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(54) Title: PRIMER PAIRS FOR DETECTING ORIENTIA TSUTSUGAMUSHI AND DETECTION METHOD USING THE
SAME

(57) Abstract: The present invention relates to a diagnosis method of scrub typhus, more precisely, to a diagnosis method of scrub
typhus by detecting Orientia tsutsugamushi, the cause of scrub typhus, comprising the following steps: preparing primer pairs
based on the 16s ribosomal gene sequence of Orientia tsutsugamushi; and detecting Orientia tsutsugamushi using the prepared
primer pairs. The diagnosis method of the present invention not only demonstrates higher diagnostic accuracy than other conven-
tional methods amplifying and analyzing 47kDa, 57kDa, and groEL, but also is very simple and easy,suggesting that it is excellent
in the aspect of cost-effect.
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Description
Title of Invention: PRIMER PAIRS FOR DETECTING ORIENTIA
TSUTSUGAMUSHI AND DETECTION METHOD USING THE

SAME
Technical Field

[1] The present invention relates to primer pairs for diagnosing Orientia tsutsugamushi
and a diagnosis method of Orientia tsutsugamushi using the same, more specifically, to
primer pairs that are capable of amplifying 16s ribosomal RNA gene base sequence of
Orientia tsutsugamushi, the cause of scrub typhus, and a detection method of scrub

typhus by detecting Orientia tsutsugamushi using the same.

Background Art

[2] Scrub typhus is an acute febrile disease, which is transmitted via chigger infected
with Orientia tsutsugamush, and shows characteristic clinical symptoms due to
systemic vasculitis. A rodent is a major host and a mite(chigger) is a host and vector.

[3] Since scrub typhus was first reported in Korea in 1951, this major autumn febrile
disease has been spread all over the country particularly in between September and
November. Particularly, so many cases have been occurring as 30% of all patients in
fall are diagnosed as scrub typhus.

[4] Symptoms such as fever, chill, headache, muscle ache, and erythematous papular
rash would be developed in 1-2 weeks after the chigger bite. A detection of the
developed characteristic eschar would be helpful for early diagnosis of the disease.
Generally, the progress of this disease is not serious and an antibiotic works well for
the disease. However, in case of a late diagnosis, complications in the form of
pneumonia, acute renal failure, encephalomeningitis, encephalitis, upper gastroin-
testinal bleeding, multiple organ dysfunction, or even worse myocardial infarction or
stroke can be developed. These complications might be lethal, so that rapid and
accurate diagnosis is essential for the improvement of prognosis of a patient.

[5] Up to date, the methods for diagnosing scrub typhus are methods such as by
confirming Orientiatsutsugamushi by culturing, by detecting the antibody against
Orientiatsutsugamushi in the serum of a patient and by examining DNA of Orientia
tsutsugamushi separated from blood of a patient by PCR (polymerase Chain Reaction)
amplification.

[6] Among them, in the diagnosis method by culturing Orientia tsutsugamushi, it takes
at least several weeks to culture Orientia tsutsugamushi, suggesting that this method is
practically improper for the purpose of diagnosis of a patient. So, the most common

diagnosis methods are indirect fluorescent antibody technique and immuno enzyme
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[7]

(8]

[9]

[10]

[11]

[12]

[13]

technique, which are serological test methods.
However, the above methods still have disadvantages of false positive resulting from

the cross-reaction with other pathogenic microorganisms, low sensitivity in case of test
in an early stage of the disease due to requiring several days until an antibody is
formed after symptoms of the disease begins, and additional tracking tests required for
comfirming diagnosis.

Another diagnosis method of scrub typhus, which is a method of detecting Orientia
tsutsugamushi specific DNA from blood of a patient by PCR in order to make the rapid
diagnosis of scrub typhus in its early stage, has been introduced. Examples of PCR
comprise the conventional PCR, or nested PCR obtained by the modification of the
conventional PCR and showing 100 times greater sensitivity than the conventional
PCR, or real time PCR during which the results can be confirmed rapidly within two
hours.

In the conventional PCR diagnosis of scrub typhus, PCR using various target protein
genes such as 46kDa, 57kDa, and groEL, etc, has been tried, and nested PCR or real
time PCR has been more preferred over the conventional PCR. Because when the con-
ventional PCR was performed by using 46kDa or S7kDa gene as a target, sensitivity
was as low as at best 10%. However, nested PCR has a drawback that it does take
longer time to test than other PCR, with PCR performed twice to increase sensitivity.
Also, real time PCR has a drawback that with very expensive testing equipments
required, there was a limitation in use universally in most medical institutes.

Therefore, it is urgently requested to develop a novel diagnosis method which is

mostly simple and low-cost as well as presenting high sensitivity and specificity.
Disclosure of Invention
Technical Problem

The present inventors tried to develop a novel method to detect Orientia tsut-
sugamushi with ease and simplicity from the blood sample of a patient. As a result, the
present inventors completed this invention by confirming that even with the existing
conventional PCR, highly accurate diagnosis could be achieved by amplifying
specifically a part of 16s ribosomal RNA gene sequence of Orientia tsutsugamushi.

Therefore, the present invention provides a detection method of Orientia tsut-
sugamushi by amplifying 16s ribosomal RNA gene of Orientia tsutsugamushi using
the conventional PCR.

The novel method of the present invention overcome a problem that the sensitivity in
the conventional PCR is within 10%, and also overcomes the problems that in nested
PCR, performing PCR twice or more leads to more labors and time than needed and
higher potential possibility of contamination, and the problem that in real-time PCR,
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[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

expensive equipments are required. Therefore, the method of the present invention is
an excellent method in cost-labor efficient aspects, which also provides diagnostic
accuracy comparable to that of the PCRs.

Solution to Problem

To achieve the above objects, the present inventors designed a detection method of
Orientia tsutsugamushi to amplify and identify 16s ribosomal RNA gene sequence of
Orientia tsutsugamushi. This method can be achieved by preparing primers that can
specifically amplify 16s ribosomal RNA of Orientia tsutsugamushi.

The preparation of the primers were designed based on the 16s ribosomal gene base
sequence amplified from the blood sample of a patient infected with Orientia tsut-
sugamushi Boryoung strain, which was very common in Korea.

Thus, it is an object of the present invention to provide a method for diagnosis of
scrub typhus and a method for detecting Orientia tsutsugamushi characterized by
comprising the step of amplifying a target protein gene using the primers for 16s
ribosomal RNA in blood sample of a patient suspicious with scrub typhus.

It is another object of the present invention to provide a PCR kit for the detection of

Orientiatsutsugamushi containing the primers.

The above and other objects, features and advantages of the present invention will

become apparent from the following description of preferred embodiments and claims.

Advantageous Effects of Invention

The present invention relates to a method for diagnosis of scrub typhus, more
specifically, to primers that are capable of amplifying the 16s ribosomal RNA gene
base sequence of Orientia tsutsugamushi, the cause of scrub typhus, and a method for
diagnosis and detecting Orientia tsutsugamushi using the same.

The diagnosis method of the present invention presents excellent and high diagnostic
accuracy, compared with the conventional methods analyzing by amplifying 46kDa,
57kDA and groEL genes. Also, when the primers of the present invention are applied
to the conventional PCR, comparatively improved diagnostic accuracy is obtained.
Moreover, the method of the invention is not only superior in diagnostic accuracy to
nested PCR or real time PCR but also simple and inexpensive.

Brief Description of Drawings

Fig. 1 is graphs illustrating the comparison of diagnostic efficiency of the detection
method of Orientia tsutsugamushi using the primer pair composed of the sequences
represented by SEQ. ID. NO. 1 and NO. 2 originated from 16s ribosomal RNA of the
present inventionto that of the conventional detection methods of comparative

examples 1 - 6, with receiver operator characteristic (ROC) curve.
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[24]

[25]

[26]
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[29]

[30]

[31]

[32]

[33]
[34]

[35]
[36]

Best Mode for Carrying out the Invention

The present invention relates to a diagnosis method of scrub typhus. More precisely,
the invention relates to a detection method of Orientia tsutsugamushi using primers for
PCR to amplify the 16s ribosomal RNA gene base sequence of Orientia tsutsugamushi
, the cause of scrub typhus.

The present invention also provides primers for PCR to amplify the 16s ribosomal
RNA gene base sequence of Orientia tsutsugamushi, the cause of scrub typhus.

The present invention also provides a PCR kit for the detection of Orientia tsut-

sugamushi containing the primers.

Hereinafter, the present invention is described in detail.

The present invention is characterized by preparing the primer pairs for PCR to
amplify 16s ribosomal RNA gene of Orientia tsutsugamushi and detecting the
amplified 16s ribosomal RNA gene using the primers.

The primers of the present invention were designed based on the 16s ribosomal gene
base sequence amplified from the blood sample of a patient infected with Orientia tsut-
sugamushi Boryoung strain, which was very common in Korea. The primers also could
detect other prototype strains such as Gilliam, Karp, Kato, and various other strains.

The present invention is also characterized by amplifying the target protein gene,
which is 16s ribosomal RNA gene in the blood sample from a suspected case of scrub
typhus by using the primers.

The PCR is an abbreviation for polymerase chain reaction. The PCR comprises all
the PCR of the most common conventional PCR, duplex PCR and nested PCR
performing PCR twice consecutively, and high-cost real time PCR during which the
results can be confirmed in real time, and most preferably it comprises the con-
ventional PCR.

The PCR kit for detection herein may include materials for PCR such as the enzyme
involved in polymerization, dNTP, buffer, mineral oil, standard marker, the staining
reagent bromophenol blue or xylene FF, as well as the primer pairs for PCR for the

amplification of 16s ribosomal RNA gene of Orientia Tsutsugamushi.

Practical and presently preferred embodiments of the present invention are il-
lustrative as shown in the following Examples. However, it will be appreciated that
those skilled in the art, on consideration of this disclosure, may make modifications

and improvements within the spirit and scope of the present invention.

Example 1: Primer preparation
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[37]

[38]

Primer pairs were designed based on the 16s ribosomal gene base sequence amplified
in the blood sample from a patient infected with tsutsugamushi Boryoung strain, which
was very common in Korea, but could detect other prototype strains such as Gilliam,
Karp, Kato, and various other strains, More specifically, the primer pair was prepared
as a forward primer (position 403-428) and a reverse primer (position 577-601) for
GenBank Accession No. bankit1356164 HM352765: O. tsutsugamushi Boryoung
Genotype, which were represented by SEQ. ID. NO. 1 and NO. 2, respectively.
Forward and reverse primers were also prepared for other regions, which were rep-
resented by SEQ. ID. NO 3 - NO. 36 (see Table 1), respectively.

Table 1
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[Table 1]
Sequence
SEQ. ID. NO. 1 5-AGGGATGATAATGACAGTACCTACAG-3
SEQ. ID. NO. 2 5-CCTCTACCATACTCTAGCCTAACAG-3'
SEQ. ID. NO. 3 5-ATTAGTGGCAAACGGGTGAG-3
SEQ. ID. NO. 4 5-CACAGGCTTGGTAAGCCATTA-3'
SEQ. ID.NC. 5 5-GGAATCTGCCCATCAGTACA-3'
SEQ. ID. NO. 6 5-GCTGTTCGTCCTCTCAGACC-3'
SEQ. ID. NO. 7 5-TGCTAATACCGTATGCCCTCT-3'
SEQ. ID.NO. 8 5-CGTGTCTCAGTCCCAGTGTG-3'
SEQ.ID.NQO. 9 5-GGAAAGATTTATCGCTGATGG-3'
SEQ. ID.NO. 10 5-TGTCCAATATTCCCCACTGC-3'
SEQ. ID. NO. 11 5-GCGGCAGATTAGGTAGTTGG-3'
SEQ. ID. NO. 12 5-CATTGCTGGATCAGGCTTTC-3
SEQ. ID. NO. 13 5-AAGGTAATGGCTTAGCAAGCCTGTG-3
SEQ. ID. NO. 14 5-CAACCCTAAGGCCTTCATCA-3'
SEQ. ID. NO. 15 5-GGTCTGAGAGGACGAACAGC-3'
SEQ. ID. NO. 16 5'-CGGGGCTTTITCTGTAGGTA-3
SEQ. ID. NO. 17 5-ATATTGGACAATGGGCGAAA-3'
SEQ.ID. NO. 18 5 -TACGCCCAGTAATTCCGAAC-3
SEQ. ID. NO. 16 5-TGATCGAAGGCCTTAGGGTTG-3'
SEQ. ID. NO. 20 S -TTAAGCCCTGGGATTTCATC-3’
SEQ. ID. NO. 21 5-AGAAAAAGCCCCGGCTAACT-3'
SEQ. ID. NO. 22 5-GAAATTCCATCACCCTCTACCA-3
SEQ. ID. NO. 23 5-GTTCGGAATTACTGGGCGTA-3'
SEQ. ID. NO. 24 5"-AGATGACAGCTTTCGCCACT-&
SEQ. ID. NO. 25 5-AGGGCTTAACCCTGGAACTG-3
SEQ. ID. NO. 26 5 -CTCATCGTTTACAGCGCTGGA-3
SEQ. ID. NO. 27 5-GCTGTCATCTGGGCCATTAC-3
SEQ. ID. NO. 28 5-TTAATCTTGCGACCGTACTCC-3'
SEQ. ID. NO. 2¢ 5 -TGGGGAGCAAACAGGATTAG-3'
SEQ. ID. NO. 30 5-GTAAGGTTTTTCGCGGATCA-3
SEQ. ID. NO. 31 5 -ATGGTAGTCGCGAAAAATGG-3'
SEQ. ID. NO. 32 5-AAGGGCCATGATGACTTGAC-3'
SEQ. ID. NO. 33 5-CAGCTCGTGTCGTGAGATGT-3
SEQ. ID. NO. 34 §-CACCGTATCGCATCACTCTG-¥
SEQ. ID. NO. 35 5-CTACACGCGTGCTACAATGG-3'
SEQ. ID. NO. 36 5-TGTACAAGGCCCGAGAACGTA-3'
[39] E e 2: Sample preparation and vital statistics
[40] Among patients at the age of 18 or above who went to a hospital because of acute

febrile disease in 4 weeks from the outbreak, from 2007 to 2008, those who showed at
least two symptoms selected from the group consisting of eschar, erythematous papular

rash, headache, general prostration, muscle ache, cough, nausea, and stomachache
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[41]

[42]

[43]

[44]

[45]
[46]
[47]

were selected for blood sampling.

In the blood sample where IFA titer for Orientia tsutsugamushi was increased at least
4 times, the patient of that sample was diagnosed as scrub typhus(tsutsugamushi). So,
such patients were grouped into tsutsugamushi patient group (scrub typhus group). In
patients in the febrile control group (non-scrub typhus group), indirect fluorescent
antibody against Orientia tsutsugamushi was not detected in their blood, and instead
they were diagnosed as another febrile disease except scrub typhus by the tests such as
serology, culture, and peripheral blood smear tests, etc, by Infectious diseases
physicians.

An experiment was performed with blood samples of randomly selected 115 patients
diagnosed as scrub typhus and 52 patients confirmed as febrile control group
(non-scrub typhus). Vital statistics were also calculated and the results are shown in
Table 2.

Table 2
[Table 2]

Vital stafistics of patients

Tsutsugamushi Febrile control
Characteristics | patient group (scrub | group {non-scrub P-values
typhus group) typhus group)
Age, mean value
g (range) 69 (17-91) 54(16-93) 0.0002
Gender ratio NS
Male 39(33.9%) 20(38.5%)
Female 76(66.1%) 32(61.5%)
Number 115 52 167

As shown in Table 2, in the aspect of the average age of all patients (patient group:
66, control group: 53, mean value: 69 and 54 respectively), the average age of the tsut-
sugamushi patient group (scrub typhus group) was meaningfully higher than that of the
febrile control group (non-scrub typhus group) (p=0.0002). There were no statistically
meaningful differences between the gender ratio in the tsutsugamushi patient group
(scrub typhus group) and that in the febrile control group (non-scrub typhus group)
(p=0.693) (Table 2).

Example 3: PCR diagnosis using the primer pairs of the present invention

To confirm the efficacy of the primer pairs prepared and the comparative ex-
amination method, DNA was extracted from the blood samples of tsutsugamushi

patients prepared in example 2. Particularly, whole blood was taken from a patient.



WO 2011/162441 PCT/KR2010/005765

[48]

[49]

(50]

[51]

[52]
[53]

[54]

Buffy coat was separated. Then, DNA was separated by using QIA amp DNA mini kit
(Qiagen, Germany). The separation was performed by following the protocol enclosed
in the manual. The separated DNA was used as the template for detecting Orientia
tsutsugamushi.

As a method for PCR diagnosis, the conventional PCR was selected herein and the
extracted DNA was used as the template, For the PCR, 20 ¢ of reaction mixture was
prepared by adding 2 1 of template DNA, 1 ¢ of 5 pmol/x¢ forward primer and 1 /4
of 5 pmol/ ¢ reverse primer, and 16 1 of sterilized deionized water to AccuPowerTM
PCR PreMix (1 U Top polymerase, 250 uM dNTP, 10 mM Tris-HCI (pH9.0); Bioneer,
Daejeon, Korea). The tube containing the reaction mixture was well stirred, which was
set in Biosystems VeritiTM 96-well Thermal cycler (Applied Biosystems, Foster City,
CA), followed by PCR. PCR conditions are summarized in Table 3.

Upon completion of PCR, to confirm PCR final product, 1.5% agarose gel (Seakem®
LE agarose; Cambrex Bio Science, Rockland, ME) containing 0.5 ng/mL Etbr
(Ethidium bromide; Bioneer, Daejeon, Korea) was loaded in Bioneer electrophoresis
machine (Bioneer, Korea), followed by electrophoresis at 100V (1X TAE; Bioneer,
Korea) for 40 minutes.

The primers used in this experiment were the primer pair composed of sequences
represented by SEQ. ID. NO. 1 and NO. 2, respectively. The amplified product of 16s
ribosomal RNA gene by PCR of the invention is expected to have a size of 199 bp. The
detection of a band of corresponding size confirmed whether Orientia tsutsugamushi
was detected or not.

Table 3
[Table 3]

Primers and reaction conditions of 16s conventional PCR

PCR reaction condition
predenaturation 94T 2 minutes
denaturation 94T 1 minutes
annealing 53T 30 seconds 36 cycle
extension 72T 45 seconds
extra-extension 72T 10 minutes

Comparative Examples 1~6:

To compare the diagnostic accuracy of the detection method using the primer pairs of
the present invention with others, the following comparative experiments were
performed. At this time, the template DNA was the same as that prepared in example
3.

The conventional PCR (47kDa C-PCR: comparative example 1), nested PCR (47kDa
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[55]

[56]

N-PCR: comparative example 2) and real time PCR (47kDa Q-PCR: comparative

PCT/KR2010/005765

example 3) targeting 47kDa generally used for detecting tsutsugamushi were
performed. The conventional PCR (56kDa C-PCR: comparative example 4) and nested
PCR (56kDa N-PCR: comparative example 5) targeting 56kDa and the conventional
PCR targeting groEL (groEL C-PCR: comparative example 6) were also performed.

The efficacies of those methods were compared.

The primers for each PCR were prepared according to the references stated in Table

4 or designed by the inventors, and the method is explained hereinafter.

Table 4
[Table 4]
Primer and probe sequencing information for comparative PCR
Sequence product
hame Sequence size(bp) Ref
O‘S“(f P83 | (5° -AACTGATTTTATTCAACTAATGCTGCT-3 )
47D C-
SCRIG. | OtSURP74 | (5 -TATGCCTGAGTAAGATACRTGAATRGAATT- | 110 |
PCR ! 5 )
OtsuPR66 | [6FAMITGGGTAGCTTTGGTGGACCGATGTTTAA | _ |
5 TCT[BHQ1] P
47kDa | OtsuFPSS (5 -TCCTTTCGGTTTAAGAGGAACA-3" )
N-PCR 2 -
\Extemal | OtsuRP77 | (5 _GCATTCAACTGCTTCAAGTACA-3' )
Primer) 1
T2 | 5% | (6 -AACTGATTTTATTCAACTAATGCTGCT- 3' )
(ntemal | OtsuRP74 | (5 -TATGCCTGAGTAAGATACRTGAATRGAATT- | 118 | 1
Primer) 7 3)
oo |6 -GATCAAGCTTCCTCAGCCTACTATAATGCC-
56KD G- 3 )
BCR (5 - 483 2
P11 CTAGGGATCCCGACAGATGCACTATTAGGC-
3 )
S6kDN- | P34 (5 -TCAAGCTTATTGCTAGATCTGC-3' )
PCR
(Extemal| pgs | (6 -AGGGATCCCTGCTGCTGTGCTTGOTGCG- | 1003 | 2
A 3 )
Primer)
S6kDN- | g |6 -GATCAAGCTTCCTCAGCCTACTATAATGCC-
PCR 3 )
(Internal 6 - 483 2
. P11 CTAGGGATCCCGACAGATGCACTATTAGGC-
Primer) 3 )
STG- . .
GroEL G- | F1(TEN) (5 -ATATATCACAGTACTTTGCAAC- 3" )
PCR STG- 5 -GTTCCTAACTTAGATGTATCAT- 3 M
R1(TR2) S -3 )
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[57] 1) Conventional PCR (C-PCR)

[58] A total 2040 of reaction mixture was prepared by mixing 2 ¢f of DNA, 1 10 of
forward primer, 1 10 of reverse primer, AccuPowerTM PCR PreMix (1 U Top
polymerase, 250uM dNTP, 10 mM Tris-HCI (pH9.0), 30 mM KCl, 1.5mM MgCl,,
stabilizer and tracking dye; Bioneer, Daejeon, Korea) and sterilized deionized water.

[59] At this time, ach PCR was performed with each primer as shown in Table 4 by using
Biosystems VeritiTM 96-well Thermal cycler (Applied Biosystems, Foster City, CA).
PCR conditions for each target gene are summarized in Table 5.

[60] To confirm PCR product, 1.5% agarose gel (Seakem® LE agarose; Cambrex Bio

[61]

Science, Rockland, ME) containing 0.5 ng/mL Etbr (Ethidium bromide; Bioneer,

Daejeon, Korea) was loaded in Bioneer electrophoresis machine (Bioneer, Korea),

followed by electrophoresis at 100V (1X TAE; Bioneer, Korea) for 40 minutes.
Table 5 ‘
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[Table 5]

" se0a | amda | goeL
Terip | Time( | (cyel | Temp [ Tume( | (oycl | Temp [ Time( | (cyel |
(T) | min) | ) | (T) | min)| e [(C)|mn)}| e |

R predenat

uration | " kT o

denaturali| g/

erohell oa | | | s m | s dos)

:PCR ' apr}ejaling"’.,§3' 1m 3550 im : 30 : 59 455 - 35 |

Hextension| 72 f amcf - {2l | 2 pam poo

extra- v 72."

|extension| T pme

~Ipredenat
aion |

*[denaturat|

1t \gringaling| 61 | dm | 38 |- s6 | im [0 F 4

{exension| 72 [am | | 72| wm |

1 [ exte

‘N-_ [ lextension
{PCR | . | predenat
| uration |

72 [om | {72 | m|

o4 [1om | - | o4 | 16m |

denaturatij - 94

o |  30§ . 94 | 30s.

2nd | annealing| 63 | 30s | 30 [-60 [30s | 2 | -

|extension] 72 | am | | 72| 1m

oxtas | ol g T S
edension] 72 | ™M | ) T2 ™

— predenat o
ursition

95 _-ibm‘

denaturati ) — .
s 95 10s
. on : 45

Q-
PCR annealing ' ] 60 | 30s

cooling ' | 40 | 30s

{62] 2) Nested PCR (N-PCR)

SUBSTITUTE SHEET (RULE 26) RO/KR
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[63] For the PCR targetmg 56kDa gerne, PlO and P11 (5 pmoles/uﬁ) were used as: mtemal
- primers and P34'and P55(5 prole/u) were- used as external primers. The first PCR -
reaction mxxture was prepared by the same manner as used for the preparauon of the

SUBSTITUTE SHEET (RULE 26) RO/KR
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[64]
[65]
[66]

(67]

[68]
[69]

[70]
[71]

[72]

[73]
[74]
[75]

[76]

[77]

13

conventional PCR. The second round PCR was performed using the first PCR product
(1248/ 2020 total volume) as template DNA with the primers P10 and P11 (5 pmoles/
1£8). The final PCR product was electrophoresed on 1.5% agarose gel at 100 V. PCR
targeting 47 kDa gene was performed by the same manner as described in 56kDa N-

PCR except that different primers were used.

3) Real time PCR (Q-PCR)

Real time PCR targeting 47kDa gene was performed with 20 x££ of reaction mixture
(5 14 of genomic DNA, 1 £ of 5 pmoles/uf forward primer and 1 ¢ of 5 pmoles/ ¢
reverse primer (OtsuFP630 and OtsuRP747), 1 ¢ of 2 pmoles/£ probe (OtsuPR665),
4 1f of master mix (reaction buffer, FastStart Tag DNA polymerase, MgCl,, INTP
(dUTP instead of dTTP)), and distilled water).

The real-time PCR conditions were as follows: at 95°C for 10 minutes, two steps at
95°C for 10 seconds each, at 60°C for 30 seconds (45 cycles) and finally at 40°C for 30
seconds. The result was analyzed by Light Cycler software 4.0 program.

5" and 3' ends of the probe OtsuPR665 were labeled with FAM
(6-carboxyFluo-rescein) and BHQ-1 (Black Hole Quencher-1).

Example 4: Comparative analysis of diagnostic accurac

Diagnostic accuracy of the detection method of Orientia tsutsugamushi using the
primer pair composed of sequences represented by SEQ. ID. NO. 1 and NO. 2
originated from 16s ribosomal RNA gene of the present invention and other detection
methods were evaluated.

For the evaluation, sensitivity and specificity were presented as receiver operator
characteristic (ROC) curve concept. The diagnostic accuracy was compared with those
of other detection methods by using MEDCALC software program (MedCalc
Software, Mariakerke, Belgium, version 11.2.1), and the results are shown in Table 6,
Fig. 1 and the below <result> (Table 6, Fig. 1).

<Result>

Diagnostic accuracy of the PCR method for tsutsugamushi of the present
invention

PCR was performed with the blood samples of 115 scrub typhus patients and 52
patients diagnosed as other diseases (non-scrub typhus group). From the result of
47kDa C-PCR, it was confirmed that 3 of the 115 patients (3%) were positive. From
the result of 47dKa N-PCR, it was confirmed that 93 of the 115 patients were positive,
indicating the sensitivity was 81%.

In 47kDa Q-PCR, 38 cp or above was set as negative, and under that condition, 87 of
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the 115 scrub typhus patients were positive (76% of positive rate).

In C-PCR targeting S6kDa protein gene, 9 of the 115 scrub typhus patients were
positive, and 92 of the 115 patients were positive in N-PCR (80% of sensitivity).

In C-PCR targeting groEL gene, 76 of the 115 scrub typhus patients were positive,
suggesting 66% of sensitivity.

In the PCR method of the present invention targeting 16s ribosomal RNA gene
(C-PCR of example 3), 100 of the 115 scrub typhus patients were positive, suggesting
86% of sensitivity.

In the non-scrub typhus group, no patients were positive in any PCR test except that
2 blood samples were confirmed as positive in 47kDa Q-PCR with the non-scrub
typhus group.

Comparison of diagnostic accuracy of the detection method of the present
invention to that of the detection methods of comparative examples

1) Comparison of diagnostic accuracy according to each target gene in the con-
ventional PCR

AUC of the conventional PCR was as follows. AUC of 16s C-PCR was 0.94 (95%
CI, 0.89-0.97), and AUC of 47kDa C-PCR was 0.51 (95% CI, 0.44-0.59). AUC of
56kDa C-PCR was 0.54 (95% CI, 0.46-0.62), and AUC of groEL C-PCR was 0.8
(95% C1, 0.77-0.88). AUC of 16s C-PCR has statistically meaningful differences over
those of other C-PCRs (16s C-PCR vs 47kDa C-PCR, p<0.001; 16s C-PCR vs 56kDa
C-PCR, p<0.001). AUC of 47kDa C-PCR had no statistically meaningful differences
over that of 56kDa C-PCR (p=0.081) (Fig. 1).

2) Comparison of diagnostic accuracy according to PCR in each target protein gene
C-PCR targeting 47kDa gene demonstrated 3% (95% CI, 0.5-7.4) of sensitivity and
100% (95% CI1, 93.2-100) of specificity. In the case of N-PCR targeting the gene, sen-

sitivity was 81% (95% CI, 72.5-87.6) and specificity was 100% (95% CI, 93.2-100).
Diagnostic accuracy of 47kDa Q-PCR was 76% (95% CI, 66.8-83.2) of sensitivity and
96% (95% Cl, 86.8-99.5) of specificity when 38 cp was determined as cut-line for
negative result. AUC of 47kDa N-PCR was 0.9 (95% CI, 0.85-0.94), and AUC of Q-
PCR was 0.86 (95% CI, 0.8-0.91). AUC of C-PCR was 0.51 (95% CI, 0.44-0.59).
There were statistically meaningful differences in each comparision (N-PCR vs C-
PCR, p<0.001; N-PCR vs Q-PCR, p=0.012, C-PCR vs Q-PCR, p<0.001).

In C-PCR targeting 56kDa gene, sensitivity was 8% (95% ClI, 3.6-14.3) and
specificity was 100% (95% CI, 93.2-100). In N-PCR targeting 56kDa gene, sensitivity
was 80% (95% CI, 71.5-86.9) and specificity was 100% (95% Cl, 93.2 100). In the
meantime, AUC (area under the curve) of N-PCR was 0.9 (95% CI, 0.46-0.61), and
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AUC of C-PCR was 0.54 (95% CI, 0.46-0.62), suggesting that there was a statistically
meaningful difference (N-PCR vs C-PCR, p<0.001).

Diagnostic accuracy was compared according to AUC among 47kDa N-PCR and Q-
PCR, 56kDa N-PCR, and the detection method of tsutsugamushi using the primers for
16s ribosomal RNA gene. As a result, C-PCR of the present invention using the
primers for 16s ribosomal RNA gene demonstrated superior AUC values to any other
methods and the statistically meaningful difference (16s C-PCR vs 47kDa N-PCR,
p=0.017; 16s C-PCR vs 56 kDa N-PCR, p=0.03; 16s C-PCR vs 47kDa Q- PCR,
p<0.001) (Fig. 2).

Table 6
[Table 6]

Analysis of diagnostic accuracy by ROC curve according to target gene

and PCR method

- I p value (compared
Sensitivity/specificity AUC with example 3)
Example 3 o o 0.94(95% CI, 0.89-
(This invention) 85%/100% 0.97) -
Comparative ,
Example 1 3%/100% 0'51(95&;“ 0.44- <0.001
(47kDa C-FCR) '
Comparative o
Example 2 81%/100% 0% °9§;‘ 0.85- 0.017
(47kDa N-PCR} '
Comparative o
Example 3 76%/96% 0'86(93 é’ 1()3'= 0.8- <0.001
{47kDa Q-PCR) '
Comparative
Example 4 8%/100% 054(9%"%% 0.46- <0.001
(56kDa C-PCR) )
Comparative o }
Example 5 809%/100% 0'9(950@6?')' 0.46 0.03
(56kDa N-PCR) '
Comparative o o 0.8(95% CI, 0.77-
Example 6 (groEL) 61%/100% 0.88) <0.001

That is to say, the comparison of diagnostic accuracy with AUC for tsutsugamushi
shows that the diagnostic accuracy of the detection method of tsutsugamushi of the
present invention (example 3) using the primers for 16s ribosomal RNA was superior
to that of other conventional detection methods (comparative examples 1 6), and the
difference in diagnostic accuracy was statistically meaningful. Moreover, it shows that
the conventional PCR with the primers for 16s ribosomal RNA gene invented by the
present inventors demonstrated much higher diagnostic accuracy than nested PCR and

real-time PCR amplifying 47kDa gene which had been known to be very accurate and
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[94] Those skilled in the art will appreciate that the conceptions and specific embodiments
disclosed in the foregoing description may be readily utilized as a basis for modifying
or designing other embodiments for carrying out the same purposes of the present
invention. Those skilled in the art will also appreciate that such equivalent em-
bodiments do not depart from the spirit and scope of the invention as set forth in the
appended claims,
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Claims

A primer pair for the diagnosis of scrub typhus composed of two
sequences selected from the group consisting of:

oligonucleotide sequences represented by SEQ. ID. NO. 1 ~ NO. 36;
and

sequences of at least 18 mer having at least 90% homology with said
sequences.

The primer pair for the diagnosis of scrub typhus according to claim 1,
composed of the sequences represented by SEQ. ID. NO. 1 and NO. 2.
A diagnosis method of scrub typhus using the primer pair of claim 1.
The diagnosis method of scrub typhus according to claim 3, wherein
the primer pair composed of the sequences represented by SEQ. ID.
NO. 1 and NO. 2.

The diagnosis method of scrub typhus according to claim 3 or claim 4,
comprising detecting Orientia tsutsugamushi with polymerase chain
reaction (PCR).

The diagnosis method of scrub typhus according to claim 3 or claim 4,
wherein the detecting Orientia tsutsugamushi comprises the following
steps of;

amplifying 16s rRNA gene sequence of Orientia tsutsugamushi or a
part of the sequence; and

identifying thereof.

The diagnosis method according to claim 5, wherein the polymerase
chain reaction (PCR) is the conventional PCR.

A PCR kit for detecting Orientia tsutsugamushi by the amplification of
16s rRNA gene sequence or a part of the sequence, comprising the
primer pairs of claim 1 or 2.

A PCR kit for detecting Orientia tsutsugamushi by the amplification of
16s rRNA gene sequence or a part of the sequence.

A PCR kit for detecting Orientia tsutsugamushi by amplification of 16s
rRNA gene sequence or a part of the sequence, comprising primer pair
composed of the sequences represented by SEQ. ID. NO. 1 and NO. 2.
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1. —Fh A F x5 BT 2 W B3 | %t Bk s [xd ik B T B a0 F FF510 B4 st 48
P R S LR

i SEQ. ID. NO. 1-SEQ. ID. NO. 36 BRI ERTBRFS ;UL

5 E@RFSIRFZE D 90% FEMRE DK 18mer BIFFo

2. MBERFER 1 TRAH FXERRBFEATLH RGP, Frid 5|9 xF B SEQ.
ID. NO. 1 1 SEQ. ID. NO. 2 Fr =I5 4 %

3. — P ERARCRIE SR 1 BTk 95 |45t i & HUR S W 5 7%

4. MIFEBRRE K 3 Fri® i & W2 W v, HoAr, Brid 51 9%t H SEQ. ID. NO. 1 1 SEQ.
ID. NO. 2 R/~ 54 o

5. MEBEMFERIBAMAMERKREHI T IR FEEEARSEHEERSRMN
(PCR) X & 5 A= 7 A BEAT A0

6. MRIEACFIE K 33K 4 Fridk it 26 R i W 5 vk, Horb, Tl 26 HUR R 5 (R TR A
ETHIPE .

St &R AR TR 16s rRNA B EFAIBRBTIR R 50— 31T 18 ;UL K&

S HFATEE.

7. WIERFIER 5 FriRk g, o, Frid &858 < M (PCR) % # PCR.

8. — i FH T 54 & KO AR 5 AR HEAT R U B PCRARF &, Frid ik FI & @53 165 rRNAE:
Tl B4 e 51 SBT3k S 51 B — 38 43 Xof 7 U AR O AR IR AT A, BT iR S B S AR Bk 1 8k 2
FTiR 5145t .

9. —Fh FH X 38 R 4R 5 AR AT K PCR IR, FriRd R & @it 418 16s rRNAKE
IRl B Fr 31 ST 3 e 371 ) — 38 0 5 2 R 2R O AR EA TG0

10, —FfpHFXERBFRAFEETRMAPCRIZAAE, TRRXANEE LY 1 165
rRNA ZE [ B 7 5 8L BT IR 7 51 B — 30 43 0 7 HUm 2R 7 R AT R, BT iR iR & A4 | SEQ.
ID. NO. 1 11 SEQ. ID. NO. 2 FioRIKI - F 4B I 5 1% o
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P T 10 36 % R 77 4R 89 5 | 9 X F01E A Fids 51495 B9 46
FiE

loo01] AKRBEWEAHTLWERKAT A (Orientia tsutsugamushi) K15 Bt F{sE A
Bk 5|5 K W S HUR R TR ik, BRI E , 2R W R 8 Xt & 2w 4 77 75 (51
R &S (scrub typhus) R B 16s 128t RNA J Rl 9B P S AT 9 18 89 5 | 54 0
15 FH IR 5 | )06 I8 A XoF 25 SRR 2R 7 (3R AT R0 ) 2 e RS T T

BEERA

[0002] 2R —Fh AMEHURE (febrile disease), it mYe T 2% Ui &R K0 2%
AT A 1%, F BT RA M I X TSR R AEME IR RER « RES 3 b R BT8 &, 41
GEI T8 EMEAN .

[0003] HEHUR 1951 FEHIRAEFHERE LK, XM EBEHKSHRC EEE 2 E &4,
HARENAZET— AR, THE, SRET Wk LHwH, LLE FHKES 30% K EE
HRH 1 W A U

[0004]  EWEMT IR/ 1-2 B PO A=A W AR AR G R K& LA 2 f 4T BE
MEE. P4 RRE MRS B TR m i R8s, B, X—RAHREH
AEE, FHRERTZERRA . AW, WREELRZH, WA =Em T ERAFE
iE SR BB SRR A LB IE . 238 T TS . 8 B2 ERAO
FEBEE P Ko IX 4 K AE AT RE 2 B0 16, R b BRI i v (X2 B R o8 AR TS BT L AN T
D,

[0005]  E|E AN LE, F T2 W& SR K 5 AR T v B, Bl 5 R DA A S B
RITABRITTE B B3 MR T HUE RR AR T R ST AT UG 77 i AR JE L PCR
R EBFRER R D 31855 3 MR 7 B8 198 U AR 77 18 8 DNA AT R BB 777
loo06]  FEIXEHVES, BN ERR AT BEITERNCW HEFEE DJLERREFRE
HIRRTE, ERARXR—HEEFENESH T2HEEN B R. BTl &% LEK2E %
h R BRI AR R BB R, Fo35 4 M5 A 75 i

[0007] 4RT, ERFFEFEEMTE S B 5HEK IR AEYRIAC R M AT B8 B
M NERERFEREEELERERTEILR, SEZER RPN AN RRSE  UAE
BN BRI AR XT 2 WA TR A

[0008] NRT & HRIHHIS — e W iE, %05 TR R ET PCR ok B B MR K E SRR AR
A% St DNA BEATHEII . LALE 25 S 19 5 B B B AT P s W 5 v . PCR 19245165,
& B PCR ;5. 3X PCR, SL2X PCRE it %% # PCRATHUE M AR, HETRHE =R TEM
PCRL00 % RGUE ;BLC A PCR, 7 SEHT PCR (S FR AP, ATEE 2 /NI I BREREING R .

[0009]  7E:E R FRHTHE M PCR W+, 3R T F A & F ¥ & 9 2 F (I 47kDa. 56kDa F
groEL 25 [ PCR, #H kb % #1 PCR, B4R &5 3, PCR B 5L PCR. (R4 241 F 47kDa BX 56kDa &
BRI VE A B R BT # M PCR i, REUVEIREE L 10%. 210, £ PCR B HF T & i Tl

3
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PCR 34T T PIIR R 3G n R BB , BRI A 5% 22 bE L POR SEARBOIR AT [A) . [RJB, SEBY PCR
BEAMTE A - ATREEEHROMRRE, ERESHETYMERER T HFERR.
[oot0]  [RIuk, i V)7 B R —FiBT IS W 7 vk, BriRi2 Wi 77 VA AR S 18 R i B kA, 3+ 2
Pl Ry 7

ZBPHE

[o011]  HIAREA

[0012] 27k BA AR B FF A8 B 5 VAR X ok B B MLRRE L ) 3% IR R 5 (R AT T (8 5
TR, &R, ARANBEIHFHNT W TFRAMTTHK T AR 8 X & R R 75 R
16s #Z4E & RNA £ B 7 5 — 3040 AT R 3, B2 LA 8% #L PCR, thEe St =
EHERR RS .

[0013] A, AR BAIRME T 28 HUR R A R IR I 75 1, % 05 v i A % HIL PCR % 726
R R 7R 16s 88 & RNA ZEEIBATY .

[0014] AR BARIBFIETRIR T 28 E L PCR iF RBUETE 10% LUK A ] 71, RIBT 85 IR T 48
S PCR H AT IR B B £ IR PCR Ty 5 3075 B 58 22 /B 2 Nt ] DA R i s G 7E T Rk
(IR, FF 5O T AESERT PCR R E B R LM R, Kk, A RHKGEERE - THEE
W38 70 T B A 5 1, BTl 7 VBR324 T ] 55 3k PCR AH LU IR S Wi MER o

[o015] HARFTE

(00161 24 7 S2BR Lk B A9, Ak B A B T 28 R AR 5 R BRI 5 vk, CAXT 2 AR AR T
KK 165 R AEE RNA LR FEAIBETY AL 2 X — L vl & Ge R F E P 38 25 il
FRITIAH 165 #2854k RNA (51400 ST .

[0017]  DAAMBRELA 2 difii 45 77 14 Boryoung B BE GXBMEIERE EFEH 5 WD 1) 8E K MK
FEF Y 0 16s BORE (A RNA 25 [ PR e 51 R ZE Rk SR 12 v il & TR 514

loo18] [k, A7 B i B B 2R AL T2 Wi 2 SO B9 5 AR R A0 25 s 7R 77 1R 7
%, BB IEE T, Brid 7 B FEIE S B & o 1 838 0 MBS P fE 165 BX8E 44 RNA
51y R AR E PR

[0019]  ZKBAI S — B i 23R4 A T X8 2 B 4 77 b AT #5000 (4 PCR 5% &, Brik PCR
RANER GRS Y.

[0020] A% B B IR UL R HE B AR AR s 78 DU SR % S 5 2RISR 223K
R AR B 5 W o

fo021] HIR

[0022] ZAKREBEHATEWERBH AL FRAMNE, AR\Y KRBT IE S HHR
75 (B8 2 s 6 R EED I 16 A% 4 RNA ZE B BT8R P 51 1 5 | 048 Bk B | 0 3ot 26 o
o3 2R J7 PRIEAT 14 W ARSI B 7 V2

[0023] 5iEid¥ 1 47kDa.56kDa F groEL = H AT 247 4% i 5 vEAR b, 2% B 2 B
HiERA G ERSHERE. RN, D8RR AR 1Y H T PCR &, /18 T AHXT R
EHISERRE .. BN, AR BB MU S W RS A D AL T S =X PCR BEERY PCR, M
HAFBER.
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M3 15 AA

[0024] 1 AR RE TIEWE (receiver operating characteristic,ROC) £k 3k
V3% 2 A B R B2 W R BEAT U B I < A et SEQ. ID. NO. 1 A1 SEQ. ID. NO. 2 R
25 CRIE T AR B H 16s 1 8E4R RNAD £ R A9 5 [ % B9 i B 2R T (A 7 v s LA R L
B 1-6 S RAE SR T .

BRIELHEAR

[0025] AKREAW RERBRI W L. BHERT S, 25K HP &KEH PCR 5195 & Bk
R (B E B R EDE 16s #4584 RNA F K BRZE Fp 5 EAT I 35 1 2 HUR &R 77 7R
W7

[0026] AKREHRIRM T AT W ERBR G GRS SERIEED R 165 #2857k RNA %
ER T B 25 S5 51 B4 PCR 5140

[0027] AR BHICERME T AT 50 & HUR R 5 AT MK PCR X5 &, ik PCR A&
GRS .

[0028]  TFICXTAR AT IFAHR.

[0029]  ZK& BH BUHFIEAE T % PCR 5| A% SR X & B 4 7 7B 1Y) 16s 1% 88k RNA ZE B3 AT
Y1, UK SHE R TR 513 1A 165 258k RNA 2 BB T R

[0030] T MEEHAT & KA /7 14 Boryoung B FR GXEMREREE AR H WD KB FH ML
TEFE TP 3EI) 165 A% 1 RNA 2R FIBREE R 8RRt AR ARG . Frk 514 mT x4
B E L 1 Gilliam, Karp. Kato) FI& FhH & Bk AT

[0031] R EBARRHERE FEEAHFAT MY EEEORR, FrREEAEE kB
& S EEALUE B ) LB P IR 16 B% BB 4 RNA EE .

[0032] PCR NER&EEHE & BRI fEIFK . PCRALIEFTH PCR &% WHIE # PCR. XU E PCR F
B PCR GELLIZITPIIR PCR) LA K B A A (I SEIT PCR (FESERY PCR X2, TS HRIA &5
R, mEBFE T PCR.

(0033] A 3rH A TR PCR RFIE T K HF PCR FA 8, Bl an 2 5 & 8. ANTP.
22 R D ARAERR IO KRN B R FF LR TP & R R 5 1AR) 16s
F8E 7k RNA ZE[E ) PCR 5957

[0034]  SCitaH

[0035] 1 SEe P BT s B0 AR 2 B SE Bk 1 DL & B RTARIE R SE i 7 AU AR 3 B . 28T
A AR I 2, A HE AR N REE TR — A% E LT T scmsod, frd scf
SR EAR KB BRI R P TR A .

[0036]  SEHEBY 1 :51¥kI&

[0037] 2T MY 76 B Boryoung B #K GZ W AR 7 86 E 3B 8 & W) 19 8538 0 My A i
Fhy I ) 165 ZHE 7R RNA 25 BB RO 7 2SR vt 5 [0, R 1, 36 0] X e B =ik (an
Gilliam. Karp. Kato) FI&Fh H E B RETHRIM. FEAT S, BRI WXt & h H
F GenBank % = bankit1356164HM352765 : & B 9% % J7 4% Boryoung & K B ) IF [/ 314
(403-428 £i7) Fl g W 5|9 (577-601 1), H 43 5 B3 SEQ. ID. NO. 1 1 SEQ. ID. NO. 2 K75, &
Hl& THTFREEREMERS YR FESIY, Frid5145 3 SEQ. ID. NO. 3-SEQ. ID. NO. 36

5
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TR SALK D.
fo038] [ 1]
[0039]

5

SEQ.ID. NO. 1

5 AGEGATGATAATGACAGTACCTACAG-S

SEQ.ID.NO.2

5-CCTCTACCATACTCTAGCCTAACAG-3'

SEQ. ID.NO.3

__ 5-ATTAGTGGCAAACGGGTGAG-3'

SEQ. ID. NO. 4

5-CACAGGCTTGGTAAGCCATTA-3!

SEQ. iDL NO. &

5 GGAATCTGCCCATCAGTACA 3

SEQ.ID.NQ. 8

S-GCTGTTCBTCCTCTCAGACE-¥

SEQ. ID. NO. 7

S-TGCTAATACCGTATGECCTCT-3

SEQ. ID.NQ. &

S-CETGTCTCAGTCCCAGTETE-3"

SEQ.1D.NO. ¢

D GGAAAGATTTATCGCTGATGG-3

SEQ. ID. NO. 10

B-TEGTCCAATATTCCCCACTGE-3"

SEQ. ID. NO. 11

5 -GCGGCAGATTAGGTAGTTGG-3'

SEQ. ID.NO. 12

5-CATTGCTGGATCAGGCTTTC-3"

SEQ. ID.NO. 13

5-AAGGTAATGGCTTAGCAAGCCTGTG-3

SEQ. ID.NO. 14

5-CAACCCTAAGGCCTTCATCA-S

SEQ. ID. NO. 15

5-GGTCTGAGAGGACGAACAGCS’

SEQ. ID.NO. 16

§-CGGGGCTTTTTCTCTAGGTA-3

SEQ. ID. NO 17

5-ATATTGGACAATGGGCGAAA-3'

S-TACGCCCAGTAATTCCGAAC-Z'

SEQ. ID.NO. 19

S TGATCGAAGGCCTTAGGGTTG-3'

SEQ. ID. NO. 20

5-TTAAGCCCTGGGATTTCATC-3

SEQ. ID. NO. 21

5-AGAAAAAGCCCCGGCTAACT-S

SEQ. ID. NO. 22

5-GAAATTCCATCACCCTCTACCA-S

SEQ. [D. NO. 23

5-GTTCGGAATTACTEGGCGETA-3

SEQ. ID.NO. 24

5-AGATGACAGCTTTCGCCACT-3

SEQ. ID.NO. 25

BLA CTTAACCCTGGAACTG-3

SEQ, ID. NO. 26

S.CTCATCGTTTACAGCGTGGA-S

SEQ. ID. NO. 27

§-GCTGTCATCTGGECCATTALC-3'

SEQ. ID. NO. 28

S-TTAATCTTGCGBACCGTACTCC-3'

SEQ. ID. NO, 29

§-TGCGGAGCAAACAGGATTAG-3

SEQ. ID. NO. 3¢

SLGTAAGGTTTTTCGCBGATCA-3

SEQ. ID. NO, 31

SEQ. ID. NO. 32

5-ATGGTAGTCGCGAAAAATGG-Y'
5-AAGGGCCATGATGACTTGAC-3'

SEQ. ID. NO. 33

5-CAGCTCGTGTCGTOAGATGT S

SEQ. ID.NO.35

H-CTACACGCGTGCTACAATEG-3

SEQ. ID. NO. 36

§-TGTACAAGGCCCGAGAACGTA-S'

[0040]  SCHEW) 2 :FEREIEFA OSGv (vital statistics)
[0041] M 2007-2008 £F, 7E B T R AE T4 4 AN KB ERVR T SREEBE R 18 S ELL BRI
P, EERIHE B F B0 TR AR R A i 2 D RRER B B 8 R B £
AR: T AT 2 3= 04 N N P2 SN2 T = B2 3

6
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[0042] X3 HUR R 7 IR E TFA 2500 38 0 28 /0 D0 6% (9 ML 7R, WX L0 i B R 3 S W
hEER. F, ZR B E MR AN E SR BEH GERRAD . 7R R P A GEERRLD
(YB3 P, TR A I R P ARSI B B 28 SR AR 5 AR BRI S HUAR, T B S R (80 4 i
B 20K 55 72 R A0 A1 B ML AR S , At A4 1 B B2 I 12 W oA B 8 U A1 B B —
o

[0043]  FRENLIEEERY 115 2 4HI2 W 0 & HUR I R E B IR AE SR 52 28N R B
HEEZE RPN BB W MR RATER. X AOGTHHIT THHE, EREREREK 2 P,
[o044] [ F 2]

[o045] BFERIA DS

HEAE - P
[0046] PEAEE | . NS

B 39 (33.9%) | 20 €385%) |

aik 76 (66.1%) | 32 (61.5%) |

I - R - 1167 |

(00471 WX 2FHFR, A BERFEHER T H (GREH 66, 5T HA (53, FIE 4057
369 1 54), 2%t E 4 GEdUR 4D W EHERE B U E T R AT BA A R4
(34K (p=0. 0002). 2% HUR B H 4 GEduR 4D 5 R A B4 FE2E SR 4D 5 L

ZIAFEG ¥ EAEXNMESR (p=0.693) & 2),
[0048]  SZjf 3 AF A AR BRI T | PXS AT B PCR 12
[0049] 24 T #AIAFTH & HI5 | %S FOAE N B4 B 7R I T, MSEHER 2 4 B 28 R
B MR RE PR DNA. A8, NEE RN, B MIiiREE (buffy coat)sr &,
RJA, Bt FH QIA amp DNA mini iRF& (Qiagen, Germany)47r &% DNA. B iL#EIE 4T AT+
BTt B AT 20 B 50 B DNA FEAVEAE I 28 R AR 5 1 RO ABEAR
[0050]  E N AT PCRZWT B 515, ZEA L #E 5 # PCR, 345 B #& HX (¥ DNA A AE 484K o X
TR PCR, B id 1] AccuPower™ PCR PreMix(1U Top Z-&8, 250 u M dNTP, 10mM Tris-HC1
(pH9. 0) ;Bioneer, Daejeon, Korea) HAIA TN T M4 Hl4 200 1 RMIESY 20 1 AR
DNA.1u 15pmol/u 1 BJIE M FI4A 1u 15pmol/ u 1 KR I 314 F0 161 1 K& %5 F K.
RSN EH TR RBEEDHE FridEH R ETE Biosystems VeritiTMI6 FLAEIR{X
(Applied Biosystems, Foster City, CA) /), BEEHAT PCR. £ 3 FR45 T PCR &4
[0051] PCR 52 Bl JG, A #a ik PCR & 7= 4, % % 0. 5ng/mL EtBr (R 4k Z %€ ;Bioneer,
Dae jeon, Korea ) 1. 5% I BE B Bt L (Seakem® LEIRJE%E ;Cambrex Bio Science,Rockland,
ME) 3% 7F Bioneer HiJk{X (Bioneer, Korea) ¥, 4R J5 7E 100V F B 3%k (1 X TAE ;Bioneer,
Korea) 40 434¥,
[0052]  7EIX—3L48 B 5140k 4 A B SEQ. ID. NO. 1 I SEQ. ID. NO. 2 R 7R I 7 51 Bt
WIS P%t. TUHEA A & B PCR 43 2/ 16s R4 8% (& RNA EE M =PI KA A
199bp o JoFAHRY K/ ) 48 BEAT R U SRR WA 2 R B 28 R AR 7 1o

7
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[0053]

[0054]

[0055]

[0056]
[0057]

[0058]

[ % 3]

16s H# PCR # /v 44

R TG
A 94T
53°C

BOMENR kX

EL 4 1-6 -

AT XA AR B 85 | WS BEAT BRI 77 v e R 7 B W A AT
AR, $EAT T a0 T LRSS . I, BEAR DNA S5 SCHEf] 3 il B AE A
AT T LL A7kDa Sy 8EAT €% # PCR (47kDa C-PCR : EbE: ] 1), #1358 PCR (47kDa

N-PCR : b #8:451] 2)FNSE it PCR (47kDa Q-PCR :LL#i 5 3), ATiR 47kDa 18 F X1 28 Rm 34T
Fril. 34T T UL 56kDa BRI FE PCR (56kDa C-PCR ;thésefs) 4) Fi& = PCR (56kDa
N-PCR : b8 5) LLR LA groEL A7 #BFRAIE A PCR (groEL C-PCR :EbL#H 6). ELER T iX4s

TERTT .
[0059]
TTEIEATRERE
foo60] [ 3K 4]
[0061]

[0062]

FF L5 PCR KI5 | FIREHFEH) (5 B

FF#& PCR KT 1R IER 4 F FrREIS % SRR & BUR A R B v, F SOkt
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el 9t »'fk gg,‘“‘ Ref

| OWUIPE | (5 AACTGATTTTATTCAACTAATGGTGCT-3 )
ampe- 9

PCRIQ. | OtsuRPTA | (5 -TATGCCTGAGTAAGATACRTGAATRGAATT- |
POR. ; ! _
o OtsuPRBE | [BFAMITGGGTAGCTTTGETGGACCGATGTTTAA 5
, B TCT[BHO1] T
7kDa | OUPSS | (5 TCCTTTCGGTTTAAGAGGAACAS' §
N-PCR s '
(51 | OtsuRPT7
314) T

47kDa | OUFPBY | (5 AACTGATTTTATTGAACTAATGETGCT-3 )
N-PCR. i :
(hE | OtsuRP74 | (5 -TATGCCTGAGTAAGATACRTGAATRGAATT-
34 7 )

b1g |6 -GATCAAGCTTCCTCAGCCTACTATAATGCC-
56KD C- S 3 ) .
PCR - T e
o P11 | CTAGGBATCCCGACAGATGCACTATTAGGE- :
3
S6kDN- | P34 | (5 -TCAAGCTTATTGCTAGATCTGC-3 )
PCR I . | ]
(hE pss | (5 -AGGGATCCCTGCTGCTGTGCTTGETGCG | 1003 | 2
sl R 3 )
SKDN- | pyg | (5 -GATCAAGCTTCCTCAGCCTACTATAATGCC-
PGR _ 3 )

o —
il P11 | CTAGGGATCCCGACAGATGCACTATTAGGC-

18 | 1

238
(5 -GCATTCAACTGCTTCAAGTACA-3 )

118 | 1

483 | 2

3 7

groEL C+| PA(TFY)
PCR 8TG-
R1TR2)
[0063] 1) ##E PCR (C-PCR)
[oo64] i@it# 211 DNAV1ul EME.1u ]l REEG|H. AccuPower™ PCR PreMix (1U
Top B4 H5.250 u M dNTP.10mM Tris-HC1(pH9. 0).30mM KC1.1.5mM MgCl, k2L e /n Bz
ekl ;Bioneer, Daejeon, Korea) FIKEE B FAKBITRAFI & EL 200 | FIRMIBED .
foo65] 1 A}, i it 4 B Biosystems VeritiTM96 FL # 1 ¥& {X (Applied Biosystems,
Foster City,CA), FHER 4 HFT/RI&5IMHEAT & PCR. R 5 04 T & 5LE ) PCR 4%
.
[o066] AHAIA PCR =4, %& 0. 5ng/mL EtBr (JRAL Z%E ;Bioneer, Daejeon, Korea) K]
1. 5% B IEHE EEBE (Seakem® LE BREHE ;Cambrex Bio Science,Rockland,ME)3E#7E Bioneer
3k {X (Bioneer, Korea) 7, #RJ57E 100V F #i 3k (1 X TAE ;Bioneer, Korea) 40 73%h.
[o0o67] [ 3 5]

(5" -ATATATCACAGTACTTTGCAAC-3' )

366 | 3
(5" -GTTCETAACTTAGATGTATCAT-3 )
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groEL
Im 9% | 30s
Im | 30| 59 | 455 | 35
72 | Im
72 | Tm

1611 94 | lom

l st | Bk | 61 [ im |35 | 56 | Im | 30

[ooss] |

PCR -

9% | 10m 94 | 10m
94 | 30s 94 | 30s
63 | 30s | 30 | 60 | 30s | 25
72 | im 72 | Im
2 | 72 | Tm

95 | 10m
95 | 10s

60 | 30s

| 2nd

Q-

1 45

e a0 | 308

[o069]  2) &3 PCR (N-PCR)

[0070] S FLL 56kDa ZF K #EFR T PCR, % P10 F1 P11 (5pmole/ v LYFEWERS Y, 44

P34 F#1P55 (5pmole/ u L) FI1ESNEREIH. £ —% PCR RNIBEWEE S5 H T H#M PCR 1

il & 5 EAR R 7 AT H & . BB % PCRAFAS |4 PLO FI P11 (5pmole/ u LD FHAFFHEE

— 5 PCR f9724) (1w L/20 1 L s AR VBB DNA 34T . #& 41 PCR F=47E 100V

1. 5% TRAEPEEE I _LiAT Bk BRMERAARKS 94, it 56kDa N-PCR BTk 48 R 7

RIHFAT LA 47kDa FE K A $EAR AT PCR,

[0071]  3) SEB PCR (Q-PCR)

lo072] FH 20uLl R W IR & W (5ul Z [& 41 DNA.1u Lspmole/u L i) IE W 5| 4 F1

luL5pmole/ v L B /& M 5| 4 (0tsuFP630 #1 OtsuRP747).1u L2pmole/nL W #R 4

(0tsuPR665).4 1 L master mix (RVZE{MH K FastStartTag DNA ZE A 5 MgCl,.dNTP (dUTP

REF dTTP)). BL R ZEIEK) 34T B 47kDa EE R 4 #EAR K SEHY PCR.

[0073]  FTIRSERS PCR UM (#E 95°CF 10 381 ;7F 95°CF 10 #2.7E 60°CF 30 #0HY

P S B (45 MEH); LR FETE 40°CF 30 #. @it Light Cycler Bt 4. 0 BF 24

-

[0074]  #%4} OtsuPR665 [ 5” KAl 3’ KumbnicH FAM (6—carboxyFluo—rescein) #l
10
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BHQ~1 (Black Hole Quencher-1).

(0075]  SCHERY 4 2 WiHERIE FILL B

[0076] Xt tn TR 755 B2 W AE#A B 34T T P4 <A A B SEQ. ID. NO. 1 0 SEQ. ID. NO. 2
FiRBI 5 (BTR R 598 B 4K B 165 %88 44 RNA ZE D B4 R ih 5 1 0% BR4T 1 26 U 4R
T5 PR BRI 5 v R e R v .

[0077] ST PFTIRVEMY, L2 RE TAERHE (ROC) MM A RE R AME S M. Bid
{# F§ MEDCALC 3 A4-F2/F (MedCalc Software, Mariakerke, Belgium, versionll. 2. 1) #4T
SRR ENSHERERNLLR, FERCEB LA THEHNCER > PRETERGRS
FIE 1)

[0078] < HH >

[0079] A<k BRI HUR I PCR 7 VERIS W HER FE

[o080]  F 115 B EHREE KM REE SRR 52 L A HEEBKEE GEERREH
4 1L 8 4 34T PCR. M 47kDa C-PCR H9%E A, 1A 115 BB EH I 3 4 (3%) HFHM.
M 47kDa N-PCR FI45 R, #aiA 115 & B3/ 93 & 4 FEM, Ui RBE K 81%.

[0081]  #F 47kDa Q-PCR H, ¥ 38cp BLLA L% E HBHME, FEiZ&MH T, 115 ZE SR BEEF
) 87 42 5 FH M (76% RIBHMEZR).

[0082]  7F LA 56kDa & 1% Rl 4 2EARET C-PCR 7,115 B E MUK B EF P 9 & NN ;4
N-PCR #1, 115 & B F ) 92 & AFHME GREE N 80%).

(0083]  7ZELL groEL & M EEFRA C-PCR AP, 115 & & Uk B FE TH R 76 4 HFH M, F R
FE 4 66%.

[o084]  7ELL 16s ExHE {4k RNA 2 F 8RR 2% & B ) PCR J5v% (LR 3 9 C-PCROYH, 115
4 & R B R 100 4R BHME, 3R AH RIBE 4 86%.

[0085]  FEEE AR T, BRaAEE RRA P I 2 MM EFE R ZE 47kDa Q-PCR 4 & J9 FH
AN, ZEAEAT PCR MR A & AN .

[0086] A& HHAL I 75 £S5 EL BB 8 U 77 v B0 32 W MR A T B R

[0087] 1) #HL PCR P ARYE-& $EE A (1712 Wi v/ X B B ASC

[0088] % #i PCR ff] AUC W1 F. 16s C-PCR [ AUC 4 0.94 (95%CI, 0. 89-0. 97), ifij 47kDa
C-PCR 1 AUC 3 0. 51(95%CI, 0. 44-0. 59). 56kDa C-PCR [¥] AUC 2 0. 54(95%CI, 0. 46~0. 62),
il groEL C-PCR f#] AUC 3 0.8 (95%CI,0.77-0.88). 16s C-PCR f¥] AUC 55 B & C-PCR HJ
AUCCEE S % EEENKESR (16s C-PCR vs47kDa C-PCR, p<0. 001 ;16s C-PCR vs56kDa
C-PCR, p<0. 001), 47kDa C-PCR f] AUC 55 56kDa C-PCR {J AUC NEH St tHE X E
5 (p=0.081> (& 1),

[0089]  2) #5HEZE [ ZEH P ARYE PCR K12 Wiyl mh & B LU R

[0090] LA 47kDa %t (&l 2 4R % B C-PCR & 7~ HY 3% (95%CI, 0. 5-7. 4) (] R 4 BF F1 100%
(95%CIL,93. 2-100)KIFF . 7ELLZEE R G 2EFRAT N-PCR 1B LT, RBUE A 81%(95%CI,
72.5-87. 6), K F M 100% (95%CI,93. 2-100). %% 38cp #5E 2 BA M &5 B i 4 B LR A,
47kDa Q-PCR B2 HIHERARE A 76% (95%C1, 66. 8-83. 2D R & Fi 96% (95%CT, 86. 8-99. 5)
f%E M. 47kDa N-PCR [ AUC 4 0. 9 (95%CI, 0. 85-0. 94), Q-PCR f¥] AUC 3 0. 86 (95%CI,
0.8-0.91). C-PCR i AUC 3% 0.51 (95%CI,0. 44-0.59). ZEHHBRPHEEL T ¥ LEEX

11
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1% 5 (N-PCR vs C-PCR,p<0. 001 ;N-PCR vs Q-PCR,p=0.012 ;C-PCR vs Q-PCR,p<0.001),
[0091]  7E UL 56kDa %= B8l 24 #E 4% f C-PCR &, R /& 7 8% (95%CI, 3. 6-14. 3), 4% &
47 100% (95%CI,93. 2-100), 7 LA 56kDa % Kl 4 #E AR N-PCR 77, R & % 80% (95%CI,

71.5-86. 9), ¥ F Mk 100% (95%CI, 93. 2-100). S BkREIET, N-PCR ] AUC (HIZR FEAR

0.9 (95%CI,0.46-0.61), T C-PCR (] AUC 37 0. 54 (95%CI, 0. 46-0. 62), KAFLELS % L
H&E X HESF (N-PCR vs C-PCR, p<0. 001),

[0092]  #R#E 47kDa N-PCRF0Q-PCR.56kDa N-PCR. LA K {#H 16s 1% 8514 RNA ZE R (K 5| 433t
AT B & B A J7 VA (B B9 AUC ST 2 WHER S EAT HL AR . 46 2R, {6 165 128814 RNA ZEE Y

51T I KB C-PCR B AR TR H e 7R f AUC{E, HFRF A EAERXE
%2 (16s C-PCR vs47kDa N-PCR, p=0.017 ;16s C-PCR vsb6kDa N-PCR, p=0. 03 ;16s C-PCR
vs47kDa Q-PCR, p<0.001) (& 1),

(o093] [ F 6]

[0094] IRIEHCEEIFN PCR AyE@E T ROC Hl 28 34T I 2 W vERF BE 70 i
[0095]

R AR AUC o

ecorinn, | 0:94(95% CL

___________ I B2 X0 |
3%/100% (95 <0.001
TEmAz | —
(47kDaNPCR) | ° 0/100% 0.017
; Hﬂfﬁiw 3 o 76%/96% <0001
8%/100% <0.001
80%/100% 0.03
66%/100% <0001

[0096] ﬂzs-jcze»)é ﬂ% AUC zﬁﬁm Mﬁ %{E%Fmtlﬁﬁﬂj—tﬂziﬁ%m EJ“ ﬁ???i
7 CEHER) 3) (iR 5 vE(EH 16s BBk RNA 95 14D B2 W iR 8 L T4 Ge A 5 v (Eb
B 1-6), 3 HAECWHERE A HENER B FRIZEE . B, EaRHBEARRAANRAR
{§F A 16s #Z85 ¢ RNA ZEE (5 190605 %) PCR ié%&:f@ﬁs?ﬂﬁﬁ‘im 47kDa ZE X i & 2 PCR F
S PCR KIS WIHERSE, T ANFTIR Y 1 47kDa FE R 0 8 28 PCR FNSE i PCR FEH R HE T
TRRIZ W .

[0097]  ARAHBIAN R EMBR R, 72 LR KRR BT A FFRME SRR R 5508 77 X A] A
A5 B S v TSR iR & BA AR [F] B B8 He St 77 A AL . AU AR

12
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N 5K B A, ) 2H 2 ) S 7 2 3 R B 8 T B ASUR B SR P B R L 9 AR B RS p AR
P

[0098] < &R >

[0099] 1. Jiang J, Chan TC, Temenak JJ, Dasch GA, Ching WM, Richards AL.Development
of a quantitative real-time polymerase chain reaction assay specific for
Orientia tsutsugamushi.Am J Trop Med Hyg. 2004Apr;70(4) :351-6.

[0100] 2.Kim DM, Yun NR, Yang TY,Lee JH, Yang JT,Shim SK, et al.Usefulness of
nested PCR for the diagnosis of scrub typhus in clinical practice:A prospective
study. Am J Trop Med Hyg. 2006Sep;75 (3) :542-5.

[0101]  3.Park HS, Lee JH, Jeong EJ,Kim JE, Hong SJ,Park TK,Kim TY, Jang W], Park
KH,Kim BJ, Kook YH,Lee SH.Rapid and simple identification of Orientia
tsutsugamushi from other group rickettsiae by duplex PCR assay using groEL
gene. Microbiol Immunol. 2005;49 (6) :545-9.
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[0001]

o0y 1
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y: ;2
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<400» 4
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[o002]
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X285 B3

20
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400> 7
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216>
>

00y
122% R4

406y 8 g
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2L

[0003]
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waceglatcg-catcdotets 28

ctacacgegt getacaates 2%

2

g8

285 GtsuRpTaL

<406> 3B
‘geattoadot gettcaagta-ca 22
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L - - 56koa 'c—PeR
—— 47kDa C-POR
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Our Ref: 13HKI032-101
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AR BRI G SR P SR U7 R A0 51 A RN (6E R BT IR 51 0 RO BRI T A

FEYW REBBIZET S EARNE, AE0YEEHERRRTE (5ES
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ABSTRACT

Title of Invention :  PRIMER PAIRS FOR DETECTING ORIENTIA TSUTSUGAMUSHI
AND DETECTION METHOD USING THE SAME

The present invention relates to a diagnosis method of scrub typhus, more precisely,
to a diagnosis method of scrub typhus by detecting Orientia tsutsugamushi, the
cause of scrub typhus, comprising the following steps: preparing primer pairs based
on the 16s ribosomal gene sequence of Orientia tsutsugamushi, and detecting
Orientia tsutsugamushi using the prepared primer pairs. The diagnosis method of
the present invention not only demonstrates higher diagnostic accuracy than other
conventional methods amplifying and analyzing 47kDa, 57kDa, and groEL, but also
is very simple and easy, suggesting that it is excellent in the aspect of cost—effect.



