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Microbial solutions for climate change require 
global partnership
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E arth is on track for a temperature rise that may exceed 3°C by the end of the century 
(1). The consequences of climate change are already evident, with more frequent 

extreme weather events, the emergence of new infectious diseases, and an increased 
risk of species extinction. Without urgent and effective intervention, the stability of 
human societies and ecosystems will be severely threatened. Alarmingly, six of the nine 
planetary boundaries have already been breached (2).

Despite widespread calls to cut greenhouse gas emissions in half by 2030, global 
emissions continue to rise, reaching a record high in 2023 (3). Now more than ever, 
effective and affordable strategies for greenhouse gas mitigation and climate change 
adaptation are needed. The scientific community must unite to identify, develop, and 
implement these strategies.

Climate solutions have traditionally relied on non-living, or “inorganic,” technologies, 
which have been instrumental in reducing our reliance on fossil fuels. While renewable 
energy sources like solar and wind have become more affordable, infrastructure-heavy 
technologies, such as nuclear power and hydropower remain costly, requiring substan
tial upfront investment despite decades of development. Effective mitigation of the 
climate crisis in the coming years demands innovation in both established and emerging 
technologies to enhance efficiency and accessibility on a global scale.

Now is the time to expand the scope of climate solutions by more fully embracing 
the potential of biotechnology. While less widely recognized than traditional mitigation 
strategies, microbe-based innovations can be cost-effective, be adaptable, and have the 
potential to be highly impactful (4).

The American Society for Microbiology (ASM) and the International Union of 
Microbiological Societies (IUMS) recently launched an initiative to identify concrete 
microbial solutions for climate change (5). The organizations convened a diverse group 
of experts to evaluate existing microbial technologies with the goal of prioritizing 
solutions. Selection was based on scientific evidence, economic viability, and ease 
of implementation for people worldwide. The report outlines key microbial solutions 
and their potential benefits while also examining their economic impact and biosafety 
considerations. It emphasizes that effective microbial climate solutions must balance 
both factors without compromise.

The multi-society project demonstrates that breakthrough progress relies on global 
collaboration across disciplines and sectors (6). While calls for action and partnership are 
not new (7–10), translating ideas into tangible outcomes remains a significant challenge. 
The ASM-IUMS initiative not only responds to these calls but also delivers a concrete 
framework, providing the scientific community and the world with a strong foundation 
for the crucial next steps.
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This is only the beginning. Just as advancements in engineering, physics, and material 
sciences propelled the Industrial Revolution in the mid-18th century, breakthroughs in 
the life sciences are driving a Biological Revolution, which holds the potential not only 
to mitigate the cumulative impacts of climate change but also to safeguard planetary 
biodiversity. Aided by advances in large-scale data curation and breakthroughs in 
artificial intelligence, innovations in microbial technologies are opening a powerful new 
frontier in the bioeconomy, creating sustainable revenue streams that will drive the 
next era of economic, environmental, and public health progress. However, realizing this 
potential requires more than just scientific discovery. To fully harness emerging microbial 
technologies, we must recognize their transformative power, establish a strong ethical 
framework to guide their application, and collaborate globally across disciplines and 
sectors. By doing so, we can unlock the full potential of microbial solutions for the benefit 
of humanity.

ACKNOWLEDGMENTS

The views expressed in this article are of the authors and are not the views of their 
respective institutions, affiliations, or agencies that fund their research.

AUTHOR AFFILIATIONS

1Department of Biology, Indiana University, Bloomington, Indiana, USA
2Fondazione Biotecnopolo di Siena, Siena, Italy
3Department of Global Health and Population, Harvard T. H. Chan School of Public 
Health, Boston, Massachusetts, USA
4Spark Climate Solutions, Covina, California, USA
5American Academy of Microbiology, American Society for Microbiology, Washington, 
DC, USA
6Climate and Health Program, Wellcome Trust, London, England, United Kingdom
7Institute of Fundamental and Applied Research, National Research University TIIAME, 
Tashkent, Tashkent Province, Uzbekistan
8Department of Environmental Health and Engineering, Johns Hopkins Bloomberg 
School of Public Health, Baltimore, Maryland, USA
9Wellcome Sanger Institute, Wellcome Genome Campus, Hinxton, England, United 
Kingdom
10Georgetown University School of Foreign Service, Washington, DC, USA
11Biological Systems and Engineering Division, Lawrence Berkeley National Laboratory, 
Berkeley, California, USA
12Biological and Environmental Science and Engineering Division, King Abdullah 
University of Science and Technology, Thuwal, Makkah Province, Saudi Arabia
13Department of Systems Biology, Harvard Medical School, Boston, Massachusetts, USA
14Departments of Medical Microbiology and Immunology, University of Wisconsin-Madi
son, Madison, Wisconsin, USA
15Department of Biological Sciences, University of Alberta, Edmonton, Alberta, Canada

AUTHOR ORCIDs

J. T. Lennon  http://orcid.org/0000-0003-3126-6111
R. M. Burckhardt  http://orcid.org/0000-0001-6290-2534
G. K. Gronvall  http://orcid.org/0000-0003-2514-146X
A. Mukhopadhyay  http://orcid.org/0000-0002-6513-7425
R. S. Peixoto  http://orcid.org/0000-0002-9536-3132
V. Sperandio  http://orcid.org/0000-0003-0819-7904

AUTHOR CONTRIBUTIONS

R. Rappuoli, Writing – review and editing | D. E. Bloom, Writing – review and editing | C. 
Brooke, Writing – review and editing | A. D. Dangour, Writing – review and editing | D. 

Editorial mBio

Month XXXX  Volume 0  Issue 0 10.1128/mbio.00778-25 2

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//j

ou
rn

al
s.

as
m

.o
rg

/jo
ur

na
l/m

bi
o 

on
 0

3 
A

pr
il 

20
25

 b
y 

35
.0

.1
20

.2
53

.

http://orcid.org/0000-0003-3126-6111
http://orcid.org/0000-0001-6290-2534
http://orcid.org/0000-0003-2514-146X
http://orcid.org/0000-0002-6513-7425
http://orcid.org/0000-0002-9536-3132
http://orcid.org/0000-0003-0819-7904
https://doi.org/10.1128/mbio.00778-25


Egamberdieva, Writing – review and editing | G. K. Gronvall, Writing – review and editing 
| T. D. Lawley, Writing – review and editing | R. Morhard, Writing – review and editing | A. 
Mukhopadhyay, Writing – review and editing | P. A. Silver, Writing – review and editing | 
V. Sperandio, Writing – review and editing | L. Y. Stein, Writing – review and editing | N. K. 
Nguyen, Writing – original draft, Writing – review and editing.

REFERENCES

1. Arias PA, Bellouin N, Coppola E, Jones RG, Krinner G, Marotzke J, Naik V, 
Palmer MD, Plattner G-K, Rogelj J, Rojas M, Sillmann J, Storelvmo T, 
Thorne PW, Trewin B. 2021. Technical summary, p 33–144. In Masson-
Delmotte V, Zhai P, Pirani A, Connors SL, Péan C, Berger S, Caud N, Chen 
Y, Goldfarb L, Gomis MI, Huang M, Leitzell K, Lonnoy E, Matthews JBR, 
Maycock TK, Waterfield T, Yelekçi O, Yu R, Zhou B (ed), Climate change 
2021 - the physical science basis: working group I contribution to the 
sixth assessment report of the intergovernmental panel on climate 
change. Cambridge University Press, Cambridge, United Kingdom.

2. Richardson K, Steffen W, Lucht W, Bendtsen J, Cornell SE, Donges JF, 
Drüke M, Fetzer I, Bala G, von Bloh W, et al. 2023. Earth beyond six of 
nine planetary boundaries. Sci Adv 9:eadh2458. https://doi.org/10.1126/
sciadv.adh2458

3. UN Environment Programme. 2024. Emissions gap report 2024. UN 
Environment Programme, Nairobi, Kenya. https://www.unep.org/resourc
es/emissions-gap-report-2024.

4. World Economic Forum. 2024. Top ten emerging technologies of 2024. 
World Economic Forum, Geneva, Switzerland. https://www.weforum.org
/publications/top-10-emerging-technologies-2024/shareables-emergin
g-technologies-2024/.

5. American Society for Microbiology. 2025. Microbial solutions for climate 
change. American Society for Microbiology, Washington, DC. https://as
m.org/Reports/Microbial-Solutions-for-Climate-Change.

6. Lennon JT, Frost SDW, Nguyen NK, Peralta AL, Place AR, Treseder KK. 
2023. Microbiology and climate change: a transdisciplinary imperative. 
mBio 14:e03335-22. https://doi.org/10.1128/mbio.03335-22

7. Cavicchioli R, Ripple WJ, Timmis KN, Azam F, Bakken LR, Baylis M, 
Behrenfeld MJ, Boetius A, Boyd PW, Classen AT, et al. 2019. Scientists’ 
warning to humanity: microorganisms and climate change. Nat Rev 
Microbiol 17:569–586. https://doi.org/10.1038/s41579-019-0222-5

8. Nguyen NK, Casadevall A. 2021. Our health, our action, our planet—a 
call to action for microbiologists to engage in climate research. mBio 
12:e02502-21. https://doi.org/10.1128/mBio.02502-21

9. Peixoto R, Voolstra CR, Stein LY, Hugenholtz P, Falcao Salles J, Amin SA, 
Häggblom M, Gregory A, Makhalanyane TP, Wang F, Agbodjato NA, 
Wang Y, Jiao N, Lennon JT, Ventosa A, Bavoil PM, Miller V, Gilbert JA. 
2025. Microbial solutions must be deployed against climate catastrophe. 
mSystems 10:e01416-24. https://doi.org/10.1128/msystems.01416-24

10. Crowther TW, Rappuoli R, Corinaldesi C, Danovaro R, Donohue TJ, 
Huisman J, Stein LY, Timmis JK, Timmis K, Anderson MZ, et al. 2024. 
Scientists’ call to action: microbes, planetary health, and the sustainable 
development goals. Cell 187:5195–5216. https://doi.org/10.1016/j.cell.20
24.07.051

Editorial mBio

Month XXXX  Volume 0  Issue 0 10.1128/mbio.00778-25 3

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//j

ou
rn

al
s.

as
m

.o
rg

/jo
ur

na
l/m

bi
o 

on
 0

3 
A

pr
il 

20
25

 b
y 

35
.0

.1
20

.2
53

.

https://doi.org/10.1126/sciadv.adh2458
https://www.unep.org/resources/emissions-gap-report-2024
https://www.weforum.org/publications/top-10-emerging-technologies-2024/shareables-emerging-technologies-2024/
https://asm.org/Reports/Microbial-Solutions-for-Climate-Change
https://doi.org/10.1128/mbio.03335-22
https://doi.org/10.1038/s41579-019-0222-5
https://doi.org/10.1128/mBio.02502-21
https://doi.org/10.1128/msystems.01416-24
https://doi.org/10.1016/j.cell.2024.07.051
https://doi.org/10.1128/mbio.00778-25

	Microbial solutions for climate change require global partnership

