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first clinical report from a
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This case report documents the first instance of Penicillin-Susceptible Methicillin-
Resistant Staphylococcus aureus (PS-MRSA) in a Chinese psychiatric hospital.
The strain was isolated from a patient with Alzheimer's disease who had a lower
respiratory tract infection. Clinical and laboratory analyses, including mass
spectrometry, antibiotic susceptibility testing, and whole-genome sequencing,
confirmed the PS-MRSA strain. In this case, we systematically introduce the
clinical symptoms, laboratory findings, and treatment responses associated with
this PS-MRSA strain. This discovery offers a new perspective on our understanding
of resistance mechanisms and expands our considerations for existing antibiotic
treatments. It may fill a gap in the classification of MRSA strains, enhance the
spectrum of MRSA resistance, and complete the therapeutic strategies for MRSA.

KEYWORDS

Staphylococcus aureus, MRSA, PS-MRSA, Alzheimer’s disease, penicillin, mecA

1 Introduction

Methicillin-resistant Staphylococcus aureus (MRSA) is a bacterium resistant to conventional
penicillin antibiotics. Resistance primarily occurs due to the PBP2a protein’s low affinity for
fB-lactam antibiotics, a protein encoded by the mecA gene (1). While oxacillin-susceptible
MRSA (OS-MRSA) is common worldwide (2), penicillin-susceptible MRSA (PS-MRSA) has
not previously been reported in China. Literature reports a PS-MRSA strain causing nosocomial
infections in a Japanese pediatric hospital (3), underscoring the importance of preventing
hospital-acquired infections. This case report focuses on the clinical manifestations,
characteristics, and drug treatment process of patients with PS-MRSA, integrating laboratory
results such as genome sequencing to comprehensively analyze the occurrence mechanism of
this PS-MRSA strain. Given the rarity of PS-MRSA, especially in China, the following section
details the clinical presentation of a patient with PS-MRSA, highlighting the unique aspects of
this case and its implications for treatment in a psychiatric hospital setting (see Figures 1-3).

2 Case description

The patient, a female, was admitted to a tertiary psychiatric specialty hospital for Alzheimer’s
disease. In April 2023, she began showing symptoms of a lower respiratory tract infection, such
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as cough, sputum production, and fever. Laboratory tests showed a
white blood cell count of 6.11 x 10°/L, a neutrophil percentage of 81.5%,
a hypersensitive C-reactive protein (hs-CRP) level of 50.40 mg/L, and
a procalcitonin level of 0.155 ng/mL. Blood gas analysis indicated type
II respiratory failure. Chest CT scans revealed scattered inflammation
in both lungs. Sputum culture identified MRSA, and symptoms
improved after vancomycin treatment. By the end of May 2023, the
patient’s symptoms worsened, with a white blood cell count of
7.60x10°/L, a neutrophil percentage of 61.9%, a hs-CRP level of
166.88 ng/L, and a procalcitonin level of 0.255 ng/mL. CT scans showed
increased pulmonary inflammation. Sputum culture then identified
PS-MRSA, and symptoms improved following treatment with
ceftriaxone. In early January 2024, the patient experienced another
lower respiratory tract infection, with a white blood cell count of
13.55%10°/L/L, a neutrophil percentage of 80.8%, a hs-CRP level of
113.93mg/L, and a procalcitonin level of 0.29ng/mL. CT scans
indicated increased pulmonary inflammation. After empirically
treating with penicillin for 3days, symptoms alleviated, infection
markers decreased, and sputum culture again detected PS-MRSA. The
clinical progression of the patient’s condition necessitated detailed

FIGURE 1

This figure shows a sample of the patient’'s sputum at 1000 times
magnification under a microscope after gram staining. It can

be observed that the sputum specimen is a qualified specimen (white
blood cells >25 and epithelial cells <10), and gram-stained positive
cocci can be seen all over the visual field, in a grape-like
arrangement.
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laboratory testing to accurately identify the strain and its antibiotic
susceptibility. The laboratory test included collecting samples from the
patient’s sputum after oral cleaning and confirming the presence of
Gram-positive cocci via microscopic examination. The strain was
identified as Staphylococcus aureus using the bioMérieux VITEK 2 and
Autof MS1000 systems. Antibiotic susceptibility testing was performed
with the bioMérieux VITEK 2 automated system and the disc diffusion
method (Wenzhou Kangtai Biological Technology Co., Ltd., Zhejiang
medical device registration number 20152400139), confirming the
strain’s sensitivity to penicillin and resistance to cefoxitin. Finally, the
strain was sent to Shanghai Majorbio Bio-pharm Technology Co., Ltd.
for de novo genome sequencing to analyze its resistance-related genes.

3 Discussion

This case of PS-MRSA challenges the typical avoidance of f-lactam
antibiotics for MRSA treatment (4), a strategy usually adopted due to
the PBP2a protein production by the mecA gene. Uniquely, the
empirical use of f-lactam antibiotics (ceftriaxone and penicillin) in this
case resulted in effective therapeutic responses. This may suggest
variations in the expression or function of the mecA gene among
different MRSA strains, or that PS-MRSA might possess a resistance
mechanism different from conventional MRSA (5). This case suggests
that the mecA gene’s expression level is not strictly proportional to
resistance (6), as PS-MRSA exhibited low-level resistance to oxacillin.
This could be due to a possible mutation or downregulation of the
mecA gene, affecting the PBP2a protein function (7). Further whole-
genome sequencing of PS-MRSA revealed low identity (%) of
PBP-related genes, indicating that the consistency between sequencing
data and the entire reference genome is low (Supplementary material).
This reveals the presence of heterogeneity in resistance genes even
within MRSA strains. Such heterogeneity could lead to significant
differences in sensitivity to the same class of antibiotics among different
strains. This finding suggests that in studying resistance, we should not
only focus on the gene itself but also consider the regulation of gene
expression and its impact on protein function (8).

According to the rules of the Chinese Ministry of Health on
antibiotic use in psychiatric hospitals, some broad-spectrum
antibiotics are not allowed to be used in clinical treatment. Previous
studies have shown that certain psychotropic drugs can enhance the

FIGURE 2

This figure shows CT images of the patient before and after antibiotic treatment. (A) (Before treatment) shows increased density in multiple areas of the
lungs. (B) Shows a significant reduction in the inflammatory area and clearer lung structure.
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FIGURE 3

This figure shows the results of PS-MRSA after disk susceptibility test
using MH plate. Antibacterial zone diameter of cefoxitin: 15mm
(drug resistance); beach-like changes in the penicillin edge test.

antibiotic effect against MRSA (9). Future research could explore the
application of drug combinations or new therapies in restoring or
enhancing antibiotic efficacy. The exploration of such integrated
treatment strategies may provide more effective means for clinical
therapy. Therefore, treatment strategies need to consider the specific
circumstances of the patient, such as mental state, comorbidities, and
medications used. When formulating treatment plans, these factors
should be comprehensively considered for their impact on drug
responses and potential drug interactions (10).

Our laboratory conducted comprehensive antibiotic susceptibility
testing on all clinically isolated Staphylococcus aureus samples in this
case study. In addition to standard testing with automated
susceptibility testing instruments, we specifically included disc
diffusion tests for penicillin and cefoxitin. This comprehensive
approach to antibiotic susceptibility testing enabled the timely
identification of this rare PS-MRSA strain, highlighting the
importance of employing diverse susceptibility testing methods in
resistance research and the critical role of precise diagnosis in
antibiotic treatment (11). Although the empirical use of B-lactam
antibiotics in this case was effective, it also serves as a reminder of the
broader implications of antibiotic use and the development of
resistance. Irrational use of antibiotics can accelerate the development
of resistance, thus necessitating global cooperation and surveillance
to effectively manage antibiotic resistance (12).

Multiple sampling tests conducted on the patient and their
surrounding environment did not detect the spread of PS-MRSA,
suggesting that it may be confined to the patient herself, with no
evidence of widespread transmission in the hospital. This underscores
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the need for ongoing environmental monitoring and stringent
infection control to prevent nosocomial infections (13), particularly
in high-risk settings like psychiatric specialty hospitals.

In conclusion, this PS-MRSA case in a Chinese psychiatric
hospital highlights the complexities of managing MRSA and its
resistance patterns, underscoring the need for specialized research and
vigilance. It highlights the need for continued research and vigilance
in antibiotic usage and resistance monitoring, particularly in
specialized healthcare settings.
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