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Purpose: Since community-acquired methicillin-resistant Staphylococcus aureus (CA-MRSA) was recognized, the molecular epide-
miology of CA-MRSA in China has been diverse. It is unclear whether different sites of CA-MRSA infection differ in antimicrobial
resistance and clinical characteristics. The purpose of this study was to identify the molecular types, virulence factors and anti-
microbial resistance of CA-MRSA strains and to analyze the clinical characteristics of different sites of CA-MRSA infection.
Methods: 26 CA-MRSA strains were screened from Beijing Chao-Yang Hospital from 2014 to 2022. SCCmec type, MLST type, spa
type, Panton—Valentine leukocidin (PVL), hemolysin a (Hla), phenolic soluble regulatory protein a (PSMa), toxic shock syndrome
toxin-1 (TSST-1), and enterotoxin (SE) A to E were detected by PCR and gene sequencing. Antimicrobial susceptibility tests and the
clinical features of CA-MRSA infection cases were collected for statistical analysis.

Results: The predominant type of CA-MRSA was ST59-t437-1V. New non-epidemic types, SCCmec VII, were also found. PVL was
seen in 65.4% of CA-MRSA strains and TSST-1 was only be detected in 3.8% of CA-MRSA strain which caused poor prognosis.
There were three types of infections: pneumonia (61.5%), infective endocarditis (7.7%), and skin and soft tissue infections (SSTIs)
(30.8%). CA-MRSA pneumonia cases were secondary to influenza infection (37.5%). Patients with CA-MRSA-associated infective
endocarditis were more likely to have underlying cardiac diseases. Patients with CA-MRSA-associated SSTIs were more likely to have
a history of diabetes mellitus, and strains in this group were more susceptible to erythromycin and clindamycin.

Conclusion: ST59-t437-1V was the primary CA-MRSA type in our research and in China. We proposed that TSST-1 might be one of
the indicators to predict the severity and prognosis of CA-MRSA infection. Different sites of CA-MRSA infection had difference in
antibiotics susceptibility testing and underlying diseases of patients. It could provide a new perspective on treating different types of
CA-MRSA infection.

Keywords: community, acquired methicillin, resistant Staphylococcus aureus, staphylococcal chromosomal cassette mec type,

Panton-Valentine leukocidin, antibiotic resistance, pneumonia

Introduction

Staphylococcus aureus is a Gram-positive bacterium that can secrete several infection-related toxins and invasive
enzymes, such as Panton—Valentine leukocidin (PVL), hemolysin, phenol-soluble modules (PSM), and enterotoxins.'
It is one of the leading causes of human bacterial infection around the world.? In the past 70 years, the epidemics of
antibiotic-resistant S. aureus have risen.’ Penicillin stopped being effective in treating most S. aureus infections because
of the acquisition of plasmid-encoded P lactamase.* Methicillin-resistant Staphylococcus aureus (MRSA) was first
reported at a hospital in England in 1961, and it started being regarded as one of the leading pathogens of nosocomial
infection that normally does not occur in the community.®
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This view has changed with the discovery in recent decades of community-acquired MRSA (CA-MRSA). The
number of CA-MRSA infections in healthy populations lacking infectious risk factors in the community has exploded
since the 1990s. This new kind of MRSA strain is called community-associated MRSA (CA-MRSA). CA-MRSA differs
from hospital-associated MRSA (HA-MRSA) in some aspects. Most HA-MRSA strains carry the staphylococcal
chromosomal cassettes mec (SCCmec) element I, II, or III, and few carry the PVL gene. By contrast, most CA-MRSA
strains carry smaller SCCmec elements, most commonly SCCmec type IV or type V, and frequently carry the genes for
PVL.> HA-MRSA isolates are multidrug-resistant, while CA-MRSA strains are susceptible to most non-p-lactam
antibiotics.” Infections caused by CA-MRSA could be various, ranging from skin and soft tissue infections (SSTIs) to
invasive diseases, such as pneumonia, endocarditis, and osteomyelitis.” The severity of these infections also covers
a wide range, from minor SSTIs to necrotizing pneumonia.® Although plenty of differences between CA-MRSA and HA-
MRSA have been shown, there are no clear and specific guidelines on the epidemiology, clinical characteristics, and
targeted treatment of CA-MRSA. It is also unknown whether there are differences in clinical features and antibiotic
treatments among different types of infection.’ Therefore, we studied the molecular epidemiology and clinical character-
istics of CA-MRSA cases and compared them with the different sites of infection to provide a basis for targeted treatment
in the future.

Methods

Twenty-six cases of CA-MRSA infection were screened from 2014 to 2022 in Beijing Chao-Yang Hospital. The strains
were obtained from the Beijing Chao-Yang Hospital microbiology laboratory, and the clinical data of inpatients were
collected.

Participants

The Beijing Chao-Yang Hospital microbiology database includes 1506 strains of MRSA collected between 2014 and
2022. All of the strains were collected from sputum, blood, alveolar lavage fluid (BLAF) and secretion from patients
diagnosed with MRSA infection in Beijing Chao-Yang Hospital. The inclusion criteria that were applied to participants
were those listed in the Centers for Disease Control and Prevention (CDC) definition of CA-MRSA:® Outpatients with
positive MRSA culture or inpatients within 48 hours of admission have no history of hospitalization, surgery, long-term
care in the past one year, no indwelling catheter, and no previous positive MRSA culture. Patients with the following
criteria were excluded: MRSA culture was positive but lacking infectious symptoms, no radiographic evidence of MRSA
infection,'® and the condition improved without using anti-MRSA antibiotics.

Molecular Typing
CA-MRSA strains were found in the microbial laboratory for culture. Species reconfirmation was performed using Vitek
MALDI-TOF mass spectrometry. A DNA extraction kit (TTANGEN, DP302, China) was used to extract DNA.
SCCmec typing, MLST typing, and spa typing were analyzed by PCR sequencing. The primers of SCCmec typing,
MLST typing, and spa typing and their references are shown in Table 1."""'* The reaction system was as follows: 0.4 pL
of each forward and reverse primer, 12.5 uL of 2xTaq PCR Mix (TIANGEN, China), 2 uL of DNA template, and 9.7 uL
of deionized water. Amplification of SCCmec typing was performed using a GeneAmpl PCR System 9700 (Applied
Biosystems, USA) under the following conditions: activation of the enzyme at 94°C for 4 min; 30 cycles of denaturation
at 94°C for 30s, annealing at 55°C for 30s, and extension at 72°C for 1 min; and a final extension at 72°C for 10 min.!!
Amplification of MLST typing was performed under the following conditions: activation of the enzyme at 94°C for 5
min; 40 cycles of denaturation at 94°C for 15s, annealing at 55°C for 30s, and extension at 72°C for 1 min; and a final
extension at 72°C for 10 min."* Amplification of spa typing was performed under the following conditions: activation of
the enzyme at 80°C for 5 min; 35 cycles of denaturation at 94°C for 45s, annealing at 60°C for 45s, and extension at
72°C for 90s; and a final extension at 72°C for 10 min. All PCR products were stored at 4°C.'*> The PCR products were
sequenced bidirectionally using an ABI 3730XL DNA sequencer (Applied Biosystems). All PCR products were
subjected to agarose gel electrophoresis. The bands were observed under UV light.

1486 "= Infection and Drug Resistance 2023:16

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove

Zhong et al

Table | CA-MRSA Primer Sequences and the Respective References Used in Our Study

Amplified Product

Primer Pair

Sequence (5’ to 3%)

Reference

SCCmec type
ccrA2-B

ccrC

IS1272

MecA-IS431

SCCmec VII

spa type
spa

MLST type
arcc

aroe

glpf

gmk

pta

tpi

yqil

PVL

TSST-1

Hla

PSMa.

SEA

SEB

SEC

SED

SEE

ccrA2-B a3
ccrA2-B B
ccrC F

ccrC R
IS1272F1
ISI272R 1
5RmecA
5R431
SCCmec VII F
SCCmec VII R

spa-F
spa-R

arcc-F
arcc-R
aroe-F
aroe-R
glpf-F
glpf-R
gmk-F
gmk-R
pta-F
pta-R
tpi-F
tpi-R
yqil-F
yqil-R
Luk-F
Luk-R
TSST-1
TSST-1 R
hla F

hla R
PSMaF
PSMaR
SEAF
SEAR
SEB F
SEB R
SECF
SECR
SED F
SED R
SEE F
SEER

-

TAAAGGCATCAATGCACAAACACT
ATTGCCTTGATAATAGCCTTCT
CGTCTATTACAAGATGTTAAGGATAAT
CCTTTATAGACTGGATTATTCAAAATAT
GCCACTCATAACATATGGAA
CATCCGAGTGAAACCCAAA
TATACCAAACCCGACAACTAC
CGGCTACAGTGATAACATCC
CAGAGGCTCATCTACATCCT
TGTTCTGCTATACCTTCCACA

CAGCAGTAGTGCCGTTTG
TCGCACTCTCGTTGAACA

TTGATTCACCAGCGCGTATTGTC
AGGTATCTGCTTCAATCAGCG
ATCGGAAATCCTATTTCACATTC
GGTGTTGTATTAATAACGATATC
CTAGGAACTGCAATCTTAATCC
TGGTAAAATCGCATGTCCAATTC
ATCGTTTTATCGGGACCATC
TCATTAACTACAACGTAATCGTA
GTTAAAATCGTATTACCTGAAGG
GACCCTTTTGTTGAAAAGCTTAA
TCGTTCATTCTGAACGTCGTGAA
TTTGCACCTTCTAACAATTGTAC
CAGCATACAGGACACCTATTGGC
CGTTGAGGAATCGATACTGGAAC
ATCATTAGGTAAAATGTCTGGACATGATCCA
GCATCAACTGTATTGGATAGCAAAAGC
TTCACTATTTGTAAAAGTGTCAGACCCACT
TACTAATGAATTTTTTTATCGTAAGCCCTT
CAACTGATAAAAAAGTAGGCTGGAAAGTGAT
CTGGTGAAAACCCTGAAGATAATAGAG
ATGGGTATCATCGCTGGCATCATTAAAGTT
TTTTGCGAAAATGTCGATAATTGCTTTGAT
CCTTTGGAAACGGTTAAAACG
TCTGAACCTTCCCATCAAAAAC
TCGCATCAAACTGACAAACG
GCAGGTACTCTATAAGTGCCTGC
ACCAGACCCTATGCCAGATG
TCCCATTATCAAAGTGGTTTCC
CTGAATTAAGTAGTACCGCGCT
TCCTTTTGCAAATAGCGCCTTG
CGGGGGTGTAACATTACATGAT
CCCTTGAGCATCAAACAAATCATAA

[

[12]

[13]

[14]

[15]

[1e]

[17]

[18]

[19]

[19]

[19]

[19]

[19]

Abbreviations: PVL, Panton—Valentine leukocidin; PSM, phenol-soluble modules; Hla, hemolysin o; TSST-1, toxic shock
syndrome toxin-1; SE, enterotoxin.
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Table 2 The SCCmec Typing Criteria of CA-MRSA"

SCCmec | SCCmec I SCCmec Il SCCmec IV SCCmec V
ccrA2-B + +
ccrC + +
IS1272 + +
MecA-IS43 | +

The criteria for SCCmec typing are shown in Table 2. We sent MLST and spa typing PCR products to the Ruibiotech
Company for gene sequencing. The results were uploaded to online databases (https://pubmlst.org/ and https://cge.food.

dtu.dk/services/spaTyper/).

Detection of Virulence Factor

We detected nine virulence factors, namely PVL, hemolysin a (Hla), PSMa, toxic shock syndrome toxin-1 (TSST-1), and
enterotoxin (SE) A-E, by using independent PCR assays. The PCR reaction system contained 0.4 pL of each forward and
reverse primer, 12.5 pL of 2xTaq PCR Mix (TIANGEN, China), 2 uL. of DNA template, and 9.7 pL of deionized water.
All PCR products were detected by 1.0% agarose gel electrophoresis. Primers of virulence factors and their references
are shown in Table 1.">"°

Antibiotics Susceptibility Testing

We performed the antibiotics susceptibility testing to 26 CA-MRSA for 15 kinds of antibiotics, including Teicoplanin,
Penicillin, Oxacillin, Levofloxacin, Tetracycline, Linezolid, Tigecycline, Erythromycin, Clindamycin, Ciprofloxacin,
Gentamicin, trimethoprim-sulfamethoxazole (TMP-SMZ), Vancomycin, Rifampicin and Moxifloxacin. Teicoplanin
disk (30 ug) was purchased from Thermo Scientific ™ Oxoid, USA as well as other antibiotics using the commercial
VITEK® AST-GP67 cards purchased from bioMérieux, France. The results of antibiotics susceptibility test were
determined by BMD using the commercial Sensititre™ RAPMYCOI (Thermo Scientific, the United States) and the
results were interpreted according to the Clinical and Laboratory Standards Institute (CLSI) guideline.?’

Clinical Data

We found the CA-MRSA inpatients’ data through the Hospital Information System. The data included sex, age, smoking
history, drinking history, length of hospital stay, time of discharge/death, length of hospital stay, underlying diseases,
previous operation history, admission blood routine, procalcitonin (PCT), C-reactive protein (CRP), erythrocyte sedi-
mentation rate (ESR), biochemical tests, cheat imaging, and antimicrobial susceptibility testing. We collected data
contemporaneously with the first detection of CA-MRSA.

Statistical Analysis

All data were processed using SPSS 25.0 statistical software. Enumeration data were expressed as N (%). If normally
distributed, measurement data were represented as mean + standard error and median (quartile) if not. Enumeration data
were analyzed by y° test. The Fisher test analyzed measurement data conforming to a normal distribution, and
measurement data not conforming to normal distribution were analyzed by the Kruskal-Wallis test. P < 0.05 was
considered statistically significant.

Results
Molecular Typing
Twenty-six CA-MRSA strains were included in our study, excluding hospital-associated MRSA and MRSA of coloniza-

tion according to inclusion and exclusion criteria. SCCmec IV was the predominant SCCmec type, accounting for 73.1%,
followed by SCCmec VII (11.5%) and SCCmec V (7.7%). One strain of SCCmec I was in the SSTIs group, which was
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Table 3 Molecular Typing and Virulence Factors of CA-MRSA Strains Obtained from the Beijing Chao-Yang Hospital Microbiology
Laboratory

SCCmec | SCCmec(%) MLST(n=26) MLST(%) spa (n=26) spa (%) Virulence Virulence
(n=26) Factors(n=26) Factors(%)
I(1) SCCmec | (3.8), SCCmec Il ST398(1) ST22(3.8), t034(1) t021(3.8), t034(7.7), t172 PVL(1), PSMa(1), PVL(65.4),
(0), SCCmec I11(0), SCCmec ST30(7.7), (7.7), t223(3.8), t437(53.8), | Hla(l) PSMo(100.0),
IV(73.1), SCCmecV(7.7), ST59(69.2), t441(7.7), t3257(3.8), Hia(100.0),
v(19) SCCmec VII(IT.eSC), SCCmec 211.—;(2)3; STS9(16), ST88(3.8), tg;;z:; :z%ﬁ; t3590(3.8), t10804(3.8), ZV9I;( I|_I”)E,1(FI’§I;’I(1 TSaST-I(3.8),
NT(3.8) ST338(7.7), 4311 I‘), c3527‘ t14777(3.8) TSS"I'-I(I)' SéB SEA(3.8), SEB
ST398(7.7) (1), £3590(1), (14), SEA(1) (613)
£10804(1),
V(2) ST398(1), ST59(1) t437(2) PVL(I), PSMa(2),
Hia(2), SEB(I)
VII(3) ST59(1), ST338(2) t437(2), t441(1) PVL(3), PSMa(3),
Hia(3), SEB(I)
NT(1) ST88(1) t14777(1) PVL(I), PSMa(1),
Hia(l)

not found in the other two groups. One strain of CA-MRSA in the pneumonia group did not belong to SCCmec I ~ V or
VII. Among 26 CA-MRSA strains, ST59 (69.2%) was the predominant MLST type, followed by ST88 (3.8%). A total of
ten spa types were found in this study, among which the t437 type was the predominant type (53.8%). The predominant
type of 26 CA-MRSA strains was ST59-t437-1V (46.15%). The genetic phenotype distribution for CA-MRSA strains is
shown in Table 3.

Virulence Factors

Nine virulence factors were detected in our study. Hla and PSMa were found in all CA-MRSA strains. PVL was not
found in the infective endocarditis group but could be seen in the pneumonia group (75.0%) and the SSTIs group
(62.5%). Only one strain of CA-MRSA was found to have TSST-1 in the pneumonia group. TSST-1-positive CA-MRSA
infection was associated with sepsis (P=0.037), septic shock (P=0.005), acute renal insufficiency (P<0.001), and death
(P<0.001). The presentation of virulence factors for these CA-MRSA strains is shown in Table 4, and the association
between infective complications and PVL or TSST-1 of CA-MRSA strains is shown in Table 5.

Antibiotic Susceptibility Testing

All CA-MRSA strains were susceptible to teicoplanin, levofloxacin, moxifloxacin, tigecycline, ciprofloxacin, vancomy-
cin, and linezolid. No vancomycin-resistant S. aureus (VRSA) or vancomycin-intermediate S. aureus (VISA) was found.
We found that 69.2% of CA-MRSA were resistant to erythromycin and clindamycin. The macrolides resistance rate of
the pneumonia group was 69.2%, that of the infective endocarditis group was 100%, and that of the SSTIs group was
12.5% (P<0.001). Only 7.7% of CA-MRSA strains were resistant to TMP-SMX, all of which were in the pneumonia

Table 4 Virulence Factors of CA-MRSA Strains Caused Different Sites of Infection
Obtained from the Beijing Chao-Yang Hospital Microbiology Laboratory

Pneumonia Infective Endocarditis | Skin and Soft Tissue P value
(n=16) (n=2) Infection (n=8)
PVL 12(75.0) 0 5(62.5) 0.107
PSMa 16(100.0) 2(100.0) 8(100.0) ?
Hla 16(100.0) 2(100.0) 8(100.0) P
TSST-1 1(6.3) 0 0 0.723
SEA 0 0 1(12.5) 0310
SEB 8(50.0) 2(100.0) 6(75.0) 0.251

Note: *Not applicable.
Abbreviations: PVL, Panton—Valentine leukocidin; PSM, phenol-soluble modules; Hla, hemolysin o; TSST-1, toxic
shock syndrome toxin-1; SE, enterotoxin.
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Table 5 The Association Between Infective Complications PVL or TSST-1 of CA-MRSA Strains

PVL-Positive Strains (%) PVL-Negative Strains (%) P value
Respiratory failure 6(35.3) I(11.1) 0.186
ARDS 1(5.9) 0(0) 0.458
Sepsis 2(11.8) 2(22.2) 0.482
Septic shock 2(11.8) I(11.1) 0.960
Acute renal insufficiency | 1(5.9) I(11.1) 0.634
Death 1(5.9) I(11.1) 0.634

TSST-1-positive strains (%) | TSST-1-negative strains (%)
Respiratory failure 1(100) 6(24.0) 0.093
ARDS 0(0) 1(4.0) 0.838
Sepsis 1(100) 4(16.0) 0.037
Septic shock 1(100) 2(8.0) 0.005
Acute renal insufficiency | 1(100) 1(4.0) 0.000
Death 1(100) 1(4.0) 0.000

Abbreviation: ARDS, acute respiratory distress syndrome.

group. CA-MRSA strains of the pneumonia group and the infective endocarditis group were susceptible to ciprofloxacin,
while 37.5% of CA-MRSA strains in the SSTIs group were intermediate to ciprofloxacin (P=0.022). The type of two CA-
MRSA strains mediated ciprofloxacin was ST59-t3590-1V and ST59-t172-1V, respectively. The antibiotic resistance rates

for all CA-MRSA isolates are presented in Table 6.

Clinical Characteristics

We found that 37.5% of cases in the pneumonia group were secondary to influenza infection. Pleural effusion was found
in 81.3% of the pneumonia group, 0 in the infective endocarditis group and 12.5% in the SSTIs groups (P=0.06). There
were 62.5% of patients with diabetes mellitus in the SSTIs group, 12.5% of cases with diabetes mellitus in the
pneumonia group, and no cases with diabetes mellitus in the infective endocarditis group (P=0.023). There were two
severe cases in the SSTIs group. Both of them developed bacteremia and progressed to osteomyelitis. One severe SSTIs

Table 6 The Antimicrobial Resistance Rate of CA-MRSA Obtained from the Beijing Chao-
Yang Hospital Microbiology Laboratory in Different Infection Types

Total Pneumonia Infective Endocarditis Skin and Soft Tissue | P value

(n=26) (n=16) (n=2) Infections (n=8)
Teicoplanin 0 0 0 0 ?
Penicillin 26(100) 16(100) 2(100) 8(100) I
Oacillin 26(100) 16(100) 2(100) 8(100) I
Levofloxacin 0 0 0 0 ?
Tetracycline | 9(34.6) 4(25.0) 1(50.0) 4(50.0) 0.428
Linezolid 0 0 0 0 "
Tigecycline 0 0 0 0 ?
Erythrocin 18(69.2) 15(93.8) 2(100.0) 1(12.5) 0.000
Clindamycin | 18(69.2) 15(93.8) 2(100.0) 102 0.000
Ciprofloxacin | 0 0 0 0 ?
Gentamicin 1(3.8) 0 0 1(12.5) 0.573
TMP-SMZ 27.7) 2(12.0) 0 0 0.508
Vancomycin 0 0 0 0 ?
Rifampicin 0 0 0 0 ?
Moxifloxacin 0 0 0 0 ?

Note: *Not applicable.
Abbreviation: TMP-SMZ, trimethoprim-sulfamethoxazole.
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case was cured, and the other had a poor prognosis. The infection site of the case with a better prognosis was the lumbar
vertebra, and that of the other case was the cervical vertebra. Vancomycin and linezolid were successively used for the
anti-infective treatment of two cases. Surgery was only performed in the case with a poor prognosis, and the outcome of
this case was high paraplegia. All patients in the infective endocarditis group had cardiovascular diseases, while 18.8% of
patients in the pneumonia group and 12.5% in the SSTIs group had cardiovascular diseases (P=0.025).

Treatment and Outcomes

Vancomycin was used for treatment in 66.7% of CA-MRSA cases. Common anti-CA-MRSA antibiotics were not used in
33.3% of patients. A total of 34.6% of cases were treated with invasive mechanical ventilation, among which 43.8% of
cases in the pneumonia group and 100% of cases in the infective endocarditis group were treated with invasive
mechanical ventilation. No patients in the SSTIs group were treated with invasive mechanical ventilation (P=0.014).
All patients in the infective endocarditis group received surgery (P < 0.001), so gastrojejunal catheterization, drainage
tube indwelling, and invasive mechanical ventilation were used in patients of the infective endocarditis group. In the
pneumonia group, 43.8% of the patients had respiratory failure treated with invasive mechanical ventilation. All of the
death cases were in the pneumonia group, and one case was positive for TSST-1. The clinical features for all CA-MRSA
isolation are shown in Table 7.

Table 7 Clinical Characteristics of Patients in Different CA-MRSA Infection Groups

Dove:

Total (n=26) Pneumonia (n=16) Infective Skin and Soft Tissue P value
Endocarditis (n=2) Infections (n=8)
Age (yr) 52.81+21.89 51.00+22.83 43.50+40.30 58.75+14.56 0.593
Male 15(57.7) 9(56.3) 1(50.0) 5(62.5) 0.933
Smoking History 5(19.2) 4(25.0) 0 1(12.5) 0.591
Drinking History 4(15.4) 3(188) 1(50.0) 0 0.180
Length of Hospital Stay/(day) 26.00 (9.75, 34.75) 26.00 (15.00, 32.75) 35.50 11.50 (1.00, 35.75) 0.248
Underlying Diseases
Hypertension 9(34.6) 6(37.5) 1(50.0) 2(25.0) 0.743
Diabetes 7(26.9) 2(12.5) 0 5(62.5) 0.023
Pulmonary Diseases 4(15.4) 2(12.5) 1(50.0) 1(12.5) 0.369
Cardiovascular Diseases 6(23.1) 3(18.8) 2(100.0) 1(12.5) 0.025
Liver Diseases 1(3.8) 0 0 1(12.5) 0310
Cerebrovascular Diseases 4(15.4) 4(25.0) 0 0 0.228
Rheumatic Diseases 1(3.8) 1(6.3) 0 0 0.723
Tumor at an Active Stage 2(7.7) 1(6.3) 0 1(12.5) 0.789
Glucocorticoid Using History 1(3.8) 1(6.3) 0 0 0.723
Immunosuppressor using history 1(3.8) 1(6.3) 0 0 0.723
Long-term Bed 1(3.8) 1(6.3) 0 0 0.723
Surgery History 9(34.6) 6(37.5) 1(50.0) 2(25.0) 0.743
Laboratory Tests
WBC /(x10°/L) 13.42 (9.68, 16.07) 12.86 (9.68, 15.00) 15.94 13.29 (6.29, 22.57) 0.689
NEUT /(x107/L) 12.01 (8.06, 14.65) 11.96 (8.06, 13.46) 14.65 12.53 (4.16, 21.39) 0.678
LYm /(XI09/L) 0.95 (0.55, 1.36) 1.04 (0.67, 1.47) 1.00 0.53 (0.31, 1.05) 0.276
PCT/(ng/mL) 1.63 (0.48, 14.04) 1.08 (0.16, 13.00) 6.35 6.47 0.314
CRP /(mg/dL) 21.04+15.84 22.72+18.39 18.20 17.56x11.34 0.864
ESR /(mm/h) 47.50+23.51 52.10+25.13 56.00 29.33+10.69 0.342
HGB /(g/L) 119.54426.45 114.314£25.28 122.00+48.08 132.67+23.28 0.362
CK /(UIL) 76.50 (52.00, 178.00) 103.00 (57.50, 410.00) 34.00 65.00 (25.25, 126.25) 0.139
LDH /(U/L) 197.00 (178.00, 339.75) 226.00 (177.25, 598.50) 190.50 187.00 (168.50, 248.25) 0.600
HBDH /(U/L) 174.00 (140.50, 257.75) 185.00 (142.50, 322.25) 174.00 141.50 (115.75, 200.75) 0.297
AST /(UIL) 24 (18.00, 56.00) 31.00 (18.00, 109.50) 21.50 21.50 (19.00, 38.75) 0.544
ALT /(U/L) 18.00 (13.25, 46.00) 18.00 (13.25, 172.75) 45.00 15.50 (12.50, 34.00) 0.432
BUN /(mmol/L) 5.71 (4.60, 8.90) 5.71 (443, 13.70) 5.6l 5.58 (4.63,7.01) 0.828
Cr /(umol/L) 65.10 (52.93, 102.7) 72.65 (54.375, 119.05) 49.50 64.00 (48.63, 112.78) 0.538
(Continued)
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Table 7 (Continued).

Total (n=26) Pneumonia (n=16) Infective Skin and Soft Tissue P value
Endocarditis (n=2) Infections (n=8)
PH 7.42 (7.39, 7.47) 7.42 (7.38, 7.47) 746 7.42 (740, -) 0.632
PO, /(mm Hg) 68.00 (64.70, 79.00) 67.75 (55.78, 77.50) 84.35 74.40 (65.40, -) 0.746
PCO, /(mm Hg) 33.20 (28.40, 37.10) 33.20 (28.43, 41.25) 35.15 28.40 (27.50, -) 0.193
SpO, /(%) 94.30 (92.80, 97.20) 93.90 (87.58, 95.45) 95.80 97.20 (93.10, -) 0.430
Oxygenation Index /(mm Hg) 318.90 (242.00, 368.30) 315.75 (215.50, 356.38) 402.50 354.00 (312.90, -) 0.376
Chest imaging Examination
Access 3(11.5) 2(12.5) 0 1(12.5) 0.868
Cavity 2(7.7) 2(12.5) 0 0 0.508
Pleural Effusion 15(57.7) 13(81.3) 0 1(12.5) 0.006
Treatment
Vancomycin 16(66.7) 11(68.8) 2(100.0) 3(50.0) 0.410
Teicoplanin 1(4.2) 1(6.3) 0 0 0.770
Linezolid 9(37.5) 5(31.3) 0 3(50.0) 0.670
Other antibiotics 6(25.0) 4(25.0) 0 2(333) 0.641
Arteriovenous Catheterization 2(7.7) 2(12.5) 0 0 0.508
Gastrojejunal Catheterization 11(42.3) 10(62.5) 1(50.0) 0 0.014
Ureter Catheterization 7(26.9) 6(37.5) 1(50.0) 0 0.111
Drainage tube 5(19.2) 2(12.5) 2(100.0) 1(12.5) 0.011
Noninvasive Mechanical Ventilation 3(11.5) 3(18.8) 0 0 0.347
Invasive Mechanical Ventilation 9(34.6) 7(43.8) 2(100.0) 0 0.014
CRRT 1(3.8) 1(6.3) 0 0 0.723
ECMO 1(3.8) 1(6.3) 0 0 0.723
Surgery 2(7.7) 0 2(100.0) 0 0.000
ICU 6(23.1) 6(37.5) 0 0 0.087
Complications
Respiratory Failure 7(26.9) 7(43.8) 0 0 0.050
ARDS 1(3.8) 1(6.3) 0 0 0.723
Sepsis 5(19.2) 2(12.5) 0 3(37.5) 0.264
Septic Shock 3(11.5) 3(18.8) 0 0 0.347
Acute Renal Insufficiency 2(7.7) 1(6.3) 0 1(12.5) 0.789
Death 2(7.7) 2(12.5) 0 0 0.508

Notes: Reference value: WBC: 3.5-9.5x107/L; NEUT: 1.8-6.3x10%/L; LYM: 1.1-3.2x10%/L; PCT:<0.05 ng/mL; CRP: 0-0.8 mg/dL ESR: 2-20 mm/h; HGB: 130-175 g/L; CK:
50-310 U/L; LDH: 120-250 U/L; HBDH: 72-182 U/L; AST: 15-40U/L; ALT: 9-50 U/L; BUN: 3.60-9.50 mmol/L; Cr: 57.0~111.0 umol/L; PH: 7.35-7.45; PO,: 83—108 mm Hg;
PCO,: 35-45 mm Hg; SpO,: 95-98%.

Abbreviations: WBC, white blood cell; NEUT, neutrophil; LYM, lymphocyte; PCT, procalcitonin; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; HGB,
hemoglobin; CK, Creatine kinase; LDH, lactate dehydrogenase; HBDH, Hydroxybutyrate dehydrogenase; AST, glutamic oxalacetic transaminase; ALT, alanine transaminase;
BUN, blood urea nitrogen; Cr, creatinine; PO,, Partial Pressure of Oxygen; PCO,, partial pressure of carbon dioxide; SpO,, oxygen saturation; CT, computed tomography;
CRRT, continuous renal replacement therapy; ECMO, extracorporeal membrane oxygenation; ICU, Intensive Care Unit; ARDS, Acute Respiratory Distress Syndrome.

Discussion
There are various molecular types of MRSA, including SCCmec type, MLST type, spa type, and PFGE type. There are
also differences in the prevalence of CA-MRSA in different regions.”' The predominant epidemic strain in the United
States is USA300,” while the molecular epidemiology of CA-MRSA in China is diverse. ST59-t437-IV was the primary
CA-MRSA type (46.15%, 12/26) in our research, which was also the predominant CA-MRSA epidemic type in China.*
SCCmec 1V and SCCmec V were the predominant types in CA-MRSA. Among the 26 CA-MRSA strains in our study,
the predominant SCCmec type was SCCmec 1V, followed by SCCmec VII, and only 7.7% were SCCmec V. In 2022,
Wang et al** sequenced the whole genome of 565 MRSA strains from several hospitals in different provinces of China
and found six kinds of SCCmec types, among which SCCmec IV was the primary SCCmec type (48.8%, 276/565), and
SCCmec VII was also found. However, the association between SCCmec VII and CA-MRSA is still unclear.

SCCmec IV and PVL are CA-MRSA-related molecular markers worldwide,* but PVL is not necessarily present in all
CA-MRSA strains. PVL was found in 65.4% of CA-MRSA included in our study, while PVL was not detected in 34.6%
of the CA-MRSA strains. Several studies in the United States have found that PVL is mostly associated with SSTIs and
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severe invasive infections, such as community-acquired necrotizing pneumonia, severe sepsis,’ and other fatal infec-

tions. Montgomery et al*®

found that PVL did not affect toxic or inflammatory transcriptional responses in a rat model of
USA300 necrotizing pneumonia. PVL-positive CA-MRSA strains were found in 75.0% of the pneumonia group and
62.5% of the SSTIs group, while PVL was not found in the CA-MRSA strains of the infective endocarditis group. PVL
was not statistically associated with infectious complications and death in our study, either. Therefore, the role of PVL in
CA-MRSA infection is still controversial. The association between PVL and CA-MRSA still needs to be confirmed by
additional studies.

Hla, a pore-forming toxin of S. aureus, was shown to be essential for the severity of pneumonia caused by USA300
and USA400 in a mouse model of pneumonia.”’” PSM is also a kind of S. aureus pore-forming toxin, mainly expressed by
highly virulent S. aureus, and is closely related to its pathogenic mechanism.?® PSM can be divided into o and P types
and a-type PSM can promote and lyse neutrophils and other host cells, expressed in most staphylococci and released at
high levels in CA-MRSA.?’ Hla and PSMa were found in all CA-MRSA included in our study, indicating that Hla and
PSMa are not only associated with pneumonia but may be associated with other types of infection caused by CA-MRSA
strains. However, the relationship between Hla and PSMa and the disease severity is unknown.

Toxic shock syndrome toxin (TSST-1), a type of S. aureus superantigen, is mainly associated with toxic shock
syndrome. Its characteristic clinical manifestations are fever, rash, hypotension, and multiple organ system
dysfunctions.*® Among the 26 CA-MRSA strains included in our study, only one patient was found to be positive for
TSST-1. This patient experienced severe pneumonia with fever, hypotension, respiratory failure, sepsis, septic shock, and
acute renal insufficiency, and eventually died. TSST-1 might have a specific correlation with infection complications and
the presence of TSST-1 may indicate the severity of the disease and poor prognosis. However, there is only one strain
carries TSST-1 and it is hard to eliminate the host factors and to conduct the statistical analyze. Further experiments will
be conducted in the future to test this hypothesis.

Among the CA-MRSA infection cases in our study, the most common infections were pneumonia, followed by SSTIs
and infective endocarditis. Pneumonia caused by CA-MRSA is prone to be secondary to influenza virus infection.*'*? In
our research, 37.5% of CA-MRSA pneumonia cases had an influenza virus infection, and 83.3% caused severe
pneumonia. Before we recognized CA-MRSA, necrotizing fasciitis, necrotizing pneumonia, and severe sepsis caused
by S. aureus were rarely reported; however, there are many reports of CA-MRSA infections now.” The CA-MRSA
included in our study mainly caused lung infections, among which 43.8% were severe pneumonia. These severe
pneumonia cases were treated with invasive mechanical ventilation, 6.3% with continuous renal replacement therapy
(CRRT), and 6.3% with extracorporeal membrane oxygenation (ECMO). However, there were no specific infectious
indicators of CA-MRSA pneumonia. The chest imaging of the pneumonia group mainly was pleural effusion, while the
characteristics of CA-MRSA infection, such as cavity and abscess,’” were rare. Early diagnosis of CA-MRSA pneumonia
is more difficult, and early identification and anti-CA-MRSA treatment are particularly critical due to the severity of CA-
MRSA pneumonia.

We found that diabetes was a risk factor for SSTIs caused by CA-MRSA. Diabetic patients have changes in immune
function. For example, hyperglycemia will affect the operation of white blood cells and increase the resting level of
proinflammatory factors,”> which makes diabetes a risk factor for a variety of infections. In addition, skin damage and
ulcers are more prone to CA-MRSA infection.”? Suppurative SSTIs are the most common clinical manifestation of CA-
MRSA infection.>* Recent studies have shown that patients with diabetes are twice as likely to develop CA-MRSA
SSTIs as those without diabetes.>” Patients with diabetes are more likely to create SSTIs complications. Our study found
two cases of developed osteomyelitis, and the outcome of one of them was high paraplegia. This warns us that CA-
MRSA-associated SSTIs could range from minor, superficial to severe infections®® and may have a poor prognosis.
Therefore, early treatment of SSTIs caused by CA-MRSA is essential.

S. aureus is one of the most common pathogens of infective endocarditis. In developed countries, 20-30% of
S. aureus infective endocarditis has been attributed to MRSA.*"*® According to epidemiological information, CA-
MRSA infective endocarditis is mainly acquired in the community, associated with young and healthy people, and has no
known risk factors for infective endocarditis.* All infective endocarditis cases included in our study had underlying
cardiac conditions, such as atrial fibrillation and congenital heart disease, and all patients in the infective endocarditis
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group accepted surgery. This suggests that people with underlying heart diseases are more likely to develop infective
endocarditis caused by CA-MRSA, and surgical treatment should be performed if necessary.

Unlike HA-MRSA, CA-MRSA is susceptible to various non-B-lactam antibiotics.** All CA-MRSA strains in our
study were susceptible to vancomycin and linezolid. In actual treatment, vancomycin anti-CA-MRSA therapy was
preferred in 66.7% of cases after pathogen identification. Vancomycin is the first-line intravenous drug for treating
MRSA infection.*" Still persistent or recurrent bacteremia, high treatment failure rate, nephrotoxicity, and the emergence
of vancomycin-resistant strains during vancomycin treatment are becoming increasingly common.> Linezolid was chosen
for anti-CA-MRSA treatment in 37.5% of cases due to substandard blood concentration of vancomycin and poor
treatment effect. A prospective randomized controlled study on MRSA hospital-acquired pneumonia** showed that the
linezolid group had a better clinical response and less nephrotoxicity than the vancomycin group. Still, there was no
difference in 60-day mortality between the two groups. Linezolid has adverse effects with prolonged therapy, including
myelosuppression and neuropathy, but its overall incidence is rare.*> Several studies also suggested that linezolid was
more efficient than vancomycin.** However, vancomycin is still the first-line drug to treat MRSA infections. It is worth
considering whether linezolid could replace vancomycin.

In our study, only 7.7% of CA-MRSA strains were resistant to TMP-SMX, and all were pneumonia pathogens. The
infective endocarditis group and the SSTIs group were susceptible to TMP-SMX. TMP-SMX shows great bacterial
activity against susceptible S. aureus, including MRSA, and its oral bioavailability is excellent. Several studies concluded
that TMP-SMX was an orally available choice for treating MRSA infections, including SSTIs and endocarditis.*’

1*® found no difference in effectiveness between cephalexin-combined TMP-SMX and cephalexin

However, Pallin et a
alone in treating cellulitis without abscess. There are few studies on treating invasive CA-MRSA infection by intravenous
TMP-SMX. More clinical trials are needed to explore whether TMP-SMX could be the first-line antibiotic for treating
CA-MRSA infections.

Most CA-MRSA in the pneumonia group and the infective endocarditis group were resistant to macrolides such as
erythromycin and clindamycin in our study. By contrast, all CA-MRSA strains in the SSTIs group were susceptible to
macrolides. Vancomycin is still the first choice for the treatment of SSTIs in most cases. The efficacy of macrolide for
SSTIs is unknown, but it can provide a new choice for the future treatment of SSTIs caused by CA-MRSA. CA-MRSA
strains in our study were susceptible to quinolones such as levofloxacin and moxifloxacin, and 65.4% of CA-MRSA
strains were susceptible to tetracycline. However, few cases of treating CA-MRSA infection used quinolones and
tetracycline. The current guidelines do not explicitly cover the antibiotic treatment of CA-MRSA, and the treatment of
severe pneumonia infection caused by CA-MRSA and HA-MRSA is usually the same.*” The findings of our study can
provide new insights for different types of infections caused by CA-MRSA.

Conclusion

CA-MRSA can cause various infections, such as pneumonia, infective endocarditis, and SSTIs. About half of the cases of
CA-MRSA pneumonia have infectious complications. The condition is severe, and the prognosis is poor. The infective
endocarditis and SSTIs caused by CA-MRSA also have severe cases. CA-MRSA is highly susceptible to non-p-lactam
antibiotics, and there seem to be more choices of antibiotics, but supporting data are still lacking. Therefore, early
identification and specific treatment have become the top priority to prevent adverse consequences. More studies are
needed to clarify the differences among different types of CA-MRSA infection, so we can establish a definitive
treatment.
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