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a b s t r a c t

A changing climate may alter the expected patterns of infectious disease emergence in North America,
requiring nurse practitioners to become familiar with these changes in infectious disease emergence in their
local communities. This report reviews how potential climate change might affect seasonal patterns of in-
fectious diseases, including the impact on the agents that cause them and alterations in host behaviors/the
environment that may modify the pattern of infectious diseases locally. This knowledge base will aid nurse
practitioners in making accurate diagnosis/treatment plans for diseases they may not be familiar with
currently.

Published by Elsevier Inc.
Introduction

According to the United States Centers for Disease Control and
Prevention (CDC),“there is widespread scientific consensus that the
world’s climate is changing.”1 The CDC also states in its policy that
changes in climate have the “potential to negatively affect health”
through more variable weather conditions that will “vary across
geographic regions and populations.”1 One example of climate ef-
fects on health includes increases in the incidence, rate of new
cases of a disease, or emergence, defined as introduction of a new
disease in an area not seen before, of infectious diseases. Recent
examples of these trends in North America include emergence of
chikungunya and Zika virus in Florida2,3 and increases in cases of
hantavirus cardiopulmonary syndrome related to El Ni~no events in
the Colorado Plateau.4

Nurse practitioners (NPs) on the front lines of primary care and
emergency medicine need to understand the epidemiology and
pathophysiology of infectious diseases circulating in their com-
munities as well as trends in infectious diseases spread by travel to
be aware of how potential climate change may impact infectious
disease trends in the local community. This knowledge will help
guide their recognition and evaluation of patients. Primary care
patients often present with nonspecific symptoms of an infectious
disease and require a prompt and accurate diagnosis to initiate
treatment. In addition, this awareness will help initiate early public
health prevention actions to prevent the further spread of the in-
fectious agent.

The threat of climate change also holds within it an opportunity
to strengthen and bolster our health systems. Health resiliency can
be enhanced through a better understanding of the emerging in-
fectious diseases that may arise and careful preparation for their
potentiality.5 By building our knowledge base of infectious diseases
and widening our differential to include a more diverse range of
infectious causes, NPs can not only better serve our patients but
also help drive the health of their local communities and beyond.
Epidemiologic Triangle

Amodel used in infectious disease epidemiology (or the study of
the causes and distribution of infectious diseases), referred to as the
epidemiologic triangle, helps us understand what causes an in-
fectious disease (Figure 1). The 3 elements of the epidemiologic
triangle are the agent or microbe causing the disease, the host or
organism infected with the agent, and the environment that allows
disease transmission. Without all 3 aspects of the triangle, the
disease cannot occur. Imagining the epidemiologic triangle as a
table may be helpful: if 1 leg is missing, the table cannot stand.
Similarly, infectious disease transmission is predicated on the
presence of agent, host, and environment. Public health efforts to
eradicate infectious disease can thus focus on reducing 1 or more of
these factors.

Potential climate change can have an effect on any of the 3 el-
ements of the epidemiologic triangle, resulting in changes in the
incidence and distribution of the disease.6 Examples of the epide-
miologic triangle can be seen in the transmission of dengue fever,
which requires dengue (an arthropod-borne virus) as the agent, the
patient as the host, and an environment hospitable to mosquitoes
(generally warm with areas of standing water).7 Another example
can be found in chickenpox transmission, which necessitates the
agent, varicella zoster (a virus), a host in North America (usually a
person younger than 15 years old without prior exposure), and the
environment, which requires transmission from exposure to an
infected person’s cough, sneeze, or contact with fluid in the
chickenpox blisters. In North America, chickenpox outbreaks are
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Figure 1. The epidemiologic triangle.
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most common at the end of winter and early spring, when tem-
peratures are moderate and allow the virus (agent) to thrive.8-10
Changes in the Environment

Changes in the actual environment related to potential climate
change can have an effect on infectious disease transmission. For
instance, increased rain and El Ni~no conditions have been associ-
ated with upticks in vector-borne and water-borne diseases such as
cholera and malaria, changes in wind conditions have been asso-
ciated with an outbreak of Q fever, and increases in heat conditions
Figure 2. Case
have been associated with higher rates of food-borne disease out-
breaks.11-15

Changes in the Agent

Potential changes in climatemay impact the pathogen indirectly by
changing the temperature, humidity, atmospheric pressure, and pre-
cipitation in a region.6 Changes in temperature have been associated
with increases in the prevalence of diseases; for example, a study
found that “for a 1�C increase in temperature in the previous 49-day
period, there was a 15% decrease in norovirus reports.”16(p. 5) In addi-
tion, studies have shown that the development of the malaria parasite
stops when temperatures exceed 33�C to 39�C and that the repro-
duction of the Salmonella bacteria increases as temperature rises.6,17,18

Humidity has also been found to impact airborne infectious
diseases; for example, humidity allows certain gastrointestinal in-
fectious agents to remain in the environment for longer than in a
drier environment. In addition, increases in polio have been asso-
ciated with an increase in air humidity.19,20

Changes in the Host/Vector

Potential changes in climate also have an impact on host
behavior and availability of vectors. People interact differently with
their environment according to the climate, which can increase
study 1.



Figure 2. (continued).
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exposures to infectious agents. Examples of this include crowding
in the winter associated with increases in respiratory diseases, in-
creases in swimming in the summer linked to polio and enterovi-
ruses, and surges in outside activities during warmer months that
increase contact with vectors of infectious diseases such as ticks
and mosquitoes.21-23

Potential changes in climate can also impact the availability
of vectors of infectious diseases, boosting the number of vectors
in an area, such as deer and mice, which expands the potential of
exposure to Lyme disease.24 Increased rain in areas with mice
moves them indoors, expanding exposure to mice excrement
and increasing the exposures to hantavirus.25,26 Finally, poten-
tial changes in climate may also introduce new vectors into an
area, allowing diseases not normally seen in an area to spread,
such as the recent spread of chikungunya and Zika viruses to the
Caribbean and Florida.17
Seasonality of Infectious Diseases

In the earlier example of chickenpox and the epidemiologic
triangle, one factor impacting the spread of chickenpox included
moderate environmental temperatures, which resulted in
increased cases in the late winter and early spring.9,27 As with
chickenpox, many infectious diseases have outbreak patterns based
on the seasons. This phenomenon, known as seasonality, describes
the changes (surges and decreases) in cases of a disease observed in
the population based on seasons or other calendar periods.28

Scientists have observed and recorded these changes since the
Hippocratic era, with a long history of examples, including the
regular pattern of measles deaths in London since 1703 and, more
recently, the emergence of seasonal influenza and norovirus during
the winter months in North America.22,28 The seasonality of in-
fectious diseases has allowed public health authorities and health



Figure 3. Case study 2.
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care providers to prepare for increases in cases of infectious dis-
eases and also educate the public about ways to prevent the spread
of these diseases, including methods such as social distancing and
getting an annual flu shot.
Potential climate change may impact the seasonality of certain
infectious diseases, making it more difficult to predict when surges
of cases of infectious diseases may appear. For example, potential
climate change may impact all 3 aspects of the epidemiologic tri-
angledchanging when infectious agents are present in the area
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due to increases or decreases of the agent, alterations in host
behavior (warmer winters decrease the time spent with others
indoors), and changes in the actual environment.

All of the above need to be considered by NPs when patients
present to their clinics for evaluation with symptoms of an infec-
tious disease.

Conclusion

Given potential climate changes that the CDC has described, it is
imperative for NPs to familiarize themselves with infectious diseases
that may be outside of their typical clinical experience.1 In addition,
providers will need to include a wider range of infectious diseases in
the differential than they currently might consider. Primary care pro-
viders would thus be well-served to educate themselves on infectious
disease threats so they can better identify these cases in a primary care
context. Early recognition of infectious diseases will not only better
serve individual patients but also potentially alert public health offi-
cials of outbreaks in a timely manner, mitigating their spread. More-
over, primary care workforce that is more prepared and better
educated may increase health resilience in their communities. Health
resilience, forged through increased organizational competence,
strengthening of health systems, and social connectedness can help
communities not only survive threats to the health and safety of their
citizens but also thrive.5 By increasing knowledge of novel infectious
disease threats in our communities, we can bolster preparedness and
thereby increase health resilience not only for our individual patients,
but also for our communities at large.

Case Studies

Case studies are presented in Figures 2 and 3.
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