 16, 29; J. B. Bush, M. Isaacson, A. S. Mohamed,
F. T. Potgieter, and D. T. de Waal, Letter, S. Afr. Med. J.
78:699, 1990) because of the similarity between the two dis-
eases or the two parasites (4, 27). Thus, it is likely that cases of
human babesiosis in countries to which malaria is endemic
have been overlooked or misdiagnosed as malaria. In those
countries, however, little is known about rodent babesias,
which cause most cases of human babesiosis, although Babesia
infection is indeed common in other animals (2, 11, 12, 17, 25,
31). Accordingly, this study examined babesial infection in wild
rats in areas of Asia to which malaria is endemic to evaluate
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the possibility of the emergence or latent existence of human
babesiosis.

Rats were trapped in the Muang district, San Sai district, and
Doi Lo subdistrict of Chiang Mai Province and in the Mae
Sariang district of Mae Hong Son province of northwest Thai-
land from April 2000 to May 2002. The species of captured rats
and of ticks infesting them were identified according to the key
characteristics described by Lekagul and Jeffrey (5) and by
Tanskul and Inlao (26), respectively. Intraerythrocytic para-
sites were examined under a light microscope with magnifica-
tion X1,000 for approximately 100 fields on Giemsa-stained
thin blood smears.

The small-subunit ribosomal RNA gene (SSUrDNA) frag-
ments of the parasites, which were amplified from the blood by
PCR with a primer set of Anl (5'-AACCTGGTTGATCCTG
CCAGT-3") and Bnl (5'-TGATCCTTCTGCAGGTTCACCT
AC-3") based on the highly conserved regions of SSUrDNA
sequences of eukaryotes (9), were ligated into a plasmid and
sequenced. The sequences were confirmed not to contain any
sequence errors due to Tag polymerase by directly sequencing
the PCR products with two pairs of primers: Anl-CR1 and

TABLE 1. Summary of epizootiological survey for babesia and
other hemoparasite infections in wild rats in Chiang Mai and Mae
Hong Son provinces, Thailand, from April 2000 to May 2002

No. smear-positive or tick-positive/no. examined

No. of
Host rat Area trégged Babe- Hepato- Trypano- Haema-
sia zoon soma physalis
B. indica  Doi Lo 18 15/18 2/18 0/18 12/17
Muang 3 1/3 0/3 0/3 ND“
San Sai 2 12 0/2 0/2 ND
Mae Sariang 7 0/7 0/7 0/7 0/7
Total 30 17/30 2/30 0/30 12/24
R. exulans Doi Lo 0
Muang 12 0/12 0/12 2/12 0/12
San Sai 5 0/5 0/5 1/5 0/5
Mae Sariang 0
Total 17 0/17 0/17 3/17 0/17

“ ND, not determined.
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FIG. 1. Photomicrographs of the Thai babesia on Giemsa-stained thin blood smear of babesia-positive Bandicota indica. (A) Panel a, a
ring-shaped trophozoite consisting of a cytoplasmic rim with a chromatin dot; panel b, double infection of ring-shaped trophozoites with double
chromatin dots and a vacuolated lesion on the cytoplasmic rim; panel ¢, a pyriform-shaped trophozoite. (B) Panel a, a large ring or annular form
with three chromatin masses, two dot-like and one elongated; panel b, double infection of annular trophozoites; panel ¢, a trophozoite with
bridge-like cytoplasms. (C) Panel a, an irregular large trophozoite; panel b, double infection of irregular large trophozoites; panel c, an irregular
form with multiple chromatin dots. (D) Panel a, Maltese-cross-like form; panel b, four trophozoites, presumably developing independently; panel

¢, five trophozoites observed in one red blood cell.

CF1-Bnl. CR1 (5'-TCCTTTAAGTGATAAGGTTCAC-3")
and CF1 (5'-GACGGTAGGGTATTGGCCT-3") were de-
signed to match the regions of SSUrDNA conserved in various
Babesia spp. but not in rodent SSUrDNA sequences.

The phylogenetic analysis was performed by the neighbor-
joining and maximum-likelihood methods, using 1,328 unam-
biguously aligned positions according to the secondary struc-
ture information (http://oberon.fvms.ugent.be:8080/rRNA/)
(30) for 39 SSUrDNA sequences selected based on the results
of a FASTA similarity search (http:/www.ddbj.nig.ac.jp
/E-mail/homology-j.html) (6, 14).

Babesia-like intraerythrocytic parasites were found in 17 of
the 30 Bandicota indica rats, while no intraerythrocytic para-
sites were found in any of the 17 Rattus exulans rats (Table 1).
All 17 positive Bandicota indica rats were trapped in the three
areas in Chiang Mai Province. The percent parasitemia varied
from 0.03 to 11%. Another hemoparasite, which resembled
Hepatozoon, was found in mononucleated leukocytes of two
intraerythrocytic parasite-positive Bandicota indica rats but not
in any R. exulans rats. Trypanosoma sp. was found in three R.
exulans rats but not in any Bandicota indica rats. Haemaphysalis
doenitzi ticks, ranging in number from 1 to 80, infested 12 of

the 24 Bandicota indica rats examined for tick infestation. Only
intraerythrocytic parasite-positive Bandicota indica was in-
fested with H. doenitzi. No other species of ticks were identified
in any of the rats.

On intraerythrocytic parasite-positive smears, ring-shaped
trophozoites (less than 1 to 2 pm in diameter) resembling ring
forms of Plasmodium falciparum were often observed (Fig. 1A,
panels a and b). Pyriform-shaped trophozoites were occasion-
ally seen (Fig. 1A, panel c). The ring forms seemed to become
annular forms (~3 pm) (Fig. 1B). On smears of higher para-
sitemia, irregularly large trophozoites were often seen (Fig.
1C). Double infection was frequently observed (Fig. 1A, panel
b, B, panel b, and C, panel b). Four trophozoites, so-called
“Maltese cross,” were occasionally but not typically seen (Fig.
1D, panel a). However, this configuration could represent mul-
tiple infecting trophozoites, because four trophozoites some-
times seemed to be independently developing (Fig. 1D, panel
b). Five trophozoites were also observed together in an eryth-
rocyte (Fig. 1D, panel c). Paired pyriforms were seen rarely if
at all. In general, the Thai Babesia-like parasites appear mor-
phologically similar to B. microti.

A 1,704-bp SSUrDNA sequence of the parasite isolated
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FIG. 2. Phylogenetic tree of the SSUrDNA sequences of piroplasms. The best tree finally selected by the maximum-likelihood analysis is shown.
Details of the phylogenetic analysis will be described elsewhere (A. Dantrakool, T. Hashimoto, A. Saito et al., unpublished data). Briefly, based
on the result obtained by use of FASTA, in total 33 SSUrDNA sequences from Babesia spp., Theileria spp., Cytauxzoon spp., and unclassified
piroplasms were included in the data set for the analysis, including the sequence of the Babesia spp. from Thai Bandicota indica. Two SSUrDNA
sequences of Plasmodium spp. and the sequence of Hepatozoon sp. Boiga were added to the data set. Three sequences of other apicomplexan
parasites, Toxoplasma gondii, Sarcocystis tenella, and Eimeria tenella, were also included as outgroups, and 1,378 unambiguously aligned positions
were selected and used. Bootstrap proportions (percent) with more than 70% support are attached to the internal branches. Monophyletic groups
and subgroups supported with more than 90% in the analysis are shown by vertical bars. The horizontal length of each branch is proportional to
the estimated number of substitutions. GenBank accession numbers are given in parentheses. The name of the isolate, strain, clone or genotype
is shown in brackets. The host origin or the isolation site is given within chevrons (<>).

from a positive bandicoot rat trapped at Doi Lo in 2000 (the Figure 2 shows the best tree of the maximum-likelihood
BiCMO002 isolate) was determined, including sequences of Anl analysis with the homogeneous model. The tree reconstructed
and Bnl primers. All SSUrDNA sequences of the other five the four monophyletic groups (A to D) with high bootstrap
Babesia isolates were completely identical to that of the support (more than 90%). Group A contained so-called large
BiCMO002 isolate, regardless of the capture site or year. babesias or Babesia sensu stricto; group B contained Theileria
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TABLE 2. Alternative trees comparable with the best of 105 trees examined regarding the relationship between group A in the analysis with
the RAS model

RAS model
Tree no.” Relationship among species in group A Log_—likelihood P valuch Position of Thai isolate
difference
1 (out, (a3, a4), (a2, (Thai, al))) Best 0.967 Close to al
2 (out, (Thai, al), (a2, (a3, a4))) =55 0.273 Close to al
3 (out, (a3, a4), (Thai, (al, a2))) -6.3 0.269 Sister clade position to the common ancestor
of al and a2
4 (out, a4, (a3, (Thai, (al, a2)))) -7.6 0.053 Sister clade position to the common ancestor
of al and a2
5 (out, (Thai, al), (a3, (a4, a2))) -9.0 0.206 Close to al
6 (out, a3, (a2, (a4, (Thai, al)))) -9.6 0.094 Close to al
7 (out, Thai, (al, (a2, (a3, a4)))) -9.6 0.184 Earliest branch of group A
8 (out, a2, (a3, (a4, (Thai, al)))) -9.8 0.052 Close to al
9 (out, a2, (a4, (a3, (Thai, al)))) -9.8 0.052 Close to al
10 (out, al, (a3, (a2, (Thai, a4)))) -16.9 0.151 Close to a4
11 (out, (a3, al), (a2, (Thai, a4))) -16.9 0.151 Close to a4
12 (out, Thai, (al, (a3, (a4, a2)))) =171 0.073 Earliest branch of group A

¢ Alternative trees comparable with best tree.

b To evaluate statistical significance for the log-likelihood difference among alternative trees, an AU test (22) was used, and P values of the AU test, obtained by the

CONSEL program (23), were compared among the alternative trees.

spp.; group C contained piroplasms isolated from humans
(WAL and CAl) and from canines (Babesia gibsoni [118]) in
the western United States; and group D contained B. microti
and related so-called small babesias. In group A, three mono-
phyletic subgroups of Al (B. canis and Babesia sp. from an
Okinawa dog), A2 (B. gibsoni [Asia 1 and 2]), and A3 (several
ungulate babesias) were reconstructed with high bootstrap
supports (more than 90%). The Babesia sp. from Thai Bandi-
cota indica was clustered with subgroup Al, with 96% boot-
strap support. The neighbor-joining tree also reconstructed the
monophyly of each of the four groups (A to D), positioning the
Thai Babesia sp. as the sister clade to subgroup Al and with
subgroup A2 as an outer group (data not shown). To check the
robustness of the position of the Thai babesia in the best tree
obtained under the assumption of a homogeneous model
against a possible long-branch attraction artifact, a rate-across-
site model (RAS model) was also applied. Among 105 trees
possible for the six lineages (the Thai Babesia sp., al, a2, a3, a4,
and the outgroup), 12 trees unrejected in the analysis with the
RAS model (P > 0.05 [approximately unbiased {AU} test]),
which approximated the data set better than the homogeneous
model did, were selected as possible candidate trees (Table 2).
Although 6 of the 12 trees also revealed a close relationship
between the Thai babesia and node al (group Al), the alter-
native possibilities still could not be entirely excluded: the close
relationship to the common ancestor of nodes al and a2 (trees
3 and 4), to that of node a4 (trees 10 and 11), and to the
earliest branch of group A (trees 7 and 12).

Babesia spp. are known to show pyriform shapes with the
unique appearance of paired trophozoites for the large babe-
sias and the so-called Maltese-cross arrangement of four tro-
phozoites for the small babesias (10). However, only ring-
shaped trophozoites that are quite similar to ring forms of P.
falciparum are seen often on smears with low parasitemia.
Although trophozoites of Babesia spp. always lack the pigment
that is believed to distinguish Babesia spp. from Plasmodium
spp. (4, 27), the latter species do not show any malaria pigment
at the ring form stage. It must also be noted that most

antimalarial drugs, such as chloroquine, mefloquine, and arte-
misinine, have no effect on babesiosis (8). Quinine and clinda-
mycin, the former of which is often used for treatment of
drug-resistant malaria, are the first-choice drugs against babe-
siosis (1, 18). Therefore, babesiosis in areas to which malaria is
endemic might be misdiagnosed as drug-resistant malaria.
From this standpoint, the identification of babesial parasites in
wild rats in Chiang Mai, Thailand, where malaria is endemic,
seems to deserve attention, considering that recent Asian cases
of human babesiosis emerged in Taiwan and Japan, where B.
microti-like parasites had earlier been identified in rodents
(19-21).

van Peenen et al. detailed the morphological features and
host ranges of the babesial parasites identified, respectively, in
Taiwanese Bandicota indica and R. coxinga and concluded that
the parasites in both species of rats seemed to represent a
cospecific geographical strain of B. microti (28). The reservoir
host for the etiological Babesia sp. (TW1) of the first Taiwan-
ese case of human babesiosis was suspected to be R. coxinga
(21). Although the morphological features of the Thai and
Taiwanese rodent babesias appear to be similar to each other,
the relationships among the Thai and Taiwanese rodent babe-
sias, at present, remain unknown, because the sequences of
SSUrDNA are lacking for the Taiwanese rodent babesias.

Because the babesia in Thai bandicoot rats was morpholog-
ically pleomorphic, it might not be a single species. However,
the possibility of multiple infection by different species seems
quite low, because there were no ambiguities in any of the
results of direct sequencing of the PCR products. It can be
concluded that the B. microti-like parasite in Thai Bandicota
indica is a new type of rodent babesia that seems to be phylo-
genetically closest to B. canis, a canine babesia, which belongs
to the group Babesia sensu stricto.

Only H. doenitzi ticks, which sometimes infest humans, were
identified exclusively on Babesia-positive Bandicota indica, so
this species is most probably the vector tick of the Thai babesia
in Bandicota indica. Although at present it is unknown whether
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the Thai babesia is infectious in humans, a close watch should
be kept on human babesiosis in Thailand.

Nucleotide sequence accession number. The sequence of
SSUrDNA for Babesia sp. from Thai Bandicota indica has been
submitted to DDBJ under accession no. AB053216.
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