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Abstract

This mixed-methods study focuses on the evidence of the health impacts of climate change
on populations affected by humanitarian crises, presented from the perspective of Médecins
Sans Frontiéres (MSF)—the world’s largest emergency humanitarian medical organisation.
The Sixth Assessment Report from the Intergovernmental Panel on Climate Change (IPCC)
was used as the basis of a narrative review, with evidence gaps highlighted and additional
literature identified relevant to climate-sensitive diseases and health problems under-
reported in—or absent from—the latest IPCC report. An internal survey of MSF headquarters
staff was also undertaken to evaluate the perceived frequency and severity of such prob-
lems in settings where MSF works. The findings of the survey demonstrate some discrepan-
cies between the health problems that appear most prominently in the IPCC Sixth
Assessment Report and those that are most relevant to humanitarian settings. These find-
ings should be used to guide the direction of future research, evidence-based adaptations
and mitigation efforts to avoid the worst impacts of climate change on the health of the
world’s most vulnerable populations.

Introduction

The impacts of climate change on human health have proven to be-and are expected to
remain-mostly detrimental [1, 2]. The latest summary of evidence by the Intergovernmental
Panel on Climate Change (IPCC) in its Sixth Assessment Report (AR6) makes clear that, over-
all, these impacts are severe, widespread, generally underestimated and worsening over time
[3]. Multiple categories of climate-sensitive health problems are outlined in the report, includ-
ing vector-borne diseases; water- and food-borne diseases; heat stress; zoonoses; food insecu-
rity and malnutrition; air pollution; hydrometeorological disasters and mental health impacts
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[3, 4]. The issue is largely one of amplification of existing problems, rather than the introduc-
tion of new problems per se, although the contribution of climate change as a driver of emerg-
ing infectious diseases, for example, is explicitly acknowledged in ARG [2, 3]. This
phenomenon of amplification, or exacerbation, of existing health problems, can be seen
directly, for example as heatwaves increase morbidity and mortality in people with cardiovas-
cular disease and diabetes [5, 6] as well as indirectly, for example the expansion of habitats suit-
able for mosquitoes that spread diseases such as dengue fever [7, 8], and the impact of more
severe droughts on food insecurity and malnutrition [9, 10]. The proportion of annual global
deaths estimated to be due to ‘climate-sensitive diseases’ is 69.9% and the cumulative burden
of these impacts is in the order of millions, if not tens of millions, of deaths per year [4].

The IPCC authors make clear that the health consequences of climate change are being
unevenly distributed, with certain populations—particularly people at the extremes of age,
those living in poverty, people with pre-existing conditions and communities in geographically
vulnerable locations (such as low-lying coastal areas)-already suffering a disproportionate bur-
den of climate-change-related health problems [4, 11]. This inequitable distribution of detri-
mental health consequences will almost certainly continue for the foreseeable future, with the
added injustice that for many such populations, while they are among the first and hardest hit
by climate change, they are also those who have contributed least to causing the problem (i.e.
via greenhouse gas emissions) [3, 12, 13].

What is largely lacking from ARG6, however, is consideration of populations affected by
humanitarian emergencies. The interaction between climate change and displacement is
described in some detail [4], but the specific and combined health impacts of climate change
on individuals and communities already affected by crises such as war, famine, epidemics and
disasters are notable by their absence in the IPCC literature. This is far more reflective of an
absence of evidence than evidence of absence-a gap that this review paper is intended to help
address.

This mixed-methods study focuses on populations affected by humanitarian emergencies.
For the purposes of this paper, people in ‘humanitarian settings’ are considered to be those
affected by extreme poverty, armed conflict, epidemics, pandemics, disasters (hydrometeoro-
logical and others) and exclusion from healthcare. They are, generally speaking, populations
that are vulnerable in one or more ways, and thus in need of assistance-beyond what can typi-
cally be provided by governments in times of crisis—to meet their health needs, which are often
multiple, severe and intersecting or overlapping.

Working with such communities requires special considerations in terms of their health
risk profiles (e.g. high rates of maternal and child mortality; low rates of vaccination coverage;
food and/or nutrition insecurity; lack of access to improved water, sanitation and hygiene
(WASH) facilities; exposure to tropical diseases; experience of physical and/or psychological
trauma; and lack of access to care for chronic conditions). The particular challenges involved
in trying to provide care for such populations include (but are not limited to): limited
resources (of all kinds); obstacles related to geography, transport, access, utilities and/or secu-
rity; political instability and/or armed conflict; weak, limited or absent infrastructure; fragile
supply chains; low levels of trust in the health system; lack of support from governments and/
or other health and humanitarian actors; and constraining, excluding or harmful state policies.

The abovementioned factors contribute to the relative scarcity of health research and evi-
dence specific to such populations. So too do the colonial legacies of Western-centred research
frameworks, neglect of Indigenous knowledge and the de-prioritisation of knowledge genera-
tion from the so-called ‘global South’ [14, 15]. These, in turn, limit the amount of published lit-
erature that is available to be reviewed, whether to inform evidence-based practice and policy
implementation, or to include in summaries of evidence such as the IPCC assessment reports.
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The purpose of this study is thus to identify some of the most important gaps in the litera-
ture regarding the impacts of climate change on human health in humanitarian settings—par-
ticularly the evidence summarised in AR6. The findings may then guide further research
specifically addressing the needs of populations affected by humanitarian emergencies, includ-
ing the unique vulnerabilities of such groups, and help determine the most urgent and appro-
priate adaptation strategies for different kinds of humanitarian settings.

This study is presented from the perspective of a collection of authors, most of whom are
employed by Médecins Sans Frontiéres (MSF-Doctors Without Borders)-the world’s largest
emergency humanitarian medical organisation. MSF has been providing medical care to
largely neglected populations in challenging contexts for almost fifty years. The majority of
MSF projects are in sub-Saharan Africa (55%), followed by the Middle East and North African
region (20%), Asia-Pacific (11%), Americas (7%), Europe and Central Asia (4%), with 2%
‘Other’. Out of these (59%) are in settings of armed conflict, internal instability or post-conflict
situations.

Methods
Ethics statement

Approval for this study was provided by the medical department and operational research unit
at MSF Operational Centre Geneva.

This study was comprised of two main methodologies. The first was a narrative review,
whereby the relevant literature on the health impacts of climate change was synthesised, with a
particular focus on humanitarian settings. This technique was considered most appropriate,
given the simultaneous assumptions that a) the principal source of up-to-date information on
the health impacts of climate change would be the IPCC ARG [3]; b) additional references
would be required to attempt to encompass the evidence specific to the populations of interest
(i.e. people affected by humanitarian emergencies); and ¢) even these sources combined would
be unlikely to accurately, comprehensively or appropriately reflect the unique considerations
specific to humanitarian settings. These assumptions, and the objectives of this paper to
appraise existing literature and identify priorities for further research, made the narrative
review method the most logical format in this instance [16].

A list of the diseases and other health problems sensitive to climate (hereunder referred to
as climate-sensitive diseases—CSDs) explicitly mentioned in IPCC AR6 was used as the starting
point. It must be noted that many such problems—for example heat, air pollution and hydro-
meteorological disasters—are not technically ‘diseases’, but in order to align with the prevailing
literature, and in the absence of a more accurate alternative, the term ‘climate-sensitive dis-
eases” has been used here. To the aforementioned list, several additional CSDs were added that
were known (based on annual reports) or suspected (based on previous literature reviews) to
occur in MSF projects, for a total of 46 CSDs (see Table 1). A search for titles and abstracts was
conducted via PubMed, with each CSD entered as a distinct term (including logical alterna-
tives, such as ‘antibiotic resistance’ in addition to ‘antimicrobial resistance), with the additional
terms ‘weather’, ‘environment’, ‘climate’ and ‘climate change’ all included via the ‘and/or’
function. Abstracts were then reviewed, as well as full-text articles where necessary, to identify
those articles that appeared to include information most relevant to the topic (i.e. climate-sen-
sitivity of specific CSDs) and study populations (i.e. people affected by humanitarian emergen-
cies). Further references were then added by ‘snowballing’, where deemed appropriate.

The second methodology employed was a voluntary, anonymous survey of staff in the med-
ical and operations departments across MSF’s headquarters (the International Office and
Operational Centres that together oversee all of MSF projects in over seventy countries). This
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Table 1. CSDs included in study.

Category A Category B Category C
Air pollution Antimicrobial Evidence mentioned in IPCC: Ebola External evidence:
Allergies (excluding reactive resistance Worsening animal health due to changing disease Patients treated in Ebola Treatment Units tents in
airways disease) distributions including zoonotic diseases, reduction in Liberia and Sierra Leone during the 2014-2016
feed quality and deforestation. This leads to increased epidemic had higher odds of fatality if the average
Anthrax antimicrobial use in livestock and other animal health environmental temperature was above 27°C during
Cancer practices leading to increased AMR (pg 233, 1076, 1381) their stay than those below [50].
Cardiovascular disease (4,17, 18]. Large fluctuations in climate may increase the
Additional external evidence: population of bats infected with Ebola increasing risk
Cholera Increased AMR associated with increasing local of spillover into human population [51].
Cold-related illness temperatures and population density for common Increased risk of Ebola spillover events with
Conflict pathogens across the US [19]. modelling taking into account climate change and
European countries with an increased ambient minimum population growth including more areas of northern,
Dengue temperature of 10°C had faster AMR growth compared eastern and southern Africa not yet impacted by
Diarrhoeal diseases with countries with cooler temperatures over a 10-year outbreaks [52].
Displacement period [20].
30-country European observational study found
Emerging infectious diseases Carbapenem-resistance Pseudomonas aeruginosa
Heat-related illness associated with increased temperature change during
. summer [21].
Hydrometeorological 1°C increase in regional ambient temperature in region
. gional ambient temperature in regions
disasters across China positively associated with higher prevalence
Japanese encephalitis virus of AMR for carbapenem resistance Klebsiella pneumoniae
Leptospirosis and Pseudomonas aeruginosa [22] and E.coli antibiotic
: resistance [23]. These links were strongest in areas with
Lyme disease fewer health facilities and higher perceived corruption
Malaria and lower income.
Malnutrition Meta-analysis looking at links between increased
temperature and AMR in aquaculture from mostly low-
Mental health and middle-income countries. Increased multi-antibiotic
Respiratory diseases (non- resistance in aquaculture bacteria correlated with
infectious) increased temperature and also measures of AMR from
Respiratory infections human bacteria [24].
(excluding measles &
tuberculosis)
Rift Valley fever
Schistosomiasis
Tick-borne diseases
(excluding Lyme disease)
Tularaemia
Typhoid fever
West Nile virus
Zika
Chagas disease | Evidence mentioned in IPCC: Human African Rising temperatures in the Zambezi Valley have been

Increasing range of triatomines into Southern USA and
projected to continue further north. (pg 1969) [25]
Changes in transmission and distribution of Chagas
disease in Central and South America (low confidence
evidence). (pgl717) [26]

Additional external evidence:

Using IPCC climate change projections modelling
showed possible decreasing exposure to the Venezuelan
population to triatomines [27].

Increased areas for potential transmission of Chagas
disease in Chile particularly Central and Northern
regions with projected climate change scenarios [28].
Geographical range of triatomines in Chile are likely to
extend into previously unaffected areas under some
climate change projections [29].

trypanosomiasis
(HAT)

linked to a reduction in tsetse flies, however such
increases in temperature may increase numbers in
cooler areas of Zimbabwe previously unaffected [53].
Under climate change models tsetse fly distribution
are likely to move into highland areas of Kenya
potentially exposing a new large population of people
to risk of HAT [54].

Modelling using tsetse fly catch data and increasing
local temperatures, tsetse fly populations are predicted
to decrease in lower elevation regions but increase in
higher elevation, previously cooler, regions [55].
Modelling to predict distribution of three species of
tsetse flies under predicted climate change conditions
demonstrated reductions in habitable area however
potential movement into areas previously protected
from HAT [56].

In Zimbabwe, habitat fragmentation and rising
temperatures create conditions leading to higher
populations of older tsetse flies, increases the rate of
infection and risk of disease [57].

Modelling of temperature impacts on vector ecology
predicted 46-77 million more people could be
exposed to HAT risk by 2090 [58].

(Continued)
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Table 1. (Continued)

Category A Category B Category C

Hepatitis A & E | Evidence mentioned in IPCC: Lassa Some models suggests an increased Lassa spillover
High rainfall, warm temperatures and drought increase potential in West Africa attributable to a large extent
risk of gastrointestinal infection and waterborne diseases. to climate change [59].

No specific reference to Hepatitis A and E only as a Models from Nigeria also point to a substantial effect
water-borne disease (WBD) [4]. of climate in explaining Lassa fever occurrence and
Additional external evidence: incidence patterns across Nigeria [60].

High rainfall (>90™ percentile) associated with an The number of people exposed to Lassa virus could
increase in cases of hepatitis A across Spain between 2010 increase by hundreds of million in Central and East
and 2014 lasting for 2 weeks post rain event [30]. Africa using modelling of projected climate,
Increased risk of hepatitis A after severe flood event in population and land use changes [61].

four cities of Anhui province in China [31]. Studies of field populations of Culex mosquitoes have
In a Brazilian municipality cases of hepatitis A increased shown that increases in temperature are likely to

by nearly 300% in the three months after flood events accelerate mosquito development [62].

within urban areas on floodplains over a 2 year period

[32].

Leishmaniasis Evidence mentioned in IPCC: Lymphatic filariasis Modelling of climate projections predicts the range of
Leishmaniasis prevalence increase in Central and South risk for lymphatic filariasis infection to increase and
America due to higher temperatures increasing the areas could increase the population exposed to between 1.65
suitable for vectors along higher frequency climate to 1.86 billion people [63].
related weather events (pg. 1699, 1722) [26] Predicted rising sea levels are likely to increase the
Additional external evidence: area of saline and brackish water in coastal regions
Increased areas suitable for leishmaniasis vector and thereby increasing the density of mosquito vectors
reservoirs in Iran when modelled for climate change including Culex mosquitoes [64].
scenarios [33].

Increasing incidence of cutaneous leishmaniasis
predicted in regions of Palestine including Gaza strip and
the North West Bank using future projected climate
change scenarios [34].

Leishmaniasis incidence higher in regions of Iran with
higher rainfall, humidity, evapotranspiration and soil
moisture [35].

In French Guiana increases in incidence of leishmaniasis
2 months after a decrease in rainfall [36].

Meningitis Evidence mentioned in IPCC: Marburg Reduced temperature and rainfall seasonality in
In the western Sahel region with the highest burden of Uganda are important environmental variables for
bacterial meningitis is predicted to have increase predicting increased risk of Marburg virus disease
meningitis case with rising temperatures. (pg. 1375) [18]. outbreaks [65].

Additional external evidence:

Drivers of meningitis disease in Democratic Republic of
Congo are sensitive to changes in climate [37].

Global ecological study found strong association between
meningitis incidence and increased temperature
variability [38].

Meningococcal meningitis in the Sahel is sensitive to
climate with periods of low rainfall and El Nifio
coinciding with peaks in incidence [39].

Low rainfall, high temperatures and increased aerosols
are predictive of meningitis outbreaks in Nigeria [40].

Snakebite Evidence mentioned in IPCC: Measles Measles cases in Ondo state, Nigeria linked to periods
Snakebites more likely to occur in Costa Rica at higher with higher human thermal comfort indices and low
temperatures (pg. 1699) [26]. rainfall [66].

Additional external evidence: Both hot and cold temperatures resulted in decreases
In Sri Lanka snakebite incidence increases with low in the incidence of measles, and low relative humidity
humidity and likely to increase with climate change [41]. is a risk factor of measles morbidity in Guangzhou,
Increased incidence of snakebites requiring medical China [67].

evacuation in Israel with increased temperature and Experiencing drought at 12 months of age negatively
lower humidity [42]. associated with receiving a measles vaccine in
Increased snakebite incidence correlated with water Rwanda, Democratic Republic of the Congo, Ghana,
scarcity and desertification as well as lower Human and Malawi [68].

Development Index (HDI) in Brazilian state of Ceara

[43].

In areas of Colombia with marked dry seasons, snakebite

incidence increased with increased rainfall. No increase

with rainfall in other regions [44].

(Continued)
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Table 1. (Continued)
Category A Category B
Evidence mentioned in IPCC: Melioidosis
Stroke hospitalisation increases in response to higher

ambient temperatures (pg. 1073) [4]

Increased incidence of stroke linked to heat in some

countries in Africa (pg.1377) [18]

Additional external evidence:

Systematic review and meta-analysis examining impact of

ambient heat on cardiovascular disease found positive

association between incidence of cardiovascular disease

mortality, with strongest risk in stroke and CHD. Risk

increases with heat exposure for women, 65+ population,

tropical climates and LMICs [45].

Across 22 East Asian cities extreme heat was associated

with increase mortality due to stroke from 1972 to 2015.

The burden attributable to heat increasing under

modelled climate change scenarios [46].

Temperature related deaths due to ischaemic stroke

projected to increase in Beijing under climate change

models of approximately 100% by 2090 [47].

Stroke

Evidence mentioned in IPCC:

Higher proportions of climate-related infections such as
tuberculosis in Indigenous populations compared with
non-Indigenous e.g. Torres Strait (pg. 1054) [4].
Tuberculosis contributes 6.5% of deaths and 6% of
DALYs due to climate-sensitive diseases (pg. 1060) [4].
For people living with HIV and reduced lung function

Tuberculosis Monkeypox (MPX)

Category C
An association between rainfall events and cases of
melioidosis was found in Darwin, Australia between
1990 and 2013 [69].
Higher rainfall correlated with melioidosis case
numbers over a 20-year period in Torres Strait Islands
region, Australia [70].
Case clusters of melioidosis reported following
extreme weather events in Sri Lanka and Australia
[71, 72].

Incidence of MPX positively associated with
temperature as well as primary forest and economic
well-being in Democratic Republic of the Congo
(DRC) [73].

Projected shift of regions with suitability for MPX
transmission to regions previously unaffected in DRC,
Uganda, Kenya, Tanzania, Cameroon, Gabon and

due to tuberculosis infection could increase their risk
from extreme heat (pg.1375) [18].

Additional external evidence:

Systematic review of association between climate variable
and tuberculosis risk factors found positive associations
between TB risk factors and climate change including
HIV, diabetes, undernutrition, overcrowding and poverty
[48].

Systematic review of relationship between meteorological
factors and TB showed increased risk of TB correlated
with precipitation, temperature and humidity in
populations in subtropical climate and with low and
middle Human Development Index [49]

Equatorial Guinea with modelling using IPCC
projected climate change scenarios [74].

https://doi.org/10.1371/journal.pcim.0000243.t001

group was targeted based on their roles and responsibilities in designing and managing proj-
ects and providing technical and strategic support for the organisation’s medical activities. The
survey was limited to headquarters staff in order to try and ensure a moderate to high level of
experience working in MSF settings, as per the focus of the questions.

Survey respondents were asked to estimate, on a five-point qualitative scale, how frequent
and severe they perceived the 46 CSDs to be in settings where MSF works. The precise ques-
tions asked were ‘How frequently is the problem of XXX seen or managed in MSF settings?’
and ‘How severe is the problem of XXX in MSF settings?’. The introductory material at the
beginning of the survey explained that respondents were being requested to reply based on
their own knowledge and experience, however subjective. The question of ‘severity” was left
deliberately open to interpretation, given the heterogeneous nature of the CSDs (from rare dis-
eases to large-scale disasters) and the professional backgrounds of the survey respondents.

The survey link was shared via email and completed responses were downloaded for analy-
sis in Microsoft Excel once the survey deadline had passed. The survey responses were then
aggregated, with a median score (between 0 and 4) generated for both perceived frequency
and severity for each of the 46 CSDs. The results of these analyses were thus used to represent
the estimated relative frequency and severity of each CSD. An additional, overall, subjective,
qualitative approximation of each CSD’s ‘relevance’ to humanitarian settings was generated by
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multiplying the average frequency score of each CSD by its average severity score. The survey
also included an option of ‘T don’t know’ for the estimated frequency and severity of each
CSD, in order to identify potential information and/or knowledge gaps within the
organisation.

As the survey was completely anonymous, and the results aggregated prior to analysis, no
identifiable data was requested or collected.

Findings

The full list of 46 CSDs included in this study is provided in Table 1, where they are divided
into three categories. The first (Category A) is of CSDs for whom the evidence of climate-sen-
sitivity is strong, and which have been described as such in the IPCC AR6. The second (Cate-
gory B) is of CSDs for whom the evidence of climate-sensitivity in the literature is moderate,
but which appears to have been under-reported in AR6. The third (Category C) is of CSDs for
which there is some evidence of climate-sensitivity, or at least plausible links, but which are
not mentioned at all in AR6. The latter category was identified based on the authors’ collective
experience, familiarity with the relevant literature and internal discussions within MSE. Of
note, the papers cited in Category C differ substantially in scope and methodology, from obser-
vational studies to experimental modelling. The key points cited from those papers therefore
include different types of data, from epidemiological studies to estimates mapping potential
future vulnerabilities, and are referred to variously in those papers as results, discussion and/or
conclusions. The most relevant evidence identified in the literature review has been summa-
rised for the respective CSDs in Categories B and C in Table 1.

The aforementioned anonymous survey provided to MSF headquarters medical and opera-
tions staff yielded 30 responses. The results of the average estimated frequency and severity
(each on a scale of 0-4) of the 46 CSDs, as they were perceived by respondents to occur as
problems in MSF settings, is displayed in Fig 1.

.........

® Hepa/E © TP sscuardsease @ Resp dseases (noninf)

.......

ccccccccc

Fig 1. Perceived frequency and severity of CSDs in MSF settings.
https://doi.org/10.1371/journal.pcim.0000243.g001
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Table 2. Perceived overall relevance of CSDs to MSF (in terms of product of estimated frequency and severity).

CSDs in descending order from highest (top left) to lowest (bottom right) perceived relevance

Malaria

Measles
Malnutrition
Diarrhoeal diseases
Mental health
Displacement
Cholera

Tuberculosis

Respiratory infections (excluding measles & tuberculosis)

Conflict

Antimicrobial resistance
Hydrometeorological disasters
Water pollution

Meningitis

https://doi.org/10.1371/journal.pcim.0000243.t002

Respiratory diseases (non-infectious) Heat-related illness

Emerging infectious diseases Lymphatic filariasis

Cardiovascular disease Chagas

Typhoid fever Zika

Snakebite Allergies (excluding reactive airways disease)
Dengue Leptospirosis

Leishmaniasis Rift Valley fever

Hepatitis A & E Tick-borne diseases (excluding Lyme disease)
Ebola Air pollution

Schistosomiasis West Nile virus

Cancer Monkeypox
Lassa Tularaemia
Stroke Japanese encephalitis virus

Human African trypanosomiasis Lyme disease

Marburg Anthrax

Cold-related illness Melioidosis

A complementary, yet distinct, perspective on the relevance of these CSDs to MSF settings
can be discerned from Table 2, which lists the same 46 CSDs in descending order with respect
to the product of their estimated frequency and severity—that is, the average frequency score
from the survey multiplied by the average severity score. The CSDs at the top of the list may
thus be considered, for this purpose, those perceived to be ‘most relevant’ at present to the
MSEF staff participating in the survey, with those at the bottom correspondingly perceived to be
the ‘least relevant’ at present.

An additional, valuable insight is provided in Fig 2, which displays the proportion
(expressed as a percentage) of survey respondents who answered ‘I don’t know’ regarding the
estimated frequency and severity of each CSD in contexts where MSF works. Fig 2 is displayed
with the ‘best known’ CSDs at the extreme left of the x axis, with the overall level of perceived
knowledge regarding the frequency and/or severity of the CSDs (specifically in such settings)
decreasing towards the right of the x axis.

Comparison of Table 2 and Fig 2 highlights an important phenomenon, namely the signifi-
cant overlap between those CSDs considered to be of relatively low relevance (as represented
by the product of their average estimated frequency and severity scores) and those CSDs with
a high proportion of respondents who stated they didn’t know how frequent and/or severe
these problems are in settings where MSF works.

Consideration of the above findings together suggests that there may be some value in
grouping the 46 CSDs into five categories, as outlined in Table 3.

Discussion

This study demonstrates that there are some important evidence gaps with respect to the
health impacts of climate change on people affected by humanitarian crises. Unfortunately,
this is but a small part of a wider problem: the ‘overlooking’ of the needs of vulnerable popula-
tions. The phenomenon highlighted in this paper, whereby issues most relevant to high-
income countries are over-represented in the literature, and those most relevant to low-
income countries are under-represented, is effectively ubiquitous in academia. However, it is
especially poignant for this topic, when one considers that the majority of the research being
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Fig 2. Percentage of survey respondents who answered ‘I don’t know’ when asked to estimate the frequency and severity of each CSD in MSF settings.

https://doi.org/10.1371/journal.pcim.0000243.9002

Table 3. Categories of CSDs.

Category Example CSDs Significance
CSDs that are highly relevant to MSF settings and are well described in | Malaria This group represents the diseases most relevant to MSF with the
ARG with appropriate and sufficient supporting evidence Cholera strongest evidence of their climate sensitivity
Malnutrition
CSDs that are less relevant (or relatively irrelevant) to MSF settings but | Anthrax This group represents a possible form of information bias, whereby
are nevertheless well described in AR6 Lyme disease CSDs more relevant to high-income countries (e.g. Europe, North
West Nile virus America) are relatively over-represented in the IPCC review
CSDs that are relevant to MSF settings but are mentioned only briefly | Meningitis This group likely represents a combination of bias and evidence gaps,
or indirectly in AR6 Snakebite whereby evidence does exist regarding the climate sensitivity of these
Leishmaniasis diseases but the relevant information is not adequately reflected in
the IPCC review
CSDs that are relevant to MSF settings but are not mentioned atall in | Measles This group represents a significant evidence gap, with possible bias,
ARG6 Ebola whereby the climate sensitivity of the diseases is biologically plausible
Human African or proven but the current evidence is limited or speculative
trypanosomiasis
CSDs that are potentially relevant to MSF settings but about which the | Melioidosis This group represents a potential knowledge gap for MSF staff, who
level of knowledge (at least regarding estimated frequency and severity) | Air pollution may be unaware of the burden, climate-sensitivity and/or risk of
within the organisation is currently low Tick-borne diseases | these diseases

https://doi.org/10.1371/journal.pcim.0000243.t003
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generated on climate change and health originates from those countries who are both among
the largest emitters of greenhouse gases and those with the greatest capacity to take action
against climate change.

Many of the populations most affected by climate change, including in terms of health
impacts, are already experiencing multiple hardships, such as poverty, violence and displace-
ment, that all have detrimental effects on health. The addition of the burden of climate-related
health problems, coupled with the paucity of research on how these manifest, and how such
impacts can be minimised, is clearly unjust, particularly considering the negligible contribu-
tion that such populations have made to the problem of climate change itself.

Of course, evidence requires research, research requires data, and data is often poor quality,
incomplete or entirely absent in humanitarian contexts. The reasons for this are multiple,
including discrimination and/or marginalisation of these specific populations; weak or failed
health systems, lack of infrastructure (e.g. to generate meteorological and epidemiological
information); lack of resources (human, financial, other); and the challenges of access due to
conflict, geography, etcetera [75]. Incomplete, inaccurate and fragmented data has contributed
to negative outcomes in previous disaster responses [76], and disruptions to health systems
compromise the accuracy and efficacy of dissemination and analysis of health information
[77]. However, while these obstacles may be understandable, that does not mean they are
acceptable.

When it comes to the inclusion-or absence-of such context-specific evidence in the IPCC
reports, it must be acknowledged that the complex process of reviewing, synthesising and
reporting of evidence in the Assessment Reports requires substantial time and effort, involving
strict deadlines. This means that research findings published in the period immediately pre-
ceding launch of an Assessment Report are usually not included until the next AR cycle, sev-
eral years later.

This study also suggests that some significant knowledge gaps may exist within the humani-
tarian community-at least as it is represented by the small sample of MSF headquarters staff
who participated in the survey-with respect to the burden of some specific climate-sensitive
diseases. The majority of MSF’s work has historically been oriented towards acute emergencies
such as epidemics, disasters and conflict, meaning that diseases and other climate-sensitive
health problems such as malaria, cholera and malnutrition are those most familiar to MSF
staff. Issues that are relatively familiar to many MSF staff extend to otherwise rare diseases
such as the viral haemorrhagic fevers Ebola and Marburg, which were identified by survey
respondents as infrequent but severe (see Fig 1). However, large-scale health problems such as
air pollution and heat stress, whose burdens (in terms of illness and death) are already enor-
mous, and expected to increase due to climate change [78], may become more prominent in
humanitarian settings over time and thus represent a different type of emergency that is more
chronic in nature. In parallel, climate-sensitive infectious diseases such as melioidosis, whose
global burden is thought to be significantly under-estimated at present (but may in fact be
greater than several other, better-known diseases such as dengue fever, leptospirosis and schis-
tosomiasis, all of which are included in this review) [79], may evolve from being almost
unknown in humanitarian settings to one that is increasingly recognised and treated as epide-
miological data and diagnostic capacities improve.

It is not only the health impacts of climate change themselves that are important to better
understand through further research, including in humanitarian settings, but the strategies
required to minimise those impacts. Analysis of adaptation strategies to protect the health of
populations affected by humanitarian crises was outside the scope of this project, but this is an
urgent priority for the research community. Ideally, this research should be conducted in part-
nership with the populations affected and, where useful and feasible, in collaboration with
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relevant humanitarian actors. Addressing these gaps and identifying the most promising oper-
ational adaptations to protect human health in humanitarian settings is an established priority
for MSF and was the principal reason for conducting this study.

Such adaptation measures must be not only evidence-based, but acceptable and appropri-
ate. This must include consideration and anticipation of the harmful effects that may result.
The phenomenon of ‘maladaptation’ can be seen, for example, in attempts to address climate-
change-related food insecurity through altered agricultural practices, which can lead to unin-
tended negative consequences such as increased exposure to snakebite [80].

No discussion of the health impacts of climate change is complete without reiteration of the
fundamental importance of mitigation. No amount of research, evidence or adaptation will
enable humanity to avoid the worst impacts of anthropogenic climate change. This is only pos-
sible through immediate, evidence-based and sustained actions to slow and halt carbon emis-
sions and draw down previously emitted carbon from the atmosphere. MSF has committed
itself to ambitious carbon reduction targets, in line with the Paris Agreements, to attempt to
demonstrate a ‘best practice’ approach, become a more responsible humanitarian actor and
adhere to the Hippocratic principle of Primum non nocere (First, do no harm).

Strengths and limitations

The authors collectively have decades of experience dealing with the majority of the above-
mentioned health problems. However, the organisational scope and collective expertise of the
authors may certainly be considered skewed-perhaps even biased-towards low- and middle-
income countries, resource-constrained environments and vulnerable populations. Whether
this may be considered a strength or limitation of the paper is open to interpretation.

What is a clear limitation of this study, apart from the lack of published literature specific to
the populations of interest already highlighted in the paper, is the internal survey. This was a
highly subjective tool, whose results—including the semi-quantitative analyses presented in this
paper—should be interpreted with caution. This issue of subjectivity is particularly pertinent in
relation to the strategy of leaving the definition of ‘severity’ (of climate sensitive ‘diseases’)
open to interpretation by survey respondents. The logic underpinning this decision was that
MSEF staff have expertise across a wide range of interdisciplinary areas, including not only
medical specialty domains but technical, operational and logistical areas such as water, sanita-
tion, hygiene, energy, transport, supply chain, finance and human resource management. For
many of the CSDs included in this review, it may be assumed that what one headquarters staff
member considers a ‘severe’ problem (for example, an Ebola outbreak) would be similarly
viewed by other colleagues from their distinct areas of technical expertise. However, this
would not always be the case. The level to which an MSF headquarters staff member may con-
sider a problem to be severe would be significantly influenced by their professional profile and
training, operational experience and previous exposure to the specific issue in question. A dis-
ease that is ‘severe’ from a medical perspective is not necessarily a severe logistical challenge,
and vice versa. The purpose of the survey was thus to capture, in the broadest possible sense,
the level of concern with which such senior staff viewed each of these CSDs, in order that their
collective expertise could inform the interpretation of the responses and resulting recommen-
dations. To that end, it was decided that attempting to offer an a priori definition of ‘severity’
would influence-and thus potentially inhibit-the variety and richness of possible responses
from the broad expertise of staff at MSF headquarters.

The survey was shared only with staff in the medical and operations departments at MSF’s
International Office and Operational Centres. This decision was based on the assumption that
these staff would have a reasonable depth and breadth of experience across a variety of MSF
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settings, and would be at least somewhat familiar with the majority of the CSDs included in
the survey. Such decisions and assumptions come with obvious risks related to bias, including
from excluding non-headquarters-based staff, and having no exclusion criteria for respondents
based on their perceived or measured knowledge and experience. Only 30 of those headquar-
ters staff responded to the survey, limiting the extent to which the results could be analysed
and/or generalised at larger scales. Nevertheless, the authors feel that these results do provide
useful indicators as to the required direction of future climate change and health research, and
priorities for knowledge-sharing and awareness-raising within MSF and the wider humanitar-
ian community.

It must be acknowledged that the list of CSDs included in this study is far from exhaustive.
There is increasing evidence that diseases of significant global importance, such as human
immunodeficiency virus (HIV), may have altered transmission in connection to climate-
linked phenomena such as drought [81]. Many other emerging or re-emerging diseases, such
as Crimean-Congo haemorrhagic fever [82], have also been demonstrated to be sensitive to
meteorological and environmental variables. The list of climate-sensitive diseases, while per-
haps not infinite, is certainly lengthy.

A final emphasis must be placed on the urgent challenge of establishing more accurate esti-
mates of the global morbidity and mortality related to climate change. The official WHO figure
of approximately 250,000 deaths per year for the period 2030-2050 is explicitly limited to only
four categories of CSD: malnutrition, malaria, diarrhoeal disease and heat stress [83]. As this
study demonstrates, and other authors have highlighted [84], the true scale and burden of the
problem is being severely underestimated at present-likely by orders of magnitude-and this
must be a priority area for further research.

Conclusions

As evidence regarding the health impacts of climate change continues to grow, the IPCC Assess-
ment Reports remain the ‘gold standard’ sources of expertly synthesised information on this
complex topic. However, there are important gaps in the IPCC’s latest Assessment Report, and
in the evidence that was available for inclusion within it, particularly in relation to people
affected by humanitarian emergencies. Such populations, which are already burdened by multi-
ple layers of health vulnerabilities, are being forced to suffer further due to the lack of evidence
available to inform efforts to address their particular health needs, including adaptation mea-
sures to protect against the effects of climate change. There are also knowledge gaps within the
humanitarian sector which are similarly important to address through research and advocacy.

It cannot be the responsibility of the people affected by humanitarian crises, nor humanitar-
ian actors alone, to address these evidence gaps and put in place the measures required to min-
imise the harmful effects of climate change on the health of these populations. It is essential
that the scientific community collaborates with government and non-government organisa-
tions to address the evidence gaps and identify the most appropriate strategies to protect the
health of the people most in need.

The voices of people affected by humanitarian emergencies, and the evidence regarding the
impacts of climate change that they are experiencing, including on their health, must be more
accurately and comprehensively included in future IPCC reports, as well as the global policy
agenda.

Acknowledgments

The authors, almost all of whom are current employees of MSF, are grateful to all colleagues
who completed the internal anonymous survey mentioned herein. It is intended that this

PLOS Climate | https://doi.org/10.1371/journal.pclm.0000243 March 6, 2024 12/18


https://doi.org/10.1371/journal.pclm.0000243

PLOS CLIMATE

Health impacts of climate change in humanitarian settings

article provides a robust perspective from multiple authors affiliated with MSF, but this should
not be assumed or portrayed to represent an official position of MSF as an international
organisation.

Author Contributions

Conceptualization: Lachlan Mclver, Juan Emmanuel Dewez, Monica Rull.
Data curation: Lachlan MclIver, Emma Beavon.

Formal analysis: Lachlan McIver, Emma Beavon.

Investigation: Lachlan Mclver.

Methodology: Lachlan McIver, Emma Beavon.

Project administration: Lachlan Mclver.

Writing - original draft: Lachlan McIver, Emma Beavon, Alexandra Malm, Amr Awad,
Angela Uyen, Carol Devine, Caroline Votte, Léo Tremblay, Louisa Baxter, Juan Emmanuel
Dewez, Maria Guevara, Monica Rull.

Writing - review & editing: Lachlan Mclver.

References

1. Romanello M, Di Napoli C, Drummond P, Green C, Kennard H, Lampard P, et al. The 2022 report of the
Lancet Countdown on health and climate change: health at the mercy of fossil fuels. Lancet. 2022; 400
(10363):1619-54. Epub 2022/10/29. https://doi.org/10.1016/S0140-6736(22)01540-9 PMID:
36306815; PubMed Central PMCID: PMCApril 28th.

2. MoraC, Spirandelli D, Franklin EC, Lynham J, Kantar MB, Miles W, et al. Broad threat to humanity from
cumulative climate hazards intensified by greenhouse gas emissions. Nature Climate Change. 2018; 8
(12):1062—71. https://doi.org/10.1038/s41558-018-0315-6

3. IPCC. Climate Change 2023: Synthesis Report. A Report of the Intergovernmental Panel on Climate
Change. Contribution of Working Groups |, Il and Ill to the Sixth Assessment Report of the Intergovern-
mental Panel on Climate Change [core Writing Team, Lee H and Romero J(eds.)]. Geneva, Switzer-
land, (in press): IPCC; 2023. Available from: https://www.ipcc.ch/report/ar6/syr/downloads/report/
IPCC_AR6_SYR_LongerReport.pdf.

4. Cissé G, McLeman R., Adams H, Aldunce P, Bowen K, Campbell-Lendrum D, et al. Tirado. Health,
Wellbeing, and the Changing Structure of Communities. In: Pértner H-O, Roberts DC, Tignor M, Poloc-
zanska ES, Mintenbeck K, Alegria A, Craig M, Langsdorf S, Léschke S, Méller V, Okem A, Rama B, edi-
tors, Climate Change 2022: Impacts, Adaptation, and Vulnerability Contribution of Working Group Il to
the Sixth Assessment Report of the Intergovernmental Panel on Climate Change [Internet]. Cam-
bridge, UK and New York, NY, USA: Cambridge University Press; 2022; [p. 1041-170]. Available from:
https://www.ipcc.ch/report/ar6/wg2/downloads/report/IPCC_AR6_WGII_Chapter07.pdf.

5. ChengJ, Xu Z, Bambrick H, Prescott V, Wang N, Zhang Y, et al. Cardiorespiratory effects of heat-
waves: A systematic review and meta-analysis of global epidemiological evidence. Environ Res. 2019;
177:108610. Epub 2019/08/04. https://doi.org/10.1016/j.envres.2019.108610 PMID: 31376629;
PubMed Central PMCID: PMCApril 28th.

6. Bunker A, Wildenhain J, Vandenbergh A, Henschke N, Rocklév J, Hajat S, et al. Effects of air tempera-
ture on climate-sensitive mortality and morbidity outcomes in the elderly; a systematic review and meta-
analysis of epidemiological evidence. EBioMedicine. 2016; 6:258—68. Epub 2016/05/24. https://doi.org/
10.1016/j.ebiom.2016.02.034 PMID: 27211569; PubMed Central PMCID: PMCApril 29th.

7. Ryan SJ, Carlson CJ, Mordecai EA, Johnson LR. Global expansion and redistribution of Aedes-borne
virus transmission risk with climate change. PLoS Negl Trop Dis. 2019; 13(3):e0007213. Epub 2019/03/
29. hitps://doi.org/10.1371/journal.pntd.0007213 PMID: 30921321; PubMed Central PMCID:
PMC6438455.

8. Baharom M, Ahmad N, Hod R, Arsad FS, Tangang F. The impact of meteorological factors on commu-
nicable disease incidence and its projection: a systematic review. Int J Environ Res Public Health. 2021;
18(21). Epub 2021/11/14. hitps://doi.org/10.3390/ijerph182111117 PMID: 34769638; PubMed Central
PMCID: PMCApril 29th.

PLOS Climate | https://doi.org/10.1371/journal.pclm.0000243 March 6, 2024 13/18


https://doi.org/10.1016/S0140-6736%2822%2901540-9
http://www.ncbi.nlm.nih.gov/pubmed/36306815
https://doi.org/10.1038/s41558-018-0315-6
https://www.ipcc.ch/report/ar6/syr/downloads/report/IPCC_AR6_SYR_LongerReport.pdf
https://www.ipcc.ch/report/ar6/syr/downloads/report/IPCC_AR6_SYR_LongerReport.pdf
https://www.ipcc.ch/report/ar6/wg2/downloads/report/IPCC_AR6_WGII_Chapter07.pdf
https://doi.org/10.1016/j.envres.2019.108610
http://www.ncbi.nlm.nih.gov/pubmed/31376629
https://doi.org/10.1016/j.ebiom.2016.02.034
https://doi.org/10.1016/j.ebiom.2016.02.034
http://www.ncbi.nlm.nih.gov/pubmed/27211569
https://doi.org/10.1371/journal.pntd.0007213
http://www.ncbi.nlm.nih.gov/pubmed/30921321
https://doi.org/10.3390/ijerph182111117
http://www.ncbi.nlm.nih.gov/pubmed/34769638
https://doi.org/10.1371/journal.pclm.0000243

PLOS CLIMATE

Health impacts of climate change in humanitarian settings

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

Lesk C, Rowhani P, Ramankutty N. Influence of extreme weather disasters on global crop production.
Nature. 2016; 529(7584):84—7. Epub 2016/01/08. https://doi.org/10.1038/nature 16467 PMID:
26738594.

Verschuur J, Li S, Wolski P, Otto FEL. Climate change as a driver of food insecurity in the 2007 Leso-
tho-South Africa drought. Sci Rep. 2021; 11(1):3852. Epub 2021/02/18. https://doi.org/10.1038/
541598-021-83375-x PMID: 33594112; PubMed Central PMCID: PMC7887215.

Dodman D, Hayward B., Pelling M, Castan Broto V, Chow W, Chu E, et al. Cities, Settlements and Key
Infrastructure. In: Pértner H-O, Roberts DC, Tignor M, Poloczanska ES, Mintenbeck K, Alegria A, Craig
M, Langsdorf S, Loschke S, Méller V, Okem A, Rama B, editors Climate Change 2022: Impacts, Adap-
tation, and Vulnerability Contribution of Working Group Il to the Sixth Assessment Report of the Inter-
governmental Panel on Climate Change [Internet]. Cambridge, UK and New York, NY, USA,:
Cambridge University Press; 2022; [p. 907—1040]. Available from: https://www.ipcc.ch/report/ar6/wg2/
downloads/report/IPCC_AR6_WGII_Chapter06.pdf.

Birkmann J, Liwenga E., Pandey R, Boyd E, Djalante R, Gemenne F, et al,. Poverty, Livelihoods and
Sustainable Development. In: Pértner H-O, Roberts DC, Tignor M, Poloczanska ES, Mintenbeck K, Ale-
gria A, Craig M, Langsdorf S, Loschke S, Moller V, Okem A, Rama B, editors Climate Change 2022:
Impacts, Adaptation, and Vulnerability Contribution of Working Group Il to the Sixth Assessment Report
of the Intergovernmental Panel on Climate Change [Internet]. Cambridge, UK and New York, NY,
USA,: Cambridge University Press; 2022; [p. 1171-274,]. Available from: https://www.ipcc.ch/report/
ar6/wg2/downloads/report/IPCC_AR6_WGiI_Chapter08.pdf.

Byers E, Gidden M, Leclére D, Balkovic J, Burek P, Ebi K, et al. Global exposure and vulnerability to
multi-sector development and climate change hotspots. Environmental Research Letters. 2018; 13
(5):055012. https://doi.org/10.1088/1748-9326/aabf45

Wilkens J, Datchoua-Tirvaudey ARC. Researching climate justice: a decolonial approach to global cli-
mate governance. International Affairs. 2022; 98(1):125-43. https://doi.org/10.1093/ia/iiab209

Orlove B, Sherpa P, Dawson N, Adelekan I, Alangui W, Carmona R, et al. Placing diverse knowledge
systems at the core of transformative climate research. Ambio. 2023. https://doi.org/10.1007/s13280-
023-01857-w PMID: 37103778

Ferrari R. Writing narrative style literature reviews. Medical Writing. 2015; 24(4):230-5. https://doi.org/
10.1179/20474806152.000000000329

Parmesan C, Morecroft M.D., Trisurat Y, Adrian R, Anshari G.Z, Arneth A, et al. Terrestrial and Fresh-
water Ecosystems and their Services. In: Portner H-O, Roberts DC, Tignor M, Poloczanska ES, Minten-
beck K, Alegria A, Craig M, Langsdorf S, Loschke S, Méller V, Okem A, Rama B, editors Climate
Change 2022: Impacts, Adaptation, and Vulnerability Contribution of Working Group Il to the Sixth
Assessment Report of the Intergovernmental Panel on Climate Change [Internet]. Cambridge, UK and
New York, NY, USA: Cambridge University Press; 2022; [p. 197-377]. Available from: https://www.
ipcc.ch/report/ar6/wg2/downloads/report/IPCC_AR6_WGII_Chapter02.pdf.

Trisos CH, Adelekan I.O., Totin E, Ayanlade A, Efitre J, Gemeda A., et al. Africa. In: Pértner H-O, Rob-
erts DC, Tignor M, Poloczanska ES, Mintenbeck K, Alegria A, Craig M, Langsdorf S, Léschke S, Méller
V, Okem A, Rama B, editors Climate Change 2022: Impacts, Adaptation, and Vulnerability Contribution
of Working Group Il to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change
[Internet]. Cambridge, UK and New York, NY, USA: Cambridge University Press; 2022; [p. 1285-455].
Available from: https://www.ipcc.ch/report/ar6/wg2/downloads/report/IPCC_AR6_WGII_Chapter09.pdf.

MacFadden DR, McGough SF, Fisman D, Santillana M, Brownstein JS. Antibiotic resistance increases
with local temperature. Nat Clim Chang. 2018; 8(6):510—4. Epub 2018/10/30. https://doi.org/10.1038/
s41558-018-0161-6 PMID: 30369964; PubMed Central PMCID: PMC2nd May.

McGough SF, MacFadden DR, Hattab MW, Mglbak K, Santillana M. Rates of increase of antibiotic
resistance and ambient temperature in Europe: a cross-national analysis of 28 countries between 2000
and 2016. Euro Surveill. 2020; 25(45). Epub 2020/11/14. https://doi.org/10.2807/1560-7917.ES.2020.
25.45.1900414 PMID: 33183408; PubMed Central PMCID: PMC7667635.

Kaba HEJ, Kuhimann E, Scheithauer S. Thinking outside the box: Association of antimicrobial resis-
tance with climate warming in Europe—A 30 country observational study. Int J Hyg Environ Health.
2020; 223(1):151-8. Epub 2019/10/28. https://doi.org/10.1016/}.ijheh.2019.09.008 PMID: 31648934.

Li W, Liu C, Ho HC, ShiL, Zeng Y, Yang X, et al. Association between antibiotic resistance and increas-
ing ambient temperature in China: An ecological study with nationwide panel data. Lancet Reg Health
West Pac. 2023; 30:100628. Epub 2022/11/22. https://doi.org/10.1016/j.lanwpc.2022.100628 PMID:
36406382; PubMed Central PMCID: PMC9672962.

Li W, Liu C, Ho HC, ShiL, Zeng Y, Yang X, et al. Estimating the effect of increasing ambient tempera-
ture on antimicrobial resistance in China: A nationwide ecological study with the difference-in-differ-
ences approach. Sci Total Environ. 2023; 882:163518. Epub 2023/04/21. https://doi.org/10.1016/j.
scitotenv.2023.163518 PMID: 37080321.

PLOS Climate | https://doi.org/10.1371/journal.pclm.0000243 March 6, 2024 14/18


https://doi.org/10.1038/nature16467
http://www.ncbi.nlm.nih.gov/pubmed/26738594
https://doi.org/10.1038/s41598-021-83375-x
https://doi.org/10.1038/s41598-021-83375-x
http://www.ncbi.nlm.nih.gov/pubmed/33594112
https://www.ipcc.ch/report/ar6/wg2/downloads/report/IPCC_AR6_WGII_Chapter06.pdf
https://www.ipcc.ch/report/ar6/wg2/downloads/report/IPCC_AR6_WGII_Chapter06.pdf
https://www.ipcc.ch/report/ar6/wg2/downloads/report/IPCC_AR6_WGII_Chapter08.pdf
https://www.ipcc.ch/report/ar6/wg2/downloads/report/IPCC_AR6_WGII_Chapter08.pdf
https://doi.org/10.1088/1748-9326/aabf45
https://doi.org/10.1093/ia/iiab209
https://doi.org/10.1007/s13280-023-01857-w
https://doi.org/10.1007/s13280-023-01857-w
http://www.ncbi.nlm.nih.gov/pubmed/37103778
https://doi.org/10.1179/2047480615Z.000000000329
https://doi.org/10.1179/2047480615Z.000000000329
https://www.ipcc.ch/report/ar6/wg2/downloads/report/IPCC_AR6_WGII_Chapter02.pdf
https://www.ipcc.ch/report/ar6/wg2/downloads/report/IPCC_AR6_WGII_Chapter02.pdf
https://www.ipcc.ch/report/ar6/wg2/downloads/report/IPCC_AR6_WGII_Chapter09.pdf
https://doi.org/10.1038/s41558-018-0161-6
https://doi.org/10.1038/s41558-018-0161-6
http://www.ncbi.nlm.nih.gov/pubmed/30369964
https://doi.org/10.2807/1560-7917.ES.2020.25.45.1900414
https://doi.org/10.2807/1560-7917.ES.2020.25.45.1900414
http://www.ncbi.nlm.nih.gov/pubmed/33183408
https://doi.org/10.1016/j.ijheh.2019.09.008
http://www.ncbi.nlm.nih.gov/pubmed/31648934
https://doi.org/10.1016/j.lanwpc.2022.100628
http://www.ncbi.nlm.nih.gov/pubmed/36406382
https://doi.org/10.1016/j.scitotenv.2023.163518
https://doi.org/10.1016/j.scitotenv.2023.163518
http://www.ncbi.nlm.nih.gov/pubmed/37080321
https://doi.org/10.1371/journal.pclm.0000243

PLOS CLIMATE

Health impacts of climate change in humanitarian settings

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Reverter M, Sarter S, Caruso D, Avarre JC, Combe M, Pepey E, et al. Aquaculture at the crossroads of
global warming and antimicrobial resistance. Nat Commun. 2020; 11(1):1870. Epub 2020/04/22.
https://doi.org/10.1038/s41467-020-15735-6 PMID: 32312964; PubMed Central PMCID:
PMC7170852.

Hicke JA, Lucatello S., Mortsch L.D, Dawson J, Dominguez Aguilar M, Enquist C.A.F, et al. North Amer-
ica. In: Portner H-O, Roberts DC, Tignor M, Poloczanska ES, Mintenbeck K, Alegria A, Craig M, Langs-
dorf S, Léschke S, Méller V, Okem A, Rama B, editors Climate Change 2022: Impacts, Adaptation, and
Vulnerability Contribution of Working Group |l to the Sixth Assessment Report of the Intergovernmental
Panel on Climate Change [Internet]. Cambridge, UK and New York, NY, USA: Cambridge University
Press; 2022; [p. 1929-2042]. Available from: https://www.ipcc.ch/report/ar6/wg2/downloads/report/
IPCC_AR6_WGiII_Chapter14.pdf.

Castellanos E, Lemos M.F., Astigarraga L, Chacon N, Cuvi N, Huggel C., et al. Central and South Amer-
ica. In: Portner H-O, Roberts DC, Tignor M, Poloczanska ES, Mintenbeck K, Alegria A, Craig M, Langs-
dorf S, Léschke S, Méller V, Okem A, Rama B, editors Climate Change 2022: Impacts, Adaptation, and
Vulnerability Contribution of Working Group |l to the Sixth Assessment Report of the Intergovernmental
Panel on Climate Change [Internet]. Cambridge, UK and New York, NY, USA: Cambridge University
Press; 2022; [p. 1689-816]. Available from: https://www.ipcc.ch/report/ar6/wg2/downloads/report/
IPCC_AR6_WGII_Chapter12.pdf.

Ceccarelli S, Rabinovich JE. Global climate change effects on Venezuela’s vulnerability to chagas dis-
ease is linked to the geographic distribution of five triatomine species. J Med Entomol. 2015; 52
(6):1333—43. Epub 2015/09/04. https://doi.org/10.1093/jme/tjv119 PMID: 26336258.

Ayala S, Alvarado S, Caceres D, Zulantay |, Canals M. [Effects of climate change on reproductive num-
ber of Chagas disease]. Rev Med Chil. 2019; 147(6):683-92. Spanish. Epub 2019/12/21. https://doi.
org/10.4067/s0034-98872019000600683 PMID: 31859820.

Garrido R, Bacigalupo A, Peiia-Gémez F, Bustamante RO, Cattan PE, Gorla DE, et al. Potential impact
of climate change on the geographical distribution of two wild vectors of Chagas disease in Chile:
Mepraia spinolai and Mepraia gajardoi. Parasit Vectors. 2019; 12(1):478. Epub 2019/10/16. https://doi.
0rg/10.1186/s13071-019-3744-9 PMID: 31610815; PubMed Central PMCID: PMC6792221.

Gullén P, Varela C, Martinez EV, Gémez-Barroso D. Association between meteorological factors and
hepatitis A in Spain 2010-2014. Environ Int. 2017; 102:230-5. Epub 2017/03/23. https://doi.org/10.
1016/j.envint.2017.03.008 PMID: 28325534.

Gaol, Zhang Y, Ding G, Liu Q, Wang C, Jiang B. Projections of hepatitis A virus infection associated
with flood events by 2020 and 2030 in Anhui Province, China. Int J Biometeorol. 2016; 60(12):1873—-84.
Epub 2016/05/14. https://doi.org/10.1007/s00484-016-1174-3 PMID: 27174415.

Silveira PO, Guasselli LA, Oliveira GG, Nascimento VF. Relationship between cases of hepatitis A and
flood areas, municipality of Encantado, Rio Grande do Sul, Brazil. Cien Saude Colet. 2021; 26(2):721—
8. Epub 2021/02/20. https://doi.org/10.1590/1413-81232020261.30592018 PMID: 33605346.

Charrahy Z, Yaghoobi-Ershadi MR, Shirzadi MR, Akhavan AA, Rassi Y, Hosseini SZ, et al. Climate
change and its effect on the vulnerability to zoonotic cutaneous leishmaniasis in Iran. Transbound Emerg
Dis. 2022; 69(3):1506—20. Epub 2021/04/21. https://doi.org/10.1111/tbed.14115 PMID: 33876891.

Amro A, Moskalenko O, Hamarsheh O, Frohnme M. Spatiotemporal analysis of cutaneous leishmaniasis
in Palestine and foresight study by projections modelling until 2060 based on climate change prediction.
PLoS One. 2022; 17(6):e0268264. Epub 2022/06/10. https://doi.org/10.1371/journal.pone.0268264
PMID: 35679335; PubMed Central PMCID: PMC9182690.

Shirzadi MR, Javanbakht M, Vatandoost H, Jesri N, Saghafipour A, Fouladi-Fard R, et al. Impact of
environmental and climate factors on spatial distribution of cutaneous Leishmaniasis in Northeastern
Iran: utilizing remote sensing. J Arthropod Borne Dis. 2020; 14(1):56—67. Epub 2020/08/09. https://doi.
org/10.18502/jad.v14i1.2704 PMID: 32766349; PubMed Central PMCID: PMC7382700.

Roger A, Nacher M, Hanf M, Drogoul AS, Adenis A, Basurko C, et al. Climate and leishmaniasis in
French Guiana. Am J Trop Med Hyg. 2013; 89(3):564-9. Epub 2013/08/14. https://doi.org/10.4269/
ajtmh.12-0771 PMID: 23939706; PubMed Central PMCID: PMC3771301.

Mazamay S, Broutin H, Bompangue D, Muyembe JJ, Guégan JF. The environmental drivers of bacte-
rial meningitis epidemics in the Democratic Republic of Congo, central Africa. PLoS Negl Trop Dis.
2020; 14(10):e0008634. Epub 2020/10/08. https://doi.org/10.1371/journal.pntd.0008634 PMID:
33027266; PubMed Central PMCID: PMC7540884.

Chen J, Jiao Z, Liang Z, Ma J, Xu M, Biswal S, et al. Association between temperature variability and
global meningitis incidence. Environ Int. 2023; 171:107649. Epub 2022/12/06. https://doi.org/10.1016/j.
envint.2022.107649 PMID: 36470121.

Oluwole OS. Climate regimes, El nifio-southern oscillation, and Meningococcal meningitis epidemics.
Front Public Health. 2015; 3:187. Epub 2015/08/19. https://doi.org/10.3389/fpubh.2015.00187 PMID:
26284234; PubMed Central PMCID: PMC4519658.

PLOS Climate | https://doi.org/10.1371/journal.pclm.0000243 March 6, 2024 15/18


https://doi.org/10.1038/s41467-020-15735-6
http://www.ncbi.nlm.nih.gov/pubmed/32312964
https://www.ipcc.ch/report/ar6/wg2/downloads/report/IPCC_AR6_WGII_Chapter14.pdf
https://www.ipcc.ch/report/ar6/wg2/downloads/report/IPCC_AR6_WGII_Chapter14.pdf
https://www.ipcc.ch/report/ar6/wg2/downloads/report/IPCC_AR6_WGII_Chapter12.pdf
https://www.ipcc.ch/report/ar6/wg2/downloads/report/IPCC_AR6_WGII_Chapter12.pdf
https://doi.org/10.1093/jme/tjv119
http://www.ncbi.nlm.nih.gov/pubmed/26336258
https://doi.org/10.4067/s0034-98872019000600683
https://doi.org/10.4067/s0034-98872019000600683
http://www.ncbi.nlm.nih.gov/pubmed/31859820
https://doi.org/10.1186/s13071-019-3744-9
https://doi.org/10.1186/s13071-019-3744-9
http://www.ncbi.nlm.nih.gov/pubmed/31610815
https://doi.org/10.1016/j.envint.2017.03.008
https://doi.org/10.1016/j.envint.2017.03.008
http://www.ncbi.nlm.nih.gov/pubmed/28325534
https://doi.org/10.1007/s00484-016-1174-3
http://www.ncbi.nlm.nih.gov/pubmed/27174415
https://doi.org/10.1590/1413-81232020261.30592018
http://www.ncbi.nlm.nih.gov/pubmed/33605346
https://doi.org/10.1111/tbed.14115
http://www.ncbi.nlm.nih.gov/pubmed/33876891
https://doi.org/10.1371/journal.pone.0268264
http://www.ncbi.nlm.nih.gov/pubmed/35679335
https://doi.org/10.18502/jad.v14i1.2704
https://doi.org/10.18502/jad.v14i1.2704
http://www.ncbi.nlm.nih.gov/pubmed/32766349
https://doi.org/10.4269/ajtmh.12-0771
https://doi.org/10.4269/ajtmh.12-0771
http://www.ncbi.nlm.nih.gov/pubmed/23939706
https://doi.org/10.1371/journal.pntd.0008634
http://www.ncbi.nlm.nih.gov/pubmed/33027266
https://doi.org/10.1016/j.envint.2022.107649
https://doi.org/10.1016/j.envint.2022.107649
http://www.ncbi.nlm.nih.gov/pubmed/36470121
https://doi.org/10.3389/fpubh.2015.00187
http://www.ncbi.nlm.nih.gov/pubmed/26284234
https://doi.org/10.1371/journal.pclm.0000243

PLOS CLIMATE

Health impacts of climate change in humanitarian settings

40.

41.

42,

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Ayanlade A, Nwayor IJ, Sergi C, Ayanlade OS, Di Carlo P, Jeje OD, et al. Early warning climate indices
for malaria and meningitis in tropical ecological zones. Sci Rep. 2020; 10(1):14303. Epub 2020/09/02.
https://doi.org/10.1038/s41598-020-71094-8 PMID: 32868821; PubMed Central PMCID:
PMC7459128.

Ediriweera DS, Diggle PJ, Kasturiratne A, Pathmeswaran A, Gunawardena NK, Jayamanne SF, et al.
Evaluating temporal patterns of snakebite in Sri Lanka: the potential for higher snakebite burdens with
climate change. Int J Epidemiol. 2018; 47(6):2049-58. Epub 2018/09/15. https://doi.org/10.1093/ije/
dyy188 PMID: 30215727; PubMed Central PMCID: PMC6280932.

Shashar S, Yitshak-Sade M, Sonkin R, Novack V, Jaffe E. The association between heat waves and
other meteorological parameters and snakebites: Israel national study. J Emerg Med. 2018; 54(6):819—
26. Epub 2018/04/18. https://doi.org/10.1016/j.jemermed.2018.02.002 PMID: 29661659.

Jucd TL, Oliveira Normando LR, Ibrahim AB, Chapeaurouge A, Cristina de Oliveira Monteiro-Moreira A,
Mackessy SP. Drought, desertification and poverty: A geospatial analysis of snakebite envenoming in
the Caatinga biome of Brazil. Int J Health Plann Manage. 2021; 36(5):1685-96. Epub 2021/05/27.
https://doi.org/10.1002/hpm.3180 PMID: 34037270.

Bravo-Vega C, Santos-Vega M, Cordovez JM. Disentangling snakebite dynamics in Colombia: How
does rainfall and temperature drive snakebite temporal patterns? PLoS Negl Trop Dis. 2022; 16(3):
e€0010270. Epub 2022/04/01. https://doi.org/10.1371/journal.pntd.0010270 PMID: 35358190; PubMed
Central PMCID: PMC8970366.

Liu J, Varghese BM, Hansen A, Zhang Y, Driscoll T, Morgan G, et al. Heat exposure and cardiovascular
health outcomes: a systematic review and meta-analysis. Lancet Planet Health. 2022; 6(6):e484—95.
Epub 2022/06/17. https://doi.org/10.1016/S2542-5196(22)00117-6 PMID: 35709806.

Zhou L, He C, Kim H, Honda Y, Lee W, Hashizume M, et al. The burden of heat-related stroke mortality
under climate change scenarios in 22 East Asian cities. Environ Int. 2022; 170:107602. Epub 2022/11/
03. https://doi.org/10.1016/j.envint.2022.107602 PMID: 36323066.

Li T, Horton RM, Bader DA, Liu F, Sun Q, Kinney PL. Long-term projections of temperature-related mor-
tality risks for ischemic stroke, hemorrhagic stroke, and acute ischemic heart disease under changing
climate in Beijing, China. Environ Int. 2018; 112:1-9. Epub 2017/12/15. https://doi.org/10.1016/j.envint.
2017.12.006 PMID: 29241068.

Kharwadkar S, Attanayake V, Duncan J, Navaratne N, Benson J. The impact of climate change on the
risk factors for tuberculosis: A systematic review. Environ Res. 2022; 212(Pt C):113436. Epub 2022/05/
14. https://doi.org/10.1016/j.envres.2022.113436 PMID: 35550808.

QinT,Hao Y, Wu Y, Chen X, Zhang S, Wang M, et al. Association between averaged meteorological
factors and tuberculosis risk: A systematic review and meta-analysis. Environ Res. 2022; 212(Pt
D):113279. Epub 2022/05/14. https://doi.org/10.1016/j.envres.2022.113279 PMID: 35561834.

Peters JL, Cho DK, Aluisio AR, Kennedy SB, Massaquoi MBF, Sahr F, et al. Environmental temperature
and case fatality of patients with Ebola virus disease in Sierra Leone and Liberia, 2014-2015: a retro-
spective cohort study. Trop Med Int Health. 2019; 24(1):23-30. Epub 2018/10/12. https://doi.org/10.
1111/tmi.13166 PMID: 30307686; PubMed Central PMCID: PMC6324989.

Buceta J, Johnson K. Modeling the Ebola zoonotic dynamics: Interplay between enviroclimatic factors
and bat ecology. PLoS One. 2017; 12(6):e0179559. Epub 2017/06/13. https://doi.org/10.1371/journal.
pone.0179559 PMID: 28604813; PubMed Central PMCID: PMC5467914.

Redding DW, Atkinson PM, Cunningham AA, Lo lacono G, Moses LM, Wood JLN, et al. Impacts of
environmental and socio-economic factors on emergence and epidemic potential of Ebola in Africa. Nat
Commun. 2019; 10(1):4531. Epub 2019/10/17. https://doi.org/10.1038/s41467-019-12499-6 PMID:
31615986; PubMed Central PMCID: PMC6794280.

Lord JS, Hargrove JW, Torr SJ, Vale GA. Climate change and African trypanosomiasis vector popula-
tions in Zimbabwe’s Zambezi Valley: A mathematical modelling study. PLoS Med. 2018; 15(10):
e€1002675. Epub 2018/10/28. https://doi.org/10.1371/journal.pmed. 1002675 PMID: 30346952; PubMed
Central PMCID: PMC6197628.

Messina JP, Moore NJ, DeVisser MH, McCord PF, Walker ED. Climate change and risk projection:
dynamic spatial models of tsetse and african trypanosomiasis in Kenya. Ann Assoc Am Geogr. 2012;
102(2):1038—48. Epub 2012/01/01. https://doi.org/10.1080/00045608.2012.671134 PMID: 26316656;
PubMed Central PMCID: PMC4548967.

Longbottom J, Caminade C, Gibson HS, Weiss DJ, Torr S, Lord JS. Modelling the impact of climate
change on the distribution and abundance of tsetse in Northern Zimbabwe. Parasit Vectors. 2020; 13
(1):526. Epub 2020/10/21. https://doi.org/10.1186/s13071-020-04398-3 PMID: 33076987; PubMed
Central PMCID: PMC7574501.

Nnko HJ, Gwakisa PS, Ngonyoka A, Sindato C, Estes AB. Potential impacts of climate change on geo-
graphical distribution of three primary vectors of African Trypanosomiasis in Tanzania’s Maasai Steppe:

PLOS Climate | https://doi.org/10.1371/journal.pclm.0000243 March 6, 2024 16/18


https://doi.org/10.1038/s41598-020-71094-8
http://www.ncbi.nlm.nih.gov/pubmed/32868821
https://doi.org/10.1093/ije/dyy188
https://doi.org/10.1093/ije/dyy188
http://www.ncbi.nlm.nih.gov/pubmed/30215727
https://doi.org/10.1016/j.jemermed.2018.02.002
http://www.ncbi.nlm.nih.gov/pubmed/29661659
https://doi.org/10.1002/hpm.3180
http://www.ncbi.nlm.nih.gov/pubmed/34037270
https://doi.org/10.1371/journal.pntd.0010270
http://www.ncbi.nlm.nih.gov/pubmed/35358190
https://doi.org/10.1016/S2542-5196%2822%2900117-6
http://www.ncbi.nlm.nih.gov/pubmed/35709806
https://doi.org/10.1016/j.envint.2022.107602
http://www.ncbi.nlm.nih.gov/pubmed/36323066
https://doi.org/10.1016/j.envint.2017.12.006
https://doi.org/10.1016/j.envint.2017.12.006
http://www.ncbi.nlm.nih.gov/pubmed/29241068
https://doi.org/10.1016/j.envres.2022.113436
http://www.ncbi.nlm.nih.gov/pubmed/35550808
https://doi.org/10.1016/j.envres.2022.113279
http://www.ncbi.nlm.nih.gov/pubmed/35561834
https://doi.org/10.1111/tmi.13166
https://doi.org/10.1111/tmi.13166
http://www.ncbi.nlm.nih.gov/pubmed/30307686
https://doi.org/10.1371/journal.pone.0179559
https://doi.org/10.1371/journal.pone.0179559
http://www.ncbi.nlm.nih.gov/pubmed/28604813
https://doi.org/10.1038/s41467-019-12499-6
http://www.ncbi.nlm.nih.gov/pubmed/31615986
https://doi.org/10.1371/journal.pmed.1002675
http://www.ncbi.nlm.nih.gov/pubmed/30346952
https://doi.org/10.1080/00045608.2012.671134
http://www.ncbi.nlm.nih.gov/pubmed/26316656
https://doi.org/10.1186/s13071-020-04398-3
http://www.ncbi.nlm.nih.gov/pubmed/33076987
https://doi.org/10.1371/journal.pclm.0000243

PLOS CLIMATE

Health impacts of climate change in humanitarian settings

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

G. m. morsitans, G. pallidipes and G. swynnertoni. PLoS Negl Trop Dis. 2021; 15(2):e0009081. Epub
2021/02/12. https://doi.org/10.1371/journal.pntd.0009081 PMID: 33571190; PubMed Central PMCID:
PMC7904224.

Mweempwa C, Marcotty T, De Pus C, Penzhorn BL, Dicko AH, Bouyer J, et al. Impact of habitat frag-
mentation on tsetse populations and Trypanosomosis risk in Eastern Zambia. Parasites & Vectors.
2015; 8(1):406. https://doi.org/10.1186/s13071-015-1018-8 PMID: 26238201

Moore S, Shrestha S, Tomlinson KW, Vuong H. Predicting the effect of climate change on African try-
panosomiasis: integrating epidemiology with parasite and vector biology. J R Soc Interface. 2012; 9
(70):817-30. Epub 2011/11/11. hitps://doi.org/10.1098/rsif.2011.0654 PMID: 22072451; PubMed Cen-
tral PMCID: PMC3306657.

Redding DW, Moses LM, Cunningham AA, Wood J, Jones KE. Environmental-mechanistic modelling of
the impact of global change on human zoonotic disease emergence: a case study of Lassa fever. Meth-
ods in Ecology and Evolution. 2016; 7(6):646-55. https://doi.org/10.1111/2041-210X.12549.

Redding DW, Gibb R, Dan-Nwafor CC, llori EA, Yashe RU, Oladele SH, et al. Geographical drivers and
climate-linked dynamics of Lassa fever in Nigeria. Nat Commun. 2021; 12(1):5759. Epub 2021/10/03.
https://doi.org/10.1038/s41467-021-25910-y PMID: 34599162; PubMed Central PMCID:
PMC8486829.

Klitting R, Kafetzopoulou LE, Thiery W, Dudas G, Gryseels S, Kotamarthi A, et al. Predicting the evolu-
tion of the Lassa virus endemic area and population at risk over the next decades. Nat Commun. 2022;
13(1):5596. Epub 2022/09/28. https://doi.org/10.1038/s41467-022-33112-3 PMID: 36167835; PubMed
Central PMCID: PMC9515147.

Rueda LM, Patel KJ, Axtell RC, Stinner RE. Temperature-dependent development and survival rates of
Culex quinquefasciatus and Aedes aegypti (Diptera: Culicidae). Journal of Medical Entomology. 1990;
27(5):892-8. https://doi.org/10.1093/jmedent/27.5.892 PMID: 2231624

Slater H, Michael E. Predicting the current and future potential distributions of lymphatic filariasis in
Africa using maximum entropy ecological niche modelling. PLoS One. 2012; 7(2):e32202. Epub 2012/
02/24. https://doi.org/10.1371/journal.pone.0032202 PMID: 22359670; PubMed Central PMCID:
PMC3281123.

Ramasamy R, Surendran SN. Global climate change and its potential impact on disease transmission
by salinity-tolerant mosquito vectors in coastal zones. Front Physiol. 2012; 3:198. Epub 2012/06/23.
https://doi.org/10.3389/fphys.2012.00198 PMID: 22723781; PubMed Central PMCID: PMC3377959.

Nyakarahuka L, Ayebare S, Mosomtai G, Kankya C, Lutwama J, Mwiine FN, et al. Ecological niche
modeling for filoviruses: a risk map for Ebola and Marburg virus disease outbreaks in Uganda. PLoS
Curr. 2017; 9. Epub 2017/10/17. https://doi.org/10.1371/currents.outbreaks.
07992a87522e1f229c7cb023270a2af1 PMID: 29034 123; PubMed Central PMCID: PMC5614672.

Omonijo AG, Matzarakis A, Oguntoke O, Adeofun CO. Effect of thermal environment on the temporal,
spatial and seasonal occurrence of measles in Ondo state, Nigeria. Int J Biometeorol. 2012; 56(5):873—
85. Epub 2011/09/20. https://doi.org/10.1007/s00484-011-0492-8 PMID: 21928098.

Yang Q, Fu C, Dong Z, Hu W, Wang M. The effects of weather conditions on measles incidence in
Guangzhou, Southern Chin. Human Vaccines and Immunotherapeutics. 2014; 10(4):1104-1110.
https://doi.org/10.4161/hv.27826 PMID: 24509358

Nagata JM, Epstein A, Ganson KT, Benmarhnia T, Weiser SD. Drought and child vaccination coverage
in 22 countries in sub-Saharan Africa: A retrospective analysis of national survey data from 2011 to
2019. PLoS Med. 2021; 18(9):e1003678. Epub 2021/09/29. https://doi.org/10.1371/journal.pmed.
1003678 PMID: 34582463; PubMed Central PMCID: PMC8478213.

Kaestli M, Grist EPM, Ward L, Hill A, Mayo M, Currie BJ. The association of melioidosis with climatic
factors in Darwin, Australia: A 23-year time-series analysis. J Infect. 2016; 72(6):687-97. Epub 2016/
03/08. https://doi.org/10.1016/}.jinf.2016.02.015 PMID: 26945846.

Hempenstall AdJ, Smith S, Stanton D, Hanson J. Melioidosis in the Torres Strait Islands, Australia: exqui-
site interplay between pathogen, host, and environment. Am J Trop Med Hyg. 2019; 100(3):517-21.
Epub 2019/01/25. https://doi.org/10.4269/ajtmh.18-0806 PMID: 30675834; PubMed Central PMCID:
PMC6402897.

Cheng AC, Jacups SP, Gal D, Mayo M, Currie BJ. Extreme weather events and environmental contami-
nation are associated with case-clusters of melioidosis in the Northern Territory of Australia. Int J Epide-
miol. 2006; 35(2):323-9. Epub 2005/12/06. https://doi.org/10.1093/ije/dyi271 PMID: 16326823.

Jayasinghearachchi HS, Francis VR, Sathkumara HD, Krishnananthasivam S, Masakorala J, Muthu-
gama T, et al. Nonclonal Burkholderia pseudomallei Population in Melioidosis Case Cluster, Sri Lanka.
Emerg Infect Dis. 2021; 27(11):2955—7. Epub 2021/08/12. https://doi.org/10.3201/eid2711.210219
PMID: 34379585; PubMed Central PMCID: PMC8545001.

PLOS Climate | https://doi.org/10.1371/journal.pclm.0000243 March 6, 2024 17/18


https://doi.org/10.1371/journal.pntd.0009081
http://www.ncbi.nlm.nih.gov/pubmed/33571190
https://doi.org/10.1186/s13071-015-1018-8
http://www.ncbi.nlm.nih.gov/pubmed/26238201
https://doi.org/10.1098/rsif.2011.0654
http://www.ncbi.nlm.nih.gov/pubmed/22072451
https://doi.org/10.1111/2041-210X.12549
https://doi.org/10.1038/s41467-021-25910-y
http://www.ncbi.nlm.nih.gov/pubmed/34599162
https://doi.org/10.1038/s41467-022-33112-3
http://www.ncbi.nlm.nih.gov/pubmed/36167835
https://doi.org/10.1093/jmedent/27.5.892
http://www.ncbi.nlm.nih.gov/pubmed/2231624
https://doi.org/10.1371/journal.pone.0032202
http://www.ncbi.nlm.nih.gov/pubmed/22359670
https://doi.org/10.3389/fphys.2012.00198
http://www.ncbi.nlm.nih.gov/pubmed/22723781
https://doi.org/10.1371/currents.outbreaks.07992a87522e1f229c7cb023270a2af1
https://doi.org/10.1371/currents.outbreaks.07992a87522e1f229c7cb023270a2af1
http://www.ncbi.nlm.nih.gov/pubmed/29034123
https://doi.org/10.1007/s00484-011-0492-8
http://www.ncbi.nlm.nih.gov/pubmed/21928098
https://doi.org/10.4161/hv.27826
http://www.ncbi.nlm.nih.gov/pubmed/24509358
https://doi.org/10.1371/journal.pmed.1003678
https://doi.org/10.1371/journal.pmed.1003678
http://www.ncbi.nlm.nih.gov/pubmed/34582463
https://doi.org/10.1016/j.jinf.2016.02.015
http://www.ncbi.nlm.nih.gov/pubmed/26945846
https://doi.org/10.4269/ajtmh.18-0806
http://www.ncbi.nlm.nih.gov/pubmed/30675834
https://doi.org/10.1093/ije/dyi271
http://www.ncbi.nlm.nih.gov/pubmed/16326823
https://doi.org/10.3201/eid2711.210219
http://www.ncbi.nlm.nih.gov/pubmed/34379585
https://doi.org/10.1371/journal.pclm.0000243

PLOS CLIMATE

Health impacts of climate change in humanitarian settings

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

Mandja BA, Handschumacher P, Bompangue D, Gonzalez JP, Muyembe JJ, Sauleau EA, et al. Envi-
ronmental drivers of monkeypox transmission in the Democratic Republic of the Congo. Ecohealth.
2022; 19(3):354—64. Epub 2022/08/28. https://doi.org/10.1007/s10393-022-01610-x PMID: 36029356.

Thomassen HA, Fuller T, Asefi-Najafabady S, Shiplacoff JA, Mulembakani PM, Blumberg S, et al. Path-
ogen-host associations and predicted range shifts of human monkeypox in response to climate change

in central Africa. PLoS One. 2013; 8(7):e66071. Epub 2013/08/13. https://doi.org/10.1371/journal.pone.
0066071 PMID: 23935820; PubMed Central PMCID: PMC3729955.

Shalash A, Abu-Rmeileh N, Kelly D, Elmusharaf K. The need for standardised methods of data collec-
tion, sharing of data and agency coordination in humanitarian settings. BMJ Global Health. 2022; 7
(Suppl 8):2007249. https://doi.org/10.1136/bmjgh-2021-007249 PMID: 36210070

Altay N, Labonte M. Challenges in humanitarian information management and exchange: evidence
from Haiti. Disasters. 2014; 38 Suppl 1:S50-72. Epub 2014/08/03. https://doi.org/10.1111/disa.12052
PMID: 24601932.

Ahmed K, Bukhari MAS, Altaf MD, Lugala PC, Popal GR, Abouzeid A, et al. Development and imple-
mentation of electronic disease early warning systems for optimal disease surveillance and response
during humanitarian crisis and ebola outbreak in Yemen, Somalia, Liberia and Pakistan. Online J Public
Health Inform. 2019; 11(2):e11. Epub 2019/10/22. https://doi.org/10.5210/0ojphi.v11i2.10157 PMID:
31632605; PubMed Central PMCID: PMC6788902.

Fuller R, Landrigan PJ, Balakrishnan K, Bathan G, Bose-O’Reilly S, Brauer M, et al. Pollution and
health: a progress update. The Lancet Planetary Health. 2022; 6(6):e535—e47. https://doi.org/10.1016/
S2542-5196(22)00090-0 PMID: 35594895

Birnie E, Virk H, Savelkoel J, Spijker R, Bertherat E, Dance D et al. Global burden of melioidosis 2015: a
systematic review and data synthesis. Lancet Infectious Diseases. 2019; 19(8):892-902. https://doi.
org/10.1016/S1473-3099(19)30157-4 PMID: 31285144

Goldstein E, Erinjery J, Martin G, Kasturiratne A, Ediriweera D, Somaweera R et al. Climate change
maladptation for health: Agricultural practice against shifting rainfall affects snakebite risk for farmers in
the tropics. iScience 2023; 26(2):105946. https://doi.org/10.1016/j.isci.2023.105946 PMID: 36818294

Low A, Frederix K, McCracken S, Manyau S, Gummerson E, Radin E et al. Association between severe
drought and HIV prevention and care behaviours in Lesotho: A population-based survey 2016-2017.
PLOS Medicine. 2019; 16(1): e1002727. https://doi.org/10.1371/journal pmed.1002727

Nili S, Khanjani N, Jahani Y, Bakhtiara B. The effect of climate variables on the incidence of Crimean-
Congo Haemorrhagic Fever (CCHF) in Zahedan, Iran. 2020; 20:1893. https://doi.org/10.1186/s12889-
020-09989-4 PMID: 33298021

World Health Organization fact sheet: Climate change and health. Dated 30™ October 2021. https:/
www.who.int/news-room/fact-sheets/detail/climate-change-and-health

Carlson C, Alam M, North M, Onyango E, Stewart-lbarra A. The health burden of climate change: call
for global scientific action. PLOS Climate 2023; 2(1): e0000126. https://doi.org/10.1371/journal.pclm.
0000126

PLOS Climate | https://doi.org/10.1371/journal.pclm.0000243 March 6, 2024 18/18


https://doi.org/10.1007/s10393-022-01610-x
http://www.ncbi.nlm.nih.gov/pubmed/36029356
https://doi.org/10.1371/journal.pone.0066071
https://doi.org/10.1371/journal.pone.0066071
http://www.ncbi.nlm.nih.gov/pubmed/23935820
https://doi.org/10.1136/bmjgh-2021-007249
http://www.ncbi.nlm.nih.gov/pubmed/36210070
https://doi.org/10.1111/disa.12052
http://www.ncbi.nlm.nih.gov/pubmed/24601932
https://doi.org/10.5210/ojphi.v11i2.10157
http://www.ncbi.nlm.nih.gov/pubmed/31632605
https://doi.org/10.1016/S2542-5196%2822%2900090-0
https://doi.org/10.1016/S2542-5196%2822%2900090-0
http://www.ncbi.nlm.nih.gov/pubmed/35594895
https://doi.org/10.1016/S1473-3099%2819%2930157-4
https://doi.org/10.1016/S1473-3099%2819%2930157-4
http://www.ncbi.nlm.nih.gov/pubmed/31285144
https://doi.org/10.1016/j.isci.2023.105946
http://www.ncbi.nlm.nih.gov/pubmed/36818294
https://doi.org/10.1371/journal
https://doi.org/10.1186/s12889-020-09989-4
https://doi.org/10.1186/s12889-020-09989-4
http://www.ncbi.nlm.nih.gov/pubmed/33298021
https://www.who.int/news-room/fact-sheets/detail/climate-change-and-health
https://www.who.int/news-room/fact-sheets/detail/climate-change-and-health
https://doi.org/10.1371/journal.pclm.0000126
https://doi.org/10.1371/journal.pclm.0000126
https://doi.org/10.1371/journal.pclm.0000243

