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Abstract

Environmental and socioeconomic risk factors associated with the incidence of human West Nile virus (WNV)
cases were investigated in the Northern San Joaquin Valley region of California, a largely rural area. The study
included human WNYV cases from the years 2011 to 2015 in the three-county area of San Joaquin, Stanislaus, and
Merced Counties, and used census tracts as the unit of analysis. Environmental factors included temperature,
precipitation, and WNV-positive mosquito pools. Socioeconomic variables included age, housing age, housing
foreclosures, median income, and ethnicity. Chi-square independence tests were used to examine whether each
variable was associated with the incidence of WNV cases using data from the three counties combined. In
addition, negative binomial regression revealed that the environmental factors of temperature and precipitation
were the strongest predictors of the incidence of human WNV cases, while the socioeconomic factor of
ethnicity was a significant predictor as well, and is a factor to consider in prevention efforts. Source reduction
of mosquito breeding sites and targeted prevention and education remain key in reducing the risk associated
with WNV.
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Introduction

OSQUITO-BORNE ILLNESSES ARE a threat to global
health and are known to affect ~700 million people
annually (Caraballo and King 2014). West Nile virus (WNV),
an arthropod-borne virus of the family Flaviviridae, is trans-
mitted to humans by mosquitoes (Kleinschmidt-DeMasters
and Beckham 2015). Since the initial discovery in 1937, WNV
has spread geographically to regions, including Europe, Aus-
tralia, Asia, the Caribbean, and South America (Petersen and
Roehrig 2001). In 1999, WNYV reached the United States when
its first reported case emerged in New York City with a group
of patients diagnosed with encephalitis (Nash et al. 2001). By
July 2003, WNV arrived in California, and shortly afterward its
activity was detected across all 58 counties (Reisen et al. 2004).
WNV is maintained through a cycle between birds and
mosquitoes, with humans being secondary hosts. It is trans-
mitted primarily by mosquitoes that belong to the genus

Culex. In California, the Culex pipiens complex and Culex
tarsalis are the main vectors (Lindsey et al. 2010). Ap-
proximately 80% of humans who are infected with WNV are
asymptomatic or experience minor symptoms (Hayes 2001).
For cases that present symptoms, many consist of an undif-
ferentiated fever, and <1% result in WNV neuroinvasive
disease. A small proportion of human WNV infections can
develop from blood transfusions, organ transplants, and
transmittance from mother to child during pregnancy, de-
livery, or through breastfeeding (Kramer et al. 2007). WNV
is considered the arthropod-borne pathogen responsible for
the greatest number of neuroinvasive disease outbreaks that
have ever been reported (Ciota and Kramer 2013). People
who are =50 years of age are at the greatest risk of devel-
oping severe illnesses (Petersen and Marfin 2002). Currently,
no vaccine exists for humans; treatments for mild cases such
as over-the-counter pain relievers to reduce fevers or joint
pains are available.
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The importance of environmental factors and their influ-
ence on WNV human infections have been investigated in the
United States since the occurrence of WNV (Gibbs et al.
2006). Several variables that previous studies found associ-
ated with WNV include temperature, rainfall, habitat, and
avian population dynamics. In southern California, sum-
mer mean temperature, land surface temperature, eleva-
tion, landscape diversity, and vegetation water content were
principal environmental factors that contributed to WNV
propagation (Liu and Weng 2012). High temperature has
been consistently associated with outbreaks of WNV (Hart-
ley et al. 2012, Hoover and Barker 2016). Above-average
summer temperatures were closely linked to hot spots of
WNV activity in the United States from 2002 to 2004 (Reisen
et al. 2006a).

Specific habitats also permit species of mosquitoes to
thrive (Reisen et al. 1999). Culex pipiens and Cx. quinque-
fasciatus have been associated with urban habitats (Reisen
et al. 2008, Savage et al. 2008). In the Los Angeles area, an
increase in avian seroprevalence influenced numbers of re-
ported human cases of West Nile neuroinvasive disease
(Kwan et al. 2012). Above-average precipitation may also
lead to greater mosquito abundance and an increase of WNV
outbreaks in humans (Landesman et al. 2007, Soverow et al.
2009). Studies have also suggested that drought can be linked
to WNYV outbreaks (Paz 2015, Paull et al. 2017).

Socioeconomic variables and anthropogenic characteris-
tics of the environment also contribute to predicting WNV
prevalence. Areas with lower per capita income in Orange
County had higher prevalence levels of WNV in vectors
(Harrigan et al. 2010). The density of neglected swimming
pools associated with housing foreclosures provided an ex-
planation for years of high WNV prevalence in this area, as
well as in Kern County (Reisen et al. 2008, Harrigan et al.
2010). Housing unit density, neglected swimming pools,
mean per capita income, increased mosquito breeding sites
and ditches, and housing average age were additional risk
factors for Orange County, California (Liao et al. 2014). In
Suffolk County, New York, increased WNV activity was
associated with fragmented natural areas, increased road
density, and areas where there were high numbers of people
with a college education (Rochlin et al. 2011).

This study investigated environmental and socioeconomic
factors associated with the incidence of human WNV cases in
the Northern San Joaquin Valley region of the Central Valley of
California from 2011 to 2015. The region is largely rural and
comprised of three counties, each with several moderate-sized
cities. Environmental variables included precipitation, temper-
ature, and WNV-positive mosquito pools. Socioeconomic var-
iables included age, housing age, housing foreclosures, income,
and ethnicity. The objective was to determine whether the in-
cidence of human WNV cases in each census tract was associ-
ated with these environmental or socioeconomic variables,
and to examine which risk factors were significant predictors
of WNV cases in the region.

Materials and Methods

Study area

The area of study consisted of three counties in the
Northern San Joaquin Valley of California, which were San
Joaquin, Stanislaus, and Merced County (Fig. 1). In this re-
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gion, there are two primary mosquito vectors of WNV: the
Cx. pipiens complex and Cx. tarsalis (Goddard et al. 2002).
Demographic characteristics, including population size, ed-
ucation level, median income, and ethnic composition, vary
among the three counties (Supplementary Table S1).

Data collection

Data used in this study include environmental and socio-
economic variables, and the number of human WNYV cases
from 2011 to 2015 in each census tract of San Joaquin, Sta-
nislaus, and Merced Counties. The total number of West Nile
cases includes both West Nile fever and West Nile neu-
roinvasive disease cases. A census tract is a geographic unit
having on average 4000 people (US Census Bureau 2010a).
Analyses were conducted using the incidence of WNV hu-
man cases per 100,000 in each census tract, over the time
period of the study 2011-2015. The environmental variables
considered included precipitation, temperature, and the
presence of WNV-positive mosquito pools. Annual precipi-
tation and temperature data for the years 2011-2015 were
acquired from the Oregon State University PRISM Climate
Group, and were determined for a central location in each
census tract in the three counties (PRISM Climate Group
2018). From these data, the 5-year mean annual precipitation
(cm) and the 5-year mean temperature (°C) were determined
for each census tract.

The location (latitude, longitude) of WNV-positive mos-
quito pools in the three counties for years 2011-2015 was
obtained from the California Vectorborne Disease Surveil-
lance System (CalSurv), a database for mosquito manage-
ment in California (CalSurv 2018); the location was used to
determine the census tract where the WNV-positive mosquito
pool was detected. Only Cx. pipiens and Cx. tarsalis mos-
quito pools that tested positive for WNV and that were in-
cluded in CalSurv were used for analyses. The incidence of
WNV-positive mosquito pools per 100,000 was included in
the chi-square association tests and the negative binomial
regression analysis.

Socioeconomic variables were obtained from the 2010
U.S. Census. The U.S. Census is conducted every 10 years;
the census was used from 2010, since it preceded the years
2011-2015 in this study. Socioeconomic variables were de-
termined for each of the 281 census tracts used from the three
counties, and include the following: age, education, housing
age, housing foreclosures, median income, population den-
sity, ethnicity, and language spoken. For the variable age, the
percentage of the population over age 50 was used for each
census tract. For education, the percentage of the popula-
tion with a high school education or higher was used. The
median year homes were constructed was used for the vari-
able housing age. The number of housing foreclosures for
each tract was determined using the U.S. Census housing
vacancies-other category. For ethnicity, the percentage of
population who identified as White was included. The vari-
able language was defined as the percentage of households in
a census tract speaking English. The number of human WNV
cases in each census tract in San Joaquin, Stanislaus, and
Merced Counties during 2011-2015 was obtained from the
California Department of Public Health Infectious Diseases
Branch, Surveillance and Statistics Section. All WNV human
cases were completely anonymous, and only identified as a
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Map of the cumulative West Nile virus incidence per 100,000 from 2011 to 2015 for the census tracts in the three

counties: San Joaquin, Stanislaus, and Merced, California. The small inset in the upper right corner is a map of California,
with the three-county area highlighted in yellow. The larger central map is of the three counties from north to south, San
Joaquin, Stanislaus, and Merced. Map was prepared using software QGIS 2.18.9 and census tract layers from the 2010
Census TIGER/Line files, accessed at https://qgis.org/en/site/and www.census.gov/cgi-bin/geo/shapefiles2010/main. Color

images are available online.

WNV case at the census tract level. Human subjects approval
was obtained from Institutional Review Board (IRB) at
University of California, Merced and from the California
Department of Public Health.

Statistical analysis

Descriptive overview of West Nile cases in census
tracts. The number of human WNYV cases that occurred in
each census tract during each year from 2011 to 2015 was
determined for each of the three counties, as was the number
of census tracts with and without human WNV cases. One
census tract in Stanislaus County was dropped from analyses
due to incomplete data. For each year from 2011 to 2015, the
frequency of human WNYV cases in each county was plotted
for comparison. In addition, a map was created with the WNV
incidence for each census tract for 2011-2015. The map was
made using the software QGIS 2.18.9 (QGIS 2017). Census
tract layers for each county were downloaded from the 2010
Census TIGER/Line files (US Census Bureau 2010b). All data
were summarized and analyzed at the census tract level.

Association tests for factors and incidence of WNV. Chi-
square independence tests were run to determine whether a
significant association existed between each individual factor
and the incidence of WNV cases in census tracts. Association
tests were run for the data obtained from the three counties
combined. Variables tested were age, housing age, housing
foreclosures, income, ethnicity, and the incidence of positive
mosquito pools per 100,000 people.

For each variable (e.g., age), the 2010 Census was used to
first determine the mean for the variable for the three coun-
ties. For example, for age, the mean percentage of the pop-
ulation over age 50 was used to categorize the census tracts
into those with a “lower”” or ‘“higher” than the average
percentage of the population over age 50. The incidence of
WNV cases in each tract was used to also categorize tracts
into those with less than the mean WNYV incidence rate and
tracts with greater than the mean incidence rate. Subse-
quently, a chi-square independence test was used to deter-
mine if the incidence rate of WNV was associated with a
variable, for example with age. For two variables, income and
housing year, the U.S. Census provided median values, and
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the categorization of census tracts instead used the median
values rather than mean. All chi-square tests were run using
Stata 14.2 (StataCorp 2016). The result of an analysis was
considered significant if p <0.05.

Negative binomial regressions. Negative binomial re-
gressions were conducted to examine the relationship be-
tween multiple variables and the incidence of WNYV in census
tracts. Negative binomial regression models are used for
multivariate regression of count data, rather than using
Poisson’s regression models, when data are overdispersed,
for example, when the variance is greater than the mean.
Alpha tests are used to test for overdispersion, and when the
alpha values are significantly different from zero, it is indi-
cated that negative binomial count regression models should
be used rather than Poisson’s regression.

Analyses were run for data obtained from the three coun-
ties combined and were conducted using Stata 14.2. En-
vironmental variables considered in analyses included the
mean 5-year temperature and the mean 5-year precipitation in
each census tract, as well as the incidence of WNV-positive
mosquito pools. Socioeconomic variables considered in-
cluded age, education, median housing year, housing fore-
closures, median household income, ethnicity, and language.
Three negative binomial models were run. Before running
each model, multicollinearity was assessed with the variation
inflation factor (VIF) statistic; the variables that had values
<3 were included in the model. The first model consisted of
the three environmental variables, which were the 5-year
mean temperature, the 5-year mean precipitation, and the
incidence of WNV-positive mosquito pools. Population
density was included as a control variable in all three models.

The second negative binomial regression considered the
socioeconomic variables age, education, housing age, hous-
ing foreclosures, income, population density, language, and
ethnicity. For the second model, the multicollinearity test
found the VIF values for education and language close to 6;
both were excluded from models 2 and 3, the combined
model. Two additional variables that were not significant in
the chi-square independence analyses, housing age and me-
dian income, were also excluded from models 2 and 3. Model
2 of the socioeconomic variables included age, housing fore-
closures, ethnicity, and population density.

The third and final negative binomial regression included
the variables that were significant in the previous two models
(5-year mean temperature, 5-year mean precipitation, WNV-
positive mosquito pools, ethnicity, and population density).
The output from each of the three models was used to ex-
amine the Wald chi-square statistic, and to examine whether
the model was significant. Variables with p-values <0.05
were considered significant. For the final combined model,
the incidence ratios were determined and reported. Incidence
ratios estimate the rate of change in the dependent variable
associated with each unit increase or decrease in the inde-
pendent variable in the model.

Results

Human WNV cases overview

The number of human cases of WNV in 2011-2015 totaled
169 for the three counties (Table 1). The largest number of
cases was in Stanislaus County (114), followed by San Joa-

HERNANDEZ, TORRES, AND JOYCE

TABLE 1. THE NUMBER OF HUMAN WEST NILE VIRUS
CASES IN SAN JOAQUIN, STANISLAUS, AND MERCED
CouNTIES, FROM 2011 TO 2015

Total No. of Census
WNYV cases census tracts

Census tracts

County 2011-2015 tracts with WNV without WNV
San Joaquin 39 139 33 106
Stanislaus® 114 94 54 40
Merced 16 49 10 39
Total 169 282

Stanislaus has 94 total tracts; however, 93 tracts were used for
the analysis. This led to 281 (rather than 282) census tracts used.

quin County (39), and the lowest number of cases occurred in
Merced County (16) (Table 1). The WNYV cases were plotted
for each county for 2011-2015 (Fig. 2). The cumulative in-
cidence of WNV for the years included in the study (2011—
2015) was 11.69/100,000. A map with the cumulative inci-
dence of WNYV for the census tracts in each county was used
to highlight the incidence of cases (Fig. 1).

Association tests for factors and WNV incidence

Data from San Joaquin, Stanislaus, and Merced Counties
were pooled to conduct a chi-square test of independence for
the association of each variable with the incidence of WNV
cases (Table 2). Ethnicity was significantly associated with
WNV incidence (p <0.001) (Table 2). Census tracts having a
higher than average percentage White demographic had
twice the number of tracks with one or more WNV cases
(65 vs. 32, Table 2). The incidence of WNV was also sig-
nificantly associated with age (the percentage of the popu-
lation over age 50) (p=0.018), as were housing foreclosures
(p=0.045) (Table 2); however, there was no association of
the incidence of WNV cases with median housing year or
median household income ( p >0.05, Table 2). The incidence
of a WNV-positive mosquito pool in a census tract was also
associated with a higher incidence of WNV (y;%=23.06,
p<0.001).

Negative binomial regression

A negative binomial regression of environmental factors
was significant (y%,=42.93, p<0.001). The relationship bet-
ween the incidence of WNV and the 5-year mean annual
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FIG. 2. Human West Nile virus cases for San Joaquin,
Stanislaus, and Merced Counties from 2011 to 2015. Color
images are available online.
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TABLE 2. VARIABLES TESTED FOR ASSOCIATION WITH WEST NILE VIRUS CASES IN THE THREE COUNTIES COMBINED

Mean value WNV cases in tracts WNV cases in tracts

Variable of variable® with <mean for variable with >mean for variable szalue/p-value

Ethnicity: percentage White 58.2% 32 65 x1%: 11.58
p<0.001

Age: =250 27.2% 45 52 Y1 5.57
p=0.018

Housing foreclosures 35 54 43 x12: 4.01
p=0.045

Median household income $47.469 40 57 xlz: 3.57
p=0.058

Median housing year 1979 44 53 xi%: 0.67
p=0.42

The chi-square and p-value are shown; p-values were considered significant for p <0.05.
“Mean is listed for all variables except income and housing year, where the U.S. Census used median values.

precipitation was significant (p<0.001), as was the rela-
tionship with the 5-year mean temperature (p <0.001) and
with the incidence of WNV-positive mosquito pools
(p=0.032) (Table 3 and Supplementary Table S2). The
negative binomial regression of socioeconomic factors and
WNV incidence was also significant (%% =35.42, p<0.001);
the variable ethnicity was statistically significant (p <0.001),
housing foreclosure was marginally significant (p=0.051),
and age was not significant (p =0.941) (Table 4). Finally, the
combined negative binomial regression analysis of both en-
vironmental and socioeconomic factors was significant (x25 -
49.39, p<0.001) (Table 5). The variable precipitation was
significant (p=0.003: IR 1.15); each unit increase in rainfall
(cm) led to a 15% increase in the incidence of WNV cases.
The 5-year mean temperature was also significant (p <0.001:
IR 10.48); every 1°C increase in the mean temperature re-
sulted in ~ 10 times the incidence of WNV. Finally, ethnicity
was statistically significant (p=0.011: IR 1.02), every 1%
increase in the White population led to a 2% increase in WNV
incidence (Table 5).

Discussion

The influence of environmental and socioeconomic factors
on the incidence of WNV human cases reported in three
counties in the Central Valley of California was examined.
When considering all predictors in a multivariate analysis,
the incidence of WNV cases was most strongly associated
with several environmental factors, specifically precipitation
and mean temperature, and additionally the socioeconomic
factor ethnicity. The majority of previous studies examining

TABLE 3. NEGATIVE BINOMIAL REGRESSION
FOR ENVIRONMENTAL FACTORS ASSOCIATED WITH WEST
NILE VIRUS (x24 =42.93, p<0.001)

Factor Coefficient SE zZ p-value
Precipitation® 0.19 0.05 428 <0.001
Temperature® 3.03 0.60 5.04 <0.001
WNV mosquitoes 0.0005 0.0002 2.15 0.032
Population density ~ —0.0001 0.0001 -2.18  0.029
Intercept -57.41 11.18 -5.13 <0.001

“The 5-year temperature (mean + SE) was 17.07°C +0.016°C, and
the S-year precipitation (mean* SE) was 26.93+0.22 cm.

environmental and socioeconomic factors have been con-
ducted in urbanized areas (Ruiz et al. 2004, Gibbs et al. 2006,
Brown et al. 2008, Harrigan et al. 2010). Rural areas such as
the Northern San Joaquin Valley of California have been
studied to a lesser degree in terms of research related to
factors associated with WNV.

The environmental factors temperature and precipitation
were significantly related to the incidence of human WNV
cases, and this finding is consistent with previous studies
(Reisen et al. 2006a, 2006b, Liu and Weng 2012, Paz 2015).
Mosquitoes need water for larvae to develop, and insects
grow more rapidly in warmer temperatures (Dohm et al.
2002, Turell et al. 2006, Zou et al. 2006). Standing water such
as puddles, in gutters and storm drains, and habitats such as
abandoned or neglected pools are ideal habitats for mosqui-
toes such as Cx. pipiens and Cx. tarsalis, both primary vectors
associated with WNV (Reisen et al. 2008).

There was a marginally significant association overall of
housing foreclosures and human cases of WNV; foreclosed
homes may have neglected swimming pools, which can serve
as larval habitats for Culex mosquitoes that transmit WNV
(Reisen et al. 2008). Along with temperature and precipita-
tion, the incidence of a WNV-positive mosquito pool in a
census tract was associated with the incidence of human
WNV cases. These findings highlight the importance of
mosquito abatement, which conducts surveillance for WNV-
positive mosquitoes, and focuses on source reduction of
preferred habitats for mosquito development. When envi-
ronmental factors were considered individually or together
with socioeconomic factors in a logistic regression model,
environmental factors were the most significant predictors
associated with the incidence of WNV human cases in the
region of this study.

TABLE 4. NEGATIVE BINOMIAL REGRESSION
FOR SOCIOECONOMIC FACZTORS ASSOCIATED WITH WEST
NILE VIRUS (y°4 = 35.42, p<0.001)

Factor Coefficient SE z p-value
Ethnicity 0.037 0.01 3.70  <0.001
Foreclosure 0.006 0.003 1.95  0.051
Age —-0.001 0.02 -0.07  0.941
Population density  —-0.0003  0.0003 -0.82  0.411
Intercept -2.96 0.64 —4.64 <0.001
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TABLE 5. NEGATIVE BINOMIAL REGRESSION FOR THE COMBINED EN2VIRONMENTAL AND SOCIOECONOMIC VARIABLES
ASSOCIATED WITH WEST NILE VIRUS (3”5 = 49.39, p<0.001)

Factor Coefficient SE Z p-value IRR 95% confidence interval for IRR
Precipitation 0.143 0.05 3.00 0.003* 1.15 1.05-1.27
Temperature 2.35 0.61 3.84 <0.001* 10.48 3.16-34.72

WNV mosquitoes 0.0003 0.0001 1.80 0.072 1.00 0.99-1.001

Ethnicity 0.020 0.008 2.56 0.011* 1.02 1.01-1.04

Population density —0.00005 0.00004 —-1.46 0.143 0.99 0.99-1.00

Intercept —45.79 11.28 —4.06 <0.001

p-values were considered significant for p <0.05.

In the negative binomial regression of socioeconomic
variables, ethnicity was the only significant predictor of
WNV cases. It is unclear why ethnicity (increase in per-
centage White) in the census tract is associated with the
incidence of WNV cases. Ethnicity as a risk factor could
relate to differences in health insurance and willingness to
seek medical care, resulting in under-reporting. For exam-
ple, Hispanics were frequently infected with St. Louis en-
cephalitis virus in southern California, but cases were rarely
reported (Reisen and Chiles 1997). Ethnicity could also be
associated with a behavioral risk factor, which might in-
crease the chance of contracting WNV, such as whether
individuals work outside the home (Gibney et al. 2012).
A retrospective study found that individuals spent more time
indoors in the early evening, since the adoption of modern
appliances such as television and air conditioning; this is
related to a reduction in reports of mosquito-borne viral
encephalitis cases (Gahlinger et al. 1986).

Behavioral risk factors could be further explored and
ethnicity considered. In a report on WNV infections in Texas
during 2012, a higher attack rate for WNV was observed in
those of White/non-Hispanic ethnicity (11.1/100,000) com-
pared with those of other ethnicities (Murray et al. 2013).
Investigators in Chicago and Detroit found that middle-class
neighborhoods were associated with high WNV activity and
human infection (Ruiz et al. 2007). In contrast, the risk of
WNYV human infection was associated with low-income areas
in Orange County, CA, Harris County, TX, and in Shelby
County, TN (Rios et al. 2006, Savage et al. 2008, Harrigan
et al. 2010). In this study, the three-county analysis did not
find a significant association with the incidence of human
WNV cases and household income.

WNV disease is a nationally notifiable condition; however,
many cases are under-reported as the majority of infections are
asymptomatic (Petersen and Marfin 2002, CDC 2013). Under
the physician’s care, patients may be tested if they are showing
symptoms of West Nile fever; however, febrile cases may go
undetected, especially if they occur during the flu season. Test
results are reported to local public health authorities if there is
a positive case. Testing must be done for WNV to confirm the
etiology of disease and to differentiate it from other vector-
borne diseases. It is imperative that members of the commu-
nity are educated about prevention of vector-borne disease,
and how to decrease their risk of being bitten and infected. The
inter-relatedness of social factors including ethnicity is com-
plex and requires further investigation. Awareness of vector-
borne disease in this region of California is timely, as more
invasive species of mosquitoes capable of transmitting addi-
tional vector-borne diseases are introduced into the area.

It has been previously reported that with advancing age,
the incidence of neuroinvasive disease and death due to
WNV increases (Hayes et al. 2005). For the three counties
combined, the association tests of each individual factor
found that the percentage of the population >50 (age) was
associated with human cases of WNV. However, when age
in the census tract was entered in the multivariate analysis
and combined with other factors, it was not the most sig-
nificant predictor of WNV in this region of study. People of
all ages remain susceptible to infection, and surveillance
should continue to target areas with all age groups. Other
studies found that housing age was strongly associated with
human cases of WNV, yet it was not significantly associated
with the incidence of WNV in this study. Housing age has
been a significant factor in prior studies as a result of old
storm water sewer systems that can serve as a larval habitat
for Culex mosquitoes (Ruiz et al. 2007, Liao et al. 2014,
Lockaby et al. 2016). As mentioned previously, the envi-
ronmental factors temperature and precipitation were the
strongest predictors of the incidence of WNV cases in the
region of this study.

Conclusion

This analysis of factors that influence human cases of
WNV in the Northern San Joaquin Valley of California found
that environmental factors were the strongest predictors of
WNV cases. This supports the long-standing practices of
mosquito abatement districts’ efforts toward reducing mos-
quito populations and containing the risk factors associated
with WNV. Education and communication are the key ele-
ments in public health prevention programs. Both are of
primary importance during a disease outbreak to adequately
inform citizens of the risk of WNV and how to protect
themselves. Health education needs to be continuous to help
members of all community populations to stay active in
protecting themselves against WNV and other emerging
vector-borne diseases in the area.
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