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Editorial on the Research Topic

Immune correlates of protection: Insight into microbial co-infection with
special emphasis on influenza-Streptococcus pneumoniae superinfection

Influenza virus infections are the leading cause of respiratory infections worldwide. It
affects around one billion people, including 3-5 million severe cases, with 290,000 to
650,000 deaths annually (1). The major complications of influenza virus infections are
secondary bacterial infections, such as Streptococcus pneumoniae, Staphylococcus aureus,
group B Streptococcus, and Hemophilus influenzae, or fungal infections, such as
Aspergillus spores, leading to exacerbation of lung pathology resulting in a considerable
number of hospitalizations and deaths each year (2-5). Among these infections, a unique
synergy between influenza and Streptococcus pneumoniae co-infection results in
hyperinflammation, leading to superinfection and death. It was reported that 95% of all
deaths during the 1918 pandemic were due to influenza-Streptococcus pneumoniae
superinfection (6, 7). Experimental evidence shows that influenza infection
synergistically stimulates bacterial pneumonia through dysregulated immune responses
(8). Many immune cells and chemical mediators are involved in the immune response,
leading to detrimental inflammation and tissue damage (9).

This Research Topic in Frontiers in Immunology under Viral Immunology, “Immune
correlates of protection: Insight into microbial co-infection with special emphasis on influenza-
Streptococcus pneumoniae superinfection,” aims to promote recent development and
understanding of the cell populations and cytokines that correlate with detrimental
pathology or beneficial tissue healing processes leading to disease or health. Under this topic,
we collected five papers, including three original research papers and two clinical case studies.
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Lassnig et al,, in their original study, revealed that IAV-positive pigs
release vesicular neutrophil extracellular traps (NETs), which are
increased in their BALF compared to IAV-negative pigs. These NET
markers correlate with TAV viral load. IAV-positive BALF also
enhances the growth of potential coinfecting bacteria, decreases
reactive oxygen species (ROS) intensity, and enhances
Actinobacillus pleuropneumoniae growth. Palani et al.
investigated the genetic predisposition to IAV and bacterial
coinfection in BALB/c and C57BL/6 mice. They demonstrated
that genetic susceptibility to IAV/SPn coinfection was primarily
attributable to the Th1/IFN-y predisposed immune response. These
findings provided a novel understanding of genetic risks and clinical
preconditions for lethal post-influenza bacterial coinfection. Gou
et al. found that IL-6 from the lungs prevents secondary
pneumococcal infections post-influenza, offering a unique
direction for research in combating complicated influenza
pneumonia and secondary bacterial infections, potentially
providing therapeutic avenues for influenza-Streptococcus
pneumoniae co-infected pneumonia.

In a rare case study, Yang et al. reported Streptococcus
constellatus coinfection that manifested as gelatinous pleural
effusion in an HIV patient. They described the effusion as
gelatinous and partially encapsulated; it was fully resolved with
antibiotics, eliminating the need for thoracic drainage, urokinase
administration, or surgery. In another case study, Feng et al.
described a 72-year-old woman co-infected with four pathogens
during the influenza season. They reported that early detection and
timely treatment can reduce hospitalization, complication rates, and
mortality. Further studies are needed to understand clinical
characteristics and outcomes of co-infection, especially during the
influenza season. Furthermore, additional research is needed to
investigate the potential impact of SARS-CoV-2 infection on the co-
occurrence of multiple respiratory pathogens.

In conclusion, the five papers on our Research Topic provide fresh
scientific findings and valuable insights into bacterial-viral coinfection.
The immunological correlates of protection during superinfection, the
interaction of immune signaling molecules, the microbiome/
colonization, and virome impacting coinfection susceptibility would
remain a future area of research in bacterial-viral coinfection.

References

1. WHO. Influenza (seasonal). Fact sheet, 28 february 2025 (2025). Available online
at: https://www.who.int/news-room/fact-sheets/detail/influenza-(seasonal) (Accessed
June 21, 2025).

2. Jamieson AM, Pasman L, Yu S, Gamradt P, Homer R]J, Decker T, et al. Role of
tissue protection in lethal respiratory viral-bacterial coinfection. Science. (2013)
340:1230-4. doi: 10.1126/SCIENCE.1233632

3. McCullers JA. Insights into the interaction between influenza virus and
pneumococcus. Clin Microbiol Rev. (2006) 19:571582. doi: 10.1128/CMR.00058-
05

4. Hament JM, Kimpen JL, Fleer A, Wolfs TF. Respiratory viral infection
predisposing for bacterial disease: a concise review. FEMS Immunol Med Microbiol.
(1999) 26:189-95. doi: 10.1111/j.1574-695X.1999.tb01389.x

5. Barman TK, Singh AK, Bonin JL, Nafiz TN, Salmon SL, Metzger DW. Lethal
synergy between SARS-CoV-2 and Streptococcus pneumoniae in hACE2 mice and

Frontiers in Immunology

10.3389/fimmu.2025.1654821

Author contributions

TB: Conceptualization, Writing — review & editing, Writing -
original draft. AD: Writing - review & editing, Writing - original
draft. HS: Writing - review & editing, Writing — original draft.

Acknowledgments

All authors and reviewers are duly acknowledged for
contributing to our Research Topic.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

The author(s) declared that they were an editorial board
member of Frontiers, at the time of submission. This had no
impact on the peer review process and the final decision.

Generative Al statement

The author(s) declare that no Generative Al was used in the
creation of this manuscript.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

protective efficacy of vaccination. JCI Insight. (2022) 7:e159422. doi: 10.1172/
jci.insight.159422

6. Morens DM, Taubenberger JK, Fauci AS. Predominant role of bacterial
pneumonia as a cause of death in pandemic influenza: implications for pandemic
influenza preparedness. J Infect Dis. (2008) 198:962-70. doi: 10.1086/591708

7. Taubenberger JK, Morens DM. The pathology of influenza virus infections. Annu
Rev Pathol. (2008) 3:499-522. doi: 10.1146/annurev.pathmechdis.3.121806.154316

8. Sun K, Metzger DW. Inhibition of pulmonary antibacterial defense by interferon-
gamma during recovery from influenza infection. Nat Med. (2008) 14:558-64.
doi: 10.1038/nm1765

9. Barman TK, Racine R, Bonin JL, Califano D, Salmon SL, Metzger DW. Sequential
targeting of interferon pathways for increased host resistance to bacterial
superinfection during influenza. PloS Pathog. (2021) 17:¢1009405. doi: 10.1371/
journal.ppat.1009405

frontiersin.org


https://doi.org/10.3389/fimmu.2024.1325269
https://doi.org/10.3389/fimmu.2023.1272920
https://doi.org/10.3389/fimmu.2019.03102
https://doi.org/10.3389/fimmu.2019.03102
https://doi.org/10.3389/fimmu.2025.1545165
https://doi.org/10.3389/fmed.2023.1325482
https://www.who.int/news-room/fact-sheets/detail/influenza-(seasonal)
https://doi.org/10.1126/SCIENCE.1233632
https://doi.org/10.1128/CMR.00058-05
https://doi.org/10.1128/CMR.00058-05
https://doi.org/10.1111/j.1574-695X.1999.tb01389.x
https://doi.org/10.1172/jci.insight.159422
https://doi.org/10.1172/jci.insight.159422
https://doi.org/10.1086/591708
https://doi.org/10.1146/annurev.pathmechdis.3.121806.154316
https://doi.org/10.1038/nm1765
https://doi.org/10.1371/journal.ppat.1009405
https://doi.org/10.1371/journal.ppat.1009405
https://doi.org/10.3389/fimmu.2025.1654821
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Editorial: Immune correlates of protection: Insight into microbial co-infection with special emphasis on influenza-Streptococcus pneumoniae superinfection
	Author contributions
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher’s note
	References


