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Abstract 

Predictors of Perceived Zoonotic Disease Risk Among the American Public 

By Cheri Grigg 

 

Background: During the past twenty years, several newly emerged, zoonotic diseases have resulted 

in outbreaks in the United States of America (U.S.).  With these emergence events and the increased 

role of media in health communication, public risk perception has become an important factor 

influencing health behaviors of the general public. 

 

Objective: As a step toward understanding factors that influence zoonotic disease risk perception, 

this analysis examined demographic characteristics, disease knowledge, attitudes, practices and media 

exposure as predictors of an elevated perception of zoonotic disease risk 

Methods: Results of a nationally representative survey were used to construct a perceived zoonotic 

disease threat score (PTS).  Student’s t-test was used to examine the difference in mean PTS between 

individuals with and without each exposure or characteristic of interest. Exploratory factor analysis 

was conducted to allow further characterization of the relationship between individual characteristics 

and elevated PTS.  Results of the exploratory factor analysis were used in the construction of a 

logistic regression model predicting the odds of elevated PTS. 

Results: Exploratory factor analysis resulted in a three factor solution, with each factor named based 

on the concepts it represents (Prevention Behaviors, Knowledge Seeking Behaviors, H1N1 

Concerns).  A binary logistic regression model was constructed using the 3 Factor solution, sex, race, 

household income, education level, U.S. Census Division and having a child as predictors.  When 

adjusting for other demographic and lifestyle characteristics, Knowledge Seeking Behaviors 

(Adjusted odds ratio 2.7; 95% Confidence Interval 1.8-4.1), H1N1 Concerns (0.1; 0.007-0.7), male 

sex (1.4; 0.98-2.1), Black race (2.3; 1.4-3.7), household income levels above $24,999 and education 

levels beyond a high school diploma each predicted an elevated PTS. Results from the logistic 

regression model were similar to the results of the initial correlation estimates. 

Conclusion: The ability to use Knowledge Seeking Behaviors, H1N1 Concerns, sex, race, household 

income and education level in predicting populations with increased odds of having a high perception 

of risk, can be an important tool allowing health communicators target specific populations and create 

customized public health messaging and zoonotic disease risk communication.    
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Introduction 

During the past twenty years, several newly emerged, zoonotic diseases have resulted in 

outbreaks in the United States of America (US).  With these emergence events and the increased role 

of media in health communication, public risk perception has become an important factor influencing 

health behaviors of the general public. 

 

Risk perception, also referred to as ‘hazard perception’, has been studied in the US and 

abroad related to broad public health domains such as food safety and ecological risk (1-3).  Subject 

specific studies on zoonosis risk perception, and outbreak specific studies have also been conducted, 

however most of these studies only sought to determine the level of risk perceived by the public (4-7); 

the question of what individual characteristics predict the level of perceived risk remains to be 

answered.   With a greater understanding of individual risk perception, public health officials would 

have an opportunity to predict public responses to newly emerging diseases, direct educational efforts 

and, and develop more effective risk communication strategies(8). 

 

Background 

Over 60% of existing human pathogens are zoonotic and approximately 75% of emerging 

pathogens are of animal origin (9-12).  Globally, human population growth, expansion of urban 

development, the ability to travel worldwide with relative ease, and the accompanying trafficking of 

animals has strengthened the inextricable link between humans, animals and the environment. 

Exposure to disease from companion animals, wildlife, and the surrounding environment is an 

inevitable possibility.   Globalization has drastically increased the ease, and the likelihood of 

international infectious disease spread(5).  Therefore, it is important the public understands how to 

minimize the risk of zoonotic disease transmission, an outcome that is only possible if public health 

agencies are able to effectively communicate prevention messages based on the public’s perception of 

risk(13). 
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Emerging zoonotic diseases, and zoonotic diseases in general, have gained notoriety among 

Americans over the past decade. In 1999, West Nile Virus emerged for the first time in the Western 

Hemisphere via an outbreak in New York City.  The outbreak was characterized by an epidemic of 

encephalitis and meningitis of unknown etiology in the human population, and increased mortality 

among New York City birds(14).  Collaboration between human health and animal health agencies 

eventually revealed West Nile Virus as the culprit (14-16).   

In November 2002, Severe Acute Respiratory Syndrome (SARS) emerged in Guangdong 

Province, China and subsequently infected over 8,000 people in 26 countries across 5 continents(17, 

18).  By the time the global outbreak was contained in July 2003, over 800 people died of the 

infection. (19).  While there were only 29 cases, and no deaths in the United States (20), it became 

apparent that emerging infectious disease outbreaks can lead to substantial fear in the general 

public(5, 21).  

In April 2009, novel influenza A subtype H1N1 virus emerged in the United States and 

Mexico(22, 23).  The virus, responsible for the world’s first influenza pandemic of the 21
st
 century, 

was a quadruple reassortment virus with genes from human, swine and avian influenza A viruses(22).  

By the time the World health Organization (WHO) officially declared a pandemic in June 2009, there 

were nearly 30,000 confirmed cases in 74 countries (23, 24).  Within a year, most countries in the 

world had reported confirmed infections with the novel virus(23).  Alarmingly, young healthy 

individuals were disproportionately affected and the virus maintained sustained human to human 

transmission throughout the summer, which is unusual for influenza(23).  Ultimately, the pandemic 

H1N1 2009 virus was responsible for over 16,000 confirmed deaths worldwide, with countless others 

undiagnosed or unreported(23).  The initial moniker of “swine flu” was misleading, in that the human 

virus was not directly transmitted from swine to humans, however the modern pandemic was a 

dramatic reminder of the interconnection between human and animal health. 
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Risk Perception 

The juxtaposition of zoonotic disease outbreaks with a growing American obsession with 

health and wellbeing in the media has resulted in new relationships developing between the general 

public, public health and the media (13, 25).   

Several theories have been proposed to help better understand how the general public 

assesses risk.  The psychometric paradigm appears to be one of the most common methodological 

approaches to studying an individual’s perception of risk.  It involves developing a list of risky events 

that span the range of potential hazards, developing psychometric scales describing the characteristics 

that influence human perception of risk, and asking individuals to evaluate the list of risky events 

based on the scale. The individual risk evaluations are interpreted using multivariate statistical 

methods such as factor analysis to identify the underlying factors that explain the variation in 

individual responses (3, 26).  However a major shortcoming in theories such as the psychometric 

paradigm are that they do not fully capture the rational and irrational factors that contribute to an 

individual’s risk perception(8, 26).  Risk perception has been shown to be rooted in social and 

cultural factors, as well as personal characteristics such as familiarity with the hazard and personal 

ability to influence the risk (8, 27).  Risk concerns may come about rationally, or they may just be a 

surrogate for other social or ideological concerns (8).  This is the main difference in risk perception 

by the public and risk perception by experts: experts tend to determine risk based on facts and 

numbers, while the general public has a much more complex hazard analysis (1, 2, 4, 8).  Because of 

this, it is essential that experts consider social and cultural factors when structuring risk 

communication; otherwise, risk management and risk communication efforts will be ineffective (8).  

True risk, along with the public’s perception of that risk, should be considered for effective 

communication between public health officials and the general public (8, 13). 
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The Health Belief Model (HBM) is a theoretical approach explaining health-related behaviors 

and beliefs and their influence on health-related decision making.  HBM proposes that when 

contemplating making changes in health behavior, individuals consider perceived susceptibility and 

severity of disease, perceived benefits and barriers to prevention, cues to action and their confidence 

in their ability to make their desired change (self-efficacy)(28). To effectively influence public health 

it is essential that policy makers and health promoters understand how the public perceives and 

responds to risk(8).  Gaining this understanding would better inform communication between public 

health scientists and researchers, and the general public.  

 

Risk communication through the US media can be a useful tool for public health officials; 

however media coverage can have varied impacts on an individual’s understanding and perception of 

risk.  According to Paul Slovic, the ability to evaluate a hazard is closely linked to the news media 

because the majority of citizens do not have first-hand experience with a potential hazard and 

therefore their only experience with the hazard is through threat documentation and reporting by the 

news media(8).  Media attention to infectious diseases has generally been the result of the need to 

communicate timely safety information to the public, combined with the need to sell print media and 

maximize viewers.  In a 2004 editorial in Science, Roger Glass suggested media attention, and 

therefore the attention of the general public, tends to lean disproportionately toward emerging 

infections of relatively little consequence, compared to more deadly national and international 

outbreaks such as seasonal flu, and diarrheal diseases(25). Glass proposes highly publicized emerging 

disease outbreaks have invoked fear in the general public, increasing the perceived risk of infection 

and disease(25).  This is a potentially valid proposal given the 2004 Glass editorial was written 

following several years of both intentional and naturally occurring diseases such as West Nile Virus, 

anthrax, and severe acute respiratory syndrome (SARS).   
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As a step toward understanding factors that influence risk perception, this analysis will 

explore zoonotic disease-related risk perceptions and the association with various demographic 

characteristics, disease knowledge, attitudes and practices.  This information can help guide public 

health messaging and interventions to better target specific populations based on their perception of 

risk at the interface between humans, animals and the environment. This study will also determine 

what individual characteristics could be used to predict an elevated level of perceived zoonotic 

disease risk.  Individual demographics will be considered in addition to characteristics such as 

knowledge seeking behaviors and exposure to news media coverage to the influenza A H1N1 

pandemic.   
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Methods 

The Survey 

The 2009 Porter Novelli ConsumerStyles Survey was administered in three parts between 

April and October, 2009 to a stratified random sample of a consumer survey mail panel (total 328,000 

panelists).  The survey included questions in varying formats covering knowledge, attitudes and 

practices of a wide range of health topics.  The main sample was stratified on region, household 

income, population density, age & household size to create a nationally representative sample.  A low 

income/minority supplement, and a households-with-children supplement were used to ensure 

adequate representation. This analysis was conducted on a subset of the 2009 ConsumerStyles dataset 

comprised of individuals who answered the entire three part survey (n= 2412).   

The survey included questions regarding health and zoonoses-related knowledge, attitudes 

and exposures.  Five Likert-type questions, with elements from HBM, were included to assess 

perceived threat of contracting a zoonotic disease [Table 1].   Response categories for each question 

were assigned values ranging 1-5 (1 strongly disagree; 5 strongly agree).  Responses were summed to 

create what the author is calling a perceived zoonotic disease threat score (PTS; range 5-25); a higher 

PTS represented a higher perceived threat. All survey data were weighted so the sample distribution 

of gender, age, income, race, and household size matched that of the general population according to 

the U.S. Census 2008 Current Population Survey. 

Descriptive Statistics 

Student’s t-test was used to compare mean PTS between those with and without each 

exposure or characteristic of interest.  
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Exploratory Factor Analysis 

Factor analysis was selected as an analysis method in an effort to summarize the 

interrelationships between variables, and allow the inclusion of the maximum amount of information 

possible in the examination of predictors of elevated PTS.   

A dichotomous variable was created from the PTS, with a score greater than or equal to 20 

classified as “high perceived threat”.  A score of 20 or higher indicates the respondent selected a four 

(“agree”) or greater for each of the five Likert-scale threat questions, or selected at least one five 

(“strongly agree”).  The author acknowledges dichotomizing in this manner may result in a loss of 

sensitivity, particularly if an individual selected fives (strongly agree) on three likert-scale questions, 

but ultimately had a PTS of 19 because of low responses in the remaining questions. 

Exploratory factor analysis was conducted using principal axis factoring and promax rotation 

on SAS 9.3 Software.    Evaluation of Kaiser’s Measure of Sampling Adequacy revealed an overall 

MSA of 0.77, and individual MSA values were greater than 0.5, confirming factorability. Initial 

factors were extracted using Common Factor Analysis, with variable prior communality estimated as 

the squared multiple correlation with all other variables.  Factors were initially retained if they 

accounted for at least 10% total variation, had an Eigenvalue greater than 1 and cumulatively 

represented greater than 70% of variation.  Items without a factor loading of ≥0.30 were dropped.  

Solutions with 3, 4 and 5 factors met the above criteria and were subjected to rotation to determine a 

parsimonious and reliable result.  Twenty-three variables were retained in the analysis. 

Oblique rotation was applied to facilitate factor interpretability and because it was suspected 

the factors would not be independent.  The factors were expected to be conceptually different, 

however it was anticipated that there may be some correlation between two or more of the factors.  

Following oblique rotation of all the initial factor solutions, the 3 factor solution resulted in a 
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parsimonious, simple solution factor pattern.  There was a 33% correlation between Factor 2 and 

Factor 3 , so the oblique rotation was determined to be appropriate.   

The resulting 3 factors were normally distributed.  Factors were dichotomized into high and 

low categories using the median factor score as the cut point (Factor 1: 2.94, Factor 2: 15.06, Factor 

3: 181.950).  These Factors were included in a logistic regression model predicting PTS high (≥ 20) 

or not high (<20), adjusted for age, sex, income, education, US Census division of residence and 

whether or not the respondent had a child.  Age was maintained as a continuous variable, and 

cutpoints for income and education level were determined based on existing health behavior literature 

(Household Income: <$25K, $25-49,999, $50-74,999, >$75K; Education: High school diploma or 

less, some college, college graduate, post graduate education).   

Sensitivity analysis was conducted by creating a similar logistic regression model using a 

PTS score dichotomized with different cut points.  For the sensitivity analysis, PTS was dichotomized 

based on whether or not the individual indicated strong agreement, and therefore high perceived 

threat, for at least two of the likert-scale threat questions; the summed threat score was not used as a 

criteria when dichonomizing.  The predictor variables remained the same as in the primary model, 

with the same cutpoints. 
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Results 

Descriptive Statistics and Statistical Trends 

During initial analysis, 71 observations were excluded because they did not complete all five 

Likert-scale perceived threat questions, resulting in a study sample size of 2,341 survey participants.  

Responses were analyzed based on the individual’s demographics, report of the presence or absence 

of various exposures and level of agreement with knowledge and attitude statements [Table 2, Table 

3].  PTS were normally distributed (mean 13.3; SD 4.1).   

Black study participants had a significantly higher PTS than whites, but no significant 

difference was observed between the PTS of Hispanic respondents compared to white respondents.  

Participants with an annual household income over $50,000 had a significantly lower mean PTS 

compared to participants with a household income lower than $25,000.   Individuals with a college or 

post graduate education had a significantly lower mean PTS compared to participants without post-

secondary education.  Participants living in New England had the highest PTS (mean 14.2; SD 3.7) 

while participants living in the Mountain division had the lowest PTS (mean12.4; SD 4.3).   

Individuals who indicated agreement with the statement “rabies is a serious problem around 

the world”, individuals who indicated disagreement with the statement “raw milk is safe to drink”, 

and individuals who reported knowing “more about health and nutrition than most people” all had a 

higher mean PTS.  Individuals who had ever found a tick on themselves had a significantly lower 

mean PTS compared to those who had not, while having a previous diagnosis of Lyme Disease did 

not make a significant difference in mean perceived threat. 

Participants who reported hiking as a regularly enjoyed leisure activity had a lower mean PTS 

compared to individuals who did not hike (hikers mean 12.8 SD 4.3; non-hikers mean 13.4 SD 4.1), 

however there was no significant difference between participants who did and did not report hunting 

as a regular activity (Hunters mean13.4 SD 4.0; non-hunters mean 13.3 SD 4.2).  People who did and 
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did not report leisure gardening had no significant difference in their mean PTS (gardener mean 13.2 

SD 4.0; non-gardener mean 13.4 SD 4.2). 

Individuals who closely followed the news about Influenza A(H1N1), individuals who 

planned to get an H1N1 vaccine, and individuals who were worried about contracting the H1N1 virus 

had a higher mean PTS compared to individuals who did not report these concerns.  Individuals who 

felt the news media was exaggerating the dangers of H1N1 had a significantly lower mean PTS 

compared to individuals who felt the news media was not taking H1N1 seriously enough.  

Participants who reported their workplace developed a plan to respond to a possible outbreak of 

Influenza A (H1N1) did not have a significantly different threat score compared to individuals who 

did not report having a workplace response plan.    

Factor Analysis 

Because of missing values for factor items, 173 observations were omitted.  The 3 factor 

solution account for 83% of the total variation, and each factor had a minimum of 4 variables with 

loadings greater than 0.4 [Table 4]. The 3 factors were labeled according to their item content Factor 

1, “prevention behaviors” (38.6% of variance), Factor 2, “knowledge seeking behaviors” (29.4% of 

variance), and Factor 3, “H1N1 concerns” (15.1 % of variance).   

Of the 2,168 observations retained for factor analysis, 182 (7.7%) had a high PTS (score 

≥20).  The initial model included the three factor solution, age, sex, income, education, income, US 

Census division of residence, whether or not the individual had a child and interaction terms between 

the factors and the demographic variables.  The variable for age of the respondent, and associated 

interaction terms, were removed due to collinearity conflicts with Factor 2 and Midwest region.   

Interaction terms were assessed using backward elimination.  The final model identified nine 

predictors of high PTS [Table 5], with significant interaction between Factor 3 and income. 
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The sensitivity analysis model showed small variations in the estimated OR in the model used for 

sensitivity analysis compared to the primary model, however the variations were not large enough to 

change interpretation of the results.  Because the variation was not meaningful, the primary model 

with PTS dichotomized based on summed score is determined to be robust.  
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Discussion:  

Participant’s perceived health risks at the interface between humans, animals and the 

environment differed from what was anticipated.  Overall, the infectious disease threat questions 

reflected a low level of perceived threat from animals, insects, and their environment.  Additionally, 

examining correlations between PTS and lifestyle traits such as pet ownership, hunting and 

gardening, it appears individuals with exposure to certain known risk factors for zoonotic disease had 

an unexpectedly lower PTS.   

Lyme disease is caused by infection with Borrelia burgdorferi, a tickborne bacteria(29).  Tick 

bites are a known risk factor for contracting Lyme disease, however individuals who reported finding 

a tick on themselves had a statistically lower mean PTS compared to those who had not found a tick.  

Conversely, individuals with a history of Lyme disease had a higher mean PTS (not statistically 

significant).  The present study does not provide explanation for this occurrence, however based on 

the HBM, a Lyme disease diagnosis may increase an individual’s perceived susceptibility and 

perceived severity, thus influencing their attitudes and beliefs regarding risk of zoonotic disease.  

Similarly, individuals with a history of a tick bite, but who were not subsequently diagnosed with 

Lyme disease may have a lower perceived susceptibility because their exposure did not result in 

disease.  This finding suggests personal experience influences perceived risk, a conclusion supporting 

Slovic’s analysis(8).   

Many of the statistically significant relationships between the various exposures and PTS 

found in the preliminary analysis were duplicated in the logistic regression model produced.  

Controlling for age, sex, region of residence, income, education and the other Factors, the odds of a 

person who scored high in Factor 2, (knowledge seeking behaviors), having a high PTS was 2.7 times 

that of a person with a low Factor 2 score.  In the preliminary analysis, individuals who were aware 
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that rabies is a worldwide problem, knew raw milk is not safe to drink and felt they knew more about 

health than most other people all had higher PTS (significant at =0.05).   

The increase in perceived threat resulting from media exposure described by Glass(25) was 

also demonstrated in this analysis.  In preliminary analysis, individuals who closely followed media 

coverage of H1N1 reported a higher mean PTS, additionally individuals who believed the media was 

not taking the threat of H1N1 seriously had a higher mean PTS.  In the logistic regression model, 

individuals with a high Factor 3 score (H1N1 concerns) had slightly greater odds of a high PTS 

compared to those with a low Factor 3 score.  Similarly, income, race and education all had 

statistically significant associations with PTS in preliminary analysis and each of these exposures 

proved a statistically significant predictor of a high PTS, with black males living in the northeast US 

having the highest OR compared to white females living in the western US (OR 6.29; CI 2.59,15.27). 

Strengths and Weaknesses 

Historically, health messaging tended to focus on conveying information and did not consider 

the individual characteristics and behavioral patterns that affect an individual’s access, ability and 

willingness to use such information.  According to HBM, in order for behavioral change to 

successfully occur, people must accept their susceptibility to a condition, understand the true severity 

of the consequences, and feel empowered to take necessary action.   In general, the ability to use 

knowledge seeking behaviors, sex, race, income, education and residency as predictors of perceived 

threat of zoonotic disease can be a useful tool in predicting what populations have the greatest odds of 

having a high or low perception of risk, and therefore allow health communicators to target specific 

populations and create customized messaging.  However, this study only analyzes predictors for an 

individual’s perceived categorical high or low risk, but does not indicate if an individual’s perception 

of risk is higher than warranted, or so low that they may not employ proper precautions.  The extra 
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step of quantifying perceived risk would have allowed me to make this determination and would 

prove more useful in targeting groups and prioritizing risk communication. 

In future analysis, I would not include pet ownership variables in the Factor determination 

because pet ownership characteristics would be more useful when used as a predictor of PTS rather 

than a factor variable.    This would allow a more direct analysis of the impact of pet ownership on 

PTS, and the ability to estimate an OR for high PTS based on pet ownership.  While pet ownership is 

taken into account when calculating factor scores, the ability to produce estimates based on pet 

ownership could be extremely useful in the justification of targeting pet owners for interventions or 

education initiatives. 

Based on the sensitivity analysis, dichotomizing PTS by the summed score is acceptable.  

However the model with PTS dichotomized based on and individual indicating strong agreement with 

at least two of the Likert-scale threat questions did not show evidence of collinearity problems.  As a 

result, age of the respondent remained an independent predictor in the model, which may make it a 

more desirable model if age is deemed an important factor for intervention planning and 

implementation.    

While this study presents a number of interesting associations between perceived threat and 

personal characteristics, and suggests predictors of a high perception of threat, it does not indicate 

directionality in how perceived threat and behavior interact.  Does high perceived threat motivate 

protective behaviors or does performing protective behaviors reduce perceptions of threat?  Similarly, 

does higher education, and exposure to risk factors reduce perceived threat because these individuals 

feel more informed of the true threat level and prevention methods?  How does increasing income and 

education level impact perceived threat?  According to HBM, perceived susceptibility and knowledge 

play a role in health behavior in a general sense, but additional studies examining this relationship as 

it pertains to zoonotic disease would be interesting. 
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This survey was conducted during the 2009 influenza A (H1N1) pandemic, therefore study 

participants may have had a heightened sense of threat related to zoonoses.  Perceptions of threat can 

be a motivating force for people to seek information and perform protective behaviors.  However, it is 

impossible to tell if heightened perceived threat of H1N1 infection lead individuals to follow H1N1 

news coverage more closely, for example, or if closely following the news resulted in increased 

perceived threat.   
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Future Directions  

Since the WNV, SARS and H1N1 outbreaks in the US, other emerging diseases of animal 

origin have continued to impact public health.  Many activities can put an individual at risk for 

contracting a zoonotic disease.  Some types of exposures are obvious, such as animal contact at 

agricultural fairs and petting zoos (30, 31), while other forms of contact may be less obvious, such as 

contact with pet food (32).  In recent years, backyard poultry flocks have grown in popularity, 

resulting in a noticeable spike in cases of human Salmonellosis from live poultry; CDC has recorded 

over 700 cases of human Salmonellosis linked to backyard poultry flocks in the last two years 

alone(33, 34).  In addition to traditional foodborne outbreaks, Americans have also been infected with 

Salmonella transmitted directly or indirectly from pet amphibians, reptiles, domestic cats and even 

dog food (32, 35-39).   

In addition to the domestic examples of new infections and new vectors, there have been 

highly publicized instances of emerging zoonoses overseas.  In 2013, notable investigations of 

emerging zoonotic diseases have included Influenza A H7N9 in China, Middle East Respiratory 

Syndrome Coronavirus (MERS CoV) in the Arabian Peninsula, and the third consecutive year of 

domestic swine-origin influenza A outbreaks in the US (40-49).   

Continued evaluation of factors affecting the public’s perception of risk will improve the 

effectiveness of health communication surrounding these emerging threats.  Studies evaluating the 

link between an individual’s perceived risk and their actual risk of contracting a zoonotic disease are 

essential.  The primary question for a future study would be: If an individual’s perceived risk is lower 

than their actual risk, are they more likely to contract a zoonotic disease compared to individuals with 

reasonable or elevated perceived risk?   

The analysis included in this study gives a general sense of predictors of elevated risk, but 

more studies are needed to determine how risk perception influences disease outcome.  Risk 
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communication and public health education are ultimately aimed at reducing morbidity and mortality.  

The potential identification of zoonotic disease risk perception as a risk factor for developing a 

disease could revolutionize the way public health officials seek to reduce disease, and support an even 

greater emphasis on effective risk communication to the general public.  

 

  



18 
 

 

References 

1. Fife-Schaw C, Rowe G. Public perceptions of everyday food hazards: a psychometric study. 

Risk analysis : an official publication of the Society for Risk Analysis 1996;16(4):487-500. 

2. Kraus N, Malmfors T, Slovic P. Intuitive Toxicology: Expert and Lay Judgments of Chemical 

Risks. Risk Analysis 1992;12(2):215-32. 

3. McDaniels T, Axelrod LJ, Slovic P. Characterizing perception of ecological risk. Risk analysis : 

an official publication of the Society for Risk Analysis 1995;15(5):575-88. 

4. Jensen KK, Lassen J, Robinson P, et al. Lay and expert perceptions of zoonotic risks: 

understanding conflicting perspectives in the light of moral theory. International journal of 

food microbiology 2005;99(3):245-55. 

5. Smith RD. Responding to global infectious disease outbreaks: Lessons from SARS on the role 

fo risk perception, communication and management. Social Science and Medicine 

2006;63:3113-23. 

6. Wilkins MJ, Bartlett PC, Frawley B, et al. Mycobacterium bovis (bovine TB) exposure as a 

recreational risk for hunters: results of a Michigan Hunter Survey, 2001. The international 

journal of tuberculosis and lung disease : the official journal of the International Union 

against Tuberculosis and Lung Disease 2003;7(10):1001-9. 

7. Brug J, Aro AR, Oenema A, et al. SARS risk perception, knowledge, precautions, and 

information sources, the Netherlands. Emerging infectious diseases 2004;10(8):1486-9. 

8. Slovic P. Perception of Risk. Science (New York, NY) 1987;236(4799):280-5. 

9. Jones KE, Patel NG, Levy MA, et al. Global trends in emerging infectious diseases. Nature 

2008;451(7181):990-3. 



19 
 

 

10. Taylor LH, Latham SM, Woolhouse ME. Risk factors for human disease emergence. 

Philosophical transactions of the Royal Society of London Series B, Biological sciences 

2001;356(1411):983-9. 

11. Woolhouse M, Gaunt E. Ecological origins of novel human pathogens. Critical reviews in 

microbiology 2007;33(4):231-42. 

12. Woolhouse ME, Gowtage-Sequeria S. Host range and emerging and reemerging pathogens. 

Emerging infectious diseases 2005;11(12):1842-7. 

13. Hughes JM. Emerging infectious diseases: the public's view of the problem and what should 

be expected from the public health community. Archives of virology Supplementum 

2005(19):207-13. 

14. CDC. Outbreak of West Nile-like viral encephalitis: New York, 1999. MMWR 1999;48:845-49. 

15. Lanciotti RS, Roehrig JT, Deubel V, et al. Origin of the West Nile virus responsible for an 

outbreak of encephalitis in the northeastern United States. Science (New York, NY) 

1999;286(5448):2333-7. 

16. Mostashari F, Bunning ML, Kitsutani PT, et al. Epidemic West Nile encephalitis, New York, 

1999: results of a household-based seroepidemiological survey. Lancet 2001;358(9278):261-

4. 

17. Peiris JS, Guan Y, Yuen KY. Severe acute respiratory syndrome. Nature medicine 2004;10(12 

Suppl):S88-97. 

18. Wang MD, Jolly AM. Changing virulence of the SARS virus: the epidemiological evidence. 

Bulletin of the World Health Organization 2004;82(7):547-8. 

19. Update: severe acute respiratory syndrome--worldwide and United States, 2003. MMWR 

Morbidity and mortality weekly report 2003;52(28):664-5. 



20 
 

 

20. Christian MD, Poutanen SM, Loutfy MR, et al. Severe acute respiratory syndrome. Clinical 

infectious diseases : an official publication of the Infectious Diseases Society of America 

2004;38(10):1420-7. 

21. Das V. Stigma, Contagion, Defect: Issues in the Anthropology of Public Health. Bethesda, 

Maryland, September 5-7 2001. 

22. Pappaioanou M, Gramer M. Lessons from pandemic H1N1 2009 to improve prevention, 

detection, and response to influenza pandemics from a One Health perspective. ILAR journal 

/ National Research Council, Institute of Laboratory Animal Resources 2010;51(3):268-80. 

23. World Health Organization. What is pandemic (H1N1) 2009 virus [electronic article]. Global 

Alert and Response (GAR). 

24. Christman MC, Kedwaii A, Xu J, et al. Pandemic (H1N1) 2009 virus revisited: an evolutionary 

retrospective. Infection, genetics and evolution : journal of molecular epidemiology and 

evolutionary genetics in infectious diseases 2011;11(5):803-11. 

25. Glass RI. Perceived threats and real killers. Science (New York, NY) 2004;304(5673):927. 

26. Barch Fischhoff PS, Sarah Lichtenstein, Stephen Read, Barbara Combs. How Safe is Safe 

Enough? A Psychometric Study of Attittudes Towards Technological Risks and Benefits. 

Policy Sci 1978;9:127-52. 

27. Ortwin Renn WJB, Jeanne X. Kasperson, Roger E. Kasperson, Paul Slovic. The Social 

Amplification of Risk: Theoretical Foundations and Empirical Applications. Journal of Social 

Issues 1992;48(4):137-60. 

28. Institute NC. Theory at a Glance, A Guide for Health Promotion Practice. NIH Publication No 

05-3896 2005;13-14. 



21 
 

 

29. Sood SK, Salzman MB, Johnson BJ, et al. Duration of tick attachment as a predictor of the 

risk of Lyme disease in an area in which Lyme disease is endemic. The Journal of infectious 

diseases 1997;175(4):996-9. 

30. Compendium of measures to prevent disease associated with animals in public settings, 

2011: National Association of State Public Health Veterinarians, Inc. (1545-8601 

(Electronic)). 

31. Goode B Fau - O'Reilly C, O'Reilly C Fau - Dunn J, Dunn J Fau - Fullerton K, et al. Outbreak of 

escherichia coli O157: H7 infections after Petting Zoo visits, North Carolina State Fair, 

October-November 2004. (1538-3628 (Electronic)). 

32. Behravesh Cb Fau - Ferraro A, Ferraro A Fau - Deasy M, 3rd, Deasy M 3rd Fau - Dato V, et al. 

Human Salmonella infections linked to contaminated dry dog and cat food, 2006-2008. 

(1098-4275 (Electronic)). 

33. Casey Barton Behravesh. 2013. 

34. Loharikar A Fau - Vawter S, Vawter S Fau - Warren K, Warren K Fau - Deasy M, 3rd, et al. 

Outbreak of Human Salmonella Typhimurium Infections Linked to Contact with Baby Poultry 

from a Single Agricultural Feed Store Chain and Mail-Order Hatchery, 2009. (1532-0987 

(Electronic)). 

35. Hoelzer K Fau - Moreno Switt AI, Moreno Switt Ai Fau - Wiedmann M, Wiedmann M. Animal 

contact as a source of human non-typhoidal salmonellosis. (0928-4249 (Print)). 

36. Hale CR, Scallan E, Cronquist AB, et al. Estimates of enteric illness attributable to contact 

with animals and their environments in the United States. Clinical infectious diseases : an 

official publication of the Infectious Diseases Society of America 2012;54 Suppl 5:S472-9. 

37. CDC. Reports of Selected Salmonella outbreak Investigations, 2012. 2012. 

(http://www.cdc.gov/salmonella/outbreaks.html). (Accessed November 30, 2012 2012). 



22 
 

 

38. Mermin J, Hutwagner L, Vugia D, et al. Reptiles, amphibians, and human Salmonella 

infection: a population-based, case-control study. Clinical infectious diseases : an official 

publication of the Infectious Diseases Society of America 2004;38 Suppl 3:S253-61. 

39. Mettee Zarecki SL, Bennett SD, Hall J, et al. US outbreak of human Salmonella infections 

associated with aquatic frogs, 2008-2011. Pediatrics 2013;131(4):724-31. 

40. R A Perera PW, M R Gomaa, R El-Shesheny, A Kandeil, O Bagato, L Y Siu, M M Shehata, A S 

Kayed, Y Moatasim,, M Li LLP, Y Guan, R J Webby, M A Ali, J S Peiris, G Kayali. 

Seroepidemiology for MERS coronavirus using microneutralisation and pseudoparticle virus 

neutralisation assays reveal a high prevalence of antibody in dromedary camels in Egypt, 

June 2013. Eurosurveillance 2013;18(36). 

41. Food and Agriculture Organization of the United Nations. Addressing the avian influenza 

A(H7N9) emergency. Risk management along the food chain. Rome, 2013. 

42. Guery B, Poissy J, El Mansouf L, et al. Clinical features and viral diagnosis of two cases of 

infection with Middle East Respiratory Syndrome coronavirus: a report of nosocomial 

transmission. Lancet 2013. 

43. Ndapewa Laudika Ithete SS, Victor Max Corman, Veronika M. Cottontail, Leigh Rosanne 

Richards, M. Corrie Schoeman, Christian Drosten, Jan Felix Drexler , and Wolfgang Preiser. 

Close Relative of Human Middle East Respiratory Syndrome Coronavirus in Bat, South Africa. 

Emerging infectious diseases 2013;19(10):Letter. 

44. Memish ZA, Zumla AI, Al-Hakeem RF, et al. Family Cluster of Middle East Respiratory 

Syndrome Coronavirus Infections. The New England journal of medicine 2013. 

45. Assiri A, McGeer A, Perl TM, et al. Hospital Outbreak of Middle East Respiratory Syndrome 

Coronavirus. The New England journal of medicine 2013. 



23 
 

 

46. Breban R, Riou J, Fontanet A. Interhuman transmissibility of Middle East respiratory 

syndrome coronavirus: estimation of pandemic risk. Lancet 2013. 

47. Reusken CBEM, Haagmans BL, Müller MA, et al. Middle East respiratory syndrome 

coronavirus neutralising serum antibodies in dromedary camels: a comparative serological 

study. The Lancet infectious diseases 2013. 

48. Epperson S, Jhung M, Richards S, et al. Human infections with influenza A(H3N2) variant 

virus in the United States, 2011-2012. Clinical infectious diseases : an official publication of 

the Infectious Diseases Society of America 2013;57 Suppl 1:S4-S11. 

49. Centers for Disease Control and Prevention. Influenza A (H3N2) Variant Virus. 2013. 

(http://www.cdc.gov/flu/swineflu/h3n2v-cases.htm). (Accessed September 10 2013). 

 

  



24 
 

 

Tables 

Table 1. Infectious disease threat questions (n= 2341).
a
 

  Weighted % 

Infectious diseases caused by my interaction with 
animals and the environment are a threat to my health 

 Strongly/somewhat disagree 34.76 

Neither agree nor disagree 32.62 

Strongly/somewhat agree 32.62 

New infectious diseases are coming from interactions 
people are having with animals and their surroundings 

 Strongly/somewhat disagree 38.66 

Neither agree nor disagree 38.51 

Strongly/somewhat agree 22.82 

I am at risk for getting an infectious disease that comes 
from bugs around my home or on my pets 

 Strongly/somewhat disagree 40.57 

Neither agree nor disagree 33.75 

Strongly/somewhat agree 25.68 

I am concerned about getting an infectious disease from 
my outdoor activities 

 Strongly/somewhat disagree 57.41 

Neither agree nor disagree 26.56 

Strongly/somewhat agree 16.02 

The possibility of getting an infectious disease from a 
pet, wild animal, or outdoor bugs scares me 

 Strongly/somewhat disagree 53.65 

Neither agree nor disagree 27.79 

Strongly/somewhat agree 18.56 

a
Only respondents who completed all five zoonotic disease threat questions were eligible.   
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Table 2. Demographic characteristics & mean perceived threat level of 
HealthStyles Respondents 2009 (n= 2,341).

a
 

  
Total     

n (weighted %)  Mean (SD) P-value* 

Gender 
   Male 1136 (47.3) 13.5 (4.0) 

 Female 1205 (52.7) 13.2(4.2) P=0.23 

Age (years) 
   18-34 (ref) 253 (24.2) 13.0(5.5) 

 35-54 1155 (38.1) 13.4(3.8) P=0.14 

55+ 933 (37.7) 13.5(4.1) P=0.11 

Race/Ethnicity
b
 

   White (ref) 1570 (74.4) 13.0(4.2) 

 Black 298 (9.3) 15.3(4.1) P<0.05 

Hispanic 306 (11.4) 13.5(3.9) P=0.12 

Household Income 
   <$25K (ref) 609 (24.3) 14.0(4.5) 

 $25-49,999 492 (23.7) 13.7(4.5) P=0.24 

$50-74,999 397 (19.3) 13.0(3.9) P<0.05 

>$75K 843 (32.7) 12.8(3.6) P<0.05 

Education
c
 

   High school graduate or less (ref)  727 (29.9) 13.8(4.2) 

 Some College 858 (37.9) 13.4(4.2) P=0.08 

College Graduate 442 (19.8) 12.8(4.1) P<0.05 

Post Graduate 296 (12.4) 12.9(3.8) P<0.05 
a
Only respondents who completed all five zoonotic disease threat questions were eligible.  

b
167 Missing values 

   
c
18 Missing values 

   *2-Sample T-test 
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Table 3. Mean perceived threat level by participant exposures, knowledge, attitudes and practices; 

HealthStyles Respondents 2009 (n= 2,341).
a
 

  Mean (SD) P-value* 

Knowledge & Exposures 

  Rabies is a serious problem around the world 

  Strongly/Moderately Disagree 11.1(3.7) 

 Strongly/Moderately Agree 13.5(3.7) P<0.0001 

I know more about health and nutrition than most other people  

 Strongly/Moderately Disagree 12.8(4.2) 

 Strongly/Moderately Agree 13.3(4.3) P<0.05 

Raw milk is safe to drink  

 Strongly/Moderately Disagree 13.8(4.0) 

 Strongly/Moderately Agree 12.7(4.5) P<0.05 

Currently own any pets
b
 

  No 14.0(4.1) 

 Yes 13.0(4.1) P<0.05 

Ever found a tick on themselves  

 No 13.5(4.2) 

 Yes 12.9(4.1) P<0.05 

Ever diagnosed with Lyme Disease  

 No 13.3(4.1) 

 Yes 14.3(4.2) 0.2678 

Healthcare related job with patient contact
c
 

      Yes 13.1(4.7) 

     No 15.0(4.6) P=0.39 

Workplace developed a plan to respond to a possible outbreak of Inflenza A 

(H1N1) 

  No 13.2(4.2) 

 Yes 13.1(3.9) 0.6936 

Practices 

  Plan to get the vaccination for influenza A (H1N1) this year- September 2009 to 

April 2010 

  No 13.0(4.2) 

 Yes 13.8(4.1) P<0.05 

Use purell 

     Monthly, less often or never 12.8(4.2) 

     Daily or Weekly 13.8(4.1) P<0.05 

Wash animal bite wounds with soap and water to prevent rabies
d
 14.0(4.2) P<0.05 

Check children for bites after returning from outdoor settings to prevent rabies
d
 14.5(4.0) P<0.05 

Attitudes  

 Level of concern about the spread of Influenza A(H1N1)  in the US 

  Very/somewhat concerned 11.9(4.3) 

 Not at all/not very concerned 13.8(4.0) P<0.05 

How closely followed news stories about Influenza A(H1N1) in the past month 

  Very/fairly closely 13.9(4.0) 

 Not at all/not too closely 13.5(12.2) P<0.05 

Opinion on how the news media is reporting the dangers of inflenza A (H1N1) 

  News media are not taking the dangers seriously 14.7(4.0) 

 News media are exaggerating the dangers 12.2(4.2) P<0.05 

Worried themselves or immediate family may contract influenza A (H1N1) 

during next 12 months
e
 

  No 12.3(4.2) 

 Yes 14.1(4.0) P<0.05 
aOnly respondents who completed all five zoonotic disease threat questions were eligible.  
d54 Missing values 

  e43 Missing values 

  dCompared to participants who reported not doing any activity to prevent themselve & their family from getting rabies (mean 13.3; SD 4.7) 
efor participants who indicated they were worried about contracting H1N1 
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Table 4. Rotated Factor Pattern (n=2168)*       

  Factor1 Factor2 Factor3 

Factor 1: Prevention behaviors    

Which do you do in order to prevent you and your family from getting 

rabies?- I/we get pets vaccinated annually 
75 -3 0 

Which do you do in order to prevent you and your family from getting 

rabies?- I/we  keep pets under close supervision so they don’t catch 

rabies from a wild animal 

71 3 2 

Which do you do in order to prevent you and your family from getting 

rabies?- I/we  have pets spayed or neutered so they will be more likely 

to stay home 

70 1 4 

Currently own a pet 68 -16 -9 

Currently own a dog 61 -13 -5 

Which do you do in order to prevent you and your family from getting 

rabies?- I/we call local animal control officer if I see a wild animal 

acting strangely 

46 21 14 

Which do you do in order to prevent you and your family from getting 

rabies?- I/we  wash the wound with soap and water for at least five 

minutes if bitten by an animal. 

45 20 10 

Which do you do in order to prevent you and your family from getting 

rabies?- I/we go see a doctor immediately if I/anyone gets bitten by an 

animal 

41 18 13 

Currently own a cat 37 -12 -9 

Which do you do in order to prevent you and your family from getting 

rabies?- I/we  check my children for bites when coming from trips to 

parks, camps, or outdoor settings 

33 17 9 

Which do you do in order to prevent you and your family from getting 

rabies?- I/we don’t handle wild animals 
32 9 11 

Factor 2: Knowledge seeking behaviors    

Agreement with statement: I try to understand my personal health risks 1 66 13 

Agreement with statement: It is important to me to be informed about 

health issues 

-1 60 18 

Agreement with statement: I know more about health and nutrition than 

most other people 

2 55 3 

Agreement with statement: I actively try to prevent disease and illness 1 54 13 

Agreement with statement: When I read or hear something that's 

relevant to my health care, I bring it up with my doctor 

1 53 20 

Agreement with statement: I like to get health information from a 

variety of sources 

3 41 12 

Does your work involve direct contact in the care of patients?  11 38 -22 

Do you work in a health care related job? 8 37 -22 

Factor 3: H1N1 Concerns    

Worried you or someone in your immediate family may get sick from 

H1N1 in next 12 months? 

9 4 72 

Worried you or someone in your immediate family may get sick from 

seasonal influenza in next 12 months? 

10 1 67 

How concerned are you about the spread of H1N1 in the US? 4 20 59 

How closely have you been following H1N1 news stories? 4 30 48 

*Values are multiplied by 100 and rounded to the nearest integer †173 observations omitted 

due to missing values 
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Table 5. Predictors of a High (>20) Perceived Threat Score (n=2168) 
Predictor Crude OR (95% CI) Adjusted OR (95% CI) 

Factorsa (ref=low)  
 

Prevention Behaviors 0.8 (0.6-1.2) 0.8 (0.6, 1.2) 

Knowledge Seeking Behaviors 3.5 (2.3, 5.2)*† 2.7 (1.8, 4.1)*† 

H1N1 Concerns 4.1 (2.7, 6.4)*† 0.1 (0.007, 0.7)*† 

Sex  
 

Male 1.1 (0.8, 1.6) 1.4 (0.98, 2.1)† 

Race/Ethnicity (ref=white)  
 

Black 3.5 (2.2, 5.5)*† 2.3 (1.4, 3.7)*† 

Hispanic 1.5 (0.9, 2.6) 1.2 (0.7, 2.1)  

Household Income (ref <25K)  
 

$25-49,999 0.6 (0.4, 0.96) *† 0.5 (0.3,0.9)*† 

$50-74,999 0.4 (0.2, 0.6) *† 0.3 (0.2, 0.7)*† 

>$75K 0.3 (0.2, 0.5) *† 0.3 (0.2, 0.5)*† 

Education (ref= HS Graduate or less) 

Some College 0.7 (0.4, 0.99) *† 0.7 (0.5, 1.1)† 

College Graduate 0.4 (0.2, 0.7) *† 0.5 (0.3,0.97)*†  

Post Graduate 0.5 (0.2, 0.9) *† 0.6 (0.3, 1.1)† 

United States Census Division (ref=West) 

Northeast 1.6 (0.8, 2.9) 1.9 (1.0, 3.7)*† 
Midwest 1.1 (0.6, 2.0) 1.1 (0.6, 2.0) 

South 1.3 (0.8, 2.2) 1.0 (0.6, 1.7) 

Have a child   
 

Yes 0.8 (0.5, 1.3) 1.1 (0.7, 1.7) 
* significant at a=0.05 ; †significant at a=0.15 
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Appendix I: Census Regions and Divisions of the United States, from Census.gov 

 


