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Improvement of the Diagnostic Sensitivity of Scrub Typhus Using 
a Mixture of Recombinant Antigens Derived from Orientia 
tsutsugamushi Serotypes

Diagnosis of scrub typhus is difficult because its symptoms are very similar to other acute 
febrile illnesses, such as leptospirosis, murine typhus, and other viral hemorrhagic fevers. 
To differentiate scrub typhus from other acute febrile diseases, a rapid and reliable 
serological diagnosis is important. We have developed a chimeric recombinant antigen 
cr56 and two other recombinant antigens, r21 and kr56, from various serotypes of 
Orientia tsutsugamushi. They were tested for the detection of antibodies against O. 
tsutsugamushi in the patient’s serum samples using enzyme-linked immunosorbent assay 
(ELISA) and dot-blot analyses. As of conventional immunofluorescence assay (IFA), when 
the mixture of these three recombinant antigens was used, both sensitivity and specificity 
of the recombinant antigens were increased up to 98% in IgM and IgG at ELISA and dot 
blotting. Additionally, both sensitivity and specificity by detection of IgM and IgG 
antibodies at rapid diagnostic test (RDT), using the mixture of three antigens and gold 
conjugated antibodies, were 99%. Our results suggest the use of mixture of these 
recombinant antigen proteins in ELISA or RDT is suitable as a diagnostic test for scrub 
typhus.
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INTRODUCTION

Scrub typhus (tsutsugamushi disease) is an acute febrile illness 
caused by Orientia tsutsugamushi, which belongs to the scrub 
typhus group of the family Rickettsiaceae (1). It occurs world-
wide but is particularly frequent in Asia including Korea, Japan, 
China, Malaysia, Thailand, and Vietnam (2, 3). It accounts for 
up to 23% of all febrile episodes in endemicity in the Asia-Pacif-
ic region (2). Approximately 1 million cases of scrub typhus ap-
pear every year and more than a billion people are at risk. The 
pathogen is transmitted by the bite of larval-stage trombiculid 
mites. A patient with scrub typhus can show various symptoms 
ranging from mild fever to fatal status with multiple organ fail-
ure. Antibiotics, such as tetracycline or doxycycline, cure the in-
fection completely if treated early. 

 It has been generally considered that the clinical diagnosis of 
scrub typhus is easy based on the typical symptoms and signs. 
However, atypical symptoms and signs have been reported in 
many cases. Since specific symptoms of tsutsugamushi disease, 
including eschar formation and typical rash, are not observed 
frequently, it is difficult to discriminate the scrub typhus from 
other acute febrile illnesses such as leptospirosis, murine ty-
phus, dengue fever, and other viral hemorrhagic fevers (4). 
 The diagnostic method for scrub typhus, indirect immuno-
fluorescent assay (IFA), is sensitive and specific in detecting the 
antibody to O. tsutsugamushi (5). However, it requires cell cul-
ture facility to prepare O. tsutsugamushi antigen for immediate 
use, since O. tsutsugamushi antigen cannot be stored for a long 
period of time. It also requires a fluorescent microscope for di-
agnosis, which can only be performed by an expert in a labora-
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tory (6, 7). Thus, it is difficult for hospitals to perform an immu-
nofluorescence test in rural areas, where frequency of tsutsuga-
mushi disease is usually high. Therefore, another simple, con-
venient and accurate diagnostic method is necessary to be de-
veloped (7-9). 
 O. tsutsugamushi is classified into one species, with many se-
rotypes having different antigenicity, of which prototypes are 
Gilliam, Karp, and Kato strains according to their antigenicity. 
Among Korean epidemic strains, Boryong and Kangwon 87-61 
strain, which have different serologic reactivity from the known 
epidemic serotype have been reported (2, 10-12). Among the 
antigens of various surface proteins in O. tsutsugamushi, a 56-
kDa protein antigen, constituting up to 15% of the total protein 
contents produced by the bacterium, is most frequently detect-
ed by the serum antibody of the patient with scrub typhus (13, 
14). 
 The purpose of this study was to develop a reliable diagnostic 
recombinant protein that can detect antibody to the Korean 
epidemic serotype as well as the worldwide epidemic proto-
type, such as Gilliam, Karp and Kato. In the present work, each 
gene coding important epitopes of 56-kDa antigen of Gilliam, 
Karp or Kato strain was amplified by polymerase chain reaction 
(PCR) (8, 15). In addition to this, the individual antigen genes of 
O. tsutsugamushi coding for 21-kDa and 56-kDa antigenic pro-
teins of Boryong and Kangwon 87-61 strain respectively were 
cloned and expressed separately to improve diagnostic sensi-
tivity for scrub typhus. The sensitivity and specificity of the mixed 
antigen of O. tsutsugamushi were evaluated using ELISA, dot-
blot immunoassay, and RDT in this study, comparing to IFA to 
diagnose scrub typhus.

MATERIALS AND METHODS

Gene cloning and expression of recombinant proteins, 
cr56, r21, or kr56
Each strain of O. tsutsugamushi was grown in mouse fibroblasts 
cells (L929), incubated at 34°C in a humidified atmosphere of 
5% CO2, and purified by percoll density gradient centrifugation 
as described by Ohashi et al. (1). Standard techniques for DNA 
manipulation, such as plasmid DNA preparation, ligation, com-

petent cell preparation and transformation were followed as 
described by Sambrook and Russell (16). The DNA to make the 
chimeric recombinant 56-kDa (cr56) protein was isolated from 
O. tsutsugamushi strains grown into the L929 cells as described 
previously (13). Primers were designed based on the DNA se-
quence coding for the 56-kDa outer membrane protein gene. 
Homological region which showed 30% or more amino-acid 
sequence homology with each other at 56-kDa outer membrane 
proteins of O. tsutsugamushi prototype Gilliam, Karp and Kato, 
were selected to prepare the chimeric antigen of which oligo-
nucleotide primers were designed in order to include each se-
lected sequence to make the chimeric 56-kDa protein (Table 1). 
A 21-kDa species-specific antigen in O. tsutsugamushi serotype 
Boryong strain for recombinant 21-kDa protein (r21) and a 56-
kDa major antigen of O. tsutsugamushi Kangwon 87-61 strain 
for simple recombinant 56-kDa protein (kr56) were cloned in E. 
coli (Patent #, WO 2008/029981 A1) (15). Each plasmid carrying 
the inserts coding for cr56, r21, and kr56 were induced by 0.5 
mM Isoproyl-b-D-thiogalactopyranoside (IPTG) (Sigma, St. 
Louis, MO, USA). The recombinant His tagged proteins were 
purified, using His binding resins (Novagen, Darmstadt, Ger-
many) according to the manufacturer’s instruction.

Collection of serum samples
This study was approved by Institutional Review Board (IRB) of 
Hallym University. The control serum samples were obtained 
from healthy volunteers at Hallym University. Patient serum 
samples were referred from various hospitals of Hallym Univer-
sity Medical Center located in Chuncheon, Kangnam, Kang-
dong, Hangang and Sacred Heart Hospitals in Korea to diag-
nose scrub typhus-like symptoms from 1999 to 2000. Among 
them, 12 patients were confirmed with scrub typhus by the IFA 
test as described previously by Bozeman and Elisberg (20). All 
of these patients had at least two of the three symptoms of scrub 
typhus (fever, rash, and eschars), and all exhibited seroconver-
sion or four-fold increment in antibody titers to O. tsutsugamu-
shi by the IFA test. Samples were determined as scrub typhus 
positive by having IgM or IgG IFA titers of ≥ 1:10 or ≥ 1:40, re-
spectively. An additional 32 serum samples were collected from 
scrub typhus patients who were diagnosed from only one se-

Table 1. List of O. tsutsugamushi serotype and primers used in the present study

Serotype         Primer              Sequence (5´-3´)             Source 

Gilliam (953 bp) tsg56for (NdeΙ) 
tsg56rev (SalΙ) 

GGACA’TATGATTACTGGTGCAGAA 
ATCG’TCGACATTTAAAAGCCTAAC 

Ohashi et al. (23) 
Ohashi et al. (23) 

Karp (873 bp) tsa56for (SalΙ) 
tsa56rev (EcoRΙ) 

GTTG’TCGACGGAATGATTACTGGC 
GGCATGACAAAATTGAATTCTATC 

GenBank AY956315 
GenBank AY956315 

Kato (886 bp) tst56for (EcoRΙ) 
tst56rev (SmaΙ) 

GTCGTTGGAGAATTCATTACTGGC 
TTGCTGCCCGGGCCCCTGCTG 

GenBank M63382 
GenBank M63382 

Boryong (549 bp) r21for (NdeΙ) 
r21rev (XhoΙ) 

GGACATATGACTAAACTCCATAAA 
ATCCTCGAGTGATTGATTAGTCTT 

GenBank AM494475 
GenBank AM494475 

Kangwon (1,086 bp) kr56for (NcoΙ) 
kr56rev (SalΙ) 

CCATGGCGCCAGGATTTAGAGCA 
GTCGACCAAGACCAGCATAATATGAGAA 

Patent #. WO 2008/029981 
Patent #. WO 2008/029981  
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rum sample having IgM or IgG IFA titers of ≥ 1:10 or ≥ 1:40, re-
spectively (10, 11). For negative control, a total of 38 serum spec-
imens were obtained from healthy blood donors, none of which 
reacted with O. tsutsugamushi by the IFA-IgM or -IgG test. In 
addition, 31 serum specimens from patients with other febrile 
diseases (12 specimens from hemorrhagic fever with renal syn-
drome [HFRS], 9 from murine typhus, and 10 from leptospiro-
sis) were also obtained. HFRS and murine typhus were identi-
fied by the IFA test, and leptospirosis was identified by the mi-
croscopic agglutination tests as previously described (10, 17). 
 For RDT test, serum samples were prepared by two different 
hospitals separately. IFA-positive specimens were provided from 
Hallym University Hospital (n = 51) and Korea University Hos-
pital (n = 58) as scrub typhus positive samples. Other serum 
specimens including murine typhus (n = 39) or HFRS (n = 55) 
infected patient serum specimens were provided by Hallym 
University Hospital (n = 79) and Korea University (n = 15).

Western-blot analysis and IFA
SDS-PAGE was performed as described previously (5). The ex-
pression level of each antigen was confirmed by anti-his-horse-
radish peroxidase (Abcam, Cambridge, MA, USA). The antige-
nicity to this antigen was determined by patient serum at 1;3,000 
dilution and goat anti-human IgG (H&L)-HRP (Bio-Rad Labo-
ratories, Richmond, CA) at a 1;10,000 dilution. 
 Serological diagnosis of scrub typhus was performed by the 
IFA as described by Kim et al. (10). Briefly, O. tsutsugamushi 
strains Gilliam, Karp, and Kangwon 87-61 were cultured on 
monolayer mouse L929 cells in a humidified 5% CO2 atmo-
sphere at 37°C containing 2% fetal bovine serum (Gibco BRL, 
Grand Island, NY). When the cytopathic effect approached up 
to 70% of the cells, the cells were harvested and then dotted on 
teflon-coated spot slides, following fixation with acetone for 10 
min. The slides were stored in a freezer at -70°C without expo-
sure to the air from outside until used. After applying two-fold 
serially diluted (1:10 to 1:1,280 in phosphate buffered saline 
[PBS]) patient serum to the antigen-coated spot on the slide for 
30 min, fluorescein isothiocyanate-conjugated antibody, anti-
human IgM or IgG (Cappel Laboratories, Cochranville, PA, USA), 
was applied to determine the positive signal. Endpoint titer 
against individual serum was represented as the reciprocal of 
the highest serum dilution at which rickettsiae exhibited clear 
positive fluorescence at any one of the three strains. From diag-
nostic study in Korea, cutoff values of titer at IgM and IgG IFA 
were ≥ 1:10 and ≥ 1:40 (10).

ELISA
To develop the optimal dilutions of the recombinant protein 
antigens, the recombinant protein antigens were diluted with a 
0.05 M carbonate buffer (pH 9.6) and added to wells at various 
concentrations (18). A 96 well plate (Corning, Corning, NY, USA) 

was coated with the diluted recombinant protein antigens and 
incubated at 4°C for 18 hr. The plate was washed twice with PBS 
containing 0.05% Tween 20. The antigens were blocked with 
100 µL of 3% bovine serum albumin (BSA) per well, and the 
plate was incubated at 37°C for 2 hr. Patient serum was diluted 
1:200 in PBS, and 100 µL of the diluted serum was used as a pri-
mary antibody. A peroxidase conjugated goat anti-human IgG 
(H&L) (Bio-Rad, Hercules, CA, USA) was diluted to 1:6,000 and 
used as a secondary antibody. A 100 µL of the prepared sec-
ondary antibody was added to the wells. After washing three 
times, 100 µL of 0.1 M citrate phosphate buffer (pH 4.9) con-
taining 1 mg O-phenylene diamine dihydrochloride (OPD) 
(Sigma) per mL and 0.03% hydrogen peroxide was added to the 
wells. The plate was shielded from light at room temperature 
for 30 min, and then 50 µL of 1 M sulfuric acid was added to ter-
minate the reaction. The plate was read at 490 nm using a Mi-
cro-ELISA reader (SPECTRA MAX 250, Molecular Devices, Sun-
nyvale, CA, USA). 

Dot-blot immunoassay
One microliter of each purified recombinant protein antigen 
(0.1 µg/µL) was dropped onto a nitrocellulose membrane (GE 
healthcare Biosciences, Pittsburg, PA, Germany) and then dried 
at 37°C for 1 hr. The dried membrane was blocked with a TBST 
(Tris-buffered saline containing 0.5% Tween 20) solution con-
taining 5% skim milk for 1 hr. Twelve patients’ serum samples 
were diluted to 1:3,000 as a primary antibody and then added 
to the membrane. The reaction was allowed for 1 hr and HRP 
conjugated goat anti-human IgG (Bio-Rad) was used to deter-
mine a positive reaction which appeared as a distinct dark dot 
on the X-ray film. If no dot was seen, the reaction was interpret-
ed as negative. The results obtained were exhibited as – for non 
reactivity and 1+, 2+, 3+, 4+ indicating positive based on the de-
gree of intensity.

Rapid diagnostic Test (RDT)
A mixture of cr56, r21 and kr56 of O. tsutsugamushi as antigen 
was applied to RDT and this RDT was manufactured by Immun-
emed (15). The test procedure was briefly as follow: 300 µL dilu-
ent buffer including 3 µL serum was applied to the sample well 
of the test kit and then complex of antigen-serum antibody-gold 
conjugated anti-IgM or IgG was running on each IgM or IgG test 
strip. The result was read in 10 min. The red color appearing on 
control line (C) and test line (T) concurrently was regarded as 
positive. The test was considered as negative when only the con-
trol line appeared and invalid if no control line appeared. 

Data analysis
KT clearinghouse (Center for Evidence-Based Medicine, To-
ronto, Canada) version was used to calculate all test perfor-
mances. Variables indicate the number of true positives (TP), 
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true negative (TN), false positive (FP), and false negatives (FN). 
Calculation of accuracy and reliability were conducted by (TP+ 
TN)/number of all tests and ([TPXTN]-[FPXFN]/[TP+FN][TN+ 
FP]). Positive predictive value (PPV) indicates the value of TP/
(TP+FP) and negative predictive value (NPV) is TN/(TN+FN).

Ethics statement
The study protocol was approved by the institutional review 
board of Hallym University (IRB, HIRB-2008-002). Informed 
consent was waived by the board.

RESULTS

Expression and Purification of the recombinant proteins 
The amplified PCR products were electrophoresed and visual-

ized by ethidium bromide staining as shown in Fig. 1 and 952-
bp fragment in the Gilliam strain, 873-bp fragments in the Karp, 
and 886-bp fragment in the Kato strains, respectively, were fused 
to produce a 2,711-bp fragment. The PCR products of Boryong 
(549 bp) and Kangwon 87-61 (1,086 bp) were also observed. 
Protein expression of cr56 fusion protein, r21 protein and kr56 
protein were confirmed by SDS-PAGE analysis, showing 101 
kDa, 21 kDa, and 41 kDa, which are identical to the molecular 
mass predicted for the recombinant proteins, including His-tag 
(Fig. 2). 
 The His fusion proteins were purified with His resin and the 
reactivity of purified recombinant proteins with each antigen 
were analyzed on Western blotting, using the patient serum 
samples of scrub typhus (Fig. 3). Four serum samples from scrub 
typhus patients showed the strong and weak reactivity on the 
cr56 antigenic protein which includes each repetitive region of 
56 kDa protein of prototype Gilliam, Karp, and Kato. On the 
other hand, three out of four serum samples showed the posi-
tive reaction with kr56 from Kangwon 87-61 and two out of four 
serum samples reacted with r21 protein from Boryong. Fur-
thermore, some serum samples reacted to r21 or kr56, even 
though they reacted weakly or rarely to cr56 (data not shown). 

Comparison of ELISA, Dot blotting and RDT
The representative distributions of IFA titer, ELISA titer, and dot 
blot titer from twelve serum samples obtained from confirmed 
scrub typhus patients are shown in Table 2. Background reac-
tivity was assessed by analyzing healthy serum specimens and 

	 1	 2	 3	 4	 5	 M	
Kb
2

1

0.5

Fig. 1. PCR amplification of antigenic genes from O. tsutsugamushi strains, Gilliam 
(lane 1: 952 bp), Karp (lane 2: 873 bp), Kato (lane 3: 886 bp), Boryoung (lane 4: 549 
bp) and Kangwon 87-61 (lane 5: 1,086 bp) strains. The molecular size marker, 1kb 
(lane M).

Fig. 2. SDS-PAGE of recombinant antigen protein r21(21 kDa), kr56 (41 kDa) and cr56 (101 kDa). Asterisks indicate the induced antigens. IPTG, Isoproyl-b-D-thiogalactopyran-
oside 
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Table 2. Representative Antigenicity of the recombinant antigen proteins using IFA, ELISA, and dot-blot analyses with confirmed scrub typhus serum samples

Patient 
No. 

IFA titre ELISA OD (450 nm) Dot-blot 

Gilliam Karp Kangwon  *cr56/ 
r21 

†cr56/ 
r21/kr56 

‡cr56/ 
r21 

§kr56 
*cr56/ 

r21 

†cr56/ 
r21/kr56 

‡cr56/ 
r21 

§kr56 
IgM IgG IgM IgG IgM IgG 

  1 − 160 − 640 − 320 1.366 1.023 0.838 0.457 +++ ++++ +++ + 
  2 640 640 − − 640 640 0.463 0.431 0.303 0.18 + ++ ++ ++ 
  3   40 160 40   10   40 160 0.279 0.27 0.152 0.076 + +++ + + 
  4 160 640 40 640   40   10 0.218 0.218 0.224 0.072 ++ ++ − + 
  5 640 640   10   10 160 0.376 0.372 0.317 0.12 + + + −
  6   10 40 −   10 − − 0.269 0.26 0.217 0.094 + +++ ++ − 
  7 − − − − 640 640 0.212 0.246 0.224 0.148 + +++ + + 
  8 − − − − − 320 0.229 0.488 0.742 0.604 + ++ − − 
  9 − − − −   10 320 1.197 0.989 0.802 0.758 ++++ ++++ ++++ +++ 
10 − − − − − 320 0.416 0.447 0.703 0.563 ++ +++ + −
11   80 640 − −   40 320 1.014 0.897 0.452 0.126 ++++ ++++ ++++ ++ 
12 160 640 − −   80 160 0.489 0.371 0.385 0.108 ++ +++ ++ +++ 

*Each antigen protein (cr56 or r21) was diluted to 1.25 μg/mL and mixed in equal proportion; healthy samples showed OD490 = 0.085 ± 0.042; †Each antigen protein, cr56, 
r21 or kr56 was diluted to 1.25 μg/mL and mixed in 5:1:3 ratio, respectively; healthy samples showed OD490 = 0.078 ± 0.038; ‡Each antigen protein, cr56 or r21 was diluted 
to 1.25 μg/mL and mixed in 5:1 ratio; healthy samples showed OD490 = 0.081 ± 0.044; §The antigen protein kr56 was used in a final concentration of 1.25 μg/mL; healthy 
samples showed OD490 = 0.075 ± 0.035. 

Fig. 3. Western blot analysis of the scrub typhus patients' serum samples using recombinant antigens, cr56, kr56 and r2. Lane 1-4: serum samples from scrub typhus patients 
(OT1, OT2, OT3, OT4), Lane 5: serum of healthy control (N), Lane 6 and 7: serum samples of HFRS patients (H1 and H2), Lane 8 and 9: serum samples of leptospirosis patients 
(L1 and L2). Loading amount of each antigen onto membrane was confirmed by Western blot, using anti-His (Anti-His). 
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	 OT1	 OT2	 OT3	 OT4	 N		 H1	 H2	 L1		 L2
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the cut off values were generally set with comparing patients’ 
and healthy person’s serum samples. In our study, the cutoff 
value of IgM or IgG ELISA was simplified as 0.2 through adjust-

ment of ELISA conditions. The mean of optical density (OD) 
from the healthy serum specimens was 0.085 ± 0.042 (to cr56/
r21, 1:1), 0.078 ± 0.038 (to cr56/r21/kr56, 5:1:3), 0.081 ± 0.044 
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(to cr56/r21, 5:1) and 0.075 ± 0.035 (to kr56). No serum from 
healthy persons had OD greater than the cutoff value in the IgM 
or IgG ELISA. 
 In Table 3, when 44 serum samples from patients with scrub 
typhus, 38 serum samples from healthy person and 31 serum 
samples from patients with other febrile illness, were used for 
reactivity on recombinant antigen(s) at ELISA, mixture of cr56: 
r21 (1:1 or 5:1) showed 88.6-93.2% sensitivity and 91.3-92.8% 
specificity. In case of kr56 protein, when it was added to this 
mixture additionally, each positive and negative signal increased 
sensitivity to 95.5% and specificity to 97.1%. 
 The results obtained from the dot-blot analysis were exhibit-
ed as – for non reactivity and 1+, 2+, 3+, 4+ indicating positive 
based on the degree of reactivity (Table 4). In the dot-blot anal-
ysis, 41 (93.2%) of the 44 serum samples from patients with scrub 
typhus gave at least one positive to the cr56/r21 (1:1) antigen 
dot, 40 (90.9%) to the cr56/r21 (5:1), and 27 (61.4%) to the kr56, 
but 43 serum samples (97.7%) gave at least one positive to the 
cr56/r21/kr56 antigen dot. None of the negative control serum 
sample produced positive result. These results were compara-
ble to the data obtained from ELISA. 
 Finally, the efficacy of RDT against scrub typhus to use the 
antigen mixture cr56/r21/kr56 (5:1:3) and another patients’ se-

Table 3. Comparative performance of ELISA, using the recombinant proteins for detection of IgG (H+L) to O. tsutsugamushi in serum specimens

Antigen cr56 :r21 (1:1) cr56 and r21 (5:1) kr56 cr56, r21, and kr56 (5:1:3) 

Patients Scrub typhus 
Healthy or other 

disease 
Scrub typhus 

Healthy or other 
disease 

Scrub typhus 
Healthy or other 

disease 
Scrub typhus 

Healthy or other 
disease 

+ 39   6 41   5 25   3 42   2
−   5 63   3 64 19 66   2 67
Total 44 69 44 69 44 69 44 69
Sensitivity (95% CI) 88.60% (76.0-95.0) 93.20% (81.8-97.7) 56.80% (42.2-70.3) 95.50% (84.9-98.7) 
Specificity (95% CI) 91.30% (82.3-96.0) 92.80% (84.1-96.9) 95.70% (88.0-98.5) 97.10% (90.0-99.2) 
PPV (95% CI) 86.70% (73.8-93.7 ) 89.10% (77.0-95.3) 89.30% (72.8-96.3) 95.50% (84.9-98.7) 
NPV (95% CI) 92.60% (83.9-96.8) 95.50% (87.6-98.5) 77.60% (67.7-85.2) 97.10% (90.0-99.2) 
Accuracy 90.3 92.9 80.5 96.5
Reliability 0.79 0.85 0.52 0.92

CI, confidence interval; PPV, Positive predictive value; NPV, Negative predictive value.

Table 4. Validation of Dot blotting for detection of IgG (H+L) to O. tsutsugamushi serum specimens 

Antigen cr56 :r21 (1:1) cr56 and r21 (5:1) kr56 cr56, r21, and kr56 (5:1:3) 

Patients Scrub typhus 
Healthy or other 

disease 
Scrub typhus 

Healthy or other 
disease 

Scrub typhus 
Healthy or other 

disease 
Scrub typhus 

Healthy or other 
disease 

+ 41   4 40   4 27   4 43   1
-   3 65   4 65 17 65   1 68
Total 44 69 44 69 44 69 44 69
Sensitivity (95% CI) 93.20% (81.8-97.7) 90.90% (78.8-96.4) 61.40% (88.2-99.6) 97.70% (88.2-99.6) 
Specificity (95% CI) 94.20% (86-97.7) 94.20% (86.0-97.7) 94.20% (92.2-99.7) 98.60% (92.2-99.7) 
PPV (95% CI) 91.10% (79.3-96.5) 90.90% (78.8-96.4) 87.10% (71.1-94.9) 97.70% (88.2-99.6) 
NPV (95% CI) 95.60% (87.8-98.5) 94.20% (86.0-97.7) 79.30% (69.3-86.6) 98.60% (92.2-99.7) 
Accuracy 93.8 92.9 81.4 98.2
Reliability     0.87     0.85     0.55     0.96

CI, confidence interval; PPV, Positive predictive value; NPV, Negative predictive value.

Table 5. Performance of RDT tests for detection of IgM or IgG to O. tsutsugamushi in 
patient serum samples 

RDT IgG or IgM 

Patients Scrub typhus Other disease 

+ 108   1
-     1 93
Total 109 94
Sensitivity (95% CI) 99.10% (95.0-99.8) 
Specificity (95% CI) 98.90% (94.2-98.8) 
PPV (95% CI) 99.10% (95.0-99.8)
NPV (95% CI) 98.90% (94.2-99.8)
Accuracy 99
Reliability        0.98

Performance of RDT was evaluated by comparing result from 3 separate tests. CI, 
confidence interval; PPV, Positive predictive value; NPV, Negative predictive value.

rum samples is presented in Table 5. Its sensitivity was 99.1% 
and specificity was 98.9% from reactivity to IgM and IgG, and its 
accuracy was 99.0%.

DISCUSSION

Scrub typhus is a common disease in both indigenous and vis-
iting individuals to rural areas in Asia (3, 19, 20). However, this 
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disease is difficult to diagnose because the signs and symptoms 
are nonspecific and the availability of conventional IFA is not 
easy. The less accessibility to IFA in the field is because the epi-
demic or endemic serotypes of whole O. tsutsugamushi bacte-
ria should be provided from the each specific region for diag-
nosis. As O. tsutsugamushi is an obligate intracellular pathogen, 
its culture is difficult and comparatively high in cost and re-
quires biosafety level (BSL) 3 facilities. For these reasons, many 
laboratories throughout the epidemic or endemic region, in 
which the economic state is generally poor, do not carry out 
their own assays and cannot pay the high cost for commercial 
assay. Therefore, clinicians may not have access to laboratories 
that use specific assays for scrub typhus and some laboratories 
may use the nonspecific and insensitive Weil-Felix reaction in 
which cross-reactive Proteus antigens are used to diagnose 
rickettsial diseases (21).
 Fortunately, in the last 15 yr several laboratories have devel-
oped scrub typhus assays that use recombinant proteins de-
rived from O. tsutsugamushi. These antigens are produced by E. 
coli in a BSL 2 laboratory, and have been found to be very con-
sistent from lot to lot and are quite stable. The antigen of choice 
has been the immunodominant outer membrane 56-kDa pro-
tein from various strains of O. tsutsugamushi (Karp, Kato, Gil-
liam) either used singularly or in combination (7, 9, 13, 18, 19). 
In nature, the antigen is quantitatively recognized by the im-
mune systems of various hosts, including humans (9). The re-
combinant 56 antigen has been used successfully as a fused 
protein in passive hemagglutination assays and an ELISA or a 
truncated format in an ELISA and IFA (7, 18, 19). 
 The 56-kDa protein is located on the outer membrane of O. 
tsutsugamushi. The protein comprises 10% to 15% of the total 
bacterial cellular protein contents (12, 13). Many serum sam-
ples from scrub typhus patients react on 56-kDa proteins from 
several serotypes, although some serum samples react predo-
minantly on a 56-kDa antigen from a certain or a few serotype 
strains (6, 7, 22). Several antigenic serotypes of O. tsutsugamu-
shi were isolated and distinguishable from each other through 
serological cross-testing (1, 11). The serotype of the bacteria 
mainly depends on the antigenicity of an immunodominant 
56-kDa major surface protein (6, 13, 19, 22) which contains the 
group-specific and serotype-specific epitopes. The 56-kDa pro-
tein is highly reactive on patient serum owing to its antigenicity 
and abundances, so it could be the first antigen candidate for 
use in the diagnosis of O. tsutsugamushi disease. 
 There are at least four serotypes of O. tsutsugamushi in Korea, 
in which serotype Boryong and Gilliam are dominant (3). Kang-
won which is antigenically near Gilliam was infrequently found 
in Korea, and when antigen kr56 was added as near complete 
56-kDa protein to the mixture antigen of cr56 and r21 with the 
similar molar ratio, the sensitivity and specificity was improved 
in the antibody detection, therefore the ratio of cr56, kr56 and 

r21 was 5:3:1. When other ratio was used, both sensitivity and 
specificity were lower than this specific ratio (data not shown).
 In this report, we evaluated the ability of a new chimeric re-
combinant antigen protein (cr56) derived from O. tsutsugamu-
shi Gilliam, Karp, and Kato strains, as well as antigen proteins 
(r21 and kr56) derived from Boryong and Kangwon 87-61 strains. 
Although the sensitivity and specificity of cr56 were apprecia-
ble, these were improved drastically by the use of antigen mix-
ture (cr56, r21 and kr56). These results were supported by the 
data obtained from ELISA and dot-blotting. Although the parts 
of each antigenic motif were chosen among a few serotypes, the 
sequences of each recombinant antigen are showing high ho-
mology with antigen of every serotypes in the world, and there-
fore, it is very possible to diagnose scrub typhus globally not 
only in Korea.
 On the basis of the results obtained in the present study, the 
mixture of cr56, r21 and kr56 for O. tsutsugamushi could be used 
as a reliable and useful antigen for diagnosis of scrub typhus 
with wide spectrum at least in Korea. It is suggested that this 
mixture of recombinant antigens will improve the diagnostic 
sensitivity of scrub typhus world wide.
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