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Climate change and global warming have the potential to signifi
cantly impact all elements of health and health systems [1]. With 2024 
being one of the hottest years on record [2], the long-term effects of 
changing environmental temperature, precipitation patterns, and hu
midity as well as the effects of extreme heat events and climate disasters 
have affected populations worldwide [3]. Exposure to floods, for 
example, has been shown to increase the risk of child wasting, with 
droughts associated with an even higher risk of wasting [4]. There is also 
growing evidence relating longstanding changes in environmental 
temperature to higher stunting or wasting [5] as well as neonatal mor
tality [6]. These outcomes are greatly influenced by pre-existing social 
determinants and drivers such as poverty, socio-cultural factors, gender 
norms, health system fragility and contextual factors such as conflict [7].

Evidence also illustrates how climate-related hazards are disrupting 
health programs such as immunization and how critical it is to main
stream climate adaptation measures into health and immunization 
systems.

How does climate change affect immunization systems and vaccine 
effectiveness? Vaccine delivery is an integral part of health systems and 

can be impacted by climate change in multiple ways. Extreme weather 
events such as heatwaves, drought, floods or climate change-related air 
quality deteriorations may disrupt healthcare delivery and uptake of 
vaccines. One assessment conducted in 22 sub-Saharan countries, for 
example, showed that the timing of drought in relation to the time of 
birth negatively impacted diphtheria-pertussis-tetanus (DPT) and polio 
vaccination uptake and coverage [8]. Extreme weather events may also 
displace populations away from fixed immunization points and damage 
supply chains and health facilities. These causal mechanisms dispro
portionately act upon the most fragile health systems and the most 
vulnerable and/or marginalised populations [9], and often warrant 
rapid mitigation measures such as mass campaigns to minimize related 
coverage gaps.

Overall vaccine effectiveness can also be affected by host factors 
associated with climate challenges, especially drought-related malnu
trition, crowding and availability of (or access to) safe water, hygiene 
and sanitation [10]. Further, longstanding increases in environmental 
temperatures, drought conditions and altered precipitation patterns can 
impact the local burden and transmission range of vaccine-preventable 
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vector-borne infections such as dengue and yellow fever and the likeli
hood of spread of cholera [11]. Some of the effects of increasing envi
ronmental temperatures on vaccine effectiveness may be more direct. In 
a post-hoc analysis of a live attenuated influenza vaccine given to chil
dren in the 2013–2014 flu season, Caspard et al. [12] observed a linear 
relationship between proportion of children testing positive for 
H1N1pdm09 influenza virus and outdoor temperature during unloading 
of vaccines at distributors' central locations.

What actions can be taken to better understand the impact of climate 
change and make immunization systems climate resilient? First, it is 
imperative to fill evidence gaps by strengthening the availability of 
actionable data concerning the relationship between climate change and 
immunization and translating such analyses into country-specific, 
actionable insights. This will require better epidemiological data and 
models to capture the magnitude of the problem, including information 
on patterns of vaccination uptake by season or environmental temper
ature. Developing a comprehensive conceptual framework to better 
understand climate change and its relationship with health and immu
nization systems is a starting point.

Linking immunization surveillance and models to climate moni
toring and environment dashboards could be beneficial for better un
derstanding the impact of climate change on vaccine preventable 
disease burden and responses. Such efforts could incorporate climate- 
related variables in district health information systems [13] as well as 
improved measures of equity [9]. Although the potential impact of un
usual temperature peaks on cold chain maintenance is plausible [14], 
actual evidence from the field is limited and would benefit from updated 
information on cold chain integrity during extreme heat waves. Further 
research is also needed on heat-stable vaccines for use in low- and 
middle-income countries [15], as well as strategies to reduce the carbon 
footprint and waste within immunization systems, such as solarization 
of the cold chain [16]. Equally important is research on strategies to 
address community needs through outreach, engagement and opti
mizing immunization strategies following climate-related emergencies 
[17].

Notwithstanding the need for better information and research, many 
elements of the agenda to build climate-resilient health and immuni
zation systems are immediately actionable. These include strengthening 
our preparedness for climate emergencies and outbreaks, for example 
through more robust supply chains, stockpiles, surveillance and target
ing strategies. Appropriate training of the health and immunization 
work force to adapt and respond to climate change and emergencies is 
an essential part of this process and necessitates the development of 
appropriate guidance and training materials to support integration of 
climate resilience and adaptation actions within health systems. These 
needs are especially notable in humanitarian and polycrisis settings and 
include better guidance and decision making for immunization in such 
settings [18] as well as reforms in management and oversight [19]. 
Consonant with the collective commitment to “enhancing [the world's] 
adaptive capacity, strengthening resilience and reducing vulnerability 
to climate change” espoused in Article 7.1 of the Paris Agreement [20], 
national climate change strategies and action plans should consider 
immunization and health system strengthening among the key adapta
tion measures necessary to reduce risks associated with climate change 
impacts.

Given the anticipated patterns and differential impacts of climate 
change on health globally, investment in health and immunization 
systems is not only an imperative, but also an opportunity to strengthen 
climate change resilience, prevent further inequity and support global 
disease eradication targets [21].
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