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Introduction
Mosquito-borne illnesses are a threat to global health and are known to affect nearly 700
million people annually (Caraballo and King 2014). One of these diseases is West Nile virus
(WNV), an arthropod-borne virus of the family Flaviviridae that is commonly spread by
mosquitoes (Kleinschmidt-DeMasters and Beckham 2015). This virus emerged from Uganda in
1937 and since this initial discovery, has spread geographically to places including Europe,
Australia, Asia, the Caribbean, and South America (Petersen and Roehrig 2001). In 1999, WNV
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 afterwards its activity was detected across all 58 counties (Reisen et al.
2004).
West Nile virus is a member of the Japanese encephalitis virus (JEV) serogroup that is
composed of viruses associated with human encephalitis such as Japanese encephalitis, St. Louis
encephalitis, Kunjin virus, Usutu virus, and Murray Valley encephalitis (Murray, Walker, and
Gould 2011). WNV is phylogenetically divided into 5 lineages, but only lineages 1 and 2 have
been linked to outbreaks in humans (Petersen, Brault, and Nasci 2013); a majority of animal and
human disease cases that have been reported are attributed specifically to lineage 1 including

New York City’s 1999 outbreak (Petersen and Marfin 2002; Hoover and Barker 2016).
Mosquitoes belonging to the genus Culex are considered the primary carriers of WNV. In
California, the mosquitoes which commonly carry WNV are Culex pipiens, Culex
quinquefasciatus, and Culex tarsalis (Lindsey et al. 2010). The northern house mosquito, Cx.
pipiens, is found primarily in the northern part of California, Cx. quinquefasciatus (the southern
house mosquito) is found in the southern portion of the state, and Cx. tarsalis exists in many
areas of the state (Petersen, Brault, and Nasci 2013). The Central Valley of California is an area
that additionally has hybrids of Cx. pipiens and Cx. quinquefasciatus (Ciota, Chin, and Kramer
2013). The larvae of Cx. pipiens and Cx. quinquefasciatus develop in water sources rich in
organic matter such as sewers, abandoned swimming pools, and dairy lagoons, and are
commonly found in urban habitats, while Cx. tarsalis is more common in rural areas including
artificial and natural wetlands. These mosquitoes are competent vectors of WNV as they are the
most prevalent species found in urban areas, they create disease outbreaks during their period of
greatest abundance (Fonseca 2004).

WNV Transmission Cycle
The majority of human WNV cases are as a result of mosquito bites (Shapshak et al. 2015).
WNV is not spread through casual contact such as touching or breathing in the virus. The virus is
maintained primarily through a cycle between birds and mosquitoes. In this transmission cycle,
female mosquitoes are able to transmit WNV after they feed on infected birds; more than 300
species of birds are considered reservoir hosts, some of which include crows, magpies, jays,
finches, blackbirds, warblers, sparrows, and raptors (Shapshak et al. 2015). In a WNV
transmission cycle, the female mosquito will feed on an infected bird, the virus will then
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infiltrate the gut of the female mosquito, replicate, and journey back to the mosquito’s salivary
glands in a period of about one week (Shapshak et al. 2015). In the next feeding, the mosquito
may inject their infected saliva into their blood meal (hosts such as birds, humans, horses or
other mammals) where the host may or may not exhibit symptoms. A small proportion of human
WNV cases have developed as a result of blood transfusions, organ transplants, and
transmittance from mother to child during pregnancy, delivery, or through breastfeeding
(Kramer, Li, and Shi 2007).

Symptoms
Throughout the world, WNV is considered the arthropod-borne disease responsible for the
greatest number of neuroinvasive disease outbreaks that have ever been reported (Ciota and
Kramer 2013). Neuroinvasive diseases include meningitis, encephalitis, or acute flaccid
paralysis/poliomyelitis (Davis et al. 2006). People who are 50 years of age or older are at the
greatest risk of developing a severe illness (Petersen and Marfin 2002). WNV encephalitis can
range in the severity of its symptoms which may include mild disorientation, neck stiffness,
severe tremors, Parkinsonism, coma, and death. In addition, people that have certain medical
conditions such as hypertension, cancer, diabetes, and kidney disease are at higher risk for
developing severe illnesses. Approximately 20% of people who are infected with WNV will
display milder symptoms such as headaches, body aches, rashes, weakness, joint pains, vomiting,
and diarrhea, while about 80% of people will be asymptomatic. The time of recovery from this
virus will vary on the severity of symptoms. Those who display milder symptoms can expect that
the virus’s effects will last from several days to weeks or months. The duration of neurologic
illnesses as a result of WNV may take months or years to recover from. In New York City, a
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study was conducted to describe the process of recovery from WNV encephalitis of residents that
were infected during the 1999 WNV encephalitis outbreak (Klee et al. 2004). This cohort of New
York City residents was monitored for 18 months where health status was assessed at 6, 12, and
18 months after illness onset (Klee et al. 2004). Only 37% of patients achieved a full recovery. In
comparison, 45% of patients that were 65 or older experienced some recovery either physically,
cognitively, or functionally. A positive predictor of recovery in this specific study was age.
Young individuals that were less than 65 years old were more likely to reach a full recovery.

Treatment and Prevention
At this time, there is no vaccine available for humans against WNV. There are however,
vaccines available for horses to minimize their risk of infection: a vaccine composed of formalininactivated whole virus with adjuvant, a DNA plasmid vaccine, a recombinant vaccine that
consists of a canarypox virus vector, and also an attenuated WNV, live flavirvirus chimera
vaccine (Seino et al. 2007). Recommended treatment for mild cases in humans has been taking
over-the-counter pain relievers to reduce joint pains or fevers. With severe WNV cases,
hospitalization may be necessary along with fluids that are given intravenously. People infected
with WNV may experience difficulty breathing and will need respiratory support through a
ventilator. Prevention treatment of secondary infections such as urinary tract infections or
pneumonia may be required as well as nursing care. WNV is an important issue for the
population of California, and the risk of developing severe illnesses may vary among these
residents. For medical costs in the United States, each case of WNV neuroinvasive disease
(WNND) was $46,530 and $302 for each case of West Nile fever (WNF) (Petersen, Brault, and
Nasci 2013).
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California Mosquito Surveillance and West Nile Virus
The state of California has a WNV disease surveillance program, which includes
monitoring human cases, determining WNV infection in two mosquito species (Cx. pipiens and
Cx. tarsalis), testing sentinel bird flocks for presence of WNV, and testing dead birds for the
virus as well. The purpose of monitoring mosquitoes and birds for WNV is to detect the presence
of WNV before it occurs in humans. This process is called ‘active surveillance’, and is
conducted statewide in most counties in California by county Mosquito Abatement Districts.
Since 1969, California has monitored abundance and activity of mosquitoes through their
mosquito surveillance program (California Department of Health Services, Mosquito and Vector
Control Association of California, University of California 2015). Mosquito abatement agencies
are associated with the county Department of Environmental Health. California is divided into
five regions for mosquito control. The Northern San Joaquin region consists of Merced,
Stanislaus, and San Joaquin Counties.
Each Mosquito Abatement district is funded by local property taxes (Merced,
$8/year/home), and the agency takes the responsibility of conducting surveillance for WNV, and
conducting educational activities to educate the community about disease prevention. Merced’s
educational outreach program for WNV prevention consists of a team which visits every 3rd
grade classroom each year to discuss mosquito biology, and prevention of WNV. Mosquito
surveillance includes determining adult mosquito abundance which provides information on the
vector population size. Four trap collection methods are used to detect Culex mosquito species in
California; New Jersey light traps, carbon dioxide-baited traps, gravid female traps, and resting
adult mosquito collections (California Department of Health Services, Mosquito and Vector
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Control Association of California, University of California 2015; Goddard 2013). Adult
mosquitoes are then identified and tested for WNV. When WNV is detected, a county mosquito
abatement agency works to reduce mosquito populations in the area where WNV was detected.
This reduces the probability of humans contracting WNV. Mosquito surveillance which detects
WNV is considered a fundamental predictor for human WNV cases (Brownstein, Holford, and
Fish 2004). Surveillance and trapping focuses on areas and environmental factors most likely to
produce large numbers of Culex mosquitoes. We are interested in investigating, in our region of
the Central Valley, the role of both environmental and socioeconomic factors and their
association with where human WNV cases occur.

Environmental Factors
The importance of environmental factors and their influence of where human WNV cases
occur has been investigated since WNV arrived to the United States (Gibbs et al. 2006). In
southern California, a study included ten counties and examined factors associated with where
WNV cases developed; the counties included were San Luis Obispo, Kern, San Bernardino,
Santa Barbara, Ventura, Los Angeles, Orange, Riverside, San Diego, and Imperial County (Liu
and Weng 2012). The purpose of this study was to provide a more precise surveillance method
by incorporating additional environmental factors not typically included in mosquito
surveillance. The study found that climatic factors that contributed significantly to the
transmission of WNV were summer mean temperature, annual mean deviation from the mean
temperature, and land surface temperature. Elevation and slope of different regions were also
significantly related to the spread of WNV. Landscape patterns and vegetation water content also
had a significant influence in the distribution of the virus.
6

High temperature has been consistently associated with WNV outbreaks (Hoover and
Barker 2016). The rise in temperature can cause an increase in growth rates of vector
populations, reduce the time between blood meals, increase transmission to birds, and reduce
incubation time from infection to infectiousness in mosquitoes (Paz 2015). Seasonal variation
that results in mild winters has been associated with increased WNV activity and if followed by
hot, dry summers can favor the transmission of infections (Epstein 2001; Wimberly et al. 2014).
In the United States from 2001 to 2005, a 5C increase in mean maximum weekly temperature
was associated with a 32-50% higher incidence of WNV infection (Soverow et al. 2009).
Mosquito species thrive in specific habitats. In Shelby County, Tennessee, Cx. pipiens and
Cx. quinquefasciatus were positively associated with urban habitats (Savage et al. 2008). In
contrast, the abundance of Cx. pipiens complex mosquitoes was lower in rural sites. A common
principle in epidemiology states that above-average precipitation may lead to greater mosquito
abundance and an increase for WNV outbreaks in humans (Landesman et al. 2007; Soverow et
al. 2009). However, in urban areas a prolonged time of drought can result in increased abundance
of mosquitoes that can intensify transmission of WNV (Hoover and Barker 2016). The reason for
this is the result of urban storm water management systems are not being regularly flushed by
rainwater during droughts. Thus, they are supplied with water from landscape irrigation systems
that is mixed with organic materials. This quickly becomes a favorable habitat for mosquitoes,
especially Cx. pipiens. In particular, Cx. pipiens (one of the principal WNV vectors) prefers
water sources with high organic material such as dairy ponds, catch basins, and septic tanks
(Meyer and Durso 1998). Cx. tarsalis instead favors open habitats such as swamps, marshes, rice
fields, and open pastures (Horsfall 1955).
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Socioeconomic Factors
Some studies have found that economic variables and anthropogenic characteristics of the
environment best explained and predicted WNV prevalence. Orange County, an urban region in
southern California, has been considered a WNV hotspot since the year 2004. A study which
examined human WNV cases from 2004-2008 revealed that lower-income areas (per capita
income) had higher prevalence levels of WNV in vectors (Harrigan et al. 2010). An important
variable that provides an explanation for years of high WNV prevalence was the density of
neglected swimming pools (Reisen et al. 2008). During the period that this study was performed,
Orange County experienced a large increase in home foreclosures and neglected swimming
pools. As a result, these findings suggested that abandoned pools stimulated WNV amplification
and provided a link between WNV propagation and lower income, populated areas (Harrigan et
al. 2010). In addition, Bakersfield, Kern County experienced a 300% increase in notices of
delinquency that produced large numbers of neglected swimming pools; this was associated with
a 276% increase in human WNV cases (Reisen et al. 2008). There are three possible
explanations as to why a link may exist between low income areas and WNV propagation. The
first explanation states that areas with dense populations predominately occur in flatland areas of
low elevation. These areas are characterized with old infrastructure and outdated water runoff
systems that can serve as breeding habitats for mosquitoes (Su et al. 2003).The second
explanation is that lower-income communities are less likely to spend for upkeep of their
property. Findings for this conclusion were drawn from the rise in number of neglected
swimming pools. The last reason for the link between WNV and lower income areas would be
education (Harrigan et al. 2010; Milligan, Moretti, and Oreopoulos 2004). People with higher
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education show more involvement with mosquito control. For example, they request pest control
services such as spraying. This study also suggests prevalence of WNV is related to the bird
diversity in an area. Avian species are considered the primary hosts, and if there is a loss of
diversity, an increase of WNV infections is seen among humans the alternative hosts.
An aerial survey conducted in the Bakersfield area of Kern County (Reisen et al. 2008)
similarly found a substantial amount of swimming pools that had been neglected. Neglected
pools contain large amounts of organic matter that result in green-colored water. Neglected
swimming pools were frequently found among new housing areas and not just restricted to just
old neighborhoods.
Considered as a hotspot of WNV activity, Orange County from 2004-2012 had a record
total of 240 human WNV infections and 9 deaths (Liao et al. 2013). WNV is now considered
endemic in this area; its particularly important to identify which predictors are significant. The
strongest predictor in the Orange County study were street gutters followed by housing unit
density, neglected swimming pools, mean per capita income, number of mosquito breeding sites
and ditches, and housing average age. Variables that were found to be statistically insignificant
were catch basins and flood control waterways, population density, the proportion of people who
were over the age of 65, and the location of WNV positive mosquitoes as well as the area where
infected dead birds were found.
A study in Chicago and Detroit assessed which natural and socioeconomic factors greatly
influenced the transmission of WNV (Ruiz et al. 2007). A strong association was seen between
the risk of WNV transmission and the age of housing in both locations. A possible explanation
for this relationship would again be the storm water sewer system. The combination of standing
water and organic matter can affect breeding of Culex mosquitoes. Vegetation found in the inner
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suburb areas of Chicago and Detroit was found to be significant for WNV transmission. Distinct
features of these areas consisted of small yards with cemeteries, shrubs, hardwood trees, and
grassy alleys. Results of this study provided insight to factors that are strong predictors for urban
areas. However, additional socioeconomic factors in this study would have been helpful to
understand WNV amplification.
In Suffolk County, New York, socioeconomic conditions were the key predictors of human
WNV infections (Rochlin et al. 2011). The effects of urbanization and increased WNV activity
were strongly associated. Such effects included fragmented natural areas, increased road density,
and urban areas where there were high numbers of people with a college education. This finding
suggested that middle class suburban neighborhoods or “inner suburbs” had the greatest activity
and risk for WNV. The inner suburbs appear to provide favorable conditions for WNV
transmission in contrast to wealthier neighborhoods. In this study, high income neighborhoods
have more vegetation, less habitat fragmentation, and higher biological diversity. This high
biological diversity resulted in less activity of human WNV infections as there was higher
availability of preferred avian hosts. Natural wetland areas that have fragmented areas provide
favorable habitat to mosquito larvae in contrast to manmade wetlands.

West Nile Virus in the Northern San Joaquin Valley of California
The purpose of this study is to investigate the environmental and socioeconomic factors
associated with human WNV cases in the Northern San Joaquin Valley, in San Joaquin,
Stanislaus, and Merced counties. Environmental variables herein consisted of mosquitoes which
tested positive for WNV and habitat, and socioeconomic variables included age, education,
income, housing age, population density. In addition to investigating variables previously found
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to be associated with WNV, two new variables were considered which were not examined in
previous studies; language spoken at home and ethnicity. These two variables were also
considered to investigate whether non-English speakers or non-white ethnic groups may be more
likely to contract WNV due to language barriers or difficulty in accessing media about WNV
prevention. We considered whether the number of human WNV cases in each census track in the
three counties was related to these nine variables, and attempted to determine which variables
were most strongly related to where the human WNV cases occurred.

Methods
Study Area:
The areas of study consist of 3 counties in the Northern San Joaquin Valley of California,
from north to south, the counties are San Joaquin, Stanislaus, and Merced County (Fig. 1). The
Northern San Joaquin Region is one of 5 regions in the Mosquito and Vector Control
Association of California. In this region, there are two mosquito species, Cx. pipiens and Cx.
tarsalis, which are the primary vectors of WNV. Mosquito management is relatively similar
throughout the region as it is largely rural, with several large cities in each county.
San Joaquin County is located approximately 91 miles east of San Francisco and just
south of the Sacramento area. According to the 2010 United States Census, the population size of
this county is 685,306 and has a total area of 1,426 square miles. Large cities that are located
within this county include Manteca, Ripon, Stockton, Lodi, and Tracy. The county is a rural area
and its ethnic composition is 51.0% White, 25.9% Hispanic, 14.4% Asian, 7.6% African
American, and 1.1% American Indian. In San Joaquin County, 76.7% of people have a high
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school diploma or higher while 17.5% have a bachelor’s degree or higher. The median household
income from the 2010 census is $54,341.
Stanislaus County is located south of San Joaquin County and north of Merced County.
The population size is 514,453, and the county has a total area of 1,514 square miles. Stanislaus
County contains cities including Ceres, Modesto, Oakdale, and Turlock. The ethnic makeup of
this county consists of 65.6% White, 25.3% Hispanic, 5.1% Asian, 2.9% African American, and
1.1% American Indian. In this county, 75.3% of the population has a high school diploma or
higher while 16.3% have a bachelor’s degree or higher. The county’s median household income
from the 2010 Census is $51,094.
Merced County is at the southern end of the three counties. As of the 2010 United States
Census, the population size was 255,793. The total area of the county is approximately 1,978
square miles and includes the cities of Atwater, Livingston, Merced and Los Banos. The ethnic
composition of Merced County is 58.0% White, 29.3% Hispanic, 7.4% Asian, 3.9% African
American, and 1.4% American Indian. Approximately 67.0% of people living in Merced County
have a high school diploma or higher while 12.5% have a bachelor’s degree or higher. The
median household income from the 2010 Census is $43,844.
Data Collection:
Data used in this study include environmental and socioeconomic variables, and the
number of human WNV cases from 2011-2015 in each census track of San Joaquin, Stanislaus,
and Merced Counties. The environmental variables include the number of mosquito’s positive
for WNV and the habitat for each census track. Socioeconomic variables were obtained from the
2010 United States Census Bureau Census. The socioeconomic variables are defined in
Appendix 1.
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Statistical Analysis
Descriptive Overview
The number of human WNV cases were found for each of the three counties (Table 1).
Subsequently, the number of census tracks with and without human WNV cases were determined
for each county (Table 1). For Stanislaus County, one census tract was dropped from analyses
due to incomplete data. For each year from 2011-2015, the frequency of human WNV cases in
each county were plotted for comparison (Figure 2). Finally, for each county a map was made to
show census tracks with and without human WNV cases (Figs. 3-5).
Chi-square Analyses
For each county, chi-square independence tests were run to determine whether a
significant association exists between human WNV cases and each variable of interest. For each
variable (for example age), we used the 2010 Census to first determine the mean for the variable
for each county. For example, for age, the mean percent of the population over age 65 was used
to then categorize the census tracks in the county into those with a ‘lower’ or ‘higher’ than the
average percent of the population over age 65. Subsequently, a chi-square independence test was
used to determine if WNV human cases were associated with age (average percent of the
population over age 65). A similar analysis was run for the other eight variables. Variables tested
were age, education, income, housing age, ethnicity, language, population density, habitat, and
WNV positive mosquitoes. STATA 14.2 was used to run these analyses.
An overall chi-square independence test for all data from the three counties was similarly
conducted (Table 5). For most of the nine variables, the mean for the category was found by
averaging the mean for that variable from the three counties; census tracks were then classified
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into ‘low’ or ‘high’ for that variable. All chi-square tests were run using STATA 14.2. The result
of an analysis was considered significant if p<0.05.

Logistic Regressions
Logistic regressions were conducted to examine the relationship between the variables
and the dependent dichotomous variable, which was the presence or absence of human WNV
case in each census track. Analyses were conducted for each county, with an additional analysis
for all three counties combined. A human case of WNV (yes or no) was selected as the
dependent variable in each census track, and analyses were conducted using STATA 14.2.
Socioeconomic and environmental variables used in analyses included language spoken
at home, median year structure built, ethnicity, age, population density, median household
income, education, mosquitoes positive for WNV, and habitat. Most of the independent variables
were continuous (numeric) except for two variables, habitat and WNV positive mosquitoes,
which were categorical. Habitat was treated as a dummy variable, with rural habitat represented
by a ‘1’ and non-rural by a 0; WNV mosquitoes were similarly coded with mosquitoes testing
negative for WNV with a ‘0’ and those testing positive with a ‘1’. All data were entered into the
model for each county, and then a model was run for the 3 counties combined. The output was
used to examine the overall Chi-square test, and whether it was significant at p<0.05. The Zscore and its related p-value was determined for each variable in the model. Variables with Zscores that had p-values <0.05 were considered significant. Finally, the odds ratios were
determined for each variable in the model.
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Results
Descriptive Overview
The number of human cases of West Nile Virus (WNV) for 2011-2015 totaled 169 cases
for the three counties (Table 1). The largest number of cases was in Stanislaus County (114),
followed by San Joaquin County (39), and the lowest number of cases occurred in Merced
County (16) (Table 1).
The WNV cases were plotted for each county for 2011-2015 (Fig. 2). Stanislaus had the
highest number of cases overall for all five years (Fig. 2), followed by San Joaquin County, and
Merced County had the lowest number of cases. A map with census tracks in each county was
used to highlight the census tracks for presence or absence of human WNV cases (Fig.3-5). In
San Joaquin County, there were 27 tracks with 1 human WNV case, and 5 tracks with 2 human
cases, and 0 tracks with 3 or more cases (Fig. 3). In Stanislaus County, there were 22 tracks with
1 case, 19 tracks with 2 cases, and 13 tracks with 3 or more cases (Fig. 4). In Merced County,
there were 7 tracks with 1 case, 1 track with 2 cases, and 2 tracks with 3 or more cases (Fig. 5).

Chi-square Analyses
San Joaquin County
In San Joaquin County, 139 census tracts were used for chi-square tests, which included
39 human WNV cases (Table 1). A chi-square test of independence was performed for San
Joaquin County to examine the relation between WNV human cases and the nine variables
previously mentioned. A significant relationship was found between human WNV cases and the
variables: rural habitat, X2 (1, N=139) =4.993, p < .05, with more cases in tracks with lower
population density; population density, X2 (1, N=139) =4.100, p < .05 with higher density tracks

15

having more human WNV cases (8 vs 25), and finally tracks with WNV positive mosquitoes, X2
(1, N=139) =11.29, p < .05. The relation between language spoken at home and WNV cases was
not significant, X2 (1, N=139)=0.247, p > .05, nor was the relationship between median housing
year and human WNV cases, X2 (1, N=139) =0.530, p > .05, percent Caucasian, X2 (1, N=139)
=2.99e-04, p > .05, age, X2 (1, N=139) =0.001, p > .05, median household income, X2 (1, N=139)
=0.052, p > .05, and education (high school graduates or higher), X2 (1, N=139) =3.302, p > .05.

Stanislaus County
Chi-square independence tests were calculated to determine if a statistical association
exists between human WNV cases and the nine variables of interest for Stanislaus County. In
Stanislaus County, 93 census tracts were used for chi-square tests, and 114 human WNV cases.
Rural habitat was positively associated with cases of WNV, X2 (1, N=93) =32.09, p < .05.
Census tracks with higher than the median household income were more likely to have WNV
cases, X2 (1, N=93) =5.646, p < .05, as were tracks with a higher number of high school
graduates or higher, X2 (1, N=93) =9.603, p < .05. Finally, tracks where WNV positive
mosquitoes were found were also significantly associated with WNV cases, X2 (1, N=93) =4.857,
p < .05. In contrast, results found the relationship was not significant between WNV human
cases and language, X2 (1, N=93) =1.447, p > .05, median housing year, X2 (1, N=93) =0.022, p
> .05, age, X2 (1, N=93) =2.688, p > .05, and population density, X2 (1, N=93) =1.734, p >.05.

Merced County
In Merced County, 49 census tracts were included for analyses, and 16 human WNV
cases. Chi-square independence tests were again used to examine whether a relationship exists
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between WNV human cases and the nine variables previously described. WNV human cases
were significantly related to WNV positive mosquitoes, X2 (1, N=49) =: 9.70e-05, p < .05, but all
other variables were not significantly associated with WNV (Table 2). Language, X2 (1, N=49)
=0.278, p > .05, median housing year, X2 (1, N=49) =0.291, p > .05, Caucasian vs. nonCaucasian, X2 (1, N=49) =0.720, p > .05, rural habitat, X2 (1, N=49) =0.141, p > .05, median
household income, X2 (1, N=49) =0.090, p > .05, high school graduates or higher, X2 (1, N=49)
=0.291, p < .05, ages 65 and over, X2 (1, N=49) =0.047, p >.05, and population density, X2 (1,
N=49) =0.201, p <.05 were insignificant (Table 2).

All 3 Counties Combined Analysis
Data from San Joaquin, Stanislaus, and Merced County were pooled in order to conduct a
combined chi-square test of independence for WNV cases and each of the nine variables for the
three counties. Population density was significantly related to WNV cases, with higher density
tracks having less cases of WNV, X2 (1, N=281) =7.382, p < .05, and tracks where WNV
positive mosquitoes were found were more likely to have WNV cases, X2 (1, N=281) =25.70, p <
.05. Results suggest that human cases of WNV were not associated with language spoken at
home, X2 (1, N=281) =2.260, p > .05, median housing year, X2 (1, N=281) =0.793, p > .05, age
65 and over, X2 (1, N=281) =0.929, p > .05, and median household income, X2 (1, N=281)
=2.402, p > .05.
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Logistic Regression
In the logistic regression model for San Joaquin County, the only statistically significant
factor was WNV positive mosquitoes [Odds Ratio (OR)= 3.836; 95% CI, 1.377-10.680; p=
0.010]. None of the nine variables in a logistic regression model for Stanislaus County were
significant. In Merced County, WNV positive mosquitoes again were the only significant factor
(OR=41.72; 95% CI, 2.586-673.0; p=0.009).

Discussion
In this study, we examined the influence of factors on a total of 169 WNV human cases
reported by three counties: San Joaquin, Stanislaus, and Merced County. The chi-square analysis
revealed that WNV incidence in humans is influenced by many factors. Key factors that
contributed to human cases were identified for these three rural counties; education and West
Nile positive mosquitoes were significant and consistent with findings of previous studies that
were done in urban areas. The majority of studies examining environmental and socioeconomic
factors have been conducted in urbanized areas (Ruiz et al. 2004; Gibbs et al. 2006; Harrigan et
al. 2010). Rural areas have been neglected in terms of research related to WNV.
Socioeconomic conditions have been found to significantly relate to WNV activity.
Investigators in Chicago and Detroit found that middle class neighborhoods were associated with
high WNV activity and human infection (Ruiz et al. 2007). The risk of WNV human infection
was also associated with low income areas in Orange County, CA, Harris County, TX, and
Shelby County, TN (Harrigan et al. 2010; Rios et al. 2006; Savage et al. 2008). In Stanislaus
County, high income was statistically significant in the chi-squared analyses while for the other
counties and the overall analysis of three counties, income was not significant. Increasing
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population density was also significantly related to higher numbers of WNV cases for San
Joaquin County and for the three counties combined.
When all factors were combined in the logistic regression of nine variables, two factors
were highly significant for the three-county analysis. This study along with those previously
mentioned suggest that socioeconomic factors including ethnicity, income, and education are
closely intertwined with human risk of WNV. Wealthier neighborhoods may provide a favorable
habitat for mosquitoes consisting of more open space than in lower income rural counties and a
certain combination of landscape vegetation that is preferable for mosquito breeding. Overall,
these results show that WNV human cases were significantly associated with a high percentage
of people who are Caucasian, high school graduates or of higher education, and have high
income.
It has been previously reported that with advancing age the incidence of neuroinvasive
disease and death due to WNV increases. However, results in this study showed that census
tracks with more people ages 65 or over, a population at high risk for severe infection, were not
significantly associated with WNV cases for either San Joaquin, Stanislaus, Merced, and the
three counties combined. Although the factor age (65 and over) was not significant with human
cases, people of all ages have an equal susceptibility to infection and therefore surveillance
should continue to target all age groups. Although other studies found housing age strongly
associated with human cases of WNV, it was not strongly associated with WNV cases in the
analysis of the three counties individually or combined. Housing age has been a significant factor
in prior studies as a result of old storm water sewer systems that can serve as a breeding source
for Culex mosquitoes (Ruiz et al. 2007; Liao et al. 2013). This is a variable that could be further
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investigated for our region. Overall, WNV positive mosquitoes in a census track was a key
determinant of WNV human cases for all counties individually and combined.
This analysis of environmental and socioeconomic factors that influence human cases of
WNV can contribute to mosquito abatement districts’ efforts towards reducing mosquito
populations and containing these risk factors associated with WNV. Education and
communication are key elements in public health prevention programs. Both are of key
importance during a disease outbreak in order to adequately inform citizens of the risk of WNV
and how to protect themselves. It is critically important that this information is available to all
populations that are representative of each county which include the Hispanic, Asian, and Indian
communities. Public health prevention messages could be created in other languages to inform
the public especially those at greater risk of the dangers of WNV. Mosquito abatement districts
can expand their form of communication to the general public through pamphlets, newspaper
ads, TV advertisements, billboards, and town hall meetings. Greater involvement with social
media, a platform that mosquito abatement districts utilize, is needed to inform the greater public
and could be used in multiple languages to reach all ethnic groups living in this region of the
Central Valley.
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Figure 1. Map of California counties. Three counties in the Northern San Joaquin valley were
included in the study. From the north to south, the three counties are San Joaquin, Stanislaus, and
Merced (shown in yellow).
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County

Total Human
Cases 2011-2015

Number of
Census
Tracts in
County

Census Tracts
with WNV

Census Tracts
without WNV

Merced

16

49

10

39

Stanislaus

114

94

54

40

San Joaquin

39

139

33

106

Total

169

282

Table 1. The number of human West Nile virus cases in Merced, Stanislaus, and San Joaquin
counties
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# of WNV Positive Cases

2011-2015 West Nile virus cases in Merced, Stanislaus, and San Joaquin
County
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Figure 2. Human West Nile virus cases for the three counties from 2011-2015.

29

Figure 3. Map of San Joaquin County, showing census tracks and number of West Nile virus
cases. Tracks shaded in orange have one human WNV case, while those in red have 2 cases.

30

Figure 4. Map of Stanislaus County, showing census tracks and number of West Nile virus cases.
Tracks in yellow have one human WNV case, while those in orange have 2 cases, and tracks in
red have 3-9 cases.
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Figure 5. Map of Merced County, showing census tracks and number of West Nile virus cases.
Census tracks shaded in green have 1 case, tracks filled with an aqua color have 2 cases, and
census tracks with light blue had 3-4 reported human cases of WNV.
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County

Variable
Language:
English vs. nonEnglish
Median Housing
Year
Ethnicity:
Caucasian or
non-Caucasian
Habitat:
Rural or nonRural

Merced

Age:
65 and over
Median
Household
Income
Education:
High School
Grads or Higher
Population
Density
(per sq. mile of
land area)
Positive WNV
Mosquito in
track or not

Mean

Low

High

Chi-square
value/p-value

English:
48.5%

< 48.5%
8 cases

≥ 48.5%
2 cases

X2: 0.278
P>0.05

1980

< 1980
4 cases

≥ 1980
6 cases

X2: 0.291
P>0.05

Caucasian:
58.0%

< 58%
3 cases

≥ 58%
7 cases

X2: 0.720
P>0.05

Not rural
4 cases

Rural
6 cases

X2: 0.141
P>0.05

< 9.4%
5 cases

≥ 9.4%
5 cases

X2: 0.047
P>0.05

$43,844

< $43,844
3 cases

≥ $43,844
7 cases

X2: 0.090
P>0.05

67%

< 67%
4 cases

≥ 67%
6 cases

X2: 0.291
P<0.05

132.2

< 132.2
4 cases

≥ 132.2
6 cases

X2: 0.201
P<0.05

Positive:
Previous
history of
mosquitoes
carrying WNV
in tract

No
positive
39 tracks

Positive
10 tracks

X2: 9.70e-05
P<0.05

Rural:
At least 1,000
people per
square mile
65 and over:
9.4%

Table 4. Chi-square variables for Merced County. The mean value for each variable is shown,
and the number of census tracks which were classified as ‘low’ or ‘high’ for each variable.
Results from the chi-square analysis and p-value are indicated as well.
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Variable

Variables
Label in Stata

Median Household
Income

hhincome
chh_income

Language

Population Density

Habitat

Land area

Housing Year

cnoneng_lang
ceng_lang
cspani_lang
cindoe_lang
casian_lang
cother_lang

pop_density
ctotal_pop

habitat
rural_dummy
sub_dummy
urb_dummy

cland_area

chousing_yr

Definition
Median income
divides the income
distribution into two equal
groups, one having
incomes above the
median, and other having
incomes below the
median. The Census
Bureau collected this
data from surveys such
as the American
Community Survey
(ACS).
It is the language
currently used by
respondents at home.
The percent of language
spoken at home was
retrieved from the U.S.
Census Bureau. NonEnglish language was
calculated by subtracting
100 from the “English
language spoken at
home” category.
Population Density is
measured per square
mile. This information
was retrieved from the
OSHPD Healthcare Atlas.
The total population
number was retrieved
from the U.S. Census
Bureau.
Using coordinates of
census tracts and google
earth, the tract’s habitat
was categorized as either
rural, suburban, or urban.
Land area is
measured per square
mile. This information
was retrieved from the
OSHPD Healthcare Atlas.
Year structure built
refers to when the
building was first
34

Age

cage_under18
cage18_64
cage_65over

constructed. This
information was retrieved
from the U.S. Census
Bureau.
Age categories: under
18, 18-64, and 65 and
over were retrieved from
the U.S. Census Bureau.

Appendix 1. Variables used in Stata Analyses.
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