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SHORT COMMUNICATION

Molecular Diagnosis of Scrub Typhus: 
Sample and Timing Matter
Nagarajan L Surya1, Sania Paul1, Susmitha K Perumalla1, Karthik Gunasekaran2, Abhilash KPP3 
and Prakash JAJ1,*

INTRODUCTION

Scrub typhus (ST), which is caused by 
Orientia tsutsugamushi and spread by the 
mite (chigger). This zoonotic disease has 
now been described beyond the ‘tsutsug-
amushi triangle,’ with reports from South 
America (Chile), Europe (France), East 
Africa (Kenya), and Dubai [1]. ST is an 
acute febrile illness characterised by the 
presence of an eschar at the site of the 
mite bite [2]. The eschar is observed in 
7%-97% cases of ST [3,4]. An eschar 
practically clinches the diagnosis because 
when present, an eschar has a specificity 

of 99% [4] and is related to the thorough-
ness of the physical examination [5]. In 
the absence of an eschar, the diagnosis of 
ST requires laboratory testing because ST 
mimics dengue, leptospirosis, malaria, 
and typhoid fever [5,6]. O. tsutsugamushi 
is intrinsically resistant to the ß-lactams, 
f luoroquinolones, and aminoglycosides, 
but susceptible to doxycycline, chloram-
phenicol, or azithromycin [7].

In geographic regions with a demon-
strated prevalence of O. tsutsugamushi 
(endemic areas), empirical treatment to 
treat ST is initiated while awaiting labora-
tory confirmation [5]. The methods used 
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Abstract

Objective: Scrub typhus (ST) is an acute febrile illness caused by Orientia 
tsutsugamushi. Laboratory tests are needed to confirm the diagnosis when the 
characteristic eschar is absent. This study aimed to evaluate the performance 
of 47 kDa qPCR using clotted and EDTA-treated blood among patients with 
suspected ST

Methods: Clotted blood samples from 284 inpatients (IPs) and EDTA-treated 
blood samples from 194 outpatients (OPs) with suspected scrub typhus were 
collected from patients who were blood culture- and malaria-negative. ST IgM 
ELISA and 47 kDa qPCR were performed for detection of ST infections.

Results: Among the IPs (n=284) and OPs (n=194), 41% and 63% were 
confirmed to have ST based on the case definition, respectively; the mortality 
rate was 1%. The 47 kDa qPCR sensitivity of the buffy coat (65.6%) was 
greater compared to clotted blood (37.1%). PCR was more likely to be positive 
in the 1st week of the illness; IgM ELISA positivity increased after the 5th day 
of the illness.

Conclusion: The type of sample and the time of sample collection have a 
role in the diagnosis of ST. These preliminary results need to be confirmed by 
prospective multicentric studies.
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for laboratory confirmation include cell culture, antigen 
detection, nucleic acid amplification tests (NAATS), and 
detection of antibodies by an immunof luorescence assay 
(IFA) and enzyme-linked immunosorbent assay [ELISA] 
[5,6,8]. Isolation of the ST agent and IFA require expertise 
and infrastructure which are beyond the capability of most 
diagnostic centres [4,8]. Detecting IgM antibodies against 
the immunodominant 56 kDa antigen by ELISA is more 
feasible for routine diagnosis because objective results are 
obtained, testing can be automated [2,4,5,9], and ELISA 
has a similar sensitivity to IFA [9]. Conventional (cPCR), 
nested PCR (nPCR), and real-time PCR (qPCR) assays 
have been described and used for detecting O. tsutsug-
amushi 56-kDa, 47-kDa, 16 SrRNA, and GroEL gene tar-
gets [5,6,8,10]. Even though nPCR is very sensitive, there 
is a high risk of false-positive reactions due to contamina-
tion [11]. The qPCR has good sensitivity, provides faster 
results with a minimal risk of contamination, and can also 
be used for quantification [12]. Sensitivity ranges from 
50% to 83%, whereas specificity is nearly 100% [12-14]. 
In this paper we have described the performance charac-
teristics of the 47 kDa qPCR using DNA extracted from 
blood clots and whole blood.

MATERIALS AND METHODS

Subject recruitment
From August 2015 through December 2017, clotted blood 
samples from 237 inpatients (IPs) with suspected acute 
undifferentiated febrile illnesses (AUFIs) were collected. 
From August 2018 to December 2019, whole blood spec-
imens (EDTA-treated blood samples) were collected from 
194 outpatients (OPs) with AUFIs. The inclusion and 
exclusion criteria used for sample recruitment are shown 

in Table 1. Samples from study subjects were collected after 
obtaining informed consent. The presence or absence of 
eschar and response to rickettsia-specific treatment were 
recorded. For the IP study (blood clot PCR), subjects 
were recruited from the wards (inpatients). The OP group 
(buffy coat PCR) was recruited from individuals present-
ing to the adult and paediatric emergency departments 
(EDs) and OP clinics. The study was initiated and sam-
ples collected after obtaining ethical clearance from the 
Institutional Review Board (IRB [IRB min. nos. 9831 dt 
07/01/2016 and 11013 dt 4/12/2017]).

ST IgM ELISA
O. tsutsugamushi anti-IgM antibodies in serum or plasma 
were detected using the Scrub Typhus Detect IgM ELISA 
System (InBios International, Inc., Seattle, WA, USA) 
according to the standard operating procedure (SOP) 
routinely followed in the Immunology Laboratory. The 
Immunology Laboratory is part of the ISO 15189:2012 
accredited Clinical Microbiology Department. The sam-
ple with an optical density (OD) value ≥1.00 was consid-
ered positive for ST, as described previously [2]. For the IP 
study plasma was used for detection of ST IgM antibodies 
by ELISA for the IP study because serum and plasma give 
comparable results by PCR [15]. This finding has been 
further corroborated by our in-house studies (data not 
shown).

Real-time polymerase chain (qPCR) reaction
Each blood clot was triturated in a sterile mortar and pestle 
and EDTA blood was centrifuged at 1690 × g for 15 min in 
a refrigerated centrifuge (centrifuge 5804R; Eppendorf AG, 
Hamburg, Germany) to obtain the buffy coat. DNA was 

TABLE 1  |  Study criteria and samples used.

Criteria Attribute Blood clot Buffy coat

Inclusion Age ≥1 year ≥1 year

Gender (M/F) Both genders Both genders

Fever (≥100°F/≥37.8°C) Yes Yes

Duration of fever (days) ≥5 ≥3

OP or IP IP OP (Emergency room)

Exclusion Localizing signs Yes Yes

Malaria Yes Yes

Septicemia Yes Not investigated

Enteric fever Yes Not investigated

Samples ST IgM ELISA Serum Plasma

47 kDa qPCR Blood clot Buffy coat

Subjects Number recruited 284 194

Eschar 63 71

Confirmed cases 116 122
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extracted from the triturated blood clot and buffy coat using 
the QIAamp DNA mini-kit (QIAGEN GmbH, Hilden, 
Germany). Extracted DNA was stored at −20°C. RNAse P 
gene amplification was performed on a subset of the samples 
to assess the efficiency of DNA extraction [16]. The 47 kDa 
qPCR was performed using primers and probes described 
by Jiang et al. [17], which were validated by Kim et al. [12] 
and interpreted as described previously [16].

A composite case definition was used to identify ST 
cases, as described previously [2]. In brief, a patient with 
non-malarial fever was considered to be a ST case if 

either or both of the following criteria were satisfied: 1. 
ST-specific DNA was detected by 47 kDa qPCR; and/or 
2. ST IgM ELISA was positive with defervescence within 
72 h of initiating treatment with rickettsia-specific ther-
apy (doxycycline or azithromycin).

Statistical analysis
All the study data, including the test results, were stored in 
Microsoft Excel (2016). Categorical data were expressed as 
frequencies and percentages. The chi-square test was used 
to associate the categorical variables, and the sensitivity 

TABLE 2  |  Performance characteristics of ST diagnostic parameters (IP study).

(n=284)  
 

Eschar  
 

IgM ELISA (serum)  
 

47 kDa qPCR (clot)

Positive   Negative Positive   Negative Positive   Negative

ST case (n=116)   59   57   104   12   43   73

Non-ST case (n=168)   4   164   2   166   0   168

Sensitivity % (95% CI)   50.9 (41.4–60.2)   89.6 (82.6–94.5)   37.1 (28.3-46.5)

Specificity % (95% CI)  97.6 (94.0–99.4)   98.8 (95.7–99.9)   100 (97.8–100)

*LR+ (95% CI)   21.4 (7.9–57.2)   75.3 (18.9–300.1)   -

*LR− (95% CI)   0.5 (0.4–0.6)   0.1 (0.1–0.2)   0.6 (0.6–0.7)

Accuracy % (95% CI)   78.52 (73.3–83.2)   95.1 (91.9–97.3)   74.3 (68.8–79.3)

*LR - likelihood ratio.

TABLE 3  |  Performance characteristics of ST diagnostic parameters (OP study).

(n=194) Eschar IgM ELISA (Plasma) 47 kDa qPCR (Buffy coat)

Positive Negative Positive Negative Positive Negative

ST case (n=122) 69 53 89 33 80 42

Non-ST case (n=72) 2 70 1 71 0 72

Sensitivity % (95% CI) 56.6 (47.3–65.5) 73.0 (64.2–80.6) 65.6 (56.4–73.9)

Specificity % (95% CI) 97.2 (90.3–99.7) 98.6 (92.5–99.9) 100 (95.0–100.0)

*LR+ (95% CI) 20.4 (5.2–80.6) 52.5 (7.5–368.9) -

*LR− (95% CI) 0.5 (0.4–0.6) 0.3 (0.2–0.4) 0.3 (0.3–0.4)

Accuracy % (95% CI) 71.7 (64.8–77.9) 82.5 (76.4–87.6) 78.4 (71.9–83.9)

*LR - likelihood ratio.

TABLE 4  |  Consolidated results of performance characteristics of ST diagnostic tests.

(n=478) Eschar IgM ELISA (serum) 47 kDa qPCR (clot)

Positive Negative Positive Negative Positive Negative

ST case (n=238) 128 110 193 45 123 115

Non-ST case (n=240) 6 234 3 237 0 240

Sensitivity % (95% CI) 53.8 (47.22–60.2) 81.1 (75.5–85.9) 51.7 (45.2–58.2)

Specificity % (95% CI) 97.5 (94.6–99.1) 98.8 (96.4–99.7) 100 (98.5–100)

*LR+ (95% CI) 21.5 (9.7–47.8) 64.9 (21.1–200) -

*LR− (95% CI) 0.47 (0.4–0.5) 0.19 (0.15–0.3) 0.48 (0.42–0.6)

Accuracy % (95% CI) 75.7 (71.6–79.5) 89.9 (86.9–92.5) 75.94 (71.9–79.7)

*LR - likelihood ratio.
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and specificity were calculated. All these statistics were 
performed using STATA I/C 13.1 (StataCorp LLC, 
College Station, TX, USA).

RESULTS

Amongst the 284 patients recruited in the IP study, 116 
(41%) were confirmed to have ST based on the case defi-
nition, whereas 122 (63%) of 194 patients were diagnosed 
with ST in the OP study using the same criteria. RNAse 
P gene amplification performed on a subset of samples 
consistently had Ct values between 22 and 28 cycles, thus 
confirming the adequacy of DNA extraction. The perfor-
mance characteristics of eschar, ST IgM ELISA, and 47 kDa 
qPCR, as determined against the reference standard, are as 
shown in Tables 2 and 3. The consolidated results of the 
three parameters are provided in Table 4. Representative 
pictures of the eschar and the amplification plot of 47 kDa 
are shown in Figs. 1 and 2.

DISCUSSION

In the present study we compared the performance of 
eschar, IgM ELISA, and qPCR with an expert-derived 
case definition (composite criteria) for the diagnosis of ST. 
In this study we did not use the ‘serologic gold standard’ 
(IgM IFA) because IgM ELISA has been reported to be 
equally sensitive, specific, less cumbersome, and the inter-
pretation is objective [5].

Of the 478 patients studied, ST was diagnosed in 238 
according to the case definition. A low mortality rate (1%) 
was observed compared to 12.2% in 2010 [18] and 4.6% in 
2015 [19] from our centre. There has been a steady decline 
in ST-related mortality over the past decade that can be 
attributed to better awareness of the disease amongst the 
clinicians at our centre and the community [2].

As reported in the literature, the prevalence of eschar 
varies. In 2003 when ST re-emergence was noted for the 
first time in India, the eschar rate was <10% in our own 

(A) (B)

FIGURE 1  |  Eschar at the nape of the neck (A), Eschar below the right eye (B).

FIGURE 2  |  Amplification plot: 47 kDa qPCR.
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institution [20]. The eschar rate improved to 55% by 2013 
[21] with increased clinician awareness and was similar to 
the eschar incidence (56.3%) reported in the current study.

Using the ST case definition (composite standard), 
the specificity of the ST IgM ELISA and 47 kDa qPCR 
approached 99% and reached 100%, respectively. The high 
specificity of ST IgM ELISA attributable to study design 
(clear-cut inclusion and exclusion criteria) were studied.

IgM ELISA and 47 kDa qPCR in the IPs and OPs had 
sensitivities of 89.6% and 73%, and 37.1% and 65.6%, 
respectively, for the diagnosis of ST (OD ≥1) in the cur-
rent study. We attribute this variation in sensitivity to the 
sampling time frame (≥5 days) for the IP and OP studies 
(≥3 days). This finding ref lects the increased likelihood 
that PCR is positive in the 1st week and IgM ELISA posi-
tivity increases after the 5th day of illness, as reported pre-
viously [2]. The sensitivity and specificity of IgM ELISA 
in the current study are comparable to previously reported 
studies from our centre [2,14,22,23] and elsewhere [24]. 
The ELISA is more objective and reproducible than IgM 
IFA, can be automated, and is less prone to inter- and 
intra-observer variation [5,25,26]. The data generated in 
this study reiterated the diagnostic utility of IgM ELISA 
using a cocktail of antigens, including the O. tsutsugamushi 
recombinant 56 kDa (r56 kDa) antigens of Karp, Kato, 
Gilliam, and TA716 strains [27].

The sensitivity of 47 kDa qPCR varies between 63–81% 
[12,27-29]. In the current study the sensitivity of 47 kDa 
qPCR was low with clotted blood (37.1%) collected from 
OPs and was higher in buffy coat samples (65.6%) col-
lected from IPs. The variation in the two samples can be 
attributed to sample timing and type. Moreover, IPs had 
more severe infections and were likely to have a higher 
O. tsutsugamushi DNA load, as noted by Sonthayanon 
and co-workers [30]. It is noteworthy that the 47 kDa 
qPCR helped identify cases with negative serologic find-
ings, which increased the diagnostic yield by 18% in the 
current study. The sensitivity of the buffy coat was closer 
to the lower limit of the above-mentioned studies. This 
finding is based on the following: the sample used by the 
above-mentioned studies were buffy coat or whole blood 
in which the yield was more compared to clotted blood, 
even though we had good quality DNA extracted from 
our samples; and the higher sensitivity in these studies 
were retrospective and samples were selected from con-
firmed cases (a four-fold rise in IgM antibodies) and non-
cases by IFA. Other reasons for the low yield of qPCR in 
the current study could be due to genotypic variation [31] 
or the low O. tsutsugamushi copy level in the tested sample 
[9,32]. Additional prospective studies involving a compar-
ison of eschars, eschar swabs, and whole blood are war-
ranted from clinically-suspected cases of ST. Our qPCR 
results matched those of the prospective study conducted 
by Viet and co-workers [33], who observed a sensitivity 
25% for 56 kDa qPCR in whole blood. Furthermore, a 
prospective investigation involving the diagnosis of ST in 
180 febrile patients undertaken by Watthanaworawit et al. 

[11] demonstrated a sensitivity of 28.6% for 47 kDa qPCR 
with only 2 of 7 positive blood samples. The results of 
the Watthanaworawit et al. [11] study were also compa-
rable to our study, although the number of samples tested 
and resulting positives in our study was larger. A major-
ity of IgM ELISA positives (83%) occurred after 5 days 
of illness, as previously reported [34,35]. The majority of 
qPCR positivity (89%) was observed before the 11th day 
of illness in our study group, which is also in agreement 
with other observations [9,30,36].

Our data suggested that the composite case definition 
evaluated in this study is an excellent tool for increasing 
the diagnostic yield of ST, which led to effective treat-
ment. Therefore, we suggest that a sequential approach 
is useful for the diagnosis of ST in AUFI cases, especially 
those without an eschar in endemic regions. This approach 
includes simultaneous testing for ST by IgM ELISA and 
47 kDa qPCR following malaria screening and negative 
blood cultures at 48 h, especially in the 1st week of illness. 
Further prospective multicentric studies are warranted to 
confirm the usefulness of this approach using buffy coat 
and/or eschar samples.

ACKNOWLEDGEMENTS

Technical Support: We thank Anitha A, Kalaimani S and R Ramki for 
the technical support. Funding: The blood clot study was performed 
as part of the RiQVest study, funded by the GIA (Grant-in-aid) 
Scheme of the Department of Health Research (DHR), India: Grant 
no. V.25011/65/2016-GIA/HR, while the whole blood study was part 
of the ORIGENOME study, funded by the Indian Council of Medical 
Research (ICMR): Grant No.: ZON/42/2019/ECD-II.

CONFLICTS OF INTEREST

The authors declare no conflicts of interest.

References

1.	 Jiang J, Richards AL. Scrub typhus: no longer restricted to the 
tsutsugamushi triangle. Trop Med Infect Dis. 2018;3(1):11.

2.	 Perumalla SK, Paul S, Abhilash KPP, Gunasekaran K, Rose W, 
Mahasampath G, et al. Eschar and IgM ELISA in the diagnosis of 
scrub typhus. Indian J Med Microbiol. 2019;37(1):113-115.

3.	 Paris DH, Shelite TR, Day NP, Walker DH. Unresolved problems 
related to scrub typhus: a seriously neglected life-threatening 
disease. Am J Trop Med Hyg. 2013;89(2):301-307.

4.	 Saraswati K, Day NPJ, Mukaka M, Blacksell SD. Scrub typhus 
point-of-care testing: a systematic review and meta-analysis. 
PLoS Negl Trop Dis. 2018;12(3):e0006330.

5.	 Prakash JAJ. Scrub typhus: risks, diagnostic issues, and 
management challenges. Res Rep Trop Med. 2017;8:73-83.

6.	 Chikeka I, Dumler JS. Neglected bacterial zoonoses. Clin 
Microbiol Infect. 2015;21(5):404-415.

7.	 Salje J. Orientia tsutsugamushi: a neglected but fascinating 
obligate intracellular bacterial pathogen. PLoS Pathog. 
2017;13(12):e1006657.

8.	 Paris DH, Dumler JS. State of the art of diagnosis of rickettsial 
diseases: the use of blood specimens for diagnosis of scrub 
typhus, spotted fever group rickettsiosis, and murine typhus. 
Curr Opin Infect Dis. 2016;29(5):433-439.

9.	 Luce-Fedrow A, Mullins K, Kostik AP, St John HK, Jiang J, 
Richards AL. Strategies for detecting rickettsiae and diagnosing 
rickettsial diseases. Future Microbiol. 2015;10(4):537-564.



6� Surya et al.

10.	 Peter JV, Sudarsan TI, Prakash JAJ, Varghese GM. Severe scrub 
typhus infection: clinical features, diagnostic challenges and 
management. World J Crit Care Med. 2015;4:244-250

11.	 Watthanaworawit W, Turner P, Turner C, Tanganuchitcharnchai 
A, Richards AL, Bourzac KM, et al. A prospective evaluation of 
real-time PCR assays for the detection of Orientia tsutsugamushi 
and Rickettsia spp. for early diagnosis of rickettsial infections 
during the acute phase of undifferentiated febrile illness. Am J 
Trop Med Hyg. 2013;89(2):308-310.

12.	 Kim DM, Park G, Kim HS, Lee JY, Neupane GP, Graves S, 
et al. Comparison of conventional, nested, and real-time 
quantitative PCR for diagnosis of scrub typhus. J Clin Microbiol. 
2011;49(2):607-612.

13.	 Janardhanan J, Prakash JAJ, Abraham OC, Varghese GM. 
Comparison of a conventional and nested PCR for diagnostic 
confirmation and genotyping of Orientia tsutsugamushi. Diagn 
Microbiol Infect Dis. 2014;79(1):7-9.

14.	 Prakash JAJ, Kavitha ML, Mathai E. Nested polymerase chain 
reaction on blood clots for gene encoding 56 kDa antigen 
and serology for the diagnosis of scrub typhus. Indian J Med 
Microbiol. 2011;29(1):47-50.

15.	 Sengupta M, Anandan S, Daniel D, Prakash JAJ. Scrub typhus 
seroprevalence in healthy Indian population. J Clin Diagn Res. 
2015;9(10):DM01-DM02.

16.	 Murhekar MV, Mittal M, Prakash JA, Pillai VM, Mittal M, Girish 
Kumar CP, et al. Acute encephalitis syndrome in Gorakhpur, 
Uttar Pradesh, India - Role of scrub typhus. J Infect. 2016 
Dec;73(6):623-626.

17.	 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. 2004;70(4):351–356.

18.	 Chrispal A, Boorugu H, Gopinath KG, Prakash JAJ, Chandy S, 
Abraham OC, et al. Scrub typhus: an unrecognized threat in 
South India - clinical profile and predictors of mortality. Trop 
Doct. 2010;40(3):129-133.

19.	 Abhilash KPP, Gunasekaran K, Mitra S, Patole S, Sathyendra 
S, Jasmine S, et al. Scrub typhus meningitis: an under-
recognized cause of aseptic meningitis in India. Neurol India. 
2015;63(2):209-214.

20.	 Varghese GM, Abraham OC, Mathai D, Thomas K, Aaron R, 
Kavitha ML, et al. Scrub typhus among hospitalised patients 
with febrile illness in South India: magnitude and clinical 
predictors. J Infect. 2006;52(1):56-60.

21.	 Varghese GM, Janardhanan J, Trowbridge P, Peter JV, Prakash 
JAJ, Sathyendra S, et al. Scrub typhus in South India: clinical and 
laboratory manifestations, genetic variability, and outcome. Int J 
Infect Dis. 2013;17(11):e981-e987.

22.	 Prakash JAJ, Abraham OC, Mathai E. Evaluation of tests 
for serological diagnosis of scrub typhus. Trop Doct. 
2006;36(4):212-213.

23.	 Kannan K, John R, Kundu D, Dayanand D, Abhilash KPP, 
Mathuram AJ, et al. Performance of molecular and serologic 
tests for the diagnosis of scrub typhus. PLoS Negl Trop Dis. 
2020;14(11):e0008747.

24.	 Gautam R, Parajuli K, Tshokey T, Stenos J, Sherchand 
JB. Diagnostic evaluation of IgM ELISA and IgM 

immunofluorescence assay for the diagnosis of acute scrub 
typhus in central Nepal. BMC Infect Dis. 2020;20:138.

25.	 Blacksell SD, Bryant NJ, Paris DH, Doust JA, Sakoda Y, 
Day NPJ. Scrub typhus serologic testing with the indirect 
immunofluorescence method as a diagnostic gold standard: a 
lack of consensus leads to a lot of confusion. Clin Infect Dis. 
2007;44(3):391-401.

26.	 Phetsouvanh R, Thojaikong T, Phoumin P, Sibounheuang B, 
Phommasone K, Chansamouth V, et al. Inter- and intra-operator 
variability in the reading of indirect immunofluorescence assays 
for the serological diagnosis of scrub typhus and murine typhus. 
Am J Trop Med Hyg. 2013;88(5):932-936.

27.	 Blacksell SD, Tanganuchitcharnchai A, Nawtaisong P, Kantipong 
P, Laongnualpanich A, Day NPJ, et al. Diagnostic accuracy of the 
InBios scrub typhus detect enzyme-linked immunoassay for the 
detection of IgM antibodies in Northern Thailand. Clin Vaccine 
Immunol. 2016;23(2):148-154.

28.	 Lim C, Paris DH, Blacksell SD, Laongnualpanich A, Kantipong 
P, Chierakul W, et al. How to determine the accuracy of 
an alternative diagnostic test when it is actually better 
than the reference tests: a re-evaluation of diagnostic 
tests for scrub typhus using Bayesian LCMs. PLoS One. 
2015;10(5):e0114930.

29.	 Singhsilarak T, Leowattana W, Looareesuwan S, Wongchotigul 
V, Jiang J, Richards AL, et al. Short report: detection of 
Orientia tsutsugamushi in clinical samples by quantitative 
real-time polymerase chain reaction. Am J Trop Med Hyg. 
2005;72(5):640-641.

30.	 Sonthayanon P, Chierakul W, Wuthiekanun V, Phimda K, 
Pukrittayakamee S, Day NP, Peacock SJ. Association of 
high Orientia tsutsugamushi DNA loads with disease of 
greater severity in adults with scrub typhus. J Clin Microbiol. 
2009;47(2):430-437.

31.	 Varghese GM, Janardhanan J, Mahajan SK, Tariang D, 
Trowbridge P, Prakash JAJ, et al. Molecular epidemiology and 
genetic diversity of Orientia tsutsugamushi from patients 
with scrub typhus in 3 regions of India. Emerging Infect Dis. 
2015;21(1):64-69.

32.	 Chung MH, Lee JS, Baek JH, Kim M, Kang JS Persistence 
of Orientia tsutsugamushi in humans. J Korean Med Sci. 
2012;27(3):231-235.

33.	 Le Viet N, Laroche M, Thi Pham HL, Viet NL, Mediannikov 
O, Raoult D, et al. Use of eschar swabbing for the molecular 
diagnosis and genotyping of Orientia tsutsugamushi causing 
scrub typhus in Quang Nam province, Vietnam. PLoS Negl Trop 
Dis. 2017;11(2):e0005397.

34.	 Kramme S, An LV, Khoa ND, Trin LV, Tannich E, Rybniker 
J, et al. Orientia tsutsugamushi bacteremia and cytokine 
levels in Vietnamese scrub typhus patients. J Clin Microbiol. 
2009;47(3):586-9.

35.	 Richards AL. Worldwide detection and identification of new 
and old rickettsiae and rickettsial diseases. FEMS Immunol Med 
Microbiol. 2012;64(1):107-110.

36.	 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. 
2006;75(3):542-545.


