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Abstract

Climate change and HIV/AIDS represent two of the greatest threats to human health in the 21st century. However, limitations
in understanding the complex relationship between these syndemics continue to constrain advancements in the prevention
and management of HIV/AIDS in the context of a rapidly changing climate. Here, we present a conceptual framework that
identifies four pathways linking climate change with HIV/AIDS transmission and health outcomes: increased food insecurity,
increased prevalence of other infectious diseases, increased human migration, and erosion of public health infrastructure.
This framework is based on an in-depth literature review in PubMed and Google Scholar from June 6 to June 27, 2019. The
pathways linking climate change with HIV transmission and health outcomes are complex with multiple interacting factors.
Food insecurity emerged as a particularly important mediator by driving sexual risk-taking behaviours and migration, as well
as by increasing susceptibility to infections that are common among people living with HIV (PLWHIV). Future interventions
should focus on decreasing carbon dioxide emissions globally and increasing education and investment in adaptation strate-
gies, particularly in those areas of sub-Saharan Africa and southeast Asia heavily impacted by both HIV and climate change.
Environmentally sustainable interventions such as urban gardening and investing in sustainable agriculture technologies
also have significant health co-benefits that may help PLWHIV adapt to the environmental consequences of climate change.
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Introduction

The health challenges arising from climate change and the
HIV/AIDS epidemic are unprecedented in human history.
A ground-breaking study in 2020 forebodes that our planet
could see a greater rise in temperatures in the next 50 years
than it did in the last 6000 years as a consequence of human
activities [1]. Without swift adoption of powerful mitigation
and adaptation strategies, these temperature changes will
drive extreme weather events such as droughts and floods,
alter coastlines, and dramatically affect access to adequate
food, clean water, and reliable shelter over the coming years
[2—4]. According to the World Bank, these effects are pro-
jected to cause an additional 5 million deaths between 2030
and 2050—mainly from malnutrition, malaria, and diarrheal
diseases—and force over 100 million additional people into
extreme poverty [5]. Meanwhile, to date, over 70 million
people have been infected with the HIV virus worldwide,
nearly half of whom have died. According to the World
Health Organization, 38.0 million people were living with
HIV in 2019 and 690,000 deaths were caused by HIV/AIDS
[6]. Consequently, the global burden of HIV/AIDS remains
one of the foremost challenges facing healthcare systems
worldwide.

The overlap between climate change and HIV/AIDS is
of paramount global public health importance, particularly

since both disproportionately impact regions of global vul-
nerability such as sub-Saharan Africa (SSA) and Southeast
Asia (SEA) that are heavily impacted by both HIV and cli-
mate change. In this context, “vulnerability” can be seen as
having two components: the stresses that people are sub-
jected to (external) and their capacity to cope with those
stresses (internal) [7, 8]. This logic has already been used
to explain the “new variant famine” hypothesis, whereby
communities with a higher HIV prevalence are more heav-
ily impacted by moderate flooding and droughts due to their
relative inability to recover from these events [9].
Environmental justice has emerged as an important lens
for assessing the disproportionate impact of climate change
on vulnerable populations, including PLWHIV [10]. Envi-
ronmental justice is a theoretical and activist framework
that aims to expose inequities in the distribution of natural
resources among disadvantaged and minority groups [11].
HIV/AIDS can be framed as an environmental justice issue
due to the intimate connection that exists between natural
resource allocation and the transmission and progression of
HIV/AIDS. This is particularly true in the agrarian com-
munities of SSA and SEA that rely heavily on subsistence
farming for income and food security [12]. For example,
the World Bank predicts that 1.5°-2 °C of warming will
result in a 40-80% reduction in food production in SSA
due to droughts, flooding and shifts in rainfall [13]. This
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is especially important since over two thirds of all people
living with HIV currently live in the WHO African Region
(25.7 million) [6], with an additional 3.8 million living in
SEA [14].

A few studies have highlighted the relationship between
climate change and HIV morbidity and mortality. A 2019
study showed that drought conditions were significantly
associated with riskier sex behaviors and higher HIV preva-
lence rates among rural females 15-19 years old living
in Lesotho [15]. Another study of 19 countries in SSA in
2014 showed that HIV infection rates in HIV-endemic areas
increased by approximately 11% for every recent drought
[16]. However, there is limited literature to date identify-
ing links between climate change and HIV health outcomes.
Here, we present a conceptual model to better understand the
potential pathways linking climate change with HIV inci-
dence and health outcomes.

Conceptual Model

Four pathways linking climate change with HIV/AIDS are
summarized in Fig. 1. This model is based on an in-depth
literature review of the interaction between climate change,
food insecurity, infectious diseases, human migration,
destruction of healthcare infrastructure, and HIV/AIDS per-
formed between June 6 and June 27, 2019. Specifically, this
search occurred in three phases. The first phase looked at
the literature linking climate change with HIV outcomes and
included the search terms: [(“climate change” OR “global
warming”) AND (“HIV” OR “human immunodeficiency
virus” OR “AIDS”)]. The second phase looked at the litera-
ture on climate change and the four proposed pathways using
the search terms: [(“climate change” OR “global warming”)
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AND (“food insecurity” OR “food access”” OR “crop yields”
OR “infectious diseases” OR “vector-borne diseases” OR
“malaria” OR “fungal diseases” OR “diarrheal diseases”
OR “human migration” OR “climate refugees” OR “health
infrastructure”)]. The third phase looked at the relationship
between HIV and the four pathways using the search terms:
[(“HIV” OR “human immunodeficiency virus” OR “AIDS”)
AND (“food insecurity” OR “food access” OR “crop yields”
OR “infectious diseases” OR “vector-borne diseases OR
“malaria” OR “fungal diseases” OR “diarrheal diseases” OR
“human migration” OR “health infrastructure”)]. A prelimi-
nary search in PubMed and Google Scholar was restricted to
English-language articles published after 2000, and a subse-
quent search of references from the relevant literature led to
the inclusion of a handful of novel studies and reports from
the 1990s. A review of the literature linking climate change,
HIV and COVID-19 was also conducted in Google Scholar
on September 12, 2020.

The conceptual framework proposes that various dimen-
sions of global climate change—including increases in
temperature, sea levels, greenhouse gas levels, and extreme
weather events—impact the HIV/AIDS epidemic via four
pathways: increased food insecurity, increased prevalence of
other infectious diseases that negatively impact HIV/AIDS
outcomes, increased human migration (or “climate refu-
gees”), and erosion of public health infrastructure including
HIV prevention and treatment services.

We propose that these four pathways impact the global
HIV/AIDS burden by increasing transmission of the HIV
virus and by worsening health outcomes among those
already infected. For example, food insecurity related to
climate change is known to increase HIV transmission by
fuelling substance use, heightening gender disparities, and
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driving sexual risk behaviours (including sexual violence
against women and transactional “food-for-sex’”) [17-19].
Simultaneously, food insecurity worsens health outcomes
among people living with HIV by degrading immune
function and compromising adherence to, and efficacy of,
antiretroviral therapy (ART) [20-23]. Food insecurity is an
especially important mechanism as it feeds into some of the
other pathways such as increased migration and prevalence
of other infections.

Changes in the distribution of certain infectious diseases
due to climate change—particularly malaria and diarrheal
diseases—will also increase the vulnerability of certain pop-
ulations to acquisition of HIV and decrease health outcomes
for those already living with the virus [24, 25]. Specifically,
those with untreated HIV are more likely to have serious
outcomes from secondary infections and are more likely to
spread the virus due to increases in HIV viral load from
immune activation [26, 27].

Climate-induced human migration from flooding,
droughts, and extreme weather events also increases HIV
transmission and decreases outcomes for those already liv-
ing with the virus. For example, human migration results
in the enlargement and extension of new sexual networks,
which also creates conditions conducive to substance abuse.
At the same time, human migration worsens health outcomes
among those with the virus by disrupting access to HIV care
and ART [28-30].

Finally, destruction of health and transportation infra-
structure due to floods and extreme weather events affects
access to HIV prevention and treatment services. This
increases transmission of HIV due to decreased access to
condoms and other prevention services and worsens health
outcomes among those already infected through interrup-
tions in ART access and treatment [31, 32].

It should be emphasized that many of these pathways are
also bi-directional, with the HIV/AIDS epidemic having
secondary environmental consequences due to depletion
of natural resources and workforce shortages. For example,
decreased labour availability due to HIV/AIDS can lead to
a reduction in farm upkeep, further exacerbating land degra-
dation caused by extreme weather events and unpredictable
climate patterns [9, 33].

Food Insecurity

According to the United Nations’ Food and Agricultural
Organization, food security can be defined as: (i) the avail-
ability of sufficient quantities of food of appropriate qual-
ity; (ii) access by individuals to adequate resources for
acquiring foods for a nutritious diet; (iii) utilization of food
through adequate diet, clean water, sanitation, and health
care to reach a state of nutritional well-being where all

physiological needs are met; and (iv) stability, because to
be food secure, a population, household or individual must
have access to adequate food at all times [4].

Food insecurity is inextricably linked to climate change
due to the direct relationship that exists between crop pro-
duction and climatic factors such as temperature and pre-
cipitation [4, 34]. Climate change impacts crop production,
and therefore food availability, through a number of different
pathways including the negative effects of rising tempera-
tures on soil moisture; higher ozone levels directly damag-
ing crops; the destruction of crops by floods, drought, or
other extreme weather events; and reduced crop yields due to
inconsistencies between predicted and actual seasonal rain-
fall [4, 35, 36]. However, food availability is not the only
dimension of food security that is impacted by a changing
climate. Food access is also restricted due to changes in food
pricing, destruction of roads, and damage to shops and other
basic infrastructure [4]; stability is impacted by increased
variability in the food supply as well as increased migra-
tion and civil unrest [37, 38]; and utilization is impacted
by disparities in food allocation and a reliance on drought
and flood-resilient crops such as cassava that are devoid of
important micronutrients [39].

The effects of climate change on crop production dif-
fer substantially in different global regions [4]. However,
under nearly all climate change projections, crop yields
are projected to decrease in the tropical, or lower latitude,
regions such as SSA, SEA, and much of Latin America—the
areas most dependent on subsistence agriculture for food
and income [12]. In southern Africa, for example, total pre-
cipitation is predicted to decrease by 15-45% by the end
of the century [40]. Without adaptation to these changes,
resulting droughts, flooding, and reduced crop production
are projected to result in approximately 10 million more mal-
nourished children in the region by 2050 [41]. The story is
similar in Southeast Asia, where crop yields are projected to
drop 17.3% by 2080 due to climate change, threatening the
stability of both local and national economies in the region
[42].

The relationship between food insecurity and HIV is
also complex. Food insecurity drives transactional sex for
money or food and heightens the risk of condom-Iless sex
and gender-based violence by aggravating women’s disem-
powerment, thereby increasing HIV transmission [17-19,
43]. Food insecurity also creates conditions conducive to
substance use and poor mental health by driving rural-to-
urban migration and disrupting social networks, which then
increase the risk of horizontal viral transmission [44, 45].
Malnutrition and risky infant-feeding practices among food-
insecure mothers also elevates the risk of vertical mother-to-
child transmission [46].

Among PLWHIV, food insecurity negatively impacts
individuals along the entire cascade of care. Specifically,

@ Springer



2270

AIDS and Behavior (2021) 25:2266-2277

food insecurity has consistently been shown to compro-
mise ART adherence and also prompts PLWHIV to miss
scheduled clinic visits [47, 48]. A number of mechanisms
underlie these associations, including resource trade-offs
between money to buy food, medicines, and transport to
clinics; worsened side effects when taking ART without
food; and poor mental health driven by food insecurity [49,
50]. Depressive symptoms may also detrimentally impact
HIV outcomes independent of ART [51]. As a result of these
associations, food insecurity has been consistently associ-
ated with incomplete viral suppression and increased HIV-
related morbidity and mortality [52, 53]. Furthermore, con-
sequences of food insecurity such as weight loss, low BMI
(in kg/mz), low albumin, and micronutrient deficiencies have
all been shown to predict opportunistic infections, immuno-
logic decline, and shorter survival time in both untreated and
ART-treated individuals [54—58]. Finally, lack of food may
impede optimal absorption of certain antiretroviral medi-
cations, which may, in turn, contribute to treatment failure
[59].

Infectious Diseases

In 1993, The Lancet published a prominent series linking
climactic changes such as longer seasons, hotter tempera-
tures, and alterations in rainfall patterns with changes in
infectious disease prevalence and distribution. Since then,
hundreds of studies have explored the relationship between
climate change and infectious diseases. Climate change is
predicted to alter the prevalence and distribution of numer-
ous infectious diseases, including vector-borne diseases such
as malaria, dengue, and Lyme disease, as well as various
water-borne diseases and fungi [60-65]. Those who are
immunocompromised, including those with untreated HIV
infection, are more prone to developing serious infections
with many of these diseases [66—68]. HIV-infected individ-
uals who have concurrent co-infections with malaria and
other insect borne or water borne infections are also known
to have worse HIV health outcomes [69, 70].

Vector-Borne and Zoonotic Diseases

By 2100, average global temperatures are expected to rise
1.0-3.5 degrees Celsius, increasing the distribution of dis-
ease vectors such as mosquitos and ticks to areas that are
currently too cold for them, particularly in higher altitudes
[71-73]. Distribution of the Anopheles mosquito that carries
malaria, for example, is projected to move into the high-
lands of Ethiopia, Kenya, Zimbabwe, and South Africa,
where HIV prevalence is among the highest in the world
[74]. While important human variables such as poverty,
healthcare access, and mosquito control efforts may alter
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predictions significantly, current estimates suggest that
malaria will increase by five percent by 2030 due to climate
change, mostly among populations in SSA that already have
a high prevalence of HIV [60].

Vector-borne diseases such as malaria provide a formi-
dable immunological challenge to those with HIV, whose
immunocompromised state makes them more vulnerable to
serious infections and death. An interaction between malaria
and HIV infection was first noted in multigravida pregnant
women in the 1980s, when Steketee and others found that
HIV infection impaired these pregnant women’s ability to
control malarial parasitemia [69]. Since then, multiple stud-
ies have shown a clinical interaction between malaria and
HIV-1 infections, with one suggesting that nearly 30% of the
HIV disease burden comes from malaria co-infections [27,
67, 75]. In addition to HIV increasing one’s susceptibility to
the malaria parasite, co-infection with malaria also appears
to increase HIV viral loads among those who are dually
infected, [67] likely due to immune activation. In Malawi,
for example, studies have shown nearly a doubling of HIV
viral load in subjects following malarial infection, confirm-
ing earlier reports from both Malawi and Uganda showing
an acute rise in HIV viral load at the time of malaria infec-
tion [24].

While mosquitoes are the disease vectors most frequently
studied in connection to climate change [76, 77], climate
change is also expected to alter the distribution of other vec-
tors such as ticks and sandflies, driving other HIV-associated
diseases such as leishmaniasis [72]. Climate change can
affect the distribution of leishmaniasis both directly, through
the positive effects of temperature on parasite development
in the sandfly guts, and indirectly, through changes in the
range of sandfly species [78]. In Brazil, for example, changes
in temperature and precipitation due to the El Nifio cycle
have been positively associated with the annual incidence of
leishmaniasis in the region [79]. Coinfection with HIV and
leischmaniasis is also known to worsen both infections, with
treatment failure of leischmaniasis high among those with
HIV and HIV replication and progression to AIDS common
during leischmaniasis infection [80].

Finally, there is already substantial literature implicat-
ing climate change as a factor in the emergence and spread
of COVID-19, a zoonotic respiratory virus. Climate change
is already known to affect the distribution of zoonotic dis-
eases by altering the geographic range and population den-
sity of animal vectors such as bats and rodents, resulting in
dramatic increases or decreases in host reservoirs of dis-
ease [81]. Climate change has also been implicated in the
spread of the COVID-19 due to increased human population
density, human migration, urbanization, and frequency of
human-wildlife interactions [82—85]. While COVID-19 may
contribute to worse outcomes among immunocompromised
populations, thus far PLWHIV with well-controlled disease
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do not appear to be at risk of poorer COVID-19 health out-
comes compared to the general population [86]. Yet, the
COVID-19 pandemic has negatively affected antiretroviral
adherence in many countries due to lockdown measures
[87]. In China, for instance, 48.6% of PLWHIV reported
difficulties accessing their HIV antiretroviral medication due
to COVID-associated lockdowns [88].

Water-Borne Diseases

Some water-borne diseases are also expected to increase due
to human-induced climate change, with more than 130,000
additional cases of diarrheal disease per year expected by
2030 due to flooding and extreme weather events [60]. A
recent study in a region of Botswana with a high HIV preva-
lence, for example, found that climate-associated extremes
of rainfall, temperature, and river height were significantly
associated with both river E. coli concentrations and clini-
cal cases of paediatric diarrhoea reported in local hospi-
tals [89]. Other common diarrhea-causing organisms that
may increase in prevalence due to climate change include
Entamoeba histolytica, Vibrio cholera, Giardia lamblia, and
soil-transmitted helminths [60, 90, 91]. For those infected
with a diarrhea-causing organism, co-infection with HIV is
associated with significant morbidity and mortality, particu-
larly where financial and human resources are limited. In
such cases, rapid and severe dehydration can lead to further
deterioration of the immune system, acute renal failure, and
increased susceptibility to septicaemia [92, 93].

One particularly devastating water-borne disease associ-
ated with climate change is cholera. Outbreaks of cholera
have been associated with zooplankton blooms, warmer
water, and severe storms, all of which are likely to increase
with climate change [91, 94]. In South America (Peru) and
Bangladesh for example, warming water temperatures asso-
ciated with El Nifio events have already been shown to trig-
ger the resurgence of cholera [95]. A number of studies have
also supported a link between cholera and HIV [96, 97], with
one case—control study in Mozambique showing that HIV-
infected individuals were 2 to 3 times more likely to acquire
cholera than controls who were not HIV-infected [70].

Fungal Diseases

Finally, many important HIV-associated opportunistic
infections are fungal infections, including pneumocystis,
cryptococcosis, coccidiomycosis, and histoplasmosis [98].
Outbreaks of these fungi are strongly linked with climate
metrics such as decreased precipitation and increased tem-
perature due to the ability of fungal spores to travel long
distances in dust, dirt, and dried bird droppings [99]. In
the United States, for example, drought conditions in the
southwest have frequently been linked with coccidiomycosis

outbreaks [100]. Immunocompromised individuals, includ-
ing those with untreated HIV infections, are also more prone
to develop serious, even life-threatening, fungal infections
[101]. During a three-year period of drought in Arizona from
1990 to 1993, for example, 10% of HIV-infected patients
hospitalized in the state had a diagnosis of coccidiomycosis
infection, one-third of whom died from the infection [102].

Human Migration

In the context of climate change, human migration is often
seen as a last-resort option following multiple adaptations
to climate-related stress [103]. A model proposed by Bier-
mann and Boas suggests that climate migrants, or refugees,
are “people who have to leave their habitats, immediately
or in the near future, because of sudden or gradual impacts
of climate change.” This migration may be temporary or
permanent, depending on a number of factors including the
adaptive capacity of the affected community and persistence
of the environmental insult [104].

Climate change is projected to increase human migra-
tion in the coming decades due to a combination of factors
including rising sea levels, extreme weather events, conflicts
over depleting natural resources, and food insecurity [2,
105]. According to the IPCC, sea levels are likely to rise by
about half a meter by the year 2095 because of melting gla-
ciers [106], threatening over 600 million people worldwide
who live in low-elevation coastal areas [107]. In Bangla-
desh, for example, rural to urban migration has skyrocketed
over the past twenty years due to increased flooding in rural
regions. One report suggests that 22% of households affected
by tidal-surge floods and 16% of those affected by riverbank
erosion in rural areas of Bangladesh have migrated to urban
areas, resulting in over 500,000 internal migrants and 3 mil-
lion international migrants every year [109]. However, the
strongest impacts of climate change on human migration will
be seen in sub-Saharan Africa, which is projected to see 86
million climate change migrants by 2050 due to decreased
crop productivity and water shortages [108]. In South and
Southeast Asia, unpredictable rainfall and drought have also
resulted in the migration of more than eight million peo-
ple to the Middle East, Europe and North America, with an
additional 40 million internal migrants predicted by 2050
[108]. Worldwide, a combination of droughts, floods, and
rising sea levels are projected to result in the migration of
anywhere from 200 million to 1 billion people by the year
2050 [110, 111].

The link between human migration and the spread of HIV
has been well-known since the beginning of the AIDS epi-
demic. Human migration patterns have frequently been used
to explain the variation in HIV throughout SSA as well as
the spread of the virus from west Africa to east and southern
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Africa in the 1980s and 1990s [92, 93]. One study suggests
that human migration can account for 57% of the variation
in HIV prevalence among women and 24% of the variation
among men across SSA between 1985 and 1994 [28, 112,
113].

Migration drives HIV transmission and poor HIV out-
comes through a number of different pathways including:
increased sexual networks, sexual exploitation due to food
insecurity, increased drug use, urbanization, reduced acces-
sibility to prevention and treatment services, and reduced
adherence to antiretroviral medications [7, 28]. The expan-
sion of sexual networks is a particularly important mecha-
nism. Many studies suggest that migrants—particularly
seasonal or temporary migrants—are more likely to have
expanded sexual networks and engage in riskier sexual
behaviours than non-migrants [112, 114, 115]. For exam-
ple, studies along the borders of South Africa, Mozambique,
and Zimbabwe—a region with the highest HIV rate in the
world—have consistently shown high rates of economic and
sexual exploitation among migrants [38].

Urban migration is also projected to accelerate rapidly in
the coming decades as a response to climate change. World-
wide populations are projected to increase from 7.7 billion
today to over 10 billion by 2100, with the majority of growth
occurring in urban areas [116]. In 2050, for example, nearly
70% of the world’s population is projected to live in cit-
ies, up from 55% in 2018 [117, 118]. Urbanization is a key
factor mediating the relationship between human migration
and HIV/AIDS, particularly since urbanization is occur-
ring faster in SSA than any other part of the world [28, 38].
According to one report, more than 50% of the population of
SSA is projected to live in urban areas by 2030, up from 40%
in 2020 [119, 120]. This is particularly concerning because
HIV rates are higher in every major city in SSA (with the
exception of Cape Town) than the corresponding national
HIV prevalence rates [38]. Without a vaccine, there will
therefore be a continual pool of young men and women,
especially in Africa, who are at increased risk of HIV and
other sexually transmissible diseases.

Erosion of Health Systems

Finally, increases in natural disasters and extreme weather
events will likely erode existing public health infrastruc-
ture, particularly in the poorest areas of the world where
such infrastructures are already strained due to a lack of
finances, transportation systems, and trained workers [32].
Flooding and severe storms, in particular, destroy clinics,
hospitals, and transportation networks that are vital to the
functioning of public health systems [121]. They can also
divert resources away from the healthcare sector in order to
address other emergency priorities such as shelter and food
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[122]. Without strong public health infrastructure, it is diffi-
cult, if not impossible, to effectively provide HIV prevention
or treatment services to communities impacted by extreme
weather events. For example, extensive flooding in Namibia
in 2009 resulted in significant damage to at least 30 govern-
ment health facilities and closure of an additional 41 health
facilities and 179 outreach points due to inaccessible roads.
Approximately 87% of the people living with HIV in the
region reported a disruption in educational services due to
the floods and 23% reported that they missed their medica-
tion due to the floods [123].

But even when clinics remain intact, destruction of roads
during floods and other extreme weather events can decrease
access to healthcare facilities for those who rely on antiretro-
viral medications to manage their HIV infection. In a novel
2011 study, Chinowsky et al. documented the potential cost
impacts of climate change on road infrastructure in ten coun-
tries that are geographically and economically diverse. The
researchers found that the opportunity cost of climate change
on road construction was most pronounced in the countries
of Bolivia, Ethiopia, Cameroon, and the Philippines due to a
higher proportion of unpaved roads in these countries [124].
Other authors have continued to build on this methodology
to help determine the potential impacts of climate change on
bridges and roads in northern climates [125, 126].

In sub-Saharan Africa, the destructive impact of climate
change on transportation infrastructure will be particularly
pronounced. The African Development Bank has already
called for $40 billion USD per year over the coming decades
to address development issues directly related to climate
change in Africa [127]. It is estimated that three southern
African countries—Malawi, Mozambique, and Zambia—
will need to invest over $550 million by 2050 to maintain
and repair roads as a result of damages directly related to
temperature and precipitation changes from climate change
[128]. But we do not need to look to 2050 to see the destruc-
tive impact of climate change on roads in Africa. In 2007,
flooding in Mozambique, Zambia, Zimbabwe, and Malawi
downed bridges and washed away roads in all four countries.
The floods—thought to be caused by erratic rainfall patterns
due to climate change—hit southern Zambia particularly
hard, preventing some 75,000 individuals from accessing a
healthcare facility for nearly two months. Of these, approxi-
mately 16% were HIV-positive individuals who relied on
antiretroviral therapy to manage the disease [31].

Discussion

Two of the greatest threats to human health in the 21st cen-
tury—climate change and HIV/AIDS—are linked through
a number of social, economic, and biological factors. In this
paper, we have proposed a conceptual model demonstrating
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four pathways linking climate change and HIV: food inse-
curity, the spread of certain infectious diseases, human
migration, and erosion of transportation and healthcare
infrastructure.

Of these, food insecurity appears to be a particularly
important mechanism that feeds into some of the other path-
ways such as increased migration and prevalence of other
infections. Food insecurity is known to increase HIV trans-
mission by fuelling substance use and decrease health out-
comes among those already infected with HIV due to immune
degradation. Policies that protect communities against food
insecurity through long-term crop rotations and improved
water conservation and storage measures, particularly in
regions heavily impacted by HIV/AIDS, should therefore be
prioritized in global policy agendas in the years ahead.

We propose several strategies aimed at weakening the
effects of climate change on HIV health outcomes. First,
mitigation strategies that reduce greenhouse gas emissions
worldwide are key to slowing the acceleration of climate
change. Ironically, those populations most affected by the
interaction between climate change and HIV—those living
in the resource poor regions of SSA and SEA—have also
contributed the least in terms of production of carbon diox-
ide and other greenhouse gases. Rather, nations such as the
United States, China, Russia, India, and Japan have led the
world in carbon emissions and therefore bear much of the
responsibility to reduce carbon emissions through mitigation
efforts, in particular by investing in clean energy sources
such as wind, solar, and hydroelectric power [129].

In the developing world, incentivizing collaborations
between the public and private sectors to help cut carbon
emissions should also be a core component of future mitiga-
tion efforts. Such technological “leapfrogging” has already
been proposed to reduce greenhouse gas emissions and pro-
mote economic development in SSA [130]. Chinese com-
panies like Suntech Power have already been effective in
developing green technology in SSA and could help stimu-
late further international investment in the region [131]. The
infusion of human and technological capital to support such
a green “revolution” would also have many direct and indi-
rect benefits to the local population and could prove to be a
powerful message to the climate change and HIV communi-
ties worldwide [132]. Such efforts are also consistent with
the goals of the environmental justice movement by incor-
porating historically disadvantaged groups in environmental
policymaking and policy implementation [11].

Adaptation strategies that aim to the reduce the negative
health impacts of climate change on vulnerable communi-
ties is also of paramount importance. In agrarian communi-
ties highly affected by climate change, adaptation strategies
should include education and investment in sustainable tech-
nologies such as solar water pumps for year-round irrigation
and agroforestry techniques for increased biodiversity and

reduced erosion [133]. They should also focus on address-
ing climate-related HIV coinfections such as malaria by
educating communities about the interaction with HIV and
by distributing bed nets and draining sources of stagnant
water [134, 135]. At the national level, improving commu-
nication and collaboration between government ministries
responsible for agriculture, health, and transportation should
also be central to adaptation efforts to maximize resource
utilization and increase overall program effectiveness. Inter-
national partnerships that cross disciplinary boundaries and
target the core issue of social vulnerability in these regions
provide particular promise, including the Southern Africa
Vulnerability Initiative (SAV) and the Regional Network on
AIDS, Livelihoods and Food Security (RENEWAL) [136].

In the large cities of sub-Saharan Africa, increased sea-
sonal or permanent migration from HIV-endemic areas also
threatens to spread HIV from endemic populations to HIV
naive populations. Consequently, increasing the availability
of evidenced-based HIV-prevention strategies such as pre-
exposure prophylaxis and access to antiretroviral therapy
for HIV-positive individuals will be crucial to limiting the
spread of HIV in these communities. Including migrant
health in city planning and establishing better surveillance
systems to understand their risk factors and health outcomes
will also aid in addressing the specific HIV-related health
needs of migrants.

Finally, much more research and funding are needed to
further elucidate the pathways linking climate change with
HIV. For example, very little is known about the effects of
climate change associated droughts and floods on health-
care infrastructure and healthcare delivery, particularly in
rural areas. Longitudinal studies are needed to unpack asso-
ciations between different extreme weather events and HIV
indicators, and the factors that may enhance vulnerability
to the negative health impacts from climate change such as
race, poverty, and age. In addition, future studies should aim
to be more regionally and geographically specific as climate
change will alter temperature and precipitation patterns dif-
ferently at different altitudes and latitudes. Lastly, there is
a strong need for well-designed intervention studies to help
assess specific climate adaptation or mitigation strategies
that could be adopted by public and private entities world-
wide to help mitigate the effects of climate change on those
living with HIV.

Conclusion

Climate change and HIV/AIDS represent two of the greatest
threats to human health in the 21st century. Our conceptual
framework presented here identifies four pathways linking
climate change with HIV/AIDS transmission and health
outcomes including increased food insecurity, increased

@ Springer



2274

AIDS and Behavior (2021) 25:2266-2277

prevalence of other infectious diseases, increased human
migration, and erosion of public health and transporta-
tion infrastructure. Of these, food insecurity is a particu-
larly strong mediator due to its contributing role in human
migration and susceptibility to HIV co-infections. In order
to lessen the effects of climate change on HIV transmission
and outcomes, future interventions should focus on decreas-
ing carbon dioxide emissions globally and increasing educa-
tion and investment in adaptation strategies, particularly in
those areas of sub-Saharan Africa and southeast Asia heavily
impacted by both HIV and climate change.
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