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Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-
Cov-2) is a novel beta coronavirus responsible for 
coronavirus disease 19 or COVID-19, the culprit of a 
currently ongoing pandemic (1). Unlike the two previous 
novel coronavirus outbreaks, COVID-19 has reached global 
proportion, claiming the lives of millions worldwide (2).

As a respiratory pathogen, the SARS-Cov-2 infection 

typically begins in the upper airway. The viral spike protein 
binds to the angiotensin-converting enzyme 2 (ACE-2)  
receptor and initiates an inflammatory response and 
cytopathic effects. In a minority of patients, the infection 
involves the lower respiratory tract (3). The most severe 
complication of SARS-CoV-2 is the development of 
pneumonia and acute respiratory distress syndrome. 
Additionally, pulmonary vascular endothelium may also 
be affected by SARS-CoV-2, causing endothelialitis and 
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microangiopathy (4). 
Pleural abnormalities in COVID-19 are either less 

common or underappreciated. Localized pleural thickening 
adjacent to the parenchymal lesion and pleural retraction is 
seen in early disease. Pleural effusion occurs in a minority 
of patients. Potentially life-threatening complications, such 
as pneumothorax, are uncommon. The purpose of this 
manuscript is to review the literature regarding the pleural 
space abnormalities that have been reported in COVID-19. 
We will inform the reader regarding the incidence, clinical 
manifestations, pathogenesis and radiologic appearance of the 
pleural diseases in SARS-CoV-2 infection. The manuscript 
also briefly compares the observed abnormalities with severe 
acute respiratory syndrome (SARS), Middle East Respiratory 
Syndrome (MERS), and other seasonal respiratory viruses. 

We present the following article in accordance with the 
Narrative Review reporting checklist (available at https://
dx.doi.org/10.21037/jtd-21-542).

Methods

The Medline and PubMed databases were searched 
between January 2020 and June 5th, 2021 with the following 
search terms to identify relevant papers for this review: 
‘COVID-19 AND pleura’; ‘COVID-19 AND pleural 
abnormalities’; ‘COVID-19 AND pleural effusion’; 
‘COVID-19 AND pneumothorax’; and ‘COVID-19 AND 
pneumomediastinum’. In addition, manuscripts pertinent 
to SARS and MERS infections were collected, searching 
the same databases between 2002–2021 with search terms 
‘severe acute respiratory syndrome AND pleural disease’; 
‘severe acute respiratory syndrome AND pleura’; ‘SARS 
AND pleural disease’; ‘middle east respiratory syndrome 
AND pleural disease’; ‘middle east respiratory syndrome 
AND pleura’ and ‘MERS AND pleural disease’. Finally, the 
bibliography of the identified papers was thoroughly reviewed 
for additional articles of interest. Case reports, case series, 
observational cohort, retrospective studies, meta-analysis, and 
review articles were examined for this review. Primarily the 
data from adult patients were used for this study. Manuscripts 
in the non-English language were not evaluated.

Discussion

Pleural abnormalities on transverse imaging in 
COVID-19

Since the beginning of the pandemic, clinicians have 

utilized radiologic abnormalities to diagnose and assess 
the severity of COVID-19 (5,6). Although parenchymal 
findings have received more attention, pleural involvement 
has been shown to be associated with disease severity and 
overall prognosis. Common thoracic radiologic findings in 
COVID-19 are summarized in Table 1 (7-10).

In the early reports of radiologic chest abnormalities 
with COVID-19, no significant pleural abnormalities were  
noted (11). However, these findings soon began to change. 
Xu et al. found that the majority of patients (56%) had 
localized pleural thickening on the initial computed 
tomographic (CT) scan following hospital admission (12). 
Similarly, Zhou et al. reported pleural thickening in 49% of 
patients. In addition, pleural retraction was noted in more 
than half of the patients (56%) (13). Pleural thickening 
and retraction were present both in the early (≤7 days after 
symptom onset) and late disease with similar frequencies (13). 
On the contrary, several studies reported no evidence of 
pleural thickening or retraction when the imaging study was 
obtained within 3–5 days (14-16). A meta-analysis reported 
a 34.7% pooled prevalence of pleural thickening (17).  
Figure 1 demonstrates radiographic appearance of early 
pleural changes.

A systematic review that included 919 patients reported 
pleural effusion and pneumothorax (Figure 2) to be late 
features that likely represent disease progression (18). 
The most severe radiologic manifestations involving the 
pulmonary parenchyma were seen around day ten in this 
study (18). Mo et al. reported bilateral pneumonia and 
pleural effusions to be associated with refractory disease (19). 
Many observational studies, systematic reviews, and 
meta-analyses have been published regarding radiologic 
abnormalities in COVID-19. Table 2 summarizes previously 
published meta-analyses with a relatively large patient 
population that reported the prevalence of pleural and non-
pulmonary parenchymal abnormalities (17,20-23). Figure 2 
represents pleural changes associated with progressive 
disease.

Magnetic resonance imaging (MRI) has been reported 
to be sensitive and specific to identify parenchymal, 
pleural, and mediastinal abnormalities in COVID-19. The 
authors have described diffuse GGO, pleural effusion, and 
lymphadenopathy by MRI. MRI provides the benefit of 
no radiation exposure. However, this technique is limited 
by the cost and significantly longer duration required to 
obtain the images, which may not be feasible in critically ill 
patients (24,25). 

Autopsy studies have revealed pleural involvement 
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Table 1 Chest computed tomographic abnormalities in COVID-19 (7-10)

Site Findings

Lung parenchyma* Early phase (in the first week after symptom onset)

GGO (predominantly bilateral, peripheral, posterior, and lower lobe involvement)

GGO +/− consolidation

Interlobular septal thickening

Crazy paving

‘Reverse halo’ sign

Cavitation

Late phase (from second week onwards)

Subpleural line

Reticulation

Fibrosis

Pneumatocele and bulla formation (may precede the development of pneumothorax)

Pulmonary vasculature Peri and intralesional dilated pulmonary vasculature

Pulmonary embolism

Airways Bronchial wall thickening

Bronchiolitis

Traction bronchiectasis

Mucus impaction

Pleura Pleural thickening

Pleural retraction

Pleural effusion

Pneumothorax

Mediastinum Pericardial effusion

Mediastinal lymphadenopathy

Pneumomediastinum

Other Subcutaneous emphysema

*The parenchymal changes do not follow strict time frame and may overlap. GGO, ground glass opacity.

concordant with radiologic findings. Carsana et al. reported 
autopsy findings of thirty-eight patients from Italy. In their 
report, the authors did not observe a pleural abnormality 
in any of the patients (26). However, pleural abnormalities 
have been noted in other autopsy studies. Barton et al. 
reported macroscopic pleural adhesion in an elderly  
male (27). Right-sided pleural adhesion was also noted by 
Navarro Conde et al. (28). Similarly, a report from Japan 
showed pleural thickening (29). Pleural effusion was seen 

during autopsies as well (30).

Ultrasound findings of pleural involvement

Chest ultrasound (CUS) is a sensitive tool for identifying 
SARS-CoV-2 induced pulmonary changes and correlates 
well with transverse imaging (31). Ultrasound evaluation 
can be performed at the bedside, and the risk associated 
with travel outside the intensive care unit (ICU) is avoided 
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A B
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Figure 1 Axial chest imaging with pleural changes often seen in early disease. (A) CT chest in a 70-year old male obtained 5 days following 
hospitalization showed pleural thickening (blue arrow) adjacent to subpleural parenchymal infiltrate. (B) CT scan of the chest in a 55-year 
old male seven days after admission demonstrated bilateral pleural retraction (red arrow).

Figure 2 Pleural involvement in progressive late disease. (A) Axial CT scan of the chest four weeks following hospitalization in a 60-year 
old man without any comorbidities revealed a small right sided pleural effusion. Advanced fibrotic changes with traction bronchiectasis 
was present bilaterally. Parenchymal destruction with pneumatocele formation was noted in the anterior right chest. (B) CT scan of the 
chest in a 51-year old male 30 days after hospitalization demonstrated bilateral pneumatocele formation. The patient developed a left sided 
pneumothorax and underwent small bore chest tube placement. Advanced pulmonary parenchymal changes were also seen.

in the critically ill. Thus, this real-time imaging modality 
might provide a safer diagnostic and prognostic tool (32). 
A structured approach in patients with COVID-19 has 
demonstrated reliable sensitivity and specificity in the 
diagnosis and prognosis of the disease (33). Lichter et al. 
reported pleural thickening as the most common pleural 
abnormality detected on CUS. Since peripheral airspace 
opacity is common with COVID-19, subpleural micro-
consolidation is often seen (34). Pleural irregularity or 
‘punctate pleura’ likely corresponds to the pleural adhesion. 
A computerized system with automated analysis of the 

various aspects of the ‘pleural line’ such as thickness, 
thickness variation, non-linearity, margin tortuosity, and 
heterogeneity showed a high degree of sensitivity (35). 
Sparse or confluent ‘B lines’ correlate with GGO seen on 
CT scan. Patients with COVID-19 demonstrated higher 
echo intensity and lower heterogeneity of the ‘B lines’ 
compared to normal subjects (35). The CUS demonstrates 
higher sensitivity for the identification of pleural effusion 
compared to a chest X-ray. However, pleural effusion was 
reported rarely in US studies (34).
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Pleural effusion in COVID-19

All pneumonia can be complicated by parapneumonic 
effusion. The incidence of parapneumonic effusion 
among hospitalized patients ranges from 10–21% (36). 
Parapneumonic effusions are seen more frequently with 
bacterial pneumonia compared to viral pneumonia (37). 

Invasion of the pulmonary parenchyma by SARS-
CoV-2 results in intense inflammation that causes diffuse 
alveolar injury and endothelial damage by the inflammatory  
cells (38). This results in an increased interstitial fluid 
content due to leaky microvasculature. The interstitial fluid 
then reaches the pleural spaces by traversing the visceral 
pleura due to interstitial-pleural pressure gradient (39). 
Direct invasion by the virus, inflammation of the visceral 
pleural,  and inflammatory cytokines increases the 
permeability of the pleural surfaces as well. Postmortem 
studies have revealed positive SARS-CoV-2 PCR from 
pleural fluid, suggesting a direct invasion of the pleural 
space by the virus and the potential risk of transmission 
during the handling of pleural fluid (40). 

Pleural effusion is a relatively uncommon finding among 
patients with COVID-19. Based on the reported case 
series and meta-analyses, the incidence has typically varied 
between 2–11% (Table 2) (13,15-17,41-43). A systematic 
review that included 47 observational studies reported an 
overall incidence of 7.3% (44). However, several small and 
single center studies had reported an incidence exceeding 
20% (45-48). A small pediatric study of 16 patients reported 
the imaging findings in multisystem inflammatory syndrome 
and found the incidence of pleural effusion to be as high as 

63% (49). 
The effusion can be unilateral or bilateral, with the 

majority being unilateral (44,50). The effusions are generally 
small to moderate sized, consistent with effusions seen with 
other viral pneumonia. The majority of patients developed 
the effusion in the second week of illness with associated 
lung parenchymal changes on chest imaging (51,52). 

The variability in the incidence could be due to the 
relative sickness among the studied patients. Pleural effusion 
in combination with severe parenchymal involvement may 
signify refractory disease and a higher incidence among 
severely ill patients (19,45,53-56). Liu et al. only observed 
pleural effusion in critically ill patients among a group of 
patients of different severity (57). Although patients older 
than 50 years had a higher incidence of pleural effusion in a 
study by Majidi et al., this finding was not validated by others 
(42,58). It is crucial to emphasize that the determination 
of true causation of pleural effusion due to SARS-CoV-2 
is challenging as many of these patients also suffer from 
co-morbid conditions known to cause pleural effusion, 
such as cardiovascular diseases, chronic kidney disease 
(CKD), pulmonary embolism, and secondary pulmonary  
infections (59). Interestingly, for patients in whom a second 
etiology for the effusion can be identified, the disease 
severity and prognosis might not be as critical. For example, 
patients with CKD infected with SARS-CoV-2 represent a 
unique group of patients. The mere presence of the effusion 
in these patients may not necessarily indicate severe disease. 
In fact, COVID-19 patients with CKD have been reported 
to have a higher incidence of pleural effusion (21%), but 
with a mortality rate of 20%, lower than expected mortality 

Table 2 Meta-analyses with pleural and non-pulmonary parenchymal abnormalities

Study
Number of 

studies
Number of 

patients
Positive CT scans as 

defined by studies (%)
Pleural  

thickening (%)
Pleural  

retraction (%)
Pleural  

effusion (%)
Pericardial  

effusion (%)
Mediastinal  

lymphadenopathy (%)

Bao  
et al. (20) 

13 2,738 89.76 52.46 NS 5.88 4.55 3.38

Zhu  
et al. (21)

34 4,124 91.6 27.1 NS 5.3 NS 5.4

Ojha  
et al. (22) 

45 4,410 NS 41.7 56.5 5 3.6 5.4

Adams  
et al. (17)

28 3,466 89.4 34.7 NS 5.2 2.7 5.1

Xie  
et al. (23)

90 16,526 95.9 29.8 NS 4.2 4.4 2.9

CT, computed tomography; NS, not specified.
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for critically ill patients (60). Similarly, a higher incidence 
of pleural effusions without any adverse outcomes have 
been reported in patients with advanced pregnancy. Gong 
et al. reported a sixty percent incidence of pleural effusion 
among pregnant patients with a gestational age of 36 weeks 
or higher (61). All effusions were small and bilateral. The 
authors theorized that increased vascular permeability at the 
late-stage pregnancy was likely responsible for the pleural 
effusion. In contrast, Zhang et al. reported that only 11% 
of patients with advanced pregnancy developed pleural 
effusion (62). None of these patients in these two studies 
had critical disease, and there was no mortality. Therefore, 
it can be suggested that the pleural effusion in COVID-19 
that typically develops in the second or third week of illness, 
and is associated with significant parenchymal disease, likely 
represents severe disease with worse outcomes. However, 
patients in whom the effusion develops early, without severe 
parenchymal involvement and other potential explanation 
for the effusion, might have a good prognosis. Although 
critically ill patients with COVID-19 have increased odds of 
developing pleural effusion, the association between pleural 
effusion and mortality is uncertain at this time.

Pleural fluid characteristics

Few reports have described the characteristics of the pleural 
fluid in COVID-19 (63-66). In general, a parapneumonic 
effusion due to viral pneumonia demonstrates either a 
lymphocyte or neutrophilic predominance (50,65,67). A 
neutrophilic effusion is more likely if the effusion develops 
early. Table 3 summarizes the results of pleural fluid analysis 
in COVID-19 patients. 

The pleural fluid was serous or serosanguinous on 
gross inspection. Turbidity was noted in one report (66). 
Serosanguineous pleural effusion in patients on systemic 
anticoagulation may have represented procedural 
complications, rather than the actual appearance of the 
fluid. All patients with serosanguineous pleural fluid had 
undergone chest tube placement, which is more invasive 
and likely to cause more bleeding compared to a diagnostic 
thoracentesis (63). 

Pleural fluid cellularity varied from a few hundred to a 
few thousand cells per microL. Interestingly, in the absence 
of serosanguinity, the pleural fluid was always lymphocyte-
predominant, and in some cases, the lymphocyte differential 
was above ninety percent. Some patients showed mixed 
cellularity or even neutrophilic predominance. The 
authors attributed the pleural fluid neutrophilia to systemic 

lymphopenia associated with COVID-19 (63). The other 
explanation for neutrophilic predominance was bleeding in 
the pleural cavity during the pleural fluid sampling due to 
the chest tube placement. An additional possibility would 
be hemorrhagic pleural effusion due to pleural infarction in 
the setting of thrombotic microangiopathy, a well-known 
complication of COVID-19. 

Pleural fluid chemistry in COVID-19 has consistently 
been exudative. The LDH criteria were positive for all 
cases. The absolute values of LDH have varied significantly. 
In lymphocyte predominant serous effusion, the LDH 
has been in the hundreds compared to thousands in 
serosanguineous effusions (Table 3). This difference could be 
explained by the increased LDH level from the hemolyzed 
RBCs or exuberant inflammation of the pleural space by 
SARS-CoV-2. Chong et al. reported a higher pleural fluid 
LDH level in their patients compared to the serum (63). 
A pleural fluid/serum LDH >1 has previously been reported 
in patients with Pneumocystis pleural effusion (69). 
Unfortunately, not many reports of pleural fluid analysis 
exist in the current literature. It is important to emphasize 
that both qualitative and quantitative PCR for SARS-CoV-2 
have been positive in alive patients and on autopsy (64,68). 
This indicates that active infection of the pleural space by 
the virus is likely responsible for the effusion in addition to 
the increased vascular and mesothelial permeability (59). 
Whether the pleural fluid can be a source of disease 
transmission is currently uncertain. Pleural fluid cytology 
has consistently revealed mesothelial cells and mature 
lymphocytes. Atypical lymphocytosis has not been reported.

Pneumothorax in COVID-19

Pneumothorax appears to be a rare occurrence in 
COVID-19. Earlier studies estimated the incidence to be 
approximately 1% (70). Several large meta-analyses that 
evaluated radiologic presentations of COVID-19 did not 
report any case of pneumothorax (20-22). However, these 
meta-analyses comprised of studies that included patients 
for whom the CT scan was obtained relatively early during 
the disease process. As the available data points towards a 
late occurrence for pneumothorax, this data may have been 
misleading. Similarly, the incidence of pneumothorax likely 
varies depending on the disease severity. 

Spontaneous pneumothorax has been reported in non-
intubated as well as mechanically ventilated patients (71-78).  
A recent systematic review estimated an overall incidence 
of pneumothorax at 0.3% among all hospitalized patients 
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with COVID-19 (79). For critically ill patients, the 
incidence increased to 2% (80). However, the rate is much 
higher in critically ill patients, especially patients requiring 
mechanical ventilation (Table 4) (81-86). The onset of 
pneumothorax was variable among studies. Overall, the 
diagnosis of pneumothorax varied between 9–19.6 days 
after hospital admission and 5.4 to 11 days following 
initiation of mechanical ventilation. Interestingly, the 
overwhelming majority of patients were males in their fifth 
and sixth decades. The pneumothorax was most commonly 
unilateral, affecting the right side. A minority of patients 
suffered from bilateral pneumothoraces. Preexisting 
lung disease and smoking were not distinctly associated 
with an increased risk for developing pneumothorax 
(80,83). Isolated or concurrent pneumomediastinum with 
pneumothorax was also reported. Quincho-Lopez et al. 
reported a 60% mortality when patients presented with 
concurrent pneumothorax and pneumomediastinum, 
but the sample size consisted of only five patients (87). A 
limited number of studies have assessed the relationship 
between ventilatory parameters and risks of barotrauma 
in mechanically ventilated patients. Based on the available 
data, the risk of pneumothorax was not higher in patients 
with higher peak inspiratory pressure, plateau pressure, or 
tidal volume, suggesting that severity of lung disease rather 
than ventilator strategies may be responsible (85,88). 

The development of pneumothorax in non-mechanically 
ventilated patients also argues against barotrauma being the 
only culprit. Some authors have suggested that prolonged 
coughing may be contributory (88). Although static lung 
compliance in acute respiratory distress syndrome (ARDS) 
due to COVID-19 pneumonia may be initially high, patients 
with advanced ARDS lasting more than a week often have 
low lung compliance, similar to ARDS from other etiologies 
(89,90). Low lung compliance and prolonged duration of 
mechanical ventilation in non-COVID-19 ARDS have 
been associated with a higher incidence of pneumothorax 
(91,92). The incidence of pneumothorax in non-COVID-19 
ARDS has ranged from 0–49% (91). The high frequency 
of barotrauma was likely related to high tidal volume 
ventilation that was routinely used before the universal 
implementation of lung protective ventilatory strategies 
in ARDS. Miller et al. reported a significant reduction in 
the risk of pneumothorax in children with the adoption 
of low tidal volume ventilation (55% versus 17%) (93). 
Based on historical data, the incidence of pneumothorax 
in mechanically ventilated ARDS patients with or without 
COVID-19 appears comparable. 

The exact pathogenesis of pneumothorax is uncertain. 
The occurrence of pneumomediastinum, pneumothorax, 
and subcutaneous emphysema may represent a different 
degree of severity of the same disease process. SARS-CoV-2 
predominantly involves peripheral and subpleural lung 
parenchyma. The viral invasion, profound inflammation, 
and microangiopathy cause diffuse alveolar damage and 
hyaline membrane formation. The alveolar damage might 
cause air to leak through the alveoli that travel medially 
through the bronchovascular bundle and escape at the 
hilum to cause pneumomediastinum, similar to the Macklin 
effect. Macklin effect refers to the expulsion of alveolar 
air in the setting of increased intrathoracic pressure along 
the bronchovascular bundle, causing pneumomediastinum 
without any pneumothorax (94). Conversely, if there is 
concomitant damage to the visceral pleura, the alveolar air 
might escape in the pleural space, causing a pneumothorax. 
Both pneumothorax and pneumomediastinum can 
eventually cause subcutaneous emphysema. In some cases, 
the formation of pneumatocele preceded the development 
of pneumothorax and might be clinically significant to 
identify patients at a higher risk (73,95,96). There were also 
reports of rapidly developing the bullous disease (78). 

The presentation of pneumothorax has been variable. 
Some patients had presented with tension pneumothorax 
requiring immediate evacuation of the pleural space, but 
there are also reports of incidentally identified cases. Most 
patients required tube thoracostomy, but approximately 
30% of patients were managed successfully without needing 
pleural space evacuation (Table 4). Researchers have raised 
concerns regarding the possibility of aerosol generation and 
dissemination through the chest tube and water seal drainage 
system in patients requiring tube thoracostomy (97). 
Potential ‘super spreading events’ have been linked to 
chest tube drainage of the pleural space (98,99). Indeed, an 
experimental study showed that the number of aerosolized 
particles increased with an increasing airflow simulating 
air leak through a bubbling chest tube (100). The use of an 
antiviral filter significantly reduced the number of aerosols 
escaping the experimental systems (97,100). Despite these 
concerns, there has been no definitive proof of SARS-
CoV-2 transmission among patients or healthcare workers 
from pleural space. However, it is prudent to routinely 
check patients for SARS-CoV-2 infection by RT-PCR prior 
to pleural procedures, such as pleuroscopy, and practice 
caution in patients with chest tubes until more detailed data 
becomes available (101).

Outcomes in patients with pneumothorax have varied 
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among studies. Several observational studies revealed an 
increased length of hospital stay compared to patients 
without pneumothorax (83,86). Increased risk of ICU 
admissions and in-hospital mortality have been reported 
as well (81,84). In contrast, McGuinness et al. reported 
no difference in mortality among mechanically ventilated 
patients with or without barotrauma (83). Similarly, a larger 
retrospective cohort study by Martinelli et al. showed no 
significant mortality difference between patients with or 
without a pneumothorax or pneumomediastinum (80).

Pleural involvement with other viruses and relative 
comparison with COVID-19

The other novel coronaviruses, SARS and MERS are 
known to cause pleural disease. The incidence of pleural 
effusion and pneumothorax appears to be higher in SARS. 
Although no pleural changes were identified in early 
diseases with SARS (102,103), significant pleural pathology 
developed when the patients survived beyond two weeks. 
Chan et al. reported pleural thickening, effusion (26%), and 
spontaneous pneumomediastinum (26%), with or without 
associated pneumothorax (11% of all patients) in their 
cohort of 27 patients with SARS (104). In case of MERS, 
the pleural effusion was often seen early, within the first 
week of infection. The overall incidence ranged between 
33–55% and is likely much higher than SARS CoV-2 (105). 
The presence of pleural effusion was associated with worse 
outcomes (105,106). One study reported fatal outcomes in 
all patients who had pleural effusion (107). Pneumothorax 
was a fatal complication of MERS. Although rare, the 
development of pneumothorax predicted fatality in nearly 
all patients with MERS (108). Both pleural effusion and 
pneumothorax were found to be independent predictors of 

mortality in MERS (106). 
Seasonal coronaviruses, such as 229E, NL63, OC43, and 

HKU1 strains are uncommon causes of lower respiratory 
tract infection and pleural involvement by these strains is 
not frequently described (109). Pleural effusion is infrequent 
with community acquired viral pneumonia and, when 
present, is typically small. The incidence ranges between 
14–33%. Both unilateral and bilateral cases of pleural 
effusion have been reported (110,111). Pneumothorax is a 
rare complication. The incidence of pneumothorax from 
seasonal Influenza is much lower than SARS-CoV-2 (112). 
Table 5 provides a comparative analysis of pleural space 
disease in COVID-19, SARS, MERS and Influenza.

Conclusions

Pleural abnormalities are frequently present in patients 
with COVID-19. Localized pleural thickening and 
retraction are common early findings on radiologic 
imaging. Pleural effusion is an uncommon complication 
of SARS-CoV-2 pneumonia and typically develops later in 
the disease process. The determination of true causation 
of pleural effusion by SARS-CoV-2 may be challenging 
in the presence of coexistent comorbidities. Nonetheless, 
the detection of SARS-CoV-2 RNA in the pleural fluid 
is likely indicative of pleural space invasion by the virus. 
The pleural fluid is exudative with either lymphocytic 
or neutrophilic predominance. The presence of pleural 
effusion in addition to severe parenchymal involvement 
is associated with severe disease and likely portends a 
poorer outcome. Pneumothorax appears to be rare in 
COVID-19. The incidence is higher in critically ill patients, 
especially in patients requiring mechanical ventilation. 
However, the risk of pneumothorax in these patients is 

Table 5 Comparison of pleural and non-pulmonary parenchymal abnormalities in COVID-19, SARS, MERS, and influenza (102-111)

Virus Normal X-ray Pleural effusion
Effusion 
characteristics

Pneumothorax
Mediastinal  
lymphadenopathy

Overall  
mortality (%)

COVID-19 About 20% 4.2–5.8% (typically  
later in the disease)

Lymphocyte  
predominant, exudative

Approximately 1% 2.9–5.4% 1–3

SARS ~20% 26% (typically later in 
the disease)

Not reported 11% Not reported 9

MERS ~20% ~50% (develops early, 
often in the first week)

Not reported Rare but associated 
with fatal outcome

Not reported 34

Influenza Unknown 20–36%, early Lymphocyte predominant Very rare Approximately 20% 0.1

COVID-19, coronavirus disease 19; MERS, middle east respiratory syndrome; SARS, severe acute respiratory syndrome.
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comparable to historical non-COVID-19 ARDS patients. 
The exact pathogenesis is unclear, but the development 
of pneumatocele or bullae may precede pneumothorax. 
Whether pneumothorax portends worse mortality is 
debatable. Chest tube evacuation of the pleural space in 
the presence of air leak may be associated with aerosol 
generation—however, the risk of disease transmission 
via this route is uncertain. Until more definitive data is 
available, it would be prudent to practice caution.
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