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Evaluation of a Behavioral Test for Sickness
Behavior Associated with Fusarium Mycotoxin
Ingestion in Female Beagle Dogs
(Canis familiaris)

Michael W Brunt,*!?2 Patricia V Turner,>® Maxwell C K Leung,** and Suzanne T Millman'®

Animals exhibit behavioral changes during illness, including lethargy, anorexia, fever, adipsia, and anhedonia, which are
believed to comprise an adaptive evolutionary strategy. Exploratory and social behaviors generally decrease during illness,
but behavioral changes of dogs during illness have not been described. The objective of this study was to evaluate a novel
canine behavior test during subclinical illness induced by dietary Fusarium mycotoxin. Twelve mature female beagle dogs
received 3 treatment diets: a control diet (control), a diet formulated with grains contaminated with Fusarium mycotoxin
(toxin), and the toxin diet together with a toxin binding agent (binder). All dogs received each diets for 14 d in a Latin square
design with a 7-d washout period between diet trials. The test consisted of individually releasing dogs into the center aisle
of the housing room for 4 min per day, during which interactions with familiar dogs in adjacent kennels were recorded by
an observer outside the room who was blind to treatment groups. Total interactions, orientation, and attempted physical
contact with other dogs were less frequent during the toxin and binder diet treatments. Conversely, frequencies of physical
proximity and olfactory contact with familiar dogs in adjacent kennels were not associated with diet. In conclusion, induction
of subclinical gastrointestinal illness influenced aspects of social interactions in beagle dogs. A clinical assessment sheet in-
tegrating these findings was developed to aid in early identification of subclinical illness in research dogs based on behavior.
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Introduction

This study was initiated in response to a request from the
authors’ institutional animal care and use committee to refine a
clinical scoring protocol for use in canine challenge studies that
are likely to cause malaise or sickness behavior. Specifically, we
were invited to collaborate with another research team studying
the ability of a nutritional intervention to mitigate mycotoxicosis
associated with ingestion of Fusarium contaminated diets. Given
the anticipated welfare impacts for the dogs on the primary
s’cucly,20 a secondary study was performed concurrently to
evaluate changes in canine exploratory motivation in response
to mycotoxicosis. The secondary study (reported here) provided
the opportunity to refine daily assessments, reevaluate criteria
for humane endpoints, and examine the behavioral responses
of these dogs in more detail.

Fusarium mycotoxins are found in temperate regions and
can affect health and performance of domestic animals that
ingest contaminated corn, wheat, and barley.19 A number
of surveys of commercial cereal-based companion animal
food have found varying levels of Fusarium mycotoxins.>1024
Deoxynivalenol (DON or vomitoxin) is known to induce emesis,
feed refusal, gastrointestinal irritation, immunosuppression,
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and disruption of protein and DNA synthesis.23 Furthermore,
the consumption of Fusarium mycotoxins can cause significant
health effects, including reductions in canine blood pressure,
heart rate, and serum concentrations of total protein, globulin,
fibrinogen, alkaline phosphatase, and lipase.zo Mycotoxin re-
search involving dogs to date has focused on clinical signs such
as Vomi’dng13 and anorexia,’ whereas relationships between
DON and the social and exploratory motivations of singly
housed research beagles has not been studied.

Sickness behaviors (for example, lethargy, anorexia, fever,
adipsia, and anhedonia) arise when an animal is challenged by
a pathogen that provokes a proinflammatory cytokine cascade.
The change in behavior is the result of an adaptive strategy of
a stimulated immune system to alter and facilitate the eradica-
tion of infection.’? Numerous animal species studied to date
have demonstrated some of these sickness behavior elements,
lending support to its existence as an evolutionarily beneficial
stra’cegy.w/21 The concept of sickness behavior as a motivational
state suggests the expression of sickness behaviors such as ano-
rexia are context dependent, influenced by both internal and
external stimuli.! Motivation is a central state that reorganizes
perception and action through the integration of emotional and
cognitive processes.® The unconscious and systemic recognition
of new relevant priorities allows animals to act in response
to a serious stimulus, extinguish the threat, and revert to the
expression of sickness behavior.!

Gastrointestinal conditions can be caused by Fusarium spp.
and other dog food contaminants.*?” Animals present with
clinical signs that may include obvious signs of abdominal pain
(thatis, vocalization, restlessness, licking at or attempts to touch
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flank), emesis, nausea, large or small bowel diarrhea, anorexia,
and lethargy.!! Despite this wealth of clinical signs during overt
illness, little research has specifically focused on the effect of
gastrointestinal conditions on canine behavior and its use for
early detection of compromised welfare. Because dogs are a
highly social species and often seek social interactions, there
may be an opportunity to gain insight into canine health and
welfare by monitoring changes in behavior in order to refine
their care during experimental use.

The purpose of this study was to evaluate a behavioral test
for sickness behavior associated with Fusarium mycotoxin
ingestion in dogs. We hypothesized that the ingestion of my-
cotoxins would be associated with reduced exploratory and
social motivation of dogs.

Materials and Methods

Ethical approval for all experimental procedures was provid-
ed by the Animal Care Committee, University of Guelph under
protocol 03R021. The facility is compliant with the Animals
for Research Act of Ontario and holds a Good Animal Practice
certificate issued by the Canadian Council on Animal Care.

Study design. Our study was designed around the other
research team’s experimental design and was expected to pro-
vide descriptive observations about changes in dog behavior.
Variables of interest (sample size calculation, diet composi-
tion, toxin levels, diet palatability, food consumption, weight
loss, and physiologic parameters) and additional study design
details have been reported previously.?’ Dogs were treated as
the experimental units. All dogs received all treatments, were
randomly assigned to one of 3 treatment diets in the first round
of testing, and were systematically assigned to the remaining
diet treatment according to a 3 x3 Latin square design. Diets
were fed for 14 d with a 7-d washout phase between diets. A pilot
study found beagles fed DON contaminated food recovered
from a 5% weight loss in 5 d.!® All dogs received the control
diet during the washout phase.

Animals and husbandry. Twelve female beagle dogs (Marshall
BioResources, North Rose, NY) from the University of Guelph
dog quarantine facility were enrolled in the study. All dogs had
been previously enrolled in studies, but the number and topic
were unknown. Under the supervision of a veterinarian, dogs
underwent monthly parasitic screening and were deemed free
of internal and external parasites. The dogs received yearly
vaccinations for canine distemper, parvovirus, adenovirus 2,
Bordetella, and rabies virus. Their mean + SD age was 2.8 +1.6y,
and body weights were 10.1+1.1kg. Dogs were individually
housed in kennels (1.21 m x 1.89 m) with raised plastic-coated
wire mesh floors. Individual housing was required to measure
consumption of the diets. Kennel walls were stainless steel with
a solid lower section (0.81 m) and an upper section (0.90 m)
that consisted of vertical bars (0.07 m apart). Resting boards
(1.11 m x 0.51 m) were situated 0.21 m above the raised flooring
at the rear of each kennel and permitted nose-to-nose contacts
between dogs in adjacent kennels. The room was configured
with 6 kennels on either side of a center aisle (1.41 m wide),
with gutters (0.29 m wide, 0.05 m deep) directly in front of the
pens (Figure 1). The room temperature ranged from 18 to 21 °C,
with a relative humidity of 40% to 70% and a 12:12-h diurnal
period (lights on, 0645).

Dogs had ad-libitum access to water using 2 water bowls that
were refreshed daily. Each dog received 600 g of the assigned
diet once daily and received a 20-min leash walk outside or
inside the facility 5 d per week. On days 0, 5, 10, and 15 (0930 to
1230) dogs were assessed for body weight, nutrient digestibility,

Gutter Gutter

Dog6 Dog 12
Dog 5 Dog 11
Dog 4 Dog 10
Dog 3 Dog 9
Dog2 Dog8
Dog 1 Dog7

Door and Observation
Location

Figure 1. Configuration of housing and testing room for 4-min obser-
vation period of 12 female beagle dogs.

and physical and clinicopathologic variables.?’ At the end of the
study dogs returned to a general holding protocol for use in
additional projects before being retired and adopted.

Behavioral test. A standardized behavioral test was created for
practical use in the research facility. Negative affect associated
with sickness includes feelings of pain, malaise, lethargy, and
thermal discomfort, with concomitant reduction in motivation
for exploration, foraging, and social interaction.! Consequently,
we hypothesized that singly housed dogs would prioritize isola-
tion and rest during periods of malaise, forfeiting opportunities
to explore and interact with other dogs in the kennel area. The
familiar home kennel environment was used to control for po-
tential confounding effects of fear and anxiety associated with
novel environments and unfamiliar dogs.

Behavioral tests were conducted once daily, 5 d per week
during the 2 wk that the dogs were fed the treatment diets.
Tests were scheduled after lights came on (0645) and before
routine husbandry procedures were performed (0830). The
test began when the technician entered the room, opened the
kennel door for one focal dog, and exited the room to observe
the dog through a glass window in the external door. The dog
had a 4-min opportunity to leave its kennel, explore the center
aisle of the room, and interact with 11 familiar dogs through
kennel gates. The test duration of 4 min was selected for practi-
cal reasons because it allowed all dogs to be released, observed,
and returned to their pens before daily husbandry began. Dogs
were released in a random sequence determined by a random
number generator. All dogs in the housing room were enrolled
in the trial.

One technician conducted all observations and was blind to
experimental treatments. Frequencies of exploratory and social
behaviors were recorded for the focal dog. Ethogram elements
corresponded to common and easily observable dog behaviors
(Table 1). An interaction was categorized as any uninterrupted
sequence of behavioral elements directed toward a particular
stimulus dog. Multiple behavioral elements could be observed
and recorded during a single interaction. An interaction was
considered to have concluded when the focal dog changed
orientation or moved out of the proximity of the stimulus dog.
Focal dog behaviors not directed toward or in proximity to a
stimulus dog were not recorded. A dog was categorized as a
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Table 1. Ethogram for behavioral elements measured during each 4-min observation period of 11 female beagle dogs!

Behavior

Description

Orientation

Physical Proximity
of a stimulus dog’s kennel.

Olfactory Contact

Focal dog’s head is directed toward a stimulus dog’s pen

Focal dog is standing with 2 paws in the gutter area immediately proximate (< 29 cm) to the gate

Focal dog is standing with 2 paws in the gutter area immediately proximate (< 29 cm) to the gate

of a stimulus dog’s kennel, and focal dog’s nose in < 5cm above the floor

Attempted Physical Contact

Arousal? Focal dog wags its tail laterally

Focal dog’s nose touches or passes between the bars of a stimulus dog’s kennel gate

!One interaction is any uninterrupted sequence of behaviors directed toward the same stimulus dog
2Arousal was only measured in conjunction with other behavioral elements

non-responder if 2 or more minutes of the 4-min test were spent
in its home pen.

Statistical procedure. The frequencies of behavioral elements
were calculated as the total number of observed acts per 4-min
observation period. Due to the small number of non-responders,
data collected during these periods were included. Initially the
data was characterized with PROC UNIVARIATE in SAS (ver-
sion 9.04; SAS Institute, Cary, NC). The normality of distribution
for the response variables were visually scrutinized through the
inspection of histograms. Residuals from all data were normal-
ized by taking the natural logarithm of the means (log-link).

Data were analyzed using a generalized linear mixed model
(GLMM), employing PROC GLIMMIX in SAS (version 9.04; SAS
Institute). Within the framework of the GLMM, 2 models were
used to examine the data. The means model was used to inter-
pret data within and between days and employed a standard
factorial by fitting Treatment, Day, and the Treatment x Day
interaction as fixed effects. The linear regression in 3 treatments
was used to interpret the data over time and included Treatment,
Day, and Day x Day interaction as fixed effects. Both models
included Treatment Period and Focal Dog as random effects.
The GLMM accounted for potential autocorrelation between
repeated measures because each dog had 12 observations per
treatment by incorporating an autocorrelation structure. The
autocorrelation structure that resulted in an Akaike Information
Criterion (AIC) closest to zero was considered to be the best
model. Initially all effects were included and factors that were
not significant effects were systematically removed to produce
the final linear model. Dog age and dog weight were not signifi-
cant factors and were not included as effects in the final model.

To ensure that possible outliers were identified and model
assumptions were met, residual plots of predicted against ob-
served values were visually scrutinized. Outliers with residuals
exceeding 3 standard deviations were excluded from the model,
which resulted in removal of one observation from the visual
contact model and 2 different observations from the olfac-
tory contact model. The models did not converge for arousal;
therefore, descriptive statistics are provided for arousal, and
treatment effects were not assessed. The approximate power for
the experiment to find an effect if one was present was 0.9, as de-
termined by a calculation using a large sample approximation.

Results

A data deletion error caused loss of behavioral data for 1 dog
across all treatments, such that data of 11 of the 12 dogs was
available for analysis.

Dogs were easily observed, eagerly left their pens, and would
briskly walk the length of the entire housing room before stop-
ping in front of individual pens. While most dogs eagerly left
their pens during all observation periods, 2 of 11 dogs were

classified as non-responders on 8 separate occasions over the
30 tests performed. Non-responders represented 3.5% and 2%
of the toxin and binder diet observations respectively. None of
the dogs were non-responders during the control treatment.

During all 330 tests, the focal dogs performed 14.3+0.3
(mean + SE) total interactions with neighboring dogs in the
room. Total interactions differed by treatment, occurring less
frequently during toxin and binder diets (P < 0.01, Table 2).
Similarly, orientation occurred 1.2+0.1 times during all tests
and occurred less frequently during toxin and binder diets
(P=0.01). Physical contact was attempted 5.5 + 0.2 times during
all tests and occurred less frequently during toxin and binder
diets (P < 0.01).

Physical proximity and olfactory contact did not differ based
on diet and occurred 10.0 0.3 and 3.1 £0.2 times over all tests,
respectively. The diet being consumed by stimulus dogs did not
significantly influence focal dog behavior in this study. Dogs
wagged their tails an average of 4.1+0.3 times in conjunction
with other behavioral elements; tail wagging was not analyzed
statistically. Aggressive behavior was not noted during these
interactions.

Parameters of the model as predictors of occurrence are
presented in Table 3.

A dog was less likely to engage in an interaction, orienta-
tion, or attempt to make physical contact with neighboring
dogs when consuming the toxin diet. Dogs fed the binder
diet were also less likely to show interactions and attempts at
physical contact. The number of days on a treatment diet was
a significant predictor of orientation and attempts to physically
contact neighboring dogs. A concave quadratic effect was also
significant for total interactions and orientation. Treatment
diet and number of days on treatment diet were not significant
predictors of physical proximity or olfactory contact.

Discussion

The objective of this study was to evaluate behavior test for
identifying sickness motivation or malaise in dogs fed myco-
toxins. At the onset of the study, we did not know how the dogs
would react to the contaminated diets or whether they would
develop clinical signs of illness. The dogs readily ate the control
diet; after eating the contaminated diets for 14 d, their food in-
takes had decreased by 35%, they lost 5% of body weight, and
they showed significant changes in several clinicopathological
variables.”” These findings and the fact that 2 dogs did not leave
their pens during several observation periods while consum-
ing the DON contaminated diets suggest that these dogs were
experiencing some degree of illness. Outside of the observation
periods, one dog vomited twice while consuming the contami-
nated diets, but none of the dogs were removed from the study
for medical and/or ethical concerns.
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HUMANE INTERVENTION POINTS

HUMANE END POINTS

Animal ID: Initial Weight (kg):

Protocol:

Date:

Attitude: Alert Sleep Depressed Quiet
Comatose

Temperature (°C):

HR/Pulse:

Pulse Qual.: Strong Fair Poor Deficit

Respiration Rate:

Mucus Membranes: Pink Pale Injected
Cyanotic White Muddy Yellow

Weight (kg):

Appetite: Increase Decrease Normal

Vomit Diarrhea None

Behavior

Interest in Exploring Room: Increase
Decrease Normal

Interest to Interact or Play with
Neighboring Dogs: Increase Decrease
Normal

Looking Towards Neighboring Dogs:
Increase Decrease Normal

Activity Level: Increase Decrease Normal

Initials

Vet Instructions:

Figure 2. Dog clinical assessment sheet including social behavior parameters as early indicator of disease.

We successfully created and applied a 4-min test for all dogs
enrolled in the study. A variety of behavior tests have been
created for evaluating the suitability of dogs for rehoming,>82
behavioral treatment,?® and genetic selection.?? Many of these
tests occur in a novel arena and/or introduce stimuli into the

dog’s home kennel or cage, with particular emphasis on out-
comes associated with fear and anxiety responses. Conversely,
our goal was to minimize fear and anxiety during the test itself,
so as to titrate within-dog changes in sickness vs exploratory
and social motivations. In a familiar environment, among
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familiar conspecifics, and in the absence of competition for
resources, we hypothesized that dogs would be highly moti-
vated to explore and interact with other dogs when given the
opportunity. Indeed, all dogs participated actively during the
control treatment. We hypothesized that malaise and lethargy
would result in dogs fed the toxin diets, and that dogs would
then be unwilling or unable to engage in these behaviors.
However, only 2.75% of these tests resulted in non-response
from only two dogs and associated with the dog that vomited
when on the toxin and binder treatments. Therefore, the test
was not sensitive enough to answer the binary question of
whether or not a dog was experiencing subacute illness. We
do not know whether malaise increases motivation for contact
among closely bonded individuals, and we did not have in-
formation about prior affiliative and/or agonistic interactions
between our dogs.

Attempted physical contacts and orientation were signifi-
cantly lower on both mycotoxin-containing diets. Dogs were
not forced into social situations in the current study, and social
interactions were among familiar kennel mates. The focal
dog was free to leave its kennel to initiate these interactions,
which could be reciprocated by the stimulus dog through
the kennel door bars. While our study did not detect a sig-
nificant influence of stimulus dog diet on focal dog behavior,
other research has demonstrated that female CD-1 mice use
odor cues to avoid individuals infected with pathogens.!#1¢
Research that specifically determines whether dogs modify
their social interactions due to the degree of sickness of a
conspecific is encouraged.

Treatment duration was a significant predictor of decreases
in orientation and attempted physical contact. These findings
are consistent with a previous study in which other indicators
of illness worsened after 14 d of consuming the contaminated
diets.? However, a significant quadratic effect of day for ori-
entation and total interactions complicates the identification
of a clear pattern. One possibility is that dogs were tested
Monday through Friday and descriptively there appeared
to be a rebound effect on the first Monday (Day 4) as dogs
across all treatments demonstrated 6.8% more interactions on
Mondays as compared with other days. However, a rebound
effect was not evident on the second Monday (Day 11). Due to
these different effects, strong conclusions concerning the day
of the week are not possible for these behavioral elements.
We encourage additional research to examine optimal test
frequency, either as incorporated into daily husbandry or as
an ad hoc diagnostic tool.

A limitation in the current study that could affect the motiva-
tion to explore was hunger. Diets containing mycotoxins have
significantly reduce food intake and cause gastrointestinal dis-
tress in dogs.!>?° During the daily observational test, some focal
dogs tried to retrieve control (non-mycotoxin-contaminated)
diet from under the pens of neighboring stimulus dogs; this
behavior observationally specific to some dogs during the toxin
and binder diets. Conducting the test after, rather than before
daily husbandry, may have alleviated some of this behavior
but also could have affected focal dog exploratory and social
motivations. A priori, we determined that olfactory social in-
formation would have been lost if the room had been cleaned
before testing.

This current study focused on the effects of presumed sub-
clinical illness on dog behavior. However, additional research is
needed to explore any relationship between illness and specific
personality traits or existing conspecific relationships. We used
intact female beagle dogs, and although none of them displayed

visible signs of estrous, an undetected estrous cycle could
also have affected social and exploratory behaviors. Future
research specifically addressing this possibility is encouraged.
The current study focused on one breed of dog in a research
environment, and generalizability of our findings to other
breeds and environments (for example, companion dogs),
should be conducted.

Behavior is perhaps the best indicator of animal welfare.”
Several validated quality of life surveys are available for dogs
in clinical practice settings,® however, a standardized protocol
is currently not available for assessment of the welfare of dogs
used in research. The current study was not intended to perform
a comprehensive animal welfare test. However, extrapolating
changes in exploratory and social behavior from this study could
allow better assessment of subclinical illness in research dogs
in noninfectious studies with test articles expected to produce
illness or with unknown effects. Based on our findings, we
have developed a modified clinical assessment sheet (Figure 2).
Although our proposed assessment sheet should be validated
by users, it does incorporate the most informative components
of our results. Members of research teams can monitor research
beagles for changes in willingness to interact, play, or look
at neighboring dogs as an early indicator of disease. The use
of these findings and the assessment sheet could represent a
refinement in the care of research dogs by identifying reduced
or declining welfare as expressed through changes in assertive
social behavior.

In conclusion, mycotoxin-induced gastrointestinal illness in
dogs caused significant reductions in orientation towards and
attempted social contact between familiar dogs in a familiar
kennel room. The use and continued refinement of our clinical
assessment sheet is encouraged as a means to identify early
subclinical illness and minimize negative welfare outcomes for
research dogs. Although statistically significant, the changes in
behavior were subtle and provide a basis for developing refining
technologies and algorithms used to identify subclinical illness
in group-housed dogs.
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