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Background. Scrub typhus (ST) is endemic in Fukushima, with the largest number of cases reported in Japan from 2009 to 
2010. Although ST is highly treatable, its atypical clinical presentation impedes diagnosis, causing delays in treatment.

Methods. We review the clinical features of ST in adults from 2008 to 2017 at Ohta Nishinouchi General Hospital in 
Fukushima, Japan.

Results. Fifty-five cases (serotype Karp 24, Irie/Kawasaki 21, Hirano/Kuroki 10) of ST were confirmed via serology based on 
elevated immunoglobulin (Ig)M and IgG and polymerase chain reaction positivity of eschar samples. The mean age was 69 
years, and 64% were female. The case fatality rate was 1.8% (1/55). Approximately 70% of cases (38/55) were not diagnosed as 
ST upon the initial clinic visit. Inappropriate use of antibiotics was identified in 22% of cases (12/55). In terms of atypical 
clinical features, 1 or more of the manifestations, fever, rash, and eschar, was absent in 31% of cases (17/55). Approximately 
11% of cases presented without eschar (6/55; Karp 1, Irie/Kawasaki 1, Hirano/Kuroki 4). Moreover, severe complications were 
observed with shock and disseminated intravascular coagulation in 7% of cases (4/55), Thus, while 53% of cases presented with 
the typical triad (29/55), unusual complications and atypical features occurred in 40% (22/55).

Conclusions. Diagnosis of ST becomes clinically challenging in the absence of typical features. In Fukushima, an endemic area 
of ST, an atypical presentation involving multisystem disease is common.
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Scrub typhus (ST) is a neglected re-emerging infectious disease. 
One million cases of this multisystem disease occur annually 
worldwide, with an estimated 13% case fatality rate in the ab-
sence of appropriate treatment [1, 2]. ST is currently the most 
common rickettsiosis disease in Japan. From 2007 to 2021, 
6576 cases were reported per year, compared with 300–500 cases 
per year in the late 1970s [3]. With few exceptions, 2 major 
forms of ST have been recognized: (I) a “spring-summer type” 
associated primarily with the vector Leptotrombidium pallidum 

(serotype Karp) in northeast Japan and (II) a “late autumn type” 
associated with the vector L. scutellare (serotype Irie/Kawasaki 
and Hirano/Kuroki) in west Japan [3, 4]. In addition, Asian 
strains of ST with the vector L. deliense have also been reported 
in the Ryukyu islands of Okinawa, Japan [5].

ST is an important endemic vector-borne disease in Fukushima 
prefecture, with the highest reported cases in 2009–2010 [3]. The 
first patient with ST in Fukushima prefecture was reported in May 
1972 in Tenei village [6]. Subsequently, ST has become endemic 
in Fukushima over the last 50 years as a re-emerging infectious 
disease.

The Great East Japan Earthquake (GEJE) in 2011 and the subse-
quent accident at the Fukushima First Nuclear Power Plant had 
considerable environmental impacts, affecting not only humans 
but also wild fauna and flora [7]. Historically, ST around endemic 
river sites was called “Japanese flood fever” [8]. Despite this, the 
relationship between the epidemiological characteristics of ST 
and the environmental changes caused by natural disasters has 
been neglected by experts. Consequently, the impact of the GEJE 
on endemic diseases in Fukushima, including ST, remains unclear.

This study evaluates the diversity of the clinical features of 
ST, typically overlooked upon atypical presentation, to improve 
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the differential diagnosis of this disease and facilitate timely and 
appropriate treatment.

METHODS

This study was conducted at Ohta Nishinouchi General 
Hospital, a tertiary referral center with 1086 beds in 
Fukushima prefecture, Japan. This medical center services the 
central area of the Nakadori region and the surrounding coun-
tryside of Fukushima prefecture. This region is an endemic area 
of ST. Located on the 37th parallel north, it has the same lati-
tude as southern Shandong province in China [9] and south-
eastern Korea, other known endemic ST areas [10].

Study Design and Setting

We retrospectively reviewed 55 diagnosed cases of ST at Ohta 
Nishinouchi Hospital from 2008 to 2017 (inclusive), from 
which a standardized database was constructed including pa-
tient clinical information, vital signs, physical findings, eschar 
sites, eschar recognition, outdoor activities, laboratory data, 
complications, comorbidities (Charlson comorbidity index), 
treatment options, prognoses, and diagnosis before or after 
the GEJE in 2011. All data were obtained from electronic and 
paper medical records. We defined “ST without eschar” as ST 
with no indication of eschar upon physical examination. 
The follow-up period was conducted until December 31, 
2017 (inclusive). Disseminated intravascular coagulation 
(DIC) was defined clinically as the activation of coagulation 
pathways, resulting in the formation of intravascular thrombi 
and depletion of platelets and coagulation factors, complicated 
by multi-organ failure accompanied by specific laboratory data 
including prolonged partial thromboplastin time (PTT), hypo-
fibrinogenemia, and thrombocytopenia.

Laboratory Methods

A confirmed laboratory diagnosis of ST was defined as a >4-fold 
increase in the immunoglobulin (Ig)M or paired IgG titer of the 
indirect immunoperoxidase assay (Ohara Research Laboratory, 
Fukushima, Japan, and Mahara Institute of Medical Acarology, 
Anan, Japan) [4] or when a positive result was obtained for the 
nested polymerase chain reaction (PCR) of the 56-kDa type- 
specific antigen gene of Orientia tsutsugamushi (Miyazaki 
Prefectural Institute for Public Health and Environment, 
Miyazaki, Japan and Fukushima Prefectural Institute of Public 
Health and Environment, Fukushima, Japan) [11] from the clini-
cal specimens, including eschar, whole blood (drawing complete 
blood count test tube), and others (synovial/cerebrospinal fluid). 
Six serotypes of Orientia tsutsugamushi (OT) have been identified: 
Kato, Karp, Gilliam, Irie/Kawasaki, Hirano/Kuroki, and 
Shimokoshi [12]. Obtained serum samples were diluted from 
1:40 to 1:40 960 for the immunoperoxidase assays. The titer of 
each sample was expressed as the reciprocal of the highest dilution.

Statistical Analysis

The clinical characteristics of the ST cases were summarized 
and compared according to 2 categories: before and after the 
GEJE. Chi-square and Fisher exact tests were used to compare 
categorized variables, and the Student t test was used to com-
pare continuous variables in the database analysis in STATA 
(version 15.0; StataCorp LCC, College Station, TX, USA).

RESULTS

A total of 55 ST cases were diagnosed. The mean age (range) 
was 69 (37–90) years, and 64% of the patients were female. 
Regarding laboratory diagnosis, 31 cases (31/55, 56%) were 
positive for serological and PCR testing. Twenty-three cases 
(23/55, 41%) were only positive for serological testing. The sin-
gular fatal case was diagnosed by PCR only [13]. Therefore, a 
total of 32 cases were diagnosed by PCR, followed by sequenc-
ing of type-specific antigens for the 56-kDa gene (432 bp) 
(Figure 1). The serologically diagnosed types of ST included 
Karp (24 cases, 43%), Irie/Kawasaki (21 cases, 38%), and 
Hirano/Kuroki (10 cases, 18%); neither the Gilliam nor 
Shimokoshi type was observed in our cohort. These results 
were corroborated via phylogenetic tree analysis, with ST diag-
nosis based on serotypes and genotypes made for 32 cases, ex-
cluding the 1 case that was not serotyped due to patient death. 
The cases of serotype Karp were identified via sequencing as the 
Karp JP-1 and JP-2 phylogenetic types after PCR [14]. 
Similarly, the cases of Irie/Kawasaki and Hirano/Kuroki sero-
types were genetically identified as Kawasaki and Kuroki, re-
spectively (Figure 1).

Site of Infection Contraction

The locations where patients may have been bitten by a larval- 
stage (chigger) trombiculid mite carrying OT, denoted “mite is-
land” [15], were estimated. The resulting sites were plotted on a 
web mapping platform (Google Earth), along with their identi-
fied serotypes/genotypes. However, this was not possible for the 
fatal case. Additionally, 2 of the cases (sisters) were bitten at the 
same location and were thus treated as 1 ST location in the plot-
ted areas. The resulting estimated site of infection (ie, “mite is-
land”) was at latitude 36°55′ to 37°40′N and longitude 140° to 
140°45′E (Figure 2). Each of the ST serotypes was distributed as 
follows: (i) Karp: mountainous area; (ii) Irie/Kawasaki: urban 
district; (iii) Hirano/Kuroki: suburb.

The seasonal distribution revealed that infection with 
Karp—the “spring-summer type” associated primarily with 
the vector L. pallidum—peaked between April and May 
(18/24, 75%). By contrast, infection with Irie/Kawasaki and 
Hirano/Kuroki—the “late autumn types” associated with the 
vector L. scutellare—peaked in October to November (21/21, 
100%, and 10/10, 100%, respectively). Two cases of Karp sero-
type infection occurred in December and January. The patient 
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delay (PD; days from onset to initial visit), hospital delay (HD; 
days from initial visit to treatment), and treatment delay (TD; 
PD + HD) (range) were 3.4 (0–11) days, 3.3 (0–17) days, and 
6.8 (0–23) days, respectively. The average number of visits to 

the hospital before diagnosis (range) was 2 (1–6). Regarding pa-
tients’ activities, 96% (53/55, 2 cases unknown) undertook gar-
dening or walking. Episodes of outdoor excretion (urination 
with or without defecation) were observed in 11% of the ST cas-
es (6/55; all women, 3 cases unknown). Two sisters infected at 
the same location both urinated outside during rice transplant-
ing and were infected with the same serotype and genotype 
(Karp JP-1 ST). Eschar recognition by the patients was ob-
served in 20% of the cases (11/55). Lastly, 2 cases of altered 
mental status due to ST infection were noted while taking a 
hot spring bath, including the fatal case [13].

Regarding the key clinical features of ST among the 55 cases, 
fever (≥38.0℃), rash, and eschar were observed in 81%, 91%, 
and 89% of cases, respectively. Other features included general 
fatigue (71%), anorexia (75%), headache (36%), lymphadenop-
athy (49%), elevated lactate dehydrogenase (>250 U/L, 100%), 
elevated fibrin degradation products (≥4 µg/mL, 75%), elevat-
ed D-D dimer (≥1.0 µg/mL, 76%), and atypical lymphocytosis 
(95%).

Among the hospitalized patients with ST, the mean number 
of hospital-days was 13.6. The antimicrobial agents adminis-
tered as part of the treatment were minocycline (parenterally 
and orally; 62%, 34/55) and doxycycline (orally; 35%, 19/55). 
The mean treatment duration was 11.1 days. No combination 
therapy with intravenous tetracyclines or azithromycin was ad-
ministered. Notably, in 2 cases, the infection resolved without 
treatment. Inappropriate use of antimicrobial agents for ST 
was observed in 22% of the cases (12/55). The case fatality 
rate was 1.8% (1/55): 1 fatal case with the Kuroki serotype 
was diagnosed by PCR from eschar [13]; all other cases survived 
the clinical course of ST.

Categorized Clinical Features of Scrub Typhus

A total of 55 ST cases were categorized according to 4 clinical 
features based on 2 characteristics: severity (severe, moderate, 
or mild) and diversity (typical, moderate, or atypical) 
(Figure 3): (i) Category 1 (29/55, 53%; fever ≥38.0°C, rash, 
and eschar) had no major organ involvement; (ii) Category 2 
(4/55, 7%) had unstable vital signs, DIC, and/or bleeding and 
required intensive care; (iii) Category 3 (5/55, 9%) exhibited or-
gan involvement with related symptoms and signs; (iv) 
Category 4 (17/55, 31%) lacked the major clinical triad (ie, fe-
ver, rash, and eschar) of ST.

Category 2 included 2 cases of Karp JP-1 characterized by 
acute gastric bleeding [16] and Karp-related strain [14] with 
DIC complicated by hypovolemic shock. The 1 fatal case was 
caused by infection with the serotype Kuroki [13]. Category 3 
included 4 cases of Karp, preceded by paroxysmal atrial fibril-
lation, syncope, pleural effusion, and ascites, respectively, and 1 
case of Irie/Kawasaki complicated by encephalitis and aseptic 
meningitis (CSF PCR negative), left knee arthritis (synovial flu-
id PCR positive), acute gastroduodenal ulcer, atrial fibrillation, 

Figure 1. Phylogenetic tree constructed using the sequences of type-specific an-
tigens for the 56-kDa gene (432 bp): Descriptions on stains are samples for se-
quencing using eschars, whole blood, and synovial fluid, named by researchers 
in order of the reception of specimens.
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and acute renal failure. Category 4 included 1 case (serotype 
Karp) without any characteristic features of ST (fever 
≥38.0℃, rash, and eschar), 6 who presented without eschar 
(11%) (Supplementary Table 1), 10 who were afebrile (Karp 

2, Irie/Kawasaki 6, Hirano/Kuroki 2), and 5 who presented 
without rash (Karp2, Irie/Kawasaki 2, Hirano/Kuriki 1). For 
the 6 cases without eschar, the mean age of the patients (range) 
was 66.8 (52–85) years, and there were 3 male and 3 female. No 

Figure 2. Estimated location of the “mite islands” for each serotype/genotype of scrub typhus in Fukushima, 2008–2017.

Typicalical

Severe Mild

Unstable vital signs, 
DIC with bleeding tendency, 

multi-organ damage, and
intensive management

7% (4/55)
Japanese Karp (JP-1) 2, Karp-variant 1

Fatal case: Kuroki 1

Category 2 “Bloody killer” 

Major organ involvement
with related symptoms and signs

9% (5/55)
Karp 4,  Kawasaki 1, Kuroki 0  

Category 3 “Masquerader” 

31% (17/55) 
Karp 3, Kawasaki 8, Kuroki 6

Category 4 “Easily overlooked” 

Triad (fever, rash, and eschar)
without major organ involvement

53% (29/55) 
Karp 14, Kawasaki 12, Kuroki 3 

Category 1 “Leading actor” 

Without triad, lacking any major clinical symptoms,
underdiagnosed, subsided without treatment

No triad (Karp 1), no eschar (6 cases, Table 1), no fever (Karp 2,
Kawasaki 6, Kuroki 2), and no rash (Karp 2, Kawasaki 2, Kuroki 1)

Moderate 

Atypical

Moderate 

Figure 3. Categories of disease spectrum for scrub typhus in Fukushima, 2008–2017. Abbreviation: DIC, disseminated intravascular coagulation.
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treatment was needed in 2 cases. Although no fatalities were re-
corded, 2 of the cases died of underlying diseases during the 
follow-up period. All 6 cases of ST without eschar had comor-
bidities. However, the relationship between eschar and comor-
bidities was not significant (P = .978). Systemic signs and 
symptoms, laboratory abnormalities, presumptive/differential 
diagnoses, and complications were observed in all 55 cases of 
ST (Supplementary Table 2). Sixty-nine percent (38/55) of 
the ST cases were not identified as such upon differential diag-
nosis at the initial visit.

Regarding the differences in clinical features before and after 
the GEJE, the Karp, Irie/Kawasaki, and Hirano/Kuroki serotypes 
exhibited significant differences (P = .000; Supplementary 
Table 3). No cases of Irie/Kawasaki or Hirano/Kuroki were ob-
served, and no changes in Karp were detected from 2011 to 2013 
(Figure 4). Additionally, a declining trend in the prefectural re-
ported number of ST cases in Japan from 2007 to 2021 was ob-
served in Fukushima prefecture after 2011 [3]. This is in stark 
contrast to the 3 prefectures with the highest rates of infection 
(Kagoshima, Miyazaki, and Chiba), which have exhibited in-
creases, albeit with fluctuations (Figure 5).

DISCUSSION

This study provides an overview of the diversity of the clinical 
features of ST, from typical to atypical presentation, with mul-
tisystem complications, and highlights its nature as a spectrum 
of disease. We have categorized the clinical features (Categories 
1 to 4) along the clinical spectrum of ST (Figure 3). Atypical pre-
sentation, in particular without the triad of symptoms (fever, 

rash, and eschar), makes it particularly difficult to diagnose in 
primary health care settings. Furthermore, the absence of the di-
agnostic key, namely eschar, poses challenges. An eschar is the 
entry site for chigger bite inoculation of OT, where a high con-
centration of the organism resides. As such, they provide mean-
ingful diagnostic information despite the positive rate of 
recognition (7%–97%). As reported previously, accurately 
diagnosing ST in a formal clinical setting depends on the 
background of the patient, including ethnicity, age, and sex 
[9, 17–24]. Moreover, the absence of an eschar may be influ-
enced by the virulence of the ST strains, the amount of inoculat-
ed OT, underlying diseases, and the immune status of patients.

The differences in the virulence of different ST serotypes, 
phenotypes, and genotypes are currently unknown. In terms 
of clinical features, ST virulence varies depending on the OT 
strain and the background or comorbidities of the patient. 
Indeed, the current study results aptly revealed variable viru-
lence among the strains, from a fatal case of ST with the rela-
tively low virulence Hirano/Kuroki serotype [13, 25] to a 
nonfatal clinical presentation of the Karp serotype that resolved 
without treatment (Type 4) (Figure 3; Supplementary Table 1).

The observed decline in ST cases after 2011 between the 
L. scutellare–mediated serotypes (ie, “late autumn type,” also 
known as November fever [13, 26]) and the total number of re-
ported ST cases in Fukushima prefecture is interesting. 
However, accurately defining the associated relationship be-
tween these phenomena, the GEJE, and a subsequent nuclear 
power plant accident is difficult. Indeed, any number of issues 
related to the environment, vector, patient, and health care sys-
tem could be contributing factors to the decline in ST cases.

Figure 4. Trend of each scrub typhus serotype in Fukushima, 2008–2017.
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The GEJE caused damage to superficial soil in the endemic re-
gion of ST in Fukushima, Japan, including during the decontami-
nation operation after the first Fukushima nuclear power plant 
accident. In addition to the damage caused by the tsunami follow-
ing the GEJE to coastal areas of the Hamadori region, the inland 
central area of the Nakadori region was also damaged, leading to 
the complete failure of an embankment (earth-hill) dam and un-
controlled discharge being released throughout the valley, de-
stroying riverside villages and killing 8 people [27]. Notably, the 
damaged basin of this dam was located in the endemic region of 
the subtypes transmitted by L. scutellare, that is, Irie/Kawasaki 
and Hirano/Kuroiki (“late autumn type” ST) [3].

The 2 major vectors of ST in Fukushima are L. pallidum and 
L. scutellare, which transmit the Karp and Irie/Kawasaki and 
Hirano/Kuroki serotypes, respectively. With regards to zoology 
and arthropodology, L. pallidum has an affinity for Microtus 
montebelli (Japanese grass vole) and Eothenomys andersoni 
(Japanese red-backed vole). Conversely, L. scuttelare has very 
low host specificity for small mammal hosts (eg, rodents and 
mice) and other mammals (eg, deer and wild boars), birds, 
and reptiles, as well as humans [28]. Although the effect of 
the GEJE on the bacterial hosts and their environment is im-
measurable and multifactorial, L. scuttelare seems to be more 
susceptible to the effects of environmental changes than other 
vectors in terms of nonspecific preference. That is, L. scuttelare 
may be more vulnerable to large-scale environmental change.

After the GEJE, the failure of the established social systems to 
react in a timely and comprehensive manner had negative 

effects on physical, psycho-social, and behavioral outcomes, 
noting, for example, increased frailty among elderly patients 
[29]. This may partially account for the decrease in the number 
of reported ST cases in Fukushima. The health care system in 
the regions closest to the Fukushima First Nuclear Power 
Plant collapsed after the GEJE [30]. This included the adjunc-
tive area, an ST-endemic area in Fukushima prefecture [31]. 
Although ST diagnosis remains a challenge globally [32], as ev-
idenced by the delay in diagnoses from the time of onset of al-
most 1 week reported in this study, no fatalities were reported 
due to health care system failures in response to the GEJE.

In terms of the relatively high mortality of ST, not least from 
a global standpoint, the effectiveness of antimicrobial treat-
ment for severe ST is a pressing issue. Combination therapy 
with intravenous doxycycline and azithromycin in cases of 
severe ST is associated with a lower incidence of composite pri-
mary outcomes (ie, cardiovascular, respiratory, central nervous 
system, renal, and hepatic system complications) than a single 
administration of doxycycline or azithromycin. Meanwhile, sim-
ilar rates of 28-day mortality are achieved following treatment 
with doxycycline or azithromycin alone or in combination 
[33]. However, caution must be taken when extrapolating these 
results to other ST-endemic areas. The 28-day mortality rate (ie, 
death at day 28) in the study by Varghese et al. [33] was 12% (96/ 
794), higher than that in our study cohort (1.8%, 1/55) and that 
of another study in Japan (0.5%, 1/188) [34]. The difference in 
mortality rates among these ST-endemic areas reflects strain vir-
ulence, including differences between L. delicense–mediated 

Figure 5. Frequency of reported scrub typhus cases in Japan, 2007–2021.
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strains in India and L. scutellae–mediated strains (serotype Irie/ 
Kawasaki and Hirano/Kuroki) in Japan. Additionally, the delay 
in treatment and accessibility to health care may represent other 
confounding factors. Importantly, the administration of combi-
natorial therapy with azithromycin could be associated with car-
diovascular side effects, including cardiovascular death [35], 
which must be considered when selecting optimal treatment 
strategies. Moreover, the cost-effectiveness of combination ther-
apy with intravenous doxycycline and azithromycin for treating 
severe ST warrants further evaluation.

This study has certain limitations. First, the study was 
performed at a single type of medical center, namely affiliated 
hospitals and clinics, in Fukushima, Japan. Based on the epide-
miological background of ST, our results may not readily ex-
trapolate to other areas, particularly in terms of the variations 
in ST serotypes and vectors, as well as interactions between vec-
tors and animal hosts. Second, the diagnostic methods used be-
tween cases were not uniform: Either serological diagnosis or 
PCR, if not both, was performed. Clinical diagnosis based on 
history, especially epidemiological background and physical 
examination, followed by confirmed laboratory diagnosis, 
were applied. In addition, complete physical examinations of 
the genitalia, ear canals, and naval cavity were not performed, 
excluding those cases listed in Supplementary Table 1. The pa-
tients in the clinical cohort were thought to represent potential 
cases of ST infection; however, other cases with unusual clinical 
presentation (ie, Category 4 in Figure 3) might have been 
missed, even with a high index of suspicion. Third, unclassifi-
able cases of ST may occur when attempting to classify cases 
into 1 of the 4 categories (Categories 1–4). The 2 axes (ie, se-
verity and diversity) used in this study for diagnosis are contin-
uous as a clinical spectrum per se. As the purpose of this study 
was to describe the variety within the clinical features of ST, the 
use of these categories simplified the characterization of the 
variable clinical features of ST. The masquerading of ST under 
other clinical conditions (Category 3) or an unusual clinical 
presentation lacking typical features, in particular for eschar 
(Category 4), is highlighted in this study. However, it is evident 
that there are variable clinical features of ST not included in the 
4 categories.

In summary, ST is a multifaced, vector-borne, endemic, re- 
emerging infectious disease that presents atypically (ie, without 
typical clinical features) and often masquerades as other diseas-
es, which is why it can often go undiagnosed. As such, a high 
level of suspicion is needed when diagnosing this disease to pre-
vent treatment delay.

Supplementary Data
Supplementary materials are available at Open Forum Infectious Diseases 

online. Consisting of data provided by the authors to benefit the reader, the 
posted materials are not copyedited and are the sole responsibility of the 
authors, so questions or comments should be addressed to the correspond-
ing author.

Acknowledgments
We thank Eiichiro Sando, MD, for discussing the practical management 

of ST and presenting at the American College of Physicians Japan Chapter 
2023. We also thank Joel Branch, MD, and Ryon Nakasone, MD, for judi-
ciously elaborating on this article. Different aspects of this study have been 
presented at the following conferences: IDWeek 2014 [36], 2016 [37], 2017 
[38], and 2018 [39] and American College of Physicians Japan Chapter 
2023.

Author contributions. All authors contributed to the study conception 
and design. Data collection and analysis were performed by Masashi 
Narita. The first draft of the manuscript was written by Masashi Narita, 
and all authors commented on versions of the manuscript. All authors 
read and approved the final manuscript.

Patient consent. This study was approved by Institutional Review Board 
of Ohta Nishinouchi General Hospital (approval no. 2023-06).

Financial support. No funding was received for conducting this study.
Potential conflicts of interest. All authors have no funding or conflicts of 

interest to disclose.

References
1. 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; 
89:301–7.

2. Bonell A, Lubell Y, Newton PN, Crump JA, Paris DH. Estimating the burden of 
scrub typhus: a systematic review. PLoS Negl Trop Dis 2017; 11:e0005838.

3. National Institute of Infectious Diseases, Tuberculosis and Infectious Diseases 
Department, Health Service Bureau, Ministry of Health, Labour and Welfare. 
Scrub typhus. In: Infectious Agents Surveillance Report. Vol 43. National 
Institute of Infectous Diseases; 2022:173–5.

4. Kelly DJ, Fuerst PA, Ching WM, Richards AL. Scrub typhus: the geographic dis-
tribution of phenotypic and genotypic variants of Orientia tsutsugamushi. Clin 
Infect Dis 2009; 48(Suppl 3):S203–30.

5. Sugita S, Okano S, Kudaka J, et al. An “Asian variant” rather than the strains en-
demic to the main Island of Japan: clinical features of scrub typhus at Ikema Island 
in Okinawa, Japan. Open Forum Infect Dis 2016; 3(Suppl 1):617.

6. Fujita H, Watanabe Y, Hagiwara T, Takada N. Trombiculid mites and Orientia 
tsutsugamushi in field rodents in the northern part of Fukushima prefecture. 
Ann Rep Ohara Hosp 2000; 43:33–40.

7. Okano T, Ishiniwa H, Onuma M, Shindo J, Yokohata Y, Tamaoki M. Effects of 
environmental radiation on testes and spermatogenesis in wild large Japanese 
field mice (Apodemus speciosus) from Fukushima. Sci Rep 2016; 6:23601.

8. Studies on Tsutsugamushi disease (Japanese flood fever). J Am Med Assoc 1927; 
88:346.

9. Liu YX, Feng D, Suo JJ, et al. Clinical characteristics of the autumn-winter type 
scrub typhus cases in south of Shandong province, northern China. BMC 
Infect Dis 2009; 9:82.

10. Kweon SS, Choi JS, Lim HS, et al. Rapid increase of scrub typhus, South Korea, 
2001–2006. Emerg Infect Dis 2009; 15:1127–9.

11. Furuya Y, Yoshida Y, Katayama T, Yamamoto S, Kawamura A. Serotype-specific 
amplification of Rickettsia tsutsugamushi DNA by nested polymerase chain reac-
tion. J Clin Microbiol 1993; 31:1637–40.

12. Sando E, Ariyoshi K, Fujita H. Serological cross-reactivity among Orientia tsutsu-
gamushi serotypes but not with Rickettsia japonica in Japan. Trop Med Infect Dis 
2018; 3:74.

13. Kikuchi H, Narita M, Chida Y, Ishida T, Shinohara K. Case report: a fatal case of 
scrub typhus complicated by heatstroke. Am J Trop Med Hyg 2020; 103:2469–71.

14. Chiba K, Kitagawa K, Suzuki R. A case report of scrub typhus in Fukushima pre-
fecture: new variant of Karp strain. In: Annual Report of Fukushima Institute for 
Public Health. Vol. 32. Fukushima Institute for Public Health; 2014:46–9.

15. Elliott I, Pearson I, Dahal P, Thomas NV, Roberts T, Newton PN. Scrub typhus 
ecology: a systematic review of Orientia in vectors and hosts. Parasit Vectors 
2019; 12:513.

16. Hoshino C, Narita M, Yamabe A, et al. Scrub typhus-induced serious gastric ulcer 
bleeding. Intern Med 2011; 50:2675–7.

17. Xu G, Walker DH, Jupiter D, Melby PC, Arcari CM. A review of the global epi-
demiology of scrub typhus. PLoS Negl Trop Dis 2017; 11:e0006062.

18. Silpapojakul K, Varachit B, Silpapojakul K. Paediatric scrub typhus in Thailand: a 
study of 73 confirmed cases. Trans R Soc Trop Med Hyg 2004; 98:354–9.

19. Lim C, Paris DH, Blacksell SD, et al. How to determine the accuracy of an alter-
native 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:e0114930.

Scrub Typhus in Fukushima, Japan • OFID • 7

http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofae215#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofae215#supplementary-data


20. Saraswati K, Day NPJ, Mukaka M, Blacksell SD. Scrub typhus point-of-care test-
ing: a systematic review and meta-analysis. PLoS Negl Trop Dis 2018; 12: 
e0006330.

21. Tran HTD, Schindler C, Pham TTT, et al. Simple clinical and laboratory predic-
tors to improve empirical treatment strategies in areas of high scrub typhus and 
dengue endemicity, central Vietnam. PLoS Negl Trop Dis 2022; 16:e0010281.

22. Vivekanandan M, Mani A, Priya YS, Singh AP, Jayakumar S, Purty S. Outbreak of 
scrub typhus in Pondicherry. J Assoc Physicians India 2010; 58:24–8.

23. Narvencar KP, Rodrigues S, Nevrekar RP, et al. Scrub typhus in patients reporting 
with acute febrile illness at a tertiary health care institution in Goa. Indian J Med 
Res 2012; 136:1020–4.

24. Ogawa M, Hagiwara T, Kishimoto T, et al. Scrub typhus in Japan: epidemiology 
and clinical features of cases reported in 1998. Am J Trop Med Hyg 2002; 67: 
162–5.

25. Tachibana N, Kusune E, Yokota T, Shishime E, Tsuda K, Oshikawa T. 
Epidemiological, immunological and etiological study on tsutsugamushi disease 
in Miyazaki district. Kansenshogaku Zasshi 1982; 56:655–63.

26. Narita M, Unuma N, Ito H, et al. November fever-the clinical features of scrub 
typhus by Leptotrombidium scutellare in south-central Fukushima prefecture. 
Nihon Naika Gakkai Zasshi 2012; 101:164–7.

27. Ono K, Kazama S, Kawagoe S, Yokoo Y, Gunawardhana L. Possible earthen dam 
failure mechanisms of Fujinuma reservoir due to the Great East Japan Earthquake 
of 2011. Hydrolog Res Lett 2011; 5:69–72.

28. Xiang R, Guo XG. Research advances of Leptotrombidium scutellare in China. 
Korean J Parasitol 2021; 59:1–8.

29. Tsubota-Utsugi M, Yonekura Y, Tanno K, et al. Association between health risks 
and frailty in relation to the degree of housing damage among elderly survivors of 
the Great East Japan Earthquake. BMC Geriatr 2018; 18:133.

30. Ochi S, Tsubokura M, Kato S, et al. Hospital staff shortage after the 2011 triple 
disaster in Fukushima, Japan—an earthquake, tsunamis, and nuclear power plant 
accident: a case of the Soso district. PLoS One 2016; 11:e0164952.

31. Narita M, Tokuda Y, Barnett P. Professionalism of physicians at a major teaching 
hospital during the Fukushima nuclear disaster. QJM 2016; 109:447–8.

32. Katoh S, Cuong NC, Hamaguchi S, et al. Challenges in diagnosing scrub typhus 
among hospitalized patients with undifferentiated fever at a national tertiary hos-
pital in northern Vietnam. PLoS Negl Trop Dis 2019; 13:e0007928.

33. Varghese GM, Dayanand D, Gunasekaran K, et al. Intravenous doxycycline, azi-
thromycin, or both for severe scrub typhus. N Engl J Med 2023; 388:792–803.

34. Sando E, Suzuki M, Katoh S, et al. Distinguishing Japanese spotted fever and scrub 
typhus, central Japan, 2004–2015. Emerg Infect Dis 2018; 24:1633–41.

35. Zaroff JG, Cheetham TC, Palmetto N, et al. Association of azithromycin use with 
cardiovascular mortality. JAMA Netw Open 2020; 3:e208199.

36. Narita M, Monma N, Fujita H. 1493 clinical features of scrub typhus in 
Fukushima, Japan. Open Forum Infect Dis 2014; 1(Suppl 1):S394–5.

37. Narita M, Monma N, Chiba K, Suzuki R, Fujita H. From deadly fatal to easily 
overlooked among Karp strain: diversity of clinical features of scrub typhus in 
Fukushima, Japan. Open Forum Infect Dis 2016; 3(Suppl 1):613.

38. Narita M, Monma N, Chiba K, Suzuki R, Inoue M, Fujita H. Where’s the eschar?: 
Non-eschar cases and eschar distribution between the serotypes of Karp, Irie/ 
Kawasaki and Hirano/Kuroki causing scrub typhus in Fukushima, Japan. Open 
Forum Infect Dis 2017; 4(Suppl 1):S125–6.

39. Narita M, Nakamura K, Monma N, et al. 440. The masqueraders presenting a 
multisystem disease: unusual and atypical clinical features of scrub typhus in 
Fukushima, Japan. Open Forum Infect Dis 2018; 5(Suppl 1):S165–6.

8 • OFID • Narita et al


	Masqueraders Around Disaster: Clinical Features of Scrub Typhus in Fukushima, Japan
	METHODS
	Study Design and Setting
	Laboratory Methods
	Statistical Analysis

	RESULTS
	Site of Infection Contraction
	Categorized Clinical Features of Scrub Typhus

	DISCUSSION
	Supplementary Data
	Acknowledgments
	References


