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We performed molecular characterization of Orientia
tsutsugamushi on DNA sequences from 5 patients from
Bhutan with scrub typhus. In the 56 kDa gene, all iso-
lates aligned with those from other Asia countries, includ-
ing Nepal, India, Thailand, and Taiwan. High serum IgM
titers correlated with PCR positivity in acutely ill patients.

Orientia tsutsugamushi is an intracellular bacterium
that causes an acute febrile illness called scrub
typhus. It is transmitted through the bite of infected
trombiculid larva mites (chiggers). Globally, scrub ty-
phus is a huge public health burden, mainly in the
Asian tropics; overall seroprevalence is ~25% and is
higher in male than female patients (1). The detection
of scrub typhus in the Middle East and South Amer-
ica is evidence that scrub typhus may be endemic
beyond the traditionally described tsutsugamushi tri-
angle in the Asia Pacific region (1,2).

In Bhutan, scrub typhus is increasingly reported
as a significant public health problem; estimated annu-
al incidence is 62 cases/ 100,000 population (3). In 2015,
~7% of hospitalized patients with acute febrile illnesses
had scrub typhus, and a seroprevalence of ~23% was
reported in the general population (4). Although scrub
typhus is a huge public health problem in Bhutan,
data are limited to a few outbreak reports and sero-
epidemiologic studies with no information on genetic
diversity of O. tsutsugamushi. This study describes
the molecular characteristics of 5 O. tsutsugamushi
sequences from Bhutan. The Bhutan Research Ethics
Board of Health reviewed and approved the study. Pa-
tients provided written consent before participation.
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The Study

We used 5 real-time quantitative PCR (qPCR) posi-
tive samples and their corresponding serology re-
sults for this study. In a previous study that used the
same samples (4), blood samples were collected from
a population of acute febrile patients visiting differ-
ent hospitals in Bhutan and shipped to the Australian
Rickettsial Reference Laboratory (ARRL) for analy-
sis. The samples were tested for O. tsutsugamushi,
the causal agent of scrub typhus, by gPCR and serol-
ogy. For qPCR, DNA was extracted from the buffy
coat sample by using a HiYield DNA Mini Kit (Real
Genomics, http:/ /www.real-biotech.com) and tested
with the qPCR established in the ARRL and validated
previously (5). Antibody testing (initial screening fol-
lowed by end titration) used the microimmunofluo-
rescence assay established and used as the routine
protocol in the ARRL (6).

We amplified the O. tsutsugamushi samples that
tested positive by qPCR with conventional 56 kDa
PCR as described previously (7), with slight modifica-
tion. Macrogen Inc. (Seoul, South Korea; https://dna.
macrogen.com) sequenced the amplified DNA prod-
ucts (Figure). We submitted the 5 sequences to Gen-
Bank under accession numbers PQ206269, PQ206270,
PQ206271, PQ206272, and PQ206273 for samples num-
bered Bhutanl, Bhutan3, Bhutan5, Bhutan6, and Bhu-
tan7, respectively. In their corresponding antibody test
by microimmunofluorescence assay, all 5 qPCR-posi-
tive samples had very high titers for O. tsutsugamushi
IgM, IgG, or both, indicating acute illness (Table).

Conclusions

O. tsutsugamushi isolates from Bhutan appeared to
be located in 2 main clusters in the phylogenetic tree
(Figure) but are closely related. Samples Bhutanl,
Bhutan3, Bhutan6, and Bhutan7 belonged to 1 clus-
ter, and Bhutan 5 appeared to form a separate clus-
ter. Bhutan1 was similar to an isolate O. tsutsugamushi
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Figure. Orientia tsutsugamushi
56 kDa gene bootstrap consensus
phylogenetic tree from genetic
characterization study, Bhutan.
Red dots indicate the 5 sequences
characterized in this study. The
tree was inferred using the
neighbor-joining method. The
percentages of replicate trees

in which the associated taxa
clustered together in the bootstrap
test (1,000 replicates) are shown
next to the branches. GenBank
accession numbers are shown.

Table. Antibody test results of microimmunofluorescence assay screening and end titer for scrub typhus in study of Orientia
tsutsugamushi, Bhutan, 2015

Orientia tsutsugamushi serotype test result

Sample Gilliam Karp Kato Orientia chuto

no. Positive threshold IgG IgM IgG IgM IgG IgM IgG IgM

Bhutan1 >1:128 1:256 1:2,048 <1:128 1:4,096 <1:128 1:4,096 <1:128 <1:128
Bhutan3 >1:128 <1:128  1:2,048 <1:128 1:4,096 <1:128 1:4,096 <1:128 <1:128
Bhutan5 >1:128 <1:128 1:1,024 <1:128 1:1,024 <1:128 1:1,024 <1:128 <1:128
Bhutan6 >1:128 1:1,024  1:1,024 1:1024 1:1,024 1:1,024 1:1,024 <1:128 <1:128
Bhutan7 >1:128 1:256 1:512 1:512 1:512 1:256 1:256 <1:128 <1:128
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karp strain UT221 from northeastern Thailand (8). Iso-
lates Bhutan6 and Bhutan7 were in the same phyloge-
netic tree as that of O. tsutsugamushi CREX0 found in
the Maesot and Chiangrai areas of northwestern Thai-
land (9) and in China, Japan, and South Korea (10).
Isolate Bhutan3 was at the same level as isolates from
Nepal (11) and Taiwan (12) in the phylogenetic tree.
Bhutan5, which appeared to be in a different cluster
from the rest of the isolates, was related to isolates
from the Gorakhpur area in Uttar Pradesh, India,
which is geographically nearer to Nepal and the Hi-
malayas (13). Overall, all 5 isolates from Bhutan align
with the Asia cluster of O. tsutsugamushi, as expected.
None of the samples was related to O. chuto, which,
as of July 2025, had only been identified in the Middle
East (14) and Africa (15). The high serum IgM titers in
the 5 patients correlated well with their qPCR positiv-
ity. That finding suggests that in acute scrub typhus
infection, serologic tests that detect IgM and qPCR
might be useful tools for early diagnosis, which would
prompt early initiation of appropriate treatment to
prevent complications. We detected O. tsutsugamushi
antibodies against Karp, Gilliam, and Kato serotypes
but no O. chuto antibodies, indicating that O. chuto is
not circulating in Bhutan at the time of this study.

The main limitation of this study was that 5 DNA
samples were available for sequencing and only the
56 KDa gene was sequenced. That gene is the one
most commonly used for phylogenetic analysis be-
cause it contains the most polymorphisms. Thus, this
molecular report from Bhutan presents a preliminary
genetic characterization of O. tsutsugamushi. Studies
that include more samples and sequencing of addi-
tional gene targets will confirm characterizations.

In summary, we characterized 5 O. tsutsugamu-
shi sequences from patients in Bhutan and found that
they mostly align with isolates from other countries
in Asia. Serologic testing for IgM and qPCR testing
can provide early diagnosis of acute scrub typhus in-
fection and timely initiation of treatment to prevent
complications.
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