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ABSTRACT 

EXAMINING THE DIFFERENTIAL USE OF A NORTH AMERICAN ANIMAL POISON 

CONTROL CENTER BY VETERINARIANS AND THE PUBLIC 

 

Keana Shahin Moghaddam Rashty 

University of Guelph, 2022 

  Advisor:                                       

Dr. David L. Pearl

 This thesis examined the use of a North American animal poison control center by 

veterinarians and the public using data collected by the Animal Poison Control Center (APCC). 

Using a multi-level logistic regression model, I determined that the odds of a veterinarian 

compared to the public calling the APCC were influenced by access to veterinary care in a 

region, dog characteristics, toxicant type, season, and year. Using the spatial scan statistic, 

spatial, temporal, and space-time clusters of excess veterinary and public calls were identified in 

the continental United States. These findings provide insight on how the APCC is used 

differently by veterinarians and the public, how its use has changed over time, and identified 

regions of differential use by these groups. These findings will allow the APCC and other animal 

poison control centers to improve the delivery of their services through better targeting of their 

user base. 
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CHAPTER ONE: INTRODUCTION, LITERATURE REVIEW, 

AND STUDY OBJECTIVES 

INTRODUCTION 

Communications technology has become an ever-growing presence in our daily lives and 

continues to expand into human and veterinary medicine. Evolving communications technology 

have given rise and expanded the use of tele-medicine. Tele-medicine is an umbrella term 

encompassing tele-health, tele-triage, and virtual care. The rise of tele-medicine has also 

impacted veterinary medicine, including the development of veterinary tele-triage services. In 

North America, the American Poison Control Center (APCC) administered by the American 

Society for the Prevention of Cruelty to Animals (ASPCA) is a prominent veterinary tele-triage 

service accessible to veterinarians and the public. Most research efforts related to the APCC have 

focused on specific toxicants, but little has been published on factors that influence caller type, 

and how caller type differs in space, time, and space-time. As tele-triage services become more 

common, there is a need to understand who is using them, what factors influence their use, and if 

usage is changing or different in space and/or time. Multi-level risk factor analyses can address 

some of these questions and have been used to simultaneously examine the influence of 

individual-level, group-level, and regional or environmental factors on health and disease (1). 

Spatial scan statistics have been useful at identifying areas of high/low risk of various health 

conditions in space and/or time. 

In this thesis, I used multi-level models to examine how the use of an animal tele-triage 

service differed among veterinarians and the public. I then analyzed these data using the spatial 

scan statistic to identify clusters of APCC user groups in space, time, and space-time. 

Consequently, the following literature review will focus on tele-triage in human and veterinary 
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healthcare, and the use of multi-level models and spatial scan statistics to address questions of 

concern in animal and human health. 

LITERATURE REVIEW 

Tele-triage in human medicine  

Telephone triage (tele-triage) is defined as the advice, assessment, or intervention over 

the phone to a client by a healthcare professional (2). Tele-triage has been used in human health 

since the early 2000s and is becoming a vital component of healthcare, as it allows for the 

delivery of care in a quick, cost-effective manner (3). One of the reasons for implementing tele-

triage was to help alleviate emergency department congestion in hospitals (4). Past studies have 

found that when tele-triage services are available to the public, wait times for emergency 

departments can be reduced by approximately 67% (5). Tele-triage services were also found to 

be safe as the risk of misdiagnosis in one study was 0.8% (5). The use of tele-triage services has 

been examined in Switzerland, where it was determined that most users were female, older 

adults, and native to the country (6). The average age of a caller was 49 years old, and nearly half 

had received post-secondary education, and the majority had an established family care 

physician (6). The most common reasons cited for using tele-triage were that their family 

physician was unavailable, their health issue occurred while their family physician’s office was 

closed, and that they were unaware of who else to contact for non-emergency issues (6). Similar 

results were found in Northern Ontario, where a review of tele-triage services determined that 

practitioner visits decreased without increasing adverse health effects (7). This study also found 

the majority of tele-triage callers to be female, but most were younger than 20 years old (7). 

From this study, it was determined that the tele-triage service decreased the number of 
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emergency department visits (7).  In addition to being used as a method to decrease emergency 

department visits, tele-triage has also been used as a disease surveillance tool. In Ontario, 

Canada, tele-triage has been determined to be useful for the detection of changing patterns of 

respiratory illnesses such as influenza (8). It was found that during peak times of influenza 

transmission, Ontario telehealth calls increased more than two times the weekly mean and four 

times as high as the lowest weekly rate (8).  Other studies around the world examining tele-triage 

as a surveillance tool have found similar results. A study examining tele-triage surveillance of 

influenza viruses in the United States of America (U.S.) found that tele-triage provides timely 

data indicative of peaks in disease (9). A Swedish study used tele-triage to identify any type of 

disease outbreak during a 4 year period (10). The authors retrospectively identified nine 

outbreaks, three of which were due to contaminated drinking water, and the other six due to 

foodborne pathogens (10). They concluded that tele-triage provided clear and strong outbreak 

signals (10).  

Tele-triage in veterinary medicine 

There is documentation of veterinary tele-medicine as early as the 1980s, when tele-

cardiology was used to transmit electrocardiograms over telephone lines to a veterinary 

cardiologist thousands of miles away (11). Tele-triage began to gain popularity in veterinary 

medicine due to its convenience and low cost. A survey of veterinarians in the U.S. found that 

although many veterinarians use tele-triage services, it is most popular amongst young veterinary 

professionals, and younger pet owners (12).  

Teller et al. found that there were few studies published examining the use of veterinary 

tele-health services (11). Currently, there are multiple veterinary tele-health services available, 
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such as “Air vet”, a US based pet insurance company which offers a tele-triage service to pet 

owners included with their monthly membership fee of 30 USD (13). Users can call this service 

in the event of toxicant exposures, choking or breathing issues, blockages and bloat, internal or 

external injuries, and pre-existing conditions such as epilepsy (13). Another example is 

“Vetster”, an online telemedicine service available in select Canadian regions where users are 

connected to a veterinarian through virtual appointments, prices vary from 80 CAD to 110 CAD 

depending on the veterinarian and where they are located (14). Similarly, “Smart.vet” gives pet 

owners the option of contacting a veterinarian through instant messaging, telephone, or video 

session for 105 CAD (15). These services cater to smaller geographical populations and are used 

only by the public. The APCC is unique in receiving calls from both the public and veterinarians 

making it one of the only tele-triage services to do so. When a member of the public or a 

veterinarian calls the APCC, information from their call, such as animal breed, weight, age, 

toxicant, and call coordinates, is recorded in the “AnTox” database. These data can then be used 

for analyses. In the past, data from the APCC AnTox dataset have been explored as an outbreak 

surveillance tool, and Swirski et al. found that the APCC can be used to identify common 

toxicological exposures in domestic dogs and cats (16). In addition to this, Howard-Azzeh et al. 

used these data to examine the impact of cannabinoid decriminalization on recreational drug 

exposures in domestic dogs (17). As part of their study, they noted that the odds of a call to the 

APCC varied by caller type. 

 To date, there has been little research examining who is using the APCC most and how 

these users are distributed in space and/or time. By addressing these gaps, the service can be 

better tailored to meet users’ needs.  
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RESEARCH METHODS 

Multi-level models 

While the APCC’s primary purpose is that of a toxicological tele-triage service, the data 

collected from the calls can also be used for outbreak detection and poisoning surveillance. 

Multi-level models are used for the statistical analysis of data that have a hierarchical or 

clustered structure (18). Epidemiologists frequently deal with data with a multi-level structure. 

For instance, in the fields of infectious and chronic disease epidemiology there is a strong 

interest in the impact of environmental factors in addition to individual-level factors (19).  

Multi-level models, also known as mixed-models, include fixed and random effects and 

are useful in estimating the association between independent and dependent variables with a 

variety of distributions while accounting for a variety of correlation structures (20). 

Consequently, multi-level analyses can estimate the effects of social/environmental factors and 

individual-level characteristics while correcting for autocorrelated/clustered data that can result 

in type I errors and even confounding by cluster when analyzed using ordinary regression models 

(20, 21). Multi-level models, like ordinary regression models, include fixed effects.  Fixed 

effects are the effects of a variable of interest on the magnitude and direction of the outcome of 

interest after controlling for other covariates.  In contrast, with random effects, it is assumed that 

some of the terms in the model are values from a probability distribution rather than having 

constant values (22) and the focus shifts from the individual group to variability in the 

population of groups (23,24). 

Multi-level models have been used in the past as a method to analyze infectious and non-

infectious disease data to estimate the associations between various individual- and group-level 



 

6 

 

factors and the odds of disease (25–27). The reason for incorporating group-level variables into 

these analyses is that, unlike individual-level variables, these variables capture the context in 

which groups of people or animals live (28). Failing to account for group-level variables can lead 

to an incomplete understanding of deterministic factors and the epidemiology of disease (28). In 

situations where variables are measured at several hierarchical levels, multi-level modelling 

allows researchers to measure the effect of variables at multiple levels and to understand how 

much variation in the outcome of interest is explained at each hierarchical level (20).   For 

instance, multi-level models have been used to examine issues in health such as how 

neighborhood-level factors impact the risk of cardiovascular disease (29). This type of analysis 

allowed Kershaw et al. to simultaneously examine individual-level variables like age, sex, and 

education level and neighborhood-level factors like neighborhood poverty, social environment, 

and physical environment (29). Cernicchiaro et al. used a multi-level model to examine risk 

factors associated with Escherichia coli  O157:H7 carriage in cattle in Ontario beef cow-calf 

operations (27) so they were able to estimate the effect of individual-level variables, like age 

class, and management and environmental factors, like feeding practices and the presence of pigs 

on the farm (27). Howard-Azzeh et al. used multi-level modelling to examine factors associated 

with the odds of a call to the APCC due to opioid and cannabinoid poisonings (17,30). In this 

example, using multi-level modelling allowed for the inclusion of factors measured at the 

community and state levels including income disparity, ethnic diversity, and human drug use and 

legislation, along with individual dog-level variables including age, weight, and breed class 

(17,30).   

Using the variance components from these multi-level models (i.e., the decomposition of 

variance in the outcome across hierarchical levels), researchers are able to estimate variance 
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partition coefficients.  Variance partition coefficients (VPCs) are an estimate of the proportion of 

the total variance in an outcome explained at each hierarchical-level (31). For instance, 

Cernicchiaro et al. estimated VPCs to determine the proportion of the variance in the carriage of 

E. coli O157:H7 that could be explained at the individual, herd, and county levels after 

accounting for fixed effects in their model. Howard-Azzeh et al. used the same approach to 

understand how the variance in calls related to cannabinoids and opioids were partitioned at the 

dog, county, and state levels (17, 30). Similarly, Chandola et al. estimated VPCs to determine the 

proportion of the variance in smoking cessation explained at the individual, household, and area 

levels (32). Understanding the partitioning of variance among these hierarchical levels is often 

considered an important consideration in the targeting of interventions (21).  

Spatial scan statistics 

In epidemiology, disease surveillance has been a long studied topic; determining areas with 

high rates of disease can give clues to the cause of disease within the population and identify 

areas where increased healthcare is required or where preventative measures should be 

implemented (33). The spatial scan statistic was proposed to identify areas in space, time, and 

space-time with an excess and/or deficiency in events and test the null-hypothesis that disease is 

randomly distributed across space and/or time (34). In epidemiology, this statistic has been used 

for the identification of clusters of disease, vectors, and toxicants in human and animal 

populations (35–37). This is accomplished by a scanning window that can vary its size and move 

across space and/or time, noting the number of observed and expected observations inside the 

window at each location (34).  This window can be a time interval for temporal scans, circular or 

elliptical in shape for spatial scans, or cylindrical with an elliptical or circular base for space with 
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the height of the cylinder capturing time for space-time scans (34).  The spatial scan statistic is 

useful as it decreases the chances of pre-selection bias with the flexible scanning window (i.e., 

flexible in radius), it uses a variety of distributions, and implements Monte Carlo hypothesis 

testing to establish p-values (38). Monte Carlo simulations create random replicates of the 

dataset under the null hypothesis to estimate the p-value (38).  

These scan statistics have been used for a variety of infectious and non-infectious diseases 

in animal and human populations (36,37,39,40). For instance, Howard-Azzeh et al. used the 

spatial scan statistic to identify spatial, temporal, and space-time clusters of high proportions of 

cannabinoid and opioid calls to the APCC (39). Of particular note, the researchers found that 

spatial and temporal patterns of human drug use were frequently consistent with the spatial and 

temporal clusters of dog poisoning events involving these toxicants (39).  Pearl et al. performed 

space-time scans with the spatial scan statistic to identify community and household outbreaks of 

Escherichia coli O157 in humans (38). The researchers concluded that the space-time 

permutation model appeared to be the most appropriate for outbreak detection of this pathogen 

since it corrected for the effects of purely spatial and temporal clusters in their data (38).  

Additionally, scan statistics have been used to determine the distribution of vector-borne 

pathogens (37). For instance, Clow et al. used the spatial scan statistic to identify areas with a 

high prevalence of tick species known for carrying Borrelia burgdorferi, the causative agent of 

Lyme disease (37). The information gathered using scan statistics identified areas with high 

prevalence of ticks and tick-borne pathogens, which is beneficial for determining the allocation 

of health care services and preventative measures. These examples highlight how scan statistics 

can be used to identify areas and/or times in which preventative measures or interventions are 

needed (39). 
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STUDY OBJECTIVES  

The ASPCA’s APCC collects information regarding animal poison-related emergencies. 

The APCC receives calls from the public and veterinarians, and maintains a database concerning 

toxicants, animal characteristics, clinical signs, source of the call, and the location of each call. 

These data can be used to understand the epidemiology of toxicant exposure, conduct 

surveillance, and identify outbreaks of poisoning events involving companion animals. 

Consequently, there has been increasing interest in how these services are used by these different 

communities to improve the delivery of these services and inform future studies using these data. 

In this thesis, I explored how the use of the APCC varied between veterinarians and the general 

public in terms of the following characteristics:   

• Type of toxicant (Ch.2) 

• Animal demographics (such as sex, neuter status, and breed class) (Ch 2.)  

• Access to veterinary services (Ch. 2)  

• Seasonal and secular trends (Ch. 2 & 3) 

• Clusters of public and veterinary use in space, time, and space-time in the continental 

U.S. (Ch.3) 

 

 

 

 



 

10 

 

REFERENCES  

1.  Diez-Roux A V. Multilevel analysis in public health research. Public Health. 2000;21:171–92.  

2.  Wheeler S, Ness SM. Telephone triage: Best practice and systems for telehealth nursing. Wild 

Iris medical education; 2020. p. 1–2.  

3.  Sax DR, Vinson DR, Yamin CK, Huang J, Falck TM, Bhargava R, et al. Tele-triage outcomes 

for patients with chest pain: Comparing physicians and registered nurses. Health Aff. 2018 

Dec 1;37(12):1997–2004.  

4.  Frid AS, Ratti MFG, Pedretti A, Valinoti M, Martínez B, Sommer J, et al. Teletriage pilot 

study (strategy for unscheduled teleconsultations): Results, patient acceptance and 

satisfaction. Stud Health Technol Inform. 2020;270:776–80.  

5.  Hanrahan G, Ennis C, Conway M, Murtagh P, Brosnahan D. An evaluation of the safety and 

effectiveness of telephone triage in prioritising patient visits to an ophthalmic emergency 

department-the impact of COVID-19. Ir J Med Sci. 2021 Oct 19;1–6.  

6.  Thierrin C, Augsburger A, Dami F, Monney C, Staeger P, Clair C. Impact of a telephone 

triage service for non-critical emergencies in Switzerland: A cross-sectional study. PLoS One. 

2021 Apr 1;16(4):e0249287.  

7.  Hogenbirk JC, Pong RW, Lemieux SK. Impact of telephone triage on medical service use: 

Implications for rural and remote areas. J Agric Saf Heal. 2005;11(2).  

8.  Rolland-Harris E, Mangtani P, Moore KM. Who uses telehealth? Setting a usage baseline for 

the early identification of pandemic influenza activity. Telemed e-Health. 2012 Mar 

1;18(2):153–7.  

9.  Espino JU, Hogan WR, Wagner MM. Telephone triage: A timely data source for surveillance 

of influenza-like diseases. AMIA Annu Symp Proc. 2003;2003:215.  

10.  Andersson T, Bjelkmar P, Hulth A, Lindh J, Stenmark S, Widerström AM. Syndromic 

surveillance for local outbreak detection and awareness: Evaluating outbreak signals of acute 

gastroenteritis in telephone triage, web-based queries and over-the-counter pharmacy sales. 

Epidemiol Infect. 2013;142(2):303–13.  

11.  Teller LM, Moberly HK. Veterinary Telemedicine: A literature review. Vet Evid J. 2020 Oct 

30;5(4).  

12.  Watson K, Wells J, Sharma M, Robertson S, Dascanio J, Johnson JW, et al. A survey of 

knowledge and use of telehealth among veterinarians. BMC Vet Res. 2019;15(1):1–8.  

13.  Airvet. Membership - Airvet [Internet]. Available from: 

https://www.airvet.com/membership/?utm_term=pet 

wellness&utm_campaign=g_s_nb_petwellness&utm_source=bing&utm_medium=ppc&msclk

id=c5cafc4e37611974547e9ef5adf7c11c 

14.  Vetster. 24/7 Online Vet Appointments - Ask a Vet - Vetster (CA) [Internet]. Available from: 

https://vetster.com/en-

ca?utm_source=bing&utm_medium=cpc&utm_campaign=vet_telemedicine_ca&utm_id=123



 

11 

 

57867824&utm_term=veterinary_telehealth&utm_content=115743545417&msclkid=754b91f

2dfb1153fe827f3494527cf68 

15.  Smart.vet. Enabling Greater Access to Veterinary Care - Smart.Vet [Internet]. Available from: 

https://smart.vet/front-page/app-landing/ 

16.  Swirski AL, Pearl DL, Berke O, O’Sullivan TL. Companion animal exposures to potentially 

poisonous substances reported to a national poison control center in the United States in 2005 

through 2014. J Am Vet Med Assoc. 2020 Aug 18;257(5):517–30.  

17.  Howard-Azzeh M, Pearl DL, Swirski A, Ward M, Hovdey R, O’Sullivan TL, et al. The 

impact of state cannabis legislation, county-level socioeconomic and dog-level characteristics 

on reported cannabis poisonings of companion dogs in the USA (2009–2014). PLoS One. 

2021;16(4 April):1–18.  

18.  Hox J. Multilevel modeling: When and why. In: Studies in classification, data analysis, and 

knowledge organization. Berlin: Springer; 1998. p. 147–54.  

19.  Rand EK. Multi-level analysis in epidemiologic research on health behaviors and outcomes. 

Am J Epidemiol. 1992;135(10):131–65.  

20.  Pearl DL. Making the most of clustered data in laboratory animal research using multi-level 

models. ILAR J. 2014 Dec 20;55(3):486–92.  

21.  Peugh JL. A practical guide to multilevel modeling. J Sch Psychol. 2010 Feb 1;48(1):85–112.  

22.  Brown H, Prescott R. Applied mixed models in medicine. 2nd ed. Chichester, UK: John Wiley 

& Sons, Ltd; 2006.  

23.  Dohoo I, Martin W, Stryhn H. Veterinary Epidemiologic Research. Third. McPike MS, editor. 

Charlottetown, Prince Edward Island: AVC Inc.; 2003.  

24.  Dohoo I, Martin SW, Stryhn H. Methods in epidemiologic research. Charlottetown, Prince 

Edward Island: VER, Inc.; 2012.  

25.  Ugas M, Pearl DL, Zentner S, Tschritter D, Briggs W, Manser D, et al. Examining the factors 

related to bacteriological testing of private wells in Southern Ontario. J Water Health. 2019 

Dec 1;17(6):944–56.  

26.  Pearl DL, Louie M, Chui L, Doré K, Grimsrud KM, Martin SW, et al. A multi-level approach 

for investigating socio-economic and agricultural risk factors associated with rates of reported 

cases of Escherichia coli O157 in humans in Alberta, Canada. Zoonoses Public Health. 

2008;56(8):455–64.  

27.  Cernicchiaro N, Pearl DL, Ghimire S, Gyles CL, Johnson RP, Lejeune JT, et al. Risk factors 

associated with Escherichia coli O157:H7 in Ontario beef cow-calf operations. Prev Vet Med. 

2009;92:106–15.  

28.  Diez-Roux A V. Bringing context back into epidemiology: Variables and fallacies in 

multilevel analysis. Am J Public Health. 1998;88(2).  

29.  Kershaw KN, Osypuk TL, Do DP, De Chavez PJ, Roux AVD. Neighborhood-level 

racial/ethnic residential segregation and incident cardiovascular disease the multi-ethnic study 



 

12 

 

of atherosclerosis. Circulation. 2015;131(2):141–8.  

30.  Howard-Azzeh M, Pearl DL, O’Sullivan TL, Berke O. The identification of risk factors 

contributing to accidental opioid poisonings in companion dogs using data from a North 

American poison control center (2006-2014). PLoS One. 2020 Jan 1;15(1):e0227701.  

31.  Austin PC, Merlo J. Intermediate and advanced topics in multilevel logistic regression 

analysis. Stat Med. 2017 Sep 10;36(20):3257–77.  

32.  Chandola T, Head J, Bartley M. Socio-demographic predictors of quitting smoking: How 

important are household factors? Addiction. 2004 Jun 1;99(6):770–7.  

33.  Kulldorff M. A spatial scan statistic. Commun Stat - Theory Methods. 1997;26(6):1481–96.  

34.  Kulldorff M. SaTScan TM User Guide SaTScan User Guide v10.1. 2022;6. Available from: 

http://www.satscan.org/ 

35.  Varga C, Pearl DL, McEwen SA, Sargeant JM, Pollari F, Guerin MT. Evaluating area-level 

spatial clustering of Salmonella Enteritidis infections and their socioeconomic determinants in 

the greater Toronto area, Ontario, Canada (2007 - 2009): A retrospective population-based 

ecological study. BMC Public Health. 2013 Nov 15;13(1):1–17.  

36.  Paphitis K, Pearl DL, Berke O, McEwen SA, Trotz-Williams L. Detection of spatial, temporal 

and space-time Salmonella Heidelberg and Salmonella Typhimurium clusters in Ontario in 

2015, and comparisons to known outbreaks. Zoonoses Public Health. 2020;67(6):617–28.  

37.  Clow KM, Ogden NH, Lindsay LR, Michel P, Pearl DL, Jardine CM. Distribution of ticks and 

the risk of Lyme disease and other tick-borne pathogens of public health significance in 

Ontario, Canada. Vector-Borne Zoonotic Dis. 2016;4(16):215–22.  

38.  Pearl DL, Louie M, Chui L, Doré K, Grimsrud KM, Leedell D, et al. The use of outbreak 

information in the interpretation of clustering of reported cases of Escherichia coli O157 in 

space and time in Alberta, Canada, 2000-2002. Epidemiol Infect. 2006 Jan 3;134:699–711.  

39.  Howard-Azzeh M, Pearl DL, Berke O, O’Sullivan TL. Spatial, temporal, and space-time 

clusters associated with opioid and cannabis poisoning events in U.S. dogs (2005–2014). 

PLoS One. 2022 Apr 1;17(4):e0266883.  

40.  Varga C, Pearl DL, McEwen SA, Sargeant JM, Pollari F, Guerin MT. Spatial-temporal 

epidemiology of human Salmonella Enteritidis infections with major phage types (PTs 1, 4, 

5b, 8, 13, and 13a) in Ontario, Canada, 2008-2009. BMC Public Health. 2015 Dec 17;15(1):1–

16. 

  



 

13 

 

CHAPTER 2: EXAMINING THE DIFFERENTIAL USE OF A 

NORTH AMERICAN ANIMAL POISON CONTROL CENTER 

BY VETERINARIANS AND THE PUBLIC FOR DOG-RELATED 

CALLS  

Formatted for submission to PLOS One: Shahin K, Pearl DL, Martinko C, Berke O, O’Sullivan TL. Examining the 

differential use of a North American animal poison control call center by veterinarians and the public. PLoS One. 

2022;(Submitted). 

ABSTRACT 

Tele-triage, a subset of telehealth services, is becoming increasingly common, they offer 

users the ability to receive credible health advice from licensed professionals in the comfort of 

their own home. In the field of veterinary medicine, tele-triage services have been employed 

since the early 2000s, but there has been little examination of how these services are used by 

callers. The objectives of this study were to explore how the use of an animal poison control 

center (APCC) tele-triage service varied between veterinarians and the public in terms of 

toxicant type, animal demographics, availability of veterinary services, as well as seasonal and 

secular trends. Data regarding dog poisoning events were obtained from the APCC of the 

American Society for the Prevention of Cruelty to Animals’ (ASPCA). We fitted a mixed 

logistic regression model with random intercepts for county and state and identified associations 

between caller type and the following: animal characteristics (i.e., age, weight, breed-class), type 

of toxicant, season, year, and access to veterinary services (i.e., veterinarians per capita in the 

county of the caller). The model included interaction effects between season and both plant and 

pesticide toxicants. There was also an interaction between year and access to veterinary care. 

Further investigations are needed to understand how the novelty of a toxicant and the severity of 

clinical signs associated with a toxicant predict the type of caller, if pet demographics are 
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associated with the caller based on medical issues or owner attitudes, and how access to 

veterinary care influences the use of this tele-triage service.  

INTRODUCTION 

In the past decade, there have been significant technological advancements resulting in 

quicker and easier access to healthcare (1). Among these advancements, tele-triage services have 

proven useful since they provide a means of delivering healthcare through communication 

technology without geographical barriers (1). Tele-triage refers to the assessment, advice, and 

intervention for health issues by telephone to clients from a healthcare worker (2). The use of 

tele-triage in the veterinary field has become a growing topic of interest (3). The American 

Veterinary Medical Association defines veterinary tele-health as an “umbrella term” for the use 

of technology to deliver healthcare data, education, and services remotely (3). Veterinary 

medicine has been evolving alongside human medicine, and the first use of a veterinary tele-

triage service was in New York in the 1980s where a trans-telephonic electrocardiogram 

transmitter was used to connect veterinarians across America (4). There are presently a variety of 

tele-triage options for pet owners to use for their pets in North America (5).  Tele-triage services 

may be attractive to clients because they are easily accessible, lessen travel time to a clinic, are 

often cheaper, relieve areas with shortages of veterinarians, and increase access to specialists (4). 

One field in veterinary medicine that uses tele-triage services to support clients is veterinary 

toxicology. Accidental poisonings in pets occur regularly, often due to household toxicants found 

inside and near the home (6). Emergency veterinary clinicians often find themselves caring for a 

client exposed to a potentially toxic substance (6). Dogs ingest plants, foods, and human and 

veterinary medicines that can be potentially life threatening; the improper handling of these 
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toxicants by humans often leads to the ingestion of these substances by pets, livestock, and 

wildlife (7).  

The Animal Poison Control Center (APCC) is a 24-hour emergency poison control 

hotline administered by the American Society for the Prevention of Cruelty to Animals (ASPCA) 

(7). The APCC is a tele-triage service that provides callers with emergency toxicological advice 

to help care for an animal that has potentially been exposed to a poisonous substance. To access 

services from the APCC, callers were charged 65 USD during the study period, since then the fee 

has increased to 95 USD; the service is available to the public, veterinarians, and other poison 

control centers (7). The APCC receives calls from across the United States of America (US) and 

Canada, as well as US commonwealths and territories (7). When a call is received, staff at the 

APCC collect data about the number of animals exposed, patient characteristics, clinical signs at 

time of call, outcome, source of report, geographic location of report, and time of call (7).  

While the practicality of tele-triage services has been established, there is little research 

regarding the use of veterinary tele-triage services. To better inform policy, and to improve the 

system’s performance, it is imperative to determine why and how various stakeholder groups 

access tele-triage services. Our major hypotheses were that the probability of a call for a dog 

being from the general public compared to veterinarians will be higher in communities with less 

access to veterinary services, those involving more common toxicants, and that dog 

characteristics (e.g., breed and age) would influence the type of caller. We also anticipated that 

the effect of access to veterinary care would change over secular time, and seasonal time would 

modify the relationships between environmental toxicant types (i.e., plant toxicants and 

pesticides) and the type of caller. 
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Consequently, this study’s objectives were to explore how the use of the APCC varies 

between veterinarians and the public in terms of the following characteristics: type of toxicant, 

dog demographics (age, breed type, sex, reproductive status), availability of veterinary services, 

and seasonal and secular time.  

METHODS 

Data 

For this study, we received data on poisoning events and dog-level demographics of the 

animals involved from the ASPCA’s APCC from 2005 to 2014. As the data are secondary and 

there were no interactions between animals, the researchers, or the staff that collected the 

original call data, approval by an animal research ethics committee was not required. During 

each call, the APCC collects data concerning the number of animals affected, clinical effects, 

patient outcome, toxicant information, as well as the date/time/location of the phone call. The 

APCC stores this information in their AnTox toxicological database.  

For this study, an observation included data for each dog that was exposed to a potential 

toxicant (e.g., food, plant, pesticide, human medication, veterinary medication, or 

illicit/recreational drug) that was recorded during a call to the APCC (7). Route of exposure was 

not considered in this study. The data used in this study from the AnTox database included 

179,724 unique events. The dog-level variables of interest from the AnTox database were weight 

(kilograms), sex, age, reproductive status, breed class, type of toxicant, season, and call source. 

The toxicant categories accounted for more than one type of substance; the food category for 

instance accounted for poisoning events from a variety of foods including: alcohol, avocado 

(Persea americana), caffeine, chocolate (Theobroma cacao derived product), citrus fruits 
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(Citrum), coconut (Cocos nucifera), dairy, grapes (Vitis vinifera), nuts, onion (Allium cepa), 

garlic (Allium sativum), chives (Allium schoenoprasum), and xylitol (natural sugar substitute).  

The human medicine category included analgesics (e.g., acetaminophen), antihistamines (e.g., 

diphenhydramine), cardiovascular drugs (e.g., enalapril), central nervous system drugs (e.g., 

diazepam ), gastrointestinal drugs (e.g., prucalopride), respiratory drugs (e.g., albuterol), birth 

control/contraceptives (e.g., levonorgestrel), endocrine drugs (e.g., pasireotide), dermatological 

drugs (e.g., topical betamethasone), cancer medications (e.g., tamoxifen), musculoskeletal drugs 

(e.g., carisoprodol), antibiotics (e.g., amoxicillin), antivirals (e.g., peginterferon), antifungals 

(e.g., miconazole), anti-parasitic (e.g., miltefosine), ear/nose/throat drugs (e.g., Ciprodex – an 

otic formulation of ciprofloxacin and dexamethasone to treat ear infections ), and 

immunosuppressants (e.g., prednisone). Within the veterinary medicine category, we included 

certain anti-parasitic (e.g., eprinomectin), analgesics (e.g., meloxicam), urinary incontinence 

drugs (e.g., phenylpropanolamine), vaccines (e.g., various rabies vaccines), antibiotics (e.g., 

florfenicol), antifungals (e.g., miconazole), and central nervous system drugs (e.g., 

acepromazine). Medications were classified as human or veterinary drugs based upon their 

marketed use. For example, if an antibiotic was marketed to treat human acne it would be 

included as a human drug.  The illicit/recreational drugs variable consisted of tobacco products, 

cannabis, and illegal substances such as heroin and methamphetamine. An in-depth list of 

toxicants within the above categories used for our analyses is provided by Swirski et al. (7).  

The database also included each dog’s primary breed. This information was used to 

categorize the dogs into the American Kennel Club (AKC) breed classes: herding, hound, non-

sporting, sporting, terrier, toy, working, Foundation Stock Service (FSS), and other. Dogs that 

met the criteria for the AKC’s miscellaneous category were put into the FSS group. Some 
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observations for age and weight were recorded as unlikely values and were therefore treated as 

missing data. Ages recorded as “0” (n = 831) or greater than 26 years old (n = 9) were not used 

in this study. Weights recorded as “0” (n = 812) or exceeding 114 kg for giant breed dogs (Great 

Danes, Mastiffs, Neapolitan Mastiffs, Tibetan Mastiffs, Leonbergers, Boerboels, 

Newfoundlands, St. Bernard’s) (n = 0) or exceeding 75 kg for all other breeds were not used in 

this study (n = 17). The original coding in the AnTox database for the reproductive status 

variable was immature, neutered, intact, pregnant, lactating, or unknown. This coding was 

collapsed for subsequent analyses into the following categories: intact (included pregnant, 

lactating, and immature), neutered, or unknown. The sex variable was originally coded in the 

AnTox database as female, male, did not ask, group, and unknown, and was recoded as female, 

male, or unknown, for subsequent analyses. The season variable was coded as winter (December, 

January, February), fall (September, October, November), spring (March, April, May), and 

summer (June, July, August).  

The source of the call to the APCC was logged in the AnTox database as veterinarian, 

public, other poison control center (n = 7), and Animal Product Safety Service (n = 36). For this 

study, only calls from veterinarians and the public were analyzed. Dogs were linked to the 

counties where their call originated using the location information collected by the APCC; 2010 

US census data were used to estimate the number of veterinarians per 100,000 population in each 

county. 

Statistical analyses 

Descriptive statistics were reported; these included means, medians, standard deviations, 

and 95% confidence intervals. The descriptive statistics reported were based on the type of data 
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(i.e., nominal, ordinal, or continuous). The correlation between independent variables was 

examined using various correlation coefficients (e.g., Phi coefficient, Spearman rank correlation 

coefficient) depending on the type of independent variables. If the correlation between two 

variables was greater than |0.75|, the more epidemiologically plausible variable was kept in the 

model for subsequent multivariable modelling to avoid issues with collinearity. Linearity was 

assessed between each continuous independent variable and the log odds of the outcome using 

locally weighted linear regression (LOWESS) and by assessing the statistical significance of 

adding a quadratic term. If the relationship was not linear, the independent variable was 

categorized or modeled as a quadratic relationship if appropriate.  

Mixed effects univariable logistic regression models were fitted to assess the associations 

between source of call and the following independent variables: toxin type (i.e., season, plants, 

pesticides, human medicine, veterinary medicine, food, illicit/recreational drugs), weight, age, 

year, number of veterinarians per 100,000 people in the county, and sex. Random intercepts for 

county and state were included in univariable models and the final multivariable model to 

account for clustering by county and state. In multi-dog household poisonings, we randomly 

selected one dog from each household to avoid issues with model convergence when we initially  

attempted to include a random intercept for household.  Independent variables with significant 

associations were considered for inclusion in the final multivariable model. Using a manual 

backward elimination process, variables were included in the final multivariable model if they 

were statistically significant, were part of a significant interaction term, or acted as distorter 

variables or explanatory antecedents (i.e., confounders). Distorter variables and explanatory 

antecedents included non-intervening variables whose removal resulted in a 20% or greater 
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change in the coefficient of a statistically significant variable. We examined interactions between 

veterinarians per 100,000 people in the county and year, as well as season and plants and season 

and pesticides. A significance level of 5% (i.e., alpha = 0.05) was used for all univariable and 

multivariable models. For categorical variables with more than 2 categories, a Wald’s chi-

squared test was used to determine the significance of the entire variable. Contrasts were 

performed to examine statistically significant interaction effects involving categorical variables 

and graphs of the predicted log odds were used to examine interactions involving continuous 

variables. The best linear unbiased predictions (BLUPs) were examined graphically to assess that 

the BLUPs met the assumptions of homoscedasticity and normality, and Pearson residuals were 

used to identify outliers. Variance partition coefficients were estimated using the latent variable 

technique (8). All statistical analyses were performed using STATA 16 (StataCorp, College 

Station, TX). Due to concerns over the misapplication of the term “statistically significant” (9), 

we highlight that the term does not imply causation or biological importance. We use the term 

“statistically significant” in an exploratory sense (10). 

RESULTS  

Descriptive statistics 

More calls to the APCC were made by dog owners than by veterinarians during the study 

period (2005-2014) (Table 2.1, Fig 2.1). The number of calls by veterinarians remained 

relatively constant over the study period, while the number of calls by the public increased 

between 2005-2014 (Fig 2.1). There were more calls concerning female dogs than male dogs 

(Table 2.1). In terms of breed class, the toy and sporting groups made up the largest proportion 

of calls (Table 2.1). There were more calls from owners of neutered/spayed dogs than intact dogs 
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(Table 2.1). The average weight of a dog in this study was 16.4 kg (SD=12.6) and the average 

age was 3.7 years old (SD=3.5).  The density of veterinarians per 100,000 population ranged 

from 2.29 to 162.45 among counties where calls originated. The most common type of toxicant 

was human medication (Table 2.1). 

Mixed univariable logistic regression models  

The results of the mixed effects univariable logistic regression models indicated that the 

following variables were significantly associated with the source of a call: reproductive status, 

breed class, weight, age, human medicine, veterinary medicine, illicit/recreational drugs, food, 

dietary supplements, plant toxicants, pesticides, cleaning products, season, and year (Table 2.2).   

Mixed multivariable  logistic regression model 

The final multivariable mixed logistic regression model included the following variables 

and interaction terms: reproductive status, breed class, weight, age, sex, human medicine, 

veterinary medicine, illicit/recreational drugs, dietary supplements, plant toxicants, pesticides, 

cleaning products, veterinarians per 100,000 population, season, year, and interactions between 

season and plant toxicants, season and pesticides, and year and veterinarians per 100,000 

population (Table 2.3). 

Dog-level variables 

Based on the final model, the odds of a call being from a veterinarian were significantly 

higher for dogs in the higher age quartiles compared to the first quartile (Table 2.3). The odds of 

a call being from a veterinarian were significantly lower if the call concerned a neutered dog 

(Table 2.3). The odds of a call being from a veterinarian were significantly lower for heavier 

dogs (Table 2.3). The odds of a call being from a veterinarian were significantly higher for the 
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other breed group compared to the herding, hound, foundation stock, non-sporting, sporting, 

terrier, toy, and working breed classes (Table 2.4). The odds of a call being from a veterinarian 

were significantly lower in the hound category when compared to the terrier and toy breed 

groups (Table 2.4). The odds of a call coming from a veterinarian were significantly higher for 

the non-sporting breed class when compared to the sporting breed class (Table 2.4). The odds of 

a call being from a veterinarian were significantly lower for the sporting breed class when 

compared to the terrier, toy, and herding breed classes (Table 2.4). The odds of a call being from 

a veterinarian were significantly higher when comparing the terrier to the working breed class 

(Table 2.4). The odds of a call being from a veterinarian were significantly higher for the toy 

breed class when compared to the working breed class (Table 2.4). While sex was not 

statistically significant, it was retained in the final model since its removal confounded the 

relationship between breed class and call source. 

Toxicants 

The odds of a call being from a veterinarian were significantly higher if the call 

concerned veterinary medication, human medication, cleaning products, or illicit/recreational 

drug poisonings (Table 2.3). We noted there were significantly lower odds of a call being from a 

veterinarian rather than a pet owner if the call concerned a dietary supplement poisoning event 

(Table 2.3).   

Furthermore, we identified that season significantly modified the effects of plant and 

pesticide toxicants (i.e., interaction effects) (Table 2.3). The odds of a call being from a 

veterinarian were significantly higher for poisoning events involving plants in the fall when 

compared to plant poisoning events in the winter, spring, and summer (Table 2.5).   The odds of 
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a call coming from a veterinarian were significantly higher in the fall, winter, and summer if a 

plant toxicant was involved when compared to calls without plant toxicants in the corresponding 

seasons (Table 2.5).  

The odds of a call being from a veterinarian were significantly higher for pesticide 

poisoning events in the winter when compared to the spring and summer (Table 2.6). The odds 

of a call coming from a veterinarian were significantly lower for pesticide poisoning events in 

the summer when compared to the fall and spring (Table 2.6).  The odds of a call coming from a 

veterinarian were significantly higher in the spring, summer, fall, and winter if a pesticide was 

involved when compared to calls without pesticide poisonings in the corresponding seasons 

(Table 2.6).   The odds of a call being from a veterinarian were significantly lower in the summer 

when compared to the spring when a plant toxicant or pesticide was not involved (Table 2.7).  

Secular time and regional trends 

We identified that year significantly impacted the effects of number of veterinarians per 

capita on caller type (i.e., interaction effects) (Table 2.3). The odds of a call coming from a 

veterinarian declined over time, while the rate of decline was slower for dogs living in counties 

with the highest quantile of veterinarians per 100,000 population (Fig 2.2). In other words, where 

more veterinarians were available, the increase in proportion of public calls was slower than 

areas with fewer veterinarians.  

The county and state level random effects accounted for 7.9 % and 3.0 % of the variance 

(Table 2.3).    



 

24 

 

Diagnostics 

The BLUPs met the assumptions of homoscedasticity and normality, and there were no 

outliers.  

DISCUSSION  

Tele-triage services such as the APCC are useful tools for veterinarians and pet owners 

alike. Factors that influence an individual’s decision to call the APCC may include the severity 

of poisoning event and their knowledge of the toxicant. A study found that the public’s 

knowledge of the toxicity of common household foods for pets is still quite low (11). This may 

influence a pet owner’s decision to call the APCC more than a veterinarian who is educated on 

the subject (11). A research study from 2018 found that from a sample of 616 pet owners, only 

approximately half had some knowledge of potentially harmful household toxicants (12). We 

found that the total number of calls to the APCC increased in absolute numbers and relative to 

veterinary calls over the study period. This suggests increasing interest/awareness of the public 

in this service. However, in addition to toxicants, we also found that dog characteristics and 

regional effects also influenced differential use of this service. 

Dog-level variables 

When examining the associations between weight and the odds of a call coming from a 

veterinarian, dogs that were heavier had lower odds of a call being from a veterinarian. This may 

be explained by pet owners’ perceptions of small dogs being fragile and requiring veterinary 

attention right away if exposed to a toxicant, as well as the amount of a toxicant needed to cause 

harm to a dog (13). The age and weight of a dog may also impact the severity of a toxicant 

exposure (i.e., issues related to dose) which could play a role in influencing the caller because an 
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acute severe reaction may prompt a pet owner to seek a veterinarian immediately rather than call 

the APCC. When examining pet age, we found that compared to the youngest quartile, calls 

concerning dogs in older age categories were more likely to come from veterinarians than the 

public. Previous work has determined that dogs are more likely to develop health problems as 

they age (14). Comorbidities in older dogs can cause the severity of toxicant exposures to 

increase which could prompt a pet owner to take their dog to a veterinarian rather than calling 

the APCC. In addition to this, the owner of a mature dog may have an established relationship 

with a veterinarian, whereas the owner of a puppy may not have established a veterinarian 

relationship yet, leading them to the APCC in the event of a toxicant exposure.  

The odds of a call coming from a veterinarian were significantly lower if the dog was 

neutered. This finding may reflect differences among dog owners who keep their pets intact for 

breeding purposes and their differential use of veterinary services. 

In our study, we also found an association between a dog’s breed class and type of caller. 

The differences in caller by breed class may be due to size differences. For example, toy breeds 

are smaller than hounds and sporting dogs, and a study suggested that toy breeds may be 

perceived as more fragile as one possible reason to explain the increased odds of a call to the 

APCC for cannabis intoxication (13). They also suggested that the amount of a toxicant required 

to cause harm to a pet would be less for smaller breed dogs (14).  Our study results were 

consistent with these hypotheses in that the odds of a call by a veterinarian rather than a member 

of the public were higher for toy breeds relative to hounds and sporting breeds.  The choice of 

breed may also reflect differences in an owner’s personality; Wells et al. measured neuroticism 

in owners using a questionnaire and noted that owners of “aggressive” breeds, such as those in 
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the herding and working breed classes, are less neurotic than dog owners of “non-aggressive” 

breeds, such as Golden and Labrador Retrievers (15). These differences in owner personality, as 

they relate to choice of dog breed, could influence the decision to call the APCC directly or seek 

assistance from a veterinarian who might then call the APCC.  

Toxicants  

There were lower odds of a call coming from a veterinarian if the dog had ingested 

dietary supplements, but the odds were higher for a variety of other toxicants including human 

and veterinary medications.  In our multivariable model, there were no significant differences in 

the odds of a call coming from a veterinarian compared to a member of the public for food 

products.  It is likely that the differences in the source of call may reflect the severity and/or 

speed of clinical signs related to the toxicant rather than familiarity as we initially hypothesized. 

Differences in severity of clinical signs may also explain the interactions we observed between 

the season variable and plants, as well as season and pesticides. We noted the odds of a call 

coming from a veterinarian were significantly higher for toxicant events involving plants or 

pesticides during colder than warmer seasons. This may be attributed to the difference in plants 

and pesticides a pet dog can be exposed to during these seasons perhaps resulting in greater 

poisoning severity, resulting in calls from veterinarians to the APCC. The pesticide category 

includes insecticides and rodenticides, and during colder months some insect and rodent pests 

may come indoors, which may prompt pet owners to place these substances inside their homes 

making them easier for dogs to access. These chemicals can also cause severe reactions in pet 

dogs (16), which may prompt a pet owner to take their dog to a veterinarian directly rather than 

call the APCC first. 
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Secular time and regional trends 

At present, there is an issue with access to veterinary care among low socio-economic 

status and underserved communities, causing worsening animal health and welfare (17). A recent 

study identified the five most common barriers to veterinary care as: cost, veterinarian-client 

communication, cultural/language barriers, lack of client education, and access to a veterinary 

clinic (17). Lavallee et al. found that many pet owners residing in metropolitan areas do not have 

access to their own vehicle and must rely on public transportation, which does not allow pets. 

Young et al. found that of surveyed pet owners, less than half responded that they would contact 

their veterinarian in the event of a toxicant exposure, while most stated they would rely on the 

internet (12). In terms of APCC use, the odds of a call coming from a veterinarian significantly 

declined over the study period (2005-2014), but the decline was slowest among calls coming 

from counties with the greatest number of veterinarians per capita (Fig 2).  These results are 

consistent with owners becoming more aware of tele-triage services (17), like the APCC, but that 

access to care influences the use of these services. Despite identifying the contextual effect of 

access to care, we still noted that a portion of the variance in caller type was explained at the 

county and state levels. This suggests that additional regional factors may explain some of the 

variation in caller type. There were no data available regarding how pet owners became aware of 

the APCC; this is an important consideration for future research, and also a potential source of 

bias if veterinarians or veterinary staff suggested owners contact the APCC over a poisoning 

incident. 

CONCLUSION  

In summary, owners may be more likely to take their pet to a veterinarian if the toxicant 

results in more immediate or severe clinical signs. Animal characteristics, such as breed class, 
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reproductive status, age, and weight, were also associated with caller type, and this may reflect 

the impact of toxicants across these dimensions and/or the attitudes and personality of the owners 

who prefer certain types of dogs. Access to veterinary care, as measured by the number of 

veterinarians per capita, also influenced the source of caller, and it appears that over time, 

communities with the most access to veterinary care were less likely to use the APCC compared 

to underserviced communities.  Given the growing application of healthcare technology in the 

veterinary field, tele-triage and other telehealth services continue to gain popularity amongst the 

public and veterinarians. In this instance, use of the APCC showed steady growth among the 

public, demonstrating the services value to the general population of dog owners. More primary 

investigations of users of these services in terms of needs and demographics is warranted to 

improve this service. In addition, studies examining the impact of data source (e.g., owner vs 

veterinarian) on risk analyses concerning specific toxicants using these data are warranted due to 

concerns of potential systematic bias.  
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Table 2.1 Descriptive statistics concerning the source of calls and the characteristics of the dogs, 

availability of veterinary services, type of toxicants, and season from calls made to the APCC 

concerning poisoning events in pet dogs from the US (2005-2014)*.  

Variable Total Percentage of dataset 

Call source    

Public  125,818 70.01 

Veterinarian 53,906 29.29 

Breed class    

Herd 15,130 8.42 

Hound 16,162 8.99 

Foundation Stock Services 491 0.27 

Non-Sporting 15,406 8.57 

Sporting 41,982 23.36 

Terrier 19,555 10.88 

Toy 43,918 24.44 

Working 15,625 8.69 

Other 11,456 6.37 

Reproductive status    

Intact 39,839 22.17 

Neutered 139,885 77.83 

Sex    

Male 86,420 48.08 

Female 93,304 51.92 

Age quartileb    
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1st Quartile (0.1 year – 0.9 year) 46,569 25.91 

2nd Quartile (1 year – 2 years) 44,145 24.56 

3rd Quartile (2.1 years – 6 years) 51,004 28.38 

4th Quartile (6.1 years – 23 years) 38,006 21.15 

Veterinary medicine    

No  168,422 93.71 

Yes 11,302 6.29 

Human medicine    

No  123,052 68.47 

Yes 56,672 31.53 

Plants    

No  148,710 82.74 

Yes 15,629 8.70 

Food    

No  148,710 82.74 

Yes 31,014 17.26 

Cleaning products    

No  171,356 95.34 

Yes 8,368 4.66 

Pesticides    

No  154,610 86.03 

Yes 25,114 13.97 

Dietary supplements    
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No  166,338 92.55 

Yes 13,386 7.45 

Illicit/recreational drugs   

No 176,451 98.18 

Yes 3,273 1.82 

Season    

Winter 43,684 25.43 

Summer 46,523 25.89 

Fall 43,815 24.38 

Spring 45,704 24.31 

Quantilesb of vets per 100,000 people                  

1st Quantile (2.29 – 16.60 per 100,000) 59,799 33.39 

2nd Quantile (16.69- 25.74 per 100,000) 59,966 33.49 

3rd Quantile (25.96-162.45 per 100,000) 59,317 33.12 

*n=179,274 for all variables except for quantiles of vets per 100,000 people where n=179,082 
bRanges for quantiles/quartiles represent actual measurements within the interval.  
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Table 2.2 Results of *mixed effects univariable logistic regression concerning the association 

between source of calls (1 = Veterinarian, 0 = Public) to the APCC (2005-2014) and dog 

demographics, type of toxicant, season, year, and availability of veterinary services.  

Variable Odds Ratio 95% Confidence Int P-Value 

Breed class    

Herding Referent   

Hound 0.98 0.93-1.03 0.395 

Foundation stock 

services 

0.79 0.64-0.98 0.029 

Non-Sporting 1.04 0.99-1.09 0.135 

Sporting 0.93 0.89- 0.97 <0.001 

Terrier 1.05 1.003-1.104 0.036 

Toy 1.09 1.05-1.14 <0.001 

Working 0.95 0.91-1.00 0.061 

Other 1.24 1.18-1.31 <0.001 

Reproductive status    

Intact Referent   

Neutered  0.77 0.75-0.79 <0.001 

Sex    

Male Referent   

Female 1.01 0.99-1.04 0.301 

Age quartiles a    

1st Quartile (0.1 year 

– 0.9 year) 

Referent    

2nd Quartile (1 year – 

2 years) 

0.97 0.95-1.00 0.073 

3rd Quartile (2.1 

years – 6 years) 

0.88 0.86-0.91 <0.001 

4th Quartile (6.1 

years – 23 years) 

0.97 0.938-0.997 0.033 

Weight  0.995 0.994-0.996 <0.001 

Veterinary medicine    

No Referent   

Yes 1.63  1.56-1.69  <0.001 

Human medicine    

No Referent   

Yes 1.27 1.25-1.30 <0.001 

Plants    

No Referent   

Yes 0.91 0.88-0.95 <0.001 

Food    

No Referent   
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Yes 0.71 0.69-0.74 <0.001 

Cleaning products    

No Referent   

Yes 0.93 0.89-0.98 0.005 

Pesticides    

No Referent   

Yes 1.24 1.20-1.27 <0.001 

Dietary supplements    

No Referent   

Yes 0.75 0.72-0.78 <0.001 

Illicit/recreational 

Drugs 

   

No Referent   

Yes 1.55 1.44-1.66 <0.001 

Season    

Winter Referent   

Summer 1.02 0.99-1.05 0.229 

Fall 1.06 1.03-1.09 <0.001 

Spring 1.04 1.01-1.07 <0.001 

Quantiles of vets per 

100,000 People a, b 

   

1st Quantile (2.29 – 

16.6 per 100,000) 

Referent   

2nd Quantile (16.69- 

25.74 per 100,000) 

1.02 0.89-1.17 0.759 

3rd Quantile (25.96-

162.45 per 100,000) 

1.12 0.98-1.27 0.092 

Year 0.93 0.93-0.94 <0.001 
* Random intercept included in each model for county and state. 
a Ranges for quantiles/quartiles represent actual measurements. 
b This is based on the number of veterinarians per 100,000 people in the county where the event 

occurred. 
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Table 2.3 Results of mixed effects multivariable logistic regression concerning the associations 

between source of call (1 = Veterinarian, 0 = Public) to the APCC (2005-2014) and dog 

demographics, type of toxicant, season, year, and access to veterinary services. 

Variable Odds Ratio 95% Confidence Int P-Value 

Breed class    

Herding Referent   

Hound 0.97 0.92 - 1.02 0.264 

Foundation stock services  0.84 0.68 - 1.05 0.121 

Non-Sporting 1.01 0.96 -   1.07 0.593 

Sporting 0.95 0.91 - 0.99 0.011 

Terrier 1.02 0.97 - 1.07 0.439 

Toy 1.02 0.98 - 1.08 0.261 

Working 0.97 0.92   - 1.02 0.194 

Other 1.26 1.19 - 1.33 <0.001 

Reproductive status    

Intact Referent   

Neutered 0.77 0.74 - 0.79 <0.001 

Sex    

Male Referent   

Female 1.01 0.99   - 1.03 0.378 

Age quartilesa    

1st Quartile (0.1 year – 0.9 

year) b 

Referent   

2nd Quartile (1 year – 2 

years) 

1.13 1.09 - 1.16 <0.001 

3rd Quartile (2.1 years – 6 

years) 

1.10 1.07 - 1.14 <0.001 

4th Quartile (6.1 years – 23 

years) 

1.23 1.19 - 1.27 <0.001 

Weight 0.998 0.997-0.999 <0.001 

Plantsb    

No Referent   

Yes 1.14 1.04-1.24 0.004 

Veterinary medication    

No Referent   

Yes 2.01 1.92-2.10 <0.001 

Cleaning products    

No Referent   

Yes 1.16 1.10 - 1.22 <0.001 

Human medication    

No Referent   

Yes 1.49 1.45 - 1.54 <0.001 

Pesticidesb    
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No Referent   

Yes 1.61 1.49-1.75 <0.001 

Dietary supplements    

No Referent   

Yes 0.86 0.82 - 0.90 <0.001 

Illicit/recreational drugs    

No Referent   

Yes 1.97 1.82   - 2.12 <0.001 

Quantiles of vets per 

100,000 people*, a, b 

   

1st Quantile (2.29 – 16.6 per 

100,000) b 
Referent   

2nd Quantile (16.69- 25.74 

per 100,000) 
 1.05  0.91-1.22 0.478 

3rd Quantile (25.96-162.45 

per 100,000) 
1.08 0.94-1.23 0.271 

Year x quantiles of vets per 

100,000 people*, a, b 

   

Year x 2nd quantile (16.69-

25.74 per 100,000) 
0.99 0.99-1.00 0.258 

Year x 3rd quantile (25.96-

162.45 per 100,000)  
1.01 1.002-1.021 0.017 

Yearb 0.94 0.93   - 0.94 <0.001 

Seasonb    

Winter Referent    

Fall 1.01 0.97-1.04 0.696 

Spring 1.02 0.99 - 1.06 0.230 

Summer 0.98 0.95-1.01 0.265 

Season x plantsb    

Fall x plants 1.19 1.07-1.34 0.002 

Spring x plants 0.93 0.83-1.04 0.218 

Summer x plants 1.00 0.89-1.12 0.950 

Season x pesticidesb    

Fall x pesticides 0.91 0.82-1.01 0.067 

Spring x pesticides 0.89 0.81-0.98 0.021 

Summer x pesticides 0.85 0.78-0.94 <0.001 

Random effects Variance 95% Confidence Interval  

State 0.11 0.06 - 0 .20  

County 0.29 0.25 - 0 .34  

*This is based on the number of veterinarians per 100,000 people in the county where the event 

occurred. 
a Ranges for quantiles/quartiles represent actual measurements.  
b These values refer to exponentiated coefficients; contrasts with the appropriate odds ratios are 

available in Tables 2.5 and 2.6 or predicted outcomes are provided in Fig 2.2. 
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Table 2.4 Contrast table examining the associations between the breed classes on the odds of a poisoning call to the APCC being from a 

veterinarian than a pet owner.  

Breed Class 

(Rows are 

referent)  

Herding Hound Foundation 

Stock Service 

Non-Sport Sport Terrier Toy Working Other 

Herding - - - - - - - -  

Hound OR: 1.03 

95%CI: 0.98-

1.09 

P-value: 0.264 

- - - - - - - - 

Foundation 

stock service 

OR:1.19 

95%CI: 0.96-

1.47 

P-value:0.121 

OR: 1.15 

95%CI: 0.93-

1.43 

P-value: 0.201 

- - - - - - - 

Non-Sport OR: 0.99 

95%CI: 0.93-

1.04  

P-value:0.593 

OR: 0.96 

95%CI: 0.91-

1.01 

P-value: 0.087 

OR: 0.83 

95%CI: 0.67-

1.03 

P-value:0.093 

- - - - - - 

Sport OR: 1.06 

95%CI:1.01-

1.10 

P-value:0.011 

OR: 1.03 

95%CI: 0.98-

1.07 

P-value:0.265 

OR: 0.89 

95%CI:0.72-

1.10 

P-value:0.293 

OR: 1.07 

95%CI: 1.02-

1.12 

P-value:0.003 

- - - - - 

Terrier OR: 0.98 OR: 0.95 OR:0.83 OR:0.99 OR:0.93 - - - - 
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95%CI: 0.93-

1.03 

P-value:0.439 

95%CI: 0.907- 

0.998 P-value: 

0.043 

95%CI:0.67-

1.02 

P-value:0.083 

95%CI:0.95-

1.04 

P-value:0.837 

95%CI:0.89-

0.97 

P-value:<0.001 

Toy OR: 0.97 

95%CI:0.93-

1.02 

P-value:0.261 

OR: 0.94 

95%CI: 0.91-

0.99 

P-value: 0.009 

OR: 0.82 

95%CI:0.66-

1.02 

P-value:0.071 

OR: 0.99 

95%CI:0.95-

1.03 

P-value:0.565 

OR:0.92 

95%CI:0.88-

0.96 

P-value:<0.001 

OR: 0.99 

95%CI:0.95-

1.03 

P-value:0.715 

- - - 

Working OR:1.04 

95%CI:0.98-

1.09 

P-value:0.194 

OR:1.00 

95%CI:0.95-

1.06 

P-value:0.864 

OR:0.87 

95%CI:0.70-

1.08 

P-value:0.218 

OR: 1.05 

95%CI:0.99-

1.11 

P-value:0.089 

OR: 0.98 

95%CI: 0.94-

1.02 

P-value:0.342 

OR:1.06 

95%CI:1.002-

1.113 

P-value:0.044 

OR:1.06 

95%CI:1.01-

1.12 

P-value:0.020 

- - 

Other OR:0.79 

95%CI:0.75-

0.84 

P-value:<0.001 

OR:0.77 

95%CI: 0.73-

0.81 

P-value:<0.001 

OR: 0.67 

95%CI:0.54-

0.83 

P-value:<0.001 

OR: 0.81 

95%CI:0.76-

0.85 

P-value:<0.001 

OR:0.75 

95%CI:0.72-

0.79 

P-value:<0.001 

OR:0.81 

95%CI:0.77-

0.85 

P-value:<0.001 

OR:0.82 

95%CI:0.78-

0.86 

P-value:<0.001 

OR:0.77 

95%CI:0.72-

0.81 

P-value:<0.001 

- 
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Table 2.5 Contrasts examining the interactions between season and plant toxicants on the odds of 

a call to the APCC from a veterinarian compared to a member of the public.  
Contrast OR 95% CI P-value 

Plant & Winter vs. Plant & Summer 1.02 0.92-1.14 0.678 

Plant & Winter vs. Plant & Fall 0.83 0.75-0.93 <0.001 

Plant & Winter vs Plant & Spring 1.05 0.94-1.17 0.363 

Plant & Summer vs Plant & Fall 0.81 0.74-0.90 <0.001 

Plant & Summer vs Plant & Spring 1.03 0.93-1.14 0.592 

Plant & Fall vs Plant & Spring 1.26  1.15-1.40 <0.001 

Plant & Winter vs. Non-plant &Winter 1.14 1.04-1.24 0.004 

Plant & Summer vs. Non-plant & Summer 1.13 1.05-1.22 <0.001 

Plant & Fall vs Non-plant & Fall 1.36 1.26-1.46 <0.001 

Plant & Spring vs Non-plant & Spring 1.06 0.98-1.14 0.136 

*Contrasts based on model presented in Table 2.3.  
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Table 2.6 Contrasts examining the interactions between season and pesticide toxicants on the 

odds of a call to the APCC from a veterinarian compared to a member of the public. 
Contrast OR 95% CI P-value 

Pesticide & Winter vs. Pesticide & Summer 1.20 1.09-1.31 <0.001 

Pesticide & Winter vs. Pesticide & Fall 1.09 0.99-1.20 0.072 

Pesticide & Winter vs Pesticide & Spring 1.10 1.002-1.199 0.044 

Pesticide & Summer vs Pesticide & Fall 0.91 0.85-0.98 0.018 

Pesticide & Summer vs Pesticide & Spring 0.92 0.86-0.98 0.013 

Pesticide & Fall vs Pesticide & Spring 1.00 0.93-1.08 0.900 

Pesticide & Winter vs Non-pesticide & Winter  1.61 1.49-1.75 <0.001 

Pesticide & Summer vs Non-pesticide & Summer 1.37 1.30-1.45 <0.001 

Pesticide & Fall vs Non-pesticide & Fall 1.47 1.37-1.57 <0.001 

Pesticide & Spring vs Non-pesticide & Spring 1.44 1.36-1.52 <0.001 

*Contrasts based on model presented in Table 2.3.  
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Table 2.7 Contrasts examining the effect of each season on the odds of a call to the APCC being 

from a veterinarian than a pet owner when the call does not involve a plant toxicant or pesticide. 
Contrast OR 95% CI P-value 

Winter vs. Summer 1.02 0.99-1.05 0.265 

Winter vs. Fall 0.99 0.96-1.03 0.696 

Winter vs Spring 0.98  0.95-1.01 0.230 

Summer vs Fall 0.97 0.94-1.01 0.138 

Summer vs Spring 0.96 0.93-0.99 0.023 

Fall vs Spring 0.99 0.95-1.02 0.424 

*Contrasts based on model presented in Table 2.3.  
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Figure 2.1 Total calls to the APCC by caller type (veterinarian & public) and year the call was 

received (2005-2014).  
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Figure 2.2 Predicted log odds of a call to the APCC being from a veterinarian from 2005-2014 

by quantile of veterinarians per 100,000 population in a county.  
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CHAPTER 3: INVESTIGATING THE DISTRIBUTION OF 

CALLS TO A NORTH AMERICAN ANIMAL POISON 

CONTROL CALL CENTER BY VETERINARIANS AND THE 

PUBLIC IN SPACE, TIME, AND SPACE-TIME 

Formatted for submission to PLOS One: Shahin K, Pearl DL, Berke O, O’Sullivan TL. Investigating the distribution 

of calls to a North American animal poison control call center by veterinarians and the public in space, time, and 

space-time. PLoS One. 2022;(Preparing for submission). 

ABSTRACT  

Health assessments via phone call or tele-triage have become very popular. Tele-triage in 

the veterinary field and North American context has been available since the early 2000s. 

However, there is little knowledge of how caller type influences the distribution of calls. The 

objectives of this study were to examine the distribution of calls to the Animal Poison Control 

Center (APCC) by caller type in space, time, and space-time. Data regarding caller location were 

obtained from the American Society for the Prevention of Cruelty to Animals’ (ASPCA) APCC. 

The data were analyzed using the spatial scan statistic to identify clusters of higher-than-

expected proportion of veterinarian or public calls in space, time, and space-time. Statistically 

significant spatial clusters with an increased proportion of calls from veterinarians were 

identified in some western, midwestern, and southwestern states for each year of the study 

period. Furthermore, annual clusters with an increased proportion of calls from the general 

public were identified from some northeastern states. Based on yearly scans, we identified 

statistically significant temporal clusters of higher-than-expected public calls during 

Christmas/winter holidays. During space-time scans of the entire study period, we identified a 

statistically significant cluster of higher-than-expected proportion of veterinarian calls at the 
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beginning of the study period in the western, central, and southeastern states followed by a 

significant cluster of excess public calls near the end of the study period in the northeast. Our 

results suggest that user patterns of the APCC vary by region and both seasonal and secular time. 
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INTRODUCTION 

Veterinary tele-triage services, such as the Animal Poison Control Center (APCC) created 

by the American Society for the Prevention of Cruelty to Animals (ASPCA), help dog owners 

decide if they need to access veterinary care. The APCC is a 24 hour emergency poison control 

center where callers from Canada, the United States (US), as well as US commonwealths and 

territories can speak with veterinary toxicologists to receive veterinary advice for a pet that has 

been exposed to a poisonous substance (1). The service is available to the public as well as 

veterinarians (1). We previously examined factors such as dog characteristics and toxicants, to 

determine predictors of caller type (public or veterinarian). While we found that calls concerning 

certain toxicants such as food products, veterinary medicine, and human medicine, are more 

likely from certain types of callers, access to veterinary care (i.e., measured as veterinarians per 

capita) was also an influential factor (2). We also noted that a portion of the variation in caller 

type was attributed to county and state effects after controlling for dog-level variables and a 

county-level measure of access to care (i.e., veterinarians per 100,000 population) (2). 

Awareness of the APCC has grown among the public, but little work has been published about 

the spatial and temporal distribution of calls by caller type across the US in dogs (1).  

The spatial scan statistic has been used to identify spatial, temporal, and space-time 

clusters of infectious and non-infectious diseases in human and animal populations (3–5). For 

instance, Howard-Azzeh et al. (2022) using APCC data identified clusters in space, time, and 

space-time of opioids and cannabinoid poisonings in dogs that were frequently consistent with 
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human drug use patterns. However, the differential pattern in user type (i.e., veterinarian vs. the 

public) has yet to be explored on a national scale using the spatial scan statistic.  

Consequently, the objectives of this study were the following: 1) identify clusters of calls 

to the APCC from veterinarians relative to the public; and 2) assess if they reflect factors 

previously identified in our risk factor analyses concerning caller type (2). By determining the 

differential use of the APCC in space and time, its services can be tailored to better meet regional 

demands and temporal trends.  

METHODS  

Data  

The ASPCA provided access to the APCC AnTOX database. This dataset included the 

geographic coordinates, date, and caller type (veterinarian or pet owner) for each call received 

during the years 2005 to 2014. We analyzed caller data from 179,724 calls; 125,818 calls were 

from the public and 53,906 from veterinarians (Table 3.1).  

Spatial, temporal, and space-time scan statistics  

Retrospective spatial, temporal, and space-time scan tests using Bernoulli models were 

conducted to detect statistically significant clusters of high and low proportions of calls to the 

APCC from veterinarians relative to the public. Bernoulli models were used where calls from 

veterinarians were treated as cases and calls from the public were treated as controls. For ease of 

interpretation, a cluster with a relative risk (RR) >1 and RR <1 were treated as veterinary clusters 
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and public clusters, respectively. The latitude and longitude of caller locations were provided in 

decimal degrees with the date of the call. Space-time, and purely spatial and temporal scans were 

conducted for the entire study period (2005-2014) as well as purely spatial and temporal scans of 

each individual year.  

The maximum spatial scanning window was set to 50% of the calls, we examined a two-

sided hypothesis with a significance level of α = 5% to identify high and low proportions of 

veterinary calls relative to calls from the public. In terms of criteria for reporting secondary 

clusters, restrictions were placed to ensure no spatial overlap for spatial clusters. Space-time 

clusters were restricted to having no centers in each other’s cluster, but we only reported 

secondary clusters that did not overlap in space and time.  

All scan statistics were applied using SaTScan version 10.0 (Kulldorff M. and Information 

Management Services Inc., 2021). The p-value was determined using 999 Monte Carlo 

replications for purely spatial and temporal scans. The minimum temporal cluster size was set to 

1 day. Statistical significance for space-time scans used sequential Monte Carlo replications with 

an early termination cut-off of 50 and time was collapsed in 10-day units to deal with extreme 

computational times. Statistically significant spatial and space-time clusters were visualized 

using QGIS version 3.24.3. Due to concerns over the misapplication of the term “statistically 

significant” (6), we highlight that the term is being used in an exploratory sense (7). 
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RESULTS 

Descriptive statistics  

Over the study period (2005-2014), there was a greater number of calls to the APCC by 

the public than veterinarians (Table 3.1). The ratio of a call being from a veterinarian compared 

to the public ranged from 0 to 1.35 among US states. A number of high-ratio veterinarian states 

were located in midwestern, and western states, and a number of low-ratio states in the northeast 

(Figure 3.1).  

Purely spatial scans 

Using the spatial scan test, we identified 3 statistically significant clusters (S1.05.14 [i.e., 

First spatial cluster, May 2014], S2.05.14, S3.05.14)  when examining calls during the entire 

study period (2005-2014), with more calls from veterinarians than expected in the west, 

midwestern, and southeastern states, a small cluster of higher-than-expected veterinarian calls in 

Florida, and more than expected calls from the public in northeastern states (Table 3.2, Figure 

3.2). The purely spatial scans of individual years consistently identified a cluster of high 

proportion of veterinarian calls encompassing western, midwestern, and southeastern states, and 

a cluster with high proportion of public calls in the northeastern states (Table 3.2, Figure 3.3).  

Purely temporal scans 

The purely temporal scan of the entire study period identified a single statistically 

significant cluster (T1.05.14), with a higher proportion of calls to veterinarians between 2005 

and 2008 (Table 3.3). The purely temporal scans of individual years identified statistically 
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significant clusters except in 2005 and 2006. The scans identified statistically significant 

temporal clusters of higher-than-expected calls from the public in December (T1.07, T1.09, 

T1.12, T1.13). There were statistically significant temporal clusters of higher-than-expected 

veterinarian calls in May 2008 (T1.08) and February 2014 (T1.14).  

Space-time scans 

The Bernoulli space-time scan of the entire study period identified a single statistically 

significant cluster of greater than expected calls from the public during the later half of the study 

period encompassing the northeastern states (ST1) and a single statistically significant cluster of 

higher-than-expected calls from veterinarians during the beginning of the study period 

encompassing the western, central, and southeastern states (ST2) (Table 3.4, Figure 3.4).  

DISCUSSION  

Past research has highlighted the utility of applying scan statistics to understand the 

occurrence of clusters of chronic and infectious diseases in space, time, and space-time (3,4,8). 

In our study, we used spatial scan statistics with a Bernoulli model, to understand the differential 

use of a tele-triage service between veterinarians and the general public in space, time, and 

space-time. In our previous work examining the differential use of the APCC by veterinarians 

and the public, we found regional effects impact the caller type (2). From our previous study we 

noted that the odds of a call coming from a veterinarian decreased over time with the rate of 

decrease being slower in areas with a greater number of veterinarians per 100,000 population (2). 
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The clusters identified in space, time, and space-time were often but not always consistent with 

the results of our previous risk factor analysis (2).  

Spatial scans 

The results from the spatial scans were consistent over the years with some variation in 

the years 2005, 2006, 2007, 2011, and 2012, where small clusters of higher-than-expected 

veterinarian calls were also present in southeastern states. From the individual spatial scans, we 

noted nearly identical clusters of higher proportions of veterinary calls in the western, mid-

western, and southeastern states, and clusters with higher proportions of public calls located 

around northeastern states. The results of the scans were unexpected, as the clusters of higher 

than expected veterinarian calls for each of the years scanned included states with low numbers 

of veterinarians per capita (9). From our previous work we found that some of the variance in 

caller type, even after accounting for characteristics and veterinarians per capita, was explained 

by county- and state-level factors (2). This may indicate that there are other factors at the county- 

and state-level, such as socio-economic status and cultural attitudes towards pets, unrelated to 

those previously examined that influence caller type. In addition, based on the size of our 

clusters, larger regional characteristics may also play a role in who calls the APCC.  

Temporal scans 

Temporal scans of the entire study period identified a three-year long cluster of higher-

than-expected proportion of veterinarian calls at the beginning of the study period (T1.05.14). 

From the scans of individual years, we identified higher-than-expected call proportions from the 



 

 

 

53 

 

 

public during winter holiday months (T1.07, T1.09, T1.12, T1.13). This could be indicative of a 

seasonal effect; Weingart et al., noted a spike in food poisonings in dogs during the winter 

holidays and again in April (10), and Swirski et al., found that calls to the APCC for chocolate 

poisonings increased during Christmas and Easter holidays (1). Our previous work also found 

that there was an increase in calls from the public during the winter months if the toxicant was a 

plant in comparison to plant calls in the fall (2).  Possible explanations for there being an excess 

of public calls during the winter holiday months may be changes to veterinary clinic hours 

limiting access to veterinary services, and that veterinarians may be very familiar 

with/knowledgeable of the toxicants (e.g., chocolate and holiday plants) during this period so 

calls would be more likely from the public.   

Space-time scans 

Application of the space-time scan statistic identified 2 clusters: 1 of higher-than-

expected proportion of calls from the public (ST1) and the other of higher-than-expected 

proportion of calls from veterinarians (ST2). The space-time results were consistent with the 

results from the purely spatial and purely temporal scans, and our previous study where the 

proportion of veterinary calls declined over time, but the effect varied with access to 

veterinarians. In this study, a cluster of excess veterinarian calls compared to public calls was 

found at the start of the study period and a cluster of excess public calls in comparison to 

veterinarian calls was found at the end of the study period. These findings also suggest changes 

in usage over time can vary by region.  
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Access  

From this study, the spatial scans indicated that calls from veterinarians were clustered to 

the western, central, and southeastern states while excess calls from the public were concentrated 

along the northeast. However, larger geographic effects were not examined by our previous 

study (2); other factors which may be influencing regional effects that we did not examine could 

be socio-economic factors, competitive services, and cultural attitudes towards pets. For 

example, Blouin et al. found that dog owners in the Midwest culturally view their pets as being 

equally important as human members of their family (11).  Owners with these attitudes may be 

more likely to take their dogs to the veterinarian in the event of toxicant exposure rather than call 

the APCC first.  However, Blouin et al. did not compare owner attitudes across large 

geographical regions so we still can only speculate on cultural factors influencing APCC usage 

in space and time (11).   

A census of veterinarians by Salois (2019), found that states on the west coast have a 

high to medium concentration of veterinarians, with the midwestern states having a low to 

medium concentration of veterinarians (9). The detection of clusters of higher proportions of 

veterinarian calls may be attributed to the number of veterinarians available in the regions. The 

areas where we detected spatial clusters of higher proportions of public calls to the APCC have a 

low to medium distribution of veterinarians (with the exception of New York State) (9). This 

may be indicative of an issue of access to veterinary services, leading more pet owners to contact 

the APCC.  
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Socio-economic 

Some pet owners view their animals as members of the family and treat them as such, 

especially in terms of veterinary care (12). Unlike human medical care, which can be paid for 

using government subsidized programs or work-related insurance programs, pet owners typically 

pay for veterinary services directly, a factor which may lead some pet owners to forego going to 

the veterinarian (12). Because of this, a low-cost service like the APCC may be attractive to pet 

owners. However, at the state level, socioeconomic status does not appear to completely 

determine caller type, as states known for income inequality, as measured by the Atkinson index, 

Gini coefficient, and Theil index, were encompassed by both spatial clusters of higher than 

expected veterinarian calls (e.g., Idaho, Montana, Wisconsin, North and South Carolina) and 

higher than expected public calls (e.g., New York and Pennsylvania) (13). This could be due to 

other factors such as awareness of the APCC, exposure to ads promoting tele-triage services, as 

well as availability of other veterinary services. For instance, some US humane societies offer 

their own 24/7 veterinary clinics. 

As the field of tele-triage continues to grow, awareness of the APCC will as well, leading 

more pet owners to use the service. Our study has shed light on how the caller type (veterinarian 

or general public) to the APCC has changed over time and space, with a greater proportion of 

calls from pet owners using the service in recent years. While there may be extraneous factors 

involved in a pet owner’s decision to call the APCC or not, regional factors beyond access to 

veterinary care seem to be important factors in that decision and require further investigation. 
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Table 3.1 Descriptive statistics of the calls to the APCC during the study period (2005-2014). 

Caller Type  Total  Percent  

Veterinarian 53,906 29.99 

Public 125,818 70.01 

Total 179,724 100.00 
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Table 3.2 Statistically significant clusters of high and low proportion of veterinarian calls relative 

to public calls from purely spatial scans for the entire study period (2005-2014) and each 

individual year.  

Year (s) 

Scanned 

Cluster 

ID 

Cluster 

Population 

Number of 

Cases 

𝑂 𝐸⁄  RR Radius 

(Km) 

P-Value 

2005-2014        

 S1.05.14 78397 17531 0.75 0.62 597 <0.001 

 S2.05.14 83472 30751 1.23 1.53 2625 <0.001 

 S3.05.14 739 423 1.91 1.92 32 <0.001 

2005        

 S1.05 3807 1801 1.27 1.44 2085 <0.001 

 S2.05  4266 1200 0.76 0.67 395 <0.001 

 S3.05 211 36 0.46 0.45 144 <0.001 

 S4.05 76 8 0.28 0.28 266 0.008 

2006        

 S1.06 6479 1718 0.76 0.64 608 <0.001 

 S2.06 3234 1565 1.39 1.55 1554 <0.001 

 S3.06 74 54 2.09 2.10 135 <0.001 
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 S4.06 70 50 2.05 2.06 266 <0.001 

2007        

 S1.07 5288 2291 1.32 1.54 2046 <0.001 

 S2.07 5999 1408 0.72 0.62 397 <0.001 

 S3.07 144 17 0.36 0.36 59 <0.001 

 S4.07 116 66 1.74 1.75 154 0.012 

 S5.07 181 94 1.59 1.60 171 0.013 

2008        

 S1.08 5900 1359 0.69 0.61 343 <0.001 

 S2.08 9229 3639 1.19 1.46 2801 <0.001 

2009        

 S1.09 6712 1420 0.70 0.59 404 <0.001 

 S2.09 9115 3385 1.22 1.57 2749 <0.001 

2010        

 S1.10 9132 3302 1.24 1.63 2381 <0.001 
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 S2.10 8241 1784 0.74 0.62 567 <0.001 

2011        

 S1.11 8494 1638 0.72 0.59 888 <0.001 

 S2.11 8329 2826 1.27 1.61 2498 <0.001 

 S3.11 13 12 3.46 3.47 0 0.040 

2012        

 S1.12 8506 1674 0.70 0.57 578 <0.001 

 S2.12 7485 2755 1.32 1.65 2337 <0.001 

 S3.12 141 78 1.98 1.99 58 <0.001 

2013        

 S1.13 8612 1571 0.70 0.57 573 <0.001 

 S2.13 9964 3266 1.26 1.68 2701 <0.001 

2014        

 S1.14 9230 1698 0.70 0.56 653 <0.001 

 S2.14 4783 1622 1.29 1.42 1379 <0.001 

*Each year scanned was from January 1st to December 31st  
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Table 3.3 Statistically significant clusters of high and low proportion of veterinary calls relative to public 

calls to the APCC from purely temporal scans of the entire study period (2005-2014) and each individual 

year. 

Year(s) 

Scanned 

Cluster ID Cluster 

Population 

Cases in 

Cluster 

𝑂 𝐸⁄  RR P-

Value 

Time Frame 

2005-2014 T1.05.14 62381 21437 1.15 1.24 <0.001 2005/1/5 -2008/12/19 

2007 T1.07 118 15 0.39 0.39 0.003 2007/12/24 -2007/12/25 

2008 T1.08 244 116 1.43 1.44 0.008 2008/5/19 – 2008/5/23 

2009 T1.09 881 210 0.79 0.78 0.032 2009/12/13 – 2009/12/27 

2011 T1.11 108 10 0.35 0.35 0.020 2011/9/24 – 2011/9/25 

2012 T1.12 1570 363 0.83 0.81 0.016 2012/12/7 – 2012/12/31 

2013 T1.13 446 78 0.67 0.67 0.035 2013/12/24 – 2013/12/29 

2014 T1.14 107 49 1.74 1.75 0.041 2014/2/24 – 2014/2/25 

*Each year scanned was from January 1st to December 31st  
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Table 3.4 Statistically significant clusters of high and low proportion of veterinary calls relative 

to public calls to the APCC detected from the space-time scan of the entire study period (2005-

2014).  

Cluster ID Population Number of Cases O/E RR Radius (km) Time Frame P-value 

ST1 41988 8142 0.65 0.58 569 2010/01/27-2014/12/31 <0.001 

ST2 40709 16214 1.33 1.47 2367 2005/01/23-2010/01/6 <0.001 
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Figure 3.1 Choropleth map of the ratio of a call being from a veterinarian compared to the public 

in each state.  
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Figure 3.2 Results of the purely spatial scan of the entire study period (2005-2014), clusters with 

solid lines represent higher than expected veterinarian calls and dashed clusters represent higher 

than expected public calls. 
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Figure 3.3 Examples of patterns identified in purely spatial scans of individual years: 2005, 

2007, 2008, 2014, clusters with solid lines represent higher than expected veterinarian calls and 

dashed clusters represent higher than expected public calls. 

c. 2008 d. 2014 

b. 2007 a. 2005 
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Figure 3.4 Results of the space-time scan of the entire study period (2005-2014), clusters with 

solid lines represent higher than expected veterinarian calls and dashed clusters represent higher 

than expected public calls. 
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CHAPTER FOUR: SUMMARY, LIMITATIONS, AND FUTURE 

DIRECTIONS 

SUMMARY  

Telemedicine is continuing to become a prominent sub-section of veterinary medicine, 

leading the way for tele-triage services. The convenience and low costs associated with 

telemedicine have catapulted the popularity of these services among the public. There are 

currently few published studies examining the use of services such as the APCC. The aim of this 

thesis was to contribute to a greater understanding of who is using the APCC, which factors 

influence caller type, and how caller type is distributed in space, time, space-time. Data acquired 

from the AnTox database of the APCC over a ten-year period (2005-2014) as well as US census 

data were examined to address these objectives. These data were analyzed using a multi-level 

logistic regression model with random intercepts for county and state, and using spatial, 

temporal, and space-time scans to identify clusters in space, time, and space-time. This study was 

an extension of work done by Swirski et al. that described the data collected by the APCC 

concerning cat and dog toxicants and the potential for them to be a source of data for the 

surveillance of poisoning outbreaks (1,2), and work by Howard-Azzeh et al. examining the 

impacts of drug decriminalization and human drug use patterns, along with dog-level and 

community socio-economic factors, on calls to the APCC concerning dog exposures to 

cannabinoids and opioids (3).  
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MAJOR FINDINGS AND IMPLICATIONS 

The analysis using a multi-level logistic regression model identified that increasing weight, 

being neutered/spayed, dietary supplement toxicants were associated with a decreased odds of a 

call being from a veterinarian, while factors such as illicit/recreational drugs, increasing dog age, 

veterinary medicine toxicant, and human medicine toxicants were associated with an increased 

odds of a call being from a veterinarian; these findings could be attributed to pet owner behavior, 

attitudes, and/or dosage. From the interaction terms of plants and season we found that season 

does impact caller type for plant related poisonings, the same was noted for the interaction 

between season and pesticide poisonings, this could be due to season impacting the type of 

toxicants available to pets as well as shorter clinic hours. The interaction term between year and 

veterinarians per 100,000 population indicated that the number of calls from a veterinarian 

decreased in all three quantiles while the rate of decline was slowest in the quantile with the 

greatest number of veterinarians per capita leading to the conclusion that areas with less access 

to veterinary care rely on the APCC more. This indicates that access to veterinary care may be a 

determining factor in whether a member of the public calls the APCC.  

We then looked at the calls in space, time, and space-time to identify any clusters of calls 

from the public and veterinarians. We found spatial clusters of greater-than-expected calls from 

veterinarians encompassing the western, midwestern, and southeastern US states, with a small 

cluster of greater-than-expected public calls in the northeastern states. This was consistent across 

all the years studied with some variation where there would be a small cluster of higher-than-
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expected veterinarian calls in Florida. This could be due to access to veterinarians, socio-

economic factors, or cultural attitudes towards pets in these areas.  Temporal scans identified an 

increase in greater-than-expected public calls during winter holiday months. This could be due to 

less access to veterinary services due to holiday hours or more exposure to holiday-related 

toxicants, such as chocolate and certain plants..  In the case of holiday-related toxicants, like 

chocolate, veterinarians are very familiar with managing these toxicants and less likely than a 

member of the public to call the APCC for these exposures.. Our findings are similar to those by 

Swirski et al. where the researchers found that chocolate exposures increased significantly during 

holidays (1,4).  The space-time scan of the entire study period found a cluster of greater-than-

expected proportion of calls from the public near the end of the study period and a cluster of 

greater-than-expected proportion of calls from veterinarians at the beginning of the study period. 

This was consistent with our findings in Chapter 2 and indicates growing awareness of the 

APCC among the public.  

LIMITATIONS AND FUTURE DIRECTIONS  

As the work was completed using caller reported information from a call center with cost-

recovery fees, the potential for selection and misclassification bias needs to be considered. 

Selection bias may have been introduced due to the cost of accessing the APCC since cost may 

influence both exposures (e.g., type of toxicant or breed class) and the outcome (i.e., type of 

caller) reported.  The potential for misclassification bias based on incorrect caller information in 

terms of breed, toxicant type, or even the type of caller needs to be recognized.  For instance, in 
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the later instance, it is possible some public callers had been advised to use the service after 

calling their veterinary clinic.  It is also important to note that access to veterinary care was 

modeled as a county-level variable and while it reflects the community in which the call was 

made, it does not directly reflect a pet’s access to care. This access may be influenced by other 

factors related to travel both within and outside the county of residence, as well as other factors 

such as cost of care, cultural/language barriers, and clients socio-economic status.  

The associations found in Chapter 2, as well as the spatial results in Chapter 3, indicate 

that access to veterinary services and geographical location are important factors in determining 

caller type. Further research is needed to examine the impacts of social factors at the household-

level that influence access to veterinary care in order to properly examine these associations. 

This research would have benefitted from data accounting for owner/household characteristics 

such as socio-economic status, owner perceptions of their pets and of veterinarians, as well as 

veterinarians’ years of experience.  In terms of future studies, focusing on the owner 

characteristics that influence their use of the APCC and other tele-triage and tele-health services 

would be helpful.   A mixed methods approach might be particularly insightful where qualitative 

data are collected, through methods like focus groups and semi-structured interviews (5), on why 

pet owners call the APCC or other tele-triage services rather than going directly to their 

veterinarian and then developing a quantitative observational study (e.g., cross-sectional 

questionnaire) based on the qualitative findings.  A better understanding of the users of tele-

triage services will result in the better development and targeting of these services (6).  
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CONCLUSIONS  

Our work examined influential factors for caller type to the APCC as well as the 

distribution of the calls in space, time, and space-time. We identified several significant 

influential factors, although future studies are needed to further investigate the associations 

between access to care and caller type and the influence of caller characteristics on the use of the 

APCC and other veterinary tele-triage services. The characteristics of the spatial, temporal, and 

space-time clusters of greater-than-expected veterinarian and public calls that were identified 

also suggested that socio-economic factors, cultural factors, and veterinary service patterns 

required greater exploration to understand what influences the use of veterinary tele-triage 

services. As use of the APCC and other veterinary tele-triage services continue to increase 

among pet owners, the reason for using these services need to be understood so that they can be 

better tailored to meet the needs of their users.  
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