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Efficacy of aerial spraying of mosquito 
adulticide in reducing incidence of West Nile 
Virus, California, 2005

Emerging Infectious Diseases, May, 2008 by Ryan M. Carney, Stan 
Husted, Cynthia Jean, Carol Glaser, Vicki Kramer 

Epidemic transmission of West Nile virus (WNV) in Sacramento County, California, in 2005 prompted 
aerial application of pyrethrin, a mosquito adulticide, over a large urban area. Statistical analyses of 
geographic information system datasets indicated that adulticiding reduced the number of human WNV 
cases within 2 treated areas compared with the untreated area of the county. When we adjusted for 
maximum incubation period of the virus from infection to onset of symptoms, no new cases were reported 
in either of the treated areas after adulticiding; 18 new cases were reported in the untreated area of 
Sacramento County during this time. Results indicated that the odds of infection after spraying were 
[approximately equal to] 6x higher in the untreated area than in treated areas, and that the treatments 
successfully disrupted the WNV transmission cycle. Our results provide direct evidence that aerial 
mosquito adulticiding is effective in reducing human illness and potential death from WNV infection.

**********

West Nile virus (WNV; genus Flavivirus, family Flaviiridae) is transmitted to humans through the bite of 
an infected female mosquito and can cause clinical manifestations such as acute febrile illness, 
encephalitis, flaccid paralysis, and death (l). In California, WNV was first identified in 2003, during which 
time the virus was detected in 6 southern counties and 3 infected persons were identified (2). The 
following year, WNV spread northward from southern California to all 58 counties in the state, resulting in 
779 human WNV cases and 28 deaths (3,4). In 2005, 880 human WNV cases and 19 related deaths were 
identified in California; 3,000 cases were reported nationwide (5, 6). In contrast to 2004, when most of 
the WNV activity was concentrated in southern California, activity in 2005 occurred primarily in the 
northern part of the Central Valley of California, where Sacramento County, the epicenter of WNV activity 
in the United States that year, had more human cases (163) than any other county in the nation (7).

In northern California, the principal urban and rural vectors of WNV are Culex pipiens and Cx. tarsalis, 
respectively (8-10). To reduce WNV transmission and human exposure to mosquitoes in 2005, the 
Sacramento-Yolo Mosquito and Vector Control District (SYMVCD) implemented a battery of control 
practices from their Integrated Pest Management plan (11), an ecosystem-based strategy focused on long-
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term control of mosquito populations (D. Brown, SYMVCD, pers. comm.). Despite the district's intensified 
efforts (which began in March 2005) to control larval mosquitoes and to spot-treat for adult mosquitoes 
by using truck-mounted equipment, by August 2005 the county had reached the epidemic response level 
designated by the California Mosquito-Borne Virus Surveillance and Response Plan (12, 13). Per the 
response plan, SYMVCD determined the appropriate response and control measures through the analysis 
of 8 surveillance factors, which provided a semiquantitative measure of transmission risk (D. Brown, pers. 
comm.). Rapidly escalating risk for WNV transmission to humans in Sacramento County was indicated by 
high mosquito abundance and infection prevalence; high numbers of sentinel chicken seroconversions; 
and record numbers of dead bird reports, equine cases, and human cases, including [approximately equal 
to] 24 confirmed human infections by early August (8,10,14). Following state guidelines, and in 
consultation with local public health officials, SYMVCD initiated aerial adulticiding in Sacramento County 
in August 2005 to rapidly reduce the abundance of infected mosquitoes and decrease the risk for WNV 
transmission to humans (D. Brown, pers. comm.). Despite a 60-year history of the aerial application of 
mosquito control products in California (15), this was the first instance within the state of aerial 
adulticiding over a large urban area.

Although published studies on aerial application of adulticides have documented reductions in mosquito 
abundance and infection prevalence along with concurrent or subsequent decreases in human cases (16-
19), no published study to date has directly assessed the efficacy of such control efforts in reducing 
incidence of human disease by comparing distribution of clinical cases within treated and untreated areas. 
The objective of our study was to evaluate the efficacy of adulticide applications for reducing human cases 
of WNV; we compared the proportion and incidence of cases in the treated and untreated areas of 
Sacramento County in 2005 before and after aerial treatments. The proportion and incidence of these 
cases were also compared with those of the rest of California.

Methods

Data Collection

Human WNV case data were reported to the California Department of Public Health from the Sacramento 
County Department of Health and Human Services and other local health departments throughout the 
state by using a standardized case history form. A total of 177 human infections were reported within 
Sacramento County in 2005, with onsets of illness ranging from June through October. Of 177 infections, 
163 were clinical cases and 14 were asymptomatic infections; the former was confirmed by 
immunoglobulin (Ig) G and IgM antibody assays of serum or cerebrospinal fluid samples. Of 163 case 
records, 7 had no date-of-onset information and 4 others had no residential address. Consequently, the 
Sacramento County human dataset used in this study comprised 152 records that contained spatial and 
temporal attributes.
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