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ABSTRACT

PCR screening of blood specimens taken from 195 patients with serologically confirmed scrub typhus in
three Thai provinces detected the 56-kDa protein-encoding gene from Orientia tsutsugamushi in ten (5%)
patients. Significant genetic diversity was found among the ten amplicons, with nine new genotypes
identified that were different from those found previously in Thailand. Phylogenetically, the ten
sequences obtained in the present study and sequences from 71 strains characterised previously were
distributed into several clusters that included the Karp, Gilliam, Kuroki, Saitama, Kawasaki and Kato
clusters. Two of the new genotypes found in the present study clearly belonged to the Karp cluster.
However, the other new genotypes formed three different clusters, including one cluster that appeared
to be distant from all previously known clusters, and which may therefore be representative of a
previously undescribed serotype. Other genotypes formed two other clusters that may also be associated

with undescribed serotypes.
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INTRODUCTION

Scrub typhus, also named tsutsugamushi disease,
is caused by infection with Orientia tsutsugamushi,
which is transmitted by the bite of trombiculid
mites. The disease is a public health threat to a
population of over a billion humans in a geo-
graphical triangle extending from northern Japan
and far eastern Russia in the North, to northern
Australia in the south, and to Pakistan and
Afghanistan in the west [1]. The estimated inci-
dence of the disease in endemic areas is one mil-
lion cases/year [1]. O. tsutsugamushi is an obligate
intracellular bacterium that belongs to the family
Rickettsiaceae in the order Rickettsiales. This
organism has established a specific association

Corresponding author and reprint requests: P. Parola, Unité
des Rickettsies, IFR 48, CNRS UMR6020, Faculté de Médecine,
Université de la Méditerranée, 27 Blvd Jean Moulin, 13385
Marseille cedex 5, France

E-mail: philippe.parola@medecine.univ-mrs.fr

with chigger mites, in which it is stably trans-
mitted vertically [2], although horizontal trans-
mission may also occur occasionally [3]. As
chigger mites are habitat-specific, it is likely that
O. tsutsugamushi strains have evolved mostly in
separate biotopes, and thus have followed a
divergent evolutionary path [4], as indicated by
16S rRNA nucleotide sequence divergence of up
to 4.0% among strains [5]. This diversity has
resulted in the occurrence of different serotypes,
depending on their location [1].

Initially, the great antigenic diversity of O. tsut-
sugamushi was described for the Gilliam, Karp and
Kato strains [6]. Later, additional antigenic types
were described, with representative strains
including the Kawasaki type [7], Kuroki type [8],
Shimokoshi type [9] and other types [10]. This
antigenic variation has been linked to the
sequence diversity of the immunodominant
56-kDa type-specific antigen [11]. This protein is
exposed at the surface of the bacterium [7], and
has been suspected to play a role in the early
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stages of cell infection [12]. In addition, its impor-
tance as a major immune response-eliciting pro-
tein has been demonstrated by its ability to
prevent infection when used as a vaccine [13].
However, the great antigenic diversity of O. fsut-
sugamushi may limit the sensitivity of serological
tests; indeed, it has been demonstrated that the
addition of a serotype to the panel of normally
tested O. tsutsugamushi antigens improves the
sensitivity of antibody detection in patients sig-
nificantly [14]. As a consequence, within a given
area, newly detected pathogenic strains should be
added to the panel of antigens for serological tests.

Given its antigenic diversity and the apparent
geographical specificity of strain distribution, the
population structure of O. tsutsugamushi remains
poorly understood. Serotyping studies were
performed as early as the 1940s, using comple-
ment fixation, serum neutralisation, vaccination
challenge and toxin neutralisation tests [15]. More
recently, immunofluorescent testing  with
strain- or type-specific hyper-immune sera or
monoclonal antibodies that recognise the 56-kDa
antigen has been preferred over other serotyping
methods [1]. However, serotyping is time- and
labour-consuming, and is limited by the need to
include all prototype strains when testing a new
strain. Therefore, molecular typing methods,
particularly PCR amplification of the 56-kDa
protein gene, followed by restriction fragment
length polymorphism analysis and, more
recently, sequencing, have been used extensively
for investigations of scrub typhus [11,16].

To date, most studies concerning the genetic
diversity of O. tsutsugamushi have been conducted
in Japan and South Korea. In Thailand, scrub
typhus has been reported for >50 years [17].
Several mite vectors have been identified in
Thailand, including Leptotrombidium spp., Blank-
aartia spp. and Ascoschoengastia spp. [18]. Serotyp-
ing studies have revealed the antigenic diversity
of O. tsutsugamushi in Thailand, with eight proto-
type strains being identified, namely Karp, Kato,
Gilliam, TA678, TA686, TA716 (Chon), TA763
(Fan) and TH1817 [15]. In addition, a genotyping
study has revealed a high degree of heterogeneity
among 12 clinical isolates [19]. However, no global
study has compared O. tsutsugamushi isolates
from Thailand with all the isolates for which
sequences are available in GenBank. In addition,
no genotypic study of this agent in southern
Thailand has been performed previously.
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In the present study, genotypic variations
among O. tsutsugamushi strains detected in
patients with scrub typhus in the Bureerum and
Chaiyapoom provinces in northeastern Thailand
and the Chumphon province in southern Thai-
land were investigated. The 56-kDa protein gene
sequences of these isolates were compared with
those of all genotypes available in GenBank. The
relationships among the strains were then
determined by phylogenetic analysis based on
sequence homologies.

MATERIALS AND METHODS
Patients and serological tests

Between 1 July 2003 and 31 December 2004, all patients
admitted to the Bureerum, Chaiyapoom and Chumphon
Hospitals in Thailand with clinically suspected and serologi-
cally documented scrub typhus were enrolled in the study.
Informed consent was obtained from all patients. The Weil—-
Felix Proteus agglutination assay, using the Proteus wvulgaris
OX-19 and OX-2 strains and the Proteus mirabilis OX-K strain
(Wellcome Diagnostics, Dartford, UK), was performed on each
sample, with a titre >80 being considered as positive. Serum
specimens were stored at —20°C before testing in Marseille,
France, for O. tsutsugamushi antibody levels using micro-
immunofluorescence with a panel of three O. tsutsugamushi
antigens (Gilliam, Kato and Kawasaki strains). The micro-
immunofluorescence assay was considered positive if anti-
body titres were >128 for IgG and >64 for IgM, or if
seroconversion was demonstrated [20].

PCR and sequencing methods

DNA was extracted from the blood sample (buffy coat layer)
using a QIlAamp DNA Mini Kit (Qiagen, Hilden, Germany)
according to the manufacturer’s instructions. Two amplifica-
tion reactions were performed. First, real-time quantitative
PCR with a TagMan probe targeting the 47-kDa outer-mem-
brane protein, using previously described primers and probe
[21], was used as a screening test in Thailand. The positive
results from the first PCR were then confirmed using a
standard PCR targeting a 372-bp fragment of the 56-kDa
protein gene with forward primer OtsuF (5-AATTGCTA-
GTGCAATGTCTG) and reverse primer OtsuR (5-GGCAT-
TATAGTAGGCTGAG). The resulting gene fragment encom-
passed the VDI to VDIII hyper-variable fragments [11].
Primers were synthesised by Eurobio (Paris, France). Water
was used as a negative control. PCR products were resolved by
electrophoresis on agarose 1% w/v gels in 1x Tris-borate-
EDTA buffer (89 mM Tris, 89 mM boric acid, 2 mM EDTA).
The sizes of the PCR amplicons were determined by compar-
ison with a molecular size standard (Boehringer, Manheim,
Germany) under UV light after staining with ethidium
bromide. PCR products were purified using a QIAquick PCR
Purification Kit (Qiagen) according to the manufacturer’s
instructions. Sequencing reactions were performed using a
dRhodamine Terminator Cycle Sequencing Ready Reaction
Mix (Applied Biosystems, Foster City, CA, USA). Sequencing
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was performed on an ABI Prism 310 DNA Sequencer (Applied
Biosystems), and the resulting sequences were compared with
those available in GenBank by using BLAST software [22].

Phylogenetic analysis

All available O. tsutsugamushi 56-kDa protein-encoding gene
sequences were first obtained from GenBank. Only sequences
that matched the amplified fragments, and for which the host
and geographical origins were described, were retained for
analysis. Sequences were aligned using CLUSTALW software
[23]. Phylogenetic relationships among the strains detected in
the present study, and those for which sequences were
available in GenBank, were inferred using MEGA software
[24] for the neighbour-joining and maximum-parsimony
methods, and PHYLIP software [25] for the maximum-like-
lihood method. Bootstrap analysis was used to estimate the
reliability of nodes.

RESULTS

Serum specimens from 195 enrolled patients were
collected during the study period, comprising 72
patients from Bureerum, 47 from Chaiyapoom
and 76 from Chumphon. All patients who were
initially positive according to the Weil-Felix assay
were also positive according to immunofluores-
cence assay serology. In total, ten specimens were
positive according to the real-time quantitative
PCR targeting the 47-kDa outer-membrane pro-
tein. Similarly, the PCR targeting a fragment of
the 56-kDa protein-encoding gene amplified a
product of the expected size for the same ten
samples, comprising two from Bureerum (2.8%),
five from Chaiyapoom (10.6%) and three from
Chumphon (3.9%) (Table 1). All negative controls
yielded negative PCR results. Sequences were

Table 1. Serological results for ten patients from Thailand
who were positive according to PCR for the 47-kDa outer-
membrane protein gene and a fragment of the 56-kDa
protein-encoding gene of Orientia tsutsugamushi

Serological titres

Gilliam Kato Kawazaki
Patient origin 1gG/IgM 1gG/IgM IgG/IgM
CHB71? 512/256 512/256 512/256
CHB74* 512/0 512/0 512/0
CHB75% 128/256 512/256 128/256
CIB3® 128/256 128/128 128/256
CIB11° 64/128 64/128 64/128
CIB33° 512/1024 512/1024 512/1024
CPB2° 2048/1024 2048/1024 2048/1024
CPB3® 2048/1024 512/1024 1024/1024
BB23¢ 512/64 512/64 512/64
BB29° 256/256 256/256 256/256

“Chumphon province.
Chaiyapoom province.
“Bureerum province.

deposited in GenBank under the accession num-
bers detailed in Table S1 (see Supplementary
material).

In total, 71 O. tsutsugamushi 56-kDa protein-
encoding gene sequences were identified in Gen-
Bank that could be aligned with the sequences
from the present study, and for which the host
and geographical origin were described. Another
41 sequences that were too short, were other
fragments of the 56-kDa protein-encoding gene,
or for which epidemiological data were not
available, were not used in the analysis. When
comparing the ten amplicons from the Thai
patients in the present study to each other and
to the 71 GenBank sequences, the percentages of
nucleotide sequence similarity ranged from
73.0% between amplicon CPB3 and strain Shim-
okoshi [11] to 100% between amplicon BB29 and
strains TW201 and Twyu81 [26].

The phylogenetic organisation was similar
regardless of the analysis method used (Fig. S1,
see Supplementary material). Two of the new
genotypes found in the present study (CIB3 and
CIB11) clustered together with strains related
to the Karp type, organised into the JP1 and
JP2 subgroups according to previous studies of
Tamura et al. [27]. Four more of the new genotypes
(CPB3, CHB74, CPB2 and BB29) clustered together
in a group containing genotypes identified previ-
ously in Taiwan. Two new genotypes (BB23 and
CHB71) clustered together with a strain from
Taiwan; this cluster branched from the cluster
formed by Gilliam strains. The remaining two new
genotypes (CHB75 2 and CIB33) clustered together
with strains from Taiwan, and this group branched
from a cluster formed by Kato strains.

DISCUSSION

The present study detected O. tsutsugamushi in
the blood of ten patients from three provinces in
Thailand, and performed a comprehensive phy-
logenetic analysis of these strains by comparison
with a large collection of sequences contained in
GenBank. The public health importance of
O. tsutsugamushi, with geographical differences
in pathogenicity [1] and the emergence of antibi-
otic-resistant strains [28], together with its signif-
icant antigenic and genotypic diversity, have
stimulated numerous studies of this organism.
However, the antigenic diversity of O. tsutsuga-
mushi is problematical for serological investi-
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gations, as cross-reactions may not occur among
all serotypes, and thus infection may not be
diagnosed when the causative strain is not
included in the panel of tested antigens.

The antigenic diversity of this organism
depends on variations in the 56-kDa outer-
membrane protein [29], also named Sta56
(56-kDa scrub typhus antigen) [30] and Tsa
(tsutsugamushi-specific antigen), and therefore
depends on variations in the nucleotide sequence
of the 56-kDa protein-encoding gene. This gene
has been used in recent years for genotyping
O. tsutsugamushi isolates [11,16,26], and 112
sequences of the 56-kDa protein-encoding gene
are currently available in GenBank, many of
which have not appeared in the scientific litera-
ture, and for which few or no data are available.
Using sequences from 71 strains, in addition to
the ten sequences from the present study, several
phylogenetic clusters were identified, including
the six clusters described previously [27]. Two of
the ten genotypes from the present study clearly
belonged to the Karp cluster. The other genotypes
were grouped into three different clusters, includ-
ing one that appeared to be distant from all other
clusters that include type strains, and which may
therefore be representative of a previously unde-
scribed serotype. It is difficult to decide whether
the other two clusters belonged to the previously
described Gilliam and Kato clusters, respectively,
or whether they also constituted clusters that
were associated with undescribed serotypes.

In Thailand, scrub typhus accounts for c. 20%
of all cases of febrile illness, and ranks second
among identified infectious diseases after lepto-
spirosis [14]. Few genotyping studies of O. tsuts-
ugamushi strains in Thailand have been published
previously [18,19,31], but it has been demon-
strated that Thai strains can be classified within
the Karp and Kato types, with Karp-type strains
being predominant. The present study revealed a
great genetic diversity among the ten amplicons,
with nine new genotypes being identified. All
genotypes identified in the present study differed
from those found previously in Thailand
[19,31,32], with only two being related to the
Karp type. The other eight genotypes were clas-
sified within other clusters, which represent
putative new serotypes. The association of Thai
and Taiwanese strains within new clusters is as
yet unexplained, as O. tsutsugamushi genotypes
were considered previously to be restricted to a
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specific geographical area and to a specific mite
vector [1]. The identification of nine new geno-
types in Thailand supports this assumption, but
the mite vectors that transmitted scrub typhus to
the patients were not investigated. It has been
demonstrated previously that the antigenic diver-
sity of O. tsutsugamushi reduced the sensitivity
of serological tests, although this was greatly
enhanced by the diversification of antigens tested
[14]. The identification of new genotypes, espe-
cially those classified within new phylogenetic
clusters, suggests that the genotypic diversity of
O. tsutsugamushi strains in Thailand should war-
rant the addition of representatives of the new
clusters to the panel of antigens used to test
patients suspected of having scrub typhus or who
have unexplained fever.

In conclusion, this study identified nine new
genotypes among O. tsutsugamushi strains in
Thailand, thereby indicating the possible exis-
tence of previously undescribed serotypes. These
results not only demonstrate a greater diversity of
strains in Thailand than was suspected previ-
ously, but also highlight the necessity to test more
strains as antigens in serological tests. Additional
human, rodent and mite specimens will help in
the cultivation of these strains and in obtaining a
more precise understanding of the distribution of
O. tsutsugamushi genotypes in Thailand.
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