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GRAPHICAL ABSTRACT Microenvironmental acidification by pneumococcal sugar consumption fosters barrier disruption and immune suppression
in the human alveolus. AM: alveolar macrophage; ATI/II: alveolar type I/II cells; EC: endothelial cells; ZO: zonula occludens protein; VE: vascular
endothelial; Strep. pneumoniae: Streptococcus pneumoniae; IL: interleukin; H+: hydrogen; GM-CSF: granulocyte–macrophage colony-stimulating
factor; COX: cyclo-oxygenase.
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Shareable abstract (@ERSpublications)
Sugar catabolism and subsequent lactate production by fermentative bacteria such as
Streptococcus pneumoniae may serve as an independent virulence mechanism causing alveolar
barrier disruption and inflammatory impairment in human lung tissue. https://bit.ly/3Xd8SWN
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Abstract
Streptococcus pneumoniae is the most common causative agent of community-acquired pneumonia
worldwide. A key pathogenic mechanism that exacerbates severity of disease is the disruption of the
alveolar–capillary barrier. However, the specific virulence mechanisms responsible for this in the human
lung are not yet fully understood. In this study, we infected living human lung tissue with Strep.
pneumoniae and observed a significant degradation of the central junctional proteins occludin and vascular
endothelial cadherin, indicating barrier disruption. Surprisingly, neither pneumolysin, bacterial hydrogen
peroxide nor pro-inflammatory activation were sufficient to cause this junctional degradation. Instead,
pneumococcal infection led to a significant decrease of pH (∼6), resulting in the acidification of the
alveolar microenvironment, which was linked to junctional degradation. Stabilising the pH at physiological
levels during infection reversed this effect, even in a therapeutic-like approach. Further analysis of bacterial
metabolites and RNA sequencing revealed that sugar consumption and subsequent lactate production were
the major factors contributing to bacterially induced alveolar acidification, which also hindered the release
of critical immune factors. Our findings highlight bacterial metabolite-induced acidification as an
independent virulence mechanism for barrier disruption and inflammatory dysregulation in pneumonia.
Thus, our data suggest that strictly monitoring and buffering alveolar pH during infections caused by
fermentative bacteria could serve as an adjunctive therapeutic strategy for sustaining barrier integrity and
immune response.
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