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Serologic Evidence of Human Exposure to
Ehrlichiosis Agents in Japan

Appendix

Materials and Methods

We obtained serum samples from 34 patients with fever of unknown origin from 14 prefectures
in Japan during 2008-2021. The serum samples were from acute and convalescent phases. The
study was approved by the Ethics Committee of the University of Shizuoka (approval no. 1-27)
and Japan National Institute of Infectious Diseases (approval no. 999). The samples were
retrospectively analyzed for human ehrlichiosis and anaplasmosis by immunofluorescence assay
(IFA) and Western blotting by using Ehrlichia chaffeensis-infected THP-1 cells, E. chaffeensis-
infected DH82 cells, Anaplasma phagocytophilum-infected THP-1 cells, and 4.
phagocytophilum-infected HL60 cells as antigens. The procedures for IFA and Western blotting

were described previously (/,2).

Results of Laboratory Tests for 3 Patients

Laboratory test results (reference values) for patient 1 (case 1) on day 2 after onset of high fever
were: leukocytes, 7.8 x 10° cells/uL (3.8-9.0 x 10° cells/uL); thrombocytes, 18.2 x 10 cells/uL
(15.0-40.0 x 10* cells/pL); lactate dehydrogenase, 281 U/L (124-222 U/L); and C-reactive
protein, 5.46 mg/dL (<0.10 mg/dL). Test results (reference values) for patient 2 (case 2) on day
14 after onset of illness were: leukocytes, 9.4 x 10° cells/uL (3.8-9.0 x 10° cells/pL);
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thrombocytes, 18.5 x 10* cells/pL (15.0-40.0 x 10* cells/uL); aspartate aminotransferase, 147
U/L (8.0-38.0 U/L); alanine aminotransferase, 239 U/L (4.0-44.0 U/L); C-reactive protein,
11.56 mg/dL (<0.10 mg/dL); bilirubin, 4.3 mg/dL (0.2—1.2 mg/dL); creatinine, 1.5 mg/dL (0.60—
1.10 mg/dL). Test results (reference values) for patient 3 (case 3) on day 5 after onset of illness
were: leukocytes, 4.5 x 10% cells/pL (3.8-9.0 x 10° cells/uL); thrombocytes, 12.8 x 10* cells/uL
(15.0-40.0 x 10* cells/uL); aspartate aminotransferase, 40 U/L (8.0-38.0 U/L); alanine
aminotransferase, 25 U/L (4.0-44.0 U/L); lactate dehydrogenase, 451 U/L (124-222 U/L); and

C-reactive protein, 0.69 mg/dL (<0.10 mg/dL).

Discussion

In Asia, cases of human ehrlichiosis are extremely rare. Serologic evidence of human
ehrlichiosis was reported in South Korea (2 cases), and serologic evidence and PCR detection of
ehrlichiosis was reported in Taiwan (2 cases) (3—5). Epidemiologic surveillance has shown that
antibodies against Ehrlichia antigens have been detected in healthy volunteers in Thailand,

Japan, and China (6—§). Thus, human ehrlichiosis is potentially present in Asia, including Japan.
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Appendix Figure 1. Western blots using acute-and convalescent-phase serum samples from a febrile
patient (case 2) in Mie prefecture in study showing serologic evidence of human exposure to ehrlichiosis
agents in Japan. Serum samples were collected from the patient on days 14, 32, and 60 after onset of
illness. Human THP-1 and canine DHB82 cells were uninfected or infected with Ehrlichia chaffeensis (Ech).
THP-1 cells were also infected with Anaplasma phagocytophilum (Aph). We used uninfected THP-1 and
DHB82 cells as negative lysate controls. The patient’s serum samples were diluted 1:250 and used to
probe the blots. We used alkaline-phosphatase-conjugated goat anti-human IgM y-chain and anti-human
IgG y-chain antibodies (Thermo Fisher Scientific, https://www.thermofisher.com) as secondary antibodies.

Arrows indicate E. chaffeensis-specific P28 antigens (encoded by a p28 multigene family).
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Appendix Figure 2. Western blots using acute-and convalescent-phase serum samples from a febrile
patient (case 3) in Mie prefecture in study showing serologic evidence of human exposure to ehrlichiosis
agents in Japan. Serum samples were collected from the patient on days 5, 58, and 115 after onset of
illness. Human THP-1 and canine DHB82 cells were uninfected or infected with Ehrlichia chaffeensis (Ech).
THP-1 cells were also infected with Anaplasma phagocytophilum (Aph). We used uninfected THP-1 and
DHB82 cells as negative lysate controls. The patient’s serum samples were diluted 1:250 and used to
probe the blots. We used alkaline-phosphatase-conjugated goat anti-human IgM y-chain and anti-human
IgG y-chain antibodies (Thermo Fisher Scientific, https://www.thermofisher.com) as secondary antibodies.
Arrows indicate E. chaffeensis-specific P28 antigens (encoded by a p28 multigene family). Arrowheads

show A. phagocytophilum-specific P44 antigens (encoded by a p44 multigene family).
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Appendix Figure 3. Map of Japan showing residential locations of 3 febrile patients who had
seroconversion to antibody against E. chaffeensis antigens in study of serologic evidence of human
exposure to ehrlichiosis agents. Serum samples were collected from these patients in 2015 and 2018. Kii
peninsula is known to be highly endemic for Japanese spotted fever, especially Wakayama and Mie
prefectures, and anaplasmosis is also present. Closed circles indicate where each patient lived at the

time of serum collection.
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