
Murine typhus (MT), a fleaborne rickettsiosis 
caused by the bacterium Rickettsia typhi, is a 

ubiquitous but clinically less recognizable disease 
than scrub typhus or spotted fever group rickett-
sioses (1). Limited testing because of the infection’s 
nonspecific symptoms and the need for expert labo-
ratories for serodiagnosis makes MT an underrec-
ognized infection. MT occurs worldwide and is en-
demic to warm urban or coastal regions where the 
climate is favorable for rats, which can serve as the 
reservoir of R. typhi. However, epidemiologic char-
acteristics and risk factors often vary by region (1–3). 
Therefore, accumulating specific and local evidence 
from each region is required to elucidate the com-
plete picture of MT epidemiology.

In Japan, MT with Xenopsylla cheopis fleas as 
the vector and Rattus rattus or R. norvegicus rats 
as the reservoir was endemic before the 1950s (4), 
but the disease has not been notifiable; only a few 
cases have been reported since then (5). As a con-
sequence, the epidemiologic characteristics remain 
unknown, rendering MT an underrecognized and 
neglected infection. Clarifying the epidemiologic 
features of MT in Japan will help clinicians recog-
nize the disease and provide early treatment. We 
estimate the seroprevalence of rickettsia, primarily 
of R. typhi, in rickettsia-endemic areas of Honshu 

Island (the largest island of Japan) and characterize 
the risk factors for MT.

The Study
We conducted a cross-sectional study in 3 sites 
in the southeastern part of Honshu (Boso Penin-
sula), endemic areas for scrub typhus and Japa-
nese spotted fever (6). We included persons who 
underwent regular checkups during August–No-
vember 2020 (Appendix, https://wwwnc.cdc.gov/ 
EID/article/29/7/23-0037-App1.pdf). Question-
naires were distributed during checkups, and the 
following data were collected: medical history of 
rickettsioses; environmental exposure to moun-
tains, agriculture, and bushes; and residential ad-
dresses. The respondents were asked through ques-
tionnaires whether they resided in or had visited 
mountainous areas, had visited areas with small 
trees and weeds, or engaged in agricultural work. 
In addition, we measured the population density 
and area of each land use (coasts, forests, farmland, 
rivers or lakes, and wilderness) within a 500-me-
ter radius of the participant’s address (Appendix). 
The study was approved by the Institutional Re-
view Boards of Nagasaki University and Fukushi-
ma Medical University (approval nos. 200305230-2 
and 2022-190). Written consent was obtained from  
all participants.

The primary outcomes were R. typhi seropreva-
lence and ratio of R. typhi to Orientia tsutsugamushi 
seroprevalence. O. tsutsugamushi was selected as the 
comparator outcome because scrub typhus is a no-
tifiable disease and the rickettsiosis most endemic 
to Japan. Furthermore, we evaluated the seropreva-
lence of R. japonica, the pathogen of Japanese spotted 
fever, to determine the possibility of an apparently 
high seroprevalence of R. typhi because of cross-re-
activity in the genus Rickettsia (7) (Appendix). We 
defined seropositivity as a ratio of >1:40 and de-
fined O. tsutsugamushi seropositivity as a positive 
result for any of the O. tsutsugamushi serotypes. The  
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To elucidate the epidemiology of murine typhus, which 
is infrequently reported in Japan, we conducted a 
cross-sectional study involving 2,382 residents of rick-
ettsiosis-endemic areas in Honshu Island during Au-
gust–November 2020. Rickettsia typhi seroprevalence 
rate was higher than that of Orientia tsutsugamushi, 
indicating that murine typhus is a neglected disease.
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sensitivity analyses estimated the seroprevalences at 
cutoff titers of 1:80 and 1:160.

Because the seropositivity rates of R. typhi and 
O. tsutsugamushi were regarded as paired binomial 
data, we tested the difference in their prevalence by 
using the McNemar test (8) and estimated it using 
conditional Poisson regression (Appendix). To ex-
plore the factors associated with R. typhi seropositiv-
ity, we fitted a logistic regression model by using the 
candidate risk factors. We assessed whether there 
were differences in the seroprevalence ratios across 
study sites and conducted the imputation of missing 
values (Appendix).

The median age of all participants was 67 years. 
R. typhi–seropositive participants exhibited a lower 
population density than R. typhi–seronegative par-
ticipants, showing a similar trend to O. tsutsuga-
mushi (Table 1; Appendix Table 1). The residential 
locations of R. typhi–seropositive participants were 
distributed throughout the Boso Peninsula, and a 
similar distribution was observed for O. tsutsugamu-
shi–seropositive participants (Appendix Figures 1, 
2). Although ≈60% of R. typhi–seropositive partici-
pants had titers of <160, 20 participants had titers of 
>1,280, and 4 had titers of >40,960 (Table 2). Most O. 
tsutsugamushi–seropositive participants had lower 
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Table 1. Characteristics and residential geographic features for participants in study of seroprevalence and predictors of murine 
typhus, by Rickettsia typhi IgG seropositivity status, Japan* 
Characteristic R. typhi–positive, n = 269 R. typhi–negative, n = 2,113 Total, n = 2,382 
Sex    
 F 123 (45.7) 1,080 (51.1) 1,203 (50.5) 
 M 146 (54.3) 1,033 (48.9) 1,179 (49.5) 
Age group, y 

   

 <40 2 (0.7) 109 (5.2) 111 (4.6) 
 41–50 11 (4.1) 269 (12.7) 280 (11.8) 
 51–60 15 (5.6) 350 (16.6) 365 (15.3) 
 61–70 71 (26.4) 695 (32.9) 766 (32.2) 
 71–80 113 (42) 576 (27.2) 689 (28.9) 
 >81 57 (21.2) 114 (5.4) 171 (7.2) 
Site  

   

 Otaki 180 (66.9) 891 (42.2) 1,071 (45) 
 Katsuura 42 (15.6) 250 (11.8) 292 (12.2) 
 Kameda 47 (17.5) 972 (46) 1,019 (42.8) 
Medical history 

   

 None 227 (84.4) 1,787 (85) 2,014 (84.9) 
 Scrub typhus 8 (3.0) 32 (1.5) 40 (1.7) 
 Japanese spotted fever 2 (0.7) 0 2 (0.1) 
 Both 0 1 (0.1) 1 (0) 
 Unknown 32 (11.9) 283 (13.5) 315 (13.3) 
 Missing  0 10 10 
Environmental exposure history 

   

 Mountains 
   

  Yes 70 (26) 456 (21.6) 526 (22.1) 
  No 199 (74) 1,657 (78.4) 1,856 (77.9) 
 Agriculture 

   

  Yes 135 (50.2) 766 (36.3) 901 (37.8) 
  No 134 (49.8) 1,347 (63.7) 1,481 (62.2) 
 Bushes† 

   

  Yes 141 (52.4) 856 (40.5) 997 (41.9) 
  No 128 (47.6) 1,257 (59.5) 1,385 (58.1) 
Environment surrounding the residence    
 Population density, persons/km2  
 (5th–95th percentile) 

244 (32–1,207) 356 (45–3,354) 306 (44–3,148) 

  Missing 3 26 29 
 Coasts, m2 (5th–95th percentile) 0 (0–235,132) 0 (0–232,102) 0 (0–233,502) 
  Missing 0 3 3 
 Forests, m2 (5th–95th percentile) 307,376 (76,276–664,633) 269,342 (6,023–616,031) 273,757 (7,231–621,401) 
  Missing 0 3 3 
 Farmland, m2 (5th–95th percentile) 236,624 (14,833–458,114) 233,350 (0–486,875) 233,414 (0–483,051) 
  Missing  0 3 3 
 Rivers and lakes, m2 (5th–95th percentile) 17,596 (0–101,103) 13,917 (0–84,788) 14,279 (0–86,124) 
  Missing  0 3 3 
 Wilderness, m2 (5th–95th percentile) 0 (0–27,181) 0 (0–25,095) 0 (0–25,391) 
  Missing  0 3 3 
*Values are no. (%) except as indicated. Continuous and categorical variable data are presented as median (5th–95th percentile) and frequency (%). 
†Bushes refer to areas with small trees and weeds. 
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Table 2. Distribution of antibody titers in Rickettsia typhi IgG–
positive persons in study of seroprevalence and predictors of 
murine typhus, Japan 
Antibody titer Seropositive participants, no. (%), n = 269  
1:40 53 (19.7) 
1:80 33 (12.3) 
1:160 80 (29.7) 
1:320 37 (13.7) 
1:640 46 (17.1) 
1:1,280 5 (1.9) 
1:2,560 8 (3.0) 
1:5,120 2 (0.7) 
1:10,240 1 (0.4) 
1:20,480 0  
>1:40,960 4 (1.5) 

 

Figure 1. Seroprevalence rates of Rickettsia typhi and Orientia 
tsutsugamushi in study of seroprevalence and predictors of 
murine typhus, Japan. R. typhi IgG was detected in 11.3% 
(95% CI 10.0–12.6) of participants and O. tsutsugamushi IgG 
was detected in 7.9% (95% CI 6.9–9.1) of all participants. The 
seroprevalence of both infections was compared using the 
McNemar test. The estimated seropositivity ratio was 1.42 (95% 
CI 1.20–1.68).

titers, although some exhibited notably high titers 
(Appendix Table 2).

R. typhi seroprevalence was 11.3% higher than 
that of O. tsutsugamushi (7.9%) (ratio of seropositiv-
ity 1.42; 95% CI 1.20–1.68) (Figure 1). Of the 2,382 
residents, 204 were R. japonica seropositive, for a 
seroprevalence of 8.6%, lower than that of R. typhi. 
Furthermore, the antibody titer for R. typhi was 
higher than that for R. japonica in participants who 
were seropositive for both R. typhi and R. japonica 
(Appendix Table 3). Results of the sensitivity analy-
ses did not show any changes to the predominance 
of the R. typhi seroprevalence over the O. tsutsuga-
mushi seroprevalence (Appendix Table 4). 

According to the multivariate analysis (Figure 
2), the factors associated with R. typhi seropositiv-
ity were age (per 10-year increase; adjusted odds 
ratio [aOR] 2.09 [95% CI 1.80–2.42]), low population 
density (per 1,000 persons/km2 increase; aOR 0.59 

[95% CI 0.40–0.86]), and history of bush exposure 
(aOR 1.39 [95% CI 1.01–1.92]) (Appendix).

Figure 2. Predictors of Rickettsia 
typhi IgG seropositivity in study 
of seroprevalence and predictors 
of murine typhus, Japan. Shown 
are adjusted odds ratios for age 
per 10-year increase; population 
density increase; residential 
geographic features, such as 
coasts, forests, farmland, and 
rivers and lakes; and wilderness 
per 10-hectare increase. Bushes 
refer to areas with small trees 
and weeds.
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Conclusions
We demonstrated robust findings of the predomi-
nance of R. typhi seroprevalence over O. tsutsugamushi 
seroprevalence in rickettsia-endemic areas in Japan. 
Previously, in those study areas, an epidemiologic 
study was conducted using now antiquated sero-
logic methods, such as the Weil–Felix test (4), which 
provided unreliable MT and scrub typhus seroepide-
miologic data (9). Contrary to the previous study’s 
findings, we were able to estimate rickettsiosis serop-
revalence and confirm the predominance of MT more 
precisely using the standard diagnostic test.

This study illustrated that MT is a prevalent and 
possibly reemerging infection in Japan. Recently, in 
the United States (10), Greece (11), and Spain (12), the 
incidence of MT has increased, partly because of im-
proved disease recognition (10) and a change in the 
transmission route (13). Thus, given the high serop-
revalence of R. typhi in Japan, case accumulation is 
crucial to clarify the possibility of a unique transmis-
sion cycle.

The risk factors for R. typhi seropositivity in this 
study differed from those in previous studies. The 
increase in R. typhi seroprevalence with decrease in 
residential population density contradicts the find-
ings of previous studies that showed urban environ-
ment as a risk factor (2,14). In addition, exposure to 
weeded areas was identified as a risk factor, but resi-
dential environments, including those near coasts, 
rivers, and lakes, which have been reported as risk 
factors (2,3), were not correlated. The differences in 
risk factors between this study and previous studies 
might reflect differences in factors related to contact 
with vectors and reservoirs at each study site.

The first limitation of our study is that seroposi-
tivity to R. typhi could indicate cross-reactivity to R. 
japonica. However, because R. typhi seropositivity was 
higher than R. japonica seropositivity and the cross-
reactivity rate to R. typhi in confirmed Japanese spot-
ted fever patients is ≈20% (15), most patients with R. 
typhi seropositivity have a true MT infection. Second, 
we did not consider cross-reactivity within the same 
group (spotted fever or typhus group) in the genus 
Rickettsia. However, other diseases caused by this 
genus have been reported infrequently, except for 
Japanese spotted fever and MT in domestic infection 
cases. Third, this study was conducted in persons un-
dergoing routine checkups and might not represent 
seroprevalence in the general population.

In summary, R. typhi seroprevalence was higher 
than that of O. tsutsugamushi in rickettsia-endemic ar-
eas of Japan, indicating that MT is a neglected and 
underrecognized condition. This study highlights the 

need to include MT in the differential diagnosis when 
examining patients with nonspecific infectious symp-
toms who are residing in rickettsia-endemic areas. 
Clinicians should consider comprehensive exami-
nations for rickettsial infections, including MT test-
ing, especially in those with a history of residence in 
sparsely populated areas or exposure to bushes.
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Appendix 

Methods 

Study sites 

This study was conducted in two local municipalities (Otaki Town and Katsuura City) 

and Kameda Medical Center (Kamogawa City). According to the 2015 census, Otaki and 

Katsuura have a total population of 9,843 and 19,248, respectively (https://www.e-stat.go.jp/). 

Kameda Medical Center is a tertiary hospital with 865 acute beds allowed for patients from all 

over the prefecture. We chose multiple sites for our study because rickettsioses, including scrub 

typhus and Japanese spotted fever, are endemic at these sites and are reported annually (1) and 

epidemiologic studies have been conducted previously (2). In addition, we wanted to ensure a 

diversity of participants. 

Health checkups 

The health checkup services in Otaki and Katsuura were provided mainly to the National 

Health Insurance subscribers, whereas the checkup services in Kameda Medical Center were 

offered to anyone who desired it, regardless of the individual’s insurance category. 

Measurement of population density and the area of each land use 

Population density and land use area per 1 km2, as registered in the 2015 national data 

(https://nlftp.mlit.go.jp/index.html), were linked to each participant’s address to obtain the 

population density and the area of each land use within a 500-meter radius of the participant’s 

address, using QGIS 3.16 (https://qgis.org/ja/site/). 

https://doi.org/10.3201/eid2907.230037
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Collection of blood samples and measurement of rickettsial antibody levels 

After obtaining the participants’ consent, the levels of serum rickettsial antibodies were 

measured using residual serum (0.5 mL) from blood samples of participants who underwent 

health checkups. The samples were frozen at −20°C and sent to the Mahara Institute of Medical 

Acarology (Anan, Japan) for indirect immunoperoxidase assay to measure the IgG antibody 

levels of the six serotypes of Orientia tsutsugamushi (Kato, Karp, Gilliam, Irie/Kawasaki, 

Hirano/Kuroki, and Shimokoshi), Rickettsia japonica (Aoki strain), and Rickettsia typhi 

(Wilmington strain) (3,4). These samples were diluted from 1:40 to 1:40,960. 

Statistical analyses 

All statistical analyses were performed using Stata 17.0. To estimate the magnitude of the 

difference in seropositivity between the two different antibody assays (i.e., R. typhi and O. 

tsutsugamushi) (5), conditional Poisson regression with a robust variance estimator was used 

(6,7). To test whether the magnitude of the prevalence ratios differed across the study sites, an 

interaction between the pair and site variables was added to the regression model (5). The Wald 

test was used to examine the interactions. Owing to the missing values for population density and 

environmental exposure, multiple imputation was performed assuming that the missing values 

occurred at random (8). For this study, five complete datasets were generated using multiple 

imputation with chained equations. The odds ratios obtained from the imputed data were 

combined according to the Rubin’s rule. A two-sided p value of <0.05 was considered 

significant. 

Results 

Estimated prevalence ratios by study site 

The estimated prevalence ratios of R. typhi to O. tsutsugamushi in the aforementioned 

three sites based on the conditional Poisson regression analysis results were 1.63 (95% 

confidence interval [CI]: 1.32–2.00), 1.05 (95% CI: 0.73–1.50), and 1.23 (95% CI: 0.79–1.92) in 

Otaki, Katsuura, and Kameda, respectively. However, the Wald test for the study-site difference 

in the seroprevalence ratio showed a p value of 0.093, indicating that the null hypothesis of no 

study-site difference in the seropositivity ratio between R. typhi and O. tsutsugamushi could not 

be rejected. 
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Non-predictors of Rickettsia typhi seropositivity 

The extent to which the coasts occupied a residential area (per 10-ha increase, aOR: 1.03, 

95% CI: 0.80–1.33), forests (per 10-ha increase, aOR: 0.97 [95% CI: 0.82–1.14]), farmland (per 

10-ha increase, aOR: 0.91 [95% CI: 0.75–1.11]), rivers and lakes (per 10-ha increase, aOR: 1.49 

[95% CI: 0.92–2.40]), and wilderness (per 10-ha increase, aOR: 1.13 [95% CI: 0.43–2.98]) were 

not associated with R. typhi seropositivity. The following factors were not also associated with R. 

typhi seropositivity: women (aOR: 0.83 [95% CI: 0.63–1.10]), history of mountain exposure 

(aOR: 0.79 [95% CI: 0.55–1.14]), and history of agricultural exposure (aOR: 0.99 [95% CI: 

0.72–1.35]). 
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Appendix Table 1. Participants’ characteristics and their residential geographic features by Orientia tsutsugamushi IgG 
seropositivity status* 

Characteristic 
O. tsutsugamushi–positive,  

n = 189 
O. tsutsugamushi–negative,  

n = 2,193 Total, n = 2,382 
Sex  

   

 F 101 (53.4) 1,102 (50.3) 1,203 (50.5) 
 M 88 (46.6) 1,091 (49.7) 1,179 (49.5) 
Age group, y  

   

 <40 5 (2.7) 106 (4.8) 111 (4.6) 
 41–50 10 (5.3) 270 (12.3) 280 (11.8) 
 51–60 18 (9.5) 347 (15.8) 365 (15.3) 
 61–70 65 (34.4) 701 (32.0) 766 (32.2) 
 71–80 66 (34.9) 623 (28.4) 689 (28.9) 
 >81 25 (13.2) 146 (6.7) 171 (7.2) 
Site  

   

 Otaki 111 (58.7) 960 (43.8) 1,071 (45.0) 
 Katsuura 35 (18.5) 257 (11.7) 292 (12.2) 
 Kameda 43 (22.8) 976 (44.5) 1,019 (42.8) 
Past medical history  

   

 None 137 (72.3) 1,877 (85.9) 2,014 (84.9) 
 Scrub typhus 27 (14.4) 13 (0.6) 40 (1.7) 
 Japanese spotted fever 1 (0.5) 1 (0.05) 2 (0.1) 
 Both 0 (0) 1 (0.05) 1 (0) 
 Unknown 22 (11.8) 293 (13.4) 315 (13.3) 
 Missing  2 8 10 
Environmental exposure history 

   

 Mountains 
   

  Yes 57 (30.2) 469 (21.4) 526 (22.1) 
  No 132 (69.8) 1,724 (78.6) 1,856 (77.9) 
 Agriculture 

   

  Yes 89 (47.1) 812 (37.0) 901 (37.8) 
  No 100 (52.9) 1,381 (63.0) 1,481 (62.2) 
 Bushes† 

   

  Yes 91 (48.1) 906 (41.3) 997 (41.9) 
  No 98 (51.9) 1,287 (58.7) 1,385 (58.1) 
Environment surrounding the 
residence 

   

 Population density, persons/km2 
(5th–95th percentile) 

194 (31–1,207) 335 (46–3,166) 306 (44–3,148) 

  Missing  3 26 29 
 Coasts, m2 (5th–95th percentile) 0 (0–17,648) 0 (0–237,384) 0 (0–233,502) 
  Missing  0 3 3 
 Forests, m2 (5th–95th percentile) 341,158 (54,779–673,819) 266,640 (6,272–619,733) 273,757 (7,231–

621,401) 
  Missing  0 3 3 
 Farmland, m2 (5th–95th 
percentile) 

245,500 (22,140–462,920) 233,091(0–483,615) 233,414 (0–
483,051) 

  Missing  0 3 3 
 Rivers and Lakes, m2 (5th–95th 
percentile) 

13,583 (0–110,673) 14,332 (0–85,033) 14,279 (0–
86,124) 

  Missing  0 3 3 
 Wilderness, m2 (5th–95th 
percentile) 

0 (0–14,629) 0 (0–25,989) 0 (0–25,391) 

  Missing  0 3 3 
*Values are no. (%) except as indicated. Continuous and categorical variables are presented as median (5th–95th percentile) and frequency (%), 
respectively. 
†The term bushes refer to areas with small trees and weeds. 
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Appendix Table 2. Distribution of antibody titers in six serotypes of Orientia tsutsugamushi (Kato, Karp, Gilliam, Irie/Kawasaki, 
Hirano/Kuroki, and Shimokoshi) IgG-positive persons, Japan 

Antibody titers 
No. (%) 

Kato, n = 38 Karp, n = 78 Gilliam, n = 84 Irie/Kawasaki, n = 93 Hirano/Kuroki, n = 71 Shimokoshi, n = 76 
1:40 20 (52.6) 33 (42.3) 18 (21.4) 18 (19.4) 21 (29.6) 32 (42.1) 
1:80 6 (15.8) 14 (17.9) 14 (16.7) 4 (4.3) 16 (22.5) 16 (21.0) 
1:160 9 (23.7) 19 (24.4) 18 (21.4) 9 (9.7) 24 (33.8) 21 (27.6) 
1:320 2 (5.3) 6 (7.7) 9 (10.7) 15 (16.1) 3 (4.2) 5 (6.7) 
1:640 1 (2.6) 4 (5.1) 8 (9.5) 18 (19.4) 4 (5.6) 0 (0) 
1:1,280 0 (0) 0 (0) 9 (10.7) 6 (6.4) 0 (0) 0 (0) 
1:2,560 0 (0) 1 (1.3) 5 (6.0) 7 (7.5) 2 (2.8) 1 (1.3) 
1:5,120 0 (0) 1 (1.3) 0 (0) 8 (8.6) 0 (0) 0 (0) 
1:10,240 0 (0) 0 (0) 1 (1.2) 3 (3.2) 1 (1.4) 1 (1.3) 
1:20,480 0 (0) 0 (0) 2 (2.4) 2 (2.2) 0 (0) 0 (0) 
>1:40,960 0 (0) 0 (0) 0 (0) 3 (3.2) 0 (0) 0 (0) 

 
 
 
 
Appendix Table 3. Distribution of antibody titers of Rickettsia typhi and Rickettsia japonica in dual-seropositive individuals* 

Antibody titers 
No. (%) 

Rickettsia typhi, n = 117 Rickettsia japonica, n = 117 
1:40 27 (23.1) 58 (49.6) 
1:80 14 (12.0) 16 (13.7) 
1:160 32 (27.4) 27 (23.1) 
1:320 16 (13.7) 6 (5.1) 
1:640 19 (16.2) 6 (5.1) 
1:1,280 3 (2.6) 0 (0) 
1:2,560 3 (2.6) 2 (1.7) 
1:5,120 0 (0) 0 (0) 
1:10,240 0 (0) 0 (0) 
1:20,480 0 (0) 2 (1.7) 
>1:40,960 3 (2.6) 0 (0) 
*Approximately 4.9% of the participants were Rickettsia typhi and Rickettsia japonica IgG seropositive (117/2,382, 95% confidence interval: 4.1–5.9). 
Of the 117 dual-seropositive participants, 61% (71/117) had higher R. typhi IgG titers (p < 0.001 for Wilcoxon signed-rank test). 
 

 
 
 
 
Appendix Table 4. Seroprevalence of Rickettsia typhi, Orientia tsutsugamushi, and Rickettsia japonica by different diagnostic 
antibody cutoff titers* 
Antibody 
cutoff titers 

Rickettsia typhi Orientia tsutsugamushi Rickettsia japonica 
Seroprevalence, no. (%) 95% CI Seroprevalence, no. (%) 95% CI Seroprevalence, no. (%) 95% CI 

1:40 269/2,382 (11.3) 10.0–12.6 189/2,382 (7.9) 6.9–9.1 204/2,382 (8.6) 7.5–9.8 
1:80 216/2,382 (9.1) 7.9–10.3 156/2,382 (6.6) 5.6–7.6 111/2,382 (4.7) 3.8–5.6 
1:160 183/2,382 (7.7) 6.6–8.8 134/2,382 (5.6) 4.7–6.6 74/2,382 (3.1) 2.4–3.9 
*The seroprevalence ratios of Rickettsia typhi to Orientia tsutsugamushi and p values obtained using the McNemar test for different diagnostic 
antibody cutoff values were 1.42 (p < 0.001, cutoff: 1:40), 1.38 (p < 0.001, cutoff: 1:80), and 1.37 (p = 0.003, cutoff: 1:160), respectively. The 
robustness of the predominance of R. typhi seropositivity over O. tsutsugamushi seropositivity has been demonstrated. 
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Appendix Figure 1. Geographic distribution of Rickettsia typhi IgG-seropositive participants. A) This map 

illustrates the study sites (Otaki, Katsuura, and Kameda Medical Center), located in the southern part of 

the Boso Peninsula. B) The living locations of Rickettsia typhi IgG-seropositive individuals are indicated 

by red spots on the map containing the population density data, which are depicted by a white to dark 

blue gradient mesh. 
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Appendix Figure 2. Geographic distribution of Orientia tsutsugamushi IgG-seropositive participants. The 

locations where Orientia tsutsugamushi IgG-seropositive individuals lived are indicated by orange spots 

on the map containing the population density data depicted by a white to dark blue gradient mesh. 


