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Introduction

With the increase in the number of COVID-19 cases, many dif-
ferent complications of COVID-19 pneumonia are now coming 
to light. In COVID-19 pneumonia, it is proposed that alveolar 
damage can lead to alveolar rupture. The pathophysiology of 
the air-leak has not yet been well recognized. In comparison, it 
is well-documented that a pneumothorax can arise as a mechan-
ical ventilation complication. In a retrospective case series, data 
showed that 1% of the patients admitted to the hospital and 2% 
of those in the intensive care unit (ICU) with COVID-19 pneu-
monia develop pneumothorax as a complication. They further 
explain that it has been seen in patients without mechanical ven-
tilation or pre-existing lung disease, and occurred at a higher 
rate in males than females at a ratio of 3.3:1.1

Concurrently, post-COVID-19 necrotizing Staphylococcus 
aureus pneumonia with pneumothorax has not yet been docu-
mented in the literature. In 2003, there was a reported increase 
of S. aureus superinfections with the severe acute respiratory 
syndrome coronavirus-1 (SARS-CoV-1) outbreak. Some of 
these cases led to necrotizing pneumonia, induced by Panton–
Valentine leukocidin (PVL) secreting methicillin-susceptible 

S. aureus (MSSA). This strain of S. aureus has only been 
established in a few patients infected with COVID-19.2 A 
case-cohort study found that COVID-19 pneumonia patients 
had a higher risk of developing ICU bloodstream infections 
(ICU-BSIs) compared to patients who were critically ill with-
out COVID-19 infection. The top eight microorganisms linked 
in these ICU-BSI were coagulase-negative Staphylococci 
(35.9%), Enterobacterales (12.8%), Pseudomonas aerugi-
nosa (12.8%), Candida albicans (10.3%), Enterococcus spp 
(10.3%), S. aureus (7.7%), other Gram-positive (7.7%) and 
anaerobic bacteria (2.6%). In addition, their analyzed data 
concluded that COVID-19 patients receiving immune-modu-
latory therapies such as tocilizumab or anakinra had a signifi-
cantly higher risk of ICU-BSI.3
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Therefore, secondary ICU-BSIs occur at a higher rate in 
COVID-19 pneumonia patients, especially on immune-mod-
ulating therapies compared to those without COVID-19 
pneumonia. The timeline of symptoms, lab work, and imag-
ing all play a crucial role in determining whether complica-
tions such as a pneumothorax is secondary to COVID-19 
pneumonia or to a BSI that has occurred concurrently or 
shortly after the COVID-19 pneumonia.

Case report

We present a case about a 62-year-old Hispanic male brought 
to the hospital’s emergency room due to increasing shortness 
of breath and dizziness. He had multiple comorbidities, 
including hypertension and hyperlipidemia. Before arrival at 
the emergency department (ED), emergency medical services 
(EMS) noted that his saturations were in the ’40s. They 
quickly placed him on 100% O2 via a non-rebreather, and 
they noticed improvement in his saturations to 91%. He was 
febrile with a 38.5°C temperature and had tachypnea recorded 
in the ’30s on 100% O2 high-flow nasal cannula (NC) in the 
ED. Due to his high oxygen needs and significant work of 
breathing, the patient was subsequently intubated.

When obtaining a history, he related that he had been get-
ting progressively short of breath over 6 days. He also 
described high cyclical temperatures over the past 3 days, 
with the maximum recorded temperature of 38.9°C. When 
questioned further, he denied cough but did endorse anosmia 
starting 4 days earlier. A COVID-19 test was requested and 
returned positive for viral RNA with the severe acute respira-
tory syndrome coronavirus-2 (SARS-CoV-2) RT-PCR. Labs 
revealed that his WBC and sodium were low at 4.2 × 109/L 
and 130 mmol/L, respectively. They also revealed high 
aspartate aminotransferase (AST), alanine aminotransferase 
(ALT), lactic acid, C-reactive protein (CRP), D-dimer, and 
fibrinogen at 160 U/L, 143 U/L, 3.4 mmol/L, 299 mg/L, 
489 ng/mL, and 850 mg/dL, respectively. A chest X-ray was 
ordered and had positive findings for airspace disease with 
diffuse airspace opacities consistent with the findings of 
COVID-19 pneumonia.

The following was his disease progression during his stay 
in the hospital. On hospital day 1, he received tocilizumab 
and remdesivir. On the second day, he was given convales-
cent plasma. While reassessing the patient on day 5, there 
had been little improvement; his fever, shortness of breath, 
and anosmia persisted. He was started on a dose of methyl-
prednisolone. By the seventh day, he was extubated, and he 
remained on 40%–50% O2 high-flow NC.

He started therapeutic enoxaparin on hospital day 14 due 
to persistently high oxygen requirements and elevated 
D-dimer. The following week, he remained symptomatic 
with a low-grade fever and increased oxygen requirements 
due to shortness of breath. On day 27, he was finally weaned 
down to 6 L of NC and was transferred to the step-down unit. 
He remained stable for about a week, only requiring oxygen, 
and his fever was no longer there. Hospital protocol indi-
cated that a follow-up X-ray was necessary and revealed that 
his COVID-19 pneumonia was improving. On day 38 of his 
stay in the hospital, the Rapid Response Team was called. 
The patient decompensated significantly and required 100% 
O2 via high-flow NC.

An EKG and enzymes were ordered and were unremark-
able. A computed tomography (CT) of the chest was subse-
quently ordered due to his progressive shortness of breath 
with increased oxygenation requirements. The CT revealed 
an air-leak into the chest cavity, as seen in Figure 1. The red 
arrows depict a right-sided pneumothorax. The CT also dem-
onstrated ground-glass opacities. It was believed that he 
developed this pneumothorax secondary to the COVID-19 
pneumonia.

Thoracic surgery was consulted because of the CT find-
ings and the patient’s symptomatology. It was decided that a 
pigtail catheter should be inserted. A few hours after tube 
placement, the patient spiked a fever. Blood, urine, and spu-
tum cultures were ordered. Two out of two sets of the blood 
cultures resulted in S. aureus. He was started on vancomycin 
and piperacillin/tazobactam until the sensitivities were con-
clusive. A total of three sets of blood cultures were ordered, 
and all came back positive for MSSA. The patient’s medica-
tions were adjusted to oxacillin accordingly.

Figure 1. Chest CT: the red arrows depict a right-sided pneumothorax. The CT also demonstrated ground-glass opacities.
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After 48 h of receiving the new treatment, he was still 
having shortness of breath but no longer had a fever. A 
transesophageal echo was ordered and displayed no abnor-
malities. It was then that a repeat chest CT scan was ordered. 
The CT revealed that the patient continued to have persistent 
air-leaks for 1 week in addition to decreased parenchymal 
enhancement. In Figure 2, the yellow arrow points to the 
pneumothorax that has persisted due to the air-leak, and the 
blue arrow depicts the irregular cavities destroying the right 
upper lobe. The medical team concluded that the cause of 
these irregular cavities causing the pneumothorax was 
necrotizing S. aureus pneumonia that had developed second-
ary to his COVID-19 pneumonia.

Due to the persistent leak visualized in the CT, he under-
went right upper lobe endoscopic endobronchial valve. 
Shortly after valve placement, the air-leak stopped, and his 
shortness of breath resolved. Soon after, the chest tubes were 
clamped and subsequently removed. He had a peripherally 
inserted central catheter (PICC) line placed, and oxacillin 
treatment continued for 6 weeks. Once he was stabilized, he 
was discharged and was instructed to complete his antibiot-
ics course.

Discussion

In December 2019, according to the World Health 
Organization (WHO), SARS-CoV-2, which causes COVID-
19 pneumonia, was first reported in Wuhan, China. 
Subsequently, following the virus’s discovery and identifica-
tion, more than 60,000,000 cases have been confirmed 
worldwide, along with more than 1,400,000 deaths.4 The 
increasing severity of the disease is correlated to many risk 
factors. These risk factors include age > 60 years, diabetes, 

hypertension, cardiac disease, chronic lung disease, cerebro-
vascular disease, chronic kidney disease, immunosuppres-
sion, and cancer.5 The Wuhan Data suggested that 8% of 
patients hospitalized with COVID-19 had a bacterial/fungal 
co-infection. The WHO had recommended not prescribing 
antimicrobials for COVID-19 pneumonia patients, espe-
cially if there is a low suspicion for bacterial infection. 
However, recent studies have shown that 1% of hospitalized 
COVID-19 patients and 2% of those in the ICU are at a 
greater risk of developing secondary BSIs. It is then that one 
must identify the secondary infection and treat it 
accordingly.1

Buetti et al.3 describe an increase in secondary and super-
infections with SARS-CoV-2 similar to those seen in the 
early 2000s with the SARS-CoV-1 outbreak and the reported 
increase of S. aureus superinfections. In 1919, during the 
1918–1919 influenza pandemic, S. aureus was recognized to 
cause secondary bacterial infection by Chickering. At that 
time, it was reported in healthy adults who did not have an 
underlying risk factor.5–7 According to Rothberg, if a viral 
influenza-like infection is followed by a period of complete 
resolution of symptoms, and then 4–14 days later was fol-
lowed by a recurrence of fever, dyspnea, productive cough, 
and or pulmonary consolidation, most often this was due to 
S. pneumonia, S. aureus, or Haemophilus influenzae.7

S. aureus is considered an infrequent cause of commu-
nity-acquired pneumonia (CAP). It accounts for about 3% of 
cases in which a bacterium is the identified cause. In com-
parison, S. aureus has been identified as one of the organ-
isms that develop in the bloodstream at a rate of 7.7% in 
COVID-19 patients that develop these BSIs. However, it is a 
recognized cause of influenza-associated CAP.8–10 It is also 
noted that even though S. aureus pneumonia happens 
throughout the entire year, co-infections of influenza and S. 
aureus pneumonia commonly peak together.11,12

When S. aureus is detected as the cause of pneumonia, 
especially with an underlying influenza-like infection, such 
as SARS-CoV-2, it is usually associated with severe disease. 
Disease progression may lead to pulmonary necrosis, neutro-
penia, and shock.12 The proposed pathophysiology behind 
the development of this pulmonary necrosis is linked to 
PVL. PVL is a cytotoxin produced by S. aureus that can lead 
to necrotizing pneumonia due to a rapid increase of immune 
cells to lung tissues. Together, influenza-like diseases and 
the destruction of the cells by PVL ultimately damage the 
lungs’ epithelium.2 Furthermore, necrotizing pneumonia is 
described as a separate disease entity characterized by sud-
den onset and rapid worsening of the symptoms, leukopenia, 
airway hemorrhages, severe respiratory failure, necrotic 
destruction of vast areas of the lung, and a high mortality 
rate.13,14 This can ultimately lead to the development of a 
pneumothorax due to all of the damages occurring, as seen in 
our patient. When this happens, it is vital that the patients 
have lab work and appropriate imaging to assess both com-
plications and treatment.

Figure 2. Follow-up chest CT: the yellow arrow points to the 
pneumothorax that has persisted due to the air-leak, and the blue 
arrow depicts the irregular cavities destroying the right upper 
lobe.
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In comparison, in the setting of COVID-19 pneumonia, 
sudden respiratory decompensation with severe onset hypox-
emia should also be investigated. Imaging revealing a pneu-
mothorax is a well-established complication of mechanical 
ventilation, which may become evident.15 There have been 
documented cases of delayed pneumothorax and pneumo-
mediastinum with mechanical ventilation and non-invasive 
ventilation such as high-flow NC. Less common is the pneu-
mothorax’s delayed occurrence long after the discontinua-
tion of mechanical ventilation.16,17 Martinelli et al. describe 
60 cases of pneumothorax in which 58 had confirmed 
COVID-19 as the cause. They noted that not all of the 
patients had undergone mechanical ventilation and that 
inflammation and ischemic parenchymal damage were the 
causes of cyst formation leading to air-leaks. In addition, 
there was no need to operatively intervene in any of these 
cases, as the chest tube was sufficed enough.

Furthermore, blood, sputum, and urinary cultures can 
help narrow the cause of the lung trauma, whether from 
COVID-19 pneumonia or a secondary BSIs. Blood cultures 
help narrow the antibiotic therapy choices, while sputum 
cultures are also interpreted based on the clinical correlation 
and quantitation of the growth. Urinary antigen testing has 
been more sensitive and specific than Gram stains and spu-
tum cultures, making them the most commonly done test.12 
Specific lab values, including CRP, blood cultures, sputum 
cultures, and urinary antigens, play a vital role in diagnosing 
CAP. Findings that show a CRP > 40 mg/L, as seen in our 
patient, have a sensitivity of 70% and specificity of 90% for 
bacterial pneumonia. Ultimately, it must be interpreted in the 
context of the clinical presentation.

A secondary delayed necrotizing MSSA pneumonia pre-
senting with pneumothorax from pulmonary necrosis has not 
been reported following COVID-19 pneumonia. In addition 
to imaging, further investigation may be required, especially 
if necrotizing S. aureus pneumonia is suspected to be the 
cause of the pneumothorax. During our patient’s hospital 
stay, he had a resolution of his COVID-19 pneumonia. He 
had been receiving tocilizumab, an immune-modulatory 
therapy, which significantly increased ICU-BSI risk. He then 
developed severe respiratory failure once more. All of the 
cultures, lab work, and imagining obtained from our patient 
demonstrated that he had developed MSSA necrotizing 
pneumonia. In addition, his MSSA pneumonia was further 
complicated with the development of a pneumothorax, for 
which he was treated correctly.

Conclusion

In brief, as the COVID-19 pandemic continues to evolve, we 
are continuously learning about possible complications from 
this new virus. S. aureus infection secondary to influenza-like 
illness, such as COVID-19, can lead to severe pulmonary 
compromise, including necrotizing pneumonia and pneumo-
thorax. Therefore, in patients with COVID-19 pneumonia, 

especially those hospitalized, it is imperative to monitor the 
lungs and their overall function.
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