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Abstract: Community-acquired methicillin-resistant Staphylococcus aureus (CA-MRSA)

infections are reported worldwide and are associated with serious outcomes. The majority

of CA-MRSA infections are soft tissue and skin infections, and cases with meningitis caused

by CA-MRSA are rare. Here, we reported a 53-year-old male patient with meningitis due to

CA-MRSA infection, as confirmed by cerebrospinal fluid examination. Whole-genome

sequencing data revealed an ST59 CA-MRSA strain encoding PVL and SCCmec IV.

Linezolid was administered in this case, and the patient recovered, with no signs of relapse

during the one-year follow-up. We present the first case of PVL-positive ST59 CA-MRSA

meningitis, with severe manifestations in China.
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Introduction
Staphylococcus aureus is a widely distributed microorganism present in human and

animal skin, nasal cavities, and the throat, intestine and stomach; it is also found in

carbuncles, purulent oral cavities, sewage and other environments. S. aureus is one

of the most important pathogens of nosocomial and community infections and may

cause a broad range of infections. Since the first methicillin-resistant S. aureus

(MRSA) was discovered by Jevons in the United Kingdom, MRSA infection has

mostly spread worldwide. The clinical and bacteriological properties of commu-

nity-acquired methicillin-resistant S. aureus (CA-MRSA) are different from those

of hospital-acquired MRSA.1 Despite its rarity, meningitis due to CA-MRSA has

been associated with serious and occasionally fatal outcomes. Overall, our knowl-

edge of the epidemiological and molecular characteristics of CA-MRSA lineages is

limited. In this study, we present the first case report of CA-MRSA ST59 meningitis

in China.

Case Report
A 53-year-old male patient was hospitalized in the respiratory outpatient department

of our hospital. He had fever with headache for half a month, slight cough, and sore

muscles and joints. The patient did not have diabetes or immunosuppressive diseases,

and there was no history of hypertension. Considering that no signs of pneumonia

were found by thoracic CT, the patient was given cefixime sustained-release capsules
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plus clarithromycin sustained-release capsules for 4 days.

However, the fever with headache remained, and he was

admitted to the neurology department.

The patient was treated with a three-day course of cef-

triaxone, with no signs of improvement. Brain magnetic

resonance imaging (MRI) showed a high T2WI signal and

T2 flair in the left lateral ventricle, and DWI indicated no

significant diffusion restriction. The lesion was not

enhanced. Brain MRI showed left paraventricular demyeli-

nation (Figure 1). A lumbar puncture was performed, and

cerebrospinal fluid (CSF) examination demonstrated

a nucleated cell count of 2120 cells/µL, neutrophil percen-

tage of 95%, glucose level of 2.29 mmol/L, protein level of

57.3 mg/dL, and adenosine deaminase activity of 1.5 U/L.

The ratio between CSF and blood glucose levels was 0.47.

The CSF samples were centrifuged, and the sediment was

smeared and stained with Gram, ink, fluorescence and anti-

acid stains. No acid-fast bacilli, cryptococci or fungi were

detected in the CSF smears; the Xpert MTB/RIF assay was

also negative. Hepatitis B surface antigen (HbsAg), hepati-

tis B core antibody (HbcAb) and hepatitis B e-antigen

(HbeAb) were positive, and upper-abdomen enhanced CT

showed cirrhosis of the liver, multiple small cysts of the

liver, gallstones and cholecystitis. The Child-Pugh score of

liver cirrhosis was class A.

CSF culture vials were incubated in an automated

culture system (Bact/ALERT Virtuo™, bioMérieux,

France). The bacteria primarily grew under both anaerobic

and aerobic conditions. After the CSF culture became

positive, 10 µL of fluid was plated on Columbia blood

Figure 1 The axial T2WI image shows a small strip of a hypersignal lesion near the left lateral ventricle (A). The lesion presented hyperintensity on FLAIR (B) and no

significant diffuse obstruction on DWI (C). No significant enhancement (D) was observed in the GD-DTPA enhanced sequence.
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agar, and S. aureus isolate SA17 was cultured.

Microbiological identification was performed by matrix-

assisted laser desorption ionization time-of-flight

(MALDI-TOF) mass spectrometry using a MALDI/TOF

Biotyper (Bruker Italia, Milan, Italy). Antimicrobial sus-

ceptibility testing was performed using E-test strips in

three replicates, revealing that the isolate was methicillin-

resistant S. aureus.

After multidisciplinary discussion, the patient received

antibiotic treatment with 0.6 g linezolid bid intravenously

for 17 days, and the patient’s platelet counts decreased to

27×109/L. The time course of linezolid administration and

the onset of thrombocytopaenia are illustrated in Figure 2.

When linezolid was stopped, his platelet counts gradually

increased. The patient recovered well, his symptoms and

signs improved significantly, and the results of CSF re-

examination were normal.

S. aureus strain SA17 was detected as a result of

routine hospital laboratory procedures. This study was

performed in accordance with the Declaration of Helsinki

and approved by the Ethics Committee of The Affiliated

Hospital of Hangzhou Normal University, Hangzhou,

China. Written informed consent, which included publica-

tion of the case details, was obtained from the patient.

Results of Phenotypic and
Genotypic Characterization
S. aureus SA17 was found to be sensitive to non-beta-

lactam antibiotics, including gentamicin, ciprofloxacin,

moxifloxacin, tetracycline, minocycline, tigecycline,

rifampicin, trimethoprim-sulfamethoxazole (TMP-SMX),

teicoplanin and vancomycin, but was resistant to clinda-

mycin and erythromycin. Based on the D-zone test, this

isolate showed inducible clindamycin resistance.

Whole-genome sequencing of S. aureus SA17 was

performed using the Illumina HiSeq X Ten platform

(Illumina, San Diego, CA, USA) with a 150-bp paired-

end protocol. The trimmed sequence reads were de novo

assembled using Unicycler v0.4.7 with the Pilon v1.23

option for modification of the assembled reads. The gen-

ome sequence was further examined by in silico multi-

locus sequence typing (MLST) and staphylococcal cassette

chromosome mec (SCCmec), staphylococcal protein

A gene (spa), and Panton-Valentine leukocidin (PVL) ele-

ment determination. In silico MLST analysis and bacterial

source tracking using the core genome MLST (cgMLST)

strategy were performed by the BacWGSTdb server.2

The draft genome sequence of S. aureus SA17 consisted

of 58 contigs, comprising 2,769,666 bases, and the PGAP

server predicted a total of 2730 protein-coding sequences.

The overall G+C content of this strain is 32.8%. In total,

59 tRNA genes and 18 rRNA operons were identified. This

strain belongs to sequence type 59 (ST59) and spa type t437,

harbours a novel variant of staphylococcal cassette chromo-

some mec element (SCCmec) type IV (90.77% identity to

SCCmec IVa) and νSaα and νSaβ pathogenicity islands and is

positive for the lukF and lukS Panton-Valentine leukocidin

(PVL) pathogenic determinant. The strain carries two β-

lactam resistance genes (blaZ and mecA), aminoglycoside

resistance genes [ant(6)-Ia and aph(3ʹ)-III], and macrolide

resistance genes [erm(B)]. Several virulence factors were

found in the genome, including staphylococcal complement

inhibitor (scn), aureolysin (aur), gamma-haemolysin (hlgA,

hlgB, and hlgC), and enterotoxin (seb, sek and seq). The

phylogenetic relationship between S. aureus SA17 and

10,521 S. aureus strains currently deposited in the NCBI

GenBank database was analysed. Our data suggest that

S. aureus SA17 can be further classified as a separate clone

and that its closest relative is an ST59 CA-MRSA strain

(SA957, SCCmec V) recovered from the blood sample of

a patient with severe sepsis and acute respiratory failure

in China, differing by 86 cgMLST loci (Figure 3). Previous

studies have confirmed that the majority of ST59 CA-MRSA

strains belong to two clones, PVL-negative SCCmec IVand

PVL-positive SCCmec V, in Asia-Pacific countries. Our

present study highlights the emergence of a novel variant of

the SCCmec type ST59 CA-MRSA in China. According to

our genomic epidemiological analysis, the assumed basis of

virulence in the S. aureus SA17 strain can be explained in

a fashion different than that reported for Asia-Pacific strains,

that is, by a combination of acquisition of CA-MRSA-

characteristic genes encoding PVL and SCCmec IV and

possible enhanced expression of virulence genes.

Figure 2 The time course of linezolid administration and the onset of

thrombocytopaenia.
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Discussion
Staphylococcus aureus, belonging to the family

Staphylococcaceae, is a gram-positive, catalase-positive,

and bacitracin-resistant coccus.3 S. aureus can survive in

different harsh environments and is resistant to many

disinfectants.4 Methicillin-resistant S. aureus (MRSA) was

first clinically identified from patients hospitalized in the

1960s and was characterized by resistance to all penicillins,

cephalosporins, and even carbapenems.4 MRSA is rapidly

spreading worldwide, and it has been one of the most com-

mon nosocomial bacterial pathogens.5,6 MRSA-associated

infections are potentially damaging and fatal.7

MRSA is generally considered to be a typical nosoco-

mial pathogen.1 However, community-acquired MRSA

(CA-MRSA) strains have been reported from patients in

different areas beginning in the 1990s.3 In the past,

CA-MRSA infections often occurred in patients who fre-

quently contacted health-care facilities or in specific

groups of patients, such as intravenous drug users.

However, the epidemiology of community-based infec-

tions caused by MRSA has changed dramatically in the

past decade.6 Indeed, CA-MRSA may occur without any

underlying diseases and usually presents with soft tissue

and skin infection.8 Spontaneous meningitis caused by

CA-MRSA is rare and usually present in older patients

with immunodeficiency or diabetes mellitus.7 In China,

reports on CA-MRSA meningitis patients are very scarce.

Molecular epidemiological investigation of MRSA is

essential for monitoring the occurrence and development

of epidemic clones and for determining intervention

policies.9 Healthcare-associated MRSA (HA-MRSA) and

CA-MRSA have different clinical and molecular

Figure 3 Phylogenetic relationship between S. aureus SA17 and closely related S. aureus ST59 strains currently deposited in the NCBI GenBank database. The lines

connecting the circles indicate the clonal relationships between different isolates. The scale bar represents a pairwise allelic difference of 100 cgMLST loci.
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characteristics. CA-MRSA infection usually manifests as

cellulitis or abscesses, whereas HA-MRSA often causes

pneumonia and sepsis.10 In contrast to HA-MRSA clones

that carry SCCmec type I, II or III,11 CA-MRSA lineages

have been characterized by the presence of small-sized

SCCmec types IV and V and of genes encoding Panton-

Valentine leukocidin (PVL) in many cases.12 At present,

there are five dominant CA-MRSA lineages, ST1-IV, ST8-

IV, ST30-IV, ST59-IV/V, and ST80-IV, and each is pre-

valent in different geographical locations.13 ST59 was first

reported in Taiwan in 2004, and the emergence of

CA-MRSA is becoming a growing public health

concern.14 In China, ST59 constitutes an epidemic lineage

of CA-MRSA isolates in recent decades. Furthermore, in

various animal infection models, ST59 CA-MRSA iso-

lates have been observed to have significantly more pro-

nounced virulence than HA-MRSA clones ST5 and

ST239.15 In general, ST59 needs to be rapidly discrimi-

nated from other MRSA STs. STs can be rapidly predicted

with high accuracy by using machine learning algorithms

and MALDI-TOF MS.16–18 For ST59 isolates, the loss of

a large portion of the β-haemolysin-converting prophage,

increased expression of α-toxin and evolutionary acquisi-

tion of PVL possibly contribute to its enhanced pathogenic

potential. In this case, the possible upregulated expression

of virulence genes may cause meningitis in immunocom-

petent patients.

The Infectious Diseases Society of America has

recommended 2 weeks of vancomycin therapy for

MRSA meningitis; alternative antimicrobials recom-

mended are cotrimoxazole and linezolid.7 Interestingly,

according to a literature review, all reported patients with

CA-MRSA central nervous system infections showed

complete remission without neurological sequelae when

treated with linezolid, whereas those treated with vanco-

mycin without linezolid had severe complications or

died.19 The vancomycin concentration in CSF is only

approximately 20% of the serum concentration.20

Linezolid and co-trimoxazole have better CSF penetration

than vancomycin, and the drug concentrations in CSF are

approximately 65% and 50% of their serum level, respec-

tively. Despite the high dose of vancomycin, low levels of

the drug are found in CSF. Hence, rifampicin and cotri-

moxazole have been used in the early stage of treatment,

with linezolid being added when fever persisted. After

multidisciplinary discussion, linezolid was used in this

case, and the patient recovered with no signs of relapse

during the one-year follow-up.

Conclusion
Meningitis caused by community-acquired methicillin-

resistant S. aureus is rare. The disease requires timely

diagnosis and effective antibiotics. We present the first

case of PVL-positive ST59 CA-MRSA meningitis with

severe manifestations in China.
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