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Background: Japanese spotted fever (JSF) is a rare disease, caused by Rickettsia japonica; no case has been reported in Zhejiang 
Province, China.
Case Presentation: An elderly woman presented to the hospital with abdominal pain and fever. Her condition rapidly 
worsened with severe complications, such as multiple organ failure and central nervous system damage. The presence of 
R. japonica was quickly detected by metagenomic next-generation sequencing. On the basis of combined clinical manifesta
tions and laboratory results, critical JSF was diagnosed and treated with doxycycline. The patient showed good prognosis. 
Typical symptoms (eschar and rash) were not observed in the early stage, consequently increasing the difficulty of clinical 
diagnosis.
Conclusion: The delay of treatment caused by non-specific symptoms is an important factor affecting the progression of JSF. As an 
emerging pathogen detection method, mNGS has been successfully applied for disease diagnosis and treatment, and can be an 
important complement for the diagnosis of this disease.
Keywords: Japanese spotted fever, Rickettsia japonica, spotted fever group Rickettsia, mNGS, fever, multiple organ failure, central 
nervous system damage

Background
Japanese spotted fever (JSF) was first reported in Japan in 1984,1 and later found in other Asian countries.2,3 

Since the first case in China in 2013, 55 cases have been reported in Henan, Zhejiang, Hubei and Anhui 
provinces.4–9 Among which, 16 cases have been recorded in Zhejiang Province. From an epidemiological 
perspective, JSF is a rare disease in this region.

JSF is a tick-borne disease caused by Rickettsia japonica. High fever, erythema, and tick-biting eschar are the main 
clinical features of JSF. Thrombocytopenia, elevated CRP, and eosinophilia are found in most patients.10,11 Although this 
illness is mostly mild, patients with atypical symptoms may experience severe complications, including disseminated 
intravascular coagulation (DIC), multiple organ failure, acute liver failure, central nervous system disease, hemophago
cytic syndrome and acute respiratory distress syndrome, due to delay in diagnosis.11–15 Therefore, the rapid identification 
of pathogens is important for JSF.

Detection methods for R. japonica include serological detection techniques, such as Wei-Fei method, immuno
fluorescence method, indirect immunoperoxidase method, enzyme immunoassay and ELISA,16 and the widely 
used quantitative PCR (qPCR) molecular detection.17,18 Metagenomic next-generation sequencing (mNGS) has 
proved its potential application in the diagnosis of rickettsial diseases.19 Owing to its high sensitivity to 
pathogenic bacteria and less limitation,20 it has great value in the early diagnosis of rare or even rare diseases. 
We report the first case of critical JSF with atypical symptoms rapidly diagnosed by mNGS in Zhejiang Province 
as a reference for clinicians.
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Case Presentation
On May 31, 2022, a 71-year-old woman presented to the surgical department with pain in the right upper 
abdomen and fever (maximum temperature 39.8°C). She had no other symptoms such as headache and change 
in bowel habits. The patient lived in the hilly region of Zhejiang Province, China, and had worked in a tea 
plantation for a long time. Physical examination indicated discomfort with pressure in the right upper abdomen, 
and Murphy’s sign was negative.

Laboratory test results were as follows: high-sensitivity C-reactive protein 61.7mg/L [normal range, <10mg/L], 
eosinophils 0.00×109/L [normal range, (0.02–0.52)×109/L], procalcitonin (PCT) 0.77 ng/mL [normal range, <0.50 ng/ 
mL], lactic acid 1.7 mmol/L [normal range, (0.5–1.6) mmol/L], alanine aminotransferase 48.1 U/L [normal range, (7.0– 
40.0) U/L], aspartate aminotransferase 65.8 U/L [normal range, (13.0–35.0) U/L], and creatinine 100.5 μmol/L [normal 
range, (44.0–132.6) μmol/L]. Urine occult blood test was positive (2+), and amylase level was normal. Contrast- 
enhanced abdominal CT showed no abnormalities. Sulperazon (3.0 g twice daily) was administered as anti-infection 
treatment. After 4 days of treatment, the patient still had recurrent high fever (the highest temperature was 40 °C). 
A sharp decrease in platelet was detected. The antibiotic was replaced with imipenem to exclude the possibility of drug 
side effects. Based on the symptoms and auxiliary examinations, the surgeon considered severe infection and transferred 
the patient to the department of infectious diseases to further clarify the cause.

On day 6, further tests revealed that the platelet count decreased to 20×109/L and eosinophil levels continued 
to decrease to 0. The levels of inflammatory markers (CRP, PCT, IL-6, IL-10, and IFN-γ), liver enzymes, and 
lactic acid were significantly increased. The coagulation function became abnormal, and even central nervous 
system symptoms occurred. Physical examination revealed neck rigidity, and the pathological reflex was positive. 
No wound, rash, or eschar were detected. Cerebrospinal fluid examination and bone puncture results ruled out 
intracranial infection and hematological diseases, respectively. In addition, epidemic hemorrhagic fever antibody, 
3P protamine test, Coombs test, platelet antibody and ADAMTS13 activity test were all negative. Severe fever 
with thrombocytopenia syndrome virus (SFTSV) was excluded as a cause. Doxycycline (0.2g twice daily) was 
used for tick-bite-related illness. The patient accepted steroid and gamma globulin for treatment of severe 
thrombocytopenia. The presence of R. japonica was detected by mNGS from the peripheral blood on day 9. 
A total of 127 sequence readings of R. japonica were detected on the MGI-200 platform, accounting for 0.48% of 
the genome coverage. Finally, the patient was diagnosed with JSF. Rashes developed on the limbs on day 13, but 
eschar was still not found (Figure 1). The patient completed a 3-week course of doxycycline and exhibited good 
prognosis (Table 1, Figure 2).

Figure 1 Erythematous rashes scattered on the legs and feet (A and B).
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Discussion
JSF is a potentially fatal disease caused by R. japonica infection. We report a case of critical JSF with atypical clinical 
symptoms, detailing the clinical symptoms, laboratory findings, diagnosis, and treatment. We hope that this case will 
enhance the sensitivity of practitioners to JSF.

The patient is the first case of critical JSF with atypical symptoms reported in Zhejiang Province, China. Most 
R. japonica infections are mild. When JSF is complicated with DIC, multiple organ failure, acute liver failure, central 
nervous system disease, hemophagocytic syndrome and acute respiratory distress syndrome, it can be considered as 
severe. Approximately 18.2% (10/55) critical JSF have occurred in China, including one death case.7 Hence, this disease 

Table 1 Changes in Laboratory Parameters of the Patient

Inspection Items Day 1 Day 4 Day 6 Day 7 Day 8 Day 12 Day 18 Reference Values

White blood cell count (×109/L) 5.3 4.5 9.1 15.0 13.9 9.4 5.0 3.5–9.5

Platelets (×109/L) 111.0 46.0 20.0 23.0 35.0 129.0 217.0 125.0–350.0

Haemoglobin (g/L) 109.0 104.0 112.0 118.0 83.0 74.0 91.0 115.0–150.0

C-reactive protein (mg/L) 61.7 110.5 118.9 122.5 64.2 61.2 52.8 <10.0

Eosinophils (%) 0.0 0.0 0.0 0.0 0.0 0.1 0.2 0.4–8.0

Procalcitonin (ng/mL) 0.63 6.73 8.78 5.34 2.96 0.35 0.32 <0.50

Lactic acid (mmol/L) 1.7 2.1 2.2 4.1 3.3 3.2 2.2 0.5–1.6

Albumin (g/L) 37.2 38.4 31.0 23.4 24.8 29.5 37.9 40.0–55.0

Alanine transaminase (U/L) 48.1 54.7 69.9 79.7 61.8 38.3 22.1 7.0–40.0

Aspartate aminotransferase (U/L) 65.8 77.6 110.6 138.7 91.2 65.1 23.8 13.0–35.0

D-dimer (mg/L) 2.08 29.08 36.30 28.55 10.95 1.65 1.30 <0.50

Figure 2 The curve of body temperature during hospitalization. Doxycycline tablets (0.2g twice daily) were administered from day 6 after admission.
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is worthy of attention from clinicians. The singular death was similar to this present case, that is, the patient’s early 
clinical manifestations were high fever and gastrointestinal reactions without rash or eschar. Laboratory tests showed that 
CRP, PCT, and lactic acid were significantly increased, eosinophils were not detected, and platelet count decreased 
sharply. No improvement was observed after multiple antibiotic treatments. The disease failed to respond to several 
antibiotics. Severe sepsis (SOFA score =6) developed after the patient was transferred to the infection ward. The patient 
had been in critical condition for only 6 days and progressed rapidly. Kodama11 revealed that delayed treatment (>5 days) 
is the main reason for the aggravation of JSF. Therefore, early diagnosis and treatment are essential.

In this study, constant 0 level of eosinophils and high levels of lactate, IL-6, IL-10, and IFN-γ were detected. 
Eosinophilia is an independent marker of death in bacteremia21 and can be used as a sensitive index for the initial 
diagnosis of JSF.10 Lactate is an indicator of the severity and outcome of severe infections.22 In addition, significant 
increases in IL-6, IL-10, and IFN-γ are characteristic of the underlying cytokine release syndrome and can be used as 
a basis for disease severity in JSF.23 All the above findings indicated that the disease had a tendency of severe 
development.

mNGS can be used to simultaneously detect a wide range of pathogens, including viruses, bacteria, fungi, or 
parasites, by evaluating the unique DNA or RNA sequences of each species. At present, this detection technique is 
not used as a routine clinical test item, but it is of great value in the early diagnosis of rare and even rare diseases because 
of its high sensitivity to pathogenic bacteria and small limitation. Previous cases used eschar and blood qPCR to 
determine R. japonica infection and found that fever, eschar, and rash are specific signs of JSF; for most patients, rash 
and eschar appear 10 days after the onset of the first symptoms, and only about 60% of patients have eschar.10 Therefore, 
we have to choose fast and accurate methods for pathogen detection in patients with atypical symptoms to improve the 
diagnostic rate and reduce the incidence of severe disease. Compared with traditional PCR,24 mNGS can comprehen
sively and directly identify pathogens from patient blood samples25 and save detection time. We have considered the 
possibility of rickettsial infection on the basis of the epidemiological history, clinical symptoms, signs, and laboratory 
tests. After SFTSV was excluded, mNGS results further confirmed the clinical diagnosis. In this study, the patient did not 
have typical symptoms (eschar and rash), and the disease progressed rapidly. Therefore, mNGS can be used as a timely 
auxiliary diagnostic tool to shorten the window period of disease diagnosis and improve the diagnostic level of 
R. japonica infection. With the wide popularization and decreasing price of mNGS, it exhibits great advantages in the 
early diagnosis of pathogens.

This report comprises a single case. Owing to the absence of other severe cases in this region, no further analysis of 
critical JSF was performed. Further development is expected in follow-up studies.

Conclusions
R. japonica infection must be considered in geographic areas with specific tick-borne vectors and in patients showing 
symptoms such as fever of unknown origin, rash, and thrombocytopenia. mNGS is a promising tool for the diagnosis of 
R. japonica and can improve the rate of disease diagnosis.
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