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Abstract

:

Simple Summary


Veterinary student education in toxicology is important. This study surveyed individuals affiliated with veterinary schools that are members of the Association of American Veterinary Medical Colleges. The online survey was designed to collect information about the credentials of the faculty that teach toxicology at veterinary schools, the topics that they include in their coursework, and faculty assessments regarding how prepared new graduates are at performing professional activities related to clinical toxicology. Nearly half of all schools provided a response to our survey. We found that toxicology was included as part of all veterinary school coursework. Toxicology classes across the different programs shared similar content. Most respondents to our survey felt that most of their students were prepared to perform professional activities related to veterinary toxicology.




Abstract


This study assessed the depth, breadth, and perception of toxicology education in curricula at Association of American Veterinary Medical Colleges (AAVMC) member veterinary schools. An online questionnaire was sent twice to all 54 AAVMC members and sent once to a veterinary toxicology list serve. The survey covered areas related to instructor demographics, the depth and extent of toxicology taught, and the respondent’s perceptions of their student’s ability to perform entrustable professional activities (EPA). Results were analyzed using descriptive statistics. Our survey resulted in a 44% response rate. All responding schools included toxicology in their curriculum, and it was a required course in 23 programs. Contact hours in stand-alone veterinary toxicology courses ranged from 14 to 45 h. Most respondents indicated that the current time allotted for toxicology was inadequate, despite indicating that most of their students could perform most EPAs autonomously. One exception related to the ability of students to analyze toxicology data. We found small variations in teaching methods and curriculum content. The results of our study can assist veterinary schools in evaluating their curricula to better prepare new graduates for the management of toxicology issues they may face in their veterinary careers.
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1. Introduction


Toxicology is an experimental science that investigates the fate of chemicals in the body, the mode of action of chemicals, and the adverse effects they induce. Veterinary toxicology has both basic (e.g., comparative toxicology) and clinical (e.g., veterinary clinical toxicology) science components. In many veterinary school curricula, students initially focus on the basic sciences, while later in their training, the focus shifts to clinical sciences. Thus, toxicology instruction, like training in pharmacology [1], should span these stages of veterinary education.



Domestic animals and wildlife can be exposed to a vast array of potential toxicants, including human and veterinary medications; illicit drugs; toxic plants, mycotoxins, algal toxins, and microbial toxins; pesticides; toxic metals and metalloids; and a variety of household products and industrial chemicals. The effects of toxicants can vary amongst different animal species. For example, exposure to the mycotoxin fumonisin is associated with equine leukoencephalomalacia and a pulmonary edema syndrome in swine [2]. The diversity of animal species that may be exposed to these agents and important species differences in response distinguishes veterinary from human toxicology.



Core concepts in toxicology as well as the diverse set of potentially toxic agents and animal species of interest to veterinarians make the design of a curriculum in veterinary toxicology challenging. Information regarding the current state of the toxicology curricula in professional veterinary programs in the United States and elsewhere is scarce. Toxicologists engaged in education and affiliated with either the American Board of Veterinary Toxicology (ABVT) or the American Academy of Veterinary and Comparative Toxicology developed a priority listing of fundamental concepts and knowledge that entry-level veterinarians should possess [3]. This included nine concepts (e.g., biotransformation, diagnosis, dose–response) and 73 agents (e.g., acetaminophen, botulism, lead) or classes of agents (e.g., cardiac glycoside-containing plants, ionophores, mycotoxins) with various effects in different animal species. The methods used in identifying and prioritizing these agents were not provided. This proposed curriculum did not consider the amount of time needed for delivery. A conservative estimate that each core concept could require one hour of instruction and each agent or agent class another 15 min yields a total of approximately 27 h of instruction. Development of toxicology curricula at veterinary schools could also be informed by efforts in human toxicology. Consensus-based lists of core topics that should be included in curricula for medical toxicology clerkships in medical schools have been proposed [4,5,6]. One proposed curriculum includes over 200 agents or classes of agents in addition to an extensive consideration of core concepts [5].



Veterinary education is increasingly focusing on assessing essential competencies in which trainees must become proficient before undertaking them independently [7]. To that end, a team of educators has proposed eight entrustable professional activities (EPAs) for the assessment of workplace activities deemed essential for veterinary practice [8,9]. These have been proposed as a practical framework for the implementation of competency-based education. An EPA is defined as “an essential task of a discipline that a learner can be trusted to perform with limited supervision in a given context and regulatory requirements, once sufficient competence has been demonstrated” [9]. The core EPAs help define Day One practice expectations for every veterinary graduate.



The ABVT recently formed an Education Committee to better inform the specialty on ways that veterinary toxicology is currently being taught at Association of American Veterinary Medical Colleges (AAVMC) member veterinary schools. Colleges and schools of veterinary medicine that seek to join the AAVMC must be accredited by the American Veterinary Medical Association (AVMA) Council on Education (COE). There are currently 54 AAVMC members, including all 33 veterinary colleges in the United States. This study helps address current gaps in our knowledge and provides an updated report on veterinary toxicology education in the United States and elsewhere.




2. Materials and Methods


An online survey consisting of 34 items was created to assess the extent and depth of toxicology education in veterinary programs at AAVMC member schools. The survey was reviewed and approved by both the North Carolina State University Institutional Review Board (IRB) and the AAVMC Survey Committee. The survey was developed by the authors and tested by several individuals prior to distribution to determine completion time and identify components that needed revision or clarification. The complete survey is provided in Appendix A. Participation in the study was voluntary, and all participants received descriptive information regarding the study along with a link to the survey. All invitees were informed that their information would be kept confidential.



The survey was distributed twice (on 6 July 2021 and 16 November 2021) by the AAVMC Survey Committee via email to the Associate Deans of Academic Affairs at member institutions. Distribution occurred using a web-based Qualtrics survey tool. The solicitation email to the Associate Deans requested them to forward the survey invitation to the faculty member most involved in teaching toxicology in their veterinary curriculum. The survey was also distributed (on 28 July 2022) to individuals that participate in the ABVT email listserv. The survey was kept open for approximately 13 months and was closed on 16 September 2022.



The first survey question addressed informed consent. An affirmative response was required to proceed with the rest of the questionnaire. Survey questions were divided into distinct sections, including portions focused on consent, instructor data, veterinary curriculum, veterinary courses, opinions, curricular change, and syllabi. Instructor data collected demographic information about the program and the credentials of individuals providing instruction in veterinary toxicology. The section on the toxicology curriculum asked respondents to estimate the amount of toxicology instruction provided by different types of individuals (e.g., faculty members, trainees, adjunct faculty). Data sought about veterinary courses included course titles, methods of instruction, whether courses were required or electives, resources used, and course content. This section also asked the respondent’s perception of how prepared their veterinary students would be at the time of graduation to perform the seven entrustable professional activities (EPAs) pertaining to a case involving toxicant exposure. It also asked respondents whether they would use peer-reviewed online materials to either teach or assess these EPAs. Respondent opinions regarding the adequacy of the toxicology curriculum were collected. The next section addressed veterinary curriculum changes at the respondent’s institution and student interests in toxicology as a career. The final section provided respondents with the opportunity to upload syllabi for their required or elective toxicology courses. All results were analyzed using descriptive statistics. Mean (±standard deviations) have been provided for some response data.




3. Results


A total of 29 surveys were received. Three invalid surveys (incomplete demographic data including identification of the institution) were excluded from our study. One completed survey came from an institution that was not a member of the AAVMC, and data from this survey were excluded from most analyses. This survey response did provide a toxicology course syllabus that contributed to the list of agents presented in Appendix B. Of the 54 schools and colleges eligible for the study, 24 unique institutions responded to the survey, resulting in an overall 44% response rate. Most (n = 18/24) responses were from academic institutions based in the United States. Three responses were obtained from institutions in Australia, England, or New Zealand, two responses were received by Canadian schools, and one response was obtained from a school based in the Caribbean. Two responses were received from faculty at one veterinary school based in the United States. These individuals were responsible for different facets of the toxicology curriculum, and their individual responses were retained as appropriate, resulting in 25 respondents to the survey. Most (n = 16/18) of the veterinary schools based in the United States and Canada were affiliated with academic institutions that also had a diagnostic laboratory accredited by the American Association of Veterinary Laboratory Diagnosticians (AAVLD). Most (n = 23/25) of the respondents personally teach toxicology to veterinary students at their home institution. The mean (±SD) number of years that the respondents had taught toxicology at their home institution and the total number of years they had taught toxicology across all locations were 12.7 ± 9.9 and 20.1 ± 10.3 years, respectively.



Of the 23 participants reporting their credentials, most (n = 20) respondents held a veterinary degree (DVM or equivalent). Other degrees held by respondents included a Master’s degree (n = 1) or Ph.D. or equivalent (n = 15). Board certification was common among the respondents. Eleven individuals were certified by the ABVT, four by the American Board of Toxicology, two by the American College of Veterinary Pathologists, one by the American College of Theriogenology, one by the American College of Veterinary Internal Medicine, one by the American College of Veterinary Emergency Critical Care, and one European Registered Toxicologist. Most (n = 18/24) of the AAVMC member schools relied on a single individual to teach the majority of the toxicology in the curriculum. However, most of the veterinary programs had additional individuals teach more than two hours of contact time in the veterinary toxicology curriculum. The mean number of instructors involved in teaching toxicology at AAVMC member institutions was 3.6 ± 2.8 (range 1–10). Most of the toxicology curriculum was provided by faculty members at the home institution. Trainees or staff provided some instruction at four schools (1–45% of the contact time in toxicology). Two veterinary schools relied almost entirely (>90% instruction time) on either adjunct/locum instructors or guest lecturers. A third institution indicated that 35% of the instruction in toxicology was provided by an adjunct/locum instructor.



Table 1 provides a summary of the method of instruction used prior to the COVID-19 pandemic and the types of educational resources that are currently used to teach toxicology to veterinary students. Only 25% (n = 6/24) of the respondents indicated that recent changes in teaching format due to the COVID-19 pandemic would cause a permanent alteration in the way toxicology was taught in the future. Most respondents (n = 16/24) indicated that a permanent change was possible because of recent changes in teaching format due to the COVID-19 pandemic. Most respondents (n = 19/24) indicated that a curriculum change had occurred within the past ten years at their home institution. No change in contact time because of a curriculum change was reported by most of the respondents (n = 16/23). Only one respondent indicated that contact time in toxicology increased following a curriculum change at their institution. Fifteen respondents provided comments regarding how they would use additional time to teach toxicology. The most frequently mentioned ways additional time dedicated to toxicology would be used by these 15 respondents included increased time allocated to cases (66.7%), enhanced discussion of the management of poisoned animals (33.3%), increased coverage of poisonous plants (33.3%), and discussion of topics related to environmental and ecotoxicology (20%).



Information about toxicology courses was provided for 22 institutions. All survey respondents indicated toxicology instruction is provided within their veterinary curriculum. Toxicology as a stand-alone course or as part of a broader course (e.g., veterinary pharmacology and toxicology, pathobiology) was required at nearly all programs (n = 21/22). Additional elective or selective courses in toxicology were available at some (n = 7/22) of the responding institutions. Mean contact hours in stand-alone veterinary toxicology courses was 30.5 ± 10.7 h (range: 14–45 h, n = 12). Most respondents (n = 17/24) felt that more time was needed to prepare students for day-one competency.



Our survey found that toxicology as a career option is considered by some veterinary students. The percentage of students in each class indicating an interest in toxicology, however, varies between institutions. Most (17/23) respondents indicated that fewer than 5% of their veterinary students expressed an interest in toxicology as a career choice. Two respondents however indicated that over 20% of their students expressed an interest in toxicology as a career.



Toxicology topics taught at AAVMC member institutions are reported in Table 2. Most topics were taught using a comparative approach that considered multiple species. Because veterinary toxicology is often taught in multiple courses, many toxicology topics were also included in courses that focused on either small animals, horses, large animals, or wildlife and exotics. One topic that appears less frequently is environmental toxicology. Likewise, toxicology in wildlife and exotic species is also less commonly included in existing veterinary curricula. This observation was also borne out by comments made by several respondents.



Respondent assessment of the competency of their students to perform entrustable professional activities (EPA) is provided in Table 3. In most cases, respondents felt that > 80% of their students could perform most toxicology-related EPAs autonomously and in some cases could mentor others in an activity. One exception related to the ability of students to analyze toxicology data where only 50% of respondents felt their students could perform this activity without supervision. A related question queried the confidence of the respondents in their ability to evaluate students’ preparation to perform an EPA. Approximately 10 to 20% of respondents indicated that they lacked confidence in their ability to evaluate their student’s ability to perform one or more EPAs.



Respondents were generally receptive to using online, peer-reviewed materials to either teach or assess EPAs (Table 4).



A total of 22 respondents provided comments related to perceived strengths and weaknesses in their institution’s toxicology curriculum. Multiple respondents reported similar strengths in their curriculum, including broad coverage of agents and general principles of toxicology in the curriculum (54.5%), use of a case- or problem-based approach to presenting the curriculum (27.3%), toxicology was taught by one or more experienced veterinary toxicologists (18.5%), and availability of a toxic plant garden (13.6%). Several respondents viewed a stand-alone toxicology course as a strength of the program. These respondents also provided comments related to programmatic gaps or weaknesses. Overall, these responses varied between institutions with fewer common concerns. Several of the 22 respondents (18.2%) were concerned about the lack of integration of toxicology in the overall curriculum, including an overall lack of knowledge of how toxicology may be taught by others in the curriculum. Likewise, 18.2% of respondents noted a lack of time dedicated to the teaching of toxicology. Two instructors with specialization in critical care or pathology indicated that they may not have the background needed to teach toxicology. There was also a concern by several respondents that topics related to forensics or large animal toxicology may not be adequately covered in the toxicology curriculum.



Syllabi for one or more courses were provided by 11 institutions. These included syllabi for required as well as elective courses. All required toxicology courses included one or more lectures on basic concepts (e.g., terminology, decontamination procedures, pharmacokinetics). Most syllabi also provided learning objectives. A summary of basic concepts and learning objectives found in multiple syllabi is provided in Appendix C. The remainder of the required courses often focused on toxicologic syndromes associated with toxic agents or classes of agents. Presentation of this material varied amongst institutions. Several syllabi used a systems approach (e.g., neurotoxicants) to organize the course, while others used an agent-based approach.




4. Discussion


Despite concerns about the demise of toxicology as a theme in the professional veterinary medical curriculum, all survey respondents indicated toxicology instruction is provided within their veterinary curriculum. Indeed, many AAVMC member institutions provide students with both required and elective courses in toxicology. The teaching of veterinary toxicology is generally provided by veterinarians, many of whom also hold advanced graduate degrees and additional board specialization. Nearly half of all institutions provide a stand-alone course in toxicology. This finding differs from that seen in United States and Canadian medical schools, where less than 5% had formal courses in toxicology [10]. Dedicated veterinary toxicology courses at AAVMC member institutions had between 14 and 45 contact hours. Mean contact hours devoted to toxicology training in American and Canadian medical schools were 5 and 6 h, respectively [10].



Based on our results, veterinary toxicology is often offered through a team-based education effort provided by multiple instructors. In fewer cases, the veterinary curriculum rests on the efforts of a single instructor. Prior to the COVID-19 pandemic, most instruction occurred in person with less reliance on online instruction. We examined this timeframe since the COVID-19 pandemic prompted instruction at many veterinary schools to switch to remote teaching formats. Most respondents thought that recent changes in teaching format due to COVID-19 could possibly change the way toxicology was taught. A recent study found student performance in a veterinary toxicology course delivered online asynchronously during the pandemic was similar to achievement during the prior, in-person course [11]. All respondents presented didactic lectures and provided students with copies of their PowerPoint presentations, suggesting this remains the primary means of instruction in veterinary toxicology. Case-based materials and problem sets were also used by many instructors. Our perception is that novel educational strategies, including flipped classroom techniques, are less commonly used in veterinary student instruction in toxicology. Approaches like flipping the classroom have been associated with improved academic performance in medical students [12].



Our survey explored the respondent’s assessment of their students’ ability to perform EPAs at graduation. The seven EPAs included in our study were modified from those developed by the AAVMC Competency-Based Veterinary Education Working Group [13]. These EPAs describe the most relevant activities a veterinarian carries out in private veterinary practice [14]. The EPAs provide an insight into what newly graduated veterinarians should be able to do and how much supervision may be required as they start professional practice [15]. Our data indicate that most (>80%) respondents felt their graduates could autonomously perform five of the seven EPAs included in our study. Approximately 25% of the respondents indicated that their graduates would require support to formulate recommendations for preventive healthcare. In retrospect, interpretation of this EPA could vary between respondents. For example, some individuals may perceive this to mean client communication regarding toxicologic hazards. Other respondents may have assumed this related to the initial management of an exposed animal. Mentorship was also needed for students to analyze toxicology data. This later finding is not unexpected since this represents an activity often associated with working toxicologists [16]. Interestingly, nearly one-quarter of all respondents lacked the confidence to assess their student’s ability to perform this EPA. Most (>80%) respondents were somewhat confident or very confident in their ability to assess the ability of their students to perform the remaining EPAs. Nearly 45% of all respondents indicated their graduates would require guidance to interpret toxicology data. The majority (>50%) of respondents indicated that they would be likely to use online, peer-reviewed materials to either teach EPAs or assess their students’ ability to perform an EPA. Less than 10% of all respondents indicated that they were unlikely to use these resources if they were available.



Based on our results, the majority of respondents used a comparative approach to teaching veterinary toxicology to their students. With few exceptions, there were common topics incorporated into veterinary curricula across responding institutions. One such exception related to wildlife and ecotoxicology was mentioned several times as a weakness of the toxicology curriculum. Our finding that major concepts and topics are often shared across different academic disciplines suggests that a next step could involve the definition of an agreed-upon set of core concepts for veterinary toxicology curricula. Similar approaches have occurred for pharmacology [17,18,19] and toxicology [20] programs within human health professions education, as well as for farm animal medicine [21] within veterinary medicine. Evidence from biology and pharmacology education indicates that core concepts are useful and effective structures around which such a curriculum can be designed to facilitate student learning [22,23]. Subsequent efforts could focus on the selection and development of specific assessment instruments to measure students’ ability to perform the EPAs to demonstrate ability to manage cases of toxicant ingestion, building on the efforts of Duijin and coworkers [24]. A group of veterinary educators under the auspices of the CBVE Working Group have proposed a draft Competency-Based Veterinary Education Toolkit, outlining recommended assessment formats for each CBVE Domain of Competency [25]. Among these, Script Concordance Tests (SCTs) stand out as a method faculty could use to assess their students’ ability to analyze toxicology data [26,27]. Since these examinations are challenging and time consuming to develop and validate, the fact that most curricula include similar toxicology content and teaching methods paves the way for a consortium effort to develop assessment tools.



There are methodological limitations to our study. Our data are often derived from a single individual at each school and may be biased because either the respondents have vested interests in the survey outcome, or they interpret the questions differently. Another major limitation of this investigation is the response rate. Acceptable response rates for web-based surveys remain poorly defined. Our response rate (44%) is qualitatively similar to that seen in a meta-analysis that reported a mean response rate for web surveys was 39.6% [28]. It remains uncertain if those who responded to our survey have similar views regarding veterinary toxicology as those who did not respond. Despite our effort to increase the response rate by careful consideration of the number of survey questions, using an easily accessible web-based survey, and sending an email reminder, the response rate was still only moderate. We believe that many factors contributed to our low rate, including survey fatigue, time constraints, and the time required to finish the survey. These factors have been noted by others [29]. Distribution of the survey relied on Associate Deans of Academic Affairs forwarding the email they received from the AAVMC. Associate Deans and recipient faculty may have missed these email communications resulting in decreased response rates. An additional plausible explanation is that some survey recipients may not have had the appropriate knowledge about toxicology instruction status at their institution. Despite the moderate response rate, our study provides valuable information on the current perception of the respondents regarding toxicology instruction in veterinary programs.




5. Conclusions


In conclusion, this study describes the current depth and breadth of toxicology instruction in a sample of veterinary programs at AAVMC member schools. There was a general agreement among the respondents that veterinary schools and colleges devote curricular space to toxicology instruction. The depth and the extent of toxicology topics coverage varied among institutions.
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Appendix A. Survey Elements


Consent Form


	Q1.1.

	
You are being asked to complete a survey for research purposes.




	
I currently reside in North America, South America, Asia, Africa, or Australia



	
I currently reside in the European Economic Area, including the United Kingdom













Instructor Data


	Q2.1.

	
Name of your institution:




	Q2.2.

	
Does your institution have an AAVLD-accredited diagnostic laboratory?




	Q2.3.

	
Do you personally teach toxicology to veterinary students at your home institution?




	Q2.4.

	
How many years have you taught toxicology at your home institution?




	Q2.5.

	
How many years have you taught toxicology overall?




	Q2.6.

	
What are your academic credentials? (select all that apply)




	
Ph.D., Sc.D. or equivalent



	
DVM, VMD, BVSc, or equivalent



	
Board-certified toxicologist (ABVT)



	
Board-certified toxicologist (ABT)



	
European Registered Toxicologist (ERT)



	
Other (specify)









	Q2.7.

	
Does your institution rely on a single person to teach the majority of the toxicology content to veterinary students?




	Q2.8.

	
What are that individual’s academic credentials? (select all that apply)




	
Ph.D., Sc.D. or equivalent



	
DVM, VMD, BVSc, or equivalent



	
Board-certified toxicologist (ABVT)



	
Board-certified toxicologist (ABT)



	
European Registered Toxicologist (ERT)



	
Other (specify)









	Q2.9.

	
Do other instructors teach significant (over 2 h of contact time per instructor) portions of the course?




	Q2.10.

	
How many of these other instructors provide over 2 h of contact time in the veterinary toxicology course?




	Q2.11.

	
How many of them are certified by the American Board of Veterinary Toxicology



(ABVT)?








Veterinary Curriculum


	Q3.1.

	
When thinking about your entire veterinary curriculum (DVM, VMD, BVSc or



equivalent), please estimate the amount of toxicology instruction provided by each of the



following (number of instructors and Percentage of veterinary toxicology instruction across all curriculum years):




	
CVM/SVM faculty members



	
CVM/SVM trainee or staff



	
Locum/adjunct instructor



	
Guest lecturers



	
Other: (specify)













Veterinary Courses


	Q4.1.

	
Please list all toxicology and poisonous plants learning opportunities (courses, labs, rotations, etc) available to students in your program. Data collected includes course title, year in curriculum, primary delivery method (e.g., lecture, lab, rotation, etc), total number of contact hours, required or elective, and percentage of students completing.




	Q4.2.

	
How was this instruction provided in 2018–2019 (pre-COVID). Check all that apply:




	
In-person lecture



	
In-person laboratory



	
In-person discussion/small group activities



	
Synchronous online instruction



	
Asynchronous online instruction



	
Other: please specify









	Q4.3.

	
Which (if any) of these didactic resources are used in the courses? Check all that apply:




	
Required textbook (specify author/title)



	
Optional textbooks (author/title)



	
Instructor-generated text-based notes



	
Instructor-created PowerPoints and printouts of these presentations



	
Case-based materials



	
Problem sets or quizzes









	Q4.4.

	
Which of these textbooks are required for the course(s)? Select all that apply (10 titles provided).




	Q4.5.

	
Which of these textbooks are optional for the course(s)? Select all that apply (10 titles provided).




	Q4.6.

	
Please indicate which of the following content areas are covered in the toxicology curriculum at your institution, and in what species (options included: all species/comparative perspective, small animal, equine, food animal, and wildlife and/or exotics):




	
Clinical and diagnostic toxicology



	
Drugs



	
Environmental toxicology



	
Feed and water contaminants



	
Household chemicals



	
Metals and micronutrients



	
Mycotoxins



	
Pesticides



	
Poisonous plants



	
Principles of toxicology



	
Therapeutic measures



	
Toxic gases



	
Zootoxins









	Q4.7.

	
To what extent do you perceive that your DVM students are prepared to perform the following activities at the time of graduation from your institution, for a case involving toxicant exposure (options included: not competent, can perform with support from a mentor, can perform autonomously, can mentor others in developing the skill, don’t know/not applicable):




	
Interpret toxicology data



	
Gather a toxicologic history, perform an examination, and create a prioritized differential diagnosis list



	
Develop a diagnostic plan and interpret results



	
Develop and implement a management/treatment plan



	
Recognize a patient requiring urgent or emergent care and initiate evaluation and management



	
Formulate relevant questions and retrieve evidence to advance care



	
Formulate recommendations for preventive healthcare









	Q4.8.

	
How confident are you in your current ability to evaluate students’ preparation to perform each of the following entrustable professional activities (EPAs)? (options included: not confident, somewhat confident, very confident):




	
Interpret toxicology data



	
Gather a toxicologic history, perform an examination, and create a prioritized differential diagnosis list



	
Develop a diagnostic plan and interpret results



	
Develop and implement a management/treatment plan



	
Recognize a patient requiring urgent or emergent care and initiate evaluation and management



	
Formulate relevant questions and retrieve evidence to advance care



	
Formulate recommendations for preventive healthcare









	Q4.9.

	
How likely would you be to use online, peer-reviewed materials to teach these skills? (options included: likely, may or may not, unlikely):




	
Interpret toxicology data



	
Gather a toxicologic history, perform an examination, and create a prioritized differential diagnosis list



	
Develop a diagnostic plan and interpret results



	
Develop and implement a management/treatment plan



	
Recognize a patient requiring urgent or emergent care and initiate evaluation and management



	
Formulate relevant questions and retrieve evidence to advance care



	
Formulate recommendations for preventive healthcare









	Q4.10.

	
How likely would you be to use online, peer-reviewed materials to assess these skills? (options included: likely, may or may not, unlikely):




	
Interpret toxicology data



	
Gather a toxicologic history, perform an examination, and create a prioritized differential diagnosis list



	
Develop a diagnostic plan and interpret results



	
Develop and implement a management/treatment plan



	
Recognize a patient requiring urgent or emergent care and initiate evaluation and management



	
Formulate relevant questions and retrieve evidence to advance care



	
Formulate recommendations for preventive healthcare













Opinions


	Q5.1.

	
In your opinion, is the contact time currently allotted to teaching veterinary toxicology adequate to prepare students for day-one competency? (Options included: yes, no—need more time, no we have too much time to fill)




	Q5.2.

	
If you were allotted more contact time, what additional topics or concepts would you add to the toxicology curriculum?




	Q5.3.

	
What are the greatest strengths of your current toxicology curriculum?




	Q5.4.

	
What do you see as the biggest gaps or weaknesses in your current toxicology curriculum? Curricular Change




	Q6.1.

	
When was the most recent veterinary curricular change implemented at your institution?




	Q6.2.

	
What effect did this change have on how toxicology is taught in your program?




	Q6.3.

	
What approximate percentage increase in contact time occurred due to the most recent change in your institution’s veterinary curriculum?




	Q6.4.

	
What approximate percentage decrease in contact time occurred due to the most recent change in your institution’s veterinary curriculum?




	Q6.5.

	
Are recent changes in teaching format due to COVID-19 likely to cause permanent alterations in the way you teach toxicology in the future? (options included: yes, possibly, no)




	Q6.6.

	
Over the past five years, approximately what percentage of students in each class indicate an interest in toxicology as it pertains to their career goals (e.g., pursuing a graduate or residency program in toxicology, emergency and critical care medicine, government, or industry).








Syllabi


	Q7.1.

	
Finally, would you be willing to share syllabi for core or elective toxicology courses? Please upload each file individually, using as many of the spaces on the next page as needed (option provided to upload up to five files).
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Table A1. Toxic agents covered in one or more veterinary toxicology courses.






Table A1. Toxic agents covered in one or more veterinary toxicology courses.










	Algal Toxins
	Household Toxins
	Plants (Common Names)



	
	
Anatoxin-a(s)





	
	
Alcohols (methanol, ethanol, isopropyl)





	
	
Black locust








	
	
Microcystin





	
	
Corrosive, caustics, and detergents





	
	
Black walnut








	Bacterial toxins/zootoxins
	
	
Ethylene glycol





	
	
Bracken fern








	
	
Black widow spiders





	
	
Fertilizer





	
	
Buckwheat








	
	
Blister beetles





	
	
Petroleum distillates





	
	
Buttercup








	
	
Brown recluse spiders





	
	
Polyurethane glue





	
	
Butternut








	
	
Bufo toads





	
	
Silica gel





	
	
Calcium oxalate plants








	
	
Botulism





	Minerals and Metals
	
	
Castor bean








	
	
Coral snakes





	
	
Arsenic





	
	
Cocklebur








	
	
Fireflies





	
	
Copper





	
	
Cotton seed (gossypol)








	
	
Pit vipers





	
	
Copper chrome arsenic (CCA)





	
	
Cyanogenic glycosides








	
	
Tick paralysis





	
	
Fluoride





	
	
Fescue








	Drugs
	
	
Lead





	
	
Grayanotoxin plants








	
	
Acetaminophen





	
	
Selenium





	
	
Horsetail








	
	
Albuterol





	
	
Sodium





	
	
Hops








	
	
Amitraz





	
	
Zinc





	
	
Lantana








	
	
Amphetamines





	Mushrooms
	
	
Larkspur








	
	
Atropine





	
	
Amanita muscaria





	
	
Lilies








	
	
Avermectins





	Mycotoxins
	
	
Locoweeds








	
	
Barbiturates





	
	
Aflatoxins





	
	
Marijuana








	
	
Benzodiazepines





	
	
Deoxynivalenol (DON)/Vomitoxin





	
	
Oaks








	
	
Drugs of abuse





	
	
Fumonisins





	
	
Oleander








	
	
Nonsteroidal anti-inflammatory drug (NSAID)





	
	
Ochratoxin A





	
	
Perilla mint-ABPEE








	
	
Opiates and opioids





	
	
Slaframine





	
	
Pine needle abortion








	
	
Phenylpropanolamine





	
	
Tremorgenic





	
	
Poison hemlock








	
	
Salicylates





	Pesticides
	
	
Pyrrolizidine alkaloids








	
	
Scopolamine





	Fumigants
	
	
Red maple








	
	
Serotonin syndrome





	
	
Sulfuryl fluoride





	
	
Redroot pigweed








	
	
Tetracyclines





	
	
Chloropicrin





	
	
Rosary pea








	Feed toxicants/foods
	Herbicides
	
	
Russian knapweed








	
	
Avocado





	
	
Chlorophenoxy herbicides (2,4-D)





	
	
Sago palms








	
	
Chocolate





	Insecticides
	
	
Saponin plants








	
	
Grapes and raisins





	
	
Carbamates





	
	
Solanaceous plants








	
	
Ionophores





	
	
Organophosphates





	
	
Sorghum








	
	
Macadamia nuts





	
	
Pyrethrins and pyrethroids





	
	
Spurges








	
	
Nitrate-nitrite





	Rodenticides
	
	
St. John’s Wort








	
	
Nonprotein nitrogen/urea





	
	
Anticoagulant rodenticides





	
	
Sweet clover








	
	
Onion





	
	
5-Fluorouracil





	
	
Tobacco








	
	
Thiaminases (fish)





	
	
Bromethalin





	
	
Tropane alkaloids








	
	
Xylitol





	
	
Cholecalciferol





	
	
Veratrum








	Gases
	
	
Strychnine





	
	
Water hemlock








	
	
Carbon monoxide





	
	
Zinc phosphide





	
	
White snakeroot








	
	
Cyanide





	
	
	
Yellow star-thistle








	
	
Hydrogen sulfide





	
	
	
Yesterday-today-and-tomorrow








	
	
Teflon





	
	
	
Yew








	
	
	Radiation
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Table A2. Learning objectives shared by multiple veterinary toxicology courses.
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	Clinical Toxicology



	
Correctly obtain historical information to support a toxicology diagnosis.






	
Describe and understand differences between the major treatment modalities in toxicology, including decontamination, direct and indirect countering of toxicant effects, and supportive treatment.






	
Be able to describe the uses, contraindications, and side effects associated with common therapies (e.g., emetics, activated charcoal) used to decrease animal exposure to poisons.






	
Describe general approaches to poisoning prevention and risk management.






	
List the sources of a toxicant of interest and the factors that contribute to exposure risk






	
Recognize the clinical signs of poisoning with a toxicant of interest and be able to create a list of possible intoxicants from a description of clinical signs.






	
List the treatment options and generate treatment plans based on the degree of exposure, stage, and severity of poisoning.






	
Correctly read and interpret case histories.








	Dose–Response Relationships



	
Identify, explain, and know toxicant examples that fit the following dose–response models: threshold; linear; hermetic; hysteretic.






	
Define and use dose–response graphs to identify NOAEL, LOAEL, and ED50 or LD50.






	
Interpret dose–response graphs and derived toxicity parameters in terms of relative toxicant potency and poisoning risk in an individual patient.






	
Interpret dose–response relationships including threshold response, non-threshold response, LD50 response, and quantal responses.











	Forensics



	
Describe and explain principles and approaches used to make a toxicological diagnosis and relate the diagnostic process to realistic poisoning scenarios.






	
Describe and/or recognize from a photograph or written description the pathological lesions associated with a toxicant of interest.






	
Describe the basics of performing a toxicological investigation.






	
Describe sampling procedures for diagnostic toxicology cases including common test assays, necropsy procedures, and field investigations.






	
Correctly order suitable tests using ideal samples of choice.






	
Correctly interpret test results and come up with a proper interpretive summary.











	General Concepts



	
Understand and apply common toxicological terminology






	
Poison, toxin, toxicant, toxicity, toxicosis, LD50, relay toxicosis;






	
Concentration, dose, dosage;






	
Hazard, risk, standard safety margin, and chronicity factor;






	
Exposure;






	
Dose–response relationship.






	
Understand and explain the basic theory of poisoning.






	
Know and understand major physical–chemical toxicant properties that influence environmental distribution and exposure to toxicants.






	
Know and understand the mechanisms of mixture effects that influence poisoning risk and severity, including major chemical interactions, pharmacokinetic interactions, and pharmacodynamic interactions.






	
Describe physiologic, pathophysiologic, and toxicologic factors that could influence an animal’s response to a chemical. Given an animal species and exposure to a specified toxicant, identify factors that could increase or reduce expected effects on the animal.






	
Describe the mechanism of action of a toxicant of interest.






	
Identify species differences that affect response to common toxicants.











	Plant Identification



	
Recognize (from a photograph or plant specimens) the toxic plant(s) that might be responsible for a particular set of clinical signs or lesions (from a photograph or written description).











	Toxicology Calculations



	
Perform calculations to determine the amount of toxin in feed or to which an animal might have been exposed.











	Toxicology Information Resources



	
List where to find reliable toxicological information.






	
Learn how to access and use established and reliable print and electronic resources to characterize a suspected toxicant.
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Table 1. Current didactic resources and primary method of instruction provided in toxicology courses between 2018 and 2019 at AAVMC member institutions (n = 24). Percentage of institutions.
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	Method of Instruction
	%
	Didactic Resources
	%





	In-person lecture
	100.0
	Printouts of instructor-created PowerPoints
	100



	In-person discussion/small group activities
	62.5
	Optional textbook(s)
	79.2



	In-person laboratory
	37.5
	Case-based materials
	75.0



	Asynchronous online instruction
	12.5
	Instructor-generated text-based notes
	58.3



	Field investigations
	12.5
	Practice quizzes
	54.2



	Synchronous online instruction
	8.3
	Problem sets
	37.5



	
	
	Required textbook(s)
	4.2
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Table 2. Basic veterinary toxicology concepts and topics taught at AAVMC member institutions (n = 24).






Table 2. Basic veterinary toxicology concepts and topics taught at AAVMC member institutions (n = 24).





	

	
% of Respondents




	
Domain

	
All Species Comparative Perspective

	
Small Animal

	
Equine

	
Food Animal

	
Wildlife and/or Exotics






	
Clinical and diagnostic toxicology

	
87.0

	
17.4

	
17.4

	
17.4

	
8.7




	
Drugs

	
87.5

	
20.8

	
12.5

	
12.5

	
8.3




	
Environmental toxicology

	
65.0

	
10.0

	
10.0

	
15.0

	
35.0




	
Feed and water contaminants

	
72.7

	
22.7

	
18.2

	
27.3

	
18.2




	
Household chemicals

	
69.6

	
39.1

	
4.4

	
4.4

	
0




	
Metals and micronutrients

	
82.6

	
26.1

	
13.0

	
26.1

	
13.0




	
Mycotoxins

	
79.2

	
25.0

	
20.8

	
25.0

	
4.2




	
Pesticides

	
78.3

	
30.4

	
21.7

	
30.4

	
17.4




	
Poisonous plants

	
81.8

	
27.3

	
22.7

	
27.3

	
4.6




	
Principles of toxicology

	
95.7

	
8.7

	
8.7

	
8.7

	
0




	
Therapeutic measures

	
90.9

	
18.2

	
18.2

	
18.2

	
4.6




	
Toxic gases

	
76.5

	
5.9

	
5.9

	
23.5

	
5.9




	
Zootoxins

	
85.0

	
15.0

	
15.0

	
20.0

	
0
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Table 3. Respondent perceptions regarding entrustable professional activities associated with toxicology (number of responses varies per question).
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Respondent’s Assessment of Their Confidence in Their Students’ Ability to Perform an EPA at Graduation (%)

	
Respondent’s Confidence in Their Ability to Evaluate Students’ Preparation to Perform an EPA (%)




	
Entrustable Professional Activity (EPA)

	
Not Competent

	
Can Perform with Support from a Mentor

	
Can Perform Autonomously

	
Can Mentor Others in Developing the Skill

	
Not Confident

	
Somewhat Confident

	
Very Confident






	
Recognize a patient requiring urgent or emergent care and initiate evaluation and management (n = 23)

	
0.0

	
13.0

	
82.6

	
4.4

	
12.5

	
33.3

	
54.2




	
Interpret toxicology data (n = 22)

	
9.1

	
40.9

	
50.0

	
0

	
16.7

	
50.0

	
33.3




	
Gather a toxicologic history, perform an examination, and create a prioritized differential diagnosis list (n = 23)

	
4.4

	
8.7

	
78.3

	
8.7

	
16.7

	
37.5

	
45.8




	
Formulate relevant questions and retrieve evidence to advance care (n = 23)

	
0

	
13.0

	
82.6

	
4.4

	
8.3

	
50.0

	
41.7




	
Formulate recommendations for preventive healthcare (n = 21)

	
4.8

	
14.3

	
66.7

	
14.3

	
20.8

	
45.8

	
33.3




	
Develop and implement a management/treatment plan (n = 23)

	
4.4

	
13.0

	
78.3

	
4.4

	
16.7

	
37.5

	
45.8




	
Develop a diagnostic plan and interpret results (n = 22)

	
4.6

	
13.6

	
72.7

	
9.1

	
12.5

	
33.3

	
54.2
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Table 4. Respondent’s likely use of online, peer-reviewed materials to either teach or assess EPAs (number of responses varies per question).
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Teach EPAs (%)

	
Assess EPAs (%)




	
Entrustable Professional Activity (EPA)

	
Likely

	
May or May not

	
Unlikely

	
Likely

	
May or May not

	
Unlikely






	
Recognize a patient requiring urgent or emergent care and initiate evaluation and management (n = 23)

	
54.2

	
41.7

	
4.2

	
54.2

	
41.7

	
4.2




	
Interpret toxicology data (n = 22)

	
54.2

	
41.7

	
4.2

	
54.2

	
37.5

	
8.3




	
Gather a toxicologic history, perform an examination, and create a prioritized differential diagnosis list (n = 23)

	
62.5

	
25.0

	
12.5

	
54.2

	
37.5

	
8.3




	
Formulate relevant questions and retrieve evidence to advance care (n = 23)

	
58.3

	
33.3

	
8.3

	
50.0

	
45.8

	
4.2




	
Formulate recommendations for preventive healthcare (n = 21)

	
50.0

	
45.8

	
4.2

	
54.2

	
41.7

	
4.2




	
Develop and implement a management/treatment plan (n = 23)

	
66.7

	
20.8

	
12.5

	
58.4

	
33.3

	
8.3




	
Develop a diagnostic plan and interpret results (n = 22)

	
62.5

	
25.0

	
12.5

	
54.2

	
37.5

	
8.3
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