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Background: Staphylococcus aureus has been well recognized as an important cause of community-acquired pneumonia (CAP), with
non-specific characteristics and poor prognosis. In severe CAP (SCAP) guidelines, B-lactam combined with macrolides or fluoroqui-
nolones therapy was recommended, but the efficacy is not satisfactory due to the continued spread of antimicrobial resistance.
Contezolid is a new representative of oxazolidinones in clinical development, but no relevant reports have been reported for the
treatment of SCAP. This was the first report of a patient with Staphylococcus aureus SCAP who was successfully treated with
contezolid combined with other antibiotics and rehabilitation exercise.

Case Presentation: A 44-year-old woman with high blood pressure and diabetes was admitted to our hospital owing to cough,
sputum, wheezing for 2 weeks, and aggravation for 2 days. The bronchoscopic alveolar lavage and microorganism-Rapid On Site
Evaluation (BAL-mROSE) was used to get pathological data, which were positive for Staphylococcus aureus, in line with blood
cultures. During hospitalization, the patient received endotracheal intubation for assisted breathing and anti-infective therapy, including
meropenem, linezolid, teicoplanin and tazocin successively. Finally, contezolid obtained excellent result, with platelet recovery to
normal levels and significant improvement in pulmonary imaging. Meanwhile, the patient’s swallowing disorder improved after
continuous rehabilitation exercise. After discharge, she received contezolid consolidation therapy for 1 week and was free of
complaints during the 30-day follow-up without any special treatment for SCAP.

Discussion: Treatment with contezolid combined with other antibiotics and rehabilitation exercise for SCAP has shown remarkable
efficacy and good safety; hence, this regimen is a promising treatment strategy for this fatal disease.

Keywords: severe community-acquired pneumonia, methicillin-sensitive Staphylococcus aureus, antibiotic therapy, contezolid,
rehabilitation exercise

Introduction

Staphylococcus aureus is one of the most difficult Gram-positive pathogens to treat and is commonly isolated as a cause
of serious health care-associated infections, including pneumonia.' The classification of pneumonia includes community-
acquired pneumonia (CAP), hospital-acquired pneumonia and ventilator-associated pneumonia.> Among the typical
causes bacterial of CAP, Staphylococcus aureus accounted for less than 5% of all cases and was associated with
worse clinical outcomes.” In addition, the clinical features of Staphylococcus aureus pneumonia are non-specific,
which makes the treatment of infection more complex.? In recent decades, the number of patients requiring intensive
care management due to severe community-acquired pneumonia (SCAP) has increased worldwide, resulting in a severely
high clinical burden. Existing data also positively point out that the delay in admission to the intensive care unit (ICU)
significantly increases mortality in patients with SCAP.* These findings suggest that it is urgent to timely identify patients

who need intensive care management and give guidance to empirical antibiotic treatment.
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Current guidelines recommend the use of B-lactam alone or combination with a macrolide or fluoroquinolone for the
treatment of CAP, except in patients admitted to the ICU, patients with concomitant diseases, or patients with risk factors
associated with greater resistance to pathogens causing pneumococcal CAP.” In patients admitted to the ICU, p-lactam is
recommended in combination with macrolides or fluoroquinolones.® However, due to the continued spread of antimi-
crobial resistance, this has greatly increased incidence rate, mortality and health care costs. Therefore, alternative
treatments and novel drugs should be considered.

Oxazolidinones are a kind of synthetic antimicrobial agents, which is used to treat serious infections caused by Gram-
positive pathogens. They can inhibit the elongation of polypeptide chain during protein synthesis by binding to the A site
of bacterial ribosomes.” The mechanism of oxazolidinone is unique, and there is no cross-resistance with other protein
synthesis inhibitors.® However, due to homology between 23S ribosomal targets and the closely related mitochondrial
protein synthesis machinery in mammals, safety concerns have undermined the clinical development of many oxazoli-
dinone compounds.9 The first antibacterial oxazolidinone, linezolid, was introduced in 2000. Contezolid is a new
representative of oxazolidinones in clinical development, and was launched in China in June 2021. It is designed to
overcome certain serious limitations of linezolid such as myelosuppression, as well as drug—drug and food—drug
interaction potential (due to monoamine oxidase inhibition) reflected in the Warnings and Precautions in the
Prescribing Information for linezolid by adjusting the B ring, C ring and C-5 domains.'” In addition, the improved
activity of contezoid can be largely attributed to this dramatic special change.’ Staphylococcus aureus is susceptible to
contezolid, and contezolid is proved to be less likely to cause resistance in Staphylococcus aureus."' Consequently,
Contezolid has the potential to provide a promising alternative therapy for Gram-positive bacterial infections, but there
are few studies on the treatment of this deadly disease.

This was the first report of a patient with Staphylococcus aureus SCAP who was successfully treated with contezolid
combined with other antibiotics and rehabilitation exercise. This study was approved by ethics committee of Chinese
PLA General Hospital. Written informed consent was obtained from the individual for the publication of any potentially
identifiable images or data included in this article. In addition, the patient and her family members are aware of her
condition and previous treatment history, and know that contezolid used is a newly marketed drug, as well as the situation
of other patients who have used this drug. The patient and their family members agree to try using this antibiotic for
treatment.

Case Details

On December 2, 2021, a 44-year-old woman, with a history of high blood pressure, diabetes and a cesarean section 15
years ago, developed intermittent cough, expectoration, wheezing accompanied with back pain and hemoptysis without
obvious incentive, and her symptoms did not relieve after self-administered oral ibuprofen and cough suppressants. On
December 7, she was admitted to a local hospital due to exacerbation of asthma and fever with the highest temperature of
39.5°C. In pertinent laboratory examinations, her white blood count (WBC) was 32.5x10°/L, neutrophil (NEUT) was
88.2%, and procalcitonin (PCT) was 32 ng/mL (Table 1). Lung computed tomography (CT) showed multiple patchy
shadows and drug sensitivity test for pathogens in blood culture were positive for methicillin-sensitive Staphylococcus
aureus (MSSA). The CURB-65 score was 1. Finally, she was clinically diagnosed as MSSA SCAP and was given
meropenem (1000 mg by 30 min, intravenous infusion) and moxifloxacin (400 mg/, oral administration) anti-infective
therapy. On December 15 (day 1), the patient was transferred to the emergency department of our hospital after
endotracheal intubation due to poor treatment effect and progressive decrease of oxygenation combined with renal
failure and type I respiratory failure.

On transfer (December 15, day 1), her initial vital signs included a body temperature of 38.1°C, heart rate of 82 beats/
min, blood pressure of 143/64 mmHg, respiratory rate of 20 breaths/min, oxygenation index of 186 and CURB-65 score
was 4. The patient was sedated and insensitive to light. In addition, the patient suffered from eyelid edema and lower
extremities pitting edema. On emergency department laboratory findings, her WBC was 41.41x10°/L with an elevated
neutrophil ratio of 90.0%, the PCT was 6.75 ng/mL, C-reactive protein (CRP) was 17.774 mg/dL and IL-6 was 84.18 pg/
mL. In arterial blood gas analysis, the PH was 7.28 (reference 7.35—7.45), oxygen partial pressure (PO,) was 88 mmHg,
partial pressure of carbon dioxide (PCO,) was 52 mmHg, potassium was 6.8 mmol/L, base excess was (BE) was
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Table | Laboratory Findings on Admission and Transfer to Our Hospital

Laboratory Findings

On Admission On Transfer (Day 1)
WBC (x10%/L) 325 414
Neutrophil ratio (%) 88.2 90.0
PCT (ng/mL) 32 6.75
CRP (mg/dL) / 17.774
IL-6 (pg/mL) / 84.18
ABG PH / 7.28
PO, (mmHg, / 88
PCO, (mmHg) / 52
Potassium (mmol/L) / 6.8
BE (mmol/L) / -3.1
Blood glucose (mmol/L) / 204
Oxygenation index / 88
D-dimer (ug/mL) / 1.66
International normalized ratio / 1.23
PT (s) / 15.5
TT (s) / 293
Urea (mmol/L) / 30.79
Creatinine (umol/L) / 479.9

Note: “/” means not detected.

Abbreviations: WBC, white blood count; NEUT, neutrophil; PCT, procalcitonin; CRP, C-reactive
protein; IL-6, interleukin-6; ABG, arterial blood gas; PO,, oxygen partial pressure; PCO,, partial
pressure of carbon dioxide; BE, base excess; PT, prothrombin time; TT, thrombin time.

-3.1mmol/L, blood glucose was 20.4 mmol/L, oxygenation index was 88. Besides, there was significant change in the
coagulation panel, showing an increase of D-dimer (1.66 pg/mL), international normalized ratio (1.23), prothrombin time
(PT) 15.5 s, and thrombin time (TT) 29.3 s. The patient’s renal function appears abnormal, with urea and creatinine levels
as high as 30.79 and 479.9 umol/L (Table 1). On December 16 (day 2), the lung CT showed multiple patchy shadows
with voids in both lungs (Figure 1A) and drug sensitivity test for pathogens in blood culture were positive for MSSA.
Meanwhile, the influenza B virus test was weakly positive. BAL-mROSE was used to get pathological data, which were

A 2021-12-16 (day 2)

Figure | The diagnosis of admitted patient. (A) Date of computed tomography: 2021-12-16; Red arrows indicated the change of the lesion sites; (B) Diff-quik stain, x100;
(€) Gram stain, %100, the black arrow refers to clusters of Gram-positive cocci; (D) Gram stain, X100, the black arrow refers to gram-positive cocci underwent
phagocytosis by polymorphonuclear leukocytes.
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positive for Staphylococcus aureus. Specifically, a large number of centrocytes infiltrates were seen under the staining
microscope with the classification count of 58.5%, which suggested suppurative infectious diseases in the lung
(Figure 1B). Meanwhile, clusters of Gram-positive cocci were observed, and the morphology and distribution of
which were consistent with the characteristics of Staphylococcus aureus (Figure 1C). Further, the Gram-stained smear
of sputum showed that Gram-positive cocci underwent phagocytosis by polymorphonuclear leukocytes, indicating
a positive cocci infection (Figure 1D). Ultimately, after comprehensive diagnosis, the patient was diagnosed with
MSSA SCAP with influenza B and acute kidney injury (III).

On December 16 (day 2), under the guidance of the clinicians, the patient continued to receive endotracheal
intubation for assisted breathing and anti-infective therapy with meropenem, linezolid (600 mg every 8 h, intravenously),
voriconazole (6 mg/kg twice daily on day 1, and 4 mg/kg twice daily from day 2 onwards, intravenously) and oseltamivir
(75 mg twice a day, orally). Among them, voriconazole was discontinued after 1, 3-B-D glucan test (G test) and
galactomannan test (GM test) were negative on December 20, 2021 (day 6), and Oseltamivir was discontinued after
B nucleic acid reexamination was negative on December 19, 2021 (day 5). After 1 week of therapy, the patient’s body
temperature, infection, and inflammatory biomarkers improved (Figure 2). The lung CT showed multiple patchy shadows
and the pulmonary cavity caused by infection narrows (Figure 3A). In addition, in view of the significant improvement of
the oxygenation and positive for spontaneous breathing trial (SBT) and cuff leak test (CLT), the tracheal intubation was
removed and rehabilitation exercise was activated. On December 30, 2021 (day 16), the platelets (PLT) of patient
decreased to 54x10°/L; therefore, linezolid was discontinued. Subsequently, we found that the patient’s body temperature
increased, fluctuating at 37.1-37.8°C, and the peak body temperature was as high as 38°C. After comprehensive
consideration, the treatment drug was adjusted to teicoplanin (400 mg once a day, intravenously) plus tazocin
(4500 mg by 30 min intravenous infusion every 8 h). During the observation period, the patient’s temperature showed
a downward trend, but CT showed no obvious absorption of the pulmonary cavity (Figure 3B). Therefore, on January 05,
2022 (day 22), we decided to discontinue teicoplanin and replace it with contezolid. On January 14, 2022 (day 31), the
patient’s pulmonary imaging improved significantly (Figure 3C), her body temperature decreased, and PLT returned to
normal levels (Figure 4) after contezolid (800 mg every 12 h, orally) plus tazocin treatment. In addition, the patient’s
swallowing disorder improved and the severe cough caused by intaking food or water has also disappeared after
continuous rehabilitation exercise (Figure 5). In view of the good treatment effect, the patient was discharged by
a wheelchair 3 days after (day 34). The patient received contezolid consolidation therapy for 1 week after discharge,
and was free of complaints in the 30-day follow-up without any special treatment for this disease. The administration
process was shown in Figure 6.

Discussion

SCAP is still associated with substantial morbidity and mortality, especially patients with comorbidities and the
immunocompromised. Staphylococcus aureus is a rare pathogen that causes SCAP, and the clinical characteristics of
Staphylococcus aureus pneumonia are not specific, leading to a significant increase in the barriers to diagnosis and
treatment.'” The patient reported here was a middle-aged woman who developed SCAP, and she suffered from
respiratory failure, renal failure and other complications, which required intubation and mechanical ventilation.
Besides, due to the poor physical condition, the patient could not tolerate complicated examination methods. So how
to obtain a specific infectious pathogen efficiently became a priority. Blood cultures are the “gold standard” to diagnose
bloodstream infections. However, with only 4-7% of the cultures being truly positive.'* In addition, it takes some time to
obtain the results of blood culture. In view of the urgency of the disease, BAL-mROSE was performed to further identify
the pathogen in addition to blood culture. BAL is a useful method of obtaining microbial specimens with relatively low
risk. Moreover, smear BAL fluid (BALF) is not easy to be polluted by respiratory tract bacteria, contains less non-
pathogenic bacteria, and has high detection accuracy.'* mROSE is a real-time, rapid cytological interpretation technique,
which can quickly indicate sample characteristics and evaluate their quality, greatly avoid sample contamination, and
improve the diagnostic accuracy.'> Additionally, bacteria have natural advantages in morphology, which can be directly
observed under the microscope to judge the type of bacteria, which increases the advantage of mROSE. Here, this patient
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Figure 2 The clinical course (temperature, WBC, CRP, PCT and IL-6) of the patient with MSSA SCAP after corresponding treatment.
Abbreviations: MSSA, methicillin-sensitive Staphylococcus aureus; SCAP, severe community-acquired pneumonia; WBC, white blood count; CRP, C-reactive protein; PCT,
procalcitonin; IL-6, interleukin-6.

was confirmed to be positive for Staphylococcus aureus by the combination of BAL-mROSE and culture results, which
provided us with more solid evidence for medication.

In CAP patients admitted to ICU, B-lactam combined with macrolides or fluoroquinolones is recommended.®
However, the patient did not respond well to treatment meropenem and moxifloxacin. Considering that oxazolidinones
are mostly used to treat serious infections caused by Gram-positive pathogens, clinical administration focused on these
drugs. Linezolid, the first member of the oxazolidinone class of antibiotics, has been demonstrated in multiple studies to
have a high concentration in alveolar tissue so as to be a potential drug for SCAP patients.'®!” Therefore, meropenem
plus linezolid was administered to improve her body condition. 1 week later, her temperature and infection indexes
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Figure 3 Computed tomography of the patient with MSSA SCAP after corresponding treatment. (A) Date of computed tomography: 2021-12-28; (B) Date of computed
tomography: 2022-1-5; (C) Date of computed tomography: 2022-1-14; Arrows indicated the change of the lesion sites.
Abbreviations: MSSA, methicillin-sensitive Staphylococcus aureus; SCAP, severe community-acquired pneumonia.

became normal, which suggested that linezolid was effective. However, 2 weeks post-treatment, the patient developed
severe thrombocytopenia, which was consistent with previous reports of severe adverse reactions caused by linezolid,'®
and the drug was immediately discontinued. Coherently, teicoplanin was administered due to plasma protein binding rate,
but it was discontinued after 5 days post-treatment because it was judged to be ineffective in improving the patient’s
clinical course. However, considering that the blood pressure was stable, the body temperature decreased, and the
infection index did not increase, teicoplanin was not considered to be completely ineffective. It may be difficult to assess
the effectiveness of antimicrobial agents because radiographic improvement is delayed due to reduced antibiotic
penetration into lung lesions.

Contezolid is a new class of oxazolidinones with a different structure from linezolid, which can improve its binding to
bacterial targets and reduce the adverse effects on mitochondria.'” Compared to linezolid, contezolid has a good safety
profile, and appears to increase the clinical appeal of contezolid. A 28-day multiple-dose exploratory study did not
identify any haematological abnormalities in contezolid-treated healthy subjects, but did report 3 cases of haematological
abnormalities in 2 healthy subjects treated with linezolid. In the same study, linezolid was associated with a significantly
higher incidence of haematological laboratory adverse events than contezolid, eg thrombocytopenia (50% vs 5%).
Besides, in the Phase III, multicentre, randomized, double-blind trial of skin and soft tissue infections patients, the
incidence of both leucopenia and neutropenia was 0.3% (1/354) without thrombocytopenia (0/354) in the contezolid
group. In contrast, the incidences of leucopenia, neutropenia, and thrombocytopenia were 3.4% (12/351), 1.7% (6/351),
and 2.3% (8/351), respectively, in linezolid-treated patients. Here, after the antibiotic was adjusted to contezolid, the
platelet levels of the patient returned to normal. Correspondingly, the patient’s body temperature, infection indicators, and
lung CT findings were significantly improved, and no other adverse events occurred during the treatment. Collectively, it
suggested that contezolid is a promising drug for the Staphylococcus aureus SCAP patients.

It’s important to note that, broad-spectrum combined with MRSA antibiotics were used in the treatment of MSSA
pneumonia. In fact, the choice also has been proven to be correct and effective. The following reasons may explain our
medication strategy. In clinical treatment, there is a discrepancy between in vitro drug sensitivity and in vivo antibiotic
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Figure 4 The clinical course (PLT) of the patient with MSSA SCAP after corresponding treatment.
Abbreviations: MSSA, methicillin-sensitive Staphylococcus aureus; SCAP, severe community-acquired pneumonia; PLT, platelet.

Figure 5 The swallowing function of the patient before and after rehabilitation exercise. (A) Before rehabilitation exercise, the patient developed cough, the red arrow

indicates that the patient has swallowing disorders, which leads to the fluid flows out and severe cough when drinking water; (B) After rehabilitation exercise, the
phenomenon of bucking disappeared.
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Figure 6 The administration process of this patient.

treatment, mainly due to the difference of internal and external environment. Sometimes bacteria are sensitive outside the
body but can use substances in the body to develop antibiotic resistance. Besides, the individual differences, different
levels of disease severity, and heterogeneous drug resistance may affect drug efficacy and choice. This suggests that, as
the course of antibiotic treatment increases, it may be necessary to consider covering resistant bacteria to achieve
efficacy.

Approximately 13-20 million critically ill patients are intubated in the ICU every year, but are prone to dysphagia
after extubation.”® An early study estimated that the incidence of dysphagia was as high as 62% among critically ill
patients who had been intubated for a long time recently.”’ Importantly, existing data showed that 87% of the patients
with dysphagia failed to recover at ICU, and 64% of those patients had persistent swallowing disorders at hospital
discharge.”? Additionally, dysphagia can negatively impact patient outcomes, leading to longer hospital length of stay,
aspiration pneumonia, re-intubation, need to place feeding tubes, and higher mortality rate.*> A multicenter retrospective
cohort study showed that, starting rehabilitation exercise within 24 h after extubation may be the preferred option to
prevent this important complication.”* Moreover, there is evidence that rehabilitation exercise for swallowing function
after extubation can effectively improve the clinical symptoms.”> The patient was in critical condition at the time of
admission, and mechanical ventilation lasted nearly half a month. Thus, the intubation results in incomplete glottic
closure. After eating, food or water strays into the airway, causing severe coughing. Besides, intracranial infection in
patients also leads to transient hemiplegia, which is one of the reasons for eating difficulties. In view of this situation,
timely rehabilitation exercise of swallowing function was started within 24 after extubation, and after 20 days of training,
the patient could eat autonomously and speak fluently before discharge, indicating that early initiation of rehabilitation
exercise has a positive impact on the recovery of swallowing function.

There are some limitations in the manuscript. First, the study only evaluated clinical efficacy and lacked evidence of
lung cultures that consistently indicated the presence of Staphylococcus aureus in lung infections. Secondly, the patient
was treated with contezolid and other antibiotics at the same time, so it is difficult to explain the therapeutic effect of
a single antibiotic. Besides, in the early treatment, the lung lesions have been absorbed, and the continued absorption of
the Iung lesions in the late stage may be the natural course of the disease. Finally, there was only one patient in this study,

and contezolid needs to be tested in a larger group of people.

Conclusion

This was a successful exploration of contezolid in the treatment of Staphylococcus aureus SCAP in the study, suggesting that
this regimen can be considered as a promising option for this deadly disease. However, large-scale randomised controlled
trials are necessary to validate the efficacy and safety of contezolid in patients with Staphylococcus aureus SCAP.
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