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Abstract

Background Climate change presents an imminent threat to almost all biological systems across the globe. In recent
years there have been a series of studies showing how changes in climate can impact infectious disease transmission.
Many of these publications focus on simulations based on in silico data, shadowing empirical research based on field
and laboratory data. A synthesis work of empirical climate change and infectious disease research is still lacking.

Methods We conducted a systemic review of research from 2015 to 2020 period on climate change and infectious
diseases to identify major trends and current gaps of research. Literature was sourced from Web of Science and Pub-
Med literary repositories using a key word search, and was reviewed using a delineated inclusion criteria by a team of
reviewers.

Results Our review revealed that both taxonomic and geographic biases are present in climate and infectious dis-
ease research, specifically with regard to types of disease transmission and localities studied. Empirical investigations
on vector-borne diseases associated with mosquitoes comprised the majority of research on the climate change and
infectious disease literature. Furthermore, demographic trends in the institutions and individuals published revealed
research bias towards research conducted across temperate, high-income countries. We also identified key trends in
funding sources for most resent literature and a discrepancy in the gender identities of publishing authors which may
reflect current systemic inequities in the scientific field.

Conclusions Future research lines on climate change and infectious diseases should considered diseases of direct
transmission (non-vector-borne) and more research effort in the tropics. Inclusion of local research in low- and
middle-income countries was generally neglected. Research on climate change and infectious disease has failed to
be socially inclusive, geographically balanced, and broad in terms of the disease systems studied, limiting our capaci-
ties to better understand the actual effects of climate change on health.
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remains unclear [3, 5, 7]. To determine what further
research is needed to advance a given field in scientific
research it is often necessary to synthesize previous
work [11]. This type of retrospective, systematic analysis
of literature in a specific topic or field is referred to as a
systematic review. Systematic reviews are a popular and
effective method commonly utilized to identify trends
and gaps in ongoing research [12]. Results from system-
atic reviews and scoping studies, which are often used to
map the availability of literature on an specific topic [13,
14], can be used to guide future research lines, future
policy decisions, and can be particularly useful in scien-
tific fields with emerging evidences, such as epidemiol-
ogy [12, 13, 15, 16].

Despite their effectiveness, systematic reviews are
noticeably lacking in the literary landscape of anthro-
pogenic climate change research, especially with regard
to its impacts on infectious diseases. There is, there-
fore, a need for a systematic synthesis of recent empiri-
cal research assessing disease impacts of climate change.
Here, we provide a synthesis of scientific literature on
climate change and infectious diseases from recent his-
tory. The overall objective of this study was to determine
the trends of recent empirical research regarding climate
change impacts on infectious diseases and to identify
geographic, topical, or taxonomic trends of research. We
sought to assess the geographic regions where climate
change and disease transmission have been under stud-
ied, accounting for both study area and first author affili-
ation to identify geographic and bibliometric signals. In
addition, we assessed the taxa of hosts and transmission
types of pathogens studied. Finally, we sought to inform
future research avenues, policy, and practices via the
trends and impacts identified herein.

Methods

Search strategy, inclusion criteria, exclusion criteria

Our search strategy included recovering articles from
Web of Science (Clarivate™) [17] and PubMed"" [18] lit-
erary repositories using a key word search. Keywords
included "climate change", "global warming", “green-
house gas*” (*asterisk used to incorporate all forms of the
word. i.e., gas, gases, gaseous), “world warming’, “disease’,
“infectious’, “pathogen’, “waterborne’, “water borne’,
“food borne’”, “vector borne’, “parasite’, and “non-vector
borne”. Time range restrictions were set from January of
2015 to December of 2020 to incorporate all publications
from the most recent, pre-pandemic five-year period of
empirical climate change research. This key word search
was limited to journal manuscripts, as the purpose of this
study was to analyze original peer-reviewed research.
Other literature types such as book chapters, review arti-
cles, proceedings papers, or conference abstracts were
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excluded. Articles were then imported into Endnote cita-
tion software, where redundant articles were removed.

After collection we conducted an initial screening
of both article titles and abstracts. This initial review
allowed for the identification of articles which did not fit
within the review criteria. Inclusion criteria were: (1) The
manuscript was peer-reviewed and published without
retraction, (2) the primary goal of the research was cen-
tered on assessing climate change and its repercussions,
impacts, effects, association, or influences on disease,
infection, transmission, infestation, or illness, (3) the
research was original and not a review, (4) the research
was descriptive, retrospective, and based on real world
systems using non-simulated future-climate data (i.e.,
present-day and past climate only), (5) the manuscript
utilized primary data and (6) the pathogen, parasite, vec-
tor, or disease of focus impacted either humans, non-
human animals, or both. Each article was reviewed by at
least two independent reviewers and was confirmed for
inclusion or exclusion based on the inclusion criteria.
If the independent reviewers were in disagreement on
whether or not the article fit the inclusion criteria, the
article was reviewed by a third reviewer. Studies which
did not fit this inclusion criteria were flagged and main-
tained in a separate databased. Studies on plant diseases
were not within the scope of this study and therefore
were excluded.

Evidence extraction and analysis

We then reviewed the remaining publications in full and
conducted evidence extraction of each article to conduct
our gap analysis of bibliometric, subject, taxonomic, and
geographic trends in research and publication. We gath-
ered descriptive metadata from each article to assess
when, where, and by whom the articles were published
(e.g., year or publication, journal name, title, authors,
etc.). To assess authorship demographics, we recorded
the lead author and senior author’s names, pronouns,
and institutional affiliation for each publication. Authors’
pronouns were recorded based upon the personal dis-
tinctions of each individual author, and the pronouns
they chose to use (e.g., she/her, he/him, they/them, em/
eir, xem/xyr, etc.) on their institutional or research affili-
ated websites. We implemented this method to be inclu-
sive of all authors’ identities while maintaining personal
privacy [19, 20]. If the author did not denote their pro-
nouns in any public way, we recorded their pronouns as
“unknown” We also collected descriptive metadata on
the study methods and locations or each article includ-
ing: (1) study location at the country and continent level,
(2) disease host, vector, or pathogen studied, (3) trans-
mission method of each disease studied, (4) primary taxa
or taxon of interest (i.e., the taxonomic group of the host
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or infectious organism or organisms being studied), and
(5) spatial scale (e.g., local or inferior to country level,
regional, country level, or global). To assess the quality of
the included literature, we also recorded and synthesized
the conclusions of the sampled articles, and reported
these findings based upon the author’s interpretation of
their results. We also collected descriptive information
on the publication funding or support for each article
published in the most recent year included in the review
(i.e., 2020) to ascertain current funding sources for the
most recent climate change and disease publications. We
then compared funding sources with current estimates of
country gross domestic product (GDP) from the World
Bank World Development Indicators Dataset [21].

To assess the distribution of the categorical topics of
the literature we used a Pearson’s chi-squared (%) test.
It has been estimated that approximately 60% of known
infectious diseases are zoonotic (i.e., originating in non-
human animals) [16, 22]. We compared this value (60%)
with the proportion of literature which assessed zoonotic
diseases to identify if the literature followed this expected
proportion. We also used the y? test to identify if the pro-
portion of host species categories studied (humans, wild-
life, and livestock) were equal. To assess the geographic
distribution of publication demographics, the lead
authors’ institutional affiliations were recorded for each
publication and assigned to their corresponding coun-
tries of origin. Demographic data of study locations and
author affiliations were summarized and visualized to
detect spatial and temporal patterns of these data using
ArcGISpro version 2.9.3 and R version 4.1 [23-25]. We
utilized population data from the United Nations Popu-
lation Division [26] for the year 2020 to assess the per-
capita research effort by country.

Results

Literature demographics

Our initial key word search resulted in 10,461 articles
from both PubMed and Web of Science. A total of 621
research articles (5.9%) fit the inclusion criteria for the
2015-2020 period and were retained for evidence extrac-
tion and gap analysis. Within these publications, 109
distinct infectious diseases were identified in relation
to climate change research. A small portion of publica-
tions (n=127) assessed multiple diseases within the same
study. Authors of the reviewed articles reported that cli-
mate change impacted the disease system being assessed
in 59% of the articles. Most of the articles (83.9%) which
described climate change impacts reported that climate
change increased the prevalence, transmission, or suita-
bility for the disease being studied, while 11.5% of studies
reported that climate change decreased the prevalence,
transmission, or suitability. Only 7.7% of the assessed
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articles reported no effect of climate change on the dis-
ease system being studied. The review revealed that
32.7% of the articles concluded that climate change could
“possibly” or “potentially” impact the disease system
being assessed (i.e., the authors did not report a definitive
pattern).

Research trends

Infectious diseases which originate from cross-spe-
cies pathogen transmission of animals to humans (i.e.,
zoonotic diseases) accounted for most of the studies
(n=288, 46.4%), significantly more than diseases which
do not originate from animal to human cross species
transmission (1=253, 40.7%), (*=9.97, P=0.002).
Infectious diseases which impact humans were well
represented within the literature (n=406) (y* = 114.3,
P=0.0001), while infectious diseases affecting livestock
were less represented (n=152). Only 116 publications
assessed diseases affecting wildlife.

The specific conditions most frequently studied from
this sample included vector-borne diseases (Fig. 1), such
as malaria (n=58), dengue fever (n=37), and Lyme dis-
ease (n=22) (Fig. 1). Vectors most frequently studied
were mosquitoes (n=174), ticks (n=51), and flies (n=14)
(Fig. 1). Frequently studied environmentally transmit-
ted conditions included food and water-borne diseases,
such as diarrheal diseases (n=18) and chytridiomycosis
(n=10) (Fig. 1). Studies also focused on diseases hosted
by arthropods (#=189) and humans (#=185) (Fig. 1).
The third most studied host taxonomic group was non-
human mammals (#=47), followed by amphibians
(n=19) and birds (n=17) (Fig. 1). In terms of study scale,
research was conducted at the local, regional, or country
levels, with less effort for global-level studies (Fig. 2).

Publication trends

Bibliometric analysis revealed a greater usage of he/him
pronouns for both first and senior authors (Fig. 3). We
recorded no instances of they/them or other non-binary
pronouns by first or senior authors from the articles
revised. We also found that study areas and affiliation
of lead authors most frequently occurred in the United
States, China, the United Kingdom, Canada, and Aus-
tralia (Figs. 4, 5). Research effort accounting for the
country’s population size showed that countries such as
Norway, Australia, and Canada have a higher compara-
tive research effort than other countries (Fig. 4). Most
lead author affiliations were linked to higher education
institutions (i.e., universities or colleges), with fewer pub-
lications originating from governmental organizations or
independent research institutions (Fig. 2). University affil-
iations were frequently located in the United States (e.g.,
the University of California, Colorado State University,



Van de Vuurst and Escobar Infectious Diseases of Poverty (2023) 12:51

A) Arthropods :*‘

Humans

=ie

Non-Human Mammals 1
Microorganisms
Amphibians
Mollusks

Birds

Fish

Multiple Taxa
Marine Invertebrates
Anthozoa (Corals)
Helminths

Fungi

Nematodes

Reptiles

Taxa studied

Poriferans (Spounges)

100 150 200
Number of Studies

Q)

Mosquito h

.

¥

Tick

Multiple 1
Fly

Midge

4
B
Triatomines (Kissing Bug) }@
Lad
”
bas o
-

Vector studied

Flea
Mite
Spittlebug

Aphid

50 100 150 200
Number of studies

o

Page 4 of 10

B) Vector

Food or Water
Multiple ——
Environment +—
Parasite 1
Contact/Touch 1

Air

Transmission

Fecal-Oral 1
Bodily Fluids
Unknown
Droplet

Bite

200 300
Number of studies

0 10

o

Malaria L

Dengue 1

Lyme Disease
Diarrheal Disease 1
Zika Virus |
Chikungunya Virus 1
Chytridiomycosis
West Nile Virus
Rift Valley Fever
Parasitic Infection
Schistosomiasis
Dysentery
Bluetounge
Vibriosis
Salmonella
Leishmaniasis
Hand, Foot, and Mouth Disease
Chagas Disease
Cholera

Avian Malaria

L=/

] l

N
o

50 75
Number of studies

Fig. 1 Trends in climate change and disease research. Number of publications (x-axis) from 2015-2020 according to A taxa of host species studied,
B transmission type of diseases studied, C vector species studied, and D top 20 most studied diseases from over 100 different diseases studied.
Multiple: multiple diseases with multiple transmission types studied in a single article

University of Florida), and in China (e.g., Shandong Uni-
versity) (Fig. 5). Funding for papers published in 2020
was largely sourced from federal or national institutions
(53.3% of articles) or a combination of federal and aca-
demic institutions (26.7% of articles), with most of this
funding originating in high income countries such as the
United States, Canada, Germany, and the United King-
dom (Supplementary Fig. 1). Information of funding
sources from lower income countries was limited, with
only one country (Greece) having a GDP below the top
50 of reported counties based on World Bank estimates
[21]. Non-governmental organizations and local agencies
made up a modest proportion of funding sources for the
total of articles published (20%).

Discussion

Through this study we have revised the major trends
in the current literature on climate change and infec-
tious diseases. Our assessment identified both topical
and geographic biases in the climate change and disease
research arena. More specifically, we found that there

was a notable focus on diseases which impact humans
and upon arthropod-borne pathogens. Taxonomic bias,
or the emphasis of study on specific organisms [27], has
previously been identified in biodiversity and conserva-
tion science research [28-30]. Our results have identi-
fied taxonomic biases toward mammalian hosts and
arthropod-borne pathogens and in climate change and
infectious disease research. When certain taxa are over-
represented in various scientific fields it is possible for
them to draw both attention and funds away from less
understood taxa [28]. It is possible that taxonomic bias
has impacted the study of climate change and infectious
disease by skewing research toward specific disease sys-
tems, suggesting an anthropocentric research approach
potentially influenced by external forces, such as public
health funding and disease burden [31, 32]. Vector-borne
diseases have considerable burden on human health,
killing approximately 700,000 people annually [33]. A
research emphasis on diseases affecting humans is, there-
fore, potentially unsurprising as human health is a driv-
ing force behind many research efforts and encompasses
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a large proportion of research and development funding
[34, 35]. Other research has shown that societal pressures
correlate with taxonomic bias [28], which could explain
why human-only and zoonotic diseases were so heavily
studied as well.

Despite the anthropocentric nature of our results,
many understudied taxa, such as amphibians, birds, and
aquatic invertebrates, have higher risks of extinction
due to infectious diseases than humans or other mam-
mals [36-38]. Taxonomic bias in the study of infectious
disease is concerning, as a lack of research effort could
limit the understanding of diseases systems for threat-
ened or endangered taxa. This in turn limits our capaci-
ties to understand how, where, and why diseases emerge
in the wild. Risks of climate change impacts on lesser
studied groups, such as wildlife and livestock, could still
have public health effects due to spillover transmission
of unknown pathogens [22, 39]. The dearth of research
on wildlife diseases could also lead to gaps of knowledge.
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Infectious diseases may harm ecological balance by
reducing wildlife populations and decreasing overall bio-
diversity [40—42]. A large body of literature shows that
ecological imbalances and biodiversity loss have detri-
mental effects on human health as well [39, 43—-45]. For
instance, decreases in diversity of wildlife has been asso-
ciated with increases risk of hantavirus spillover trans-
mission from rodents to humans [46—49]. Public health
efforts to study climate change and human health should
consider biodiversity dimensions of spillover transmis-
sion for a more holistic ecosystem health approach.

We found that most lead authors were linked to higher-
education institutions (i.e., universities or colleges), with
fewer publications originating from governmental organ-
izations or independent research institutions (Fig. 2).
This bias towards academic-based research is not surpris-
ing considering that higher-education institutions often
focus efforts on research and disseminating knowledge
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[50]. This result also indicates a poor active participation
of stakeholders in governing bodies on climate change
and health research, which could explain the slow pro-
gress of international policy on climate change and dis-
ease research. It is important to note, however, that most
funding for the support of recent research publications
originated from federal or national institutions (Addi-
tional file 1: Fig. S1). While funding agencies constitute
important stakeholders in the scientific publication pro-
cess, agendas from funding sources may bias the research
topics and discoveries reported [51, 52]. For instance,
publications with corporate funding are more likely to
contribute to the polarization or politicization (i.e., con-
tributing to the tension between political ideologies

or identities) of climate change related topics [53]. We
found that most articles reviewed for funding sources
did not receive funding from corporate or industry agen-
cies. Government funding is the main driver of science
and provides research directions for non-government
funding sources [52]. As such, an increase in govern-
ment funding for climate change and infectious disease
research accounting for environmental justice could
transform the landscape of public and private research
funding opportunities to reduce the inequities presented
here. An increase in funding in the social science aspects
of climate change may also facilitate the framing of cli-
mate change as a global social challenge, rather than a
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Fig. 5 Map of lead author affiliation origins. The geographic representation of lead author affiliation origins for research on climate change and
disease from 2015 to 2020. Darker color represents more publications originating from the corresponding country. Grey indicates that no studies
which fit the inclusion criteria were conducted by authors affiliated with the corresponding countries. Blue points indicate the top ten publishing
institutions globally for climate change and disease. Shape file for map creation sourced from DIVA-GIS [84, 85]

purely scientific endeavor with limited social legitimacy
[54].

We also found that there was greater usage of he/him
pronouns by lead and senior authors across the articles
revised, suggesting that more male or male identified
authors were present than female or female identified
authors (Fig. 3). Gender discrepancies in authorship were
more notable for senior authorship than for first author-
ship, which appears to be a general pattern in academic
authorship inequity [55], even with increased author-
ship by women in recent decades [56]. Until recently,
women or female-identified authors comprise a minority
of researchers and trainees in science in general, which
has resulted in authorship inequities that are expected
to persist for some time [56]. Gender persistant inequity
in authorship is specifically conerning within the field of
climate change and infectious disease research due to its
cross cutting social implications. Women are expected to
experience greater climate change and health impacts as
a result of their social and economic positions, and cul-
tural discrimination [57]. As such it is important that
women’s viewpoints and experiences are represented
within the scientific literature to develop more effective
and inclusive policies for climate change adaptation and
mitigation.

In terms of geographic scale and location, we found
that most climate change and infectious disease research
was conducted at the regional and local scales (Fig. 2),
suggesting that fine-scale studies dominate the field and
our understanding of climate change impacts on human
and animal health. Climate change and disease research
also occurred principally in temperate areas (e.g., North
America, Europe) rather than in tropical areas (e.g.,

sub-Saharan Africa, Latin America, and Pacific Southeast
Asia) (Figs. 4, 5). This spatial bias is present even when
publications were corrected for country population. The
research effort discrepancy between temperate vs tropical
regions is concerning considering that tropical areas are
the most at risk for emerging infectious diseases impacts
[58, 59]. Tropical areas are also experiencing drastic cli-
mate change effects, including reductions in food avail-
ability in short periods [60]. Tropical areas having limited
to no climate change and disease research included Latin
America, Northern and West Africa, and the Indo-pacific
(Figs. 3, 4). Furthermore, climate change is expected to
increase the areas suitable for infectious agents in land
and aquatic ecosystems [10, 61]. For instance, the aquatic
pathogen Vibrio cholerae, the causative agent of cholera,
is expected to increase in regions where we found limited
research effort [61, 62]. Other areas which did not receive
substantive research effort include extremely cold Arctic
or Subarctic areas of Eurasia (Fig. 4). Permafrost regions
such as these have recently experienced outbreaks of
avian influenza (H5N1) [63], and previous reviews have
identified melting permafrost as a reservoir of potentially
viable and uncharacterized pathogens [64]. As such, a
constituted effort to elucidated emerging infectious dis-
eases in these regions should be undertaken to mitigate
the risks of disease emergence. The confluence of sus-
ceptibility to both climate change impacts and infectious
disease suggests a need for research in underrepresented
areas reported here. Furthermore, underrepresentation
of countries and human communities already disenfran-
chised and at greater risk for encountering infectious dis-
ease amplifies social inequity [7].
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One caveat of our assessment is that publications from
lower income or developing countries may not have been
indexed in the publication data repositories accessed (i.e.,
Web of Science and PubMed) due to publication barri-
ers such as language, publication fees, or lack of equita-
ble partnerships or collaborative networks [65-69]. The
potential misrepresentation of science from low-income
countries highlights a possible equity issues within the
dissemination of research which, in turn, could lead to
the exclusion of relevant discoveries in the global health
agenda [68-70]. A confirmation or publication bias could
also be present in our results, as seen by the high num-
ber of papers which positively identified a climate change
impact on infectious diseases. Previous research has com-
mented on the scientific culture and potential dangers
associated with the current emphasis on publishing only
“significant” or “positive” results [71-74]. It is possible
that researchers were reluctant or unable to publish nega-
tive or inconclusive results, thus skewing the conclusions
of this sample. Furthermore, while we found that many
articles either found a definitive climate change impact, or
concluded that climate change could “possibly” or “poten-
tially” impact the disease system being assessed, these
findings were based upon the author’s interpretation of
their results and may be an exaggerated interpretation of
the data. Finally, while we sought to identify the distribu-
tion of authorship via author pronoun usage, there could
be discrepancies present between the pronouns publicly
available for the authors and the gender identities they
have privately. This discrepancy is to be expected con-
sidering the discriminatory practices in academia against
lesbian, gay, bisexual, transgender, and queer (LGBTQ+)
scientists [75-77].

Conclusions

We found that both geographic and taxonomic trends
were present in recent studies assessing climate change
and the burden of infectious disease. The majority of
research was focused on vector-borne pathogens and
was conducted in well-developed, high-income countries
with temperate climates, neglecting directly-transmitted
diseases in tropical regions. The anthropocentric signal in
research effort may contribute to a lack of understanding
of climate change effects on wildlife systems. The under-
representation of some taxonomic groups of pathogens
and hosts, pathogen transmission types, and geographic
areas should be of global health concern, as areas and
diseases neglected may become sources of emerging
zoonotic diseases. An ecosystem-based framework to
study disease responses to climate change could miti-
gate topical and taxonomic biases identified here. Viral
zoonoses outbreaks at the local level in underrepresented
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countries such as Madagascar, Saudi Arabia, and Indo-
nesia have led to prolific human epidemics of plague,
Middle East respiratory syndrome, and cholera in recent
years [78], highlighting the need for more research in
regions underrepresented in the literature. The recent
coronavirus disease pandemic also highlights the need
for more research on directly transmitted pathogens
circulating in wildlife [79]. Furthermore, research is still
needed to understand the linkages between patterns of
research funding with climate change and infectious dis-
ease studies. Understanding the funding landscape (e.g.,
agencies prioritizing certain regions, diseases, and topics)
could further elucidate the relationship between research
bias, research equity, and funding allocation.

The impact of climate change research on intergovern-
mental policy and vice versa is both tractable and increas-
ingly important [80, 81]. Policy changes to address the
biases presented here, including the diseases studied, areas,
and identities of leading authors, should be prioritized by
both funding agencies and the scientific community. Policy
change could include, for example, the prioritization of
infectious disease research and surveillance at the human-
wildlife interface within the context of climate change,
funding prioritizing scientists from minority groups, and
neglected geographic regions. Addressing research ineq-
uity will help build human capacity, surveillance, and sci-
entific infrastructure to better prepare and strengthen the
global health response to climate change threats [82]. Fur-
thermore, research foundations in high-income countries
should implement and maintain inclusive-collaboration
practices to value contributions by local scientists in coun-
tries underrepresented in this review to advance research
equity as a means towards effective prevention of future
emerging diseases from their sources. Building political
and social support behind climate change and infectious
disease research will be essential under the expected rates
of climatic variation in the near future [83]. In conclu-
sion, there is an urgent need to increase research effort for
neglected disease systems and geographies, and there is a
need to re-examine aspects of environmental justice from
the scientists leading these studies to the local beneficiar-
ies for the advancement of infectious diseases research in
the context of climate change.

Abbreviation
GDP Gross domestic product
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criteria that were published in the year 2020 we extracted the funding or
support source listed in the article. These funding sources were classified
as federal, non-governmental organizations such as charities or independ-
ent research organizations, local agencies, or a combination of federal and
academic or federal and industry support.

Acknowledgements

Authors thank Sarah M. Karpanty, Mark Ford, Steven N. Winter, Mariana
Castaneda-Guzman, Diego Soler-Tovar, Caroline llse, Abigail Parch, Tabatha
Gentry, David Treanor, Alma Talcott, and Victor Jose Catalan who contributed
greatly to the completion of this work.

Author contributions

Both authors designed and wrote the first draft of this commentary. All
authors contributed to the development, review, and approval of the last ver-
sion of this article. All authors read and approved the final manuscript.

Funding

This study was supported by the National Science Foundation award: Human-
Environment and Geographical Sciences Program (2116748), the Institute for
Critical Technology and Applied Science, Virginia Tech: ICTAS-JFP-2022-2023
program, and the Virginia Tech College of Natural Resources and Environment
Environmental Security Grant program.

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Consent was obtained from Luis E. Escobar for the publication of any data of
images herein.

Competing interests
The authors declare that there are no competing interests.

Received: 10 January 2023 Accepted: 4 May 2023
Published online: 16 May 2023

References

1. IPCC. Climate Change 2014 Part A: Global and Sectoral Aspects. Field CB,
Barros VR, Dokken DJ, Mach KJ, Mastrandrea MD, Chatterjee TEBM, et al.
New York: Cambridge University Press; 2014. p. 169-833

2. IPCC. Climate Change 2014 impacts, adaptation, and vulnerability Part B:
Regional aspects: Working group ii Contribution to the fifth assessment
report of the intergovernmental panel on climate change. Barros VR, Field
(B, Dokken DJ, Mastrandrea MD, Mach KJ, Chatterjee M, et al. New Yorka:
Cambridge University Press; 2014. p. 1133-1655.

3. Altizer S, Ostfeld RS, Johnson PTJ, Kutz S, Harvell CD. Climate change and
infectious diseases: from evidence to a predictive framework. Science.
2013;341:514-9.

4. Vora N. Impact of anthropogenic environmental alterations on vector-
borne diseases. Medscape Gen Med. 2008;10:238.

5. Price SJ, Leung WTM, Owen CJ, Puschendorf R, Sergeant C, Cunning-
ham AA, et al. Effects of historic and projected climate change on the
range and impacts of an emerging wildlife disease. Glob Chang Biol.
2019;25:2648-60.

6. Caminade C, McIntyre KM, Jones AE. Impact of recent and future climate
change on vector-borne diseases. Ann N Y Acad Sci. 2019;1436:157-73.

7. Anwar A, Anwar S, Ayub M, Nawaz F, Hyder S, Khan N, et al. Climate
change and infectious diseases: evidence from highly vulnerable coun-
tries. Iran J Public Health. 2019;48:2187-95.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

32.

33.

34.

35.

36.

Page 9 of 10

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. 2018;13: e0007213.

Messina JP, Brady OJ, Golding N, Kraemer MUG, Wint GRW, Ray SE, et al.
The current and future global distribution and population at risk of
dengue. Nat Microbiol. 2019;4:1508-15.

Siraj AS, Santos-Vega M, Bouma MJ, Yadeta D, Carrascal DR, Pascual M.
Altitudinal changes in malaria incidence in highlands of Ethiopia and
Colombia. Science. 2014,343:1154-9.

. Peterson J, Assistant RN, Pearce PF, Associate F, Ferguson LA, Associate F,

et al. Understanding scoping reviews: definition, purpose, and process. J
Am Assoc Nurse Pract. 2017;29:12-6.

Munn Z, Peters MDJ, Stern C, Tufanaru C, McArthur A, Aromataris E. Sys-
tematic review or scoping review? Guidance for authors when choosing
between a systematic or scoping review approach Zachary. BMC Med
Res Methodol. 2018;18:143.

Levac D, Colquhoun H, O'Brien KK. Scoping studies: advancing the meth-
odology. Implement Sci. 2010;5:6-9.

Arksey H, O'Malley L. Scoping studies: towards a methodological frame-
work. Int J Soc Res Methodol Theory Pract. 2005;8:19-32.

McCallum H. Models for managing wildlife disease. Parasitology.
2016;143:805-20.

Taylor LH, Latham SM, Woolhouse MEJ. Risk factors for human disease
emergence. Philos Trans R Soc B Biol Sci. 2001;356:983-9.

Marcial LH, Hemminger BM. Scientific data repositories on the Web: An
initial survey. J Am Soc Inf Sci Technol. 2010;61:2029-48.

McEntyre J, Lipman D. PubMed: bridging the information gap. Can Med
Assoc J. 2001;164:1317-9.

Jones L. Language and gender identities. In: Preece S, editor. Routledge
handb lang identity. New York: Routledge; 2016. p. 210-24.

Gray J. Language and non-normative sexual identities. In: Preece S, editor.
Routledge handb lang identity. New York: Routledge; 2016. p. 225-40.
The World Bank. Gross Domestic Product 2021. https://databankfiles.
worldbank.org/public/ddpext_download/GDPpdf. Accessed 12 April
2023.

Jones KE, Patel NG, Levy MA, Storeygard A, Balk D, Gittleman JL, et al.
Global trends in emerging infectious diseases. Nature. 2008;451:990-3.
ESRI. ArcGlIS Desktop 10.5. Redlands, CA: Environmental Systems Research
Institute; 2019.

Wickham H, RStudio. tidyverse: Easily install and load the “Tidyverse! New
York: Springer-Verlag; 2018.

Bivand R, Lewin-Koh N. maptools: Tools for handling spatial objects. R
package version 0.9.8. 2019.

United Nations Department of Economic and Social Affairs Population
Division. United Nations World Population Prospects. https://population.
un.org/wpp/. Accessed 12 January 2021.

Bonnet X, Shine R, Lourdais O. Taxonomic chauvinism. Trends Ecol Evol.
2002;17:1-3.

Troudet J, Grandcolas P, Blin A, Vignes-Lebbe R, Legendre F. Taxonomic
bias in biodiversity data and societal preferences. Sci Rep. 2017;7:1-14.
Clark JA, May RM. Taxonomic bias in conservation research. Science.
2002;297:191-2.

Lawler JJ, Aukema JE, Grant JB, Halpern BS, Kareiva P, Nelson CR,

et al. Conservation science: a 20-year report card. Front Ecol Environ.
2006;4:473-80.

. Gillum LA, Gouveia C, Dorsey ER, Pletcher M, Mathers CD, McCulloch CE, et al.

NIH disease funding levels and burden of disease. PLoS ONE. 2011;6: e16837.
Gross CP, Anderson GF, Powe NR. The relation between funding by the
National Institutes of Health and the burden of disease. N Engl J Med.
1999;340:1881-7.

World Health Organizations report: Vector-borne diseases. https://www.
who.int/news-room/fact-sheets/detail/vector-borne-diseases. Accessed
10 September 2022.

United States Congressional Research Service. U.S. Research and Devel-
opment Funding and Performance: Fact Sheet R44307https://crsreports.
congress.gov. Accessed 1 Octobaer 2022.

United States National Institues of Health. Budget for the National
Institues of Health (NIH): History of NIH Appropriations. https://www.nih.
gov/about-nih/what-we-do/budge. Accessed 1 October 2022.
McKinney ML. High rates of extinction and threat in poorly studied taxa.
Conserv Biol. 1999;13:1273-81.


https://databankfiles.worldbank.org/public/ddpext_download/GDP.pdf
https://databankfiles.worldbank.org/public/ddpext_download/GDP.pdf
https://population.un.org/wpp/
https://population.un.org/wpp/
https://www.who.int/news-room/fact-sheets/detail/vector-borne-diseases
https://www.who.int/news-room/fact-sheets/detail/vector-borne-diseases
https://crsreports.congress.gov
https://crsreports.congress.gov
https://www.nih.gov/about-nih/what-we-do/budge
https://www.nih.gov/about-nih/what-we-do/budge

Van de Vuurst and Escobar Infectious Diseases of Poverty

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.
51
52.
53.
54.
55.
56.
57.

58.

59.

60.

61.

62.

63.

(2023) 12:51

Thomas CD, Cameron A, Green RE, Bakkenes M, Beaumont LJ, Collingham
YC, et al. Extinction risk from climate change. Nature. 2004;427:145-8.
Uthicke S, Momigliano P, Fabricius KE. High risk of extinction of ben-

thic foraminifera in this century due to ocean acidification. Sci Rep.
2013;3:1769.

Gibb R, Redding DW, Chin KQ, Donnelly CA, Blackburn TM, Newbold T,
et al. Zoonotic host diversity increases in human-dominated ecosystems.
Nature. 2020;584:398-402.

Scheele BC, Pasmans F, Skerratt L, Berger L, Martel A, Beukema W, et al.
Amphibian fungal panzootic causes catastrophic and ongoing loss of
biodiversity. Science. 2019;363:1459-63.

LaDeau SL, Kilpatrick AM, Marra PP. West Nile virus emergence and
large-scale declines of North American bird populations. Nature.
2007;447:710-3.

Dadam D, Robinson RA, Clements A, Peach WJ, Bennett M, Rowcliffe JM,
et al. Avian malaria-mediated population decline of a widespread iconic
bird species. R Soc Open Sci. 2019;6: 182197.

Keesing F, Ostfeld RS. Impacts of biodiversity and biodiversity loss on
zoonotic diseases. Proc Natl Acad Sci USA. 2021;118:€2023540118.
Johnson CK, Hitchens PL, Pandit PS, Rushmore J, Evans TS, Young CCW,
et al. Global shifts in mammalian population trends reveal key predictors
of virus spillover risk. Proc R Soc B Biol Sci. 2020,287: €20192736.

Diaz S, Fargione J, Chapin FS, Tilman D. Biodiversity loss threatens human
well-being. PLoS Biol. 2006;4:1300-5.

Ruedas LA, Salazar-Bravo J, Tinnin DS, Armién B, Caceres L, Garcia A,

et al. Community ecology of small mammal populations in Panama
following an outbreak of Hantavirus pulmonary syndrome. J Vector Ecol.
2004;29:177-91.

Keesing F, Belden LK, Daszak P, Dobson A, Harvell CD, Holt RD, et al.
Impacts of biodiversity on the emergence and transmission of infectious
diseases. Nature. 2010,468:647-52.

Tian H, Stenseth NC. The ecological dynamics of hantavirus diseases:
From environmental variability to disease prevention largely based on
data from China. PLoS Negl Trop Dis. 2019;13:1-19.

Clay CA, Lehmer EM, St. Jeor S, Dearing MD. Sin Nombre virus and rodent
species diversity: a test of the dilution and amplification hypotheses.
PLoS ONE. 2009;4:e6467.

Amado Mateus M, Juarez AF. Reputation in higher education: a system-
atic review. Front Educ. 2022;7: 925117.

Jacob BA, Lefgren L. The impact of research grant funding on scientific
productivity. J Public Econ. 2011;95:1168-77.

Lanahan L, Graddy-Reed A, Feldman MP.The domino effects of federal
research funding. PLoS ONE. 2016;11: e0157325.

Farrell J. Corporate funding and ideological polarization about climate
change. Proc Natl Acad Sci USA. 2016;113:92-7.

Overland |, Sovacool BK. The misallocation of climate research funding.
Energy Res Soc Sci. 2020;62: 101349.

Broderick NA, Casadevall A. Gender inequalities among authors who
contributed equally. Elife. 2019;8: 36399.

Holman L, Stuart-Fox D, Hauser CE. The gender gap in science: How long
until women are equally represented? PLoS Biol. 2018;16: €2004956.
Sellers S. Gender and climate change: a closer look at existing evidence
global. Glob Gend Clim Alliance. 2016,27:9-31.

Allen T, Murray KA, Zambrana-torrelio C, Morse SS, Rondinini C, Di Marco
M, et al. Global hotspots and correlates of emerging zoonotic diseases.
Nat Commun. 2017,8:923-33.

Morse SS, Mazet JAK, Woolhouse M, Parrish CR, Carroll D, Karesh WB,

et al. Prediction and prevention of the next pandemic zoonosis. Lancet.
2012;380:1956-65.

Wheeler T, von Braun J. Climate change impacts on global food security.
Science. 2013;341:508-13.

Vezzulli L, Grande C, Reid PC, Hélaouét P, Edwards M, Hofle MG, et al.
Climate influence on Vibrio and associated human diseases during the
past half-century in the coastal North Atlantic. Proc Natl Acad Sci USA.
2016;113:€5062-71.

Escobar LE, Ryan SJ, Stewart-Ibarra AM, Finkelstein JL, King CA, Qiao H,
et al. A global map of suitability for coastal Vibrio cholerae under current
and future climate conditions. Acta Trop. 2015;149:202-11.

Canavan BC. Opening Pandora’s Box at the roof of the world: landscape,
climate and avian influenza (H5N1). Acta Trop. 2019;196:93-101.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

Page 10 of 10

Wu R, Trubl G, Tas N, Jansson JK. Permafrost as a potential pathogen reser-
voir. One Earth. 2022;5:351-60.

Konno K, Akasaka M, Koshida C, Katayama N, Osada N, Spake R, et al.
Ignoring non-English-language studies may bias ecological meta-analy-
ses. Ecol Evol. 2020;10:6373-84.

National Science Board. Publications Output: U.S. Trends and Interna-
tional Comparisons. Sci Eng Indic. 2022. 2021.

Gazni A, Sugimoto CR, Didegah F. Mapping world scientific collabora-
tion: authors, institutions, anc countries. J Am Soc Inf Sci Technol.
2012;,63:323-35.

Shumba CS, Lusambili AM. Not enough traction: barriers that aspiring
researchers from low- and middle-income countries face in global health
research. J Glob Heal Econ Policy. 2021;1: €2021002.

Boum Y, Burns BF, Siedner M, Mburu'Y, Bukusi E, Haberer JE. Advancing
equitable global health research partnerships in Africa. BMJ Glob Heal.
2018;3:5-8.

Dimitris MC, Gittings M, King NB. How global is global health research?

A large-scale analysis of trends in authorship. BMJ Glob Heal. 2021;6:
e003758.

Barnett AG, Wren JD. Examination of Cls in health and medical journals
from 1976 to 2019: an observational study. BMJ Open. 2019;9: e032506.
Emerson GB, Warme WJ, Wolf FM, Heckman JD, Brand RA, Leopold SS.
Testing for the presence of positive-outcome bias in peer review: a rand-
omized controlled trial. Arch Int Med. 2010;170:1934-9.

Fanelli D. Negative results are disappearing from most disciplines and
countries. Scientometrics. 2012,90:891-904.

Head ML, Holman L, Lanfear R, Kahn AT, Jennions MD. The extent and
consequences of P-hacking in science. PLoS Biol. 2015;13: €1002106.
LaSala MC, Jenkins DA, Wheeler DP, Fredriksen-Goldsen KI. LGBT faculty,
research, and researchers: risks and rewards. J Gay Lesbian Soc Serv.
2008;20:253-67.

Gibney E. Discrimination drives LGBT + scientists to think about quitting
strange materials excite physicists. Nature. 2019;571:16-7.

Dyer J, Townsend A, Kanani S, Matthews P, Palermo A. Exploring the
workplace for LGBT+ physical scientists. R Soc Chem Inst Phys R Astron
Soc. 2019;1:10-42.

Piret J, Boivin G. Pandemics throughout history. Front Microbiol. 2021;11:
e631736.

Beyer RM, Manica A, Mora C. Shifts in global bat diversity suggest a
possible role of climate change in the emergence of SARS-CoV-1 and
SARS-CoV-2. Sci Total Environ. 2021;767: e145413.

Bornmann L, Haunschild R, Boyack K, Marx W, Minx JC. How relevant is
climate change research for climate change policy? An empirical analysis
based on Overton data. PLoS ONE. 2022;17: e0274693.
Campbell-Lendrum D, Manga L, Bagayoko M, Sommerfeld J. Cli-

mate change and vector-borne diseases: What are the implications

for public health research and policy? Philos Trans R Soc B Biol Sci.
2015;370:20130552.

Hess J, Boodram LLG, Paz S, Stewart Ibarra AM, Wasserheit JN, Lowe R.
Strengthening the global response to climate change and infectious
disease threats. BMJ. 2020;371: m3081.

Baker RE, Mahmud AS, Miller IF, Rajeev M, Rasambainarivo F, Rice BL, et al.
Infectious disease in an era of global change. Nat Rev Microbiol. Springer
US; 2022,20:193-205.

Hijmans RJ. DIVA-GIS (2017) Free Spatial Data by Country. http://www.
diva-gis.org/gdata. Accessed 12 October 2019.

Hijmans RJ, Guarino L, Cruz M, Rojas E. Computer tools for spatial analysis
of plant genetic resources data: 1. DIVA-GIS. Plant Genet Resour Newsl.
2001;127:15-9.


http://www.diva-gis.org/gdata
http://www.diva-gis.org/gdata

	Climate change and infectious disease: a review of evidence and research trends
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Search strategy, inclusion criteria, exclusion criteria
	Evidence extraction and analysis

	Results
	Literature demographics
	Research trends
	Publication trends

	Discussion
	Conclusions
	Anchor 17
	Acknowledgements
	References


