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Background: Necrotizing pneumonia with subsequent bronchopleural fistula attributable to Streptococcus pneumoniae infection has 
not been reported in adults.
Case Presentation: We here firstly report a case of 23-year-old female with severe community-acquired multiple lung abscesses due 
to Streptococcus pneumoniae in the left lower lung, which merged and ruptured, further leading to the development of bronchopleural 
fistulas. After adequate anti-infective treatment and repairing the fistulas under thoracoscopy, the pulmonary infection was under 
control, and the fistulas were closed. A follow-up chest CT demonstrated the complete resolution of lung abscesses.
Conclusion: This case shows the possibility that necrotizing pneumonia due to Streptococcus pneumoniae infection can lead to 
bronchopleural fistula in adults. Early diagnosis and management of bronchopleural fistula are crucial for improving patients outcomes.
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Introduction
Streptococcus pneumoniae infection is a common cause of community-acquired pneumonia. Streptococcus pneumoniae 
pneumonia typically resolves without leaving destructive damage, although pneumococcal infection is accompanied by 
significant inflammation.1 Necrotizing pneumonia caused by Streptococcus pneumoniae infection is rare in adults.2,3 To 
our knowledge, there have been no reported cases of Streptococcus pneumoniae causing bronchopleural fistula in adults 
to date. This is the first reported case of severe necrotizing pneumonia with subsequent bronchopleural fistulas due to  
Streptococcus pneumoniae infection in an adult.

Case Presentation
A 23-year-old female was admitted to our hospital with fever, cough, purulent sputum, and dyspnea for 2 weeks. She had 
a history of exposure to cold prior to the onset of this illness, with no underlying medical conditions reported. She had 
received intravenous moxifloxacin for 10 days prior to admission, but the condition was progressively worsening. 
One day before admission, she presented to our emergency ward with respiratory distress and subsequently underwent 
tracheal intubation with invasive mechanical ventilation. Meropenem was empirically administered for anti-infective 
treatment. Then she was transferred to our respiratory intensive care unit for hospitalization. On examination, she was 
under sedation and analgesia, with temperature 39.2°C, and SpO2 95% with an oxygen concentration of 50%. Laboratory 
tests showed increased white blood cell (17,050 cells/µL with 93.5% neutrophils), evaluated C-reactive protein (24.5 mg/ 
dL), and increased procalcitonin (exceeded 100 ng/mL). The fungal β-D-glucan and galactomannan antigen tests were 
negative. The T-cell release assay for tuberculosis infection was negative. Anti-neutrophil cytoplasmic antibody and 
antinuclear antibody were normal. Chest CT (Figure 1A and B) and chest X-ray (Figure 1C) performed in the emergency 
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ward one day prior to admission revealed consolidation in both lungs, with a notably extensive area of consolidation in 
the lower left lung. Bronchoscopy showed purulent secretions in the left lower lobe bronchus with no visible fistulas. 
Bronchoalveolar lavage fluid (BALF) identified 4078 sequences of Streptococcus pneumoniae with a relative abundance 
of 68.35% by next-generation sequencing (NGS), although BALF culture was negative. No other pathogens were 
detected by NGS of BALF. The acid-fast staining, Xpert MTB/RIF assay, mycobacterium tuberculosis DNA, and fungal 
culture of BALF were all negative. Blood culture further confirmed the presence of Streptococcus pneumoniae. 
Therefore, meropenem (500mg every 8 hours) plus ceftriaxone (4g per day) were administered for anti-infective therapy.

However, on the fourth day of hospitalization, continuous cardiac monitoring revealed a sudden increase in the patient’s heart 
rate from approximately 90 beats per minute to 160 beats per minute, accompanied by a decline in SpO2 from 97% to 88% under 
60% oxygen supplementation. An urgent bedside chest X-ray revealed a left-sided loculated pneumothorax (Figure 2). Following 
the placement of left thoracic drainage, the patient’s heart rate and SpO2 gradually returned to baseline levels.

Two weeks after admission, the patient’s respiratory distress improved, and the tracheal tube was removed. The anti-infection 
regimen was de-escalated from meropenem combined with ceftriaxone to ceftriaxone alone. The patient was transferred to the 
general ward. But the patient still had a fever of around 38°C, and the chest tube showed significant gas leakage. Chest CT and 
X-ray on the fifteenth day of hospitalization indicated multiple cavitations and patchy consolidations in both lungs, loss of normal 
structure in the left lower lung (Figure 3A), and left pleural gas with small pleural effusion (Figure 3B and C). Thoracoscopy 
revealed multiple fistulas on the visceral pleura with significant necrotic material (Figure 4A). Subsequently, methylene blue 
injected through bronchoscopy into the left lower lobe bronchus flowed out from the fistulas under thoracoscopy (Figure 4B). 
Debridement of necrotic tissue was performed under direct vision, along with argon plasma coagulation cauterization of the 
fistulas, and spraying of fibrin glue and thrombin (Figure 4C). Postoperatively, temperature gradually returned to normal, and gas 
leakage from the tube significantly reduced.

After a total of one month of hospitalization, the patient’s respiratory symptoms resolved, with SpO2 95% without 
supplemental oxygen. The patient was discharged with the tube, and continued antibiotic therapy with oral amoxicillin/ 
clavulanate (875 mg/125 mg tablets every 8 hours) for four weeks. Seven weeks post-discharge, the tube showed no gas 
leakage and was subsequently removed. A follow-up chest CT and X-ray demonstrated complete resolution of the lung 
abscesses (Figure 5A), with small amount of encapsulated pleural gas and effusion (Figure 5B and C).

Figure 1 Chest images from one day prior to admission. Chest CT (A and B) and chest X-ray (C) showed consolidation in both lungs, with a notably extensive area of 
consolidation in the lower left lung.
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Discussion
Necrotizing pneumonia is characterized by pulmonary infection-induced parenchymal damage and necrosis of consoli-
dated lung tissue, leading to the formation of multiple cavitary lesions.4,5 In our case, Streptococcus pneumoniae infection 
initially caused extensive pulmonary consolidation, which subsequently developed necrotic changes with multiple 
cavities. Multiple cavities in the left lower lung further merged and ruptured, ultimately resulted in the development 
of bronchopleural fistulas. Streptococcus pneumoniae infection rarely causes necrotizing pneumonia in adults.2,3 

A systematic search in PubMed was conducted by using the search strategy “(Streptococcus pneumoniae OR 
S. pneumoniae OR pneumococcus) AND (necrotizing pneumonia OR cavitary pneumonia OR lung abscess OR 

Figure 2 Chest X-ray on the fourth day of hospitalization revealed a left-sided loculated pneumothorax (red arrow).

Figure 3 Chest CT and X-ray on the fifteenth day of hospitalization. (A) Multiple cavitations and patchy consolidations in both lungs, loss of normal structure in the left 
lower lung, ground-glass opacities in the right lower lung. (B) and (C) Left pleural gas with small amount of pleural effusion.
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bronchopleural fistula)”. No case reports of necrotizing pneumonia complicated by bronchopleural fistula due to  
Streptococcus pneumoniae in adults were identified.

Necrotizing pneumonia represents an uncommon but severe complication of bacterial pneumonia, with an estimated 
incidence of 1% among bacterial pneumonia cases.6 In adults, necrotizing pneumonia is commonly associated with  
Staphylococcus aureus, Klebsiella pneumoniae, and Streptococcus pneumoniae.4,7,8 Panton-Valentine leukocidin (PVL) 
detected in Staphylococcus aureus (especially methicillin-resistant Staphylococcus aureus) exhibits particular virulence, 
inducing rapid tissue necrosis through neutrophil lysis and subsequent release of proinflammatory cytokines, even in 
immunocompetent hosts.6,9 Hypervirulent variants of Klebsiella pneumoniae with K1/K2 capsular polysaccharides 
demonstrate enhanced antiphagocytic properties and resistance to complement-mediated clearance.10,11 These strains 
are linked to severe necrotizing pneumonia and hepatic abscess, particularly in patients with chronic alcoholism, diabetes 
mellitus, or structural lung disease. Among pneumococcal strains, non-vaccine serotype 3 predominates in necrotizing 

Figure 4 Diagnosis and treatment of multiple bronchopleural fistulas via thoracoscopy on the sixteenth day of hospitalization. (A) Multiple fistulas (black arrows) on the 
visceral pleura with significant necrotic material. (B) Methylene blue (black arrow) injected through bronchoscopy into the left lower lobe bronchus flowed out from the 
fistulas under thoracoscopy. (C) Argon plasma coagulation cauterization of the fistulas, followed by spraying of fibrin glue and thrombin.

Figure 5 Follow-up chest CT and X-ray seven weeks post-discharge showed a remarkable improvement. (A) Complete closure of multiple cavitations in both lungs, and 
residual slight traction bronchiectasis in the left lower lung. (B) and (C) Residual small amount of encapsulated pleural gas and effusion.
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cases.2 The primary pathogenic mechanism is likely related to the anti-phagocytic properties of its capsular 
polysaccharides.8,12 Streptococcus pneumoniae can also produce pneumolysin, a pore-forming toxin disrupting alveolar- 
epithelial and endothelial membrane integrity.13 Compared to PVL, pneumolysin exhibits relatively weaker virulence in 
driving tissue destruction. Besides, other pathogens such as Pseudomonas aeruginosa, Escherichia coli, and anaerobic 
species may also rarely contribute to necrotizing pneumonia.7,8,14

Hematogenous dissemination, diabetes mellitus, excessive alcohol consumption, aspiration, immunosuppression, and 
malignancy are high-risk factors for the development of necrotizing pneumonia.15 Streptococcus pneumoniae infection 
can trigger systemic hyperinflammatory responses, and some highly invasive serotypes may enter blood. Bacteria via 
bloodstream may cause septic pulmonary emboli, ultimately resulting in lung necrosis.16 In our case, Streptococcus 
pneumoniae was detected in blood culture, which may be the potential high-risk factor for severe necrotizing pneumonia 
and bronchopleural fistulas.

The culture of BALF was negative in this patient, but NGS of BALF detected a large number of Streptococcus 
pneumoniae sequences. One reason is that BALF culture typically has low sensitivity in detecting Streptococcus 
pneumoniae.17 Streptococcus pneumoniae is difficult to culture because it can trigger an autolysin and cause its own death 
upon reaching a certain density. Another reason may be that the patient had been treated with antibiotics prior to the 
collection of BALF specimen, which could inhibit bacterial proliferation. Therefore, for critically ill patients with pneumonia 
of unknown etiology, it is necessary to collect respiratory specimens as early as possible for NGS detecting. In addition, 
routine blood culture should be performed to increase the culture positive rate for severe pneumococcal pneumonia.17

Bronchopleural fistula is a rare and severe complication of necrotizing pneumonia, which can increase the risk 
of recurrent infections, prolong the duration of antibiotic use, and elevate mortality rate.18,19 There is currently no 
standardized treatment protocol for bronchopleural fistula.18 The patient in our case showed improvement in 
infection following thoracoscopic debridement of necrotic material and repair of the fistulas. Although there was 
still small amount of gas leakage postoperatively, which was considered related to residual small fistulas, they 
eventually closed spontaneously. This case suggests that for patients with multiple and complex bronchopleural 
fistulas, thoracoscopic fistulas repair can improve their condition, but it is challenging to completely repair the 
fistulas during the infection period. Residual small fistulas after adequate infection control may heal on their own. 
Therefore, it is important to allow sufficient observation time and avoid premature surgical intervention.

Conclusion
In conclusion, we should consider the possibility that community-acquired necrotizing pneumonia due to Streptococcus 
pneumoniae infection can lead to bronchopleural fistula in adults. Early diagnosis and management of bronchopleural 
fistula are crucial for improving patients outcomes.
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BALF, bronchoalveolar lavage fluid; NGS, next-generation sequencing; PVL, Panton-Valentine leukocidin.
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