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Abstract
BACKGROUND
Viral pleurisy is a viral infected disease with exudative pleural effusions. It is one of the causes for pleural effusions. Because of the difficult etiology diagnosis, clinically pleural effusions tend to be misdiagnosed as tuberculous pleurisy or idiopathic pleural effusion. Here, we report a case of pleural effusion secondary to viral pleurisy which is driven by infection with epstein-barr virus. Viral infection was identified by metagenomic next-generation sequencing (mNGS).

CASE SUMMARY
A 40-year-old male with a history of dermatomyositis, rheumatoid arthritis, and secondary interstitial pneumonia was administered with long-term oral prednisone. He presented with fever and chest pain after exposure to cold, accompanied by generalized sore and weakness, night sweat, occasional cough, and few sputums. The computed tomography scan showed bilateral pleural effusions and atelectasis of the partial right lower lobe was revealed. The pleural fluids were found to be yellow and slightly turbid after pleural catheterization. Thoracoscopy showed fibrous adhesion and auto-pleurodesis. Combining the results in pleural fluid analysis and mNGS, the patient was diagnosed as viral pleuritis. After receiving Aciclovir, the symptoms and signs of the patient were relieved.

CONCLUSION
Viral infection should be considered in cases of idiopathic pleural effusion unexplained by routine examination. mNGS is helpful for diagnosis.
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Core Tip: Pleural effusion is a common clinical symptom, and infectious pleurisy is one of the reasons. Its pathogen is difficult to be found by microbiological examination, and the diagnosis of viral pleural effusion is particularly difficult. Epstein-barr virus is latent infection in most adults, and it is easy to be reactivated in people with immune deficiency, which may cause infection in all parts of the body. When idiopathic pleural effusion is not clearly diagnosed through routine examination, the possibility of viral infection should be considered, and early improvement of metagenomic next-generation sequencing examination is helpful for the diagnosis.

INTRODUCTION
Pleural effusion is a relatively common clinical condition. Even after invasive procedures, such as thoracoscopy, are used, the cause of the pleural effusion cannot be established in up to 15% of patients[1]. It has been reported that virus infection is one of the causes of pleural effusion. Due to the difficulty in virus separation and culture, clinical diagnosis is challenged. Next-generation sequencing (NGS) technology makes it possible to comprehensively analyze the sequence data of nucleic acids in samples in a single assay. Therefore, untargeted metagenomic NGS (mNGS) of clinical samples has been applied for the comprehensive diagnosis of infections, including viruses, bacteria, fungi, and parasites. To our knowledge, this is the first report of diagnosis of pleural effusion induced by viral pleurisy by mNGS.

CASE PRESENTATION
Chief complaints
In May, 2021, a male, 40-year-old was transferred to the Institute of Respiratory Disease of Xinqiao Hospital, Third Military Medical University for pleural effusion of unknown etiology.

History of present illness
On May 6, he had fever after exposure to cold, accompanied by generalized sore and weakness, night sweats, sometimes cough, and few sputums. He felt chest tightness and shortness of breath after exercise. The symptoms were improved after infusion in a local clinic. On May 10, COVID-19 vaccine was administered, and he then developed fever with the highest temperature of 38 ℃. In the meantime, the above symptoms relapsed, along with the concomitant chest pain. There was no evidence of chills, purulent sputum, bloody expectoration, headache, dizziness, abdominal pain or diarrhea.
[bookmark: _Hlk123739653][bookmark: _Hlk123740023][bookmark: _Hlk123740238]On May 14, he visited the local hospital. Blood routine tests showed white blood cell (WBC) 9.41 × 109/L, hemoglobin 146 g/L, platelet 279 × 109/L, neutrophils (NEUT) 92.5%, lymphocytes (LYM) 4.1% and eosinophil (EO) 0.2%. Inflammatory indices increased, as demonstrated by C-reactive protein (CRP) 74.96 mg/L, erythrocyte sedimentation rate (ESR) 64 mm/H and procalcitonin 0.24 ng/mL. On chest computed tomography (CT) (plain scan), there was bilateral pleural effusions, with more effusions on the right side, and atelectasis of the partial right lower lobe was revealed (Figure 1A and B). Right pleural catheterization was performed. Approximately 600 mL effusions were drained, and they were in yellow and slightly cloudy with some clots. Pleural fluid routine examination revealed positive Rivalta test, red blood cell (RBC) 0, WBC 3292 × 106/L, multinuclear cells 44.7%, monocyte 55.3%, adenosine deaminase (ADA) 55 U/L, lactate dehydrogenase (LDH) 1132U/L, carcinoembryonic antigen (CEA) 3.3 ng/mL, neuron-specificenolase (NSE) 43.39 ng/mL, cytokeratin-19-fragment 56.4 ng/mL, and squamous cell carcinoma associated antigen 2.1 ng/mL. Antibody negative for Mycobacterium tuberculosis was obtained. The patient was assigned to take symptomatic treatment. Cough remained to occur intermittently while the feelings of tired and panting after exercise were milder.

History of past illness
The patient was diagnosed with dermatomyositis, rheumatoid arthritis, and secondary interstitial pneumonia one year before and had a long-term history of oral Prednison Tablet (12.5 mg). He was diagnosed with hypothyroidism 5 years before and confirmed to have autoimmune thyroiditis 4 years later. Long-term oral Euthyrox at 100 μg once daily was understood. Additionally, he was diagnosed with vitiligo 2 mo before the admission.

Personal and family history
He had a 20-year history of smoking (1 packet daily) and had no history of alcohol abuse.

Physical examination
Physical examination was insignificant.

Laboratory examinations
Blood routine presented increasing WBC count (WBC 12.84 × 109/L, NEUT% 90.4%, LYM% 5.5%, and EO% 0.1%). Inflammatory indices were CRP 70.4 mg/L and ESR 19 mm/H. Positive Rivalta test was obtained in pleural fluid analysis, along with proteins 54.90 g/L, WBC 10141 × 106/L (NEUT% 68.40%, LYM% 21.90%, monocyte-macrophage 8.80%, EO% 0.90%), multinuclear cells 54.0%, monocyte 46.0%, ADA 53U/L, LDH 1717.4 U/L, and CEA 3.79 ng/mL. Acid-fast staining, bacterial culture and fungal culture in pleural fluid were all negative. 

Imaging examinations
On May 26, he was transferred to the Respiratory Department of our hospital. Chest CT revealed bilateral pleural thickening and adhesion, bilateral pleural effusions while with more effusions on the left side (Figure 1C and D). Left pleural catheterization was therefore scheduled to find light yellow and slightly cloudy fluid. On the thoracoscopy, the left pleural cavity had more fibrillar adhesion bands, extensive auto-pleurodesis, cavity wall pleural surface thickening, and dispersed carbon deposition on the visceral pleural surface (Figure 2A and B). 

FURTHER DIAGNOSTIC WORK-UP
The pleural fluid was sent to an independent clinical laboratory (ChongQing KingMed Center for Clinical Laboratory) for mNGS analysis using Illumina platform. There was one sequencing read of epstein-barr virus (EBV) and one sequencing read of Staphylococcus epidermidis (S. epidermidis) detected.

FINAL DIAGNOSIS
The empyema caused by infection with S. epidermidis was not supported by the patient clinical symptoms and thoracoscopic findings. Combining the results in pleural fluid analysis and mNGS, and the previous long-term use of prednison which could induce immunosuppression, the patient was diagnosed as viral infection-induced pleural effusion.

TREATMENT
Oral routine dose aciclovir tablet was scheduled on May 30. 

OUTCOME AND FOLLOW-UP
On May 30, blood routine tests showed WBC 11.16 × 109/L, NEUT% 79.5%, LYM% 10.8%, EO% 0.6%, and CRP 50.3 mg/L. On June 1, pleural biopsy was performed and revealed dominant infiltration of lymphocytes (major in small B lymphocytes) and tissue cells, slightly increasing CD8+ T lymphocytes and no natural killer (NK) cells (Figure 2C and D). Immunohistochemistry for cytomegalovirus and in situ hybridization for EBV were negative. Given the remarkably decreasing pleural effusions and the self-limited property of viral pleurisy, the patient was allowed to discharge on June 3.
On June 22, the blood routine examination showed that the WBC decreased: WBC 7.72 × 109/L, NEUT% 77.7%, LYM% 13.9%, and EO% 1.4%. On July 20, the blood routine tests showed WBC 8.91 × 109/L, NEUT% 89.0%, LYM% 6.6%, EO% 0.4%, CRP 2.5 mg/L. Chest CT plain scan showed decreasing bilateral pleural effusions and reducing atelectasis of the left lower lobe (Figure 1E-J). The results of blood routine examination on August 25 returned to normal levels: WBC 6.69 × 109/L, NEUT% 66.9%, LYM% 23.7%, and EO% 1.5% (Figure 3).

DISCUSSION
Pleural effusion is a common clinical manifestation of multiple diseases involved in pleura, the lung and the whole body. Predisposing factors mainly include heart failure, infectious causes, malignancy, pulmonary embolism, liver cirrhosis, subdiaphragmatic abscess and pancreatitis. Due to the non-specific symptoms, such as cough, dyspnoea and chest pain, the diagnosis of pleural effusion is required by both physical examination and laboratory tests[2]. In most cases, the etiology can be identified by clinical information, imaging techniques and pleural fluid analysis[3]. However, there is still a part that cannot be explained, despite extensive workup, including thoracoscopy or invasive tests (such as pleural biopsy)[1]. Generally, cases which fail to be explained by routine clinical evaluation is defined as idiopathic pleural effusions. Infectious pleurisy is the most common cause of exudative pleural effusion, while the responsible pathogen might be hard to detect by routine microbiologic test.
The viral infection-associated pleural effusion can be a result of the viral inflammation in adjacent tissue which extends to the pleura or the allergic reaction induced by viral infection. In those ways, the pleural effusions associated with viral pleurisy can occur independently without intrapulmonary infiltrates foci. As viral pleurisy is self-limited, the related pleural effusion can resolve spontaneously within two weeks. Additionally, some cases have less effusion, which can be absorbed rapidly, making it relatively concealed in clinic. Cohen et al[4] reported that the incidence of pleural effusion after viral pneumonia was 18% according to the radiological findings in the lateral recumbent position, while 2%-9% as recognized.
It has been reported that a variety of viruses could induce viral pleurisy, especially in immunocompromised patients, including influenza viruses[5], coxsackievirus, respiratory syncytial virus[6], cytomegalovirus[7], herpes simplex virus[8], EBV, adenovirus[9], human herpesvirus-8. In this viral-infected population of pleural effusion, clinical diagnosis is challenged. Reasons can be the wide variety of viruses, and difficulty in virus separation and culture. Under these limitations, only a small number of viruses are detectable in specific antibody test and nucleic acid PCR, which, to some extent, makes clinical diagnosis harder. In a prospective study[10], the authors reported that the EBV-positive rate was 40% in the pleural fluid samples of patients with pleural effusions, and the EBV-positive rate reached 59% among patients with unexplained effusions according to the PCR tests.
EBV is widespread, and more than 90% of the worldwide adult population are infected with EBV[11]. EBV is mostly transmitted through saliva, and it could establish a lifelong latent infection that reactivates intermittently to lytic replication. Infancy and childhood are usually the times when EBV primary infections occur subclinically. After primary infection, EBV uses latent infection as an immune evasion strategy to prevent cytotoxic T-cell elimination of infected cells[12]. The amount of EBV latently infected cells remains stable over years, but may vary depending on the individuals[13]. EBV viral loads in normal adults (healthy carriers) are usually undetectable, with 0.1-24.0 Latently infected B-cells per million peripheral blood mononuclear cells (PBMC) in the circulation[14] and low numbers of viral genomes per infected cell[15].
EBV systemic reactivation is possible when the cellular immune response is compromised, for example, in patients who are given bone marrow transplantation[16], patients with solid transplants[17], patients infected with HIV[18] or patients with chronic active EBV infections[19]. In addition, local reactivation of EBV takes place periodically in the oropharynx in EBV-infected healthy individuals[10], this is probably due to insufficient T-cell control in the saliva[20]. It is possible for EBV to infect almost any organ, and complications may result from infection. EBV infection has been found in the pleural space in association with B-cell lymphomas, including primary effusion lymphoma[21,22] and phyotorax-associated lymphoma[23]. However, the role of EBV in nonlymphoma pleural effusions has not been extensively studied. Interstitial pneumonitis has been associated with chronic active EBV infection and primary infection, both in children and in adults, and pleural effusion has been observed as a rare complication of EBV infection[24,25].
In the present case, mNGS detected one EBV sequence whereas the in situ hybridization test for EBV in pleural tissue was negative. Possible reason might be the low viral load in pleural fluid and the limited diagnostic sensitivity of the in situ hybridization test. According to the previous report, the majority of EBV-positive pleural fluid has a low viral load[10]. Here, the pleural effusion in the patient was gradually resolved in 1 mo, along with recovered WBC and CRP levels, consistent with the self-limited characteristic of the viral pleurisy.

CONCLUSION
Current reports have shown that viral infection might be the main culprit of unexplained pleural effusion. Hence, viral infection should be considered in cases of idiopathic pleural effusion unexplained by routine examination, so as to prevent misdiagnosis and missed diagnosis, in the meantime, decrease repeated pleural fluid analysis and avoid additional invasive tests.
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Figure Legends
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[bookmark: _Hlk123664709]Figure 1 Chest computed tomography image. A and B: Chest computed tomography (CT) scan performed on May 14; C and D: Chest CT scan performed on May 26; E-J: Chest CT scan performed on June 22.
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Figure 2 Thoracoscopy and pathologic image. A and B: Thoracoscopy image performed on May 28; C and D: Pathologic findings of the pleural biopsy on May 30.
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Figure 3 Course of some laboratory results of this patient over time. A: The course of white blood cell over time; B: The course of neutrophils % over time; C: The course of lymphocytes % over time; D: The course of C-reactive protein over time. WBC: White blood cell; NEUT: Neutrophils; LYM: Lymphocytes; CRP: C-reactive protein.
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