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Background: Rickettsia felis is a kind of zoonotic pathogen. Rickettsia felis infections of the central nervous system are rare with only
a few cases reported worldwide. The early diagnosis of R. felis is difficult due to its nonspecific clinical features and laboratory tests.
Here, we report two meningitis cases caused by R. felis using metagenomic next-generation sequencing (mNGS).

Methods: The clinical data of patients with meningitis who were diagnosed to have R. felis through cerebrospinal fluid culture,
nuclear magnetic imaging, mNGS detection from January 2019 to December 2019 in The First Clinical Hospital of Shanxi Medical
University, were retrospectively analyzed, and their clinical characteristics and disease regression findings were summarized.

Case Presentation: The first case was a female patient aged 23 years who was admitted to our hospital presenting with symptoms of
headache, fever, and weakness in both lower limbs. Upon examination of spinal imaging, myelitis was diagnosed. However, routine
examination and culture of cerebrospinal fluid did not identify the pathogen responsible. Subsequently, metagenomic second-
generation sequencing (mNGS) revealed that the infection was caused by R. felis. The patient responded well to standard treatment
and showed signs of recovery. The second case was a male patient aged 29 years who was admitted to our hospital with a headache
and fever that had persisted for 4 days within a month. Routine examination and culture of the cerebrospinal fluid did not reveal any
identifiable pathogens. However, metagenomic second-generation sequencing (mNGS) determined that the patient had a Rickettsial
infection likely transmitted by a cat. The patient showed significant improvement after 14 days of doxycycline treatment. Tests for
herpes simplex virus, cytomegalovirus, Epstein-Barr virus and tubercle bacillus nucleic acid in the CSF and blood were negative.
Therefore mNGS of the cerebrospinal fluid was used, which identified the pathogen as R. felis. One case was diagnosed as subacute
meningitis with immune-associated myelitis and the other as subacute meningitis.

Conclusion: mNGS of cerebrospinal fluid can be used as a fast and effective method to identify intracranial R. felis infections.
Keywords: Rickettsia felis, meningitis, myelitis, metagenomic next-generation sequencing, case report

Introduction
Rickettsia felis belongs to the transitional group in the genus Rickettsia and is mainly transmitted by the cat flea
(Ctenocephalides felis) but has been detected in a variety of arthropods including mosquitoes, ticks, and mites.' Flea-borne
spotted fever is caused by R. felis, with symptoms including fever, headache, and myalgia.>* R. felis infections involving the
central nervous system were extremely rare and may present as photophobia, hearing loss, glove-and-stocking numbness, or
subacute meningitis.*> Moreover, R. felis infection is difficult to diagnose due to its atypical clinical manifestations.
Metagenomic next-generation sequencing (mNGS) is a culture-independent approach, which can unbiasedly detect
almost all species, including bacteria, viruses, fungi, and parasites present in clinical samples and distinguish the possible
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pathogen with an unbiased sequencing approach.® Here, we report two human cases of R. felis infections identified by
mNGS using cerebrospinal fluid.

The positive rate of R. felis disease in cats was low by PCR and serum antibody detection. mNGS was superior to
traditional clinical methods in early diagnosis of rickettsial disease.

Case Presentation
Case No. |

The patient was a 23-year-old woman with a history of thrombocytopenia. She owned a dog. On October 15, 2019, she
suffered from headache (whole head), nausea, and vomiting, without any disturbance of consciousness. Before admis-
sion, she considered it to be “gastritis” and took Rabeprazole (10mg twice a day) orally, but her symptoms did not
improve. And after 13 days, she developed fever, with a maximum temperature of 39°C. A lumbar puncture showed an
intracranial pressure of 41.5 cm H,0, Cerebrospinal fluid (CSF) pleocytosis (260 leukocytes/mm®), glucose 1.5 mmol/L,
chlorine 116.5 mmol/L, and protein 1513 mg/L. Gram staining, Ziehl-Neelsen staining, and CSF culture were negative.
A GeneXpert tuberculosis test was negative (Cepheid AB, Solna Sweden). The local hospital administered mannitol
(250mL every 8h), meropenem (2g every 8h), and levofloxacin (200mg twice a day) treatment. At 15 days after onset,
the patient showed weakness in both lower limbs and could not stand. Magnetic resonance imaging (MRI) of the cervical
and thoracic medullas showed abnormal signals in the spinal cord from the third segment of the cervical spinal cord to
the 11th segment of the thoracic spinal cord, indicating myelitis (Figure 1). Therefore, empirical anti-tuberculosis
treatment combined steroid (30 mg once a day) therapy was administered at the tuberculosis hospital for 10 days, and
the patient’s fever and headache gradually resolved.

On November 13, she was transferred to our hospital due to weakness in both lower limbs. After receiving steroid
therapy with a gradually decreased doses, her lower limb weakness and paresthesia improved. Her erythrocyte sedimenta-
tion rate (ESR) was 110 mm/h, and the anti-ribosomal P protein, anti-nuclear ribonuclear protein (anti-nRNP), anti-Sm
antibodies and phosphorylated anti-neutrophil cytoplasmic antibody (ANCA) results were positive. The result of the anti-
nuclear antibody spot test was 1:80. On November 18, the patient’s blood and CSF were negative for anti-aquaporin 4 (anti-
AQP4), anti-myelin oligodendrocyte glycoprotein (anti-MOG), anti-myelin basic protein (anti-MBP), and anti-oligoclonal
bands (anti-OB) antibodies. We analyzed the CSF with mNGS, and twenty unique sequence reads of R. felis were identified,
(Supplement File). Other detected sequences were within the ranges of laboratory references. The patient, who was able to
walk with the help of others, was diagnosed with R. felis meningitis with immune-related myelitis. She was not given
doxycycline and other antibiotics, and was discharged on November 22, 2019.

The patient could walk by herself at 2 and 4 months follow-ups after discharge, and immunity-related tests and MRI
of the spinal cord showed no abnormalities at follow-ups 2 months (Table 1).

Figure | The key slices of the spinal cord MRI images of the case |. (a) Cervical magnetic resonance imaging; (b)Thoracic magnetic resonance imaging.
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Table | Clinical Laboratory Investigations of Two Patients with R. Felis Infection

Parameter Casel Case2
Blood immunity-related tests
In hospital At follow-ups 2 months In hospital At follow-ups 2 months
ESR + - + -
PO + - - -
RNP + - - -
P-ANCA + - - -
ANA + + - -
ACA-IgM - - + :
CccCpP - - + .
Cerebrospinal fluid
October 27 October 31 November4 November | 4* September 29 September 30 October | 0* October 17
Intracranial pressure (cm H,O) 41.5 15 22 20 29 35 33 25
Total cell count (cells/mm?) 260 87 48 6 46 76 46 Not detected
Mononuclear cell proportion (%) Not detected 16 96 13 Not detected 96 91 Not detected
Polymorphonuclear cell proportion (%) Not detected 84 4 Not detected Not detected 4 Not detected Not detected

Lymphocyte proportion (%) Not detected Not detected Not detected 87 Not detected Not detected 8 Not detected
Neutrophil proportion (%) Not detected Not detected Not detected 0 Not detected Not detected | Not detected
Glucose (mmol/L) 1.5 2.44 2.99 3.32 3.85 3.31 3.1 Not detected
Chlorine (mmol/L) 116.5 123 125 130.2 126.1 126.1 125.3 Not detected
Protein (g/L) 1.513 0.37 0.46 0.52 0.43 0.56 0.45 Not detected

Notes: *Because the two patients had traveled from hospital to hospital, the CSF cells were not classified in the same way. Before the patient was admitted to our hospital, CSF leukocytes were only divided into mononuclear cells and

multinuclear cells. After admission to our hospital, CSF leukocyte classification was more detailed (Case |: On November |4, Case 2: On October 10).
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Case No. 2

A 29-year-old man was in good health and did not have any contact with dogs or cats. On August 25, 2019, he was admitted to
a local hospital due to severe headache and a sense of periorbital edema who did not have the funduscopy examination. After 26
days, he was hospitalized again with aggravated headache and fever. A brain MRI revealed a Chiari malformation with
syringomyelia. A neurological examination showed no abnormality. Lumbar puncture procedures showed increased intracranial
pressure and pleocytosis: 29 cm H,0, 46 leukocytes/mm?® on September 29, as well as 35 cm H,O and 76 leukocytes/mm> on
September 30. After empirical treatment with mannitol (250mL every 8h) for 10 days, acyclovir (0.5g every 8h) and ceftriaxone
sodium (2g every 12h) for 5 days, his fever improved but his headache continued.

The patient was diagnosed with an “intracranial infection” and was transferred to the Department of Neurology on
October 9, 2019 (at 46 days after onset). His funduscopy showed papilledema. He was positive for anti-cardiolipin IgM
antibodies, with elevated anti-cyclic peptide containing citrulline (anti-CCP) antibodies, and his ESR was 25 mm/h.
Lumbar puncture procedures revealed 33 cm H,O and 46 leukocytes/mm® on October 10. The CSF was negative for
antibodies against herpes simplex virus, human cytomegalovirus, Rubella virus, Toxoplasma gondii, Epstein-Barr virus,
and parainfluenza virus. Patients were continued to be treated with mannitol (125mL every 8h), acyclovir (0.5g every 8h)
and ceftriaxone sodium (2g every 12h). On October 17, another lumbar puncture was performed, and the intracranial
pressure was 25 cm H,O. mNGS of from the CSF detected 38 unique sequences of R. felis (Supplement File). The other
detected sequences were within the laboratory reference ranges. The patient was diagnosed with R. felis meningitis and
given doxycycline (100 mg every 12 h) for 14 days. The patient was discharged on October 22 with improved headache
and reduced cranial pressure.

At 2 and 4 months follow-ups after discharge, the patient had no discomfort and was working normally (Table 1).

mNGS Detection

About 2 mL CSF of each patient was collected and stored at —20 °C. Then, the samples were shipped on dry ice for
PACEseq mNGS detection (Hugobiotech, Beijing, China). The DNA of CSF was extracted using TTANamp Micro DNA
Kit (TTANGEN). The libraries were built using QIAseq™ Ultralow Input Library Kit (Illumina). Qubit (Thermo Fisher)
and agarose gel electrophoresis were used to detect the DNA concentration and quality. The qualified libraries were
finally sequenced on a Nextseq 550 platform (Illumina). Adapters, short, low-quality, and low-complexity reads were first
removed from raw data. Human DNA reads were also filtered out after aligning to human reference database (hg38). The
remaining reads were finally mapped to Microbial Genome Databases (fitp://ftp.ncbi.nlm.nih.gov/genomes/) using

Burrows-Wheeler Alignment software (Figure 2).The probable pathogens of samples were distinguished.

Discussion
Biological information of R. felis has been found in 16 provinces of China,” mainly in cat fleas and mosquitoes.®’
Although cases of R. felis infection have been reported worldwide, in China it has only been reported in Taiwan and

1911 and asymptomatic infections have been found in Jiangsu province.'> The CNS infection of R. felis was

Shandong,
found in Shandong, Taiwan, Mexico, Indonesia, and Sweden,>10:11:13:14 Here, we report two human cases of R. felis
infection of the CNS in Shanxi, China, which represent an increase in the endemic region of the disease.

The clinical manifestations of R. felis infection of the CNS include fever, headache, and myalgia, and even
photophobia, hearing loss, glove-and-stocking numbness, or subacute meningitis.>'%'""!3'* Most patients were reported
to have contact with dogs or cats.'”> Both our patients developed fever and headache; the first patient who had a dog also
presented with unreported secondary spinal cord injury, with weakness and paresthesia in both lower limbs. Immune-
related tests of the two patients produced abnormal results in the acute stage of the disease, and results turned normal in
the recovery stage. One patient developed post-infection myelitis with a normal spinal MRI during convalescence,
suggesting that the immune response was activated and led to myelitis after infection. Moreover, multiple lumbar
punctures revealed pleocytosis and persistently high intracranial pressure, which may be a characteristic of R. felis

infection of the CNS. These findings were consistent with previous reports.'®
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Figure 2 Results of mNGS in cerebrospinal fluid. (a) Sequencing of R. felis yielded a total coverage of 0.1751%. (b) Sequencing of R. felis yielded a total coverage of 0.0698%.

R. felis can persist in the immunocompromised central nervous system and reappear after a long time to cause fatal
neuroinflammation, which suggests a potential neuropathic effect and also explains the abnormal detection of immune
indicators in both patients in this study.

The diagnosis of R. felis infection can be confirmed with an immunofluorescence assay (IFA) or PCR analysis of the blood,
CSF, or a skin biopsy sample. Antigen selection with IFA is limited because the antigens of different rickettsias are
susceptible to cross reactions.'” mNGS detection of CSF can identify the genetic information of viruses, bacteria, fungi,
and parasites in the CSF, which can be compared with the microbial database to identify specific pathogenic microorganisms.
The mNGS assay of the CSF can distinguish other pathogens and the different genera of Rickettsia. Studies have confirmed
that rickettsia can penetrate the blood-brain barrier.'” The number of specific sequences detected by mNGS in the two patients
was relatively small, but the identity of all the detected sequences was higher than 97% (Supplement File). The small number
of R. felis reads may be related to the late acquisition of CSF samples (both were longer than one month from the onset time).
At the time of CSF sample collection, the patients had received a variety of antibacterial drugs and immunoregulatory
treatment, especially the use of steroid and ceftriaxone, which were reported to be effective for R. felis infection treatment. So,
the amount of R. felis in CSF might have already decrease before mNGS. Their symptoms had improved, which also
confirmed our diagnosis. Therefore, R. felis infection should be considered when an intracranial infection is suspected, or the
nature of the infection is unclear. The early mNGS detection of CSF can quickly identify the pathogen.

The symptoms of feline Rickettsial infection and the routine detection of cerebrospinal fluid are very similar to viral
infection, which is difficult to distinguish clinically, so it is often misdiagnosed. Rickettsial infection in cats is also self-
limiting, which is another reason why its incidence is underestimated. mNGS is highly sensitive to pathogen diagnosis
and has certain advantages for detection of rare pathogens. Rickettsial infection can be diagnosed by serological testing
and microimmunofluorescence (MIF) methods. However, the disadvantage of MIF testing is that it can cross-react with
different Rickettsias and is not sufficient to determine the cause. The culture sensitivity of cerebrospinal fluid was poor.
Second-generation sequencing is highly sensitive for the diagnosis of Rickettsial in blood samples and skin biopsy

specimens.
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The most effective treatment for R. felis infection is doxycycline (100 mg every 12 h), with symptoms usually
improving after two days of treatment.' Rifampicin, chloramphenicol, and macrolide can also be used to treat R. felis
infection.'"'” Other patients have improved after treatment with ceftriaxone or steroids.'>'® The improvement in our two
patients might have resulted from their treatment with steroid, rifampicin, or ceftriaxone. Both patients had a long disease
course and slow recovery. The first patient developed myelitis two weeks after onset, which might be related to the late
diagnosis of the pathogen and the lack of early doxycycline treatment. Thus, it is important to identify the pathogen as
early as possible and to give precise treatment.

In conclusion, R. felis infection of the CNS can caused meningitis and myelitis, characterized by pleocytosis and
a persistently high intracranial pressure. The clinical manifestations and routine tests are similar to viral meningitis, which
is easy to miss diagnosis. The diagnosis was based on the detection of R. felis DNA in the CSF. Most patients have a good
prognosis. mNGS detection of the CSF can quickly identify R. felis and facilitate the initiation of early precision therapy.
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