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Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS‑CoV‑2), 
the causative agent of  COVID‑19 disease, was first time detected 
in humans from city Wuhan, China, in December 2019.[1] This 
is the third coronavirus emerged in the last 20 years. In last two 
decades, after the SARS‑CoV outbreak in 2002 and the Middle East 
respiratory syndrome coronavirus (MERS‑CoV) outbreak in 2012, 
this 2019‑novel coronavirus is the third coronavirus to emerge in 
the human population which challenge the health care system.[2]

To date, several studies and a meta‑analysis have described the 
typical computerised tomography (CT) findings of  COVID‑19 
pneumonia. The typical abnormalities seen on CT of  the 
chest in patients with COVID‑19 lung disease have been well 

described.[3‑6] Almost all studies have described the ground 
glass opacities as the most common radiological finding. The 
other findings included consolidations with air bronchograms, 
linear opacities, crazy‑paving pattern and interlobular septal 
thickening.[7‑8] There was no description of  formation of  cavities 
in any of  these studies. Pulmonary cavitation, lymphadenopathy 
and pleural effusion are considered rare in COVID‑19 
pneumonia.[9] There were some patients who end up in OPD with 
persistent COVID‑19 symptom or new onset symptoms with 
pulmonary cavitation in chest X‑ray or CT scan chest. Pulmonary 
cavity occurs due to wide variety of  pathological processes in 
lung associated with both infective and noninfective condition. 
This report describes the clinical, imaging and microbiological 
findings in 7 patients with COVID‑19 pneumonia who developed 
lung cavities during follow‑up period.

Materials and Methods

This retrospective study was performed during 1 May and 30 June, 
2021 at All India Institute of  Medical Sciences, Patna (Bihar). 
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In our outpatient care facility for post COVID‑19 patients, 
9 patients were found to have lung cavities, which developed 
during the recovery phase of  the disease. Of  9 patients, 7 patients 
had documented normal chest radiograph before the onset of  
the COVID‑19. The diagnosis of  COVID‑19 in all patients 
were made by positive RT‑PCR test on nasopharyngeal swab. 
A detailed history was obtained from all patients. All patients 
underwent routine blood examination including complete 
blood count, sputum examination and bronchoscopy to identify 
aetiologies for the lung cavities. Bronchoalveolar lavage fluid 
were analyzed for Gram stain, culture, sensitivity, fungal KOH 
stain, fungal culture, AFB culture and GeneXpert analysis. The 
clinical characteristics of  all patients are summarised in Table 1. 
The clinical history of  these patients are as follows.

Case 1
A 26‑year‑old girl developed with sudden onset fever and 
was diagnosed for COVID‑19. After 5 days, she developed 
dyspnoea at rest and O2 saturation fell to 82% at room air; 
she was admitted in Intensive care unit (ICU) with Pulse 112/
min and BP 112/76 mmHg. Her respiratory rate at that time 
was 34/min and O2 saturation was 56% at room air. She was 
started with O2 inhalation and put on noninvasive ventilatory 

support. During hospitalisation, she received injection 
ceftriaxone, methyl prednisolone and injectionremdesivir. She 
was discharged after 1 month of  hospitalisation. Then, she 
again presented with fever, dry cough and weakness. The patient 
underwent CT examination on the same day, which showed 
thick‑walled cavity in left lower lobe along with the parenchymal 
changes typical of  COVID‑19 pneumonia [Figure 1a]. 
Notably, she had chest CT one month ago at which time CT 
showed only bilateral diffuse ground glass opacities without 
cavitation. Bronchoscopy was performed and BAL fluid sent 
for bacterial culture and sensitivity, Fungal KOH stain, culture 
and Galactomannan. The BAL galactomannan test was found 
positive for aspergillus. Therefore, patient was diagnosed as 
COVID‑19 associated pulmonary aspergillosis (CAPA) and 
started on tab Voriconazole 200 mg twice a day. She became 
asymptomatic after 2 weeks and follow‑up radiograph showed 
disappearance of  lung cavities

Case 2
A 59‑year‑old women was admitted to our hospital with severe 
COVID‑19. She was a known diabetic for 10 years. Her blood 
glucose level (random) was 212 with oxygen saturation of  88% at 
room air. She was treated in ICU with maximum O2 requirement 

Table 1: Case summary of the 7 post COVID‑19 patients with cavitation
Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7

Age 26 59 55 44 67 45 56
Sex F F M M M F M
Covid severity Severe Severe Severe Mild Severe Mild Moderate
Date of  RTPCR positive 28/04/2021 21/04/2021 26/04/2021 15/05/2021 24/04/21 21/04/2021 15/05/2021
ICU yes yes yes No No No No
Mechanical ventilation No No No No No No No
Comorbidity Diabetes, Diabetes ‑ Diabetes, CKD ‑ Diabetes
Treatment received Tocilizumab

IV Methyl 
prednisolone

IV Methyl 
Prednisolone
Ticilizumab

IV Methylpred Doxycycline, 
Azithromycin, 
Ivermectin
Zinc
Methyl pred tab

Methyl 
prednisolone

Methyl 
pred tab, 
Doxycycline, 
Azithromycin, 
Ivermectin

Oxygen
Dexamethasone
Antibiotic
Heparin

Post covid presenting
Symptom

Fever
Cough

Fever Weakness, 
Dyspnea, cough

Hemoptysis
Dyspnea

Cough Chest pain
Dry cough

Productive 
cough, Fever

Presentation after SARS 
cov‑2 positivity (day)

36 43 38 18 50 82 70

Cavity Single, thick wall, 
left lower lobe

Single Right 
Lower lobe

Single. Right 
lower lobe

Left lower lobe Single, Left 
upper lobe

Single Left 
lower lobe

Bilateral, lower 
lobe

Hemoglobin (gm/dl) 11.6 10.2 9.8 12.6 8.1 10.8 10.4
TLC 11460 13700 12300 7000 10.28 9800 8.40
Neutrophil (%) 71 83 79 72 76.2 67 77
Lymphocyte (%) 21 11 13 21 8.8 23 18.3
SERUM GALACTOMAN Not done Positive (0.59) Not done 0.58 1.47 No done Not done
BAL GALCTOMAN Positive (1.909) Positive (1.909) Positive (1.226) Positive (3.2) Positive (1.50) Positive (2.8) Not done
BAL Fungal stain Negative Negative Negative Negative Aseptate hyphae Septate hyphae Not done
BAL fungal culture Negative Negative Negative Negative Awaited Aspergillus Not done
BAL bacterial culture Neg Negative (PCR 

for Klebsiella 
positive)

Klebsiella 
pneumoniae

Negative Negative Negative Not done

BAL fluid‑GeneXpert for 
MTB

Negative Negative Negative Negative Negative Negative Detected 
(Sputum)

Outcome Discharged Discharged Discharged Discharged Discharged Discharged Discharged
BAL; Bronchoalveolar lavage M; Male F; Female CKD; Chronic Kidney disease
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up to 12 litres with Non reservoir mask. She received medication 
like parenteral antibiotic, steroid, Remdesivir and also 2 doses of  
Tocilizumab. High resolution computerized tomography (HRCT) 
chest showed diffuse ground glass opacity (GGO) predominantly 
middle and lower lobe [Figure 1b]. She was treated for a period of  
21 days including 6 days of  ICU. After 9 days of  discharge, patient 
developed fever, for which she consulted to us. On examination, 
vital are within normal limit. Repeat HRCT showed thick‑walled 
cavity in Right Lower Lobe with GGO and fibrosis [Figure 1b]. 
Serum galactomannan and BAL galactomannan both was found 
positive. The diagnosis of  CAPA was made and started on 
parenteral Voriconazole. She was asymptomatic after 1 week and 
discharged on Tab Voriconazole and asked for review after 4 weeks.

Case 3
A 55‑year‑old male had recovered from severe COVID‑19. 
He presented with generalised weakness, dyspnea on exertion 
(mMRC grade 3) and dry cough. Patient denied any history of  
fever or blood in sputum. The chest CT showed thick‑walled 
cavity with fluid level in right lower lobe [Figure 1c]. Bronchoscopy 
was performed and BAL fluid sent for bacterial, fungal and 
mycobacterial and galactomannan test. Bacterial culture grew 
Klebsiella and the BAL galactomannan was found positive for 
Aspergillus. On susceptibility test results, the Klebsiella species 
were found sensitive to imipenem, amikacin and ciprofloxacin. 
Accordingly, the patient received antibiotics. In addition, he also 
received oral voriconazole considering possibility of  invasive 
pulmonary aspergillosis.

Case 4
A 44‑year‑old women had just recovered from mild COVID‑19. 
She again presented with cough with blood‑tinged sputum and 
breathlessness on exertion. She was non‑smoker and had  no 
comorbidity. Her vitals were normal and maintained oxygen 
saturation of  96% at room air. Her chest CT revealed multiple 
cavities in bilateral lower lobe [Figure 1d]. Video bronchoscopy 
was performed and BAL fluid was found negative for bacterial, 
fungal and acid‑fast bacilli. BAL Fluid was also sent for 
Genexpert which did not detect Mycobacterium tuberculosis. 
Serum and Bal Galctomann both were strongly positive and 
diagnosis of  CAPA was made. The Patient was discharged on 
oral voriconazole 200 mg twice a day.

Case 5
A 67‑year‑old man had recovered from severe COVID‑19. He was 
a known diabetic and was suffering from chronic kidney disease. 
His chief  complaint at the time of  presentation included worsening 
dry cough from last 10 days. His vitals were normal with oxygen 
saturation of  95% at room air. The chest CT showed thick‑walled 
cavity in left upper lobe [Figure 1e]. Bronchoscopy was performed 
and the BAL fluid was sent for various tests including bacteriological 
and fungal culture, bacteriological fungal stain aseptate hyphae 
and culture grown mucor species. The BAL galactomannan and 
serum galactomannan both were found positive for aspergillus. The 
diagnosis of  covid associated pulmonary mucormycosis was made. 
Liposomal amphotericin was started. After 7 days of  amphotericin, 
it was not available and discharged on tab Posaconazole.

Figure 1: (a-g). Axial high-resolution CT of 7 consecutive patients showing cavitary lung lesions indicated by arrows. Note that all lesions occurred in 
the setting of COVID‑19 pneumonia which is evident by subpleural reticulations and fibrotic bands in the surrounding lung parenchyma in all cases
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Case 6
A 45‑year‑old women was presented with left sided chest pain. 
She had recovered from mild COVID‑19 infections 15 days ago. 
Her vitals were normal and she maintained oxygen saturation 
of  97% at room air. The chest CT showed thick‑walled cavity in 
left lower lobe [Figure 1f]. BAL fluid obtained by bronchoscopy 
revealed septate hyphae and culture reported grown aspergillus. 
BAL galactomannan was found positive.The Diagnosis of  CAPA 
was made and discharged on tab voriconazole.

Case 7
A 56‑year‑old male, diabetic from last 2 years, presented with 
productive cough with whitish expectoration and low‑grade 
fever from last 10 days. He had moderate COVID‑19 for which 
he was admitted in a private hospital 2 months ago. During 
the COVID‑19 illness, he had received supplemental oxygen, 
parenteral steroid and antibiotics. On examination, the patient 
was afebrile and he denied for haemoptysis, anorexia and weight 
loss. His vitals are with in normal limit. His chest CT showed 
multiple small cavities in both lungs, predominantly in bilateral 
upper lobes [Figure 1g]. His sputum examination revealed acid 
fast bacilli which was rifampicin sensitive on GeneXpert test. 
Accordingly, the patient received anti‑tubercular treatment and 
became asymptomatic after 3 months.

Result

A total of  9 patients were presented in the given period but only 
7 patients undergo detailed workup including bronchoscopy 
included in study. Characteristics of  all patients are summarised 
in Table 1. In our case series, 5 patients suspected of  aspergillus 
infection, 1 patient suspected for mucor and 1 patient with 
mycobacterium tuberculosis infection. Two patients had also 
bacterial infection and Klebsiella pneumoniae grown as bacterial 
pathogen in both of  them.

Discussion

Pulmonary cavity, defined as an air‑filled space formed within an 
area of  consolidation, mass or nodule, results from liquefication 
of  the necrotic portion of  the lesion and the discharge of  
this necrotic material via bronchial airway. Although, both 
infective (mycobacterial, bacterial and fungal) and noninfective 
disease (neoplastic, autoimmune or infarct) can cause cavity 
formation within lung, lung cavities resulting from a viral pneumonia 
is rare. The occurrence of  lung cavities has rarely been reported 
even in patients with severe SARS‑CoV and MERS‑CoV.[10‑14] 
The exact mechanism of  cavitation in COVID‑19 pneumonia is 
unknown. It may be related to diffuse alveolar damage, intra‑alveolar 
haemorrhage and necrosis of  parenchymal cells based on prior 
autopsy reports.[15] It is unclear whether the secondary bacterial 
infection or invasive fungal infection contribute to the development 
of  the cavities, or cavity is formed due to SARS cov‑2 itself. This 
case series found aspergillus as most common cause of  cavitation. 
In one patient, it was due to mucormycosis and in another patient, 

mycobacterium tuberculosis caused the cavity formation. Two 
patients had coinfection with both Klebsiella pneumonia. The 
diagnosis of  associated pulmonary aspergillosis (CAPA) was made 
on basis of  typical CT appearance and BAL galactomannan test.[16] 
Although pulmonary tuberculosis was found in only one patient in 
this series, a recent case series has reported 6 patients of  COVID‑19 
with pulmonary tuberculosis.[17] Out of  7 patients, 4 patients had 
recovered from severe COVID‑19, 1 had moderate and 1 had mild 
infection. Four patients were known diabetic, but no comorbidities 
were found for the other 3 patients. All the patients received 
methyl prednisolone injectable or tablet, while 2 patients received 
injection tocilizumab. Although recent trial showed survival benefit 
with steroid[18] and tocilizumab,[19,20] it also suppresses the immune 
system by impairing innate immunity and person susceptible for 
opportunistic infection which could be a cause of  pulmonary 
cavitation. Pulmonary cavitation frequently treated as pulmonary 
tuberculosis by primary care physician considering endemic 
nature of  disease. But fungal aetiology is found as more common 
cause than mycobacterium in patient recovered from COVID‑19 
infection. All the patients recovered from COVID‑19 presented 
with pulmonary cavitation should be evaluated by bronchoscopy 
to get early diagnosis and treatment.

Details of mechanism and pathogenesis of cavity 
formation is needed
Pulmonary cavitation in COVID‑19 pneumonia may be 
multifactorial, with contributing factors could be bacterial, 
mycobacterial, fungal coinfection, the immunosuppressive effects 
of  glucocorticoids and tocilizumab, thromboembolic pathway 
leading to infarct lading to cavitation[21] or SARS‑CoV‑2 itself  
through inflammatory phase can be the cause of  cavitation.[22]

Conclusion

Pulmonary cavitation in patients who recover from severe 
COVID‑19 infection is not uncommon. Secondary infection, 
particularly fungal, can cause development of  cavities in setting 
of  COVID‑19 pneumonia. A detailed, and early workup specially 
with bronchoscopy required to clinch the underlying aetiology. 
Regular follow‑up is therefore essential in high‑risk patients.
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