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 23 

ABSTRACT 24 

Purpose: This study aimed to clarify the epidemiology and clinical features of tick bites in a 25 

Japanese spotted fever (JSF)-endemic area. 26 

Method: The clinical records of patients with tick bites were retrospectively reviewed based on 27 

a survey conducted at Numakuma Hospital, Fukuyama City, Hiroshima, Japan, from 2016–2023. 28 

Data on basic characteristics, visit dates, residential address, exposure activities, tick-bite sites, 29 

and prophylactic antimicrobial prescriptions for each patient with tick bites were collected at the 30 

JSF hotspot hospital. 31 

Results: A total of 443 patients with tick bites visited the hospital, of which data on 305 cases 32 

(68.8%) were reviewed. The median age of these patients was 71 years, with a higher proportion 33 

of women (63.0%). One-third of the patients had a preceding history of working in fields, 34 

whereas two-thirds had entered mountains or agricultural fields. Nearly 90% of the patients 35 
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visited the hospital from April to August, and the most common bite sites were the lower 36 

extremities (45.1%). Most patients (76.1%) resided in the southern area of Numakuma Hospital. 37 

Nearly all patients were prescribed prophylactic antibiotics (minocycline in 87.8% of cases), and 38 

none subsequently developed JSF. 39 

Conclusion: Continued surveillance of patients with tick bites is warranted to better understand 40 

changes in the clinical impact of tick-borne diseases. 41 

 42 

Keywords: global warming, Japanese spotted fever, tick bite, tick-borne diseases 43 

 44 

  45 



4 
 

Introduction 46 

Tick species are ectoparasites and blood-sucking parasites of mammals, birds, and reptiles, 47 

which are recognized as important vectors for various infectious disease pathogens [1]. Recently, 48 

their epidemiological patterns have drastically changed because of global warming, and tick-49 

borne diseases (TBDs) have become a major global concern [1–3]. Given that TBDs are 50 

transmitted through tick bites, extensive research and preventive interventions targeting tick 51 

exposure have been implemented to reduce incidence rates of TBDs [4]. In Japan, the 52 

representative TBDs include Tsutsugamushi disease, Japanese spotted fever (JSF), severe fever 53 

with thrombocytopenia syndrome (SFTS), anaplasmosis, and Lyme disease. Among these, JSF 54 

and SFTS are the most dominant in Western Japan [5,6].  55 

 JSF is caused by Rickettsia japonica, which was first reported in Japan in 1984 and is 56 

currently classified as a category IV infectious disease under the Act on the Prevention of 57 

Infectious Diseases and Medical Care for Patients with Infectious Diseases (the Infectious 58 

Diseases Control Law) [7,8]. Thereby, physicians are responsible for promptly notifying public 59 

health facilities upon diagnosing JSF. The reported case fatality rate of JSF ranges 2.0–3.3%, 60 

with potential progression to severe complications, including disseminated intravascular 61 

coagulation, multiple organ dysfunction syndrome, and meningoencephalitis [6,9–11]. To 62 

optimize patient outcomes through early therapeutic intervention, enhanced disease surveillance, 63 
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facilitating heightened awareness of disease epidemiology, are essential [9]. The number of JSF 64 

cases in Japan has increased approximately 10-fold over the past decade, rising from 0.03 cases 65 

per 100,000 population in 2001 to 0.33 cases per 100,000 population in 2020, with an average 66 

annual percentage change of 12.3% (95% confidential interval: 10.7–13.9) [5]. Notably, 67 

Hiroshima Prefecture has experienced an annual JSF increase rate of 38% in the past decade, 68 

making it as an endemic area in Japan [5]. Although prophylactic antibiotics for patients with 69 

tick bites may prevent the onset of JSF, they are not generally recommended in Japan because 70 

of the relatively low prevalence of TBDs [12]. Although public education on tick-bite protection 71 

is crucial to prevent JSF, detailed insights into the characteristics of populations affected by tick 72 

bites remain insufficient. 73 

 A previous study using the Japanese Diagnosis Procedure Combination Inpatient Database 74 

identified a hotspot zone located between the Hiroshima and Okayama Prefectures [6]. The 75 

authors, as infectious disease clinicians working in this region, hypothesized that patients with 76 

JSF would be predominantly located in and around Fukuyama City, Hiroshima, although no 77 

specific discussions or clear explanations for this high incidence have been provided. This study 78 

aimed to elucidate the epidemiology and clinical features of patients with tick bites in the JSF-79 

endemic areas of Japan. 80 

 81 
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Methods 82 

Numakuma Hospital, located on the outskirts of Fukuyama City in Japan (Fig. 1), is a secondary 83 

care facility with a total of 118 beds, including convalescent care beds. The hospital staff has 84 

conducted a tick-bite survey since 2016, and this retrospective observational study used their 85 

data on age, sex, date of visit, residential address, history of entering mountains or agricultural 86 

fields, tick-bite sites, and prophylactic antimicrobial prescriptions between 2016 and 2023. Tick-87 

bite sites were classified into six categories; (1) head and neck, (2) chest, axilla, and back, (3) 88 

upper extremities, (4) abdomen and waist, (5) inguinal and perineum, and (6) lower extremities. 89 

Patients without clear records of the tick-bite sites were classified as unknown. A patient was 90 

defined as having a tick bite if a tick was found during the visit or brought in by themselves. The 91 

history of entering mountains or agricultural fields was based on patient self-reports. The 92 

estimated locations or occasions of tick bites were categorized as follows; field, mountain, grass 93 

cutting, home garden, animal-related, and unknown. Antibiotic prescriptions administered to 94 

patients with tick bites upon visit were also investigated. 95 

 Data for the new cases of JSF were obtained from the Infectious Diseases Weekly Report, 96 

Japan [13]. JSF is one of the notifiable diseases, classified under Category IV Infectious Diseases 97 

that should be immediately reported after diagnosis [8]. Thus, when patients with the disease are 98 

diagnosed, medical practitioners are responsible for informing the public health centers. The 99 
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reported data are then compiled by the National Epidemiologic Surveillance of Infectious 100 

Disease and made publicly available through an online platform [13]. To investigate the 101 

seasonality of the JSF onset, we collected incidence data from the 1st to the 52nd or 53rd week of 102 

each year between 2016 and 2022. 103 

 The requirement for informed consent was waived because this was a retrospective analysis 104 

of anonymized data. Ethical approval was obtained from the director of Numakuma Hospital. 105 

 106 

Results 107 

The incidence of JSF cases in Hiroshima Prefecture is depicted in Fig. 2. Between 2016 and 108 

2022, Hiroshima Prefecture accounted for 13.0–22.3% of the total JSF cases in Japan. 109 

Throughout the year, the incidence of JSF begins to rise in April or May, both nationwide and in 110 

Hiroshima Prefecture, maintains a plateau, and reaches its peak around the 41st week in October. 111 

During the study period, 22 patients were diagnosed with JSF at Numakuma Hospital. 112 

 According to the tick-bite survey at Numakura Hospital, data were available for 443 cases, 113 

of which 305 cases (68.8%) were fully documented with detailed information based on previous 114 

medical interviews. Detailed data from 2016–2017 had been discarded five years after the record 115 

(57 cases), and from 2018 onwards, 81 cases were excluded due to data missing. Upon reviewing 116 

the survey data, the number of patients with tick bites visiting hospitals has nearly doubled 117 
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recently (Fig. 3A). Most tick-bite visits occurred between April and August (89.2%), with a peak 118 

from May to June (50.8%) (Fig. 3B).  119 

 The median age of the patients was 71 years (interquartile range [IQR], 52–90 years), and 120 

37.0% were men (Table 1). Three-fourths of the patients (232 cases, 76.1%) resided in the 121 

southern area of the city. Based on medical interviews, the most likely scenario for tick bites was 122 

working in fields (35.7%), and 63.9% of patients had a history of entering mountains or 123 

agricultural fields. Of 305 patients, 283 cases (92.8%) received prophylactic antibiotic 124 

prescriptions. In most cases (258 adult cases), a 100 mg tablet of minocycline was administered 125 

twice daily, and none of these patients subsequently developed JSF. The duration of antibiotic 126 

treatment ranged from 1 to 10 days, with 227 out of 305 patients (74.4%) receiving a 7-day 127 

course of treatment. In contrast, the 22 patients diagnosed with JSF at Numakuma Hospital had 128 

no prior history of visiting the hospital for tick bites and did not receive the prophylactic 129 

antibiotics. 130 

 The tick-bite sites were detected in 178 patients (58.4%), whereas 41.6% of the patients had 131 

unknown bite sites because of missing data. The distribution of the identified tick-bite sites is 132 

shown in Fig. 4. The most common bite sites were the lower extremities (45.1%), followed by 133 

the upper extremities (17.0%), head and neck (11.5%), and thoracic and axillary regions (10.4%). 134 

  135 
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Discussion 136 

We investigated the epidemiological and clinical characteristics of patients who visited the JSF 137 

hotspot hospital. The number of patients with tick bites visiting the hospital has increased, 138 

particularly among elderly women. Three-fourths of the patients resided in the southern area of 139 

Fukuyama City, with approximately 90% of cases occurring between April and August. The most 140 

likely situation for tick bites was working in fields (35.7%), with approximately 60% of tick-141 

bite sites are in the limbs. Prophylactic antibiotics were prescribed to >90% of patients with tick 142 

bites at the hospital, and none of them subsequently developed JSF. 143 

 Global warming has expanded the habitats of ticks and increased their activity, making 144 

TBDs, including JSF, a global concern [2,5,14]. In England, the number of arthropod bites has 145 

been reported to be positively associated with temperature, with incidence rate ratios ranging 146 

from 1.03–1.14 between 2000 and 2013 [15]. An increase in tick bites undoubtedly poses a risk 147 

for TBDs worldwide [16–18]. In the United States, tick bites are commonly observed in patients 148 

aged 0–9 and 70–79 years, with a primary and secondary peak from April to July and October 149 

to November, respectively [16]. Although the tick species active in wild fields differ by country, 150 

their peak activities have consistently been reported in and around May [19,20]. Our data 151 

corroborate the seasonality of tick bite incidence, showing peaks in May and June as well. The 152 

incidence of JSF cases also increases during the spring season; however, its peak reaches in 153 
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October. The reason for this discrepancy remains unclear, although it may be related to the 154 

activity of the ticks that specifically transmit JSF. In Japan, R. japonica has been detected in tick 155 

species belonging to the genera Dermacentor, Haemaphysalis, and Ixodes [21,22]. In particular, 156 

Haemaphysalis longicornis demonstrates a high prevalence of spotted fever group rickettsiae, 157 

with a carrier rate of 62.8%, and also has been recognized as a high-risk vector of R. japonica 158 

[22,23]. However, the regional tick species distribution and their seasonal activity patterns in 159 

this geographical area remain undocumented. Further research and surveillance are needed to 160 

investigate the differences in seasonal peak incidences of tick bites and JSF cases in this JSF 161 

hotspot area. 162 

 Our data indicated an increasing trend in tick bite incidence over the past decade. Increased 163 

incidence of tick bites has been reported worldwide as well, including in the Netherlands [24] 164 

and France [25]. The increasing trend could be attributed to a greater likelihood of contact with 165 

ticks, resulting from a rise in the number of host animals [2,26,27]. Deer and wild boars are well-166 

known vectors of Rickettsia species [28,29], and tick bites most commonly occur in fields where 167 

ticks are likely to be dropped by these wild animals. The extended survival and increased activity 168 

of ticks, driven by the expanding ranges of deer and wild boar, lead to a prolonged duration of 169 

human exposure to ticks [2]. According to the Ministry of the Environment, while the 170 

populations of these key animals are reportedly declining, their habitat areas are expanding and 171 
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overlapping with human habitation in Japan [30]. This fact is explainable for the increase in the 172 

tick bite incidence, and consequently, the number of JSF cases. 173 

 Being a woman over 50 years of age is a reported risk factor for tick bites [17], which was 174 

also indicated in the present study. Older individuals are generally considered at a higher risk of 175 

TBDs, as they are less likely to use insect repellent or check for ticks after potential exposure 176 

[31]. Other associated factors included spending time outdoors during the summer, educational 177 

level, ownership of domestic animals, hunting activities, and being a farmer [18,32]. Those who 178 

frequently venture into fields or mountains are especially at greater risk of tick bites; thus, we 179 

recommend that such high-risk populations should wear protective clothing that covers exposed 180 

skin, apply repellents, bathe or shower after outdoor activities, and thoroughly check themselves 181 

for tick bites. 182 

 Recently, the incidence of JSF is continuously increasing in Japan, especially among the 183 

older population [5]. Considering the rising trend in tick bites, the number of JSF cases is 184 

expected to further increase. For Lyme disease, the number needed to treat (prophylaxis, as in 185 

this case) is approximately 40 [33], and clinical practice guidelines recommend that prophylactic 186 

antibiotic therapy be administered to patients within 72 h of removal of a high-risk tick [34]. 187 

Although Fukuyama City is considered a representative endemic area for JSF [5,6], detailed 188 

epidemiological information needed to determine the necessity of antibiotic prophylaxis remains 189 
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unknown [12]. Surveys of tick-borne pathogens in other JSF-prevalent prefectures (Shizuoka, 190 

Mie, Wakayama, Kagoshima, Nagasaki, and Okinawa) have shown that 1.0% of ticks carry 191 

Rickettsia japonica [12]. However, Japanese guidelines for tick bites are yet to be established, 192 

and prophylactic antibiotics may often be prescribed owing to the lack of comprehensive 193 

epidemiological data. Further epidemiological data collection and continued surveillance of tick 194 

bites are necessary. 195 

 Our study has a significant strength in highlighting the epidemiological characteristics and 196 

clinical features of tick bites in the JSF-hotspot zone, which have rarely been reported in Japan. 197 

These data are crucial when proposing public health measures, such as tick prevention strategies. 198 

However, this study had several limitations. First, the information presented was based on a 199 

retrospective analysis of data collected at a single facility, and generalizability should be 200 

confirmed by other studies. Second, the effectiveness of the prophylactic antibiotic prescriptions 201 

could not be determined because of the absence of a comparative cohort. Patients presenting 202 

with tick bites were instructed to return to Numakuma Hospital if they developed pyrexia or 203 

cutaneous manifestations. While severe cases may have warranted transfer to tertiary care 204 

facilities, no patients returned with clinical manifestations of JSF. Although this observation 205 

might suggest potential prophylactic benefit of antimicrobial therapy, several limitations warrant 206 

consideration. Notably, the tick species responsible for exposure events were not identified, 207 
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despite the known variation in pathogen specificity among different tick vectors. Consequently, 208 

the efficacy of prophylactic antimicrobial administration following tick exposure in preventing 209 

JSF development remains undetermined in this investigation. Finally, data on patients who 210 

visited the hospital due to side effects were unavailable. The majority of cases underwent 211 

minocycline prescriptions, which can potentially result in side effects such as vomiting [35]. 212 

Disadvantages of prophylactic antibiotic administration include the risk of side effects, the 213 

potential for developing antimicrobial-resistant bacteria, and increased medical costs. The cost-214 

benefit effectiveness of the prophylactic prescriptions for TBDs should be further investigated 215 

in Japan. 216 

 Collectively, we provided an overview of the epidemiological and clinical features of tick 217 

bites in a hotspot zone of JSF in Japan. Continued surveillance of tick bites and TBDs is required 218 

to address the effects of climate change. The advantages and disadvantages of prophylactic 219 

antibiotic prescription for patients with tick bites remain controversial. Further epidemiological 220 

and prospective comparative cohort studies are needed to resolve this issue.  221 
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 334 

Figure Legend 335 

Figure 1. Geographic location of the hotspot area of Japanese Spotted Fever (JSF) 336 

Numakuma Hospital is located in southern Fukuyama City (Hiroshima Prefecture, Japan). 337 

 338 

Figure 2. Annual incidence number of Japanese spotted fever reported in Japan and 339 

Hiroshima prefecture, (A) by year and (B) by week 340 

Data for weekly distribution was the sum of those reported between 2016 and 2022. 341 

 342 

Figure 3. Number of tick-bitten patients visiting the Japanese Spotted Fever hotspot 343 

hospital, (A) by year and (B) by month 344 

Data for monthly distribution was the sum of reported between 2018 and 2023. 345 

 346 

Figure 4. Distribution of tick bite sites 347 

Of 305 cases, tick bite sites were identified in 178 (58%) cases. 348 

 349 


