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Abstract: Enterococcus faecium (E. faecium) is one of the core components of enterococci and causes serious illnesses in the elderly 
and immunocompromised patients. Due to its adaptive traits and antibiotic resistance, E. faecium has evolved as a worldwide hospital- 
associated pathogen, especially vancomsycin-resistant Enterococcus faecium (VREfm). Pneumonia caused by VREfm is quite rare in 
clinical settings, and optimal treatment has not yet been determined. Here, we present a case of nosocomial VREfm pneumonia with 
lung cavitation following adenovirus infection, which was successfully treated with linezolid and contezolid. 
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Introduction
Enterococci are hardy, facultatively anaerobic Gram-positive cocci and found in human gastrointestinal tract. In special 
conditions, they cause infections such as urinary tract infection, bacteremia, infective endocarditis, surgical wound 
infections,1 and rarely cause pneumonia.2–4 Among the Enterococcus species, Enterococcus faecium (E. faecium) has 
emerged as one of the most significant causes of hospital-acquired infections by multiple adaptive mechanisms that 
increase virulence and resistance in nosocomial setting.5 Thus, the treatment of multi-drug resistant E. faecium has 
presented a challenge in clinical practice.

Linezolid has long been the first choice oxazolidinone antibiotic against vancomycin-resistant enterococci (VRE). 
Nevertheless, the serious adverse effects of linezolid, especially thrombocytopenia, limit its application in elderly patients 
with multiple underlying diseases as well as severely ill patients.6,7 Contezolid is a novel oxazolidinone antibiotic 
designed for multidrug-resistant Gram-positive bacterial infections, including VRE.8 Furthermore, in a Phase III clinical 
trial, contezolid showed a lower tendency to alter platelet counts than linezolid, suggesting that it might be an appropriate 
alternative treatment for patients who are unable to tolerate linezolid.9 Here, we report a case of nosocomial vancomycin- 
resistant Enterococcus faecium (VREfm) pneumonia in a centenarian patient who was successfully treated by the 
sequential therapy of linezolid and contezolid.

Case Presentation
A 101-year-old male veteran was admitted to our hospital with a chief complaint of a 1-day history of cough, productive 
sputum, and wheezing without febrile. His medical history is significant for hypertension, coronary artery disease, old 
cerebral infarction, and diabetes mellitus. He had no history of recent travel to populated areas and had stayed at home 
for months. Initial laboratory studies revealed that WBC 9.28×109/L (neutrophils 80.4%, lymphocytes 11.3%); C-reactive 
protein (CRP) 2.67 mg/dl; Procalcitonin (PCT) <0.05 ng/mL. CT scan of the lung showed new patchy ground glass 
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opacities in the right upper lung and right middle lobe (Figure 1A). The patient was diagnosed with community acquired 
pneumonia at admission and received regular infection treatment with flomoxef and levofloxacin (Figure 2).

On day 2 after admission, he developed a fever of 38.3°C. The serological tests showed adenovirus IgM positive 
twice, suggesting adenovirus as a probable pathogen for the patient’s right lung pneumonia. Considering that bacterial 
infections might also exist along with the viral infection, meropenem and tigecycline were prescribed for the patient 
(Figure 2). However, after 3 weeks of antibiotic treatment, there was no significant improvement in his body temperature 
and his clinical condition began to deteriorate with persistent fever, lethargy, thrombocytopenia, and elevated creatinine 
and transaminase levels, which was accompanied by a remarkable increase in PCT (peak at 1.78 ng/mL). As a result, 

Figure 1 The patient’s CT scan of the chest during treatment. Chest CT at admission showed new patchy ground glass opacities in the right upper lung and right middle lobe 
(A). On day 36 after admission, the patient’s condition deteriorated with new bilateral patchy infiltrates and a notable lung cavity (7 mm × 8 mm) in the anterior segment of 
the left upper lobe, though the primary ground glass opacity lesions in the right lung were resolved (B). The lung cavity lesion disappeared following 13 days of linezolid and 
10 days of contezolid (C). After a nearly 4-month course of contezolid therapy, follow-up CT revealed that the lung cavity lesion and patchy infiltrations on both sides of the 
lung had disappeared entirely (D).

Figure 2 Antibiotics used in the patient and correlated changes with the progress of the clinical condition. 
Abbreviation: VREfm, Vancomycin-resistant Enterococcus faecium.
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antibiotic treatment was switched to vancomycin and piperacillin/tazobactam for 13 days, but the patient’s condition had 
not changed (Figure 2).

On day 36 after admission, the patient developed respiratory failure, and CT scan of the chest revealed new bilateral 
patchy infiltrates and a notable lung cavity (7 mm × 8 mm) in the anterior segment of the left upper lobe, though the 
primary ground glass opacity lesions in the right lung were resolved (Figure 1B). A bronchoscopy was then performed, 
during which the yellowish-white secretion almost blocked the lumen of the left main bronchus, and the mucosa was 
edematous and congested. Samples were collected from the anterior segment of the left upper lobe by bronchoalveolar 
lavage. Metagenomic next-generation sequencing (mNGS) was applied to identify pathogens in bronchoalveolar lavage 
fluid (BALF). Within 24 hours, mNGS analysis of the BALF revealed the presence of E. faecium with 10, 376 sequences 
(Table 1). The result of pathogen identification was subsequently confirmed by BALF culture. By use of the Kirby-Bauer 
disk method, the isolate was found to be resistant to vancomycin, which indicated VREfm, and sensitive to linezolid. 
Based on the drug susceptibility results, the patient began to receive linezolid (600 mg IV q12d). Following a 13-day 
course of linezolid, the patient’s clinical condition improved, but his platelets dropped sharply (from 425 ×109/L to 44 × 
109/L). For this reason, linezolid was discontinued, and contezolid (400 mg PO q12d) was used as an alternative 
treatment for VREfm. Thrombopoietin was administered at the same time to elevate the level of platelets. After 10 days 
of taking contezolid, clinical improvement was noted in the patient’s condition with platelet counts returning back to 
normal. In addition, the cavitary lesion was also resolved, with decreased patchy infiltrations in the left upper lobe 
(Figure 1C). Following this, the patient received a nearly 4-month course of contezolid therapy during which contezolid 
was well tolerated and his platelet levels remained relatively stable. A follow-up CT scan performed after contezolid was 
discontinued revealed that the lung cavity lesion and patchy infiltrations on both sides of the lung had completely 
disappeared (Figure 1D).

Discussion
Enterococci are common flora of the gastrointestinal tract of humans.10 Some of the species, specifically E. faecalis and 
E. faecium, can cause a variety of life-threatening infections in humans, including endocarditis and bacteremia.1 

Moreover, E. faecium has emerged as a worldwide healthcare-associated pathogen by adapting to hospital environments 
and building resistance to antibiotics.5,11 In numerous studies, VRE has been linked to high mortality rates and poses 
a serious threat to current health-care practices all over the world.5,12 Various factors contribute to VRE emergence, such 
as increased medical device use, prolonged hospitalization, and improper antibiotic treatment.12

These pathogenic Enterococcus species are thought to rarely cause respiratory illnesses.10,13,14 A study of the US 
military health system revealed that 577 patients were identified with VRE infections from 2009 to 2015. Among them, 
only 2.9% of VRE infections were located in the respiratory tract.15 A similar study in Osogbo, Nigeria revealed that 
during a 6-month period in 2009, only 9 out of 118 cases of hospital acquired enterococci infection were associated with 
respiratory tract infection.16 According to the current findings, Enterococcus species have been reported to cause 
sinusitis, infections of the trachea and bronchi, and pneumonia, especially in patients with ventilation, immune system 
impairment, cancer, old age, and patients receiving broad-spectrum antibiotics.2–4,17 Notably, there is a risk that 
Enterococcus pneumonia can progress to lung necrosis, abscess formation, and parenchymal cavitation, which can 
complicate the clinical condition and lead to sepsis and multiple organ failure.18–20 Our patient was also found to have 

Table 1 The Microorganisms Detected by mNGS in the BALF from the Lung Cavity Lesion (The Complete 
Sequencing Results are Available in the Supplementary Material).

Genus Species

Name Sequence Number Name Sequence Number Relative Abundance

Enterococcus 25,085 Enterococcus faecium 10,376 60.19%
Pseudomonas 399 Pseudomonas aeruginosa 18 0.10%

Candida 557 Candida albicans 332 18.54%

Abbreviations: mNGS, Metagenomic next-generation sequencing; BALF, bronchoalveolar lavage fluid.
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a lung cavity lesion when his condition became severe and mNGS BALF from the lesion revealed the causative agent as 
E. faecium. Additionally, a subsequent drug resistance test indicated VREfm.

The emergence of vancomycin resistance isolates in our case may be related to the use of combined broad-spectrum 
antibiotics and the patient’s advanced age.12 The empirical use of broad-spectrum antibiotics is a common practice for 
elderly patients with multiple underlying diseases in hospitals, as it provides coverage for a wide range of potential 
pathogens. However, it also carries the risk of promoting the emergence of antibiotic-resistant bacteria, such as 
VRE.21,22 The isolation of VRE from the patient’s BALF indicates that the empirical use of different antibiotics did not 
effectively treat the underlying infection and may have contributed to the development of antibiotic resistance. Thus, 
health-care providers must balance the need to effectively treat infections with the potential risks of promoting 
antibiotic resistance.

As a classic oxazolidinone drug, linezolid exerts its antibiotic effect by inhibiting the initiation process of protein 
synthesis and plays a crucial role in the therapy of multidrug-resistant Gram-positive bacteria, including methicillin- 
resistant Staphylococcus aureus (MRSA) and VRE. Despite its high efficacy against Gram-positive infections, linezolid 
has been proven to have certain safety limitations, such as hematological effects.7 Thrombocytopenia is one of the most 
frequent hematological changes during linezolid treatment, the mechanism of which is uncertain.7 Previous studies 
reported that linezolid-induced platelet decrease was associated with bone marrow suppression. However, recent 
evidence has suggested the involvement of immune-mediated platelet destruction23 and abnormal cellular pathway 
regulation of megakaryocytes24 in this process.

Contezolid is a novel oxazolidinone antibiotic that replaces the morpholine in linezolid with a piperidinone.25 This 
drug has a significantly reduced risk of myelosuppression and has been proven to be less likely to cause abnormalities in 
platelet counts as compared to linezolid based on a phase III clinical trial26. It was approved by the National Medical 
Products Administration of China (NMPAC) in June 2021 to treat complicated skin and soft tissue infections (cSSTI), 
including, but not limited to, methicillin-susceptible S. aureus, MRSA, Streptococcus pyogenes and Streptococcus 
agalactiae.8 According to a recent study, contezolid exhibited considerable activity in vitro against VRE isolates.27 In 
addition to cSSTI, contezolid has also been found to be effective in lung infections, such as pulmonary tuberculosis.28,29 

Based on our knowledge, this is the first published report of a patient with VREfm pneumonia who was treated 
successfully with contezolid.

Though the treatment of VREfm pneumonia has not been established, several reports suggested the necessity of 
prolonged antibiotic treatment, ranging from 3 to 5 weeks based on the radiological evaluation.18–20 In our case, the 
patient received contezolid 400 mg q12d for nearly 4 consecutive months. During this time period, we evaluated the 
patient’s CT scan every month and stopped the drug as soon as the lesions completely disappeared. The long-term 
treatment might result from the patient’s old age and degenerative conditions. It is also worth noting that the dose of 
contezolid we used on this patient is lower than the recommended dose of 800 mg q12d8 considering the patient’s 
advanced age and potential liver and renal impairments.

In conclusion, contezolid exhibited good tolerance and effective antibacterial activity in the treatment of VREfm 
pneumonia. Though linezolid has been considered as a standard-of-care treatment for VRE infections, contezolid can 
be utilized as an alternative when linezolid-induced thrombocytopenia occurs. However, randomized controlled trials 
still need to be conducted to determine the efficacy and safety of contezolid in treating VREfm-related lung 
infections.
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