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5.5 Vector-Borne Diseases

A changing climate alters the conditions under which vector-borne diseases spread.
Such diseases are transmitted to people and animals by the bites of infected
arthropods, such as mosquitoes and ticks, whose life cycles are strongly influenced by
environmental conditions. Monitoring vector-borne diseases will become increasingly
important as climate change reshapes their risk and burden, both within and beyond
California.

Figure 5.5.1. West Nile Virus (WNV).
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Human WNYV cases and minimum infection rates in mosquitoes in California, 2003-2024.
Source: CDPH West Nile Virus Website (2025c).
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Figure 5.5.2. Dengue.
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Travel-associated and locally acquired dengue cases in California, 2016-2025. Source: CDPH
Dengue Webpage (2025a).
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Figure 5.5.3. Lyme Disease.
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*In 2017, the Lyme disease case definition changed so that cases with erythema migrans rash only(no laboratory
support) and were classified as suspect, rather than confirmed. Only suspect cases exposed in California are shown.
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Reported Lyme disease cases in California, 2015-2024. Source: CDPH (2024).
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What does the indicator show?

Vector-borne diseases are caused by pathogens that are transmitted to people and
other animals through the bites of infected arthropods, known as vectors, including
mosquitoes and ticks. The abundance and distribution of vectors and animals that can
act as reservoirs, as well as transmission of pathogens carried by vectors, are affected

by climate-driven environmental changes in temperature and precipitation patterns.

Many cases of vector-borne diseases go unreported, largely because their reporting
depends on people seeking medical care and receiving appropriate diagnostic testing.
Asymptomatic infections are common for some of these diseases, and symptoms such
as fatigue and headaches are often mild and nonspecific, making them difficult to
distinguish from other common ilinesses. Severe cases are rare but can result in

serious health complications and even death.

Mosquito-borne diseases
Mosquito-borne diseases under surveillance in California include endemic diseases,

such as West Nile virus (WNV) and St. Louis encephalitis virus (SLEV). These viruses
are carried by Culex mosquito species found throughout much of the state. Additional
cases of diseases such as those caused by dengue, chikungunya, and Zika viruses, are
typically associated with international travel, although invasive populations of Aedes
mosquitoes in California make local transmission of these viruses possible. The
transmission of all mosquito-borne diseases is influenced by temperature, which
regulates the rate of mosquito development, frequency of biting and the time required

for a mosquito to become infectious after biting an infected host.

For most Californians, WNV poses the greatest vector-borne disease threat (Snyder et
al., 2020). This virus circulates primarily among birds, which act as reservoirs, and
Culex mosquito vectors and has caused human disease in California every year since it
was first detected in 2003. Most infections are asymptomatic, with 20% of infected
people developing fever and flu-like symptoms, and less than 1% developing severe,
and sometimes fatal neurological illnesses (CDC, 2021). Approximately 10% of the
severe cases are fatal (CDC, 2025b).
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Statewide, the number of West Nile virus cases varies from year to year. Symptomatic
infections peaked in 2004-2005 and 2014-2015, with a smaller uptick in 2023. Infection
rates in Culex mosquitoes (minimum infection rate, or MIR; see Technical
Considerations) follow similar year-to-year fluctuations as human cases (Figure 5.5.1).
WNYV was first detected in the state in 2003, when three human cases were reported:
one each in Imperial, Orange, and Riverside counties. WNV transmission quickly
expanded across the state, with most counties (46 of 58) reporting at least one case
and nearly all (54 of 58) detecting viruses in the environment by 2005 (CDPH, 2005).
Spatially, hot spots of West Nile virus infection in mosquitoes have often been detected
in the Los Angeles metropolitan area and the Central Valley, typically in the same areas
that experience a high burden of human disease (Bayles et al., 2024). However, the
highest incidence (cases per 100,000 people) typically occurs in the northern Central
Valley, a sparsely populated part of the state where rice agriculture supports significant

mosquito production in the summer months (Figure 5.5.4).
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Figure 5.5.4. WNV Cases by County.
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Cumulative incidence of symptomatic WNV cases by county in California, 2003 — 2025. Source:
CDPH (2026a).

Cases of WNV in California are predicted to rise over the next 20 years with increasing
temperatures due to climate change (Parker, 2024). WNV cases are driven in part by
the proportion of Culex mosquitoes infected with WNV, as measured by the MIR. The
MIR typically increases as temperatures rise due to the shortened incubation period in
the mosquito vector and more frequent feeding on hosts by the mosquito (see What
factors influence this indicator?). MIR along with mosquito abundance levels at local
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scales are used to evaluate human risk and inform the response of local vector control
agencies as outlined in the California Mosquito-Borne Virus Surveillance and Response
Plan (CDPH, 2026b). In areas without human WNV cases reported, and where
mosquito testing is conducted, the mosquito MIR provides a measure of transmission

risk in the environment.

Because most vector-borne infections are asymptomatic or mild, patients may not seek
treatment or diagnostic testing. As a result, severe cases of WNV, which involve
neurological symptoms, are more likely to be detected and reported than mild febrile
illness or asymptomatic infections. For every neuroinvasive case reported, there are an
estimated 30 to 70 cases of febrile illness (Mostashari et al., 2001). Given that most
human WNV infections are not detected or reported, mosquito infection rates provide a

robust indication of WNV activity in the environment.

Before WNV was introduced to the state, endemic mosquito-borne pathogens such as
western equine encephalomyelitis virus (WEEV) and SLEV were regularly detected in
California. After the introduction of West Nile virus, the detection of both viruses
declined, with the last environmental detection of WEEV in 2007 (MVCAC, 2008).
SLEV re-emerged in California in 2015 after more than a decade without detection
(Danforth et al., 2022; White et al., 2016). Since 2015, SLEV has been detected
annually through environmental surveillance and has caused 63 cases of symptomatic
illness (CDPH, 2024).

Additional mosquito-borne viruses of concern in California include those that are
typically associated with international travel: dengue, chikungunya, and Zika. Of these,
dengue causes the greatest burden of disease globally. Like WNV, most people
infected with dengue virus experience no symptoms, but severe cases can become life-
threatening within hours. Because there are four different strains of the dengue virus, a
person can contract dengue more than once in their lifetime and those with a history of
dengue infection are more likely to experience severe dengue if they are infected again
(CDPH, 2025a).

Dengue virus has become a global health crisis in recent years, surging from 505,430
cases worldwide in 2000 to 6.5 million in 2023 and 14.6 million in 2024 (PAHO, 2025),

@ Vector-Borne Diseases Page V-79




Indicators of Climate Change in California (2026)

likely due to the combined effects of international travel, climate change, and the rapid
expansion of dengue vectors into new areas (Abbasi, 2025; WHO, 2023). Cases of
dengue reported in California (Figure 5.5.2) are predominately associated with
international travel, but limited local transmission of dengue virus was reported in Los
Angeles County in 2023 (2 cases), in three counties in southern California in 2024 (18
cases total for Los Angeles, San Diego, and San Bernardino counties), and in Los
Angeles County in 2025 (6 cases) (Feaster et al., 2024; CDPH, 2024, 2025a, 2025d).

Aedes aegypti is the primary worldwide vector of dengue, chikungunya, and Zika
viruses, and Aedes albopictus is also capable of transmitting these viruses. These
mosquito species are not native to California, but repeated introductions attributed to
global and domestic shipping and transport have resulted in established populations in
California (Metzger et al., 2017; Porse et al., 2015). Invasive Aedes mosquitoes are
currently established in 26 counties across the state (Figure 5.5.5), making it possible
for returned travelers to introduce historically travel-associated viruses into local

mosquito populations.

Local transmission of dengue in California is very rare and constrained by low
temperatures compared to endemic areas in the tropics. Currently, temperatures in
parts of southern California with invasive Aedes mosquitoes support local transmission
for just a couple months of the year (VectorSurv Maps, 2025). With additional warming,
currently cooler parts of the state may become more suitable for local transmission
(Gorris et al., 2024) and the proportion of the year that is suitable for local transmission
may increase (Mordecai et al., 2017). The number of travel-associated cases is also
predicted to increase as climate change intensifies the transmission of these viruses in

currently endemic areas (Childs et al., 2025).
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Figure 5.5.5. Distribution of invasive Aedes mosquitoes in
California.
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Source: CDPH (2026a).

Tick-borne diseases
In addition to mosquito vectors, climate change can impact ticks, the pathogens they

carry and their animal reservoirs. Unlike mosquitoes, the tick life cycle does not have an
aquatic stage, but does have four distinct life stages: egg, larva, nymph, and adult.
Depending on the infectious agent, ticks usually acquire pathogens in one life stage by
feeding an animal reservoir and then passing those pathogens on to other animals or
people in subsequent life stages (CDC, 2024). In general, ticks have a much longer life

cycle than mosquitoes, taking two to three years to complete their life cycle from egg to
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adult. Because ticks can typically live for multiple years, climate-driven changes in
temperature and seasonal patterns influence the transmission of tick-borne diseases in

unique ways compared to other vector-borne diseases.

Lyme disease is the most reported tick-borne disease in California (Figure 5.5.3),
although it remains relatively rare on the west coast compared to other parts of the
United States (CDC, 2025c). Lyme disease is caused by the bacteria Borrelia
burgdorferi, which is transmitted by the western blacklegged tick (/xodes pacificus) in
California. Western blacklegged ticks occupy dense woodland, mixed forest, and
coastal scrub habitats and acquire the pathogen in their larval or nymphal stage when
feeding on an infected small mammal such as a deer mouse or a woodrat and can pass
it to people in their nymphal or adult stage. Between 2015 and 2024, the average
number of confirmed Lyme disease cases reported in California was 82 cases per year.
Approximately 1 in 3 cases of Lyme disease in California occurred in people who were
infected while traveling outside of the state (CDPH, 2024). Ticks carrying Lyme disease
in California are more commonly found in the northern and central coastal regions and
in the northern foothills of the Sierra Nevada (CDPH, 2025b).

Tribal Connection 5.5.1

The Wiyot Tribe, living around Wigi or Humboldt Bay since time immemorial,
writes, “Wiyot community members have noticed an increase of disease-carrying
ticks within the region. Changes in temperature have allowed ticks to become
more active in the spring and fall seasons. Humboldt County, as well as Santa
Cruz and Sonoma, have higher than average rates of Lyme disease when
compared to other regions of California (CDPH, 2021)” (Wiyot Tribe, 2026).

Why is this indicator important?

Because vectors and reservoirs are sensitive to environmental conditions, changes in
temperature and precipitation can influence the seasonality, distribution, and prevalence
of vector-borne diseases (USGCRP, 2016). However, the impacts of climate change on
vector-borne diseases in California will be diverse, varying by pathogen, vector,

reservoir, and geography.
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As vector-borne disease activity increases globally, increasing numbers of travelers
may become infected while visiting areas where certain diseases are prevalent, return
to California, and serve as a source of infection to local vectors. This possibility is
particularly apparent for invasive Aedes-borne viruses, such as dengue, whereas
returned travelers with Lyme disease may require care for their illnesses but are not
likely to pass their infections on to local ticks. Increasing numbers of travel-associated
and locally acquired cases will impact on the healthcare system and as transmission
shifts to new areas, so will the needs, resources and capacity for vector control in

different jurisdictions.

Vector-borne diseases cause significant ilinesses in California and can be fatal. While
most infections cause no apparent iliness, severe and fatal cases are reported each
year. Many individuals hospitalized for WNV experience long-term physical, cognitive,
and functional complications, with 30-40% of patients discharged to long-term care or
rehabilitation facilities, and more than half still experiencing symptoms a year after their
initial illness (CDC, 2025b). Similarly, bleeding and/or shock resulting from severe
dengue is considered a medical emergency and requires immediate medical attention
(CDC, 2025a), while delay in Lyme disease diagnosis may lead to complications or

rarely, post treatment Lyme disease syndrome (PTLDS) (Angell et al., 2025).

What factors influence this indicator?

The effects of climate change on vector-borne diseases can be complex and
multifaceted, occurring in conjunction with other factors, such as land use change and
human behavior. The diverse ecology of vector-borne diseases makes it challenging to
predict exactly how climate change affects these diseases and the resulting alterations
in their magnitude and geographic distribution. Below are examples of how climate
change can influence the spread of vector-borne diseases (de Souza and Weaver,
2024; Ogden & Lindsay, 2016). For information about climate change impacts on other

zoonotic diseases in California, see the Zoénoses emerging chapter.

Shifts in geographic range
Warmer temperatures and changing precipitation patterns may allow vectors and

reservoirs to survive in geographic areas that were previously unsuitable. While some
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areas may become more suitable with rising temperatures and changing precipitation
patterns, others may become less suitable, surpassing thresholds that no longer
support the physiological needs of vectors or reservoirs. Rising temperatures will shift
the suitability for transmission of mosquito-borne pathogens according to the thermal
stress tolerance of different vector species and the rate at which pathogens replicate
inside vectors (Mordecai et al., 2019). Increases in Lyme disease cases in eastern
North America have been attributed to climate change primarily at the northern edge of
the geographic distribution of Ixodes scapularis (Gilbert et al., 2021). In California, the
range of Ixodes pacificus is predicted to expand to one-third of the state, particularly in
the northwest, south central, and southern coastal regions where winter precipitation is

predicted to increase (Hahn et al., 2021, Eisen et al., 2018).

Shifts in seasonality
Because of the highly seasonal nature of prevailing precipitation patterns in California,

changes in precipitation due to climate change will impact the seasonality of vector-
borne disease transmission. The amount of winter and spring precipitation and
snowpack determine the springtime abundance of rural vectors of WNV (Reisen et al.,
2008). Even in the presence of strong seasonality in precipitation patterns, water
management, particularly irrigated agriculture, can stabilize mosquito populations and
virus transmission in agricultural areas (Kovach and Kilpatrick, 2024). Such patterns
may contribute to differential impacts of climate change on Culex species occupying
rural, agricultural areas (e.g., Culex tarsalis) compared to those found in urban habitats

(e.g., Culex pipiens complex).

The abundance of Ixodes pacificus is limited by abiotic conditions during the summer
dry season (Swei et al., 2011), which impact microclimates where certain tick life stages
survive (Kilpatrick et al., 2017). Humidity from increased rainfall may limit the need for
ticks to rehydrate in leaf litter and allow for more host seeking on emergent vegetation
(Ogden and Lindsay, 2016).

The seasonality of host-seeking activity among Ixodes pacificus ticks in California is
predicted to vary by region and climate scenario. Wetter future conditions may change

host-seeking behavior in some regions (MacDonald et al., 2020). In northern California,
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where lower temperatures and higher baseline humidity generally support tick activity,
changing patterns of temperature and precipitation may alter the overlap between
different stages of ticks (e.g., larvae and nymphs) in ways that affect pathogen

transmission risk (Sambado et al., 2025b).

Warmer temperatures may also shift the seasonality of pathogen transmission in
mosquito, tick and reservoir populations. Warmer winter temperatures may lengthen
seasonal vector activity, particularly delaying the overwintering behavior of mosquitoes
(Reisen et al., 2006; Diniz et al., 2017; Fyie et al., 2023), although periods of extreme
heat negatively impact vector survival. Mosquito survival begins to decline at
temperatures above 95°F (35°C) (Reisen, 1995), and in the Coachella Valley in
southeastern California, Culex abundance is already known to decline during the hottest
summer months (Reisen et al., 1992; Reeves et al., 1994; Ward et al., 2023). Increased
frequency or duration of extreme heat events may make summer months in certain
parts of the state less suitable for vector populations and shift seasonal peaks from a

single summer peak to two peaks in the late spring and early fall.

Impacts of precipitation extremes
California oscillates between the precipitation extremes of drought and flood (Swain et

al., 2018). Extreme precipitation events, such as droughts and floods, will have
complex, even counterintuitive impacts on the transmission risk of mosquito-borne
diseases. Since standing water is necessary for mosquito breeding, WNV cases
sometimes, but not always, increase following rainfall and flooding events (Coalson et
al., 2021). Decreases may occur after heavy rain events flush immature mosquitoes
from their aquatic habitats (Benedum et al., 2018; Koenraadt & Harrington, 2008). While
aquatic habitats available to mosquitoes contract under drought conditions, especially at
seasonal timescales (Russell et al., 2025), higher infection rates in smaller mosquito
populations have been observed in California’s Central Valley following

drought (Sambado et al., 2025a, MacDonald et al., 2025). Such elevated infection rates
are thought to arise from increased contact between mosquito vectors and bird
reservoirs (Paull et al., 2017). Drought may have contributed to the relatively high
number of cases of WNV in 2014 and 2015 (CDPH, 2015; Sambado et al., 2025a).
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Exposure-related human behavior

Warmer temperatures can lead people to spend more time outdoors, including more
time outside in the spring and fall as seasons lengthen. This behavior increases the risk
of getting bitten by infected vectors. Urban heat islands can amplify this effect in cities
where mosquito-borne diseases can be prevalent. In natural areas, more time spent

hiking and camping increase exposure risk to tick-borne diseases.

Travel outside of California to destinations with elevated risk for vector-borne disease
transmission impacts case reporting within the state. The majority of cases of dengue,
chikungunya, and Zika reported in the state are due to California residents who became
infected while visiting countries where these viruses are endemic. Similarly, a significant
proportion of tick-borne disease cases, including Lyme disease, result from out-of-state
exposures, primarily in high-incidence states in the northeastern and midwestern United
States. As a result, the impacts of climate change on vector-borne diseases beyond

California’s borders influence the burden of disease among California residents.

Additional factors

Additional anthropogenic factors that influence vector-borne disease transmission
include changes in ecosystems and land use, socioeconomic status, the status of
public health infrastructure, and response capacity (Carney et al., 2011; Rochlin et al.,
2016; USGCRP, 2018). These diseases and their vectors and reservoirs have been
linked with local-level factors such as income, housing conditions, and population
density

(Donnelly et al., 2020; Harrigan et al., 2010; Hernandez et al., 2019; Hill et al., 2023;
Watts et al., 2021). People in low-income communities may find it difficult to adopt
protective measures to reduce exposure, such as using air conditioning, keeping areas
in and around homes free of vector and reservoir habitat, and using insect repellent.
Fewer educational resources may be accessible or available in lower-income
communities, resulting in lower awareness of symptoms and risks of vector-borne
diseases, and the importance of getting tested. Access to healthcare can also be a

significant barrier to diagnosis and treatment for vector-borne diseases.
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Technical considerations

Data characteristics

The California Department of Public Health Vector-Borne Disease Section coordinates
statewide surveillance of all vector-borne diseases presented in this chapter, in
collaboration with numerous local, state, and federal agencies, and members of the
medical community. Testing for some human infections for vector-borne pathogens is
performed at the California Department of Public Health’s Viral and Rickettsial Disease
Laboratory, the Centers for Disease Control and Prevention (CDC) as well as at local
county public health laboratories and commercial laboratories. Surveillance also
includes monitoring pathogen presence in mosquitoes, ticks, and their animal

reservoirs.

Vector control agencies serving approximately 90% of the California population conduct
surveillance and control for mosquito vectors. These agencies trap mosquitoes, sort and
count them by species, and group female mosquitoes from the genus Culex into pools
of <50 for virus testing, which is conducted at UC Davis or locally. A pool of mosquitoes
is considered positive if at least one mosquito is infected. Minimum infection rate (MIR)
— calculated as the number of positive mosquito pools divided by the total number of
mosquitoes tested and multiplied by 1000 — provides a standardized measure of virus

prevalence in Culex mosquitoes (CDPH, 2026b).

The ability to use surveillance data to support public health and vector control decisions
in real-time is a key part of California’s efforts to mitigate the growing effects of climate
change on vector-borne disease incidence. California is a national leader in the
development of such decision-support systems that are being used to inform local and
state policies. Public-facing data on WNV and other vector-borne pathogens are

provided via maps, reports, and other visualizations through the CDPH Vector-Borne

Disease Section website and the California West Nile Virus website. Statewide data on

environmental surveillance of vectors and the pathogens they carry are managed,
analyzed, and shared through the CalSurv data system, which is supported by funds
from the state of California and housed at UC Davis through a partnership with CDPH

and the Mosquito and Vector Control Association of California. The CalSurv system
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provides a wide range of tools for data entry, analysis, and visualization that are used
by agencies throughout California daily. Maps showing CalSurv’s data are available at

https://maps.vectorsurv.org.

Strengths and limitations of the data

This indicator uses surveillance data on vector activity, pathogen presence, and
reported human infections to track how climate has impacted the occurrence of vector-

borne pathogens over time.

Due to underreporting, human disease surveillance for vector-borne diseases is not a
very sensitive measure of disease transmission. However, reporting human disease
cases to local vector control agencies facilitates rapid response to emergent situations
and is an essential complement to routine environmental surveillance activities. Routine
environmental surveillance activities, including the trapping and testing of vectors and/or
non-human hosts provides valuable and timely information about infection risk. In areas
with robust mosquito testing, mosquito infection rates are especially useful indicators of
West Nile virus transmission risk, and local vector control agencies can use mosquito
infection rates to target mosquito control efforts. However, sampling effort and spatial
coverage vary widely across the state, so the intensity of surveillance should be
considered when comparing mosquito infection rates among counties and regions.
Although 90% of California’s population lives in areas with vector control agencies, not

all agencies have the capacity to conduct robust mosquito surveillance and testing.
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