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Abstract

:

Antimicrobial resistance, which decreases the efficacy of antibiotics and other antimicrobials, has led to concerns about the use of antibiotics in livestock production. Consumers play an important role in influencing producers’ decisions about the use of antimicrobials through their choices in the marketplace, which are driven by attitudes toward these practices. This study examines consumers’ levels of concern about (and acceptance of) the use of antibiotics in livestock production for four objectives: to treat, control, and prevent infections, and to promote growth. Results reveal that the majority of respondents were highly concerned about antibiotic use to promote growth in livestock production and considered this use to be unacceptable. Participants with higher objective knowledge of antibiotic resistance and antibiotic use in livestock production were more likely to accept antibiotic use to treat and control disease, but less likely to accept its use to prevent disease or to promote growth. Participants with high levels of trust in the livestock industry were more likely to accept antibiotic use to control and prevent infections and to be neutral about antibiotic use to promote growth in food animals. Respondents who believed that antibiotic use decreases animal welfare were more likely to be very concerned about antibiotic use to treat, prevent, and control disease, and less likely to accept antibiotic use to treat diseases in food animals. The study findings should be of interest to producers considering the adoption of sustainable technologies and production practices, food retailers making procurement decisions, and policymakers identifying policies that can alleviate antimicrobial resistance in the agri-food sector.
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1. Introduction


Antimicrobial resistance (AMR) is one of the most significant threats to human health worldwide [1]. AMR is the capability of viruses, bacteria, fungi, and parasites to resist the effects of antimicrobial medicines (such as antivirals, antibiotics, antifungals, and antimalarial drugs) to which they were once sensitive [2]. Approximately 1.27 million people died globally in 2019 due to AMR infections and by 2050 the death toll is expected to increase to 10 million people [3,4]. O’Neill [5] reported that if actions are not taken to address AMR, the global gross domestic product will decrease by two to three-and-a-half percent by 2050, costing the world up to USD 100 trillion. The most recent estimates of the annual costs of AMR infections to the United States healthcare system are between USD 21 billion and USD 34 billion a year [2,6].



The emergence and spread of AMR bacteria threaten our ability to treat bacterial infections, leading to an increase in diseases, disability, and death [7]. In 2018, the Centers for Disease Control and Prevention (CDC) reported that more than 220 varieties of bacteria with new or rare antibiotic-resistant genes were found in 27 U.S. states [8], which is particularly troubling as there has been a marked decrease in efforts to develop new antibiotics in recent decades [9,10]. According to the CDC, at least 2.8 million people in the United States are infected with AMR bacteria each year, resulting in 35,000 deaths and increased costs for consumers and the health care system [11].



Antibiotics are one of the most used types of antimicrobial drugs in the livestock sector given that livestock diseases without antibiotic use may present a huge loss to livestock producers [12,13,14]. However, the widespread use of antibiotics in livestock production has been linked to the prevalence of AMR in pathogens, including pathogens found in human populations [15,16,17,18]. Livestock-related AMR bacteria have been detected in foods [19,20] as well as in agricultural soils and adjacent waterways [21,22]. The livestock sector accounts for approximately 80 percent of all the antibiotics used in the United States annually [23]. The U.S. Food and Drug Administration [24] permits antibiotics to be used in food animals to: (1) treat diseases in food animals that are sick; (2) control diseases for a group of food animals when some of the animals are sick; and (3) prevent disease in food animals that are at risk of becoming sick. In the U.S. livestock industry, antibiotics have also been used as growth promotants for increased feed efficiency [8]. However, as of 2017, drugs that are deemed medically important to human health are not allowed for use as growth promotants in the United States [8]. When using antibiotics to control and prevent diseases (or when using antibiotics as growth promotants), antibiotics are given to animals that do not exhibit symptoms of the illness the antibiotics are designed to treat.



Given the current use of antibiotics in livestock production and links identified between antibiotic use and the spread of antibiotic resistance, it is important to understand consumer views of, and attitudes toward, antibiotic use in livestock production and antibiotic resistance. It is well documented that product attributes and production processes influence consumer choices [25,26,27,28,29,30,31]. At the same time, consumer acceptance of, or aversion to, production processes and technologies determines, to a large extent, their adoption by producers and, consequently, the type of products that will be supplied in the market; for instance, concerns about consumer acceptance of new plant breeding techniques is viewed as a significant limitation to the development of these breeding methods [32].



A few studies have examined consumer views of animal products produced with and without antibiotics. Lusk et al. [33] examined consumers’ willingness to pay for antibiotic-free meat, and consumers’ willingness to contribute to the mitigation of antibiotic resistance in the U.S. Their results showed consumer support for a ban on the sub-therapeutic use of antibiotics and willingness to pay more for antibiotic-free meat. Olynk et al. [34] found a positive willingness to pay for milk verified to have been produced without the use of antibiotics. Goddard et al. [35] examined consumer willingness to consume meat products from animals treated with antibiotics in Canada and Germany. They found that German consumers were less willing to consume meat products from animals treated with antibiotics than Canadian consumers. The authors also found that individuals with greater animal welfare concerns were more likely to reject the use of antibiotics in livestock production in both countries. Busch et al. [36] examined consumers’ opinions of the relationship between antibiotic use in livestock production and a variety of outcomes in Germany, Italy, and the U.S. They find that consumers are concerned about the implications of the use of antibiotics in livestock production and antibiotic resistance; however, U.S. respondents held more positive views of the use of antibiotics than German and Italian respondents.



While the above studies shed some light on consumers’ attitudes toward the use of antibiotics in livestock production in general, there are no studies to our knowledge that analyze U.S. consumers’ attitudes toward the use of antibiotics for different purposes in livestock production. The main objective of our study was to identify the key factors affecting U.S. consumers’ levels of concern about and acceptance of the use of antibiotics in livestock production for four purposes: to treat, control, and prevent infections, and to promote growth.



In our study, we measured consumers’ levels of concern about, and acceptance of, the use of antibiotics in livestock production to treat, control, and prevent infections, as well as to promote growth in food animals. We also identified individual-specific factors—with a particular focus on self-assessed (or subjective) and objective knowledge and beliefs about antibiotic resistance—that influence consumer concerns and acceptance of these uses. We hypothesize that individual-specific factors, such as knowledge and beliefs, are important determinants of consumer attitudes toward antibiotic use in livestock production as these factors have been found in previous studies to explain differences in the willingness to pay for products [33,37,38], the willingness to vote for ballot initiatives [39], as well as to avoid information related to AMR [40]. Meerza et al. [40] identified that knowledge of antibiotic resistance and antibiotic use in food animals plays an important role in predicting AMR information avoidance. Specifically, they found that consumers with little or no knowledge of antibiotic resistance and antibiotic use in food animals were more likely to avoid information about AMR compared to consumers with high or moderate knowledge of antibiotic resistance and antibiotic use in food animals.



Both subjective and objective knowledge are the most commonly used measures of knowledge in consumer research [41]. Subjective knowledge is important in explaining individuals’ confidence in decisions and their willingness to act [42,43]. On the other hand, objective knowledge depicts what an individual actually knows [44]. While subjective knowledge and objective knowledge of antibiotic resistance among the general public are currently low [40], international bodies, such as the World Health Organization (WHO), have prioritized campaigns to increase awareness and understanding of AMR among healthcare workers and the general public [45], which may lead to marked changes in consumer knowledge and beliefs. Understanding how knowledge and beliefs relate to concern about and acceptance of antibiotic use may help predict future shifts in consumer/voter support for these practices.



The remainder of the paper is structured as follows. Section 2 discusses the survey design; Section 3 presents the empirical model specification. Section 4 describes the data and provides descriptive statistics. Section 5 presents the empirical results and the last section concludes the paper.




2. Survey Design


A survey was developed to achieve our study objectives. To ensure the scientific accuracy of our survey questions, we consulted relevant experts from animal science, food science, and microbiology. This survey received approval from the University of Nebraska-Lincoln Institutional Review Board (approval number: 20180418265EX). The survey included questions that addressed consumer knowledge of antibiotic use in livestock production and antibiotic resistance as well as consumer perceptions of, and attitudes toward, antibiotic use in livestock production, antibiotic resistance, and animal welfare. The survey was administered online by the survey firm IRi using their probability-based consumer panel designed to be representative of the US population. IRi invited a total of 8528 panel consumers (who were the households’ primary shoppers and 19 years or older) by sending a consent email with a link to the online survey. Responses were collected in May and June 2018. IRi closed the online survey when they collected 1030 responses. After removing incomplete responses, 1025 completed surveys were used in the analysis.



The survey consisted of three sections. The first section collected information on demographic variables, such as the respondent’s age, gender, race, education, household income, family size, number of children in the family, and the respondent’s or family member’s employment or involvement in the human health or livestock/animal health sector. The second section of the survey included questions that gauged attitudes toward animal welfare. People’s attitudes toward animal welfare have been found to be important in explaining their levels of acceptance of antibiotic use in livestock production [35]. Information was also collected about participants’ meat consumption habits, factors affecting meat purchasing decisions, personal antibiotic use, and experience with antibiotic drug effectiveness. The last section of the survey included questions that measured participants’ subjective and objective knowledge of antibiotic resistance and antibiotic use in livestock production along with participants’ perceptions of, and level of concern about, antibiotic resistance and antibiotic use in livestock production. Participants also indicated their levels of concern about and acceptance of the use of antibiotics in livestock production for, treatment, control, prevention, and as a growth promotant.




3. Model Description


We used ordered probit models to identify factors affecting the participants’ levels of concern about and acceptance of the use of antibiotics for treatment, control, prevention, and growth promotion in livestock production. The specifications of the ordered probits in this study followed Wooldridge [46], who defined    y i    as an individual  i ’s response for   1 ,   2 ,   3 ,   4 … j   categories. The ordered probit for   y ,   given   x ,   models    y *   , which is a latent variable. For individual  i , the latent variable can be defined as:


    y i *    =  x i ′  β +  u i    



(1)




where    x i    comprises relevant individual features,   i = 1 ,   2 , … , n   and    u i  ~ N   0 , 1    . β presents a k × 1 column vector. Given the unknown threshold values of    α 1  <  α 2  < ⋯ <  α  j − 1    , the relationship between    y i    (i.e., the observed variable) and    y i *    (i.e., the latent variable) can be written as:


   y i  = 1       w h e n − ∞ <  y i *  ≤  α 1   



(2)






    y i  = 2   w h e n    α 1  <  y i *  ≤  α 2      y i  = 3   w h e n    α 2  <  y i *  ≤  α 3   ⋮      y i  = j   w h e n    α  j − 1   <  y i *  ≤ ∞    











Then, the conditional distribution of  y  given  x  can be derived from:


  Pr    α  j − 1   = j   = Pr (  α  j − 1   <  y i *  ≤  α j  )  



(3)






   =    Pr  (  α  j − 1   <  x i ′  β +  u i  ≤  α j  )    =    Pr  (  α  j − 1   <  x i ′  β +  u i  ≤  α j  −  x i ′  β )    =    F       α j  −  x i ′  β   − F    α  j − 1   −  x i ′  β     








where F refers to the cumulative distribution function of    u i   . The sign of the parameter β in the ordered probit regression indicates the direction of the relationship between the regressor and the latent variable    y i *   ; a positive β indicates that an increase in the regressor is associated with an increase in  y . However, the value of the coefficient in the ordered probit model does not tell us the change in probability of choosing an alternative when the independent variable changes; therefore, we calculate marginal effects to examine the change in the latent variable. The marginal effect indicates the change in the probability of choosing an alternative when the regressor increases by one unit. The marginal effect of the probability that option j is chosen when a continuous predictor variable,    x r   , changes, is expressed as:


    ∂ P r    y i  = j     ∂  x  r i     =    F ′     α  j − 1   −  x i ′  β   −  F ′     α j  −  x i ′  β        β r   



(4)







The dependent variables used in the analysis include the level of concern and acceptance for each of the four uses of antibiotics. The key independent variables that may affect the levels of concern and acceptance are subjective and objective knowledge of antibiotic resistance and antibiotic use in livestock production and perceptions of and attitudes toward animal welfare, antibiotic resistance, and antibiotic use in livestock production. We also include the following control variables in the model: meat and fish consumption habits, factors affecting purchasing decisions, trust in the livestock industry, and demographic characteristics.




4. Results


4.1. Descriptive Statistics


Respondents’ levels of concern were reported on a five-point ordinal scale ranging from “not at all concerned” (=1) to “extremely concerned” (=5). However, because of data sparsity in some categories, the five-point ordinal scale was converted into a three-point ordinal scale (anchored by “not at all or slightly concerned” and “very or extremely concerned”) by aggregating the first two (1 and 2) and last two (4 and 5) categories. Figure 1 presents participants’ reported levels of concern about the use of antibiotics in livestock production for treatment, control, prevention, and growth promotion. A little over one-fourth of participants reported being very or extremely concerned about antibiotic use to treat disease in food animals while about one-third of participants reported being very or extremely concerned about antibiotic use to control and prevent disease in food animals. More than half of the respondents stated that they were very or extremely concerned about antibiotic use to promote growth in food animals (see Figure 1).



The levels of acceptance of four different uses of antibiotics in livestock production were also converted from a five-point ordinal scale (ranging from “totally unacceptable” (=1) to “perfectly acceptable” (=5)) to a three-point ordinal scale anchored by “totally or somewhat unacceptable” (=1) and “somewhat or perfectly acceptable” (=3) (see Figure 2). More than half of the respondents indicated that antibiotic use to treat and control infections in food animals was acceptable, while only about one-third of participants accepted the use of antibiotics in food animals to prevent infections (see Figure 2). Only 14 percent of respondents reported that the use of antibiotics as a growth promotant was acceptable, while more than half of the respondents considered it to be unacceptable (see Figure 2).



The survey also collected data on several variables that may influence the levels of concern about and acceptance of antibiotic use in livestock production. Specifically, we gathered data on meat and fish consumption habits; factors—such as the use of organic production practices, animal welfare, nutrition, etc.—affecting meat purchasing decisions; perceptions and understanding of antibiotic resistance and antibiotic use in livestock production; history of antibiotic use; trust in the livestock industry; the perceived relationship between antibiotic use and animal welfare; and demographic characteristics (for details see Table 1).



Participants’ meat consumption habits for four different types of meat (beef, chicken, pork, and fish) were measured on a five-point scale anchored by “never” and “daily.” On average, respondents consumed chicken more frequently than any other type of meat. Respondents were also asked to indicate how important four factors (organic, animal welfare, nutritional value, and food safety) were for them when purchasing meat. A five-point scale, 1 = very unimportant to 5 = very important, was used to assess the importance levels of these attributes for participants. On average, participants reported that organic, animal welfare, nutritional value, and food safety, were important factors when purchasing meat (see Table 1).



Participants, on average, disagreed with the statement that the ‘use of antibiotics in food animals does not cause antibiotic resistance that could affect humans’(see Table 1). Participants, on average, agreed with the statements that ‘antibiotic resistance is one of the biggest problems the world faces,’ ‘widespread use of antibiotics creates new resistant bacteria that cause illness that antibiotics cannot cure,’ and that ‘widespread use of antibiotics in animal feed can lead to antibiotics polluting the environment through agricultural runoff’ (see Table 1).



Regarding personal antibiotic use, around 42 percent of respondents reported that they were treated with antibiotics in the previous year. Overall, 27 and 23 percent of respondents reported having experienced an unsuccessful treatment with antibiotics at some point in their lives or in a family member’s life, respectively (see Table 1).



Participants were also asked about their agreement with statements relating to their trust in the livestock industry as well as their perceived relationship between animal welfare and antibiotic use in food animals using a five-point scale from 1 = strongly disagree to 5 = strongly agree. On average, participants agreed with the statement that ‘livestock farmers and their veterinarians know how best to care for their animals’ (see Table 1). Participants, on average, also agreed with the animal welfare statement that ‘food safety is strongly dependent on the care provided to food animals’ and agreed that the use of antibiotics to treat and prevent an illness in food animals improves animal welfare (see Table 1).



Table 1 also contains demographic information on survey respondents. The average age of survey participants was approximately 52 years old. Around 74 percent of respondents were white, and 71 percent of respondents were female (see Table 1). The percentages of white people and females in the U.S. population are 76 percent and 51 percent, respectively [47]. Females were overrepresented in our sample because the survey was completed by the household’s primary shopper. Individuals who received a college degree represented about 44 percent of the participants (see Table 1), which is almost equal to the percentage of the U.S. population with a college degree [48]. The household size of respondents was around two people with about one child currently living in the home. In addition to demographic characteristics, participants were asked about their own—or their family members’—involvement in the livestock, human health, or animal health sectors. Only nine percent of participants reported that they or their families were involved in one of these sectors (see Table 1).



In the survey, subjects were also asked to assess their knowledge of six topics related to antibiotic resistance and antibiotic use in food animals (i.e., use of antibiotics in livestock production, antibiotic resistance in humans and animals, antibiotic-resistant bacteria, drug resistance, and superbugs) on a four-point scale anchored by “no knowledge” (=1) and “a great deal of knowledge” (=4) (see Table 2). To measure participants’ subjective (i.e., self-assessed) knowledge of antibiotic resistance and antibiotic use in livestock production, this study averaged responses to these six topics. Respondents, on average, have little knowledge of antibiotic resistance and antibiotic use in livestock production with a mean of 2.06 and 35 percent of respondents reporting having no knowledge (see Table 2).



To assess respondents’ objective knowledge, participants were asked ten true–false questions related to antibiotic resistance and antibiotic use in livestock production (i.e., five questions for each topic); respondents could also indicate that they did not know the answer. Based on participants’ responses, we developed an index of objective knowledge by dividing the number of correct answers by ten (i.e., the total number of questions); see Table 3. The objective knowledge index varies from 0 to 1. Survey results show that, on average, participants correctly answered less than half of the ten questions related to antibiotic resistance and antibiotic use in livestock production with a mean of 0.467 (see Table 3).




4.2. Regression Results


Results from the eight ordered probit regressions that analyzed factors affecting participants’ levels of concern and acceptance of four different uses of antibiotics in livestock production are presented in Table 4 and Table 5 (estimated coefficients are presented in an online Appendix A). As noted earlier, due to data sparsity, participants’ levels of concern and acceptance of four different uses of antibiotics in livestock production were converted from a five-point scale to a three-point scale. Therefore, the dependent variables in all eight ordered probit regressions have three categories. The marginal effects were evaluated at the mean of independent variables for the last two response categories, which, for the respondents’ levels of concern about different antibiotic uses in food animals, were (1) somewhat concerned and (2) very or extremely concerned; for participants’ levels of acceptance. The last two response categories were (1) neither acceptable nor unacceptable and (2) somewhat or perfectly acceptable.



4.2.1. Concern about Uses of Antibiotics in Livestock Production


Participants who reported higher subjective (i.e., self-assessed) knowledge of antibiotic resistance and antibiotic use in livestock production were seven percentage points more likely to be very or extremely concerned about antibiotic use to both control and prevent diseases in food animals (p < 0.01). Participants with higher objective knowledge of antibiotic resistance and antibiotic use in livestock production were around 23 and 20 percentage points less likely to be very or extremely concerned about antibiotic use to treat and control infections (p < 0.001). Moreover, they were 19 (13) percentage points more (less) likely to be very or extremely (somewhat) concerned about antibiotic use for growth promotion (p < 0.05) (see Table 4).



Participants who considered animal welfare in their purchasing decisions were about four percentage points more likely to be very or extremely concerned about antibiotics use to both control and prevent infections. They were also six percentage points more likely to be very or extremely concerned about antibiotic use as a growth promotant. Participants who indicated food safety was a factor that affected their purchasing decisions were one and three percentage points more likely to be somewhat concerned about antibiotic use to prevent infection and for growth promotion. However, they were five percentage points less likely to be very or extremely concerned about antibiotic use as a preventive measure or growth promotion.



A number of variables were statistically significant in the perceptions and understanding of antibiotic resistance, and animal welfare sections. The belief that ‘antibiotic resistance is one of the biggest problems the world faces’ and that ‘widespread use of antibiotics in animal feed can lead to antibiotics polluting the environment through agricultural runoff’ increased the probability that respondents were very or extremely concerned about all four antibiotic uses in livestock production. It also decreased the probability of being somewhat concerned about antibiotic use to prevent infection and as a growth promotant. Participants who believed that ‘food safety is strongly dependent on the care provided to food animals’ were more likely to be very or extremely concerned about all four uses of antibiotics in food animals (p < 0.05). Furthermore, subjects who believed that the ‘use of antibiotics in food animal production decreases animal welfare’ were also more likely to be very or extremely concerned about antibiotic use to treat, control, and prevent infections in food animals (p < 0.01) (see Table 4).




4.2.2. Acceptance of Uses of Antibiotics in Livestock Production


Next, we examined participants’ levels of acceptance of antibiotic use in livestock production (Table 5). We found no statistically significant relationship between respondents’ subjective knowledge of antibiotic resistance and antibiotic use and their levels of acceptance of antibiotic uses in food animals (see Table 5). Respondents with higher objective knowledge of antibiotic use in livestock production and antibiotic resistance were 46 and 17 percentage points more likely to somewhat or perfectly accept antibiotic use to treat and control infections in livestock production (p ≤ 0.05). However, they were 14 and 20 percentage points less likely to accept or be neutral (neither acceptable nor unacceptable) about antibiotic use as a growth promotant, respectively (p < 0.001).



Two variables in the factors affecting purchasing decisions—organic and food safety—were statistically significant in analyses of the “Treat” and “Control” variables. Specifically, the respondents’ preferences for organic products decreased the probability of treatment and control practices being somewhat or perfectly accepted by around four and six percentage points, respectively (p ≤ 0.05), and increased the probability of treatment and control practices being neither acceptable nor unacceptable by around two and three percentage points, respectively (p ≤ 0.05). They were also around two percentage points more likely to accept or be neutral about antibiotic use to promote growth. In contrast, participants who considered food safety while making meat purchasing decisions were around six and five (three and two) percentage points more (less) likely to accept (neither accept nor reject) antibiotic use to treat and control infections in food animals (p < 0.05) (see Table 5).



Concerning perceptions of antibiotic resistance, participants who believed that the ‘use of antibiotics in food animals does not cause antibiotic resistance that could affect humans’ were seven, twelve, and six percentage points more likely to accept antibiotic use to control infections, to prevent infections, and to promote growth, respectively (p < 0.001). Respondents who believed that ‘antibiotic resistance is one of the biggest problems the world faces’ were less likely to accept antibiotic use to control and to prevent diseases in food animals (p ≤ 0.05) (see Table 5). However, they were two percentage points more likely to be neutral about antibiotic use to control infections (p < 0.05). Participants who indicated that ‘widespread use of antibiotics in animal feed can lead to antibiotics polluting the environment through agricultural runoff’ were eight and four percentage points more likely to accept antibiotic use to treat and control disease in food animals (p ≤ 0.05). They were also five percentage points less likely to be neutral about antibiotic use to treat infections (p < 0.001).



Respondents who were treated with antibiotics in the previous year were seven and four percentage points more likely to accept antibiotic use to prevent infections and to promote growth in food animals (p ≤ 0.05). As would be expected, respondents who reported high levels of trust in the livestock industry were more likely to accept antibiotic use to control and to prevent infections (p < 0.01).



Participants who believed that the use of antibiotics in livestock production improved animal welfare were more likely to accept antibiotic use to treat, control, and prevent disease, and to promote growth in food animals. Respondents who believed that antibiotic use decreased animal welfare were around five and four percentage points less likely to accept antibiotic use to treat and control disease, respectively, and about three percentage points more likely to be neutral about antibiotic use to treat infections, and as a growth promotant (see Table 5).



A few demographic variables were statistically significant. Female participants were eleven, twelve, and seven percentage points less likely to accept antibiotic use to control and to prevent diseases, and to promote growth, respectively, compared to male participants (p < 0.01). However, they were about six and two percentage points more likely to be neutral about the use of antibiotics to control and prevent infections in food animals (p < 0.01). Participants who identified as white were about nine (six) percentage points more (less) likely to accept (neither accept nor reject) antibiotic use to treat diseases in food animals than other ethnicities (see Table 5).






5. Discussion and Conclusions


This study investigates the factors that influence consumers’ levels of concern about and acceptance of four uses of antibiotics in livestock production. Results show that, on average, participants considered antibiotic use to treat and control infections in food animals as acceptable practices. Participants were fairly neutral regarding antibiotic use to prevent infections in food animals. However, respondents, on average, considered antibiotic use to promote growth in food animals as unacceptable. Only about one-third of participants were very or extremely concerned about antibiotic use to treat, control, and prevent infections in food animals. However, more than half of the participants were very or extremely concerned about antibiotic use to promote growth in food animals.



Results also shed light on the effect of consumer knowledge on the level of concern about and acceptance of antibiotic use in food animals. Respondents with high objective knowledge of antibiotic resistance and antibiotic use in food animals were less concerned about antibiotic use to treat, control, and prevent infections compared to participants with low objective knowledge. However, they were more concerned about antibiotic use to promote growth. High-objective knowledge participants were more likely to accept antibiotic use to treat and control infections in food animals, while they were less likely to accept antibiotic use to prevent infections and to promote growth compared to participants with low objective knowledge. Our results suggest that although respondents with high objective knowledge of antibiotic resistance and antibiotic use in livestock production were less concerned about the use of antibiotics to prevent infections in food animals, they were less likely to accept this practice. While this result is seemingly contradictory, Meerza et al. [40] found that higher-knowledge individuals are more likely to access information about antibiotic use and antimicrobial resistance than low-knowledge individuals. Therefore, it may be the case that low-knowledge individuals are less likely to differentiate between the relative risks and benefits associated with different uses of antibiotics.



Our findings also suggest that participants’ perceptions of antibiotic resistance are important factors affecting their levels of concern about and acceptance of antibiotic use in food animals. For example, participants who believed that antibiotic use in food animals was not connected to the spread of antibiotic resistance were more likely to consider the use of antibiotics to control and to prevent infections as acceptable practices. They were also more likely to accept the use of antibiotics to promote growth in food animals.



Goddard et al. [35] identified that individuals with animal welfare concerns were more likely to reject antibiotic use in food animals. Our results expand upon Goddard et al.’s [35] findings. We identify two types of participants: (1) those who believe that the use of antibiotics in food animals improves animal welfare, and (2) those who believe that the use of antibiotics in food animals decreases animal welfare. Results indicate that respondents who believed that antibiotic use improved animal welfare were more likely to accept antibiotic use in livestock production. Respondents who believed that antibiotic use decreased animal welfare were more likely to be very or extremely concerned about antibiotic use to treat, prevent, and control disease, and were less likely to accept antibiotic use to treat diseases in food animals. Finally, the findings of this study show that female respondents were less likely to accept antibiotic use in livestock production compared to male respondents.



Our study has some limitations. Our sample is not representative of the U.S. population in terms of gender and age because our survey was completed by the household’s primary shopper. Thus, female and older participants are overrepresented in our data. Future research can examine how information related to restricted antibiotic use can be effectively communicated through labels on animal products, how consumers would perceive such labels, as well as their impacts on consumers’ meat purchasing behaviors.



Understanding consumer attitudes toward antibiotic use and antibiotic resistance is important as consumers’ choices influence the types of production practices adopted by producers and the effectiveness of AMR-related policies and directives. Consumer attitudes are also associated with support for action via public policies [39]. Our study contributes to the increasing strand of literature that emphasizes consumer attitudes toward antibiotic use in livestock production. One of the main results of this study is that respondents with higher objective knowledge of antibiotic resistance and antibiotic use in livestock production were more (less) likely to accept antibiotic use for medical (non-medical) purposes. These key results suggest that educating the public about antibiotic resistance and antibiotic use in livestock production can lead to greater acceptance of antibiotic use for the treatment of sick animals but decrease acceptance of antibiotics for non-medical uses (e.g., antibiotic use to promote growth).
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Table A1. Ordered probit (coefficients): factors affecting the level of concern about different antibiotic uses in livestock production.






Table A1. Ordered probit (coefficients): factors affecting the level of concern about different antibiotic uses in livestock production.





	
Independent

Variables

	
Level of Concern

Coefficient Estimate




	
Treatment

(1)

	
Control

(2)

	
Prevent

(3)

	
Growth Promotion

(4)






	
Participants’ knowledge

	

	

	

	




	
Subjective knowledge

	
0.098 (0.057)

	
0.215 *** (0.058)

	
0.184 ** (0.058)

	
0.078 (0.062)




	
Objective knowledge

	
−0.714 *** (0.169)

	
−0.592 *** (0.169)

	
−0.348 (0.169)

	
0.477 ** (0.177)




	
Meat consumption habits

	

	

	

	




	
Beef

	
−0.055 (0.065)

	
−0.110 (0.065)

	
−0.036 (0.066)

	
−0.009 (0.070)




	
Chicken

	
−0.055 (0.081)

	
0.041 (0.082)

	
0.026 (0.082)

	
0.135 (0.087)




	
Pork

	
−0.037 (0.055)

	
−0.021 (0.055)

	
−0.051 (0.056)

	
−0.105 (0.060)




	
Fish

	
0.047 (0.050)

	
−0.005 (0.050)

	
−0.0002 (0.050)

	
0.042 (0.053)




	
Factors affecting purchasing decision

	

	

	

	




	
Organic

	
0.065 (0.040)

	
0.071 (0.040)

	
0.076 (0.040)

	
−0.020

(0.041)




	
Animal welfare

	
0.059 (0.047)

	
0.115 * (0.047)

	
0.110 * (0.047)

	
0.171 ** (0.048)




	
Nutritional value

	
0.076 (0.053)

	
0.047 (0.053)

	
0.060 (0.053)

	
0.027 (0.056)




	
Food safety

	
−0.163 ***

(0.050)

	
−0.134 * (0.050)

	
−0.151 ** (0.049)

	
−0.119 * (0.052)




	
Perceptions and understanding of antibiotic resistance

	

	

	

	




	
Antibiotic resistance is one of the biggest problems the world faces

	
0.281 *** (0.042)

	
0.269 *** (0.042)

	
0.271 *** (0.043)

	
0.172 *** (0.045)




	
Use of antibiotics in food animals does not cause antibiotic resistance that could affect humans

	
0.159 *** (0.044)

	
0.057 (0.044)

	
−0.86 (0.045)

	
−0.090 (0.048)




	
Widespread use of antibiotics creates new resistant bacteria that cause illnesses that antibiotics cannot cure

	
0.085 (0.054)

	
0.047 (0.054)

	
0.103 (0.054)

	
0.192 *** (0.057)




	
Widespread use of antibiotics in animal feed can lead to antibiotics polluting the environment through agricultural runoff

	
0.166 ** (0.053)

	
0.167 *** (0.052)

	
0.211 *** (0.052)

	
0.260 *** (0.055)




	
History of antibiotics use

	

	

	

	




	
Last year treated with antibiotics (1,0)

	
0.058 (0.077)

	
0.102 (0.077)

	
0.013 (0.077)

	
0.013

(0.082)




	
Own: antibiotic treatment did not work (1,0)

	
0.199 * (0.095)

	
0.160 (0.096)

	
0.079 (0.096)

	
0.108 (0.103)




	
Family: antibiotic treatment did not work (1,0)

	
−0.059 (0.102)

	
0.025 (0.102)

	
−0.047 (0.103)

	
−0.030 (0.111)




	
Trust in livestock industry

	

	

	

	




	
Livestock farmers and their veterinarians know how best to care for their animals

	
0.057 (0.049)

	
−0.026 (0.049)

	
−0.042 (0.050)

	
−0.002 (0.054)




	
Animal welfare

	

	

	

	




	
Food safety is strongly dependent on the care provided to food animals

	
0.095 (0.049)

	
0.122 * (0.049)

	
0.141 ** (0.049)

	
0.188 *** (0.052)




	
Use of antibiotics to treat an illness in food animals improves animal welfare

	
−0.202 *** (0.052)

	
−0.201 *** (0.052)

	
-0.050 (0.053)

	
−0.125 * (0.059)




	
Use of antibiotics to prevent an illness in food animals improves animal welfare

	
0.017 (0.051)

	
−0.032 (0.051)

	
−0.109 * (0.053)

	
−0.043 (0.057)




	
Use of antibiotics in food animal production reduces animal welfare

	
0.199 *** (0.041)

	
0.210 *** (0.042)

	
0.183 *** (0.042)

	
0.088 (0.046)




	
Demographic characteristics

	

	

	

	




	
Age

	
0.0003 (0.003)

	
0.001 (0.003)

	
0.003

(0.003)

	
−0.0001 (0.003)




	
Female (1,0)

	
−0.068 (0.086)

	
0.019 (0.086)

	
0.169 (0.086)

	
0.207 (0.089)




	
White (1,0)

	
−0.133 (0.092)

	
−0.232 * (0.092)

	
−0.125 (0.093)

	
−0.096 (0.099)




	
College education (1,0)

	
−0.152 (0.079)

	
−0.240 ** (0.079)

	
0.029 (0.079)

	
−0.076 (0.083)




	
Family Size

	
−0.035 (0.037)

	
−0.056 (0.037)

	
−0.047 (0.037)

	
−0.063 (0.038)




	
Health sector involvement (1,0)

	
0.093 (0.134)

	
0.159 (0.133)

	
0.088

(0.133)

	
−0.043 (0.142)




	
Number of children

	
0.187 ** (0.063)

	
0.116

(0.062)

	
0.137 * (0.063)

	
0.152 * (0.066)




	
Log-likelihood

No. of observations

	
−972.613

1025

	
−959.694

1025

	
−943.191

1025

	
−839.670

1025








Note: *** p ≤ 0.001, ** p ≤ 0.01, * p ≤ 0.05; additionally, all significant results are displayed using bold text. Values in parentheses are the standard errors.
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Table A2. Ordered probit (coefficients): factors affecting the level of acceptance of different antibiotic uses in livestock production.
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Independent

Variables

	
Level of Acceptance

Coefficient Estimate




	
Treatment

(1)

	
Control

(2)

	
Prevent

(3)

	
Growth Promotion

(4)






	
Participants’ knowledge

	

	

	

	




	
Subjective knowledge

	
−0.119 (0.063)

	
0.009 (0.059)

	
−0.092 (0.059)

	
0.078 (0.062)




	
Objective knowledge

	
1.220 *** (0.184)

	
0.434 * (0.175)

	
−0.278 (0.171)

	
−0.877 *** (0.178)




	
Meat consumption habits

	

	

	

	




	
Beef

	
0.013 (0.070)

	
−0.018 (0.067)

	
0.071 (0.065)

	
0.110 (0.072)




	
Chicken

	
0.087 (0.084)

	
0.027 (0.081)

	
0.080 (0.082)

	
−0.051 (0.091)




	
Pork

	
−0.004 (0.060)

	
0.018 (0.058)

	
0.026 (0.057)

	
0.046 (0.060)




	
Fish

	
0.048 (0.054)

	
0.083 (0.052)

	
0.008 (0.051)

	
−0.064 (0.054)




	
Factors affecting purchasing decision

	

	

	

	




	
Organic

	
−0.098 * (0.043)

	
−0.139 ** (0.042)

	
−0.017 (0.040)

	
0.096 * (0.043)




	
Animal welfare

	
0.085 (0.050)

	
0.036 (0.049)

	
0.035 (0.047)

	
−0.082 (0.050)




	
Nutritional value

	
−0.098 (0.057)

	
−0.018 (0.054)

	
−0.014 (0.054)

	
−0.092 (0.057)




	
Food safety

	
0.158 **

(0.054)

	
0.117 * (0.052)

	
0.054 (0.051)

	
0.070 (0.053)




	
Perceptions and understanding of antibiotic resistance

	

	

	

	




	
Antibiotic resistance is one of the biggest problems the world faces

	
−0.078 (0.046)

	
−0.092 * (0.044)

	
−0.112 ** (0.043)

	
−0.054 (0.046)




	
Use of antibiotics in food animals does not cause antibiotic resistance that could affect humans

	
0.034 (0.048)

	
0.177 *** (0.046)

	
0.334 *** (0.046)

	
0.353 *** (0.049)




	
Widespread use of antibiotics creates new resistant bacteria that cause illnesses that antibiotics cannot cure

	
−0.001 (0.059)

	
0.080 (0.057)

	
−0.024 (0.055)

	
−0.046 (0.059)




	
Widespread use of antibiotics in animal feed can lead to antibiotics polluting the environment through agricultural runoff

	
0.204 *** (0.058)

	
0.100 (0.055)

	
−0.008 (0.053)

	
−0.045 (0.057)




	
History of antibiotics use

	

	

	

	




	
Last year treated with antibiotics (1,0)

	
−0.095 (0.083)

	
0.099 (0.080)

	
0.188 ** (0.078)

	
0.254 ** (0.082)




	
Own: antibiotic treatment did not work (1,0)

	
0.111 (0.106)

	
0.183 (0.100)

	
0.076 (0.098)

	
0.133 (0.104)




	
Family: antibiotic treatment did not work (1,0)

	
−0.029 (0.114)

	
−0.176 (0.105)

	
−0.172 (0.105)

	
−0.103 (0.114)




	
Trust in livestock industry

	

	

	

	




	
Livestock farmers and their veterinarians know how best to care for their animals

	
0.060 (0.052)

	
0.125 ** (0.049)

	
0.251 *** (0.050)

	
0.106 (0.056)




	
Animal welfare

	

	

	

	




	
Food safety is strongly dependent on the care provided to food animals

	
0.022 (0.052)

	
0.056 (0.050)

	
−0.027 (0.050)

	
−0.133** (0.053)




	
Use of antibiotics to treat illness in food animals improves animal welfare

	
0.451 *** (0.058)

	
0.218 *** (0.053)

	
0.110 * (0.054)

	
0.055 (0.061)




	
Use of antibiotics to prevent illness in food animals improves animal welfare

	
−0.003 (0.058)

	
0.174 *** (0.053)

	
0.268 *** (0.053)

	
0.250 *** (0.060)




	
Use of antibiotics reduces animal welfare

	
−0.131 ** (0.047)

	
−0.094 (0.045)

	
−0.016 (0.043)

	
0.116 * (0.046)




	
Demographic characteristics

	

	

	

	




	
Age

	
−0.006 * (0.003)

	
0.001 (0.003)

	
0.007 * (0.003)

	
−0.001 (0.003)




	
Female (1,0)

	
−0.037 (0.092)

	
−0.274 ** (0.091)

	
−0.314 *** (0.087)

	
−0.381 *** (0.090)




	
White (1,0)

	
0.245 *** (0.097)

	
0.028 (0.094)

	
−0.094 (0.093)

	
−0.110 (0.098)




	
College education (1,0)

	
0.147 (0.086)

	
0.017 (0.081)

	
−0.049 (0.080)

	
−0.119 (0.085)




	
Family Size

	
0.007 (0.040)

	
−0.023 (0.038)

	
−0.041 (0.037)

	
−0.044 (0.039)




	
Health sector involvement (1,0)

	
0.083 (0.143)

	
0.006 (0.014)

	
0.097 (0.136)

	
−0.155 (0.141)




	
Number of children

	
0.026 (0.067)

	
0.030 (0.064)

	
0.082 (0.063)

	
0.071 (0.065)




	
Log-likelihood

No. of observations

	
−794.792

1025

	
−897.476

1025

	
−942.955

1025

	
−809.686

1025








Note: *** p ≤ 0.001, ** p ≤ 0.01, * p ≤ 0.05; additionally, all significant results are displayed using bold text. Values in parentheses are the standard errors.
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Figure 1. Levels of concern about different antibiotic uses in livestock production. 
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Figure 2. Levels of acceptance of different antibiotic uses in livestock production. 
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Table 1. Descriptive statistics of independent variables.






Table 1. Descriptive statistics of independent variables.










	Independent Variables
	Description
	Mean

(St. Dev.)





	Consumption habits
	
	



	Beef
	Meat or fish consumption frequency, 1 = never to 5 = daily
	3.50 (0.94)



	Chicken
	
	3.81 (0.80)



	Pork
	
	3.10 (1.02)



	Fish
	
	3.11 (1.03)



	Factors associated with purchasing decisions 
	
	



	Organic
	Factors affecting meat and fish consumption decisions, 1 = very unimportant to 5 = very important
	3.46 (1.25)



	Animal welfare
	
	3.84 (1.23)



	Nutritional value
	
	4.41 (1.16)



	Food safety
	
	4.05 (1.17)



	Perceptions and understanding of antibiotic resistance
	
	



	Antibiotic resistance is one of the biggest problems the world faces
	Level of agreement, 1 = strongly disagree to 5 = strongly agree
	3.42 (1.01)



	Use of antibiotics in food animals does not cause antibiotic resistance that could affect humans
	
	2.77 (0.99)



	Widespread use of antibiotics creates new resistant bacteria that cause illnesses that antibiotics cannot cure
	
	3.77 (0.89)



	Widespread use of antibiotics in animal feed can lead to antibiotics polluting the environment through agricultural runoff
	
	3.55 (0.88)



	History of antibiotic use
	
	



	Last year treated with antibiotics
	1 = yes; 0 = no
	0.42 (0.49)



	Own: antibiotic treatment did not work
	Treated with an antibiotic but did not work, 1 = yes; 0 = no
	0.27 (0.44)



	Family: antibiotic treatment did not work
	Treated with an antibiotic but did not work, 1 = yes; 0 = no
	0.23 (0.42)



	Trust in livestock industry
	
	



	Livestock farmers and their veterinarians know how to best care for their animals
	1 = strongly disagree to 5 = strongly agree
	3.79 (0.89)



	Animal Welfare
	
	



	Food safety is strongly dependent on the care provided to food animals
	1 = strongly disagree to 5 = strongly agree
	4.00 (0.87)



	Use of antibiotics to treat an illness in food animals improves animal welfare
	
	3.39 (0.96)



	Use of antibiotics to prevent an illness in food animals improves animal welfare
	
	3.32 (0.97)



	Use of antibiotics in food animal production reduces animal welfare
	
	3.23 (0.98)



	Demographic characteristics
	
	



	Age
	Age in years
	51.75 (15.38)



	Gender
	1 if female; 0 otherwise
	0.71 (0.45)



	White
	1 if respondent’s ethnicity is white; 0 otherwise
	0.74 (0.44)



	College education
	1 if participant has some college education or higher; 0 otherwise
	0.44 (0.50)



	Family size
	Total number of family members including participant
	1.77 (1.51)



	Health sector involvement
	Participant and/or family members are not involved in the health sector, 1 = True; 0 = False
	0.91 (0.29)



	No. of children
	No. of children currently living in households
	0.52 (0.91)
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Table 2. Participants’ self-assessed knowledge of antibiotic resistance and antibiotic use in livestock production.
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Self-Assessed Knowledge

	
Participants (in Percentage)

	
Mean

(St. Dev.)




	
(1)

No Knowledge

	
(2)

Little Knowledge

	
(3)

Moderate Knowledge

	
(4)

A Great Deal of Knowledge






	
Antibiotic use in food animals:

	

	

	

	

	




	
Use of antibiotics in livestock production

	
36%

	
38%

	
20%

	
6%

	
1.95 (0.90)




	
Antibiotic Resistance:

	

	

	

	

	




	
Antibiotic resistance in humans

	
22%

	
35%

	
31%

	
12%

	
2.34 (0.95)




	
Drug resistance

	
30%

	
34%

	
26%

	
10%

	
2.16 (0.96)




	
Antibiotic resistance in food animals

	
51%

	
28%

	
17%

	
5%

	
1.76 (0.90)




	
Antibiotic-resistant bacteria

	
30%

	
33%

	
27%

	
10%

	
2.17 (0.96)




	
Superbugs

	
38%

	
32%

	
23%

	
7%

	
2.00 (0.95)




	
Average

	
35%

	
33%

	
24%

	
8%

	
2.06 (0.79)
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Table 3. Participants’ objective knowledge of antibiotic resistance and antibiotic use in livestock production.






Table 3. Participants’ objective knowledge of antibiotic resistance and antibiotic use in livestock production.










	Objective Knowledge
	Correct Answer
	% of Participants Answering Correctly





	Antibiotic use:
	
	



	Antibiotics are common drugs useful in treating bacterial infections in humans.
	True
	75%



	Antibiotics are common drugs useful in treating viral infections in humans.
	False
	41%



	Antibiotics are common drugs useful in treating any kind of pain or inflammation.
	False
	53%



	Antibiotics are common drugs useful in treating bacterial infections in food animals.
	True
	49%



	Antibiotics are common drugs useful in treating viral infections in food animals.
	False
	31%



	Antibiotic resistance:
	
	



	Antibiotic resistance occurs when bacteria become resistant to antibiotics and antibiotics no longer work as well.
	True
	69%



	Overuse and misuse of antibiotics accelerate antibiotic resistance.
	True
	70%



	The overuse and misuse of antibiotics in animals do not cause antibiotic resistance in humans because the antibiotics that are used to treat animals are different from those used to treat humans.
	False
	29%



	Antibiotic resistance existed before the human development of antibiotics.
	True
	19%



	Antibiotic resistance has been found in every environment studied, including many not impacted by food animals or human antibiotic use.
	True
	31%



	Average
	---
	46.7%
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Table 4. Marginal effects P (y = 2, somewhat concerned and y = 3, very or extremely concerned): factors affecting the levels of concern about different antibiotic uses in livestock production.






Table 4. Marginal effects P (y = 2, somewhat concerned and y = 3, very or extremely concerned): factors affecting the levels of concern about different antibiotic uses in livestock production.





	
Independent Variables

	
Level of Concern




	
Somewhat Concerned

(Marginal Effects)

	
Very or Extremely Concerned

(Marginal Effects)




	

	
Treatment

(1)

	
Control

(2)

	
Prevent

(3)

	
Growth Promotion

(4)

	
Treatment

(1)

	
Control

(2)

	
Prevent

(3)

	
Growth Promotion

(4)






	
Participants’ knowledge

	

	

	

	

	

	

	

	




	
Subjective knowledge

	
0.003 (0.002)

	
−0.006 (0.004)

	
−0.016 ** (0.006)

	
−0.017 (0.014)

	
0.031 (0.018)

	
0.073 *** (0.019)

	
0.067 ** (0.021)

	
0.031 (0.024)




	
Objective knowledge

	
−0.026 * (0.012)

	
0.016 (0.010)

	
0.030 * (0.015)

	
−0.105 ** (0.040)

	
−0.225 *** (0.053)

	
−0.202 *** (0.058)

	
−0.127 * (0.062)

	
0.188 ** (0.070)




	
Meat consumption habits

	

	

	

	

	

	

	

	




	
Beef

	
−0.002 (0.002)

	
0.003 (0.002)

	
0.003 (0.006)

	
0.002 (0.015)

	
−0.017 (0.020)

	
−0.037 (0.022)

	
−0.013 (0.024)

	
−0.003 (0.028)




	
Chicken

	
−0.002 (0.003)

	
−0.001 (0.002)

	
−0.002 (0.004)

	
−0.030 (0.019)

	
−0.017 (0.026)

	
0.014 (0.028)

	
0.010 (0.030)

	
0.053 (0.034)




	
Pork

	
−0.001 (0.002)

	
0.0001 (0.001)

	
0.005 (0.004)

	
0.023 (0.013)

	
−0.012 (0.017)

	
−0.007 (0.019)

	
-0.019 (0.020)

	
−0.042 (0.024)




	
Fish

	
0.002 (0.002)

	
0.0001 (0.001)

	
0.00001 (0.004)

	
−0.009 (0.012)

	
0.015 (0.016)

	
−0.002 (0.017)

	
−0.0001 (0.018)

	
0.017 (0.021)




	
Factors affecting purchasing decision

	

	

	

	

	

	

	

	




	
Organic

	
0.002 (0.002)

	
−0.001 (0.002)

	
−0.006

(0.004)

	
0.004 (0.009)

	
0.021 (0.013)

	
0.024 (0.014)

	
0.028 (0.015)

	
0.008 (0.016)




	
Animal welfare

	
0.002 (0.002)

	
−0.003 (0.002)

	
−0.009 * (0.004)

	
−0.037 *** (0.010)

	
0.019 (0.015)

	
0.039 * (0.016)

	
0.040 * (0.017)

	
0.067 *** (0.019)




	
Nutritional value

	
0.003 (0.002)

	
−0.001 (0.002)

	
−0.005 (0.005)

	
−0.006 (0.012)

	
0.024 (0.017)

	
0.016 (0.018)

	
0.022 (0.019)

	
0.011 (0.022)




	
Food safety

	
−0.006 * (0.003)

	
0.003 (0.002)

	
0.013 ** (0.005)

	
0.026 * (0.011)

	
−0.051 *** (0.016)

	
−0.046 ** (0.017)

	
−0.055 ** (0.018)

	
−0.047 * (0.020)




	
Perceptions and understanding of antibiotic resistance

	

	

	

	

	

	

	

	




	
Antibiotic resistance is one of the biggest problems the world faces

	
0.100 ** (0.004)

	
−0.007 (0.004)

	
−0.023 *** (0.005)

	
−0.037 *** (0.010)

	
0.089 *** (0.013)

	
0.092 *** (0.014)

	
0.099 *** (0.016)

	
0.068 *** (0.018)




	
Use of antibiotics in food animals does not cause antibiotic resistance that could affect humans

	
0.006 * (0.003)

	
−0.001 (0.001)

	
0.007 (0.004)

	
0.020 (0.011)

	
0.050 *** (0.014)

	
0.019 (0.015)

	
−0.032 (0.016)

	
−0.036 (0.019)




	
Widespread use of antibiotics creates new resistant bacteria that cause illnesses that antibiotics cannot cure

	
0.003 (0.002)

	
−0.001 (0.002)

	
−0.009 (0.005)

	
−0.042 *** (0.013)

	
0.027 (0.017)

	
0.016 (0.018)

	
0.038 (0.020)

	
0.076 *** (0.022)




	
Widespread use of antibiotics in animal feed can lead to antibiotics polluting the environment through agricultural runoff

	
0.006 * (0.003)

	
−0.005 (0.003)

	
−0.018 *** (0.005)

	
−0.057 *** (0.013)

	
0.052 ** (0.016)

	
0.057 *** (0.018)

	
0.077 *** (0.019)

	
0.102 *** (0.021)




	
History of antibiotics use

	

	

	

	

	

	

	

	




	
Last year treated with antibiotics (1,0)

	
0.002 (0.003)

	
−0.003 (0.003)

	
−0.001 (0.007)

	
−0.003 (0.018)

	
0.018 (0.024)

	
0.034 (0.026)

	
0.005 (0.028)

	
0.005 (0.032)




	
Own: antibiotic treatment did not work (1,0)

	
0.004

(0.003)

	
−0.007 (0.006)

	
−0.007 (0.010)

	
−0.024 (0.023)

	
0.065 * (0.032)

	
0.056 (0.034)

	
0.029 (0.036)

	
0.042 (0.040)




	
Family: antibiotic treatment did not work (1,0)

	
−0.003 (0.005)

	
−0.001 (0.003)

	
0.004 (0.008)

	
0.007 (0.024)

	
−0.019 (0.031)

	
0.009 (0.035)

	
−0.017 (0.037)

	
−0.012 (0.044)




	
Trust in livestock industry

	

	

	

	

	

	

	

	




	
Livestock farmers and their veterinarians know how to best care for their animals

	
0.002 (0.002)

	
0.001 (0.001)

	
0.004 (0.004)

	
0.0004 (0.012)

	
0.018 (0.015)

	
−0.009 (0.017)

	
−0.015 (0.018)

	
−0.001 (0.022)




	
Animal welfare

	

	

	

	

	

	

	

	




	
Food safety is strongly dependent on the care provided to food animals

	
0.003 (0.002)

	
−0.003 (0.002)

	
−0.012 ** (0.005)

	
−0.041 *** (0.012)

	
0.030 * (0.015)

	
0.042 ** (0.017)

	
0.052 ** (0.018)

	
0.074 *** (0.021)




	
Use of antibiotics to treat an illness in food animals improves animal welfare

	
−0.007 * (0.003)

	
0.005 (0.003)

	
0.004

(0.005)

	
0.028 * (0.013)

	
−0.064 *** (0.016)

	
−0.068 *** (0.018)

	
−0.018

(0.020)

	
−0.049 * (0.023)




	
Use of antibiotics to prevent an illness in food animals improves animal welfare

	
0.001 (0.002)

	
0.001 (0.001)

	
0.009 (0.005)

	
0.009 (0.013)

	
0.005 (0.016)

	
−0.011 (0.018)

	
−0.040 * (0.019)

	
−0.017 (0.023)




	
Use of antibiotics in food animal production reduces animal welfare

	
0.007 * (0.003)

	
−0.005 (0.003)

	
−0.016 *** (0.005)

	
−0.019 (0.010)

	
0.063 *** (0.013)

	
0.072 *** (0.014)

	
0.067 *** (0.015)

	
0.035 (0.018)




	
Demographic characteristics

	

	

	

	

	

	

	

	




	
Age

	
0.0001 (0.0001)

	
−0.00003 (0.0001)

	
−0.0003 (0.0003)

	
0.00003 (0.001)

	
0.0001 (0.001)

	
0.0003 (0.001)

	
0.001 (0.001)

	
0.0001 (0.001)




	
Female (1,0)

	
−0.002 (0.002)

	
−0.0005 (0.002)

	
−0.012 * (0.005)

	
−0.034 * (0.018)

	
−0.022 (0.028)

	
0.006 (0.030)

	
0.061 * (0.031)

	
0.082 * (0.035)




	
White (1,0)

	
−0.003 (0.002)

	
0.011 (0.007)

	
0.012 (0.010)

	
0.021 (0.022)

	
−0.043 (0.030)

	
−0.082 ** (0.033)

	
−0.046 (0.035)

	
−0.038 (0.038)




	
College education (1,0)

	
−0.006 (0.004)

	
0.005 (0.003)

	
−0.002 (0.006)

	
0.017 (0.018)

	
−0.047 * (0.024)

	
−0.081 *** (0.026)

	
0.011 (0.029)

	
−0.030 (0.033)




	
Family Size

	
−0.001 (0.001)

	
0.002 (0.001)

	
0.004 (0.003)

	
0.014 (0.008)

	
−0.011 (0.012)

	
−0.019 (0.013)

	
−0.017 (0.013)

	
−0.025 (0.015)




	
Health sector involvement (1,0)

	
0.004 (0.009)

	
−0.0001 (0.004)

	
−0.006 (0.008)

	
0.009 (0.032)

	
0.029 (0.040)

	
0.052 (0.042)

	
0.032 (0.047)

	
−0.017 (0.055)




	
Number of children

	
0.007 (0.004)

	
−0.003 (0.002)

	
−0.012 * (0.006)

	
−0.033 * (0.015)

	
0.059 ** (0.020)

	
0.040 (0.021)

	
0.050 ** (0.023)

	
0.060 * (0.026)








Note: *** p ≤ 0.001, ** p ≤ 0.01, * p ≤ 0.05. Values in parentheses are the standard errors.
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Table 5. Marginal effects P (y = 2, neither acceptable nor unacceptable, and y = 3, somewhat or perfectly acceptable): factors affecting the levels of acceptance about the different antibiotic uses in livestock production.






Table 5. Marginal effects P (y = 2, neither acceptable nor unacceptable, and y = 3, somewhat or perfectly acceptable): factors affecting the levels of acceptance about the different antibiotic uses in livestock production.





	
Independent Variables

	
Level of Acceptance




	
Neither Acceptable Nor Unacceptable

(Marginal Effects)

	
Somewhat or Perfectly Acceptable

(Marginal Effects)




	

	
Treatment

(1)

	
Control

(2)

	
Prevent

(3)

	
Growth Promotion

(4)

	
Treatment

(1)

	
Control

(2)

	
Prevent

(3)

	
Growth Promotion

(4)






	
Participants’ knowledge

	

	

	

	

	

	

	

	




	
Subjective knowledge

	
0.029 (0.015)

	
0.002 (0.012)

	
0.004 (0.003)

	
0.018 (0.014)

	
−0.045 (0.023)

	
0.004

(0.024)

	
−0.033 (0.021)

	
0.012 (0.010)




	
Objective knowledge

	
−0.294 *** (0.048)

	
−0.089 * (0.037)

	
0.011 (0.008)

	
−0.200 *** (0.043)

	
0.457 *** (0.068)

	
0.172 * (0.069)

	
−0.098 (0.062)

	
−0.138 *** (0.029)




	
Meat consumption habits

	

	

	

	

	

	

	

	




	
Beef

	
−0.003 (0.017)

	
0.004 (0.014)

	
−0.003 (0.003)

	
0.025 (0.017)

	
0.005 (0.026)

	
−0.007

(0.026)

	
0.026 (0.023)

	
0.017 (0.011)




	
Chicken

	
−0.021 (0.020)

	
−0.006 (0.017)

	
−0.003 (0.004)

	
−0.012 (0.021)

	
0.033 (0.032)

	
0.011

(0.032)

	
0.029 (0.030)

	
−0.008 (0.014)




	
Pork

	
0.001 (0.014)

	
−0.004 (0.012)

	
−0.001 (0.002)

	
0.010 (0.014)

	
-0.002 (0.023)

	
0.007 (0.023)

	
0.009 (0.020)

	
0.007 (0.009)




	
Fish

	
−0.012 (0.013)

	
−0.017 (0.011)

	
−0.0003 (0.002)

	
−0.015 (0.013)

	
0.018 (0.020)

	
0.033 (0.020)

	
0.003 (0.018)

	
−0.010 (0.009)




	
Factors affecting purchasing decision

	

	

	

	

	

	

	

	




	
Organic

	
0.024 * (0.011)

	
0.029 *** (0.009)

	
0.001

(0.002)

	
0.022 * (0.010)

	
−0.037 * (0.016)

	
−0.055 *** (0.017)

	
−0.006 (0.014)

	
0.015 * (0.007)




	
Animal welfare

	
−0.020 (0.012)

	
−0.007 (0.010)

	
−0.001 (0.002)

	
−0.019

(0.011)

	
0.032 (0.019)

	
0.014 (0.019)

	
0.013 (0.017)

	
−0.013 (0.008)




	
Nutritional value

	
0.024 (0.014)

	
0.004 (0.011)

	
0.0005 (0.002)

	
−0.021 (0.013)

	
−0.037 (0.021)

	
−0.007 (0.021)

	
−0.004 (0.019)

	
−0.014 (0.009)




	
Food safety

	
−0.038 ** (0.013)

	
−0.024 * (0.011)

	
−0.002 (0.002)

	
0.016 (0.012)

	
0.059 ** (0.020)

	
0.046 * (0.021)

	
0.019 (0.018)

	
0.011 (0.008)




	
Perceptions and understanding of antibiotic resistance

	

	

	

	

	

	

	

	




	
Antibiotic resistance is one of the biggest problems the world faces

	
0.019 (0.011)

	
0.019 * (0.009)

	
0.005 (0.002)

	
−0.012 (0.011)

	
−0.029 (0.017)

	
−0.036 * (0.017)

	
−0.040 ** (0.015)

	
−0.008 (0.007)




	
Use of antibiotics in food animals does not cause antibiotic resistance that could affect humans

	
−0.008 (0.012)

	
−0.037 *** (0.010)

	
−0.013 ** (0.005)

	
0.080 *** (0.012)

	
0.013 (0.018)

	
0.070 *** (0.018)

	
0.120 *** (0.017)

	
0.055 *** (0.008)




	
Widespread use of antibiotics creates new resistant bacteria that cause illnesses that antibiotics cannot cure

	
0.0002 (0.014)

	
−0.017 (0.012)

	
0.001

(0.002)

	
−0.010 (0.013)

	
0.0003 (0.022)

	
0.032 (0.022)

	
−0.009 (0.020)

	
−0.007 (0.009)




	
Widespread use of antibiotics in animal feed can lead to antibiotics polluting the environment through agricultural runoff

	
−0.049 *** (0.014)

	
−0.021 (0.012)

	
0.0003 (0.002)

	
0.010 (0.013)

	
0.076 *** (0.022)

	
0.040 * (0.022)

	
−0.003 (0.019)

	
−0.007 (0.009)




	
History of antibiotics use

	

	

	

	

	

	

	

	




	
Last year treated with antibiotics (1,0)

	
0.023 (0.020)

	
−0.020 (0.017)

	
−0.009 (0.005)

	
0.057 ** (0.018)

	
−0.036 (0.031)

	
0.039 (0.032)

	
0.068 * (0.028)

	
0.041 ** (0.014)




	
Own: antibiotic treatment did not work (1,0)

	
−0.027

(0.026)

	
−0.039 (0.022)

	
−0.004 (0.005)

	
0.030 (0.023)

	
0.041 (0.039)

	
0.072 (0.039)

	
0.028 (0.036)

	
0.022 (0.018)




	
Family: antibiotic treatment did not work (1,0)

	
0.007 (0.027)

	
0.035 (0.020)

	
0.004 (0.003)

	
−0.024 (0.027)

	
−0.011 (0.043)

	
−0.070 (0.042)

	
−0.060 (0.036)

	
−0.016 (0.017)




	
Trust in livestock industry

	

	

	

	

	

	

	

	




	
Livestock farmers and their veterinarians know how to best care for their animals

	
−0.014 (0.013)

	
−0.026 * (0.010)

	
−0.010 * (0.004)

	
0.024 (0.013)

	
0.022 (0.019)

	
0.049 ** (0.019)

	
0.090 *** (0.018)

	
0.017 (0.009)




	
Animal welfare

	

	

	

	

	

	

	

	




	
Food safety is strongly dependent on the care provided to food animals

	
−0.005 (0.012)

	
−0.012 (0.010)

	
0.001 (0.002)

	
−0.030 *** (0.012)

	
0.008 (0.020)

	
0.022 (0.020)

	
−0.010 (0.018)

	
−0.021 * (0.008)




	
Use of antibiotics to treat an illness in food animals improves animal welfare

	
−0.109 *** (0.015)

	
−0.045 *** (0.011)

	
−0.004

(0.003)

	
0.012 (0.014)

	
0.169 *** (0.022)

	
0.086 *** (0.021)

	
0.039 * (0.019)

	
0.009 (0.010)




	
Use of antibiotics to prevent an illness in food animals improves animal welfare

	
0.001 (0.014)

	
−0.036 *** (0.011)

	
−0.011 ** (0.004)

	
0.057 *** (0.014)

	
−0.001 (0.022)

	
0.069 ** (0.021)

	
0.096 *** (0.019)

	
0.039 *** (0.010)




	
Use of antibiotics in food animal production reduces animal welfare

	
0.031 ** (0.012)

	
0.019 * (0.009)

	
0.0001 (0.002)

	
0.026 * (0.011)

	
−0.049 ** (0.018)

	
−0.037 * (0.018)

	
−0.006 (0.016)

	
0.018 * (0.007)




	
Demographic characteristics

	

	

	

	

	

	

	

	




	
Age

	
0.002 * (0.001)

	
−0.0003 (0.0006)

	
0.0003 (0.0002)

	
−0.0002 (0.001)

	
−0.002 * (0.001)

	
0.0005 (0.001)

	
−0.002 * (0.001)

	
0.0001 (0.0005)




	
Female (1,0)

	
0.009 (0.022)

	
0.059 ** (0.020)

	
0.020 ** (0.009)

	
−0.082 *** (0.019)

	
−0.014 (0.034)

	
−0.107 ** (0.034)

	
−0.116 *** (0.033)

	
−0.067 *** (0.018)




	
White (1,0)

	
−0.058 ** (0.022)

	
−0.006 (0.019)

	
0.005 (0.005)

	
−0.025 (0.022)

	
0.093 ** (0.037)

	
0.011 (0.037)

	
−0.034 (0.034)

	
−0.018 (0.016)




	
College education (1,0)

	
−0.035 (0.021)

	
−0.003 (0.017)

	
0.002 (0.003)

	
−0.027 (0.019)

	
0.055 (0.031)

	
0.007 (0.032)

	
−0.018 (0.029)

	
−0.018 (0.013)




	
Family Size

	
−0.002 (0.010)

	
0.005 (0.008)

	
0.002 (0.002)

	
−0.010 (0.009)

	
0.003 (0.015)

	
−0.009 (0.015)

	
−0.015 (0.013)

	
−0.007 (0.006)




	
Health sector involvement (1,0)

	
−0.020 (0.034)

	
−0.001 (0.028)

	
−0.002 (0.002)

	
−0.034 (0.030)

	
0.032 (0.055)

	
0.002 (0.054)

	
0.034 (0.047)

	
−0.026 (0.026)




	
Number of children

	
−0.006 (0.016)

	
−0.006 (0.013)

	
−0.003 (0.003)

	
0.016 (0.015)

	
0.010 (0.025)

	
0.012 (0.025)

	
0.029 (0.023)

	
0.011 (0.010)








Note: *** p ≤ 0.001, ** p ≤ 0.01, * p ≤ 0.05. Values in parentheses are the standard errors.
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