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ABSTRACT 

Objective: To develop an original survey on public attitudes, knowledge and 

practices on West Nile Virus (WNV), mosquitoes, and pesticides. We sought to gain 

insight on what personal protective behaviors (PPBs) are used by the public and whether 

the public is supportive of pesticide use in combating the threat of WNV. An effective 

WNV control program must take into account the public’s attitudes regarding PPBs and 

what would influence their use of PPBs. The survey findings will be used to develop a 

new educational plan for the West Nile Virus Surveillance and Control Program of 

Delaware County. We sought to determine if knowledge and concern about one’s 

personal risk of contracting WNV were driving forces in one’s use of PPBs and support 

of pesticide use.  

Results: The sample population was highly informed on WNV and used many 

PPBs.  Knowledge of WNV and concern about contracting WNV were not significant 

predictors of PPB use or pesticide support. However, odds ratios indicate an increased 

odds of being in the high PPB group with increasing knowledge. Knowing someone who 

has or has had WNV was a factor in PPB use, although the outcome of WNV infection is 

rarely reported. Older age predicted greater PPB use while higher education predicted a 

lack of support for pesticide use. 

Conclusion: Future surveys of the public knowledge will need to reach a more 

diverse population than that of the current study. It appears that many people are using 

PPBs despite not believing in their efficacy at preventing mosquito bites and WNV. 

Future studies should seek to identify what is motivating people to use these PPBs, 

besides knowledge of WNV and concern for their health.  
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CHAPTER 1: INTRODUCTION 

West Nile Virus (WNV) is a mosquito-borne flavivirus that, while usually 

asymptomatic, can lead to fatal encephalitis, meningitis, or poliomyelitis. WNV emerged 

in North America in the summer of 1999 in New York City. By the summer of 2002 it 

had spread to every state in the continental U.S. The emergence of this new disease was 

accompanied by a large amount of media attention and public education that has since 

dissipated. In the twelve years since its emergence, WNV has accounted for the deaths of 

1,208 Americans.  

While WNV is transmitted by the bite of an infected mosquito, human behaviors can 

significantly reduce its transmission. Understanding both that mosquitoes spread the 

disease and that mosquitoes breed in stagnant water can lead to the public’s participation 

in source reduction of mosquito habitats and disease prevention. Eliminating standing 

water around one’s home is one of many personal protective behaviors (PPBs) that 

residents can use to protect themselves from WNV infection. 

PPBs are the primary means of preventing human illness from WNV (Aquino 

2004; Campbell 2002). PPBs include limiting exposure during peak mosquito activity 

(dusk-dawn), wearing protective clothing (long sleeves and pants), and using insect 

repellent. An effective WNV control program must take into account the public’s 

attitudes regarding PPBs and what would influence their use of PPBs. The health belief 

model, a theoretical framework that has been used to investigate health behaviors related 

to infectious diseases, asserts that people will take action to protect themselves from an 

illness if they believe that: 1) they are susceptible, 2) the illness has serious 
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consequences, 3) the course of action is beneficial, and 4) the anticipated benefits 

outweigh the costs (Neff 1998). 

We developed an anonymous survey to examine how well the public understands 

the risks of WNV, the spread of the virus, and what effective behaviors can reduce the 

risk of contracting WNV. The survey asks questions on general knowledge of WNV and 

attitudes regarding mosquitoes, WNV, pesticides, and PPBs. The survey’s purpose is to 

determine if the public is informed about WNV and if their understanding of WNV 

differs by gender, income or educational attainment. Applying the health belief model to 

WNV prevention, the survey will allow us to determine if respondents are aware that 1) 

they are susceptible to WNV infection, 2) WNV infection can lead to serious and fatal 

complications, and 3) there are effective PPBs that they can use to reduce their risk of 

infection. 

The study population is a subset of adult residents of Delaware County, 

Pennsylvania.  With a population of 558,028 people, Delaware is the fifth largest county 

in the state. Its 49 municipalities range from dense urban centers to suburbs to sprawling 

exurbs. WNV has been found in Delaware County every year since 2001, when 

surveillance and testing for the virus first began in the area. In 2010, Delaware County 

had more mosquito samples test positive for WNV than in any other year. It had the 

second highest number of positive samples in the state, trailing only neighboring 

Philadelphia County. The purpose of the survey is to assess Delaware County residents’ 

current knowledge of WNV and the preventive behaviors used among them. Those 

results will determine if more public education efforts are needed to increase awareness 
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of WNV in the county. The survey will test the following hypotheses regarding use of 

PPB’s against mosquito bites and WNV infection:  

1. Greater knowledge (correct understanding of WNV facts) about the spread and 

risks of WNV is a predictor of PPB use and support of pesticide use. 

2. Concern about personal risk of WNV infection is a predictor of PPB use and 

support of pesticide use.   

3. Positive perceptions about the effectiveness of PPBs, or belief in their 

effectiveness, are predictors of PPB use. 

4. Acquaintance with someone who has or has had WNV is a predictor of PPB use. 

  

Findings from previous surveys about West Nile Virus in Connecticut, British 

Columbia, and Tennessee have underscored the need for continued public education 

about the risks of WNV infection and the use of PPBs, as well as the need for regular 

evaluations of public knowledge, attitudes and behaviors in order to improve public 

health messages (CDC 2003). The results of the current survey will enable the West Nile 

Virus Surveillance and Control Program of Delaware County to identify specific public 

health messages and intervention points that will help to decrease the amount of 

mosquitoes, viral activity, and human infections in the county as well as the costs of 

disease treatment, mosquito surveillance, and mosquito control. 
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CHAPTER 2: BACKGROUND 

History 

WNV was discovered in Uganda in 1937 by Smithburn and colleagues while 

looking for cases of African Sleeping Sickness. Blood taken from a 37-year-old woman 

thought to be suffering from trypanosomaisis revealed a new viral entity rather than the 

suspected protozoans. The virus was named for the West Nile region of Uganda where it 

was first isolated (Sampathkumar 2003). It was later found in humans, birds and animals 

in Egypt but was not thought to be a significant human pathogen. In 1957 an outbreak of 

severe meningoencephalitis in a nursing home in Israel proved to be caused by WNV. 

Further outbreaks in Israel and Africa were reported but symptoms were mild, consisting 

of flu-like illness. During the 1960’s and 70’s, the virus became endemic in Africa and 

the Middle East and spread to West and Central Asia.  

Early outbreaks were mainly in rural populations with only few cases of severe 

neurological disease. In the late 1990’s the virus spread to Europe and the United States. 

Outbreaks in Romania in 1996 and Russia and New York City in 1999 were the first 

reported WNV epidemics in large urban centers, with hundreds of patients suffering 

severe neurological disease. WNV is now endemic to Europe, the 48 contiguous United 

States, 7 of the Canadian provinces, Mexico, the Caribbean islands, and Colombia.  

Virology 

The West Nile virus is an arbovirus (arthropod-borne virus), one of many viruses 

transmitted by arthropod vectors. WNV is of the flavivirus family, which also includes 

the dengue virus, St. Louis Encephalitis virus, and Yellow Fever virus. WNV is a 

member of the Japanese Encephalitis virus serocomplex. It is an enveloped single-
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stranded RNA virus of positive polarity. Its virions are spherical particles of icosohedral 

symmetry with a diameter of approximately 50 nm. WNV isolates are grouped into two 

genetic lineages based on amino acid substitutions or deletions in their envelope proteins. 

Those isolates responsible for significant human disease belong to Lineage 1, which is 

subdivided into 4 clades: Indian, Kunjin, A, and B. Isolates found in the United States 

belong to Clade B, a derivitive of the strain first found in Israel (Gyure 2009). 

Epidemiology 

 It is still unknown how WNV spread to the United States, but it was most likely 

imported along with an infected bird, mosquito, or human traveling from Israel. After its 

discovery in New York City in the summer of 1999, it was found that the virus could 

survive overwintering in mosquitoes. WNV spread to neighboring New Jersey and 

Connecticut in 2000. It was in ten states in 2001, including Pennsylvania. In 2003 it 

reached the West Coast and by 2005 viral activity was found in every state in the 

continental U.S. Viral activity is defined as mosquito, bird, or animal samples testing 

positive for WNV or a confirmed human case of West Nile disease. In the U.S. human 

cases occur primarily in the late summer and fall, with the majority of cases reported in 

September.  Within 10 years of its first detection in the country, WNV has been declared 

endemic in the United States (Murray 2010). 
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FIGURE 1: Incidence of human WNV infection in U.S, 1999-2010 

 
Source: CDC, http://www.cdc.gov/ncidod/dvbid/westnile/surv&controlCaseCount10_detailed.htm 

 

Initially, only WNV encephalitis and meningitis cases were reportable to the 

CDC. In 2003 the CDC requested that WNV fever cases also be reported, resulting in the 

dramatic increase in reported numbers that year (Murray 2010), see Figure 1 above. 

Some researchers have hypothesized that the virus follows a cyclical pattern, with 

outbreaks occurring every 4-5 years. With the implementation of WNV surveillance and 

mosquito control programs in most states between 2001 and 2003, the number of human 

cases has been declining. Following the CDC’s guidelines for surveillance, prevention, 

and control, state programs have employed staff at the state and local level to monitor 

WNV (CDC 2003). Early season larval control has reduced the mosquito population and 

surveillance allows public health officials to find the virus before a human gets sick. 

When high levels of the virus are present, pesticides are used to knock down the adult 

mosquito population. Funding for these programs has been cut in recent years, however 

and some states such as West Virginia have abandoned their programs altogether. 
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Without regular surveillance of the mosquito population, there is a greater chance that the 

virus will spread unchecked, and result in another outbreak of human cases, like that seen 

in 2006. 

The amount of viral activity in a given area is determined by a variety of factors, 

including reporting methods. Rainfall and temperature both contribute to the habitats and 

breeding patterns of mosquitoes, and the number of mosquitoes is directly related to the 

amount of virus present. Higher temperatures allow mosquitoes to breed more quickly 

and more often, increasing the mosquito population. Increased rainfall can create more 

standing water, the mosquito’s breeding habitat. Mosquito pools, defined as a collected 

sample of mosquitoes from a single point location, are the primary measure of viral 

activity in a given area.  

The virus has been detected in Pennsylvania every year since 2001. In 

Pennsylvania, the outbreak patterns follow the national trends, see Figure 2 below. While 

human cases have declined significantly since 2007, increased viral activity has been 

detected in recent years. In 2010 there were 981 reported human cases (681 

neuroinvasive) and 45 deaths across the United States. Arizona reported the most cases 

with 163 (105 neuroinvasive). In Pennsylvania there were 30 reported cases (21 

neuroinvasive) and no deaths.  Despite reporting the second highest viral levels in the 

state, Delaware County reported only 1 human case in 2010 (Pennsylvania WNV Control 

Program, 2010).  
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FIGURE 2: WNV Incidence in Pennsylvania, 1999-2010 

 
Source: CDC, http://www.cdc.gov/ncidod/dvbid/westnile/surv&controlCaseCount10_detailed.htm 
 

In 2010, the Red Cross also found 117 presumptive viremic donors (PVDs). 

PVDs are people who had no symptoms of WNV infection at the time of donating blood 

but whose blood tested positive for WNV in preliminary screening tests. Some PVDs go 

on to develop WNV symptoms and get diagnosed, at which point they will be included in 

their state’s count of human disease cases. However, other PVDs will be among the 80% 

of people infected with WNV that never develop symptoms and never get diagnosed. 

PVDs give a measure of the undiagnosed cases of WNV, and show that human WNV 

infections are underreported (CDC 2003). The high proportion of neuroinvasive disease 

cases among reported cases of West Nile virus disease also reflects surveillance reporting 

bias. Serious cases are more likely to be reported than mild cases.  The surveillance 

system is not designed to detect asymptomatic infections (Mostashari 1999).  
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Transmission 

 The primary route of WNV infection in humans and other mammals is through 

the bite of an infected mosquito. Mosquitoes become infected when they feed on infected 

birds. Birds are the primary reservoir of the virus. When infected, birds build up a high 

level of virus in their blood and they can survive from 4-6 days after being infected, 

during which time they can pass the virus on to other birds and mosquitoes. Once a 

mosquito becomes infected, it can pass the virus on to humans or other animals when 

they next take a blood meal. Humans, horses, and other animals are secondary, “dead-

end” hosts. They do not develop high-level viremias and cannot pass the virus on to 

others. Peak transmission to humans occurs between July and October. 

The most common vector is the culex species of mosquito, a species that feeds on 

both birds and mammals. In Pennsylvania, Culex pippiens, also known as the “northern 

house mosquito,” are the most common vector. American crows are highly susceptible to 

WNV. Once infected, they have a mortality rate of 90%. Monitoring bird deaths are an 

important part of WNV surveillance programs. Crow deaths are usually the first sign that 

the virus is present in a local area. Recent outbreaks of WNV in the U.S. have been 

accompanied by large bird die-offs (Murray 2010).   

WNV can also be transmitted through blood transfusions and organ donations. 

Since 2003, the Red Cross uses Nucleic Acid Testing (NAT) to screen all blood donors 

for WNV. In 2010, 117 blood donors tested positive for WNV across the United States 

(CDC, 2010).  There have also been cases of WNV transmission from mother to child 

during both delivery and breast-feeding. These cases are rare, though pregnant women 

should take precautions to reduce their risk for WNV and other arboviral infections by 
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avoiding mosquitoes. There have also been rare cases of accidental acquisition of WNV 

by laboratory workers while testing animals for WNV (Sampathkumar 2003).  

Clinical Presentation 

 After infection, there is a viral incubation period of 2-15 days in humans, with 

most illness presenting after 2-6 days. The majority of people infected with WNV 

experience no symptoms and most cases of infection go unreported. About 20% of those 

infected will be sick with West Nile fever, characterized by an abrupt onset of fever, 

headache, backache, myalgia and anorexia. A roseolar rash may appear on the face and 

trunk of the body. Lymphadenopathy is also common.  West Nile fever symptoms 

generally last 3-6 days but the illness can be as long as two weeks.  There is no specific 

treatment, but symptoms can be managed with standard care. Though it was initially 

considered to be benign and self-limited, new evidence suggests that West Nile fever may 

result in considerable morbidity, with persistent fatigue and malaise (Sejvar 2006). 

Elderly patients may have more severe symptoms (Cook 2010). 

 Approximately 1 in 150 infected persons (less than 1% of those infected) will 

develop severe neurological illness after WNV infection. West Nile nueroinvasive 

disease has been defined by the CDC as “fever, the absence of a more likely clinical 

explanation, and at least one or more of the following: acutely altered mental status, other 

acute signs of central or peripheral neurological dysfunction, or pleocytosis associated 

with an illness that is clinically compatible to meningitis” (CDC 2003). About 40% of 

patients with neuroinvasive disease have meningitis (swelling of the spinal cord and area 

around the brain) and about 60% have encephalitis (swelling of the brain).  These 

neurologic conditions occur when the virus crosses the blood-brain barrier (BBB) and 



   

11 
 

invades the central nervous system. The mechanism by which WNV and other 

encephalitic flaviviruses cross the BBB has not been fully elucidated (Murray 2010). 

 Symptoms of West Nile meningitis include fever, nausea and/or vomiting, 

myalgia, chills, neck and/or back pain, tremor, headache, and cerebrospinal fluid (CSF) 

pleoctosis without altered mental status or focal weakness. Symptoms of West Nile 

encephalitis include fever, diffuse weakness or fatigue, headache, confusion or altered 

mental status, dizziness or vertigo, and signs and symptoms of a systemic illness 

including gastroinstestinal complaints, rash, and myalgia. Many patients also have tremor 

or cranial nerve palsies including facial weakness (Gyure 2009). 

 About 50% of patients with West Nile meningoencephalities also suffer from an 

acute flaccid paralysis, or poliomyelitis (inflammation of the spinal cord), characterized 

by a sudden onset of weakness in the limbs and/or breathing muscles. Patients may 

develop sudden or rapidly progressing weakness. The weakness tends to affect one side 

of the body more than the other, and may involve only one limb. This symptom is 

generally not associated with any numbness or loss of sensation, but may be associated 

with acute pain. In very severe cases, the nerves going to the muscles that control 

breathing may be affected, resulting in rapid onset of respiratory failure and death. Other, 

more rare complications have been reported in association with WNV infection, such as 

myocarditis, pancreatitis, cardiac dysrhythmia/arrhythmia, optic neuritis, and fatal 

hemorrhagic fever with coagulopathy (Gyure 2009).   

Those who develop severe neurological complications have a mortality rate of 3-

15%, with the highest rates occurring among the elderly. The neurologic diseases can 

also cause long term morbidity, including neurologic impairment, fatigue, chronic 
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headaches, memory loss, difficulty walking, muscle weakness and depression. Survivors 

of WNV infection experience excess deaths when compared to the general population, 

especially in the year following infection.  However, the exact cause of mortality 

following severe WNV illness has not been determined conclusively (Murray 2006). 

Risk Factors 

 The principle risk factor for WNV infection is exposure to infected mosquitoes. 

Therefore, any resident of an area where viral activity has been found is at risk of WNV 

infection. Living in areas with an abundant mosquito population or an environment 

amenable to mosquitoes would increase one’s risk. Tall grass and thick vegetation 

combined with stagnant water, or many artificial containers that collect rainwater, 

provide for an ample mosquito population that will multiply and increase exponentially 

around one’s home. Occupational exposure is also a risk for those handling blood and 

blood products, those who work with the virus in a laboratory and those who handle 

birds. 

 People over the age of 50 are at a higher risk for developing neurologic disease 

after WNV infection. The elderly and those with suppressed immune symptoms are at an 

increased risk for developing severe neurological disease and face higher mortality rates 

after infection. Immunocompromised individuals include transplant recipients, those with 

HIV or an autoimmune disorder (Gyure 2009). Both case control and cohort studies have 

shown that hypertension and vascular disease prior to WNV infection may predispose 

one to neuroinvasive disease after infection (Murray 2006, 2009).  

 Interestingly, severe neurological and fatal disease is rare in WNV infections in 

tropical areas. Most cases occur in moderate climates. It is possible that birds infected 
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with more virulent strains may be too sick to migrate to the tropics. Other likely 

explanations include the misdiagnosis of dengue fever in these regions as well as a 

decreased capacity of surveillance systems to identify WNV disease in areas outside of 

North America (Murray 2006). 

 Harrigan et al (2010) provide evidence that economic conditions play a role in the 

risk of WNV infection.  Using spatial modeling techniques in Orange County, California, 

a WNV hotspot, they found that WNV prevalence in both vectors (mosquitoes and birds) 

and humans was best explained by economic variables, specifically per capita income, 

and by environmental characteristics, particularly human population density and 

neglected swimming pool density. Their research found higher prevalence of WNV in 

vector populations in low-income, densely populated areas.  

Neglected swimming pools collect rainwater and allow it to stagnate, promoting 

both mosquito and WNV amplification. Neglected swimming pool density may represent 

a direct link between declining economic conditions and a favorable environment for 

WNV propagation.  The relationship between lower per capita income and higher 

prevalence of WNV in vectors remained constant across the four years of their study. 

Harrigan and colleagues give three explanations for this relationship. First, densely 

populated areas generally occur on flatlands at lower elevations, characterized by older 

infrastructure with antiquated water runoff systems. These factors contribute to poor 

drainage and favorable mosquito breeding habitats. Second, lower income communities 

are less likely to invest in private property upkeep, which contributes to increased 

mosquito breeding grounds such as neglected swimming pools. Finally, income is 
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positively correlated with education, and better-educated people are more likely to be 

politically engaged in demanding pest control services, such as mosquito management.  

The WNV prevalence rates in mosquito vectors in Delaware County support 

Harrigan’s results. In the years 2008-2010, the first positive mosquito pools of the season 

were found in one of the older, more urban, and lower income townships of the county.  

Collingdale, Yeadon and Darby Boroughs are urban communities bordering Southwest 

Philadelphia. Viral activities in those areas continually outpace that of the newer, less 

densely populated and higher income townships of the southwestern part of the county 

(Pennsylvania’s West Nile Virus Control Program, 2010).  

Prevention 

 The cornerstones of WNV control and prevention are 1) surveillance with 

sustained and integrated mosquito control to detect the presence of WNV in areas where 

humans are at risk and 2) public education on the use of PPBs and mosquito control to 

reduce the risk for mosquito bites (CDC 2003). A mosquito surveillance program 

provides ongoing monitoring of mosquito habitats through setting mosquito traps and 

identifying larval habitats. Trap collections are tested for the presence of the virus, as are 

dead bird samples. Where larval habitats cannot be eliminated they are treated with 

larvacides. Increased mosquito control can be conducted with the use of pesticides to 

reduce the adult mosquito population. These pesticides and control methods are 

expensive however, and cannot be maintained by all local governments. 

 The best way to prevent WNV infection is to avoid contact with mosquitoes and 

reduce the number of mosquitoes in one’s area by eliminating mosquito breeding 

grounds.  Mosquitoes breed in stagnant water. They will not breed in running water like 
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creeks and streams. Most ponds contain fish or tadpoles that feed on mosquito larva. 

Artificial containers that collect rainwater are prime breeding sites. Discarded tires and 

clogged roof gutters can produce millions of mosquitoes in a single season. To prevent 

WNV infection, source reduction of standing water is key. One can avoid mosquito bites 

by staying indoors from dusk to dawn (primary mosquito feeding time) or keeping one’s 

skin covered with clothing and spraying any exposed skin with an insect repellant. These 

personal protective behaviors (PPBs) have been shown to prevent infection.  

Public Knowledge of WNV 

 Past studies have reported a positive correlation between knowledge of WNV and 

PPB use. Most surveys have reported high knowledge on the transmission of WNV, with 

almost all respondents being aware that mosquitoes spread the virus. A telephone survey 

of 1650 adults in Ontario, Canada by Elliott et al (2008) found that knowing mosquitoes 

spread WNV is significantly associated with use of mosquito repellant. Those who 

correctly identified that the virus is spread through the bite of an infected mosquito were 

more likely to report using an insect repellent for personal protection. Knowledge of 

WNV disease however, has not always been found to increase PPB use. Herrington’s 

national survey found that knowledge of WNV associated encephalitis was a poor 

predictor of PPB use (Herrington 2003). 

In a study using telephone interviews with 309 residents of British Colombia, 

Aquino et al (2004) found that most respondents reported that receiving information 

about WNV influenced them to engage in protective behaviors. They also found that cues 

to action (behaviors of friends and relatives, and sources of information) significantly 

increased the odds that respondents practiced protective behaviors and practiced them 
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more frequently. This suggests there is a potential for public health messages that endorse 

WNV protective behaviors to have a “snowball effect:” public health education can 

influence people to practice PPBs and those people can influence their friends and 

families to do the same. Almost three quarters of Aquino’s survey respondents agreed or 

strongly agreed that information about WNV influenced them to remove standing water 

and 50.9% agreed or strongly agreed that information influenced them to use DEET-

based insect repellents (Aquino 2004). 

Attitudes 

 Personal attitudes and perceptions influence one’s actions even in the presence of 

public health information that may contradict one’s beliefs. For example, even though 

DEET based insect repellents have been recommended by the EPA and CDC as the best 

way to protect oneself from WNV, many people continue to believe that DEET is a 

health and environmental hazard. The EPA has conducted more safety studies on DEET 

than any other compound and always concludes that is safe for use in the recommended 

concentrations (EPA 2011). Despite this, one quarter of the respondents to Aquino’s 

survey disagreed or strongly disagreed with the statement “DEET is safe for human use” 

(Aquino 2004). Twenty two percent of respondents to Elliott’s survey reported being 

more worried about pesticide use than getting sick from WNV (Eliot 2002), suggesting 

that more knowledge about both the personal risks of WNV infection and the safety of 

pesticides is needed.  

 Aquino et al found that perceived barriers to action, including safety concerns, 

cost, and time, were significant predictors of PPB use. Those who reported that they 

agree that removing standing water is time consuming were less likely to use that PPB 
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than those who disagreed. Those who agreed to the statement “DEET is hazardous to the 

environment” were less likely to use insect repellents than those who disagreed. 

Perceived susceptibility to WNV was also a significant predictor of PPB use, with those 

who believed they were more likely to be infected with WNV reporting more PPB use 

compared to those who did not believe they were likely to be infected (Aquino 2004).  

 Elliott, Herrington and the CDC’s telephone survey of Connecticut residents 

found that those who report being worried about WNV are more likely to report using 

repellent and using one or more PPB.  The CDC (2003) and Elliott (2008) also found that 

those who reported being little to very worried about getting WNV were more likely to 

use 2 or more PPBs compared to those who reported not being worried about getting 

WNV. Those who were not worried at all about getting WNV were more likely to report 

never using PPBs. In addition, Elliott found that being more worried about WNV than 

about getting sick from pesticide use was significantly associated with using 2 or more 

PPBs. Conversely, Herrington found that perceived severity of WNV was not a 

significant predictor of PPB use (Herrington, 2003). 

 Herrington also found that positive perceptions of the effectiveness of a given 

PPB are significantly associated with use of that PPB. For example, those who reported 

that they agree or strongly agree with the statement “wearing long pants and sleeves is 

effective at preventing mosquito bites” were significantly more likely to wear long pants 

and sleeves compared to those who disagreed with that statement (Herrington 2003). 

Demographics 

 All of the surveys cited above have looked at predictors of PPB use by different 

demographic factors to determine if one group or multiple groups should be targeted for a 
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specific intervention. In addition, a telephone survey of 491 Ottawa households by 

Wilson et al and a telephone questionnaire of 1200 adults in Tennessee by Jones et al also 

looked at demographic differences in knowledge, attitudes and behaviors regarding WNV 

(Wilson 2005 and Jones 2005). 

 Wilson, The CDC, Jones and Herrington all reported that age is significantly 

associated with repellent use, with those younger than 51 years (Wilson 2005), 50 years 

(CDC 2003, Jones 2005), or 45 years (Herrington 2003) more likely to use repellent than 

the older group.  The CDC and Wilson also found that age is significantly associated with 

using at least one PPB, with those 65 years and older (CDC 2003) or 51 years and older 

(Wilson 2005) more likely to use at least one PPB than those younger. Jones reported that 

those 50 years and older were more likely to remove standing water around their home 

than those younger and were also more likely to support the use of pesticides in their 

neighborhood than those younger than 50 years (Jones 2005).  

 The CDC, Wilson and Elliott reported differences in PPB use by gender. Wilson 

found that men were more likely to have heard of WNV than women but that men were 

less likely to report WNV as an important health issue than women.  Both Elliott and 

Wilson found that women were more likely than men to report use of 2 or more PPBs 

while the CDC found that men were more likely to report never using PPBs. Elliott also 

found that women were more likely to report use of repellent than men (Elliott 2008). 

 Only one survey reported differences in PPB use by income. The CDC found that 

using at least one PPB is significantly associated with lower income ($25,000-$75,000) 

compared to those in higher income brackets. Other surveys reported socioeconomic 

status (SES) differences by using education level as the measure of SES. Wilson and 
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Elliott both found that higher education level was significantly associated with repellent 

use. Elliott reported that those who completed high school reported more repellent use 

than those who did not finish high school, while Wilson reported that those who had only 

high school education were less likely to use repellent than those who had some college.  

Wilson found that college educated respondents were more likely to regularly drain 

standing water around their homes than those who had no college. However, this 

difference may be due to college educated adults being more likely to be homeowners 

than those with no college. Wilson reported that those who had some college education 

were more likely to know about WNV compared to those who only had a high school 

education. However, Wilson also found that the college-educated respondents were less 

likely to report WNV as a serious health concern than those with only high school 

(Wilson 2005).  

 Different surveys reported conflicting data on PPB use by urban, suburban and 

rural residents. Wilson reported that rural residents were more likely to have heard of 

WNV and report significantly higher exposure to mosquitoes compared to suburban and 

urban residents (Wilson 2005).  However, Wilson and Herrington (2003) found that 

urban and suburban residents were more likely to use PPBs than rural residents. Wilson 

found that suburban residents reported the highest level of repellent use. 

 Herrington found other significant demographic differences including the 

following: cat and dog owners were more likely to use PPBs than non-pet owners; 

married respondents were more likely to use PPBs than non-married (single, divorced, 

separated, widowed) respondents; and white participants were more likely to use 

repellent than non-white participants. Herrington also found that acquaintance with 
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someone who has or had encephalitis was not a significant predictor of PPB use. Jones 

(2005) reported that support of pesticide was higher among residents of areas with a 

higher prevalence of human WNV cases compared to areas of less prevalence.  

Public Health Impact 

Regular systemic evaluations of the knowledge, attitudes, and behaviors of the 

public are needed to ensure the effectiveness of public health messages (CDC 2003) and 

to identify barriers to the practices of protective behaviors (Aquino 2004). This survey on 

WNV will allow us to determine if there is a need to change public attitudes regarding 

pesticides and PPBs and if there is a general lack of knowledge regarding WNV and how 

to protect oneself. While increasing knowledge may be easier than changing attitudes, 

both can be accomplished with an appropriately tailored educational campaign.  

 One of the most important components of any WNV prevention and control 

program is public education. If the public can take action themselves to prevent their risk 

of infection through the use of PPBs, the overall rate of infection will decline. Even a 

small group of informed residents can influence the behaviors and attitudes of others, 

leading to a snowball effect of healthy behaviors (Aquino 2004). This survey will help 

determine if the residents of Delaware County, a WNV hotspot, are informed of the 

various ways they can protect themselves from WNV. The survey should identify any 

gaps in the public knowledge of WNV and determine if the current public education 

methods will be adequate to fill in those gaps or if a new outreach plan should be 

implemented. The demographics given in the survey will be used to determine if any 

subset of the population in particular is lacking in WNV information and is in need of a 
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tailored educational program.  Overall, the survey will allow officials to refine and 

improve public health messages and the effectiveness with which they are delivered. 

 WNV is one of many viruses that can lead to acute neurological illness and 

subsequent physical, cognitive, and functional sequelea (Sejvar 2003). The PPBs 

mentioned in the survey protect residents from WNV-caring mosquitoes but also can be 

used in prevention of other arthropod borne illnesses endemic to the U.S, including Lyme 

disease, Eastern Equine Encephalitis (EEE), and St. Louis encephalitis. The PPBs will 

also be effective against other infectious agents that may not be present in the U.S. at this 

time, but could spread to the states in the future or that one may come into contact with 

through travel. 

Implications for Future Research 

The past two decades have seen both the emergence of novel agents of viral 

encephalitis in North America (WNV, Monkeypox) and increased recognition of novel 

modes of transmission of these agents. While the natural modes of transmission (insect 

vectors, exposure to bodily fluids) still predominate, several notable cases of transmission 

of agents of viral encephalitis through blood transfusions and donated organs have 

recently been documented. The continued emergence of novel viral agents of 

encephalitis, the appearance of these agents in new settings, and the recognition of new 

routes of transmission of agents of viral encephalitis will continue to be challenges for 

years to come (Sejvar 2003). 

WNV and other arthropod-borne diseases will only increase in prevalence if 

global warming trends continue. Increasing temperatures will allow for new vector 

species to enter into temperate climates and bring with them new viruses (Gould 2009). 



   

22 
 

The recent cases of locally transmitted Dengue fever in Florida in 2009-2010 could 

foreshadow a northbound spread of the Dengue virus in the U.S. (CDC 2010). Increased 

temperatures will also lead to an explosion of the vector population. Mosquitoes can 

reproduce rapidly at high temperatures, and will be able to live longer in temperate 

climates as summers last longer and springs begin earlier.  Another potential effect of a 

warmer climate is an increased efficacy of viral replication. Not only would the vectors 

replicate faster, but so would the virus itself, leading to higher viral loads in hosts and 

vectors (Reiter 2001). 

WNV came to North America from abroad, as have many other infectious agents, 

as a result of increased global trade and travel. With globalization only escalating, more 

and more people will be exposed to novel agents that will emergence in new populations. 

There are about 3,500 species of mosquitoes worldwide. Some mosquito species can 

transmit viruses; others carry protozoa or nematode worms, all of which can cause 

substantial morbidity and mortality, with malaria carrying the highest disease burden 

(Reiter 2001, Shah 2010). It is important for the public to understand that preventing 

mosquito bites can prevent disease, regardless of their climate.  
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CHAPTER 3: METHODS 

Study Design 

We developed a 50 question self-administered survey to be used in a cross-

sectional study of public knowledge and attitudes regarding West Nile Virus. The survey 

consists of four sections: WNV Knowledge, Personal Protective Behaviors, Perceptions, 

and Demographics. The Demographics section contained basic questions on the 

participant’s background, including age, race, ethnicity, and gender to determine the 

represenitiveness of our sample population to the larger Delaware County population. 

Questions on marital status, education, and income level were also included to determine 

whether knowledge of WNV and use of PPBs differ by these demographic factors. The 

questions on dog ownership and descriptions of the home were used to determine if any 

of these factors were related to awareness of mosquitoes and use of mosquito repellant.  

The section on WNV Knowledge asked about awareness of mosquitoes as vectors 

of WNV and their ability to spread disease, concern about the individual risks posed by 

mosquitoes and WNV, and detailed information regarding the spread of WNV. The 

Personal Protective Behaviors section measured which PPBs were used and how often 

the survey respondents used the methods, such as wearing mosquito repellent or staying 

indoors from dusk to dawn. The Perceptions section was meant to determine attitudes 

regarding WNV, pesticide use and PPBs, such as perceived effectiveness of a given PPB. 

Consent forms were distributed to all participants. Before receiving a survey, each 

participant read the informed consent in the presence of the researcher, who explained the 

form and the purpose of the survey. Participants were able to ask questions regarding 

both the consent form and survey before agreeing to participate. Those who chose to 
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participate turned in their signed copy of the consent form. They kept a second copy of 

the consent forms for themselves. Only after turning in the signed consent form were the 

surveys distributed. The surveys were self-administered. Participants filled them out the 

survey in the presence of the investigator. Surveys remained anonymous. No identifying 

information was needed or collected on the survey and the signed consent forms were not 

linked to the surveys. The majority of the questions were multiple choice, with one fill in 

the blank. They survey took approximately 15 to 20 minutes to complete. Participants 

were free to stop answering at any time. The questions were designed to gauge 

participant’s honest opinions and beliefs regarding mosquitoes, WNV, and pesticides.  

Enrollment Activities/Eligibility Criteria 

The study population was a cross-section of residents of Delaware County, 

Pennsylvania. To be eligible for inclusion, participants were required to be current 

residents of Delaware County and over the age of 18 at the time of taking the survey and 

must have been attending an educational talk or health fair at which the primary 

investigator was presenting information on WNV. All consent forms were received and 

surveys completed prior to the WNV educational session. 

Delaware County is the fifth largest county in the state with a population of 

558,028 people. Its racial makeup is: 75.4% white, 18.6% African American, 4.6% 

Asian, and 2.5% of county residents are of Hispanic origin. 14.3% of the population is 

over 65 years of age and 29.4% are under 18 years of age (census.gov). Our recruitment 

goal was to draw a sample of 100 residents from January 2011-June 2011 that accurately 

reflects the diversity of the county in terms of ethnicity, gender and age.  
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In the position of coordinator of the West Nile Virus Surveillance and Control 

Program for Penn State Cooperative Extension (PSCE) of Delaware County, one of the 

responsibilities of the primary investigator (EAE) was to provide public education 

regarding the threat of WNV in the area (see letter of support, Appendix E). This 

responsibility was fulfilled through educational talks to organized groups in Delaware 

County, such as library members or rotary clubs. Information was also presented at local 

health fairs and farmer’s markets. Surveys were distributed at health fairs in Upper 

Chichester and Ridley Township, the 4H Fair in Newtown Square, and a variety of other 

community groups, including: PSCE Board members, Master Gardeners of Delaware 

County, Foster Grandparents, and the non-profit groups Surrey and Parastudy. 

Study Methods 

The goals of the study were to test the following hypotheses regarding use of 

PPB’s against mosquito bites and WNV infection:  

Aim 1:   Greater knowledge (correct understanding of WNV facts) about 

the spread and risks of WNV is a predictor of PPB use and support of 

pesticide use. 

H0:  There will be no difference in reported PPB use by those with 

high, medium, or low knowledge of WNV. There will be no 

difference in the expressed support of pesticide use by those with 

high, medium or low knowledge of WNV. 

HA: Those with high knowledge about the spread and risks of WNV 

will be report the highest amount of PPB use and highest support 

of pesticide use, followed by those with medium knowledge. 
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Those with low knowledge will report the lowest amount of PPB 

use and the lowest support of pesticide use.  

PPB use was measured by the answers on questions 17-18, and 23-25 (see Survey in 

Appendix). An answer of always referred to high use of that PPB. Answers of often, or 

sometimes to any of those questions indicated medium use of that PPB. Answers of 

seldom or never indicated low use of that PPB. Support of pesticide use was measured 

by the answer to question 34. An answer of strongly agree or agree indicated support of 

pesticide use. An answer of neutral, disagree, or strongly disagree indicated no support 

of pesticide use. Knowledge was measured by all correct answers on survey questions 11-

14. The correct answers (in bold) are: 

11. Someone contracts WNV through the bite of a mosquito infected 

with W NV. 

12. The age group most at risk for WNV is adults over 50. 

13. Yes, WNV can be a deadly disease. 

14. Yes, standing water can become a place for mosquitoes that carry 

WNV to breed. 

Responding correctly to all four questions was coded as high knowledge. Correctly 

answering 3 questions was coded as moderate knowledge. Answering 0-2 of the four 

questions correctly was coded as low knowledge.  

Aim 2: Concern about personal risk of WNV infection is a predictor of PPB use 

and support of pesticide use.   
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H0:  There will be no difference in PPB use by expressed concern of 

WNV risk. There will be no difference in the expressed support of 

pesticide use by concern of WNV risk.  

HA: Concern about one’s personal risk of WNV infection will be 

associated with increased PPB use and increased support of 

pesticide use. 

Concern about one’s personal risk of WNV infection was measured by survey question 8: 

How concerned are you about WNV or other mosquito transmitted diseases? An answer 

of very concerned indicated high concern. An answer of somewhat concerned indicated 

medium concern and answers of not concerned and don’t know/not sure were coded as 

low concern. 

Aim 3: Positive perceptions about the effectiveness of PPB’s, or belief in their 

effectiveness, are predictors of PPB use. 

H0:  The will be no difference in the use of PPBs by reported positive 

or negative perception of the effectiveness of that PPB.  

HA:  Positive perceptions about the effectiveness of a PPB, or belief in 

its effectiveness, will be associated with increased use of that PPB.  

PPB use was measured by the answers on questions 17-18, and 23-25 (see Survey 

in Appendix A). An answer of always, often, or sometimes to each question indicated 

use of that particular PPB. Belief in the effectiveness of PPBs was measured by an 

answer of strongly agree or agree to questions 27, 29, and 30. 

Aim 4: Acquaintance with someone who has or has had WNV is a predictor of 

PPB use. 
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H0:  PPB use will not differ by being acquainted with someone who has 

or has had WNV. 

HA: Being acquainted with someone who has or has had WNV will be 

associated with increased PPB use.  

Acquaintance with someone who has or has had WNV is measured by question 10: Do 

you know someone who has or has had WNV? An answer of yes was coded as 

acquaintance and answer of no was coded as no acquaintance.  

Logistic regression was used to examine the outcome variables of pesticide use 

support and PPB use for aims 1 and 2, including the following variables as potential 

confounders: age, gender, education, martial status, dog ownership. These covariates 

were included to test for possible confounding by those variables, as well as to determine 

if the survey results are consistent with past surveys that found significant differences in 

PPB use by those demographic factors. χ
2 tests and Fisher’s exact tests were used to test 

aims 3, and 4 using 2 by 2 tables. PASW Statistics version 18 was used for data 

collection and statistical analysis.  
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CHAPTER 4: RESULTS 

A total 92 surveys were collected. Respondents were overwhelmingly female 

(82.6%) and over the age of 50 (60.8%). The ethnic and racial makeup of the sample was 

as follows: 2.2% Asian, 15.2% African American, 72.8% white, and 7.6% mixed 

race/other, with 3.3% reporting Hispanic origin. This is close the actual racial 

demographics of Delaware County (75.4% white, 18.6% African American, 4.6% Asian, 

2.5% Hispanic). Most respondents were highly educated, with 34.8% reporting a 

Master’s or professional degree, and 25% reporting a college degree. 

Almost all respondents had heard of West Nile Virus (97.8%) but only 39.1% had 

heard of the WNV Control Program in Delaware County. Most respondents expressed 

concern about WNV, with 51.1% saying they were somewhat concerned and 34.8% 

saying they were very concerned. The majority of respondents (56.5%) also believed that 

they were somewhat likely to contract WNV. The majority (66.3%) was able to correctly 

identify mosquitoes as the WNV vector, however only 31.5% correctly identified adults 

over the age of 50 as the age group most at risk for WNV. Almost all respondents 

(97.8%) understood that standing water is where mosquitoes breed. 

Of the four Personal Protective Behaviors (PPBs) mentioned in the survey, the 

one most frequently used by respondents was wearing mosquito repellent, with 80.6% 

reporting use. However, only 47.8% of them said that their repellent contains DEET. 

More than three quarters (77.5%) of respondents reported that they always or frequently 

drain standing water around their homes. Staying inside from dusk to dawn and wearing 

long sleeves and long pants were the least popular PPBs, with only 59.2% and 58.1% 

respectively reporting use of those PPBs.  
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Perceptions about the effectiveness of PPBs and attitudes regarding pesticides 

differed widely. While most respondents (76.1%) agreed that insect repellent is effective 

at preventing mosquito bites, 41% also agreed that insect repellents contain toxins that 

can make one sick and 55.3% agreed that pesticides used to kill mosquitoes also kill or 

harm other plant and animal life. More than half of participants (58.8%) agreed that the 

pesticides used to kill mosquitoes make people sick, but only 5.5% agreed that those 

pesticides pose a bigger threat to health than WNV. The majority of respondents (69.6%) 

would support spraying pesticides in their neighborhood when WNV is found. Most 

people (46.7%) were undecided about the safety of DEET. 34.8% agreed with the 

statement that DEET is an environmental hazard and 17.4% disagreed and reported that 

DEET is not harmful to the environment.  

Table 1: Descriptive Statistics  
age n %   

18-30 11 12.0   
31-40 10 10.9   
41-50 15 16.3   
51-60 20 21.7   
>61 36 39.1   

     
gender     

m 16 17.4   
f 76 82.6   

education     
some high school 5 5.4   

high school diploma/GED 12 13.0   
some college 17 18.5   

finished college 23 25.0   
graduate/professional degree 32 34.9   

missing 3 3.3   
dog owner     

y 28 30.4   
n 64 69.6   
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marital status 
single 27 29.3   

married 45 48.9   
divorced/separated 6 6.5   

other 11 12.0   
 

Specific Aims 

Aim 1: Greater knowledge about the spread of WNV is a predictor of PPB use and 

support of pesticide use.   

PPB use by Knowledge: 

Multinomial logistic regression was used to test the null hypothesis that there is 

no difference in PPB use by knowledge using the low PPB group as the reference group. 

The models found no significant difference in high or medium PPB use among 

participants with medium or low knowledge compared to participants with high 

knowledge (Table 3). However there was an increasing odds of high PPB use with 

increasing knowledge. For example, the odds of being in the high compared to the low 

PPB group was 0.15(0.01-2.16) for the low knowledge group and 0.61(0.04-8.76) for 

the medium compared to the high knowledge group. The odds of being in the medium 

PPB use group compared to the low PPB group was 0.23(0.02-2.30) for the low 

knowledge group and 0.60(0.06-6.30) for the medium knowledge group. These OR 

were adjusted for age. 

Support of Pesticide Use by Knowledge  

Logistic regression was also used to test the null hypothesis that there is no 

difference in the support of pesticide use by the different knowledge groups. As shown 

in Table 3, using the high knowledge group as the reference, regression analysis showed 

no statistically significant difference in pesticide support by those with low or medium 
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knowledge compared to those with high knowledge. The odds of supporting pesticide 

use was 1.13(0.29-4.34) for the low knowledge group compared to high knowledge 

group and 2.47(0.65-9.33) for the medium knowledge group compared to the high 

knowledge group. These OR were adjusted for education and dog ownership. 

The covariates age, gender, education, marital status, and dog ownership were 

added to each of the models. For the relationship between knowledge and PPB use, age 

was a significant covariate (p=0.01). In the relationship between knowledge and 

pesticide support, education and dog ownership were significant covariates (p =0.008, 

p=0.02, respectively). Increasing age was a significant predictor of PPB use, with those 

in the higher age groups more likely to be in the higher PPB use groups. Education and 

dog ownership were significant predictors of pesticide support. Those with college 

degrees and professional degrees were less likely to report support of pesticide use 

compared to those who had some college or less than college education. Dog owners 

were also less likely to support pesticide use than non-dog owners. The odds of dog 

owners supporting pesticide use compared to non-dog owners were 0.24(0.07-0.80). 

Table 2: Percentage of Knowledge groups in each PPB group, pesticide support 
 

Knowledge 

PPB use Pesticide Support 

high medium low yes no 

High 21.4% 71.4% 7.10% 57.1% 42.9% 

Medium 23.8% 66.7% 9.5% 76.2% 23.8% 

low 21.2% 60.6% 18.2% 66.7% 33.3% 
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Table 3: Knowledge as Predictor of PPB Use and Pesticide Support, OR (95% C.I.) 

 PPB use Pesticide Support 

Knowledge High Medium Low Yes No 

 High - - - - - 

 Medium 0.61(0.04-

8.76) 

0.60(0.06-

6.30) 

- 2.47(0.65-

9.33) 

- 

 Low 0.15(0.01-

2.16) 

0.23(0.02-

2.30) 

- 1.13(0.29-

4.34) 

- 

Age 2.54(1.37-

4.73)* 

1.63(1.04-

2.56)* 

- 0.97(0.65-

1.46) 

- 

Gender 9.73(0.57-

166.29) 

1.35(0.21-

8.74) 

- 0.74(0.18-

3.0) 

- 

Education 0.70(0.29-

1.56) 

0.69(0.35-

1.37) 

- 0.55(0.34-

0.88)* 

- 

Marital status 2.11(0.62-

7.20) 

1.37(0.46-

4.11) 

- 1.56(0.71-

3.4) 

- 

Dog owner 0.96(0.14-

6.63) 

0.62(0.13-

2.63) 

- 0.32(0.11-

0.94)* 

- 

*significant at p<.05 level 

 
Aim 2: Concern about WNV infection is a predictor of PPB use and support of pesticide 

use 

Multivariate logistic regression was used to test the hypothesis that PPB use will 

be greater for those who express high concern about WNV compared to those that 

express little or no concern. High PPB use was used as the reference group to compare 

to the low and medium PPB use groups. The odds of being in the high compared to the 

low PPB group was 0.04(0.0-0.86) for the low concern group and 1.03(0.01-1.06) for 

the medium compared to the high concern group, adjusted for age (Table 5). The odds 

of being in the medium PPB use group was 0.17(0.02-1.91) for the low concern group 
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and 0.20(0.02-1.77) for the medium concern group. No significant associations were 

found in the model. These OR were adjusted for age, which was a significant predictor 

of PPB use. Age was found to be related to PPB use with the odds of being in the high 

PPB group being 2.54(1.37-4.73) and the odds of being in the medium PPB group being 

1.63(1.04-2.56), showing that older age is a predictor of greater PPB use.  

Logistic regression was used to test the hypothesis that those who express 

concern about WNV would be more likely to support pesticide use compared to those 

that express little to no concern about WNV. Concern was not found to be a significant 

predictor of pesticide use adjusted for education and dog ownership (Table 5). Pesticide 

support was used as the reference group to compare to no pesticide support. The odds of 

supporting pesticide use was 3.84(0.62-23.72) for the low concern group compared to 

high concern group and 1.06(0.38-2.98) for the medium concern group compared to the 

high concern group. Education and dog ownership were both significant predictors of 

pesticide support (Table 5).  

Table 4: Percentage of Concern groups in each PPB group, Pesticide Support 
Concern: PPB use Pesticide Support 

High Medium Low Yes No 

High 31.3% 65.6% 3.1% 68.8% 31.3% 

Medium 17.0% 66.0% 17.0% 68.1% 31.9% 

Low 7.7% 69.2% 23.1% 76.9% 23.1% 
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Table 5: Concern as Predictor of PPB use and Pesticide Support, OR (95% C.I.) 

 PPB use Pesticide Support 

Concern High Medium Low Yes No 

 High - - - - - 

 Medium 1.03(0.01-

1.06) 

0.20(0.02-

1.77) 

- 1.06(0.38-

2.98) 

- 

 Low 0.04(0-

0.86) 

0.17(0.02-

1.91) 

- 3.84(0.62-

23.72) 

- 

Age 2.30(1.23-

4.30)* 

1.44(0.95-

2.18)* 

- 1.04 (0.70-

1.56) 

- 

Gender 3.20(0.21-

49.24) 

0.64(0.11-

3.72) 

- 0.84(0.22-

3.25) 

- 

Education 0.73(0.33-

1.64) 

0.72(0.37-

1.41) 

- 0.55(0.34-

0.89)* 

- 

Marital status 1.72(0.52-

5.70) 

1.23(0.41-

3.70) 

- 1.54(0.70-

3.41) 

- 

Dog owner 1.55(0.23-

10.61) 

0.77(0.16-

3.61) 

- 0.28(0.09 -

0.86)* 

- 

*significant at p<.05 level 
 

Aim 3: Positive perceptions about the effectiveness of PPB’s or belief in their 

effectiveness are predictors of PPB use. 

To compare frequencies using the χ
2 test, 80% of cells should have expected 

values of at least 5. Because one of the cells, those who do not believe repellent is 

effective and do not use repellent, is only 3, the Fisher’s exact test is used. The Fisher’s 

exact test revealed no significant relationship between belief in effectiveness and 

repellent use (p=0.587). A large majority (88.89%) use repellent, whether they believe it 

to be effective (76.1%) or not (23.2%).  
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Table 6: Belief in Effectiveness of Repellent by Repellent Use 
 Repellent Use 

Belief in effectiveness of 

Repellent 

Yes 

n(%) 

No 

n(%) 

Yes 

n=70 

61 

(87.1%) 

9 

(12.9%) 

No 

n=22 

9 

(86.4%) 

3 

(13.6%) 

 

There is more variation among those who believe in the effectiveness of staying 

indoors to prevent mosquito bites and those who practice the PPB of staying indoors than 

the relationship reported for repellent use. As shown in table 7 below, each cell in the 2x2 

table is at least 5, so the χ2 test can be used. However, there is no significant association 

between belief in the effectiveness in staying indoors to prevent mosquito bites and using 

the PPB of staying indoors (p=0.109). Almost half of those who do not belief that staying 

indoors from dusk to dawn is effective at preventing mosquito bites continue to use that 

PPB, while more than one third of those who believe it is effective do not practice staying 

in from dusk to dawn.  

Table 7: Belief in Effectiveness of Staying Indoors by Behavior of Staying Indoors 
 Staying Indoors 

Belief in effectiveness of 

Staying Indoors 

Yes 

n(%) 

No 

n(%) 

Yes 

n=65 

42 

(64.6%) 

23 

(35.4%) 

No 

n=27 

13 

(48.2%) 

14 

(51.9%) 
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As shown in Table 8, for the third PPB, wearing long sleeves and pants, each cell 

in the 2x2 table exceeds the expected value of at least 5, so the χ
2 test can be used. 

However, half of those who do not believe in the effectiveness of the PPB (n=32) still 

report using the PPB, which contributes to a p value of 0.19 and no significant 

association between belief in the effectiveness in wearing long sleeves and pants to 

prevent mosquito bites and using this PPB.  

Table 8: Belief in Effectiveness of Wearing Long Sleeves/Pants by Behavior of Wearing 
Long Sleeves/Pants 

 Wearing Long Sleeves/Pants 

Belief in effectiveness of 

Wearing Long 

Sleeves/Pants 

Yes 

n(%) 

No 

n(%) 

Yes 

n=60 

37 

(61.7%) 

23 

(38.3%) 

No 

n=32 

16 

(50%) 

16 

(50%) 

 
For the fourth and final PPB, draining standing water to reduce the presence of 

mosquitoes that carry WNV, there is not enough variation to use the χ
2 test.  There is only 

one person who did not believe in the effectiveness of draining standing water and 

reported not using the PPB and only one person who did not believe in the effectiveness 

of the PPB but reported draining standing water anyway. Because of the two small cells, 

the Fisher’s exact test must be used.  Once again we found no significant association 

between the belief in the PPB’s effectiveness and use of the PPB of draining standing 

water (p=0.39).  
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Table 9: Belief in Effectiveness of Draining Standing Water by Behavior of Draining 
Standing Water 

 Draining Standing Water 

Belief in effectiveness of 

Draining Standing Water 

Yes 

n(%) 

No 

n(%) 

Yes 

n=90 

71 

(78.9%) 

19 

(21.1%) 

No 

n=2 

1 

(50%) 

1 

(50%) 

 

Aim 4: Acquaintance with someone who has or has had WNV is a predictor of PPB use.  

Only 6 people (6.5% of all respondents) reported knowing someone who has had 

a WNV infection. Of those 6, 5 reported medium PPB use and 1 reported low PPB use. 

The results support our hypothesis that acquaintance with someone who has or has had 

WNV would increase the odds of using PPBs. However, because of the small sample size 

and the rare outcome of WNV infection, the results are not statistically significant 

(p=.43). The majority of respondents did not know someone with WNV, but 22.4% of 

those respondents were categorized into the high PPB group. It was not personal 

acquaintance with someone who has or had WNV, but some other factor that motivated 

their high reported PPB use.  

Table 10: Acquaintance with Someone with WNV by Overall PPB Use 
 PPB Use 

Know someone with 

WNV? 

High 

n(%) 

Medium 

n(%) 

Low 

n(%) 

Yes 

n=6 

0 

(0%) 

5 

(83.3%) 

1 

(16.7%) 

No 

n=85 

19 

(22.4%) 

55 

(64.7%) 

11 

(12.9%) 
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CHAPTER 5: CONCLUSION 

This sample population consisted of a convenience sample, which was highly 

educated regarding WNV. For example, the majority of respondents (45.7%) correctly 

answered 3 of the 4 questions used to assess WNV knowledge, with another 15.2% 

correctly answering all 4 knowledge-based questions. The participants in this selective 

sample also reported using many PPB known to reduce the risk of WNV. For example, 

66.3% reported using multiple PPBs on a regular basis and an additional 20.7% reported 

frequently using all 4 PPBs. We found both high rates of our predictor of interest 

(knowledge) and the major outcome of interest (PPB use) and these data did not find a 

statistically significant relationship between knowledge and PPB use in this sample. We 

can suggest a consistent trend of increasing knowledge of risk of WNV associated with 

increased PPB use to prevent WNV. However, future studies should refine the 

assessment of WNV knowledge and PPB use. PPB use could be measured continuously. 

For example, participants could answer how many hours per week they spend outdoors 

during mosquito season and also how many times per week they use each individual 

PPB. More specific questions about WNV could be used in assessing knowledge of risk, 

such as questions regarding the types of mosquitoes that transmit the virus, the role of 

birds in the spread of WNV, or the time of day that mosquitoes are most active.  

Regarding concern of WNV risk, we found a very high proportion of participants 

(85.9%) reported being somewhat concerned or very concerned about WNV. However, 

those numbers were not associated with the proportions of respondents using various 

PPBs. In addition, we did not find that concern about one’s personal risk of WNV 

infection was a significant predictor of PPB. Neither was concern a significant predictor 
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of pesticide support. We hypothesize that something other than one’s knowledge and 

concern about one’s personal risk of WNV is driving the use of PPBs, such as 

encouragement from family or friends, routine habits, or warnings from public health 

agencies about risks of mosquito bites. 

Previous studies regarding WNV and PPBs found that the perceived effectiveness 

of a PPB was a predictor of PPB use (Herrington 2003). Our results did not confirm these 

findings since we did not find that belief in the effectiveness of a PPB was a significant 

predictor of using that PPB. Surprisingly, in this study many respondents who reported 

using PPBs also reported that they did not believe the particular PPB was effective, while 

a smaller group of participants reported low use of PPBs despite believing in their 

effectiveness of preventing mosquito bites and WNV infection. Overall we found that the 

use of PPBs was very high, but the belief in the effectiveness of the PPBs of interest was 

relatively low. The results show that even if one didn’t believe a particular PPB to be 

effective, it was still practiced, possibly out of habit or to please others who do believe in 

its effectiveness. Reporting bias could also explain the reported high use of PPBs. Social 

desirability may have caused respondents to report that they practice more PPBs than 

they actually do to please the investigator, who was also present to give an educational 

talk on WNV. PPBs were described as good behaviors, and social desirability bias may 

have led to overreporting of PPB use.  

Only six respondents reported knowing someone who has or has had a WNV 

infection. Because WNV infection in humans is rarely detected, it is understandable that 

only 6.5% of respondents reported acquaintance with someone with WNV. Due to the 

low prevalence of detected WNV, the proportion of respondents with a WNV 
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acquaintance was small and we were unable, due to power issues, to show a statistical 

significance. However, the results seem to support our hypothesis that knowing someone 

with WNV would make one more likely to use PPBs.  

We also found that seventy percent of survey respondents expressed support of 

pesticides in the effort to protect the public from WNV. We had hypothesized that 

knowledge about WNV would be a predictor of pesticide support. While that was not a 

significant relationship found in this study, we did find that age, education level, and dog 

ownership were significantly related to pesticide support and PPB use. For example, age 

was a significant predictor of PPB use, with increased age related to increased PPB use, 

consistent with Herrington (2003), Wilson (2005), and Jones (2005). In addition, 

participants reporting a college degree or professional degree were significantly less 

likely to support pesticide use compared to those with less than a college education. Also, 

dog ownership was found to be a predictor of pesticide support, with dog owners less 

likely to support pesticide use than non-dog owners. The question on dog ownership was 

included in the survey because Herrington found that cat and dog owners were more 

likely to use PPBs than those without cats and dogs (Herrington 2003). Our results were 

not consistent with this finding.  

We did not find any difference in PPB use by gender, education, or marital status, 

contrasting the findings by Elliot (2008), Wilson (2005), and Herrington (2003). As 

mentioned previously, our sample was predominately female (82.2%), and thus lacked 

power to detect a difference in outcomes by gender. The sample population was older 

than the general population, and also used more PPBs than other study populations. In 

addition, our sample was highly educated, with 61.2% reporting a college or professional 
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degree. Overall, the sample lacked variability in demographics compared to other, larger 

study populations, which may influence the generalizability of these study results.   
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CHAPTER 6: CONCLUSION 

The goal of this study was to collect original data from a small subset of Delaware 

County residents to determine if the public is knowledgeable and concerned about WNV 

and if their use of PPBs and support of pesticide use are related to knowledge, concern 

and/or believed efficacy of the important PPBs, and if these relationships differ by 

gender, income or educational attainment. We also sought to identify any gaps in the 

knowledge and understanding of WNV and protective behaviors. We did find that the 

sample population was representative of the county’s racial and ethnic demographics, 

although limited in gender and age variability. The sample was also very well informed 

about WNV and used many PPBs. The survey revealed a host of information on 

Delaware County residents’ beliefs and attitudes regarding mosquitoes, mosquito control 

products and practices. The information will be invaluable in shaping the educational 

goals of the county’s West Nile Virus Surveillance and Control Program. Knowing that 

many residents are already using PPBs and understand the risks of WNV will shift the 

focus of the educational talks to more specifics on which PPBs are most effective and 

easiest to use, and which mosquito control products have been tested and shown effective 

at repelling mosquitoes.  

Some of our results were consistent with previous studies on public attitudes and 

knowledge on WNV. We found that age was a significant factor in PPB use and that 

using mosquito repellent was the PPB reported most frequently. Other results however, 

contradicted previous studies. We did not find that concern about one’s susceptibility to 

WNV corresponded to one’s PPB use. While respondents reported using many PPBs, it 

was neither knowledge nor concern for their health that was the driving force in their 
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reported practicing of these PPBs. Future research should examine what is driving the use 

of PPBs, perhaps cues from family or friends, routine habits, or warnings from public 

health agencies about risks of mosquito bites. 

Limitations 

For the purposes of this descriptive study, the sample size of 92 survey 

respondents was sufficient. However, the small sample within specific questions did limit 

the analysis of associations of interest, particularly, the relationship between acquaintance 

with someone with WNV and PPB use because only 6.5% of respondents reported 

knowing someone with WNV. The small sample size also limited the power to detect a 

relationship between perceived effectiveness of a PPB and use of the PPB (Aim 3). 

Because the majority of respondents were using all of the PPBs, the cell sizes for those 

not using PPBs were very small. Most respondents were also very well informed about 

WNV and PPBs. While the sample size did reflect the racial and ethnic makeup of 

Delaware County, the distribution of age and gender was not an accurate representation 

of the county population. The majority of respondents were older and female. With more 

males in the study sample, we may have detected a difference in PPB use by gender. A 

larger sample size would also have had more variability in income and education, 

possibly revealing a difference in WNV knowledge by either of those factors.  

The sample was also self-selected. Survey respondents all chose to attend an 

information session on West Nile Virus. Therefore, respondents were likely to be more 

educated and more motivated to learn about WNV and personal protective behaviors than 

other Delaware County residents not attending an informational session. The survey 

revealed that the sample population was already using many PPBs and was well informed 
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on WNV. This self-selection bias limits the results of the study to only those residents 

who were actively seeking information on WNV. The study population failed to include 

residents who are unaware of the presence of WNV in the county and unaware that 

pesticides are used in the county when WNV is found. It is also possible that those 

attending an information sessions overreported their PPB use due to social desirability 

bias. The survey was distributed by the primary investigator (EAE), who was also the 

coordinator of the WNV Surveillance and Control Program. Participants may have 

exaggerated their PPB use so as to please the investigator.  

The health belief model states that people will take action to protect themselves 

from an illness if they believe that: 1) they are susceptible, 2) the illness has serious 

consequences, 3) the course of action is beneficial, and 4) the anticipated benefits 

outweigh the costs (Neff 1998). The WNV survey assessed whether respondents believed 

they were susceptible to WNV. 56.5% of survey respondents reported that they believed 

they were somewhat likely to become infected with WNV. The survey also asked 

respondents if they believed WNV has serious consequences. 71.7% correctly answered 

that WNV can be a deadly disease. The Perceptions section of the survey asked 

respondents if they believed PPBs were effective at preventing mosquito bites and WNV 

infection, assessing whether they believed the course of action was beneficial. However, 

the survey lacked a section to determine if respondents believed that the anticipated 

benefits of using PPBs outweighed the cost of using them. Future studies should include 

an assessment of the prohibitive costs of using PPBs.  

Without the inclusion of anticipated benefits and risks, the survey results cannot be 

fully applied to the health belief model in addressing how and why people protect 
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themselves from WNV. It could be that many people believe in the effectiveness of 

wearing long sleeves and pants in preventing mosquito bites, but find that actually 

wearing protective clothing in the summer months is prohibitive, and that the cost of 

wearing heavy clothing in the heat does not outweigh the benefits of preventing mosquito 

bites. Other costs of PPBs include the safety concerns surrounding mosquito repellent 

and DEET, the time it takes to drain standing water from around one’s home, and the 

limitation of staying indoors in the evenings and not being able to enjoy the warm 

weather outside. Information on what residents believe to be prohibitive to PPB use will 

help public health educators understand what prevents people from protecting themselves 

from mosquito bites and to try to find new ways to encourage use of PPBs. Educational 

campaigns can target those prohibitive factors with suggestions for making practicing 

protective behaviors easier.  

Future Steps 

 The survey results also highlight a need for more publicity of the WNV 

Surveillance and Control Program of Delaware County. While county residents are well 

informed about WNV and how it is spread, many are unaware that the Surveillance and 

Control Program exists to answer their questions and concerns about mosquitoes and the 

threat of WNV. For example, 60.9% of respondents had never heard of the county 

program. Along with publicizing the program, more educational outreach should be 

planned, with an emphasis on pesticide safety.  

The Perceptions section of the survey asked respondents to agree or disagree with 

various statements about the efficacy of PPBs and the safety of pesticides. The results 

from these questions suggest that many people are uncertain about the benefits and risks 
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of pesticides and mosquito repellent, especially DEET. The PPB most frequently used by 

respondents was wearing mosquito repellent, with 80.6% reporting use. However, only 

47.8% of those using repellent reported that their repellent contains DEET, showing that 

many respondents are using repellents with active ingredients other than DEET. It is 

important that the public understands that many of those products have not been proven 

effective against mosquito bites, or may not provide the same lasting protection that 

repellent with DEET can. The survey revealed that some participants lacked an 

understanding of pesticide and repellent safety.  

 A new educational campaign will be developed by the staff of the Delaware 

County WNV Surveillance and Control Program and will target pesticide safety, repellent 

options, and facts on DEET. Flyers with information on the program will be distributed in 

neighborhoods where mosquito traps are set. In addition, input from the public on safety 

concerns will be solicited. Continued assessments of the public’s knowledge and beliefs 

about mosquitoes and WNV will allow the needs of the community to be met.  

Interestingly, another survey question found that 70.65% of the respondents have 

purchased some type of mosquito control product for use around their home. Both 

concern about WNV infection and the nuisance caused by mosquito bites have led to an 

increased market for insecticides and mosquito repellents. However, the efficacy of many 

of these products has not been proven. Thus, we found that participants in this study are 

using PPBs, some known to be effective and some not proven effective. Future studies 

should focus on educating residents regarding the effectiveness and 

advantages/disadvantages of specific PPBs to improve usage. In addition, future trials of 

the various products, such as ultrasonic devices and home foggers should be conducted 
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for the sake of the consumer. In new educational talks given by the WNV Program of 

Delaware County, those products and their efficacy should be discussed to inform 

residents as to what products will be an advisable purchase.  

In conclusion, future surveys regarding the public’s knowledge regarding WNV 

will need to reach a more diverse population than that of the current study. A door-to-

door or telephone survey targeting a broad range of the county’s neighborhoods could be 

possible to understand the knowledge, concerns and beliefs of county residents dependent 

on the stability of funding levels for the state WNV Program. Offering the survey to any 

resident, regardless of whether they have the time to come to an information session will 

allow for a larger, more diverse sample. An online survey will provide for a larger sample 

size, and it can be combined with an online podcast containing a taped informational 

session that will provide the same educational benefit of participating in an in-person 

educational talk and survey.  
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APPENDIX A 

WEST NILE VIRUS SURVEY 

Knowledge of West Nile Virus 

The following questions will assess your current understanding of West Nile Virus. 
Please check just one box for each of the following questions. 
 

1. Have you ever been bitten by a mosquito? 

☐ Yes 

☐ No 

☐ Don’t know/not sure 

2. Did you see mosquitoes around your home during the summer months?  

☐ Yes 

☐ No 

☐ Don’t know/not sure 

3. In your opinion, do you think that mosquito activity near your residence during 

the summer months was: 

☐ Low 

☐ Medium 

☐ High  

☐ Don’t know/not sure 

4. How concerned are you about yourself or your family members being bitten by 

mosquitoes?  

☐ Very concerned 

☐ Somewhat concerned 

☐ Not concerned 

☐ Don’t know/not sure 

5. Had you heard of West Nile Virus (WNV) before today? 

☐ Yes 

☐ No 

☐ Don’t know/not sure 

6. If you answered yes to question 5 above, where did you hear about WNV? For 

this question, select all the boxes that apply. 

☐ TV 

☐ Radio 

☐ Newspaper 

☐ Friend/family member 

☐ Flyers from township/borough/county 

☐ Penn State Cooperative Extension 

☐ Internet source 

☐ Other 
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7. Do you believe that mosquitoes can transmit disease? 

☐Yes  

☐ No 

☐ Don’t know/not sure 

8. How concerned are you about WNV or other mosquito transmitted diseases?  

☐ Very concerned 

☐ Somewhat concerned 

☐ Not concerned 

☐ Don’t know/not sure 

9. What do you think is your likelihood of contracting WNV? 

☐ Extremely likely 

☐ Somewhat likely 

☐ Not at all likely 

☐ Don’t know/not sure 

10. Do you know someone who has or has had WNV? 

☐ Yes 

☐ No 

11. In your opinion, how does someone contract WNV? 

☐ From contact with someone who has WNV 

☐ From drinking contaminated water 

☐ Through the bite of any mosquito 

☐ From eating contaminated food 

☐ Through the bite of a mosquito infected with WNV 

☐ Don’t know/not sure 

12. In your opinion, which of the following age groups is most at risk for WNV: 

☐ Children 

☐ Adults between 18-50 

☐ Adults over 50 

13. In your opinion, can WNV be a deadly disease? 

☐ Yes 

☐ No 

☐ Don’t know/not sure 

14. In your opinion, can standing water become a place for mosquitoes to breed? 

☐ Yes 

☐ No 

☐ Don’t know/not sure 

15. Have you heard about the WNV Surveillance and Control Program run in 

Delaware County? 

☐ Yes 

☐ No 

16. If you answered yes to question 15 above, where did you hear about the WNV 

Program? Please check all the boxes that apply. 
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☐ Cooperative Extension mailings 

☐ Flyers 

☐ Friend/family member 

☐ Newspaper 

☐ Internet 

☐ other 

 
Personal Protective Behavior   

The following questions are meant to measure the actions you take to protect 
yourself from mosquito bites. Please check only one box for each question. Select the 
box that best corresponds to your behavior. 
 

17. You take action to protect yourself from mosquito bites: 

☐ Always 

☐ Often 

☐ Sometimes 

☐ Seldom 

☐ Never 

18. You use mosquito repellent: 

☐ Always 

☐ Often 

☐ Sometimes 

☐ Seldom 

☐ Never 

19. When you use mosquito repellent, you apply it directly to your skin: 

☐ Always 

☐ Often 

☐ Sometimes 

☐ Seldom 

☐ Never 

☐ Not applicable (I don’t use repellent) 

20. Does your repellent contain DEET? 

☐ Yes 

☐ No  

☐ Don’t know/not sure 

☐ Not applicable (I don’t use repellent) 

21. If you have children living with you, (under 18 years of age) when do you apply 

mosquito repellent to their skin? 

☐ Always 

☐ Often 

☐ Sometimes 

☐ Seldom 
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☐ Never 

22. Does the mosquito repellent you use on your children’s skin contain DEET? 

☐ Yes 

☐ No 

☐ Don’t know/not sure 

☐ Not applicable (I don’t have children living with me) 

23. You stay indoors in the late afternoon and early evening to avoid mosquito bites:  

☐ Always 

☐ Often 

☐ Sometimes 

☐ Seldom 

☐ Never 

24. You wear long sleeves and pants to avoid mosquito bites: 

☐ Always 

☐ Often 

☐ Sometimes 

☐ Seldom 

☐ Never 

25.  You drain standing water around your home: 

☐ Always 

☐ Often 

☐ Sometimes 

☐ Seldom 

☐ Never 

26.  Do you purchase other mosquito control products? If yes, please check the 

boxes for all of those that you have used. 

☐ CO2 lures/attractants 

☐ Combination sun tan lotion and mosquito repellent 

☐ Bug zappers 

☐ Foggers 

☐ Clip on ultrasonic mosquito repellent 

☐ Coils, lanterns, or candles 

☐ Mosquito traps or sticky paper 

☐ Home insect killer/pesticide 

☐ Sinks/larvacides 

☐ None/Not applicable 

 

Perceptions 

The next set of questions is meant to measure your opinions regarding mosquito 
control and its effectiveness. Please select the box that best describes how you feel 
regarding each statement. 
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27. Using insect repellent is effective at preventing mosquito bites. 

☐ Strongly agree 

☐ Agree 

☐ Neutral 

☐ Disagree 

☐ Strongly disagree 

28. Insect repellents contain toxins that can make one sick. 

☐ Strongly agree 

☐ Agree 

☐ Neutral 

☐ Disagree 

☐ Strongly disagree 

29. Staying indoors during the late afternoon and evening is effective at preventing 

mosquito bites. 

☐ Strongly agree 

☐ Agree 

☐ Neutral 

☐ Disagree 

☐ Strongly disagree 

30. Wearing long pants/sleeves is effective at preventing mosquito bites. 

☐ Strongly agree 

☐ Agree 

☐ Neutral 

☐ Disagree 

☐ Strongly disagree 

31. Pesticides used to kill mosquitoes also kill or harm other plant and animal life. 

☐ Strongly agree 

☐ Agree 

☐ Neutral 

☐ Disagree 

☐ Strongly disagree 

32. Pesticides that are used to kill mosquitoes can make people sick. 

☐ Strongly agree 

☐ Agree 

☐ Neutral 

☐ Disagree 

☐ Strongly disagree 

33. Pesticides that are used to kill mosquitoes are more dangerous than West Nile 

Virus. 

☐ Strongly agree 

☐ Agree 

☐ Neutral 
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☐ Disagree 

☐ Strongly disagree 

34. I would support a program that sprays pesticides in my neighborhood when 

WNV is present in the area. 

☐ Strongly agree 

☐ Agree 

☐ Neutral 

☐ Disagree 

☐ Strongly disagree 

35. I would support a program that sprays pesticides in my neighborhood if 

someone in the area got sick with WNV. 

      ☐ Strongly agree 
     ☐ Agree 
            ☐ Neutral 
           ☐ Disagree 
               ☐ Strongly disagree 

36. DEET is an environmental hazard.  

☐ Strongly agree 

☐ Agree 

☐ Neutral 

☐ Disagree 

☐ Strongly disagree  

 
 
 
Demographics 

Please answer the following questions regarding your personal background. There 
is no need to write your name or any other identifying information. All surveys will 
be kept anonymous. Please check just one box for each question. Question 42 is a fill 
in the blank question; all others are multiple choice.  
 

37. Age 

☐ 18-30 

☐ 31-40 

☐ 41-50 

� 51-60 
� > 61 

38. Gender 

☐ Male 

☐ Female 

39. Ethnicity 

☐ Hispanic 

☐ Non-Hispanic 
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40. Race 

☐ White/Caucasian 

☐ Black/African American 

☐ Asian 

☐ Mixed Race 

☐ Other 

41. Current marital status 

☐ Single 

☐ Married or Cohabitating 

☐ Divorced 

☐ Other 

 
42. Annual income 

☐ <$25,000 

☐ $25,001-$50,000 

☐ $50,001-$75,000 

☐ > $75,001 

43. Township/borough:                                                                 . 

44. Education 

☐ Some high school 

☐ Finished high school/GED 

☐ Some college 

☐ Finished college 

☐ Graduate/professional degree 

45. Are you a current dog owner? 

☐ Yes 

☐ No 

46. Do you have children (<18 years of age) living with you? 

☐ Yes 

☐ No 

47. Do you currently have health insurance? 

☐ Yes  

☐ No 

48. Which of the following best describes your current living situation? 

☐ Single family home 

☐ Twin home 

☐ Row home 

☐ Apartment/condo 

49. Current employment 

☐ Full time 

☐ Part time 

☐ Not employed/retired 
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50. Description of your home. Do you currently have (Please circle yes or no for each 

of the following): 

� Air conditioner? 

Yes    no 

� Open deck or unscreened porch? 

Yes    no 

� Screened porch or deck? 

Yes    no 

 

� Above ground pool? 

Yes    no 

� In-ground pool? 

Yes    no 

� Screens on all doors and windows? 

Yes    no 

� Tears or holes in screens? 

Yes    no 

 
Thank you for your participation in this survey. If you have any questions 
regarding this survey or West Nile Virus, please contact: 
 
Beth Ann Eichler 
Penn State Cooperative Extension 
West Nile Virus Program Coordinator 
610-690-7675 
eae13@psu.edu 
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APPENDIX B 
 

CONSENT FORM 

        West Nile Virus Survey 
 
 
 

RESEARCH SUBJECT INFORMATION AND CONSENT FORM 
(02/24/2011) 

 
TITLE: West Nile Virus Survey  

 
PROTOCOL NO.:   IRB Protocol #  
 
INVESTIGATORS: Deborah B. Nelson, PhD 

   Associate Professor,  

Department of Public Health and Ob/Gyn 

   Temple University 

1301 Cecil B Moore Ave, RA 905 

Philadelphia, PA  19122 

 

   Elizabeth Ann Eichler 

   College of Health Professions   Penn State 

Cooperative Extension 

   M.S. Epidemiology, 2011    Delaware County 

   Temple University    20 Paper Mill Rd. 

Philadelphia, PA  19122   Springfield, PA 19064 
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STUDY-RELATED PHONE NUMBER(S): 610-690-7675  610-247-

7716 

 
This consent form may contain words that you do not understand.  Please ask the 
study staff to explain any words or information that you do not clearly understand.  
You will take home an unsigned copy of this consent form in case you have questions 
after completing the survey. 
 
Temple University is not receiving monetary compensation for performing this 
study. 
 

PURPOSE 
You are being asked to take part in a survey. The survey is meant to assess your 
knowledge and attitudes regarding mosquitoes, mosquito-borne diseases, mosquito 
bite prevention methods, and the West Nile Virus Surveillance and Control Program 
in Delaware County, Pennsylvania. You are being asked to participate in this survey 
because you are a resident of Delaware County.  
 
 
 
PROCEDURES 
This survey will involve your answering a series of multiple choice questions related 
to mosquitoes, mosquito bite prevention methods, and West Nile Virus. You will be 
asked to answer a few questions describing yourself but you will not need to 
provide your name or any other identifying information. You will complete the 
survey now and hand it back today. The survey should take 15 to 20 minutes to 
complete.  
RISKS AND DISCOMFORTS 
 
There are no potential risks to you from your participating in this survey other than 
any general anxiety that you may feel when answering test like questions.  
 
BENEFITS 
While you are not expected to receive any direct benefits from your participation in 
the survey, your participation may benefit others by showing a need for more public 
education regarding West Nile Virus.  
 
ALTERNATIVE  
Participation in this survey is completely voluntary.  You may refuse to participate 
or stop participation at any time and it will not affect your ability to receive services 
from Penn State Cooperative Extension.  
 
CONFIDENTIALITY 
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You understand that you will be asked a series of questions related to mosquitoes, 
and mosquito bite prevention. You understand that all information will be kept 
anonymous in accordance with all applicable federal, state, and local laws and 
regulations. Your informed consent will be kept separate from all other data. You 
understand that the results of the study may be published. If any data is published, 
you will not be identified by name.  
 
You understand that you have the right to full and complete information regarding the survey and that you 
may contact the student if you have any questions or concerns.  

 
VOLUNTARY PARTICIPATION AND WITHDRAWAL 
I understand that my participation in this study is entirely voluntary, and that 
refusal to participate will involve no penalty or loss of benefits to me. I understand 
that I will receive no compensation or benefits for my participation in this study. 
 
QUESTIONS 
If I have any questions about my rights as a research subject, I may contact the 
Institutional Review Board at (215) 707-3390. The IRB Coordinator may also be 
reached by email: IRB@temple.edu or by regular mail: 

 
Institutional Review Board Coordinator 
Temple University Research Administration 
Student Faculty Conference Center 
3340 North Board Street – Suite 304 
Philadelphia, PA 19140   

If I have any questions about research related concerns, I may contact Deborah 
Nelson at 215-204-9659. 
 
Do not sign this consent form unless you have had a chance to ask questions and 
have received satisfactory answers to all of your questions.  
 
 
If you agree to participate in this study, you will receive a signed and dated copy of 
this consent form for your records. 
 
CONSENT 
 
You have read this consent form (or it has been read to you and the study has been 
explained to you).  All your questions about the study and your participation in it have 
been answered.  You freely consent to participate in this research study. By signing this 
consent form, you have not waived any of the legal rights that you otherwise would 
have as a subject in a research study. You have received a copy of this consent form. 
 
 
________________________________________ 
Subject Name 
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________________________________________ __________________ 
Signature of Subject Date 
 
If Applicable 
 
________________________________________ __________________ 
Signature of Legally Authorized Representative Date 
(when applicable) 
 
 
________________________________________________________________________ 
Authority of Subject’s Legally Authorized Representative or Relationship to Subject 
(when applicable) 
 
________________________________________ __________________ 
Signature of Person Conducting Informed Date 
Consent Discussion 
 
________________________________________ __________________ 
Signature of Principal Investigator Date 
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Cooperative Extension 
Delaware County 

Smedley Park 
20 Paper Mill Road 
Springfield, PA 19064-2705 

Phone: 610-690-2655 
Fax: 610-690-2676 
E-mail: DelawareExt@psu.edu  
Web: http://delaware.extension.psu.edu 

 
 
February 10, 2011 
 
Richard C. Throm 
Director, Office for Human Subject Protections 
Temple University 
Student Faculty Conference Center 
3340 North Broad Street 
Philadelphia, Pennsylvania 19140 
 
Dear Dr. Throm: 

I am writing to endorse the Master’s project of Elizabeth A. Eichler: West Nile Virus 
Survey. Beth Ann is employed in our office of Penn State Cooperative Extension as the 
Coordinator of the West Nile Virus (WNV) Surveillance and Control Program. The program is 
funded through a contract with Delaware County Office of Intercommunity Health Coordination 
with funds provided by Pennsylvania Department of Environmental Protection. 

I have consulted with the PSU IRB and am hopeful that they will also approve this survey. 
It is entirely appropriate for Beth Ann to conduct the survey as part of her employment and within 
the scope of her contracted appointment, since public education is part of her responsibility. I have 
reviewed the survey that Beth Ann intends to use, and the information gathered will be very 
helpful as a needs assessment, for setting objectives and planning for public education efforts 
moving forward.  

Once we receive appropriate approvals, we will use the local Penn State Cooperative 
Extension public relations contacts and press releases to make educational programs available to 
groups. Beth Ann expects to collect data from audiences gathered for her program before the 
program is delivered. She will also gather data from other Extension educational program 
audiences. She expects to ask individuals to complete the survey who have called for services 
from the WNV Surveillance and Control Program. 

If you need further information from my office, please contact me (jem28@psu.edu ). 

 

Sincerely, 
 
 
Joyce E. Morrison  
County Extension Director 
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