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Risk of West Nile virus

Number of reported cases of West Nile virus in 
California (CDC)
Year Neuroinvasive cases 

(and percentage)
Total Deaths

2016 335 (75%) 442 1

2015 585 (75%) 783 53

2014 561 (31%) 801 31

2013 237 (62%) 379 15

2012 297 (62%) 479 20

2011 110 (69%) 158 9

2010 72 (64%) 111 4

2009 67 (60%) 112 4

2008 292 (65%) 445 15

2007 154 (40%) 380 20

2006 81 (29%) 278 7

2005 305 (34%) 880 19

2004 291 (37%) 779 28

2003 2 3 0

2002 1 1 0

2001 -- -- --
The neuroinvasive cases included cases of meningitis, encephalitis 
or acute flaccid paralysis

The public perception of the risk of West Nile virus is low, but the data support 
a higher level of risk in terms of the proportion of neuroinvasive cases, the long-
term effects, and the medical costs associated with the disease. 

West Nile virus infection rates are believed to be low because infection is 
often asymptomatic or associated with low grade fever. But the occurrence 
of the more severe neuroinvasive form is alarming high in California. In 
addition, a recent report out of Texas authored by Kristy Murray indicates that 
asymptomatic patients or patients with fever may suffer long-term effects of 
virus infection that may include cognitive degeneration, muscle weakness, and 
abnormal reflexes and tremors. In patients with the neuroinvasive form (where 
the virus enters the brain or spinal cord), the authors found degeneration in 
the cerebellum (responsible for movement and balance) and the brain stem 
(responsible for speech and sleep cycles).

Culex species are the primary drivers of West Nile virus outbreaks in California.  
In Northern California, the northern house mosquito (Cx. pipiens) prefers to 
feed on birds in urban centers and is a problem in the greater Sacramento 
metropolitan area in Sacramento County. The encephalitis mosquito (Cx. 
tarsalis) prefers to feed on birds but will feed on mammals as well and inhabits 
rural areas, and tends to be more of a problem in Yolo, Sutter and Yuba counties. 
In Southern California, the southern house mosquito (Cx. quinquefasciatus) is 
the vector driving West Nile virus outbreaks. 

Mosquitoes

The medical costs associated with the virus outbreaks in California are 
staggering. In Sacramento County in 2005, the cost of the West Nile virus 
outbreak was nearly $3 million. The Sacramento-Yolo district calculated that the 
cost of the effort to control the northern house mosquito and the encephalitis 
mosquito was equal to the medical costs of 15 human cases.

The Orange County Mosquito and Vector Control District protects more than 3.1 
million residents in the largely metropolitan area of 791 square miles. Nearly 
38% of the population in the county possesses a bachelor’s degree or higher. 
Orange County’s climate is maritime Mediterranean, with mild winter and 
warm, dry summers. The mean annual temperature is 65 F and an average of 14 
inches of rain fall annually. Very little agricultural activity occurs in the county. 
Nursery production is the predominant agricultural activity followed by limited 
fruit and vegetable production that covers nearly 3,500 acres. The Orange 
County district had the highest number West Nile cases in California in 2014 
with 280 cases and nine deaths.

The Sacramento-Yolo Mosquito and Vector Control District has about 1.7 million 
residents spread over about 2,000 square miles. The largest city is Sacramento 
with nearly 500,000 inhabitants. More than one-third (34%) of the population 
possesses a bachelor’s degree or higher. The average temperature in the district 
is around 60 F. Over the past ten years the district has averaged about 15 
inches of rain per year — less than normal because of several years of drought. 
In terms of agricultural production, rice is an important field crop in both 
counties with 23,000 acres harvested in Yolo County and 8,000 acres harvested 
in Sacramento County in 2015. Sacramento County had the state’s highest 
number of cases of West Nile virus in 2005, with 177 of the nearly 900 cases in 
California.

The Sutter-Yuba Mosquito and Vector Control District protects most of Sutter 
County and about half of Yuba County, covering 706 square miles and about 
130,000 residents. The largest city in the district is Yuba City with 68,000 
inhabitants. Nearly 16% of the population possess a bachelor’s degree or 
higher. The majority of the district is on the Sacramento Valley floor where 
gentle flatlands typify the topography. The climate is Mediterranean with hot, 
dry summers (average highs around 90 F) and cool, wet winters with daytime 
highs around 50 F and night time temperatures below freezing. Average rainfall 
is between 17 and 22 inches per year. More than 75% of the total acreage in 
the district is devoted to agriculture, and rice accounts for nearly half of that 
agricultural acreage. With 95% of historic wetlands lost in the Sacramento 
Valley, rice fields act as an alternate habitat for wildlife species and mosquitoes.

IPM tools used by vector and mosquito control districts
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Prevention
Modification of agricultural and natural areas to reduce 
standing water p p p
Neighborhood notification campaigns to eliminate 
sources such as abandoned pools, standing water around 
container plants, underground storm drains p p p

Avoidance
Outreach to promote the use of protective clothing 
and repellents, avoiding outdoor activities during peak 
mosquito hours, and repairing or sealing routes of entry 
into houses

p p p

Monitoring
Tracking West Nile virus in human, bird, and mosquito 
populations p p p
Trapping adult mosquitoes p p p
Larval mosquito sampling p p p
GIS mapping of human infections and mosquito and virus 
activity p p p
Dead bird surveillance program p p p
Suppression

Biological control (mosquito fish) of larval mosquitoes p p p
Bio rational or microbial control of larval mosquitoes p p p
Use of thresholds for making treatment decisions p p p
Ground applications of insecticides to control adult 
mosquitoes p p p
Aerial applications of insecticides to control adult 
mosquitoes p p

IPM tools used to manage mosquitoes

West Nile virus exists as a disease that regularly affects birds, and finding dead 
birds and submitting them for analysis is crucial for monitoring the activity and 
location of virus hot spots and predicting the risk of virus spread to humans. The 
districts supply information to news outlets and this activity raises awareness 
and is critical for collecting crowdsourced information on virus activity in wild 
bird populations through the “dead bird surveillance” program. 

Open source geographic information system (GIS) software and free imagery 
have improved the usability and reduced the price of mapping tools making 
them more accessible to control districts. This has resulted in more mapping of 
areas based on risk — identified by indicators such as dead bird surveillance, 
mosquito trapping and human cases — that in turn has led to better precision in 
deploying mosquito suppression tactics.

The Sutter-Yuba district currently employs a highly effective areawide 
management strategy. By quickly flooding wildlife habitats on a landscape scale, 
an entire generation of mosquitoes hatches synchronously. The district can 
then time its larval and adult treatments to eliminate an entire generation of 
mosquitoes.

Modifying habitats to increase flows and reduce stagnant water can effectively 
suppress mosquito larvae by limiting the availability of breeding sites. But these 
efforts may occur in natural and conservation areas, and the districts align their 
goals of reducing mosquito populations with the habitat-preservation goals of 
wetlands managers seeking to preserve critical habitats. Wildlife managers and 
mosquito control districts work together to develop environmental assessments 
and management plans that satisfy the goals of both groups.

Future needs
More mosquitoes and higher virus activity means a higher risk of disease 
outbreak in human populations. But the precise relationship between 
surveillance data and risk of human disease remains an area of active debate 
and scientific investigation.

Pesticides, both pyrethroids and organophosphates, used for adult mosquito 
control were developed more than 50 years ago and have human health 
concerns related to their use. Resistance to these products in mosquito 
populations is also a potential problem. Therefore, new low-risk, narrow-
spectrum materials are needed for control of adult mosquitoes. Currently, 
legislative and research efforts are under way to develop new materials that can 
be used to control adult mosquitoes.

Education about the concept of risk, associated with both pesticide use and 
mosquitoes, is necessary to assure that the risks and benefits associated with 
vector control are broadly understood. The public perception of the risk of 
West Nile virus appears to be low, but the data support a higher level of risk. 
The public perception of the risk associated with pesticide use is high, but the 
scientific evidence demonstrates the risk to human health posed by mosquitoes 
is higher than the risk posed by pesticides used to control the mosquitoes.

Vector Control Districts
Districts maintain active programs in rearing and distributing different species 
of mosquito fish including western mosquitofish (Gambusia affinis), guppies 
(Poecilia reticulata), and threespined stickleback (Gasterosteus aculeatus). 
These fish-rearing programs are well established and releasing fish effectively 
eliminates larval mosquito populations. But western mosquitofish can be 
invasive and appropriate precautions are needed to prevent negative impacts on 
sensitive wetland habitats and fish species.

Districts track larval mosquitoes populations in water sources to inform 
treatment decisions. Bio-rational products including Bacillus thuringiensis 
isrealiensis, B. sphaericus, and Saccharopolyspora spinosa and surface agents, 
such as refined mineral oils and monomolecular films, and insect growth 
regulators such as methoprene and pyriproxyfen are routinely used.

Mosquito districts initiate adult mosquito suppression when the threat 
to human health exceeds a threshold level. The three districts use similar 
thresholds based on mosquito trap captures, the prevalence of virus-infected 
mosquitoes, the prevalence of virus in the wild bird populations or sentinel 
chicken flocks, and the presence of human cases.

Adult mosquito treatment thresholds track the human health risk, and 
therefore, treatments track risk. Adult mosquito treatments increased with 
increasing human health risk from 2004 to 2007 in both rural and urban areas. 
However, when the human health risk increased between 2012 to 2015, adult 
mosquito treatment intensity tracked human health risk in rural areas, but not 
for aerial applications over the urban areas of Sacramento. The Sacramento-Yolo 
district was able to reduce treatment intensity in urban settings and prevent a  
West Nile virus outbreak in the human population. By increasing the trapping 
density and by using mapping tools, the district precisely delineated areas of 
risk and pinpointed its treatment. The district minimized the risks to human 
health by effectively reducing the number of host-seeking adult mosquitoes 
in the area of concern and minimized the environmental and human exposure 
and economic costs associated with the pesticide application by limiting the 
treatment area.

To further reduce the risks associated with treatments targeting adult 
mosquitoes, mitigation strategies are used to prevent exposure of non-target 
organisms. These mitigation strategies include spraying at times of day when 
mosquitoes are active and non-target species are inactive, communication with 
stakeholders and others, and border spraying around towns in rural areas. The 
impact on non-target organisms such as honeybees can be high if mitigation 
strategies are not employed. 

District outreach through printed and electronic media and in-person 
participation at community events successfully prevents mosquito bites and 
transmission of disease by raising awareness of the importance of preventing 
mosquitoes from entering the home through the use of screens, avoiding times 
of day when mosquitoes are active, wearing protective clothing, using mosquito 
repellents, and draining standing water around homes to limit breeding sites. 


