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Clinical Forms of Japanese Spotted Fever
from Case-Series Study, Zigui County,
Hubei Province, China, 2021

Appendix

Materials and Methods

Molecular Diagnosis and Amplicon Sequencing

For molecular diagnosis, the DNA extracted from each blood sample was first screened
for the presence of zoonotic pathogens (Rickettsia spp., Orientia tsutsugamushi, Anaplasma spp.,
Ehrlichia spp., Borrelia spp., Bartonella henselae, Francisella spp., Coxiella burnetii,
Chlamydia psittaci) by real-time PCR (/—6). After other pathogens were ruled out, the DNA
samples was subjected to PCR analysis using primer pairs designed to target conserved
rickettsial species genes (g/tA, ompA, ompB, sca4, and 17kD) (Appendix Table 1) (7-9). The
resulting PCR products were sequenced by Sanger sequencing and sequences were aligned
against the GenBank database using the “BLAST” tool (https://blast.ncbi.nlm.nih.gov/Blast.cgi).
Phylogenetic trees were generated by the maximum likelihood tree method implemented in
MEGA 6 software (http://www.megasoftware.net) with 1000 bootstrap replicates. A one-step
RT-nested PCR method was also conducted to further test for severe fever with

thrombocytopenia syndrome virus (SFTSV) specific RNA (70).
Rickettsial Isolation from the Blood Samples

A 12-well plate was seeded with Vero cells (2.5 x 10°/well) suspended in minimal

essential medium (DMEM) (Gibco, USA) supplemented with 2% fetal bovine serum (Gibco,


https://doi.org/10.3201/eid2901.220639

USA) and 2 mM glutamine (Sigma, USA) two days before infection. The blood clot homogenate
was inoculated into each well (50uL/well), and then the plate was centrifuged in bucket rotors at
700xg for 30 minutes. The plate was incubated at 32°C and 5% CO:x for 3-5 days. When the
culture medium was renewed every 4 days, the cells in each well were scratched manually with a
streaking loop. The obtained cells were smeared on a slide and stained by Gimenez staining

(Solarbio, China).
Isolation of DNA

Genomic DNA of isolated Rickettsia strain was prepared as previously described (/7).
Mainly, rickettsiae was first released from infected Vero cells by a tissue grinder. Host cell
debris was removed by centrifugation at 270 rcf for 5 minutes, and the supernatant was filtered
through a 2.0 um filter unit (Jinteng, Tianjin, China). Rickettsiae were recovered from the filtrate
by centrifugation (17,000 rcf, 15 min 4°C) and resuspended in D-PBS with calcium and
magnesium (Beyotime, Shanghai, China). The free host DNA were digested by treating with
DNase I (15 pg/ml; from bovine pancreas Type 1I-S, Sigma-Aldrich) for 30 min at room
temperature. After DNase I treatment rickettsiae were centrifuged again (17,000 rcf, 15 min 4°C)
and genomic DNA was extracted using QIAamp Tissue kit (QIAGEN, USA) and quantified
using a Qubit fluorometer (Life Technologies, Paisley, UK). The DNA sample was aliquoted and
stocked at —80°C until use. The whole genome of R. japonica str. YC21 was sequenced using
MinlON Nanopore (Oxford Nanopore Technologies, Oxford, UK) and Illumina Hiseq (Illumina,
San Diego, CA, USA) methods.

MinlON Sequencing

The library was prepared for MinlON Nanopore sequencing using a Genomic DNA
ligation kit (SQK-LSK109; Oxford Nanopore Technologies) according to the manufacture’s
protocols. DNA libraries were loaded onto FLO-MIN106 flow cells (R9.4.1), and sequenced

using the MinION MkI1C for 72 h.



lllumina Sequencing

The genomic DNA was randomly sheared into short fragments. The obtained fragments
were end repaired, A-tailed, and further ligated with I[1lumina adapter. The short-insert (=500 bp)
libraries were constructed as described in Illumina library preparation kit. The library was
checked with Qubit and real-time PCR for quantification and bioanalyzer for size distribution
detection. The constructed library was sequenced on an [llumina iSeq 100 platform (San Diego,
CA, USA). The raw reads were subsequently trimmed for quality using Trimmomatic (v.0.35)
(12) with the parameters “ILLUMINACLIP: TruSeq3-PE.fa:2:30:10 LEADING: 3 TRAILING:
3 SLIDINGWINDOW: 4:15 MINLEN: 36”. The clean data obtained from this process were used

for subsequent analysis.

Genome Assembly

Base calling of the fast5 files was performed using GUPPY (version 1.4.3-1; Oxford
Nanopore Technologies). Reads were then BLAST searched against the NCBI nucleotide (nt)
database (/3). All long reads related to the genus Rickettsia were mapped to the reference
Rickettsia japonica str. YH genome sequence (GenBank accession number NC_016050) using
Minialign 0.5.3 (/4) and coverage plots were visualized using Geneious v11.1 (/5). To improve
the accuracy of our assembly, the whole-genome Illumina short reads were mapped to the
Oxford Nanopore long reads using BWA-MEM and errors were corrected (/6). Rawdata was

submitted to National Genomics Data Center (https://ngdc.cncb.ac.cn/gsa/browse/CRA006321).

Phylogenetic Analysis of Rickettsia japonica

Genome sequences of 34 Rickettsia japonica strains were downloaded from the NCBI.
Snippy (v4.6.0) (/7) was used to finds SNPs between the YC21 and the reference genomes to
generate a core SNP alignment. The recombinant regions were filtered with Gubbins (v2.4.1)

(18). Maximum likelihood phylogenetic trees were estimated using FastTree (v.2.1.10) (/9).



Medication of Patients

Case 1 first visited the village infirmary, complaining of a high fever, where she received
an intravenous infusion of cefuroxime (1500 mg bid.), levofloxacin (400 mg qd), and ribavirin
(500 mg qd). For the next two days, the dose of ribavirin was increased to 600-700 mg qd. She
was then referred to the emergency ward of our hospital and treated with an intravenous infusion
of ceftazidime (2000 mg q12h) and gastric administration of minocycline (100 mg qd). The

patient died of multiple organ failure 2 days after admission.

Three patients (Cases 2, 4 and 5) received doxycycline (first dose 200 mg po, followed

by 100 mg q12h). Case 3 received minocycline (first dose 200 mg po, followed by 100 mg tid).

Determination of Cutoff Values for IFA for JSF Diagnosis

R. japonica str. YC21 was co-cultivated in Vero cell culture to prepare antigen using T75
vented flasks and DMEM supplemented with 2% FBS. R. japonica str. YC21 co-cultured in
Vero cells was grown in vented tissue culture flasks at 32°C in an incubator with 5% COa.
Briefly, when gross cytopathic effect was evident, we harvested infected cells by 0.25% trypsin
digestion. The cell concentration was adjusted to 1.2—1.8x10>/mL with DMEM medium
containing 2% FBS. Twenty microliters of the cell suspension was added to each well of 12-well
slides, and the slides were then air-dried, fixed in acetone and stored at —20°C until they were

used.

Sera from 30 anonymous healthy donors from Beijing (no JSF case reported), China and
15 JSF patients (collected by our team and diagnosed via PCR) were used to determine the cutoff

values for IFA. The cut-off value was determined following the previous reports (20).
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Appendix Table 1. Primers for PCR and sequencing

Primer Target gene Sequence (5-3") Referencest
RpCS780p* gltA GACCATGAGCAGAATGCTTCT (7)
RpCS1258n* ATTGCAAAAAGTACAGTGAAC

RpCS877pt GGGGGCCTGCTCACGGCGG

RpCS1258nt ATTGCAAAAAGTACAGTGAAC

Rr190k.71p* ompA TGGCGAATATTTCTCCAAAA (7)
Rr190k.720n* TGCATTTGTATTACCTATTGT

Rr190k.71pt TGGCGAATATTTCTCCAAAA

Rr190k.602nt AGTGCAGCATTCGCTCCCCCT

Rgroel-OF* groEL AAGAAGGMGTGATAAC (8)
Rgroel-OR* ACTTCMGTAGCACC

Rgroel-IFt GATAGAAGAAAAGCAATGATG

Rgroel-IRt CAGCTATTTGAGATTTAATTTG

ROO5F ompB GTAACCGGAAGTAATCGTTTCGTAAA 9)
ROO5R CTTTATAACCAGCTAAACCACCTT

RO10F 17kDa GCTCTTGCAACTTCTATGTTACA 9)
RO10R CATTGTTCGTCAGGTTGGCGYCATG

RO11F sca4 ATGAGTAAAGACGGTAACCT 9)
RO11R AAGCTATTGCGTCATCTCCG

*Nested PCR primers, 1st round

tNested PCR primers, 2nd round

TAppendix Reference



Appendix Table 2. Virulence-associated genes predicted from Ricettsia japonica YC21 genome

VFclass Virulence factors Related genes
Actin-based motility RickA rickA
Sca2 sca2
Adherence and Adr1 adri
invasion Adr2 adr2
Sca1 scal
Sca4 sca4
rOmpA/Sca0 ompA
rOmpB/Sca5 ompB
Enzyme Hemolysin C tlyC
Phospholipase A2 pat1
pat2
Phospholipase D pld
Secretion system Rvh T4SS effector ralF
Rvh T4SS rvhB10
rvhB11
rvhB1
rvhB2
rvhB3
rvhB4a
rvhB4b
rvhB6a
rvhBéb
rvhB6c
rvhBéd
rvhB6e
rvhB8a
rvhB8b
rvhB9a
rvhB9b

rvhD4




Appendix Table 3. Serum immunoglobulin antibody titers of the Japanese spotted fever cases*

Time of sample collectiont IgM (AP) IgG (AP/CP)
Cases AP CP R. rickettsii  R.typhi  R.japonicat | R. rickettsii R. typhi R. japonicat
Case 1 10 NA ND ND ND ND/NA ND/NA ND/NA
Case 2 7 30 64 ND 64 64/512 ND/128 128/1024
Case 3 10 30 256 64 256 1024/4096 512/1024 1024/>4096
Case 4 14 NA 128 ND 256 1024/NA 128/NA 2048/NA
Case 5 10 NA 128 ND 256 2048/NA 512/NA 2048/NA

*AP, acute phase; CP, convalescent phase; IFA, immunofluorescence assay; NA, not available; ND, none detected
tDays after first symptom onset

FCoating with isolated R. japonica str. YC21

Appendix Table 4. Serum cytokine and chemokine concentrations (ng/pL) *

Case-patientst Control participants
Type Identity Mean SD Mean SD p-valuet Case-patient 1

Cytokines IFN-y 28.95 0.40 20.20 5.10 <0.01 417.67
TNF-a 47.55 7.28 69.31 23.50 85.86
IL-8(CXCL-8) 674.35 291.80 19.27 12.42 <0.01 585.05

IL-12p70 12.45 2.01 18.49 3.61 23.80

IL-1B 1.92 0.15 2.07 0.49 3.93

IL-4 13.51 2.77 10.66 2.64 34.02
IL-6 31.93 5.46 5.10 1.24 <0.01 647.17

IL-17A(CTLA-8) 11.20 2.55 17.68 4.81 16.23
IL-10 22.70 2.24 0.89 0.37 <0.01 406.85

IL-13 3.87 1.10 6.00 1.50 3.52

GM-CSF 5.16 0.32 6.49 0.29 <0.01 10.61

IFN-a 2.27 0.45 2.41 0.70 5.81

IL-1a 12.02 4.83 2.81 3.64 <0.01 13.55
Chemokines MIP-1a(CCL3) 101.46 70.32 31.12 20.11 104.25
MIP-18 504.99 281.83 110.70 36.49 <0.01 935.94

IP-10(CXCL10) 431.79 28.04 27.56 15.62 <0.01 961.01
MCP-1(CCL2) 53.29 30.36 112.60 16.27 <0.01 226.69

*SD, standard deviation
tFour surviving case-patients (2, 3, 4, and 5).

tFour surviving case-patients (2, 3, 4, and 5) compared with controls analyzed using a paired Student’s t-test in Microsoft Excel.



3 R. japonica detected in ticks
B Human infections of R. japonica
Data not available

© Location of previously documented JSF cases
@ Location of the present study

A JSF Patient’s location of residence or employment

Appendix Figure 1. Rickettsia japonica in mainland China. A) Distribution of Rickettsia japonica.
Provinces where R. japonica has not been detected are white, if detected in ticks, light blue, if from
human-related samples, deep blue. Out of 34 provinces and special administrative regions, 10 (29.4%)
are R. japonica—positive, and 4 provinces had human infections. B) Japanese spotted fever cases found
in China. The reported Japanese spotted fever cases in the present work were in the Three Gorges Area,
a mountainous area with large water systems. Previously documented Japanese spotted fever cases in
China were distributed in the Dabie and Tianmu Mountains. C) Map of Zigui County. Most cases were

from the river valley area.



Appendix Figure 2. A) Eschar on the left upper ankle; pink-red spotted rashes on B) the chest, C)

calves, and D) left foot of a patient with Japanese spotted fever (case-patient 3)



Appendix Figure 3. Photomicrographs of cells infected with Rickettsia japonica strain YC21 isolated from
blood of case-patient 1. A) and B) giemsa-stained Vero cells under a light microscope; C) and D) Vero

cells infected with R. japonica strain YC21 under a scanning electron microscope.



ALy

s
.‘“?\:‘mmm 1] "’":'j,’j -
A A “e;
b o 144
'@ Y T ’0:.

e :
P e,
s T ey

o i

Yy e
R Y
: A} 1 ==
i % 4 !g
i £, ii =5
I 13
:- 1 Rickettsia japonica strain YC21 PR {2 T -'l
14 1283087 bp I f =
. % i Fl =X
= = v =N
L J& 7 <A
5

&,
L}

L
)

W Gc content
GC Skew
W ccsen
W s
B Forvard CDS
M Reverse CDS
B RNA

RNA
B neRNA

o7F -NZ_APO17579 R. japonica OHH-1  Tick. Jagan
ml_L NZ_CP032049 R. japonica LA4/2015 Patient, Zhejiang, China
LE- - -R.japonica YC21 Palient in present study
- - NZ_CP047359 R. japonica LA18/2015 Patient, Zhejiang, China
NZ_AP017586 R. japonica HH-16
NZ_AP017587 R. japonica HH-17
NZ_AP017588 R. japonica HH-18
==mmmmemmmea NZ_AP017572 R. japonica DT-1
NZ_AP017584 R. japonica HH-12
- NZ_APO17585 R. japonica HH-13
- NZ_AP017581 R. japonica LON-151
- -NZ_APO17601 R. japonica SR1567
- -NZ_AP017582 R. japonica 2763
NZ_AP017583 R. japonica 3416
[ SiEisimNiEs i NZ_AP017582 R. japonica MOD0Z1
------------- NZ_APO17577 R. japonica MZ08014
NZ_AP017595 R. japonica M13010
NZ_APO17576 R. japonica HHOT167
NZ_APO17574 R. japonica HH0G154

) i A

eyl el
gy e w

100)

NZ_AP017589 R. japonica HHO6116
NZ_APO17590 R. japonica HHO§125
NZ_APO17598 R. japonica M99015
NZ_AP017575 R. japonica HHO7124
NZ_APO17593 R. japonica M0B024
NZ_AP017599 R. japonica M99023

(  strains in Japan

- - - - NC_016050 R. japonica YH

- -NZ_APO17602 R. japonica YH_M
NZ_AP017581 R. japonica Tsuneishi
NZ_APO17573 R. japonica HH-1

— - NZ_APO17578 R. japonica Nakase
NZ_AP017580 R. japonica PO-1
NZ_AP017600 R. japonica M99123
NZ_APO17594 R. japonica M11012
NZ_APO17596 R. japonica M14012
NZ_APO17587 R. japonica M14024

Appendix Figure 4. Genome of Rickettsia japonica strain YC21 is most closely related to that of
Rickettsia japonica strain LA16/2015. A) Genome of R. japonica strain YC21. Whole genomic sequence
of R. japonica strain YC21 was 1,283,531 bases with 32.4% GC content. Structural annotation of the
genome revealed a total of 1,439 coding sequences and 40 RNAs consisting of 33 transfer RNAs, 3
ribosomal RNAs (23S, 16S and 5S rRNA), 3 noncoding RNAs, and 1 transfer-messenger RNA; B)
Phylogenetic tree for core genes of R. japonica strains. An unrooted phylogenetic tree generated on the

basis of the genome shows the evolutionary relationships across R. japonica strains. Scale bar

represents nucleotide distance.
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