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     INTRODUCTION 

 Scrub typhus is acute febrile illnesses caused by the obli-
gate intracellular bacterium  Orientia tsutsugamushi  after the 
bite of an infected larval-stage trombiculid mite (chigger). 1  
Symptoms of scrub typhus include fever, headache, rash, 
cough, and myalgias. Severe manifestations may include pneu-
monitis, meningitis, encephalitis, disseminated intravascular 
coagulation, and multiorgan failure. The case fatality rates 
can go up to 50%, if not treated appropriately. 2–  4  The disease 
can be treated effectively with antibiotics such as doxycycline, 
azithromycin, rifampin, and chloramphenicol. No effective 
vaccine is currently available. 

 Scrub typhus is endemic in Asia, northern Australia, and the 
Western Pacific regions. 5,  6  Scrub typhus is the most important 
acute febrile illness associated with the major rickettsioses and 
has been designated as a reportable communicable disease in 
Taiwan since 1955. The number of laboratory confirmed cases 
of scrub typhus from 2004 to 2008 were 369, 462, 384, 510, and 
492, respectively, in Taiwan ( http://www.cdc.gov.tw/en ). 

 The phenotypic variation identified by polyclonal or 
monoclonal antibodies of the  O. tsutsugamushi  isolates 
depend on the antigenicity of a 56-kDa type-specific antigen 
(TSA), which is located on the outer membrane surface of 
the bacteria. 7–  10  This immunodominant 56-kDa TSA gene of 
 O. tsutsugamushi  has been the target for phylogenetic anal-
ysis because of its sequence variation. 11–  14  In this study, we 
reported the isolation of 116  O. tsutsugamushi  strains from 
scrub typhus patients infected in various regions of Taiwan 
including three offshore islands, Kinmen, Matsu, and Penghu 
between May 2006 and December 2007. Phylogenetic analy-
sis of  O. tsutsugamushi  isolates on the basis of the sequences 
of a complete open reading frame (ORF) of 56-kDa TSA 
genes was conducted to determine the genetic relatedness 
of strains with previous isolates in Taiwan and strains from 
other countries. 

   MATERIALS AND METHODS 

  Human blood samples.   Scrub typhus is a notifiable infec-
tious disease in Taiwan. Blood samples from patients with 
suspected scrub typhus were collected and sent to the Taiwan 
Centers for Disease Control (Taiwan CDC) for laboratory 
diagnosis. Samples were considered positive for scrub typhus 
with a positive real-time polymerase chain reaction (PCR) 
test or the detection of  O. tsutsugamushi -specific antibodies 
by indirect immunofluroescent assay (IFA) (� 4-fold increase 
of  O. tsutsugamushi -specific immunoglobulin M (IgM) or IgG 
antibody in paired sera). Bacterial isolation was performed for 
PCR-positive samples. Blood samples used in this study were 
derived from confirmed cases submitted to the Taiwan CDC 
from May 2006 to December 2007. 

   Cell culture and  O. tsutsugamushi  isolation.   Peripheral 
blood mononuclear cells (PBMC) collected from acute-
phase blood samples of scrub typhus patients were used for 
isolation of  O. tsutsugamushi . Bacterial isolation in cell culture 
was performed using the centrifugation shell vial technique 
as described previously. 15,  16  Briefly,  O. tsutsugamushi  were 
propagated in L929 mouse fibroblast cells (ATCC CCL-1, 
NCTC Clone 929) at 32°C in a 5% CO 2  incubator for 10 to 14 
days and then detected by IFA using  O. tsutsugamushi -specific 
antibody. Each positive shell vial was harvested and inoculated 
into a T-25 flask containing a monolayer of confluent L929 
cells. After 14–20 days of incubation, bacteria-infected L929 
cells were scraped and frozen at −80°C. 

   PCR amplification and DNA sequencing.   Bacterial DNA 
was extracted from  O. tsutsugamushi -infected L929 cells 
using the QIAamp DNA blood Mini Kit (QIAGEN GmbH, 
Hilden, Germany) according to the manufacturer’s instructions 
and stored at −80°C. Primers used for PCR and nucleotide 
sequencing in this study are shown in  Table 1 . Primers OT-1F 
and OT-2134r were used for PCR to amplify a complete open 
reading frame of 56-kDa TSA gene of  O. tsutsugamushi . All 
primers were used for DNA sequencing. The PCR amplification 
was performed in 50-μL volumes using the QIAGEN Taq PCR 
Core Kit (QIAGEN) according to the manufacturer’s protocol. 
The reaction mixture contained 0.2 μM each of the primer, 
0.5 mM of deoxyribonucleotide triphosphate mixture, and 2.5 U 
of  Taq  DNA polymerase (QIAGEN). Specific fragments were 
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amplified with one cycle of 3 minutes at 94°C, 35 cycles of 
30 seconds at 94°C, 45 seconds at 55°C, 1 minute at 72°C, and 
one cycle of 10 minutes at 72°C. After electrophoresis, gels 
were stained with ethidium bromide, and amplicons were 
visualized with an ultraviolet transilluminator. The PCR 
products were purified using the QIAquick Gel Extraction 
Kit (QIAGEN), and DNA sequencing was carried out using 
the ABI Prism 3700 DNA sequencer (Applied Biosystems, 
Foster City, CA) according to the manufacturer’s protocol. 
The PCR products were sequenced twice in each direction. 

       Phylogenetic analysis.   The complete ORF of 56-kDa 
TSA gene of  O. tsutsugamushi  isolates were determined and 
aligned with global sequences, and retrieved from GenBank 
for genetic analysis. Sequence analysis was performed with 
the Lasergene software packages (DNASTAR Inc., Madison, 
WI). The nucleotide sequences were aligned using Clustal 
W software. Phylogenetic and molecular analyses were 
conducted using MEGA version 4 17  or PHYLIP version 3.66. 18  
Phylogenetic trees were obtained from DNA sequences by 
using the neighbor-joining and maximum likelihood methods 
and genetic distances were calculated using the Kimura 
two-parameter distance algorithm. One thousand bootstrap 
replicates were performed to estimate the node reliability of 
the phylogenetic trees obtained by the two methods. Bootstrap 
support values above 75 are considered significant. 

   Nucleotide sequence accession numbers.   The GenBank 
nucleotide sequence accession numbers for the nucleotide 
sequence data generated in this study are GQ332742 to 
GQ332763. Accession numbers of the gene sequences used in 
this study were indicated within the figure. 

    RESULTS 

  Characteristics of  O. tsutsugamushi  strains isolated from 
scrub typhus patients in Taiwan.    Figure 1  shows the Taiwan 
map and geographic locations of  O. tsutsugamushi  strains 
isolated in this study. Analysis of the 56-kDa TSA gene 
sequence of 116  O. tsutsugamushi  isolates obtained in this study 
showed that these isolates could be grouped into 22 distinct 
sequence types (TW-1 to TW-22), according to their sequence 
homologies. Sequence similarities were > 99.9% within each 
of the sequence type.  Table 2  shows the 22 sequence types, 
the representative isolate of each of the sequence types, and 
pairwise nucleotide sequence similarities with strains isolated 
from other countries. Most of the sequence types are closely 
related to strains from Thailand, whereas others are similar to 
strains from Japan, Korea, and China. 

        Phylogenetic analysis of  O. tsutsugamushi  isolated in 
Taiwan.    Figure 2  shows the phylogenetic analysis of 58 strains 
including 22 representative isolates described in this study, 
seven local strains from rodent species in Taiwan previously 
reported by Qiang and others, 12  and 29 global reference strains 
available from GenBank. Most of the Taiwan strains isolated 
in this study grouped with the Karp genotype (44.8%; 52/116) 
including sequence type TW-1 to TW-8. The most closely 
related global reference strains to TW-1, TW-2, TW-4, TW-5, 
and TW-6 were strains isolated from Thailand. TW-8 isolates 
were grouped into Saitama-type strains isolated from Japan 
and Korea. TW-9 isolates belong to Kuroki genotype and are 
most closely related to Boryong and Kuroki strains from Korea 
and Japan, respectively. Two isolates, TW-10 and TW-11, were 
clustered with TA763-type strains with sequence similarity 
93.8% and 96.7% to TA763 strain, respectively. 

  TW-12 isolate was unique in that greater sequence varia-
tion was found compared with the other global reference 
strains. Strains of TW-13 to TW-19 belong to Kawasaki geno-
type. TW-13 and TW-14 are most closely related to global ref-
erence strains from China and Thailand, respectively. TW-15 
is very similar to the Kawasaki strain from Japan, whereas 
TW-16 to TW-19 isolates are most closely related to strains 
from Thailand. TW-20 and TW-21 belong to Kato genotype 
and are most closely related to strains from Malaysia and 
Japan, respectively. Sequences of TW-22 isolates were unique 
and distinct from strains isolated from other countries. 

   Geographic distribution of  O. tsutsugamushi  strains.    
Figure 1  and  Table 3  show the geographic location and 
distribution of 116  O. tsutsugamushi  isolates obtained in this 
study. TW-1 contains the most abundant  O. tsutsugamushi  
isolates (39 isolates) and these isolates are widely distributed 
in Taiwan and offshore islands, especially in Kinmen Island. 

  Figure  1.    A map indicating geographic areas in Taiwan from which 
 Orientia tsutsugamushi  strains were isolated.    

  Table  1 
  Primers used for polymerase chain reaction (PCR) and DNA sequenc-

ing of  Orientia tsutsugamushi   
Primer Sequence (5′ → 3′)

OT-1F GTT AGT GTG GCT AAA TAA TTA G
OT-1FN GTT TAG AAT GGT TAC CAC
OT-1R GGC ATT ATA GTA GGC TGA GG
OT-2F AGC AGA GCT AGG GGT TAT GT
OT-2R GTA TCT GTT CGA CAG ATG CAC
OT-3F CTC CTG TCA AAG TAT TAA GTG
OT-3R GTC AGC ATA GAG TTT AAC TTG
OT-4F AGA TCT TGT TAA ATT GCA GCG T
OT-1889r TGA ACT TGA TAA TGC AGA AA
OT-2134r CTT TGC TCT GGT TTA GTT GTA
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Isolates of TW-2, TW-3, TW-4, and TW-17 were only found in 
northern Taiwan. TW-9 contains 17 isolates and these isolates 
were found only in the Taiwan main island. TW-19 contains 14 
isolates and these isolates were distributed in the south part 
of Taiwan and Kinmen and Matsu Islands. TW-22 contains 19 
isolates including 11 from Kaohsiung City and County and 8 
from Kinmen Island. 

        DISCUSSION 

 In this study, phylogenetic analysis of the 56-kDa TSA 
gene sequences shows that large genetic diversities are recog-
nized among the  O. tsutsugamushi  strains isolated in Taiwan. 
Among 22 sequence types identified, 11 sequence types are 
closely related to strains isolated from Thailand, whereas 
other sequence types are related to strains isolated from Japan 
(TW-14, TW-15, and TW-21), Korea (TW-7, TW-8, and TW-9), 
China (TW-13), Malaysia (TW-20), and New Guinea (TW-3). 
On the other hand, two sequence types, TW-12 and TW-22, 
are unique in Taiwan and distinct from isolates found in other 
countries. 

 Qiang and others 12  reported the analysis of 14 strains of 
 O. tsutsugamushi  isolated from mites and rodent species in 
Kinmen Island, Penghu Island, Lanyu Island, and Chengkung 
harbor in Taitung County between 1986 and 1999. These 
strains showed high varieties in sequence homologies of the 
56-kDa TSA gene and were different from those distrib-
uted in other countries. In this study, we have isolated simi-
lar strains described by Qiang from blood samples of scrub 
typhus patients during 2006–2007. TW20-1 and TWyu8-1 
strains were similar to TW-1 isolates with sequence similarities 
� 99.8%. TW73R, TW14-1, and TW44R were similar to TW-5, 
TW-8, and TW-22 with sequence similarity � 99.9%, respec-
tively, whereas TW38-1 was identical to TW-10. These results 
indicate that many isolates obtained from mites and rodent 
species in Taiwan are pathogenic for humans. 

 More recently, Kelly and others 19  analyzed 271 sequences 
of 56 kDa antigen gene at the global level and found that 
Karp-related strains (~40%) are the most common of all 
genotyped isolates, followed by the JG-related genotype 
strains (~18%), throughout the region of endemicity. Similar 
results were found in our study, Karp-related isolates (TW-1 
to TW-7), except TW-8 (Saitama), are most common (42.4%, 
49/116) and JG-related genotype (TW-13 and TW-14; TW-16 
to TW-19) make up 17.2% (20/116) of all isolates. However, in 
contrast to the study of Kelly and others, the Kuroki-related 
genotype isolates (TW-9) were more abundant (14.7% versus 
5.5%) in Taiwan. 

 It is interesting to note seasonal prevalence of different  
O. tsutsugamushi  strains in this study.  Table 4  shows the monthly 
distribution of scrub typhus infections of 116 cases. Notably, 
sequence types that caused scrub typhus disease in the cold 
season (November to January), including TW-8, TW-9, TW-13, 
TW-14, and TW-15, are closely related to the strains isolated 
in Japan, Korea, and China, whereas most of the sequence 
types that transmitted in the warm season (April to October) 
are closely related to the strains isolated from Thailand. As 
in Southeast Asia and Western Pacific, scrub typhus also 
occurs virtually all year around in Taiwan. The larval chig-
ger of  Leptotrombidium deliense  is the principal vector of 
scrub typhus and is present throughout the year, with a peak 
occurring in summer in Taiwan. 20,  21  These mites are resistant 
to high humidity and warm temperature. In addition, spe-
cies other than the main vector species have also been col-
lected in Kinmen and Matsu Islands, such as  Leptotrombidium 
scutellare  and  Leptotrombidium pallidum . Whether different 
vector species were responsible for the changes of seasonal 
prevalence of scrub typhus disease remained to be studied. 
Our results provide genetic evidence that a great diversity of  
O. tsutsugamushi  pathogenic strains existed in Taiwan, which 
is located in the endemic center of the geographic triangle of 
scrub typhus. 

  Table  2 
  The sequence type, representative strains, and phylogenetic closest foreign strains of  Orientia tsutsugamushi   

Sequence 
type

Representative 
isolate

Length of 
ORF of 56kD-

TSA gene

Isolation site of 
representative 

isolate

Isolation date 
(month/year) of 

representative isolate

Pairwise nucleotide sequence similarity (%) 
to phylogenetically closest foreign 
 O. tsutsugamushi  strain from NCBI

GenBank 
accession no. Genotype

TW-1 KM0605a 1608 Kinmen Island 05/2006 98.3% to UT150 (EF213086), Thailand GQ332742 Karp
TW-2 TY0610a 1605 Taoyuan County 10/2006 97.4% to UT336 (EF213089), Thailand GQ332743 Karp
TW-3 TP0607a 1605 Taipei County 07/2006 97.5% to Karp (M33004), New Guinea GQ332744 Karp
TW-4 TP0708a 1608 Taipei County 08/2007 96.0% to UT336 (EF213089), Thailand GQ332745 Karp
TW-5 KM0607h 1632 Kinmen Island 07/2006 95.8% to UT176 (EF213081), Thailand GQ332746 Karp
TW-6 KHC0609c 1608 Kaohsiung City 09/2006 97.7% to UT176 (EF213081), Thailand GQ332747 Karp
TW-7 KHC0606a 1608 Kaohsiung City 06/2006 96.4% to yeo-joo (AF430144), Korea GQ332748 Karp
TW-8 CH0711a 1692 Changhua County 11/2007 96.3% to pa-joo (AF430142), Korea GQ332749 Karp
TW-9 TPC0701a 1599 Taipei City 01/2007 99.7% to Boryong (AM494475), Korea GQ332750 Kuroki
TW-10 KHC0704a 1566 Kaohsiung City 04/2007 93.8% to TA763 (U80636), Thailand GQ332751 TA763
TW-11 NT0707a 1584 Nantou County 07/2007 96.7% to TA763 (U80636), Thailand GQ332752 TA763
TW-12 TT0705a 1593 Taitung County 05/2007 86.8% to UT302 (EF213095), Thailand GQ332753 TW-12
TW-13 NT0711a 1557 Nantou County 11/2007 92.6% to Sxh951 (AF050669), China GQ332754 Kawasaki
TW-14 TT0711a 1551 Taitung County 11/2007 92.6% to Ikeda (AP008981), Japan GQ332755 Kawasaki
TW-15 PT0712b 1569 Pingtung County 12/2007 99.3% to Kawasaki (M63383), Japan GQ332756 Kawasaki
TW-16 KHC0707a 1572 Kaohsiung City 07/2007 97.2% to UT329 (EF213099), Thailand GQ332757 Kawasaki
TW-17 TPC0707a 1596 Taipei City 07/2007 97.7% to UT125 (EF213096), Thailand GQ332758 Kawasaki
TW-18 KHC0706a 1596 Kaohsiung City 06/2007 98.4% to UT125 (EF213096), Thailand GQ332759 Kawasaki
TW-19 KM0606a 1572 Kinmen Island 06/2006 97.2% to UT125 (EF213096), Thailand GQ332760 Kawasaki
TW-20 HC0605a 1572 Hsinchu County 05/2006 99.9% to LF-1 (AF173050), Malaysia GQ332761 Kato
TW-21 KM0607b 1590 Kinmen island 07/2006 98.6% to Kato (M63382), Japan GQ332762 Kato
TW-22 KHC0606b 1575 Kaohsiung City 06/2006 88.3% to FPW1038 (EF213087), Thailand GQ332763 TW-22
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  Figure  2.    Phylogenetic tree based on the 56-kDa TSA gene ORF of 58 strains of  Orientia tsutsugamushi . The tree was constructed by 
the neighbor-joining method. Bootstrap support values > 75 are shown. The 22 representative strains described in this study are designated 
in bold.  Orientia tsutsugamushi  strains were identified using the nomenclature of OT/country/strain name/year of isolation/GenBank accession no.; 
u = unknown.    
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     The 56-kDa TSA is a type-specific protein of  O. tsutsuga-
mushi  and contains hypervariable regions. Analysis of genetic 
relationship of  Orientia  strains using DNA sequences of 56-kDa 
TSA gene may have exaggerated the differences of the evolu-
tion of  Orientia . Analysis of the sequence of other genes, such 
as 16S rRNA and  groEL  genes showed that sequence diver-
gence of these genes within the  Orientia  genus is very limited 
and might not provide useful data for studies of genetic differ-
entiation within  Orientia  strains. Because the whole genome 
of  O. tsutsugamushi  has been determined, some of the genes 
might be useful for phylogenetic study in the future. It is worth 
analyzing the sequence divergence of other genes including 
the housekeeping gene to determine the genetic relationship 
of  Orientia  strains   . 
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