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Case report

An unusual course of disease in two patients with
COVID-19: pulmonary cavitation

Michael Muheim

SUMMARY

Two 59-year-old male patients with COVID-19
pneumonia developed pulmonary cavitation with air-
fluid level, accompanied by right-sided chest pain several
weeks after first onset of symptoms. Considering a
possible bacterial abscess formation, both patients were
started on antibiotics. No microbiological pathogen

was detected in further investigations (sputum analysis,
bronchoscopy with bronchoalveolar lavage and CT-
guided drainage of the cavitation). Histopathological
analysis of the drained fluid was non-specific, and the
aetiology remained not fully understood. We report
pulmonary cavitation as a rare finding in late stage
COVID-19 pneumonia. As both our patients presented
with localised chest pain prior to detection of the lesions,
new onset of this symptom should warrant further
investigation.

BACKGROUND

Up until the submission of this paper over 12 million
people worldwide and over 30 000 people in Swit-
zerland have been diagnosed with SARS-CoV-2
infection. At time of publication, the reference
standard diagnostic test according to the WHO is
real-time reverse transcriptase PCR (RT-PCR) of a
pharyngeal swab. In addition to rising serological
testing of serum antibodies, CT of the chest is often
performed to further support diagnosis and char-
acterise pulmonary affection. So far, only few case
reports describe the appearance of an air-containing
space in CT scans in the early stages of COVID-19
infection.'™ In some review articles,®” cavitation is
mentioned as a rare finding in chest radiography
in patients with COVID-19. However, to the best
of our knowledge, there has not been any reported
case of spontaneous large pulmonary cavities with
air-fluid levels in the late phase of COVID-19.
Therefore, we will discuss two patients who devel-
oped such lesions approximately 1 month after first
onset of symptoms.

CASE PRESENTATION

Patient 1

A 59-year-old man was admitted to our institution
on 20 March 2020 with a 3-week history of fever,
dry cough and sore throat starting 1 March after a
holiday in Northern Italy. In the following weeks,
he reported a weight loss of 10 kg due to reduced
appetite and altered sense of taste. Other than for
psoriasis vulgaris, his medical history was unre-
markable, and he took no medication, especially no
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immunosuppressant. He had a smoking history of
38 pack-year but stopped 9 years ago.

On physical examination, vital signs were
normal except for oxygen saturation (SpO,) of
91% breathing ambient air (table 1). Pulmonary
examination revealed distant breath sounds on the
right side of the chest, with unremarkable cardiac,
abdominal and neurological examination. Labora-
tory studies showed normal leucocyte count with
borderline lymphopenia, C reactive protein (CRP)
162 mg/L and low procalcitonin (PCT). Nasopha-
ryngeal and oropharyngeal swabs for SARS-CoV-2
were negative on 2 consecutive days. Blood cultures
showed no growth. Chest radiography on admis-
sion displayed extensive bilateral peripheral patchy
and irregular infiltrates with subpleural sparing. CT
of the chest (figure 1A) demonstrated small patches
of paraseptal emphysema. Some of the infiltrates
included small areas of minor ground-glass change.
There was relative sparing of the anterior and
central parts, as well as the basal parts of both lungs,
but neither enlarged lymph nodes nor effusion.

With the presumptive diagnosis of atypical
pneumonia, an empirical antibiotic therapy with
levofloxacin was initiated. A high clinical and
radiological suspicion of COVID-19 pneumonia
remained. Until 23 March, the day of discharge,
SpO, improved and CRP declined to almost
normal. Levofloxacin was discontinued after a total
of 7 days.

Follow-up consultation with the primary care
physician on 30 March was unremarkable, labo-
ratory studies displayed normal values. One day
later, the patient developed a sudden thoracic pain,
worse during inspiration, localised at the lower
frontal right-sided rib cage with accompanying
dyspnoea. Following an episode of haemoptysis in
the morning of 2 April, he was readmitted to our
hospital. Conventional radiography of the chest
showed a roundish cavity with an air-fluid level in

CT of the chest of patient 1 on 20 March (A)
and 2 April (B), days 20 and 33, after symptom onset. The
cavity with air-fluid level (B, arrow) was situated anterior
to a previously present consolidation patch.

Figure 1
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Table 1 Changes in key indicators of laboratory results and vital signs—patient 1
Day after Leucocyte
symptom  CRP count Lymphocytes PCT (ng/ SpO,  Supplemental  RR (breaths/  HR (beats/
onset (mgl/L) (x10°/L) (x10°/L) mL) (%) oxygen (L/min)  min) min) BP (mmHg) T(°C) Comment
10 78 3.1 0.6 Primary care
physician’s
appointment
20 162 6.18 1.05 0.05 91 14 81 137/98 36.7 First admission
23 29 5.4 1.1 95 68 114/76 36.8 First discharge
33 37 6.18 1.1 92 0-2 24 90 133/75 37.2 Second admission
36 10 4.89 91 12 67 111/80 36.6
37 97 14 64 118/81 36.8 Second discharge
67 1.1 4.4 1.45 <0.05 97 61 116/65 36.3 Third admission
72 141 4.12 96 63 126/78 36.3
73 94 60 123/78 36.5  Third discharge
137 0.5 3.94 1.14 97 79 120/80 Follow-up

appointment

BP, blood pressure; CRP, C reactive protein; HR, heart rate; PCT, procalcitonin; RR, respiratory rate; Sp0,, oxygen saturation; T, temperature.

the right lower lobe. On physical examination, vital signs were
normal except for an elevated respiratory rate (RR) and slightly
impaired SpO,. Pulmonary examination revealed distant breath
sounds at the bases bilaterally, with the remainder of the physical
examination being unremarkable.

Laboratory studies showed normal leucocyte count and CRP
37 mg/L. Screening for vasculitis (antinuclear and antineutro-
phil cytoplasmic antibody) and HIV was negative but antibody
testing for SARS-CoV-2 was positive for IgM and IgG. CT of
the chest (figure 1B) showed a thin-walled cavity, 7.3 x4x2.5
cm, with an air-fluid level in the anterior segment of the right
lower lobe, bordering the minor fissure. The previously present
bilateral infiltrates showed minor progression but there was no
association between the new cavity and previous areas of consol-
idation or emphysema and no pulmonary embolism.

Antibiotic therapy with levofloxacin was re-established and
on 3 April bronchoscopy with bronchoalveolar lavage was
performed. Macroscopically, no specific abnormalities were
detected, and the cytological and microbiological results were
negative for Mycobacteria, Mycoplasma, Chlamydia, Legionella,
Aspergilla and a respiratory virus panel, including SARS-CoV-2.

One day after initiation of antibiotic therapy, the patient
started feeling better and the thoracic pain disappeared. CRP
dropped to almost normal on 5 April. He received intermittent
supplemental oxygen up to a maximum of 2 L/min and on 6
April, the day of discharge, his SpO, breathing ambient air and
RR were back to normal.

Figure 2 Posteroanterior (A) and lateral (B) chest radiography of
patient 1 on 4 May, day 65, after first symptoms and following a 4-week
therapy with levofloxacin. Despite the antibiotics, the cavity (arrows)
showed mild enlargement with an increase in fluid content.

Antibiotic therapy with levofloxacin was continued for a total
of 4weeks until 29 April. Follow-up chest radiography (figure 2)
in the primary care setting on 4 May showed mild enlargement
of the cavity in the right lower lobe with an increase in fluid
content. Thereupon, the patient was readmitted to the hospital
for further investigations. He reported mild exertional dyspnoea
and mild fatigue. Physical examination was unremarkable,
vital signs normal and laboratory studies showed no signs of
inflammation.

CT-guided puncture of the cavity revealed 20 mL of red-
brownish, turbid liquid, with pH of 7.23 and a cell count of
10x10°/L with predominantly neutrophil granulocytes (more
than 50%), scattered monocytes (25%) and few lymphocytes
(10%). Microbiological results, including Ziehl-Neelsen stain,
were negative, cultures showed no growth and RT-PCR for
SARS-CoV-2 was negative. Diluted material was sent for further
cytological analysis, disclosing degenerated blood with foam
cells and blood residues, resembling an organising haematoma.
No malignant cells were detected. Pre-emptive antibiotic therapy
with amoxicillin/clavulanate was administered for a total of
7 days. The patient left the hospital on 12 May.

Patient 2

A 59-year-old man was admitted to our hospital on 26 March
2020 with a 10-day history of fever, cough and shortness of
breath. Nasopharyngeal swab for SARS-CoV-2 was positive
8days prior. He had a history of arterial hypertension and
gastro-oesophageal reflux, taking a calcium-channel blocker for
hypertension, atorvastatin and ezetimibe for hypercholesteri-
naemia, as well as a proton pump inhibitor. He had a smoking
history of 20 pack-year but stopped 5 years prior. On physical
examination, blood pressure and pulse were normal, tempera-
ture was 38.6°C, RR was 27 breaths/min and SpO, was 93%
breathing supplemental oxygen at a rate of 4 L/min (table 2).
Pulmonary examination revealed crackles at the right lung base,
with the remainder of the physical examination being unremark-
able. Laboratory studies showed increased leucocyte count with
lymphopenia and CRP 157 mg/L. Liver enzymes and parameters
for cholestasis were elevated. Blood cultures showed no growth
and serological testing for HIV and hepatitis B and C was nega-
tive. Chest radiography on admission showed bilaterally diffused
and discretely increased density of the lung parenchyma.
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Table 2 Changes in key indicators of laboratory results and vital signs—patient 2
Day after Leucocyte
symptom  CRP count Lymphocytes  PCT (ng/ Supplemental  RR (breaths/
onset (mg/L) (x10%1L) (x10°/L) mL) SpO, (%) oxygen (L/min)  min) HR (beats/min) BP (mm Hg) T(°C) Comment
n 157 14.7 0.47 93 4 27 76 141/83 38.6 First admission
15 173 1.9 93 6-8 22 75 144/91 38
18 152 10.24 0.13 94 10-15 24 84 154/88 37.9
22 74 10.8 92 7-8 19 82 115/69 37
25 116 9.25 <0.05 92 6 19 84 118/76 36.8
30 88 7.35 90 4 26 103 136/94 373
33 92 2 93 127/89 36.5 First discharge
36 47 6.7 1.07 Pulmonary rehabilitation
37 77 9.9 1.54 Pulmonary rehabilitation
38 83 8.94 1.51 <0.05 91 0-2 25 92 138/90 36.7 Second admission
40 37 6.13 1.5 93 0-2 84 128/92 36.5
43 16 6.13 93 78 150/95 36.5
44 94 87 133/94 36.5 Second discharge
129 0.5 5.23 1.73 99 64 155/95 Follow-up appointment

BP, blood pressure; CRP, C reactive protein; HR, heart rate; PCT, procalcitonin; RR, respiratory rate; Sp0,, oxygen saturation; T, temperature.

We diagnosed COVID-19 pneumonia and, according to the
national recommendations at time, experimental therapy with
hydroxychloroquine was administered for §days. While fever
resolved within 3 days, dyspnoea worsened, and an increasing
amount of supplemental oxygen with a flow rate of up to 15 L/
min administered by non-rebreather reservoir mask was required.
CT of the chest (figure 3A) on 9 April showed bilateral confluent
irregular infiltrates with varying density and subpleural sparing.
Neither emphysema, nor pulmonary embolism, nor enlarged
mediastinal lymph nodes were visible.

On 13 April, the patient described a sudden onset of right-
sided chest pain, worse during inspiration. After 4 days, the pain
dissolved spontaneously, and SpO, and RR started improving.
CRP levels decreased without further treatment. He was
discharged for pulmonary rehabilitation on 17 April with contin-
uous oxygen therapy at a flow rate of 2 L/min.

Five days later. the patient was readmitted after radiological
detection of a right-sided pulmonary cavity with air-fluid level
and rising CRP. Leucocyte count remained normal. The patient,
however, denied worsening of his symptoms. On physical exam-
ination, vital signs were normal except for RR of 25 breaths/min
and SpO, of 91% breathing supplemental oxygen at a rate of 2L/
min. Pulmonary examination revealed rales over the right upper
lung zone with the remainder of the examination being unre-
markable. Additional laboratory studies showed normal PCT.
Sputum was RT-PCR negative for Mycobacterium tuberculosis
and SARS-CoV-2, and showed no bacterial growth. Antibody
testing for SARS-CoV-2 was positive for IgM and IgG. CT of

Figure 3  CT of the chest of patient 2 on 9 April (A) and 22 April (B),
days 25 and 38, after symptom onset. The cavity with air-fluid level
(B, arrow) was situated anterior and lateral to a previously present
consolidation patch.

the chest (figure 3B) confirmed a thin-walled cavity, 3.8 c¢cm in
diameter, with air-fluid level centred in the apical segment of
the right lower lobe, bordering the major fissure. The previously
present dense infiltrates had significantly improved but wide-
spread ground-glass opacities in both lungs remained. There
was no association between the new cavity and previous areas
of consolidation.

Amoxicillin/clavulanate was administered for a total of
2weeks. CRP declined and the patient’s respiratory status
improved continuously with no further requirement of supple-
mental oxygen after the third day of readmission. He returned
to pulmonary rehabilitation on 28 April.

DIFFERENTIAL DIAGNOSIS

Following two negative nasopharyngeal and oropharyngeal
swabs for SARS-CoV-2, we initially treated patient 1 for atyp-
ical pneumonia. A high suspicion of COVID-19 pneumonia
remained, and the diagnosis was later postulated from the
synopsis of clinical presentation after staying in a high-risk area
before symptom onset, typical radiological findings and positive
antibody testing more than a month after first symptom onset.

In patient 2, COVID-19 pneumonia was diagnosed with
RT-PCR, supported by clinical and radiological findings.

No other pathogens were detected in further investigations. In
patient 2, we only performed sputum analysis, whereas in patient
1 we aggressively tried to find underlying pathogens in broncho-
alveolar lavage and CT-guided drainage of the cavitation. Histo-
pathological analysis of the drainage was non-specific but could
be interpreted as either abscess or organising haematoma.

TREATMENT

With the presumptive diagnosis of an atypical pneumonia,
patient 1 initially received a 7-day empirical antibiotic course
of levofloxacin. Patient 2 was, according to the national recom-
mendations at time, experimentally treated with hydroxychloro-
quine for five days after the diagnosis of COVID-19 pneumonia.
Considering a possible bacterial abscess formation, both patients
were started on empirical antibiotics for 4 and 2 weeks, respec-
tively, after pulmonary cavitation appeared. The choice of agent
was made considering the previous treatments. After CT-guided
puncture of patient 1, pre-emptive antibiotic therapy with amox-
icillin/clavulanate was administered for a total of 7 days.
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OUTCOME AND FOLLOW-UP

Follow-up consultations were performed about 20 weeks after
symptom onset. Physical examination, laboratory studies,
spirometry and chest radiography showed complete remission
and both patients resumed work full-time.

DISCUSSION

We present two 59-year-old male patients with COVID-19-
pneumonia, who developed pulmonary cavitation with air-
fluid level, accompanied by right-sided chest pain, several
weeks after first onset of symptoms.

Thoroughly researching the current literature, we found
reporting of intrapulmonary cavities in CT scans, all small,
without air-fluid level and at early stages of COVID-19-
infection.'™ Jacobi et al® demonstrate cavitation on chest radiog-
raphy accompanied by spontaneous pneumothorax and without
air-fluid level. Other reviews show no cavitation at all.*"’

Sun et al'® describe formation of pneumomediastinum, a
giant bulla and multiple smaller bullae in the subpleural lung
zone in a non-smoker without prior lung disease. Wu and Li’
show a growing right-sided cavity. In contrast to our cases,
these patients received high flow nasal cannula oxygen therapy
or invasive ventilation and there was no air-fluid level either.
The history of both our patients as former smokers and the
radiographically visible paraseptal emphysema in patient
1 suggest a possible underlying lung disease, making the
tissue vulnerable for developing cavities. Maximum oxygen
support in our patients was 2 L/min and 15 L/min via non-
rebreather reservoir mask. Thus, an iatrogenic mechanical
reason for their cavitation seems unlikely. However, alve-
olar rupture through coughing facilitated by diffuse alveolar
injury in severe COVID-19 pneumonia is plausible, especially
considering the coincidental chest pain. Local haemorrhage
with consecutive organisation and cavitation is conceivable.
This thesis is supported by cytological findings in patient 1,
suggesting organising haematoma. However, the diluted char-
acter of the analysed material warrants careful interpretation
of these results.

Ye et al’ discuss that a small air-containing space, they call
air bubble sign, might be the pathological dilatation of a phys-
iological space or associated with the process of consolidation
and resorption. Necrotising processes with development of a
cavity and air-fluid level after viral pneumonias in areas with
initial consolidation have been described before.'” ** High cell
count with predominantly neutrophil granulocytes and low
pH in the aspirate from patient 1 suggest infectious aetiology,
such as abscess formation. Furthermore, antibiotic therapy
seemed to have a positive influence on inflammatory markers.
The CT images (figures 1 and 3), however, showed no associa-
tion between the cavities and previous areas of consolidation.
Also, microbiological investigations remained sterile and the
pulmonary cavity found in patient 1 developed and progressed
despite an extended broad-spectrum antibiotic therapy with
levofloxacin.

Lastly, several studies show coronaviruses causing severe
dysregulation of the host immune reaction, resulting in endo-
thelial cell injuries and apoptosis of cells.'” *' ?* Localised
destruction leading to cavitation or providing a foundation for
both mechanical and infectious complications is conceivable.

In conclusion, we report pulmonary cavitation as a rare
finding in late stage COVID-19 pneumonia. The aetiology of
the reported pulmonary cavities is not fully understood, and
further studies are necessary. Causes could be mechanical,

infectious, immunological or a combination thereof. As both
our patients presented with localised chest pain prior to detec-
tion of the lesions, new onset of this symptom warrants further
investigation.

Learning points

» New onset of localised chest pain in patients with COVID-19
warrants further investigation.

» Pulmonary cavities are a rare finding in late stage COVID-19
pneumonia.

» The aetiology of the pulmonary cavities is not fully
understood, and further studies are necessary.

Twitter Michael Muheim @mimuMD
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