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a b s t r a c t 

China is not considered as an endemic area of Rickettsia conorii , so there is no routine clinical way to diagnose 

this infection. This study aims to determine whether 2 febrile patients who had a tick bite in East China were 

indeed infected with R. conorii. The citrate synthase gene ( gltA ) was amplified with universal rickettsial primers by 

real-time fluorescent PCR from the patients’ blood samples. Nested PCR was used to amplify the outer membrane 

protein A gene ( ompA ) for positive specimens. PCR products were further identified and analyzed through nucleic 

acid sequencing. Positive amplification of the gltA and ompA genes was found in both patients. The nucleotide 

sequences (303 bp) of the ompA gene of the 2 patients had high homology (99%) with the R. conorii Indian tick 

typhus strain in GenBank. A more than 4-fold increase in IgG against R. conorii provided supportive evidence of 

SFG Rickettsia infection. And the rapid recovery after doxycycline treatment also supported a rickettsial cause for 

the disease. Physicians in East China should be aware of human infections with R. conorii. PCR-based diagnostic 

methods offer a rapid and precise way to diagnose rickettsiosis, improving patient identification and management. 
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. Introduction 

Rickettsia conorii ( R. conorii ) belongs to the spotted

ever group rickettsiae, which currently includes 4 sub-

pecies [1–3] . R. conorii infection can cause fever, rash,

nd flu-like symptoms. China is not considered endemic,

o there is no routine clinical way to diagnose the disease.

he first case of R. conorii infection identified by next-

eneration sequencing was recently reported in China [4] .

n 2020, there were 2 acute febrile patients with a history

f tick bites, in whom rickettsiosis was considered. To

larify the etiology, we synthesized universal rickettsial

rimers and used them for molecular biological identifi-

ation of the suspected cases. 

. Case presentation 

In the summer of 2020, we admitted 2 patients (Patient

 and Patient 2) with acute fever of unknown origin from
Abbreviations: IFA, indirect immunofluorescence assay; gltA, citrate synthase gene
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aian City and Zibo City in Shandong Province, China.

atient 1 was a 72-year-old female, and patient 2 was a

2-year-old male. The patients were both elderly farmers

ho lived in hilly areas. Both patients described a his-

ory of tick bites 1 week before disease onset. The main

linical symptoms were fever, headache, fatigue, loss of

ppetite, nausea, and other flu-like symptoms. Patient 2

eveloped rashes on the third day of fever. At admission,

oth patients had leukopenia, thrombocytopenia, and el-

vated hepatic aminotransferase levels. Routine bacterial

ultures of the blood samples collected from the patients

n admission were negative, as were the viral nucleic acid

ests of the throat swabs. On physical examination after

dmission, no eschars or ulcers were found in either pa-

ient. Scattered maculopapular rashes were seen on the

imbs and trunk in patient 2 ( Fig. 1 ). The possibility of in-

ection with atypical pathogens was considered, but both

atients had negative Weil–Felix test results and nega-

ive serological test results for Coxiella burnetii, Rickettsia
; ompA, outer membrane protein A gene; SFGR, spotted fever group rickettsiae. 
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Fig. 1. Rash on the back of patient 2. White arrow indicates scattered macu- 

lopapular rashes. 
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Fig. 2. Phylogenetic tree of Rickettsia conorii based on the outer mem- 

brane protein A gene. Sequences of representative viral strains were down- 

loaded from National Center for Biotechnology Information public databases 

( https://www.ncbi.nlm.nih.gov ) and aligned together using MEGA version 7.0 

( https://www.megasoftware.net ). A bootstrapping analysis of 1,000 replicates 

were conducted, and values > 60 were considered significant and are shown. 

Scale bars indicate estimated evolutionary distance. 
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u  
ooseri , and Orientia tsutsugamushi . Supplementary Table

1 lists the detailed epidemiological history and clinical

nd laboratory data. To clarify the underlying etiology,

e performed PCR amplification of peripheral blood sam-

les from the patients using universal rickettsial primers.

Total DNA was extracted from the peripheral blood

amples of the patients using QIAamp DNA Blood Mini

its (Qiagen) according to the manufacturer’s instruc-

ions. Nuclease-free water was used as a negative control

or each sample in each PCR experiment analysis. TaqMan

eal-time quantitative PCR was used for preliminary de-

ection of rickettsial DNA in samples. The citrate synthase

ene ( gltA ) was selected as a target for amplification due

o its specificity and conservation [5] . Supplementary Ta-

le S2 lists the details of the primers and probe nucleotide

equences used. 

To complete the identification of Rickettsia species

n DNA samples, the rickettsial outer membrane pro-

ein A gene ( ompA ) was amplified by nested PCR [6] .

he nucleotide sequences of the primers are shown in

upplementary Table S2. The PCR products were elec-

rophoresed in agarose gel, and the positively amplified

NA fragments were extracted and purified. The puri-

ed amplification products were sent to Sangon Biotech

Shanghai) Co., Ltd. for sequencing. The nucleotide se-

uence reads obtained were aligned with the known

mpA gene sequence in the NCBI database using BLAST

 https://blast.ncbi.nlm.nih.gov/Blast.cgi ). The phyloge-

etic tree was constructed using the neighbor-joining

ethod of MEGA 7.0 software (the number of bootstrap

eplicates was set to 1000). 

Real-time fluorescent PCR of the gltA gene indicated

hat the spotted fever group rickettsiae (SFGR) nucleic

cids were positive in the peripheral blood samples of

oth patients in the acute phase. According to the com-

rehensive analysis of their epidemiological history (a re-

ent history of tick bites), clinical manifestations, and lab-
335 
ratory test results, both patients had spotted fever. To

pecifically identify the Rickettsia species in the positive

amples, the ompA gene fragments were amplified using

ested PCR, yielding a 303-bp fragment, in both DNA

amples (Supplementary Fig. S1) and were sequenced.

he ompA gene sequences of different Rickettsia species

ere selected from GenBank and then compared with

he obtained nucleotide sequences using BLAST software.

he results revealed that the sequences of the 2 ompA

ene fragments were 100% identical to each other. The

mpA in these patients was 99% (302/303 bp) homolo-

ous to the corresponding sequences of R. conorii from

hipicephalus turanicus from Xinjiang, China (GenBank ac-

ession nos. MF002512, KU364365, and KY069258), an

. conorii strain from Apodemus agrarius from Shandong,

hina (GenBank accession no. OM234679), and an R.

onorii strain from India (GenBank accession no. U43794).

hylogenetic analysis based on the ompA gene ( Fig. 2 .)

lso supported that the pathogen was closely related to

he R. conorii Indian tick typhus strain. We deposited the

ucleotide sequence data for this pathogen into GenBank

accession no. OQ094960). The indirect immunofluores-

ence assay (IFA) (RCG-120, Fuller Laboratories) was em-

loyed to detect specific IgG antibodies against R. conorii

n serum samples of the 2 patients. The IFA assay uti-

ized the Moroccan strain of R. conorii as the substrate

ntigen. The serological data also confirmed the PCR and

equencing results. Paired serum samples from both pa-

ients showed a more than 4-fold increase in R. conorii

iters. The patients’ clinical symptoms and signs gradually

isappeared after 2 –3 days of oral doxycycline treatment.

fter 15 days of treatment, both patients had recovered

nd were discharged from the hospital. 

To further clarify the prevalence of R. conorii , we

sed the same method to detect R. conorii antibodies in

https://blast.ncbi.nlm.nih.gov/Blast.cgi
https://www.ncbi.nlm.nih.gov
https://www.megasoftware.net
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he peripheral blood samples of 41 patients with fever

nd thrombocytopenia syndrome collected from 2018 to

019 for R. conorii antibodies. These blood samples had a

eropositive rate for R. conorii of 5/41 (12%). 

. Discussion 

R. conorii is an obligate intracellular Gram-negative

FGR bacterium. Rhipicephalus sanguineus is its main vec-

or and reservoir host [7] . Some strains closely related to

. conorii were later discovered, including Indian tick ty-

hus rickettsia (ITTR) [1] , Israel spotted fever rickettsia

ISFR) [2] , and Astrakhan fever rickettsia (AFR) [3] . Ge-

etic analysis found that these strains were similar in

ene sequence but differed in endemic regions and clin-

cal manifestations, and together they constituted the R.

onorii complex [8] , which is currently known to be dis-

ributed in areas along the Mediterranean coast, Africa,

outhern Russia, the Middle East, India, and Pakistan [7] .

Our findings suggest that acute febrile tick-borne dis-

ase caused by R. conorii is prevalent in Shandong

rovince. The gene fragments of R. conorii were initially

etected in ticks collected during 2013 –2014 in Xinjiang,

estern China [9] . Additionally, R. conorii DNA has been

dentified in the spleens of rodents collected between

013 and 2015, suggesting that these rodents may serve

s reservoir hosts for R. conorii in Qingdao, Shandong

10] . In addition to our report of the first human infec-

ion with R. conorii in 2019 [4] , this is currently the sec-

nd report of human infection with R. conorii in Shan-

ong Province. Second, a serological review conducted

mong individuals with a clear history of contact with

icks showed a certain positive rate of R. conorii antibod-

es. These findings indicate that people in this area may

ave been exposed to R. conorii at some point in the past.

n addition, the diversity of ticks increases the chances

f pathogen transmission in Shandong [11] . These re-

ults suggest the presence of natural foci of Mediterranean

potted fever in Shandong Province. R. conorii infection

ay be more common in Shandong than is currently

nown, and there may be occult infections. 

These results indicate that there are basic prerequisites

or R. conorii to infect humans in China. As the under-

tanding of Rickettsia improves and molecular diagnos-

ic technologies advance, more cases of human rickettsial

nfection and new Rickettsia species may be discovered.

efore this study, at least 6 SFGR genotypes that cause

uman infection had been identified in China [12–17] .

limate change as well as various biological factors has

ontributed to an increase in tick-borne diseases [11] .

he outbreak of the COVID-19 pandemic at the end of

019 suggested that it is necessary to further strengthen

he prevention and control system for emerging infectious

iseases and improve pathogen discovery, identification,

nd clinical diagnosis. In follow-up studies, we will con-
336 
uct a more comprehensive investigation into the epi-

emiologic and genomic characteristics of R. conorii to

ain a clearer understanding of its transmission vector

nd epidemiological trends in China. 

The study has several limitations. First, we only se-

uenced the ompA gene for the identification of a new

ickettsia species. Additionally, due to the low concentra-

ion of rickettsia and incomplete sequencing in the blood

ample in the 2019 case, direct comparisons with the sam-

les obtained in this study were not possible. We were

nable to conduct a comprehensive analysis of the ge-

etic differences and evolutionary relationships between

pecies. 

When patients present with similar clinical manifesta-

ions, as the 2 patients in this study did, it is crucial to

onsider the possibility of rickettsial infection. PCR-based

aboratory diagnostic methods offer a rapid and precise

ethod of diagnosing rickettsiosis, enabling better identi-

cation and management of patients suffering from these

nfections. 
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