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Figure 3 | Summary of Findings from Industry-Sponsored Studies

OBJECTIVES

• The adverse effects of climate change on human health and the 
pharmaceutical industry's environmental footprint have been 
extensively studied; however, not all healthcare interventions 
share the same environmental consequences

• While research, manufacturing, distribution, utilization, and 
disposal of pharmaceuticals contribute to environmental 
degradation, preventive treatments may offer a counterbalance 
by averting future illnesses, lessening severity, and reducing 
resource-intensive healthcare demands5,6,7

• Vaccination, a cornerstone of prophylactic medicine, is 
recognized for its cost-effectiveness due to disease prevention, 
but its environmental implications remain underexplored and 
under-quantified10, 23

• Understanding the net environmental impact of vaccination is 
crucial for making informed decisions about public health 
interventions and advancing sustainable healthcare practices

• This literature review aims to evaluate the existing peer-
reviewed, academic research assessing the net environmental 
impact of vaccination, considering the negative environmental 
footprint across various stages of the vaccine lifecycle vs. 
the potential positive impact of disease avoidance and 
severity reduction

• Additionally, it investigates the methods behind industry-
sponsored studies of vaccines’ net environmental impact, to 
understand current levels of rigor and standardization

• A targeted literature search was performed across multiple 
databases, including PubMed, ISPOR archives, and Google, 
encompassing materials published between 2019 and 2023 

• The search was conducted using tailored search strings aimed at 
capturing relevant literature pertaining to vaccination and its 
impact on the environment

• Key search terms (alone or in combination) included 
“vaccination”, “environmental impact”, “climate change”, 
“pollution”, “waste”, “carbon”, “emissions”, etc.      

• Hand searching was also conducted to include relevant articles 
and grey literature (presentations, whitepapers, online reports, 
and articles) that met eligibility criteria for relevance

• Both peer-reviewed publications and grey literature sources were 
included to ensure a comprehensive review; this systematic 
approach allowed for the identification and retrieval of pertinent 
publications, contributing to a thorough exploration of the topic

METHODS

DISCUSSION & CONCLUSION
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• Publications covering multiple Vaccine types were more general and less quantitative in their 
findings, or focused on only one segment of product life cycle

• The recent proliferation of COVID-specific research may be reflective of post-pandemic 
research funding priorities coinciding with increasing interest in environmental impact analyses

• The UK has disproportionate representation globally, potentially resulting from the NIH’s 
leadership in net zero and sustainability goals

• Most publications focus only on emissions, primarily examining CO2 equivalents

• Significantly less attention is given to waste and pollution, and no publications covered water 
use/contamination or raw materials and other resource use in the context of a vaccine’s life cycle

• Ethical considerations were also included as an impact in some publications, but not quantified

• Overall, there is incomplete consideration of impact across the product life cycle – studies mostly focused on 
distribution & use/disposal; manufacturer-gated data also limits researchers’ ability to holistically quantify
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• A universal RSV immunization program using nirsevimab was found to avoid substantial carbon 
emissions, amounting to a net avoided ~22 kilotons (kt) of CO2 eq. per year for the study pop1

• RSV vaccine use for this population is estimated to contribute annual emissions of .02 kt CO2 eq. 
emissions, though data are not public and notably this does not include the impacts from 
manufacturing, distribution, disposal, etc., so should be considered a partial figure1
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• Resulted in carbon savings of 18% (4.5k tons of CO2 eq. for every 1 million individuals vaccinated) 
due to avoided hospitalization and care visits2

• The study does not include direct quantification of negative environmental impact, but notes that 
“internal company data” was used to compare the emissions from vaccination to those from 
averted hospital admissions and care2
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• Treating one case of seasonal flu emits equivalent CO2 to administering ~14.5 vaccines3

• AZ’s flu vaccine was shown to have a global warming impact of 1.52 kg CO2 eq. per dose 
administered (data not public)3

• Treating one average flu case in the UK emits 22.1 kg CO2 eq (including multiple steps along the 
patient care pathway, e.g., self-care, primary care, and secondary care)3

9. Richie C. Environmental sustainability and the carbon emissions of pharmaceuticals. Journal of Medical Ethics 2022;48:334-337. https://jme.bmj.com/content/48/5/334

10. Simone Pecetta et al. ,Vaccines for a sustainable planet. Sci. Transl. 2023. https://www.science.org/doi/10.1126/scitranslmed.adf1093

11. Mewaldt C, Armand W, Slutzman J, et al. The plastic pandemic: Quantification of waste on an inpatient medicine unit, The Journal of Climate Change and Health, Volume 11, 2023. https://doi.org/10.1016/j.joclim.2023.100230

12. Oteri, J., Bawa, S., Christopher, E., Nsubuga, P., Dieng, B., Braka, F., & Shuaib, F. (2021). Potential for improving routine immunisation waste management using measles vaccination campaign 2017 in Kebbi State, Nigeria. Vaccine, 39 Suppl 3, C60–C65. https://doi.org/10.1016/j.vaccine.2020.12.060 

13. Mackillop N, Shah J, Collins M, et al. Carbon footprint of industry-sponsored late-stage clinical trials. BMJ Open 2023;13:e072491. https://bmjopen.bmj.com/content/13/8/e072491 

14. Hoffmann J, Bauer A, Grossmann R. The carbon footprint of clinical trials: a global survey on the status quo and current regulatory guidance. BMJ Global Health 2023;8:e012754. https://gh.bmj.com/content/8/9/e012754 

15. Belkhir, Lotfi & Elmeligi, Ahmed. Carbon footprint of the global pharmaceutical industry and relative impact of its major players. Journal of Cleaner Production. 2018. https://doi.org/10.1016/j.jclepro.2018.11.204 

16. Patenaude, B., & Ballreich, J. Estimating & comparing greenhouse gas emissions for existing intramuscular COVID-19 vaccines and a novel thermostable oral vaccine. The journal of climate change and health.2022.  https://doi.org/10.1016/j.joclim.2022.100127 

17. Hasija, V., Patial, S., Raizada, P., Thakur, S., Singh, P., & Hussain, C. M. The environmental impact of mass coronavirus vaccinations: A point of view on huge COVID-19 vaccine waste across the globe during ongoing vaccine campaigns. The Science of the total environment, 813, 151881. 2022. https://doi.org/10.1016/j.scitotenv.2021.151881 

18. Klemeš, J. J., Jiang, P., Fan, Y. V., Bokhari, A., & Wang, X. C. COVID-19 pandemics Stage II - Energy and environmental impacts of vaccination. Renewable & sustainable energy reviews, 150, 111400. 2021. https://doi.org/10.1016/j.rser.2021.111400 

19. Kurzweil P, Müller A, Wahler S. The Ecological Footprint of COVID-19 mRNA Vaccines: Estimating Greenhouse Gas Emissions in Germany. International Journal of Environmental Research and Public Health. 2021; 18(14):7425. https://doi.org/10.3390/ijerph18147425 

20. Bozorgi, A., & Fahimnia, B. Micro array patch (MAP) for the delivery of thermostable vaccines in Australia: A cost/benefit analysis. Vaccine, 39(41), 6166–6173. 2021. https://doi.org/10.1016/j.vaccine.2021.08.016 

21. Tennison, I., Roschnik, S., Ashby, B., Boyd et al. Health care's response to climate change: a carbon footprint assessment of the NHS in England. The Lancet. Planetary health, 5(2), e84–e92. 2021. https://doi.org/10.1016/S2542-5196(20)30271-0 

22. Shah, N. H., Patel, E., & Rabari, K. Investigation of carbon emissions due to COVID-19 vaccine inventory. International Journal of System Assurance Engineering and Management, 13(1), 409–420. 2022. https://doi.org/10.1007/s13198-021-01285-7 

23. Phadke, R., Dos Santos Costa, A. C., Dapke, K., et al. Eco-friendly vaccination: Tackling an unforeseen adverse effect. The journal of climate change and health, 1, 100005. 2021. https://doi.org/10.1016/j.joclim.2021.100005 

24. Melody Okereke, How pharmaceutical industries can address the growing problem of climate change,. The Journal of Climate Change and Health, Vol 4, 2021, https://doi.org/10.1016/j.joclim.2021.100049 

25. Life Cycle Assessment as a decision-making tool within vaccine manufacturing – Potential and Limitations. 2023. https://www.diva-portal.org/smash/get/diva2:1765272/FULLTEXT01.pdf

26. Opinion: Vaccine innovation is a critical response to the climate crisis. 2023. https://www.devex.com/news/sponsored/opinion-vaccine-innovation-is-a-critical-response-to-the-climate-crisis-105368 

Discussion:

• Academic Focus on Negative Upstream Effects: Peer-reviewed publications have predominantly examined the 
negative upstream effects of vaccines, shedding light on environmental concerns associated with vaccine production 
and distribution across the product life cycle

• Industry Focus on Averted HCRU: Manufacturers are using a patient care pathways approach to quantify the positive 
environmental impact of vaccination through removing the need for care, though their analyses stop short of holistically 
comparing upstream and downstream effects

• Lack of Data Availability: Little publicly-available data exists on the quantification of either upstream or downstream 
effects; therefore, many studies either omit portions of the product/use lifecycle or rely on unpublished sources

• Inconsistent Methodologies: Analyses are not standardized, and outputs are not presented in consistent units 
or populations

Conclusions:

• Inconclusive Evidence on Net Environmental Impact: Despite these efforts, the hypothesis that vaccination may have a 
net positive environmental effect cannot be confirmed or refuted based on current evidence

• Need for Continued Research: There is a pressing need for continued research in this area to build a base of publicly-
available data to be leveraged in quantification, and for academic & professional society leadership to develop 
standardized methodologies for assessing the environmental impact of vaccines; this can help prevent greenwashing and 
ensure accurate and transparent reporting

• Future Analyses: Conversion of environmental impact to economic impact and the effect of alternative options (e.g., oral 
vaccines and microneedle patches) should also be explored; quantification can extend to other types of healthcare and 
behavioral interventions

• Impact of Successful Quantification: Understanding the true net impact of vaccines can help inform policy and 
manufacturing / product development decisions, leading to a more sustainable future of healthcare

• Publications focus on the UK, US, 
and select other countries (e.g., 
Bangladesh), which may be 
reflective of regional priorities and 
local data/funding availability

• Few vaccine-specific publications 
exist beyond COVID, representing 
potential for future research

• The current focus on only 
emissions misses the bigger picture 
of holistic environmental impact, 
which can vary significantly by 
metric and region of interest

• Inconsistent data availability raises 
issue of highly limited publicly-
available sources and manufacturer 
ownership of most impact data 
across the product life cycle

• Industry-sponsored studies 
focus on averted healthcare 
resource utilization (HCRU), and 
have limited inclusion of negative 
upstream effects

• Methodologies are not consistent, 
though all use a patient care 
pathways approach, championed 
by the Sustainable HC Coalition

• Measurement of outputs and study 
populations are also inconsistent, 
so studies are not comparable

• Data leveraged in these studies is 
non-public (typically manufacturer-
owned) and their results have not 
been peer-reviewed

• Geographies are limited to the US 
and the UK
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