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ABSTRACT

Background: Tsutsugamushi disease, or scrub typhus, is an acute febrile illness caused by 
Orientia tsutsugamushi, which is followed by chronic latent infection. People who reside in areas 
endemic of tsutsugamushi disease may be frequently reinfected with this organism. Volunteers 
who are experimentally reinfected with O. tsutsugamushi manifest various systemic and local 
reactions, including the presence of small-sized eschar. The present study recorded the 
morphology and size of eschars in patients with tsutsugamushi disease on Jeju Island, Korea.
Materials and Methods: From March 2018 to February 2019, 23 patients manifesting clinical 
characteristics and epidemiologic features of tsutsugamushi disease on Jeju Island were 
investigated. For comparison of eschar sizes between the two regions, 12 patients with 
tsutsugamushi disease in Incheon were similarly examined.
Results: Three patients, two on the first day and one on the fourth day of fever, presented 
with papules of 2 – 5 mm in diameter. Another three patients, one on the second day and 
two on the fourth day, presented with ruptured vesicles of 5 – 8 mm in diameter. Thirteen 
patients presented with eschars covered with dark scabs, with a median diameter of 5 (95% 
confidence interval [CI], 5 – 7.5) × 4 (95% CI, 3 – 5) mm. The medians of the eschar sizes did 
not differ between the two cities (P = 0.46 by Mann-Whitney U test), but eschars ≥10 mm in 
diameter were more frequent in Incheon than in Seogwipo-si (4 of 12 vs. 0 of 13 patients, P = 
0.04 by Fisher's exact test). One patient presented with multiple eschars, and no eschar was 
detected in the remaining three patients. Among 11 Jeju Island patients with positive IgG and 
IgM antibodies, seven patients revealed higher IgG than IgM antibody titers during the acute 
phase of the illness, i.e., the IgG antibody response, two patients had equal IgG and IgM 
titers, and two patients presented the IgM antibody response. Life-threatening complications 
and death were not observed in this study.
Conclusion: The patients in Seogwipo-si had small-sized eschars and occasionally exhibited 
non-necrotic lesions. Many patients had serologically reinfected tsutsugamushi disease. 
Further studies are needed to investigate the association between these findings.
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INTRODUCTION

Tsutsugamushi disease, or scrub typhus, is an infectious disease caused by Orientia tsutsugamushi 
and its related bacteria such as Candidatus Orientia chuto. The disease is most commonly 
transmitted by infected chigger bites. Eschar, a characteristic sign of tsutsugamushi disease, 
is usually observed at the sites of infected chigger bites in temperate areas such as Korea 
or Japan, while this sign is infrequently observed in tropical areas. For this reason, Fletcher 
coined the term “scrub typhus” for a typhus-like illness exhibiting no eschar [1], whereas the 
term “tsutsugamushi disease” has been used for approximately 140 years in Japan for a febrile 
disease exhibiting eschar and regional lymphadenopathy [2]. Additionally, the mortality of 
the above two diseases is known to differ markedly, i.e., low in the former versus high in the 
latter disease at that time.

Recent reports on eschar in tsutsugamushi disease are focused on its incidence, location, 
number, pathogenesis, evolution, and usefulness for polymerase chain reaction. Previously, 
several articles described eschar size mainly in Japan [3-8]. From these data, it could be 
summarized that the average eschar size was 2 – 6 mm and the largest one was 8 mm until the 
1950s. Thereafter, there are no systematic studies on eschar, and occasionally case reports 
describe eschar sizes [9-15]. For example, the size in foreigners from non-endemic areas 
seems to be large; 15 mm in a British soldier and 20 mm in a Swedish traveler [10, 12].

The factors affecting the size and morphology of eschar have not been thoroughly investigated. 
In an experimental human volunteers study, both the interval and antigenic relatedness 
between the initial and subsequent infections are involved in development of systemic 
symptoms and eschar. In subjects with recent previous infection with O. tsutsugamushi, erythema 
only was formed at the inoculation sites. In patients reinfected 1 – 2 years after recovery from 
tsutsugamushi disease, a papule was formed at the inoculation site and did not progress to 
a necrotic ulcer. In those who did not have previous tsutsugamushi disease, papules were 
formed around 4 – 5 days after the inoculation. The dermal lesions usually remained static 
with chloramphenicol therapy, which was administered 1 or 2 days after the development 
of fever, but three of the 14 inoculation lesions progressed to necrotic lesions. When the 
primary and reinfected tsutsugamushi diseases are compared, the sizes of the erythema 
and possibly of the eschar in reinfected tsutsugamushi disease are smaller compared to the 
primary tsutsugamushi disease [16].

O. tsutsugamushi organisms persist asymptomatically in humans after recovery from 
tsutsugamushi disease [17, 18], suggesting that this infection exerts prolonged 
immunologic and other biological effects than those due to non-persisting organisms. 
Additionally, persons who have the chronic infection and continuously reside in endemic 
areas of tsutsugamushi disease may contract this infection repeatedly; however, even 
in Japan, reports of patients who have suffered tsutsugamushi disease more than once 
are rare [5, 6]. In countries other than Japan, there are only scattered cases of repeated 
symptomatic O. tsutsugamushi infection [16, 19, 20]. Despite the rarity of clinically evident 
repeated tsutsugamushi disease, many patients in endemic areas who have no history of 
tsutsugamushi disease exhibit immunoglobulin G (IgG)-dominant antibody responses 
to O. tsutsugamushi [21], which may represent the symptomatic reinfection. Bourgeois and 
colleagues described that the serologic patterns of scrub typhus could be divided into 
two groups, i.e., the primary infection (immunoglobulin M (IgM) antibody response) and 
reinfection (IgG antibody response) types. Patients with the IgM antibody response type were 
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younger, exhibited higher frequencies of rash and conjunctivitis, and had a good antibiotic 
response and a higher recurrence rate after completion of antibiotic therapy. Conversely, 
the IgG antibody responders were older, had lower frequencies of rash and conjunctivitis, 
and exhibited an excellent response to antibiotic therapy and a lower relapse rate [22]. The 
clinical features in patients with the IgG response type seem to be milder than those with the 
IgM response type, which is consistent with O. tsutsugamushi reinfection.

From the above evidence, we hypothesize that many of residents in endemic areas of 
tsutsugamushi disease might be reinfected with this bacteria frequently irrespective of the 
development of relevant symptoms and will exhibit the IgG antibody response type. If they 
develop fever, they will exhibit smaller eschars compared to the residents in areas with low 
incidence rate of tsutsugamushi disease. A papule as an inoculation lesion might be observed 
because the papule might persist and not progress to a necrotic lesion in patients with 
relatively high immunity.

MATERIALS AND METHODS

Jeju Island is the largest island in Korea and is located approximately 100 km south from the 
Korean Peninsula. Its mean annual temperature and rainfall are the highest in Korea, i.e., 
15.8°C and 1,497 mm, respectively. In this context, Jeju Island, particularly Seogwipo-si, is 
a subtropical area. These environmental conditions suggest that Jeju Island has the most 
suitable habitat for mite or tick population in Korea. The island consists of two cities, Jeju-si 
in the northern part and Seogwipo-si in the southern part. The former is a relatively urban 
area, whereas the latter is a rather rural area. The main industry of Seogwipo-si includes 
agriculture including citrus farming, livestock farming, tourism, and fisheries.

Although the number of tsutsugamushi disease in Jeju Island patients that is formally 
reported to the Korea Centers for Disease Control and Prevention is not the highest among 
all the provinces of Korea [23], the incidence rate of tsutsugamushi disease in Namwon 
County of Seogwipo-si was very high, i.e., 629 per 100,000 persons [24]. Additionally, 
the seropositive rate in asymptomatic persons on Jeju Island was the highest (11.7%) 
compared with that in other provinces of Korea (4 – 5%) [25]. Therefore, the incidence rate 
of tsutsugamushi disease on this island might be the highest in Korea, although it might be 
underreported, and it is unknown why the report is so low.

Seogwipo Medical Center is a 290-bed public general hospital that is mainly involved in 
performing primary care to patients. Any sick person within the city can visit the hospital 
within 60 minutes and can receive medical care without significant financial burden. Inha 
University Hospital is an 860-bed university hospital located in Incheon. Incheon is located 
northwest of the Korean Peninsula, is a metropolitan city, and includes 2.7 million people. 
City dwellers are rarely exposed to rural environment unless they visit the outskirts of 
Incheon, but sometimes, patients from nearby rural areas or islands including Ganghwa 
Island were admitted to the hospital. Thus, this city was chosen as an area endemic of 
tsutsugamushi disease with lower incidence.

1. Patients
In- or outpatients with relevant clinical features were screened with serologic tests. 
IgG and IgM antibodies against O. tsutsugamushi were measured using the indirect 
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immunofluorescent (IF) assay at the Jeju Health and Environmental Institute. If this test 
is not possible, patients' sera were sent to a commercial laboratory for the measurement 
of the pooled IF antibodies. The positive cutoff titer in the present study was defined as 
1:40 because the evaluated patients presented with typical clinical and epidemiologic 
features. All serum specimens were collected within 2 weeks after the onset of illness. The 
following factors were recorded: the size, location, and number of eschar, the duration of 
fever before hospital visit, and the presence of lymphadenopathy and rash, in addition to 
basic demographic and laboratory findings. Although patients who were managed at Inha 
University Hospital were not well systematically investigated, records on the eschar size 
were available in some patients.

The study protocol was reviewed and approved by the Inha University Hospital Institutional 
Review Board (registration number: INHAUH 2019-05-026-001). The need for patient 
consent was waived due to the retrospective nature of the study, but the consents were 
obtained from patients whose photographs were taken.

2. Statistical analysis
Continuous variables were expressed as median and 95% confidence interval (95% CI). 
Mann-Whitney U tests were used for the comparison of two independent values, and 
contingency tables were analyzed using Fisher's exact test. MedCalc Statistical Software 
version 18.11.6 (MedCalc Software bvba, Ostend, Belgium) was used for statistical analyses. 
All P values were two-tailed, and P <0.05 was considered statistically significant.

RESULTS

1. General feature of tsutsugamushi disease on Jeju Island
From March 2018 to February 2019, 37 patients with tsutsugamushi disease were diagnosed at 
Seogwipo Medical Center, and 14 patients were excluded because of inadequate description 
on eschars. Thus, a total of 23 patients in Seogwipo-si were examined in this study (Table 1).  
One case was infected outside the island and was managed at Seogwipo-si. Two patients 
were not indigenous persons of Jeju Island; one was a construction worker and the other an 
immigrant who had resided on Jeju Island for 2 weeks and 3 years, respectively. In Incheon, 12 
patients who had been managed between 2016 and 2018 were reviewed. Those who did not 
exhibit the presence of eschar were excluded.

IgG and/or IgM antibodies were positive in 11 patients. Seven of the 11 patients revealed 
higher IgG titers than IgM titers, i.e., the antibody response to reinfection, two patients 
had equal IgG and IgM titers, and two patients displayed the IgM response type. Despite 
such a serologic evidence of past infection with O. tsutsugamushi, no patients recalled their 
previous episode of tsutsugamushi disease. The remaining 12 patients were diagnosed with 
tsutsugamushi disease with positive pooled IF antibodies.

2. Early inoculation lesions of tsutsugamushi disease
Six of the 23 Jeju Island patients presented with early inoculation lesions of tsutsugamushi 
disease, i.e., a papule or a vesicle. Three patients presented with papules. Case no. 1 was an 
84-year-old man who presented to our hospital with a fever of 12 hours' duration. He harvested 
citrus fruits both 11 and 12 days before admission and developed rashes on the trunk before 
the onset of fever. A fever developed suddenly. A 2-mm-diameter papule was observed on the 
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left side of the back, and the diameter of the surrounding erythema was 11 × 26 mm. Tender 
regional lymphadenopathy in the left axilla was palpated. One day after doxycycline therapy, 
the papule remained unchanged, but the erythema decreased to 11 × 20 mm (Fig. 1). Titers of 
the IgG and IgM antibodies were 1:64 and <1:16, respectively. Case no. 2 was an 84-year-old 
woman who visited our emergency room (ER) due to fever of 3 days' duration, and the patient 
developed shock, which was possibly related with antipyretic therapy. A 3-mm-diameter papule 
was observed on the left buttock. Erythema surrounding the papule was wide and rash was 
observed on the trunk. Case no. 3 was a 49-year-old woman who presented with a fever and a 
papule measuring 3×5 mm on the lateral cantus of her left eye on the first day of fever. Edema 
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Table 1. Characteristics of the enrolled patients and differences in some clinical features between Seogwipo-si and Incheon-si
Characteristics Seogwipo-si Incheon-si P value
Number 23 12
Age (year, median) (95% CI) 62.0 (50.7–70.0) 68.5 (50.4–81.0) 0.49
M/F 9/14 5/7 1
In-/out-patient 10/13 11/1 0.01
Underlying illnesses

Diabetes mellitus 5 2
Hypertension 5 3
Coronary heart disease 3 2
Dementia 3 0
Chronic renal disease 0 1
Stroke 1 0

Duration of fever (day, median) (95% CI) 5 (4.0–7.0) 8.5 (7.0–13.0) 0.01
Rash 16 6 0.29
WBC count (/mm3, median) (95% CI) 6,960 (6,033–8,082) 7,565 (5,862–10,684) 0.48
Platelet count (×103/mm3, median) (95% CI) 150 (116–162) 172 (121–296) 0.14
Aspartate aminotransferase (95% CI) 69 (41–155) 56 (34–153) 0.90
Alanine aminotransferase (95% CI) 40 (30–160) 68 (30–187) 0.88
C-reactive protein (mg/dL) (95% CI) 5.1 (2.8–6.8) 9.6 (2.8–12.9) 0.22
Eschar size

Long diameter (mm, median) (95% CI) 5.0 (5.0–8.0) 6.3 (4.2–10.0) 0.52
≥10 mm 0/13 4/12 0.04
Short diameter (mm, median) (95% CI) 4.0 (3.0–5.0) 3.5 (3.0–4.8) 0.62

Antibody response type
IgG titer >IgM titer 7 6 1.0
IgG titer = IgM titer 2 2
IgG titer <IgM titer 2 1

Complications Hearing loss Pneumonia, IgA vasculitis-like rash
Death 0 0
CI, confidence interval; M, male; F, female; WBC, white blood cell; IgG, immunoglobulin G; IgM, immunoglobulin M.

Figure 1. A 2-mm-diameter papule is observed on the back of the patient who presented on hospital 2 day after 
the onset of fever. Generalized macular rashes are already present. One day after doxycycline therapy, the 
surrounding erythema reduces in diameter from 11 × 26 mm initially to 10 × 20 mm.

https://icjournal.org


of the left eyelid was noticed, and regional lymphadenopathy in the neck was tender. With 
doxycycline therapy, the inoculation lesion did not progress to an eschar.

Three patients presented with ruptured vesicles. Case no. 4 was a 38-year-old woman who 
had been residing in Seogwipo-si. Severe myalgia developed 9 days after harvesting citrus 
fruits, and the patient presented to our outpatient clinic (OPD) with severe myalgia of 3 days' 
duration accompanied with mild night sweating, but a definite fever was not documented, 
i.e., the body temperatures were 36.6°C in the ER and 36.9°C in the OPD. A ruptured vesicle 
measuring 5 × 8 mm in diameter was noted on the right axilla, and the surrounding erythema 
was 10 × 18 mm in diameter (Fig. 2A). Tender regional lymph nodes were palpated, rash was 
not observed, and splenic dullness was increased. After doxycycline treatment for 4 days, 
the size of the inoculation lesion shrunk to 1×4 mm, and the lesion did not progress into a 
necrotic eschar; no vesicular membrane was observed (Fig. 2B). Case no. 5 was a 67-year-old 
woman who noticed an insect bite-like skin lesion 3 days before the onset of fever and visited 
our ER for a complaint of fever of 12 hours' duration. Tsutsugamushi disease was diagnosed, 
and a partially denuded, ruptured vesicle measuring 5 × 7 mm in diameter was observed on the 
right femoral area. Erythema surrounding the vesicle measured 8 × 12 mm in diameter (Fig. 3).  
Tender regional lymphadenopathy was palpated. After 4 days with doxycycline therapy, 
patient's condition improved, but her weakness remained. The vesicle became a dark necrotic 
lesion, and surrounding erythema decreased in width. Case no. 6 presented with chilliness 
for 3 days and rashes on the trunk. A ruptured 7-mm-diameter vesicle with rather narrow 
surrounding erythema was observed on the trunk. One patient in Incheon recalled that he 
initially noted a vesicular inoculation lesion, which later progressed into a necrotic lesion.
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A B

Figure 2. (A) A ruptured vesicle is observed on the left axilla, who presents on day 4 of myalgia. The size is 5×8 
mm with the surrounding erythema of 10 × 18 mm. (B) Four days after doxycycline medication, the inoculation 
lesion regresses to 1 × 4 mm and does not progress to a necrotic lesion.

Figure 3. A partially denuded vesicle is observed on the right femoral area in a patient who presented on day 2 of 
fever. The size of the vesicle is 5 × 7 mm with the surrounding erythema of 8 × 12 mm. Four days after management 
with doxycycline, the vesicle progresses to a necrotic lesion of 3 × 5 mm in size.

https://icjournal.org


3. Eschar
In Jeju Island patients, no inoculation lesions were found in three patients, and 14 patients 
had necrotic ulcers covered with dark scabs. The number of the eschar was only 1 in 13 
patients, and multiple eschars were observed in one patient. In the patient with multiple 
eschars, a total number of definite eschars were 5; the largest one was located on the chest, 
with a diameter of 2 mm; and the remaining 4 eschars were 1 – 1.5 mm in diameter.

Locations of the eschar including the early inoculation lesions, after excluding one patient 
with multiple eschars, were in the abdomen (5 patients), axilla (3), inguinal area (3), chest 
(2), back (2), hip (2), face (1), and above the knee (1). All inoculation lesions were round or 
elliptical, and no spindle-shaped eschar was observed.

After excluding the early inoculation lesions (6 patients), multiple eschars (1), and absent 
eschar (3), the median long and short diameters of eschars in 13 patients were 5 (95% CI, 
5 – 7.5) × 4 (95% CI, 3 – 5) mm, and the medians of the eschar sizes did not differ between 
the two cities (P = 0.46 by Mann-Whitney U test) (Table 1). When the eschar areas, instead of 
eschar diameters, were compared, this comparison was also not significantly different (data 
not shown). Notably, 4 of the 12 patients had eschars ≥10 mm in size in Incheon, whereas 
none of the 13 patients had eschars ≥10 mm in size in Seogwipo-si, which was significantly 
different (P = 0.04 by Fisher's exact test).

The median diameter of eschars in patients with the IgG antibody response type was 5 mm 
(95% CI, 4 – 8), while that in the IgM responders was 6.5 mm (95% CI, 6.1 – 6.9) (P = 0.483 
by Mann-Whitney U test). The eschar size in two immigrants from the Korean Peninsula 
seemed to be larger compared to that in indigenous Jeju Island residents (8 mm vs. 5 mm in 
Jeju indigenous patients), though the difference was not statistically significant (P = 0.058 by 
Mann-Whitney U test).

DISCUSSION

One feature of tsutsugamushi disease on Jeju Island is that the early inoculation lesions are 
occasionally observed. Nowadays, an eschar usually means a necrotic ulcer covered with a dark 
scab or less frequently a shallow ulcer, while the old Japanese literatures on tsutsugamushi 
disease described that a mite bite site could be presented as a papule, vesicle, pustule, ulcer, 
or necrotic dark scab [5]. Tanaka asserted in 1929 that one of papule, vesicle, or eschar, with 
tender regional lymphadenopathy, was a constant feature of tsutsugamushi disease [26], 
while there are very few clinical reports on these lesions in the English literatures. Inoculation 
experiments more clearly depict the evolutional changes of infected mite bite sites. Vesiculo-
papules were formed at the inoculation sites 5 days after the inoculation, and then, these 
lesions progressed to necrotic lesions in an experimental infection using rhesus macaque [27]. 
Papules and necrotic lesions were observed in human volunteers [16]. Thus, the papular and 
vesicular lesions observed in the present study are definitely the initial cutaneous lesion after 
infected mite bites. Furthermore, the antibiotic effect on evolution of the early inoculation 
lesions was observed in the present study. We followed up the two patients with papules, 
which did not progress into necrotic lesions with doxycycline therapy. Suto described a patient 
with tsutsugamushi disease, with a papule of 4 mm in diameter that did not progress to a 
necrotic lesion with minocycline therapy [28]. Contrary to the papules, the vesicles in two of 
three patients in the present study progressed into necrotic lesions under doxycycline therapy. 
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From these observations, if antibiotic therapy is administered early at the time of vesicle 
formation, progression of vesicle into necrotic lesion might be prevented.

It remains unclear why the early inoculation lesions were so frequently observed in 
Seogwipo-si. We hypothesize that the situation in Seogwipo-si might be similar to that in 
Japan. This island is still a rural society, and many residents are involved in citrus farming, 
which is comparable to silk farming on Izu Shichito Islands. Additionally, scrub and/or citrus 
trees are abundant around Jeju Island residents' houses, similar with mulberry trees on Izu 
Shichito Islands [29]. Pesticides are least used in both areas because of organic farming in 
citrus farms on Jeju Island and silk farming on the Shichito Islands. Insects and insect bites, 
therefore, are common. As for “classical type tsutsugamushi disease” (i.e., tsutsugamushi 
disease in Japan before the 1950s), Niigata, Yamagata, and Akita Prefectures were endemic 
of this type of tsutsugamushi disease; riverside areas were abundant of bush and tall grasses, 
and workers entering these areas were heavily exposed to mites. Pesticides were not available 
at that time in Japan. In addition to the above risk factors for mite bites, Yokote Hospital, 
the hospital that Tanaka had practiced for approximately 50 years in Akita Prefecture, and 
Seogwipo Medical Center are municipal hospitals, so these hospitals are similar in many 
aspects. The hospitals exist in close proximity with the residents and pose light financial 
burden, so patients visited these hospitals early in their illness. The duration of illness in the 
present study, therefore, was somewhat shorter compared to that in Incheon (5 vs. 8.5 days).

Although the present study did not observe an ulcer-like eschar, it is occasionally observed in 
the clinical practice particularly when it occurs on the armpit or genital area [30, 31]. Possibly 
inflammatory exudate on necrotic ulcers is continuously moistened by sweat and thus cannot 
be hardened to be firmly attached to the ulcer base. Due to its locality and morphology, it can 
be misdiagnosed as a chancre of syphilis, particularly in young soldiers or persons [3, 30].

Apart from the above early inoculation lesions, eschars in Jeju Island patients presented with 
another feature, i.e., they are small in diameter compared to those in Incheon. The eschar 
sizes in Jeju Island patients seemed to be similar or slightly larger by 1–3 mm compared 
to those observed in Japan before the 1950s. More studies are needed to know the exact 
distribution of the eschar size, and until then, tentatively, 9 or 10 mm may be the size that 
differentiates a large eschar from a small one. Eschar size is affected by immunity [16]; 
however, no convenient method to measure the degree of protective, particularly cell-
mediated, immunity against O. tsutsugamushi is available currently. Although IgG and IgM 
antibodies, as a marker of immunity, were measured in the present study, these antibodies 
are merely a surrogate marker for cellular immunity and have poor values predicting the 
immunity. Hence, we did not find any association between IgG antibody positivity and the 
eschar size. It will be better to measure markers representing cell-mediated immunity, such 
as CD8+ T cells or interferon -γ, instead of those for humoral immunity [32]. However, even 
such tests cannot differentiate frequent O. tsutsugamushi reinfection from infrequent one.

The third feature of tsutsugamushi disease in Seogwipo-si is a benign nature of this illness. In 
the present cases, death and serious complications including pneumonia, acute kidney injury, 
and encephalitis were not observed. The previous study at a university hospital that was located 
in Jeju-si also reported that death among the 138 patients was not observed [33]. Furthermore, 
the low mortality was achieved in the present patients that included a large number of elderly 
patients and patients with comorbid conditions. We propose that eschar size may be one index 
to predict the prognosis of tsutsugamushi disease, as Ueno suggested in 1956 [7].
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The fourth feature of tsutsugamushi disease in Seogwipo-si is that certain patients take 
an atypical course. In typical tsutsugamushi disease, mite bites are followed by fever 7–10 
days after, then rash becomes apparent 3 – 5 days after the onset of fever, and various 
complications including pneumonia and encephalitis occur 7 days after the fever. However, 
in case no. 1, a rash developed before the onset of fever. The patient who presented with 
multiple eschars also presented with rash at the time of the fever. If a rash was a presenting 
symptom in the absence of fever, it might be misdiagnosed as a dermatologic disease.

This study had some limitations. First, although we used IgG and IgM antibodies for 
differentiating the primary infection from the reinfection, there are many cases of 
undetermined antibody response type, i.e., equal IgG and IgM titers. Second, the association 
between the eschar size and various indices including past infection (i.e., IgG and IgM 
antibodies) and antigenic relatedness (immigrants) was investigated, although very few 
patients had these features. Third, no eschar was found in some patients, which is due to either 
true absence of eschar or our failure to find it. This ambiguity is present in all studies on eschar 
of tsutsugamushi disease and cannot be resolved with certainty, and therefore comparison of 
eschar size may be less prone to error than comparison of just its presence or absence.

REFERENCES

 1. Fletcher W, Field JW. The tsutsugamushi disease in the Federated Malay States. Bull Inst Med Res FMS 
1927;1:26.

 2. Nagino T. A proposal. Tokyo Med J 1878;(20):1-2.

 3. Palm TA. Some account of a disease called “Shima-Mushi” or “Island Insect Disease” by the natives of 
Japan; peculiar it is believed, to that country, and hitherto not described. Edinb Med J 1878;24:128-32.
PUBMED

 4. Baelz E. Kawakami. Das japanische Fluss- oder Ueberschwemmmungfieber, eine acute Infectionskrankheit. 
Virchows Arch Pathol Anat Physiol Klin Med 1879;78:373-420. 
CROSSREF

 5. Tanaka K. Ueber meine japanische Kedani-Krankheit. Cent fur Bakteriol Parasitenkd und Infekt 
1906;42:16-8, 104-8, 235-40, 329-34.

 6. Kawamura R. Studies on Tsutsugamushi disease (Japanese flood fever). Cincinnati: Spokesman Printing 
Co.; 1926.

 7. Ueno Y. Studies on tsutsugamushi and tsutsugamushi-disease of Hachijo Island. Med Entomol Zool 
1956;7:231-53. 
CROSSREF

 8. Güther CEM. A survey of endemic typhus in New Guinea. Med J Aust 1940;2:564-73. 
CROSSREF

 9. Krishnan KV, Smith ROA, Bose PN, Neogy KN, Ghosh Roy BK, Ghosh M. Clinical features and laboratory 
diagnosis of XK or mite-borne typhus as observed in 102 cases in the Barrackpore area. Ind Med Gaz 
1949;84:33-9.
PUBMED

 10. Munro-Faure AD, Andrew R, Missen GA, Mackay-dick J. Scrub typhus in Korea. J R Army Med Corps 
1951;97:227-9.
PUBMED

 11. Sassa H, Shibata T, Oba M, Okubo M, Niwa T, Matsui E. An autopsy case of the first occurrence of 
tsutsugamushi disease in Gifu Prefecture--with special reference to complication with disseminated 
intravascular coagulation. Nippon Naika Gakkai Zasshi 1984;73:401-7. 
PUBMED | CROSSREF

 12. Jensenius M, Montelius R, Berild D, Vene S. Scrub typhus imported to Scandinavia. Scand J Infect Dis 
2006;38:200-2. 
PUBMED | CROSSREF

353https://icjournal.org https://doi.org/10.3947/ic.2019.51.4.345

The eschar of tsutsugamushi disease

http://www.ncbi.nlm.nih.gov/pubmed/29640208
https://doi.org/10.1007/BF01878086
https://doi.org/10.7601/mez.7.231
https://doi.org/10.5694/j.1326-5377.1940.tb79855.x
http://www.ncbi.nlm.nih.gov/pubmed/18130765
http://www.ncbi.nlm.nih.gov/pubmed/14889509
http://www.ncbi.nlm.nih.gov/pubmed/6376667
https://doi.org/10.2169/naika.73.401
http://www.ncbi.nlm.nih.gov/pubmed/16500780
https://doi.org/10.1080/00365540500277342
https://icjournal.org


 13. Shiao CC, Lin SY. Eschar: a clue to scrub typhus. CMAJ 2011;183:E1152. 
PUBMED | CROSSREF

 14. Durey A, Kwon HY, Park YK, Baek J, Han SB, Kang JS, Lee JS. A case of scrub typhus complicated with a 
splenic infarction. Infect Chemother 2018;50:55-8. 
PUBMED | CROSSREF

 15. Weitzel T, Aylwin M, Martínez-Valdebenito C, Jiang J, Munita JM, Thompson L, Abarca K, Richards AL. 
Imported scrub typhus: first case in South America and review of the literature. Trop Dis Travel Med 
Vaccines 2018;4:10. 
PUBMED | CROSSREF

 16. Smadel JE, Ley HL Jr, Diercks FH, Traub R. Immunity in scrub typhus: resistance to induced reinfection. 
AMA Arch Pathol 1950;50:847-61.
PUBMED

 17. Chung MH, Lee JS, Baek JH, Kim M, Kang JS. Persistence of Orientia tsutsugamushi in humans. J Korean 
Med Sci 2012;27:231-5. 
PUBMED | CROSSREF

 18. Chung MH, Kang JS. History of tsutsugamushi disease in Korea. Infect Chemother 2019;51:196-209. 
PUBMED | CROSSREF

 19. Su TH, Liu CJ, Chen DS, Kao JH. Milder clinical manifestation of scrub typhus in Kinmen, Taiwan.  
J Formos Med Assoc 2013;112:201-7. 
PUBMED | CROSSREF

 20. Koralur MC, Singh R, Varma M, Stenos J, Bairy I. Scrub typhus reinfection. Trop Doct 2018;48:69-72. 
PUBMED | CROSSREF

 21. Yi KS, Ching Y, Chun CH, Suto T. Importance of finding eschar in the early diagnosis of tsutsugamushi 
disease. Korean J Med 1987;30:1009-16.

 22. Bourgeois AL, Olson JG, Fang RC, Huang J, Wang CL, Chow L, Bechthold D, Dennis DT, Coolbaugh 
JC, Weiss E. Humoral and cellular responses in scrub typhus patients reflecting primary infection and 
reinfection with Rickettsia tsutsugamushi. Am J Trop Med Hyg 1982;31:532-40. 
PUBMED | CROSSREF

 23. Lee HW, Cho PY, Moon SU, Na BK, Kang YJ, Sohn Y, Youn SK, Hong Y, Kim TS. Current situation of scrub 
typhus in South Korea from 2001-2013. Parasit Vectors 2015;8:238. 
PUBMED | CROSSREF

 24. Lee SU. Epidemiologic characteristics of scrub typhus on Jeju Island. Epidemiol Health 
2018;39:e2017060r. 
PUBMED | CROSSREF

 25. Chang WH. Tsutsugamushi disease in Korea. Seoul; Seo Heung Publishing Co.; 1994.

 26. Tanaka K. Important clinical findings of kedani (tsutsugamushi) disease. Kansenshogaku Zasshi 
1929;4:168-70.

 27. Sunyakumthorn P, Somponpun SJ, Im-Erbsin R, Anantatat T, Jenjaroen K, Dunachie SJ, Lombardini ED, 
Burke RL, Blacksell SD, Jones JW, Mason CJ, Richards AL, Day NPJ, Paris DH. Characterization of the 
rhesus macaque (Macacamulatta) scrub typhus model: susceptibility to intradermal challenge with the 
human pathogen Orientia tsutsugamushi Karp. PLoS Negl Trop Dis 2018;12:e0006305. 
PUBMED | CROSSREF

 28. Suto T. On new tsutsugamushi disease. Akita: Mumyosha Publ Co.; 1991.

 29. Kanai T. Studies on the Shichito fever, especially on the epidemiology of Sueyoshi area in Hachijo Island. 
Showa Igakkai Zasshi 1958;20:767-82.

 30. Sayen JJ, Pond HS, Forrester JS, Wood AC. Scrub typhus in Assam and Burma; a clinical study of 616 cases. 
Medicine (Baltimore) 1946;25:155-214. 
PUBMED | CROSSREF

 31. Choi WY, Lee SY, Kwon HY, Im JH, Durey A, Baek JH, Kim YS, Kang JS, Lee JS. A case of scrub typhus 
complicated by adult respiratory distress syndrome and successful management with extracorporeal 
membrane oxygenation. Am J Trop Med Hyg 2016;95:554-7. 
PUBMED | CROSSREF

 32. Xu G, Mendell NL, Liang Y, Shelite TR, Goez-Rivillas Y, Soong L, Bouyer DH, Walker DH. CD8+ T cells 
provide immune protection against murine disseminated endotheliotropic Orientia tsutsugamushi infection. 
PLoS Negl Trop Dis 2017;11:e0005763. 
PUBMED | CROSSREF

 33. Yoo JR, Heo ST, Koh YS, Kim S, Kim S. Unusual genotypic distribution of Orientia tsutsugamushi strains 
causing human infections on Jeju Island. Am J Trop Med Hyg 2014;90:507-10. 
PUBMED | CROSSREF

354https://icjournal.org https://doi.org/10.3947/ic.2019.51.4.345

The eschar of tsutsugamushi disease

http://www.ncbi.nlm.nih.gov/pubmed/21911554
https://doi.org/10.1503/cmaj.101929
http://www.ncbi.nlm.nih.gov/pubmed/29637756
https://doi.org/10.3947/ic.2018.50.1.55
http://www.ncbi.nlm.nih.gov/pubmed/30140442
https://doi.org/10.1186/s40794-018-0070-8
http://www.ncbi.nlm.nih.gov/pubmed/14789327
http://www.ncbi.nlm.nih.gov/pubmed/22379331
https://doi.org/10.3346/jkms.2012.27.3.231
http://www.ncbi.nlm.nih.gov/pubmed/31271001
https://doi.org/10.3947/ic.2019.51.2.196
http://www.ncbi.nlm.nih.gov/pubmed/23537866
https://doi.org/10.1016/j.jfma.2012.02.002
http://www.ncbi.nlm.nih.gov/pubmed/29137528
https://doi.org/10.1177/0049475517740310
http://www.ncbi.nlm.nih.gov/pubmed/6805348
https://doi.org/10.4269/ajtmh.1982.31.532
http://www.ncbi.nlm.nih.gov/pubmed/25928653
https://doi.org/10.1186/s13071-015-0858-6
http://www.ncbi.nlm.nih.gov/pubmed/29526057
https://doi.org/10.4178/epih.e2017060r
http://www.ncbi.nlm.nih.gov/pubmed/29522521
https://doi.org/10.1371/journal.pntd.0006305
http://www.ncbi.nlm.nih.gov/pubmed/20986167
https://doi.org/10.1097/00005792-194605000-00003
http://www.ncbi.nlm.nih.gov/pubmed/27458040
https://doi.org/10.4269/ajtmh.16-0069
http://www.ncbi.nlm.nih.gov/pubmed/28723951
https://doi.org/10.1371/journal.pntd.0005763
http://www.ncbi.nlm.nih.gov/pubmed/24445200
https://doi.org/10.4269/ajtmh.13-0511
https://icjournal.org

	The Eschar Size and Early Inoculation Lesion of Tsutsugamushi Disease on Jeju Island, Korea
	Introduction
	Materials and Methods
	1. Patients
	2. Statistical analysis

	Results
	2. Early inoculation lesions of tsutsugamushi disease
	3. Eschar

	Discussion
	REFERENCES


