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Simple Summary: Animal Assisted Interventions (AAI) are growing in popularity among profes-
sionals of psychological therapies due to their clear benefit for human health. However, to date, little
attention has been paid to the welfare of the animals involved in the interventions. In this study we
evaluated the potential impact of such activities on the welfare of dogs living in a kennel, which had
weekly interactions with inmates held at a prison. To assess their stress levels, we analyzed their
physiological response to a stressful situation by measuring the cortisol levels in saliva samples. We
found a significant decrease in cortisol concentration at the end of the AAI program measured in the
dogs’ living environment (i.e., kennel), which suggests a positive effect of the AAI activities on the
welfare of kennel dogs. The results also suggest that transportation from the kennel to the prison
could be perceived as a stressful event since it significantly increased dogs’ cortisol levels. Therefore,
particular care should be taken in the management of this phase.

Abstract: Previous studies regarding the Animal Assisted Interventions (AAI) have mainly focused
on the beneficial effects of human–animal interactions on human health; whereas the impact of such
activities on the welfare of the animals involved has received limited attention. So far, few studies
have addressed this issue by evaluating the physiological and behavioral reactions of therapy dogs
during the interventions. The aim of this study was to evaluate the potential effect of AAI on the
cortisol levels of shelter dogs. Five dogs participated in weekly AAI working activities with adult
inmates held at a prison of the South of Italy for two months. Saliva samples were collected every two
weeks in three conditions: at the kennel (baseline), after transportation and at the end of the working
sessions. The results revealed a significant decrease in the cortisol baseline at the end of the AAI
program, suggesting that the activities carried out with humans and in a different environment could
improve the welfare of dogs housed in kennels. Moreover, we found that transportation significantly
increased subjects’ cortisol levels, suggesting that it is a critical phase that deserves particular care.

Keywords: Animal Assisted Interventions; welfare; cortisol; physiology; shelter dogs

1. Introduction

The development of strong human–animal bonds [1,2] led to an increased inclusion
of companion animals in health care and wellbeing services for humans [3,4]. In order to
promote research, the Italian Ministry of Health standardized the operational protocols for
the Animal Assisted Interventions (AAI) with the “National Guidelines for Assisted Inter-
ventions with Animals”, where a therapeutic, rehabilitative, educational and recreational
value was attributed to these interventions. They involve the use of domestic animals
belonging to the dog, horse, donkey, cat and rabbit species.
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The AAI have various and potential benefits for both the people and the animals
involved [5–16]. Specifically, several studies have reported the positive physiological and
psychological effects of AAI for inmates, confirming the general concept that human–
animal interactions contribute to human health and welfare [17,18]. Emotions play a
key role in human–animal interactions, regulating the expectations and the outcomes of
such interactions [19]. Indeed, dogs [20–22], as well as cats and horses [23,24], recognize
human emotions. Moreover, the emotional valence of previous interactions may affect
animals’ reactions in subsequent interactions with humans [25,26]. Therefore, the assess-
ment of emotions during the AAI programs is of crucial importance for the evaluation of
animal welfare.

Despite the potential benefits, there are important risks for both animals and humans
involved in AAI programs that should not be overlooked, such as the potential transmission
of zoonosis [27–31] and the burnout of the animals [32], which is one of the major concerns
regarding their welfare. It has been demonstrated that that the growing demand for AAI
leads to increased pressure due to more sessions and human users [33]. The decrease
in the quality of the interventions can cause uncomfortable situations for the animals
involved. This is due to excessive exposure to stressful situations such as the exposure
to several unknown environments, the close interaction with unfamiliar people and the
unexpected events that could occur during the working sessions [34]. However, the main
factor affecting the welfare of the animals involved in the interventions is the poor ability
of humans to detect animals’ emotional states that could also lead to human–animal
relationship dysfunction [35]. In fact, several authors suggest that children and adults do
not clearly perceive dogs’ body signals [36,37]. In particular, children often interpret dogs’
facial expressions of anger as expressing happiness [38]. Indeed, not all emotions may be
equally easy to recognize. Overall, people are generally more successful at recognizing
positive emotions in dogs, like happiness, while often confusing negative emotions, like
fear [37,39–41]. Taken together, these factors may contribute to the burnout of animals
involved in AAI. Therefore, in the framework of AAI, it is fundamental to evaluate animals’
emotional state during the working sessions with human patients.

Several parameters could be assessed in order to evaluate animals’ emotional state:
the variation of physiological (i.e., heart rate, cortisol levels) and behavioral parameters (i.e.,
stress behaviors) [33,34,42,43]. During stressful situations, the hypothalamus–pituitary–
adrenal axis (HPA) is activated, causing the activation of the “fight-or-flight” response
(i.e., an increase in alertness and the expression of stress behaviors) and the release of
glucocorticoid hormones, including cortisol [42]. Cortisol can be detected in different
biological matrices, including urine, saliva and hair [44]. Saliva samples are particularly
suitable since they reflect both the activity of the sympathetic nervous system (acute stress)
and the HPA [45]. Moreover, the sampling of saliva is a noninvasive method and repetition
of the analysis over time allows evaluating the adaptive response even in the medium or
long term [46]. Furthermore, the delay in the transfer from blood to saliva (20–30 min)
avoid artifacts related to the collecting procedure of samples, which can be a stressful event
per se for some dogs.

In the present study we analyzed the variations of salivary cortisol concentrations of
shelter dogs involved in an AAI program with inmates. We explored whether the social and
environmental enrichment provided by the AAI working sessions could reduce the basal
cortisol levels of shelter dogs in their living environment, suggesting an improvement in
their welfare. Moreover, we investigated the effect of transportation and AAI activities on
the cortisol concentration of the tested dogs in order to evaluate the potential effect of these
events on the dogs’ physiological stress response. We hypothesized that the enrichment
provided by the AAI activities could reduce the basal level of cortisol of shelter dogs and
that, on the other hand, transportation could increase cortisol concentration, eliciting a
state of excitement in dogs.
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2. Materials and Methods
2.1. Participants

Five dogs were involved in the study. They were mixed breed, both males (n = 3) and
females (n = 2), all neutered, of various sizes: small (n = 1), medium (n = 2) and large (n = 2)
(based on classification reported by Wilding [47] (see Table 1). Their age ranged from 2 to
3 years (2.4 years ± 0.55; mean ± S.D.). They had been housed in the kennel for at least
16 months (18.8 ± 3.35; mean ± S.D.) and never underwent any basic educational training
before the beginning of the study.

Table 1. Characteristics of dogs included in the Animal Assisted Interventions (AAI).

Subjects Sex Age (Years) Size Time Spent in the Kennel (Months)

Gigio Male 3 Small 20

Ketty Female 2 Medium 16

Sara Female 2 Large 18

Lupetto Male 2 Medium 16

Lean Female 3 Large 24

They were selected from the guests of the Coop kennel, Dog Park of Ottaviano
(Naples), where they were housed after being caught on the territory by the local health
authority, in order to limit the stray phenomenon. The structure of the Coop kennel is
organized in multiple boxes to meet the social needs of the canine species. Each box presents
a surface of 6 m2/dog with an open space in front of it, where dogs could have a walk and
interact with each other.

The subjects were selected by a veterinary behaviorist using the evaluation scale for
emotional disturbs of dogs (EDED Scale) of Pageat [48] (Supplementary Materials Table S1),
which allows the classification of dogs’ behavior according to the presence/absence of
centripetal and centrifugal behavior and the expression of homeostasis or emotional dis-
turbances. The centripetal activities are represented by feeding, drinking, self-directed
behaviors and sleep; while the centrifugal activities are social contacts, exploratory ca-
pacity and aggression. For each behavior considered, a specific score was attributed to
each subject. Each dog then obtained a total score, which indicated its general emotional
state (see Supplementary Materials Table S2 for score range and corresponding emotional
state). The dogs selected had a score from 9 to 12, corresponding to a normal state for
emotional and cognitive profile. This value is attributed to dogs with an adequate prosocial
profile suitable for the AAI activities (the individuals that obtained a score <9 and >12 were
excluded). Therefore, from an initial population of 25 subjects, we selected 5 dogs that
participated to the study.

Before taking part in the study, the dogs undertook a clinical visit and laboratory tests
(complete blood count, clinical biochemistry evaluation) to certify their health. Moreover,
a veterinary behaviorist certified the absence of any behavioral pathologies. Moreover,
the selected dogs were grouped together in a box from one month before the beginning
of the tests until the end of the study. This procedure allowed the creation of positive
relationships between the dogs and the avoidance of agonistic interactions (including
aggression and fear responses) during the AAI activities with inmates.

2.2. Procedures

The AAI activities were carried out in the outdoor area of the prison. The AAI sessions
were conducted on the basis of the Italian National Guidelines for Animal-Assisted Inter-
ventions [49], which required the presence of a veterinary certified expert in AAI, a project
manager, an intervention contact and dog assistants. The recruited operators had all at-
tended the courses for dogs assistants required by the aforementioned national guidelines.
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The dogs were transported to the prison in individual steel cages (97 × 90 × 70 cm)
placed in a van which met the requirements established by Italian law in terms of the
number of individuals, space for each subject and ventilation. Two people (the driver and
a person taking care of dogs) were in the vehicle during the transportation, which had an
average duration of 1 h (70 km from the kennel to the prison).

The AAI activities were carried out weekly during a period of two months. In each
session, each dog worked with two inmates. A total of 10 inmates (all males, whose age
ranged between 31 and 40 years) took part to the study. The activities were supervised by an
animal assistant (who actively intervened for the safeguarding of the proper management
of the animal during the interaction and of its state of well-being, according to the criteria
established by the veterinarian) and by the intervention contact (who guided the person
during the sessions). The total duration of each session was approximately 70 min: 10 min
were dedicated to the transfer of the theoretical part to the prisoners, in which the dogs
were left free to explore the environment and interact with each other; 60 min for the
practical interaction between dogs and inmates (equally divided between the two inmates
interacting with the same dog), with a break of 20 min after 30 min of working to safeguard
animal welfare [50].

The proposed activities for the human–dog interactions were:

(1) How and when to pet the dog,
(2) Luring technique (to capture the dogs’ attention),
(3) Turn to the inmate’s right or left,
(4) The command “sit”,
(5) Nose-working activity,
(6) The command “stay”,
(7) Management of the leash,
(8) Recall,
(9) The command “give the paw”.

At least two activities were carried out in each session, following the list illustrated
above (all activities were carried out at least once). The training was performed using
positive reinforcements (treats and vocal reinforcements) and gentle management (no
physical or psychological pressure was induced) using the luring technique.

2.3. Sample Collection and Cortisol Measurement in Dogs

The dogs’ physiological stress responses were monitored during the entire project
through the measurement of salivary cortisol, which accurately reflects the blood changes of
this hormone [51] with a delay of 20–30 min [44,45,52]. Therefore, it was used as a measure
of the acute response to stress, evaluating the adaptive response of dogs as immediate
reactions to the interaction with the inmates.

The dogs had been previously accustomed to the procedure described by Salivette
Cortisol (Stastedt, AG & Co., Numbercht, Germany) for saliva collection to determine
salivary cortisol concentrations. Commercial biocompatible synthetic fiber rolls in tubes
(Salivette®, Sarstedt, AG & Co., Numbercht, Germany) were used to collect saliva samples.
From a month before the beginning of the study, once a week a salivette was placed into
each dog’s mouth for a minute. The increase in salivation was facilitated by the olfactory
perception of the dogs’ favorite food. Moreover, the subjects were not allowed to drink and
eat in the 30 min preceding the collection of the samples in order to register reliable cortisol
values [49]. The dogs had free access to water during the AAI working sessions. At the end
of the activity, the water bowls, as well as the food treats used during the training were
removed (30 min before the saliva sampling).

During the testing period, three salivary samples were taken for each working session.
The first sampling was carried out at 8.20 a.m., before the departure from the kennel (T0).
The second one was taken upon arrival at the prison around 9.30 a.m. (T1); the third sample
was obtained at the end of the AAI activity, around 12.30 p.m. (30 min after the end of the
session, T2). Saliva samples were collected every two weeks (3 samples × session) for a
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total of 5 different working sessions (D1, D2, D3, D4, D5). Therefore, a total of 15 saliva
samples were obtained for each subject.

The collected samples were placed in a polystyrene container with ice and transported
to the laboratory, where they were promptly centrifuged at 3000 rpm in a refrigerated cen-
trifuge for 15 min to obtain the saliva for cortisol determination. The samples then obtained
were stored at −20 ◦C and then proceeded. Cortisol was determined by immunoassay
using the commercially available Salivary Cortisol kit (Salimetrics, State College, PA, USA)
according to the manufacturer’s indications.

2.4. Data Analysis

In order to evaluate the salivary cortisol level before, during and after the AAI activ-
ities, the statistical analysis was performed using SPSS software. Data distribution was
tested using Shapiro–Wilk test. Wilcoxon signed rank test was used to analyze the differ-
ences of the dogs’ cortisol levels registered during the experimental period, and particularly
before the beginning of each working day (T0, baseline), after the transportation (T1) and
at the end of each working session (T2). Results were considered statistically significant
for p < 0.05.

3. Results
Dog Salivary Cortisol Levels

The statistical analysis revealed a significant decrease in the dogs’ cortisol basal levels
at the end of the AAI program. Specifically, the cortisol concentration in saliva samples
collected in the kennel before the beginning of the AAI program (T0 at D1) was significantly
higher than the one registered at the last working day, within the same context (T0 at D5)
(n = 5, Z = 0.00, p = 0.043; Wilcoxon signed rank test) (Figure 1).

Figure 1. Cortisol concentration in the saliva samples collected at T0 on D1 and D5 (means and S.E.M.
are shown; Wilcoxon signed rank test). * p < 0.05.

Furthermore, results showed that the dogs’ cortisol levels were generally and signifi-
cantly higher after the transportation (T1) than those registered at the kennel (T0, baseline)
and at the end of the working sessions (T2) (T0 vs. T1: n = 5, Z = 15.00, p = 0.043; T1 vs. T2:
n = 5, Z = 0.00, p = 0.043; Wilcoxon signed rank test). No statistically significant differences
were found between the cortisol levels observed at the kennel and at the end of the working
sessions (T0 vs. T2: n = 5, Z = 1.00, p = 0.080; Wilcoxon signed rank test) (Figure 2).
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Figure 2. Differences in the mean cortisol levels of dogs collected at T0 (baseline, at the kennel), T1
(after transportation) and T2 (end of AAI sessions) of the five working sessions (means and S.E.M.
are shown; Wilcoxon signed rank test). * p < 0.05.

4. Discussion

In the present study we provide preliminary evidence for the potential effectiveness
of human–animal interactions in the framework of Animal Assisted Intervention for the
improvement of the general welfare of kennel dogs. Our results showed, indeed, a signifi-
cant decrease in the cortisol basal levels sampled at the kennel (T0) on the last working
day (D5) (and before the last working sessions) with respect to those registered before the
beginning of the AAI program (D1). Moreover, we observe no significant differences in the
salivary cortisol collected at the kennel (baseline, T0) and at the end of the working sessions
(T2) on the five working days. These findings suggest that the working activities with
inmates could have not been perceived as a stressful event for dogs but, most importantly,
it could have produced clear benefits for them, reducing the animals’ general stress levels
registered in their living environment (the kennel) and, therefore, improving their welfare.

Our results are consistent with previous studies observing that the interaction with
humans in a different environment than the living environment (i.e., an isolated room in
the shelter [53] or at a private home [54]) cause a decline in cortisol concentration of dogs
housed in kennels. It has been found that the mere presence of a person, in particular the
dogs’ caretaker [55] or an immobile, noninteractive woman [53], positively impacts the
physiological stress response of shelter dogs, reducing their cortisol levels. Similar results
have been registered after human–dog interactions but their efficiency is strictly dependent
on the nature of such interactions. Specifically, a gentle petting [56,57] and a play session
mainly based on affiliative behaviors [58] are effective for the cortisol decrease. However,
this effect seems to be temporary; the cortisol concentration returns to the basal level when
the animals are brought back to the shelter [59]. On the contrary, in the present study we
registered a significant decrease in the saliva cortisol baseline at the end of the AAI program,
suggesting that the working activities with humans might have a long-term impact on the
general stress levels of kennel dogs, not only a short-term effect measured at the end of each
session. In other words, the social as well as the environmental enrichment provided by
the frequent interactions with humans in a different environment (which became familiar)
than the living environment could positively impact the emotional and affective state
of dogs housed in a kennel, improving their welfare. However, the predictability of the
environment where the AAI program takes place is a crucial factor since undertaking the
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activity in a novel environment could produce, instead, an increase in cortisol levels in the
tested subjects [60].

Previous studies reported that the decrease in cortisol levels of kennel dogs across
time could be also related to the animals’ habituation to the living environment. This
phenomenon generally produces the return to basal level within 10 days after the arrival
but not later than the first month [61,62]. As a consequence, it is unlikely that the significant
decline of the cortisol basal concentration here reported could be related to the habituation
to the kennel environment since dogs involved in the program had already been living
in the shelter for at least 16 months. Moreover, the selected dogs were grouped together
one month before the beginning of the tests, in order to avoid the eventual acute stress
due to the novel living conditions impacting their basal cortisol levels. Another possible
explanation for the general decrease in cortisol levels in kennel dogs could be related to
the dysregulation of the HPA-axis due to chronic stress reported by some authors [61].
However, this issue is still a matter of ongoing discussion and further data are needed to
support this hypothesis. In the present study, since the subjects involved in the program
were selected considering their normal state for emotional and cognitive profile, the latter
hypothesis remain an unlikely prospect.

On the other hand, the lack of significant difference between the cortisol levels mea-
sured at the kennel (baseline) and at the end of the working sessions could further support
the hypothesis that the AAI activities did not produce a physiological stress response in
the shelter dogs. This finding is consistent with previous studies reporting no differences
in the cortisol levels between pre- and post-session in therapy and pet dogs [63]. Sandri
and colleagues [64] have also registered a significant decrease in dogs’ salivary cortisol
concentrations 20 min after the end of the AAI session compared to those measured before
the start. However, these authors have argued that the lack of difference in the cortisol
concentration observed before and after the interactions with humans might be an out-
come of the animals’ adaptation to both the social and physical environment where the
sessions take place [64]. Therefore, one possible explanation for the lack of differences in
the cortisol levels found between the baseline and the measurement performed at the end
of the working session might be related to this phenomenon.

Another interesting aspect to consider is that the transportation has a significant
impact on the cortisol levels of the dogs involved in the AAI programs. The salivary
cortisol values registered upon the arrival to the prison where the working sessions took
place were higher than those registered in the kennel and after the end of the sessions for
the total collected samples, suggesting that transportation may constitute a critical phase
that needs to receive further and deep consideration. One possible explanation for the
marked increase in the salivary cortisol after transportation is that the dogs could have
perceived this event as the most stressful. The limited space for each dog, the restraint as
well as the social confinement and the long duration of the journey (70 km from the kennel
to the prison) are the potential factors causing the increase in salivary cortisol found here.
This hypothesis is supported by evidence coming from studies on farm animals (horses [65],
cattle [66,67], pigs [68]) as well as dogs [69] and mice [70], showing that transportation cause
a physiological stress response that is reflected in the increase in cortisol concentrations
in different samples (blood [66,68–70], saliva [65,68] and feces [65,67]). In these studies,
the combined evaluation with other physiological (e.g., changes in heart rate and heart
rate variability [65], glucose [66,69], cholesterol and triglyceride [69]) and behavioral
parameters [68,70] suggested that transportation could be a crucial and stressful event,
which could negatively impact these species’ welfare. In the light of this, appropriate
and specific measures should be adopted that could reduce, for instance, the duration of
the journey and improve the transportation conditions (spaces, ventilation, temperature
etc.) [41]. Animals should be previously habituated to lie in a travel box, than to get on
and off the vehicle and to the general movement of the car or van, since the repetition of
transport procedures seems to be effective for the decrease in the animals’ stress responses
due to their habituation [71]. AAI protocols should also include an initial phase before
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the beginning of the working session with patients where dogs could recover after the
transportation, having time for a relaxed walk and to explore the settings in order to reach
a neutral emotional state. It could be also profitable to arrange activities within a structured
facility hosting dogs and receiving patients for the AAI programs for suitable activities.

Since the HPA-axis activation expresses the increase in arousal which is independent
from the valence of the emotion experienced [72,73], we cannot entirely rule out the
possibility that the high levels of salivary cortisol registered in response to transportation
reflect a state of general excitement due to the anticipation of a positive event/outcome
(i.e., the different environment or the interaction with inmates) [60]. Therefore, given
that cortisol could be secreted both during positive and negative affective states, further
investigations are required for correctly interpreting our findings and the impact they could
have on animal welfare.

In our study, five subjects took part in the program. This specific number derives from
the selection of suitable individuals from an initial population of 25 subjects according to
their sociability, docility and ability to communicate with both conspecifics and humans,
which are all fundamental characteristics for the AAI activities.

Although our study considers only salivary cortisol as a physiological biomarker
for measuring animal welfare, our results open the doors for further investigation about
the benefit of AAI for the improvement of the welfare of kennel dogs. Besides the eval-
uation of animal behavior [34], a comprehensive assessment of animal welfare based
on easy-to-detect physiological measures (i.e., by noninvasive procedures that could be
stressful by themselves) could include the evaluation of β-endorphin [74], salivary Argi-
nine vasopressin (AVP) [75] and IgA [76] concentrations, vanillylmandelic acid/creatinine
ratios (VMA/Cr) in urine [77], specific biochemical parameters (e.g., acute phase and
glycated proteins [74]) as well as each dog’s surface temperature (measured by infrared
thermography [77,78]), which have been demonstrated to be reliable measures of animal
stress levels.

5. Conclusions

Overall, our results showed a significant decrease in the shelter dogs’ basal cortisol
levels measured in the saliva at the end of the AAI program with respect to the cortisol
concentration registered before the beginning of the experimental period. This finding
suggests that the interactions with humans and the activities carried out in a different
environment could improve the welfare of dogs housed in kennels. Moreover, we highlight
the importance of transportation as a critical event since it significantly increases the
subjects’ cortisol levels, suggesting that particular care should be taken in the management
of this phase. Our results open the door for further investigations of possible and potential
benefits of AAI activities for kennel dogs.

Supplementary Materials: The following are available online at https://www.mdpi.com/2076-26
15/11/2/345/s1, Table S1: Evaluation of Dogs’ Emotional and Cognitive Disorders (EDED Scale),
Table S2: Score values referred to EDED Scale.

Author Contributions: Conceptualization, D.d., S.d., F.C., M.V., L.A., and A.Q.; data curation, D.d.,
S.d., F.C., M.V., L.A., and A.Q.; formal analysis, D.d., S.d., F.C., and A.Q.; investigation, D.d., S.d., F.C.,
M.V., L.S., L.A., and A.Q.; methodology, D.d., S.d., F.C., M.V., L.A., and A.Q.; writing—original draft
preparation, D.d., S.d., F.C., and A.Q. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki and approved by the Ethics Committee of the Department of Veterinary
Medicine, University of Bari, Approval Number n. 21/19.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

https://www.mdpi.com/2076-2615/11/2/345/s1
https://www.mdpi.com/2076-2615/11/2/345/s1


Animals 2021, 11, 345 9 of 11

References
1. Dotson, M.J.; Hyatt, E.M. Understanding dog–human companionship. J. Bus. Res. 2008, 61, 457–466. [CrossRef]
2. Siniscalchi, M.; Stipo, C.; Quaranta, A. Like Owner, Like Dog: Correlation between the Owner’s Attachment Profile and the

Owner-Dog Bond. PLoS ONE 2013, 8, e78455. [CrossRef] [PubMed]
3. Fine, A.H.; Beck, A.M. Understanding our kinship with animals: Input for health care professionals interested in the hu-

man/animal bond. In Handbook on Animal-Assisted Therapy: Theoretical Foundations and Guidelines for Practice; Fine, A.H., Ed.;
Academic Press: London, UK, 2015; pp. 3–10.

4. Fine, A.H.; Weaver, S.J. The human-animal bond and animal-assisted intervention. In Oxford Textbook of Nature and Public Health:
The Role of Nature in Improving the Health of a Population; Frumkin, H., Ed.; Oxford University Press: Oxford, UK, 2018; pp. 132–138.

5. Braun, C.; Stangler, T.; Narveson, J.; Pettingell, S. Animal-assisted therapy as a pain relief intervention for children. Complement.
Ther. Clin. Pract. 2009, 15, 105–109. [CrossRef] [PubMed]

6. Calcaterra, V.; Veggiotti, P.; Palestrini, C.; De Giorgis, V.; Raschetti, R.; Tumminelli, M.; Mencherini, S.; Papotti, F.; Klersy, C.;
Albertini, R.; et al. Post-operative benefits of animal-assisted therapy in pediatric surgery: A randomised study. PLoS ONE 2015,
10, e0125813. [CrossRef]

7. Binfet, J.T.; Passmore, H.A. Hounds and homesickness: The effects of an animal-assisted therapeutic intervention for first-year
university students. Anthrozoös 2016, 29, 441–454. [CrossRef]

8. Fiocco, A.J.; Hunse, A.M. The buffer effect of therapy dog exposure on stress reactivity in undergraduate students. Int. J. Environ.
Res. Public Health 2017, 14, 707. [CrossRef]

9. Ward-Griffin, E.; Klaiber, P.; Collins, H.K.; Owens, R.L.; Coren, S.; Chen, F.S. Petting away pre-exam stress: The effect of therapy
dog sessions on student well-being. Stress Health 2018, 34, 468–473. [CrossRef]

10. Cole, K.M.; Gawlinski, A.; Steers, N.; Kotlerman, J. Animal-assisted therapy in patients hospitalized with heart failure. Am. J. Crit.
Care 2007, 16, 575–585. [CrossRef]

11. Hoffmann, A.O.; Lee, A.H.; Wertenauer, F.; Ricken, R.; Jansen, J.J.; Gallinat, J.; Lang, U.E. Dog-assisted intervention significantly
reduces anxiety in hospitalized patients with major depression. Eur. J. Integr. Med. 2009, 1, 145–148. [CrossRef]

12. Klemm, P.; Waddington, C.; Bradley, E.; Bucher, L.; Collins, M.; Lyons, D.L.; Seckel, M.A.; Urban, M. Unleashing animal-assisted
therapy. Nursing 2010, 40, 12–13. [CrossRef]

13. O’Haire, M.E.; McKenzie, S.J.; McCune, S.; Slaughter, V. Effects of classroom animal-assisted activities on social functioning in
children with autism spectrum disorder. J. Altern. Complement. Med. 2014, 20, 162–168. [CrossRef] [PubMed]

14. Silva, K.; Correia, R.; Lima, M.; Magalhães, A.; de Sousa, L. Can dogs prime autistic children for therapy? Evidence from a single
case study. J. Altern. Complement. Med. 2011, 17, 655–659. [PubMed]

15. Le Roux, M.C.; Swartz, L.; Swart, E. The effect of an animal-assisted reading program on the reading rate, accuracy and
comprehension of grade 3 students: A randomized control study. Child Youth Care Forum 2014, 43, 655–673. [CrossRef]

16. Nordgren, L.; Engström, G. Animal-assisted intervention in dementia: Effects on quality of life. Clin. Nurs. Res. 2014, 23, 7–19.
[CrossRef] [PubMed]

17. Contalbrigo, L.; De Santis, M.; Toson, M.; Montanaro, M.; Farina, L.; Costa, A.; Nava, F.A. The Efficacy of Dog Assisted Therapy
in Detained Drug Users: A Pilot Study in an Italian Attenuated Custody Institute. Int. J. Environ. Res. Public Health 2017, 14, 683.
[CrossRef] [PubMed]

18. Baybutt, M.; Chemlal, K. Health-promoting prison: Theory to practice. Glob. Health Promot. 2016, 23, 66–74. [CrossRef]
19. Siniscalchi, M.; d’Ingeo, S.; Minunno, M.; Quaranta, A. Communication in dogs. Animals 2018, 8, 131. [CrossRef]
20. Siniscalchi, M.; d’Ingeo, S.; Quaranta, A. Orienting asymmetries and physiological reactivity in dogs’ response to human

emotional faces. Learn. Behav. 2018, 46, 574–585. [CrossRef]
21. Siniscalchi, M.; d’Ingeo, S.; Fornelli, S.; Quaranta, A. Lateralized behavior and cardiac activity of dogs in response to human

emotional vocalizations. Sci. Rep. 2018, 8, 77. [CrossRef]
22. Siniscalchi, M.; d’Ingeo, S.; Quaranta, A. The dog nose “KNOWS” fear: Asymmetric nostril use during sniffing at canine and

human emotional stimuli. Behav. Brain Res. 2016, 304, 34–41. [CrossRef]
23. Quaranta, A.; d’Ingeo, S.; Amoruso, R.; Siniscalchi, M. Emotion Recognition in Cats. Animals 2020, 10, 1107. [CrossRef] [PubMed]
24. Smith, A.V.; Proops, L.; Grounds, K.; Wathan, J.; Scott, S.K.; McComb, K. Domestic horses (Equus caballus) discriminate between

negative and positive human nonverbal vocalisations. Sci. Rep. 2018, 8, 13052. [CrossRef] [PubMed]
25. d’Ingeo, S.; Quaranta, A.; Siniscalchi, M.; Stomp, M.; Coste, C.; Bagnard, C.; Hausberger, M.; Cousillas, H. Horses perception of

human voices is modulated by the valence of previous horse-human interactions: A behavioural and electrophysiological study.
Sci. Rep. 2019, 9, 1–10. [CrossRef] [PubMed]

26. Fureix, C.; Jego, P.; Sankey, C.; Hausberger, M. How horses (Equus caballus) see the world: Humans as significant “objects”. Anim.
Cogn. 2009, 12, 643–654. [CrossRef]

27. Lefebvre, S.L.; Reid-Smith, R.J.; Waltner-Toews, D.; Weese, J.S. Incidence of acquisition of methicillin-resistant Staphylococcus aureus,
Clostridium difficile, and other health-care-associated pathogens by dogs that participate in animal-assisted interventions. J. Am.
Vet. Med. Assoc. 2009, 234, 1404–1417.

28. Lefebvre, S.L.; Peregrine, A.S.; Golab, G.C.; Gumley, N.R.; Waltner-Toews, D.; Weese, J.S. A veterinary perspective on the recently
published guidelines for animal-assisted interventions in health-care facilities. J. Am. Vet. Med. Assoc. 2008, 233, 394–402.
[CrossRef]

http://doi.org/10.1016/j.jbusres.2007.07.019
http://doi.org/10.1371/journal.pone.0078455
http://www.ncbi.nlm.nih.gov/pubmed/24205235
http://doi.org/10.1016/j.ctcp.2009.02.008
http://www.ncbi.nlm.nih.gov/pubmed/19341990
http://doi.org/10.1371/journal.pone.0125813
http://doi.org/10.1080/08927936.2016.1181364
http://doi.org/10.3390/ijerph14070707
http://doi.org/10.1002/smi.2804
http://doi.org/10.4037/ajcc2007.16.6.575
http://doi.org/10.1016/j.eujim.2009.08.002
http://doi.org/10.1097/01.NURSE.0000388320.91016.3f
http://doi.org/10.1089/acm.2013.0165
http://www.ncbi.nlm.nih.gov/pubmed/24156772
http://www.ncbi.nlm.nih.gov/pubmed/21689015
http://doi.org/10.1007/s10566-014-9262-1
http://doi.org/10.1177/1054773813492546
http://www.ncbi.nlm.nih.gov/pubmed/23800890
http://doi.org/10.3390/ijerph14070683
http://www.ncbi.nlm.nih.gov/pubmed/28672787
http://doi.org/10.1177/1757975915614182
http://doi.org/10.3390/ani8080131
http://doi.org/10.3758/s13420-018-0325-2
http://doi.org/10.1038/s41598-017-18417-4
http://doi.org/10.1016/j.bbr.2016.02.011
http://doi.org/10.3390/ani10071107
http://www.ncbi.nlm.nih.gov/pubmed/32605256
http://doi.org/10.1038/s41598-018-30777-z
http://www.ncbi.nlm.nih.gov/pubmed/30158532
http://doi.org/10.1038/s41598-019-47960-5
http://www.ncbi.nlm.nih.gov/pubmed/31399629
http://doi.org/10.1007/s10071-009-0223-2
http://doi.org/10.2460/javma.233.3.394


Animals 2021, 11, 345 10 of 11

29. Lefebvre, S.L.; Arroyo, L.G.; Weese, J.S. Epidemic Clostridium difficile strain in hospital visitation dog. Emerg. Infect. Dis. 2006,
12, 1036. [CrossRef]

30. Lefebvre, S.L.; Waltner-Toews, D.; Peregrine, A.S.; Reid-Smith, R.; Hodge, L.; Arroyo, L.G.; Weese, J.S. Prevalence of zoonotic
agents in dogs visiting hospitalized people in Ontario: Implications for infection control. J. Hosp. Infect. 2006, 62, 458–466.
[CrossRef]

31. Van Duijkeren, E.; Wolfhagen, M.J.; Box, A.T.; Heck, M.E.; Wannet, W.J.; Fluit, A.C. Human-to-dog transmission of methicillin-
resistant Staphylococcus aureus. Emerg. Infect. Dis. 2004, 10, 2235. [CrossRef]

32. Iannuzzi, D.; Rowan, A.N. Ethical issues in animal-assisted therapy programs. Anthrozoös 1991, 4, 154–163.
33. Marinelli, L.; Normando, S.; Siliprandi, C.; Salvadoretti, M.; Mongillo, P. Dog assisted interventions in a specialized centre and

potential concerns for animal welfare. Vet. Res. Commun. 2009, 33, 93–95. [CrossRef] [PubMed]
34. Glenk, L.M. Current perspectives on therapy dog welfare in animal-assisted interventions. Animals 2017, 7, 7. [CrossRef]

[PubMed]
35. d’Angelo, D.; Ciani, F.; Zaccherini, A.; Tafuri, S.; Avallone, L.; d’Ingeo, S.; Quaranta, A. Human-Animal Relationship Dysfunction:

A Case Study of Animal Hoarding in Italy. Animals 2020, 10, 1501. [CrossRef] [PubMed]
36. Reisner, I.R.; Shofer, F.S. Effects of gender and parental status on knowledge and attitudes of dog owners regarding dog aggression

toward children. J. Am. Vet. Med. Assoc. 2008, 233, 1412–1419. [CrossRef]
37. Bloom, T.; Friedman, H. Classifying dogs’ (Canis familiaris) facial expressions from photographs. Behav. Process. 2013, 96, 1–10.

[CrossRef]
38. Meints, K.; Racca, A.; Hickey, N. How to prevent dog bite injuries? Children misinterpret dogs’ facial expressions. Inj. Prev. 2010,

16, 1136. [CrossRef]
39. Lakestani, N.N.; Donaldson, M.L.; Waran, N. Interpretation of dog behavior by children and young adults. Anthrozoös 2014, 27,

65–80. [CrossRef]
40. Tami, G.; Gallagher, A. Description of the behaviour of domestic dog (Canis familiaris) by experienced and inexperienced people.

Appl. Anim. Behav. Sci. 2009, 120, 159–169. [CrossRef]
41. Wan, M.; Bolger, N.; Champagne, F.A. Human perception of fear in dogs varies according to experience with dogs. PLoS ONE

2012, 7, e51775.
42. Glenk, L.M.; Kothgassner, O.D.; Stetina, B.U.; Palme, R.; Kepplinger, B.; Baran, H. Salivary cortisol and behavior in therapy dogs

during animal-assisted interventions: A pilot study. J. Vet. Behav. 2014, 9, 98–106. [CrossRef]
43. Palestrini, C.; Calcaterra, V.; Cannas, S.; Talamonti, Z.; Papotti, F.; Buttram, D.; Pelizzo, G. Stress level evaluation in a dog during

animal-assisted therapy in pediatric surgery. J. Vet. Behav. 2017, 17, 44–49. [CrossRef]
44. Esposito, L.; Auletta, L.; Ciani, F.; Pelagalli, A.; Pasolini, M.P.; Lamagna, B.; Piscopo, N.; Amici, A. Hair cortisol levels in captive

brown hare (Lepus europaeus): Potential effect of sex, age, and breeding technology. Eur. J. Wildl. Res. 2017, 63, 62. [CrossRef]
45. Beerda, B.; Schilder, M.B.; Bernardina, W.; Van Hoff, J.A.; de Vries, H.W.; Mol, J.A. Chronic stress in dogs subjected to social and

spatial restrictions. II. Hormonal and immunological responses. Physiol. Behav. 1999, 66, 243–254. [CrossRef]
46. Beerda, B.; Schilder, M.B.; Janssen, N.S.; Mol, J.A. The use of saliva cortisol, urinary cortisol, and catecholamine measurements for

a noninvasive assessment of stress responses in dogs. Horm. Behav. 1996, 30, 272–279. [CrossRef] [PubMed]
47. Wilding, C. The genetic basis of size in pet dogs: The study of quantitative genetic variation in an undergraduate laboratory

practical. Biochem. Mol. Biol. Educ. 2018, 46, 623–629. [CrossRef]
48. Pageat, P. Patologia Comportamentale del Cane; Verga, M., Carenzi, C., Eds.; Zecchini, M., Translator; Le Point Veterinaire Italie:

Milano, Italy, 1999.
49. Rep. Atti n. 60/CSR del 25 Marzo 2015. Accordo Tra il Governo, le Regioni e le Province Autonome di Trento e di Bolzano sul

Documento Recante. “Linee Guida Nazionali per gli Interventi Assistiti con gli Animali (IAA)”, Italia. 2017. Available online:
http://www.salute.gov.it/imgs/C_17_opuscoliPoster_276_allegato.pdf (accessed on 15 December 2020).

50. Siniscalchi, M.; Marzulli, M.; Celi, P.; Quaranta, A. Cortisolo salivare in cani adibiti a Pet Therapy. Obiettivi Doc. Vet. 2007, 4,
25–30.

51. Oyama, D.; Hyodo, M.; Doi, H.; Kurachi, T.; Takata, M.; Koyama, S.; Satoh, T.; Watanabe, G. Saliva collection by using filter paper
for measuring cortisol levels in dogs. Domest. Anim. Endocrinol. 2013, 46, 20–25. [CrossRef]

52. Siniscalchi, M.; McFarlane, J.R.; Kauter, K.G.; Quaranta, A.; Rogers, L.J. Cortisol levels in hair reflect behavioural reactivity of
dogs to acoustic stimuli. Res. Vet. Sci. 2013, 94, 49–54.

53. Shiverdecker, M.; Schiml, P.A.; Hennessy, M.B. Human interaction moderates plasma cortisol and behavioral responses of dogs to
shelter housing. Physiol. Behav. 2013, 109, 75–79. [CrossRef]

54. Gunter, L.M.; Feuerbacher, E.N.; Gilchrist, R.J.; Wynne, C.D.L. Evaluating the effects of a temporary fostering program on shelter
dog welfare. PeerJ 2019, 7, e6620. [CrossRef]

55. Tuber, D.S.; Hennessy, M.B.; Sanders, S.; Miller, J.A. Behavioral and glucocorticoid responses of adult domestic dogs (Canis famil-
iaris) to companionship and social separation. J. Comp. Psychol. 1996, 110, 103–108. [CrossRef] [PubMed]

56. Hennessy, M.B.; Williams, M.T.; Miller, D.D.; Douglas, C.W.; Voith, V.L. Influence of male and female petters on plasma cortisol
and behaviour: Can human interaction reduce the stress of dogs in a public animal shelter? Appl. Anim. Behav. Sci. 1998, 61,
63–77. [CrossRef]

http://doi.org/10.3201/eid1206.060115
http://doi.org/10.1016/j.jhin.2005.09.025
http://doi.org/10.3201/eid1012.040387
http://doi.org/10.1007/s11259-009-9256-x
http://www.ncbi.nlm.nih.gov/pubmed/19578960
http://doi.org/10.3390/ani7020007
http://www.ncbi.nlm.nih.gov/pubmed/28157145
http://doi.org/10.3390/ani10091501
http://www.ncbi.nlm.nih.gov/pubmed/32854343
http://doi.org/10.2460/javma.233.9.1412
http://doi.org/10.1016/j.beproc.2013.02.010
http://doi.org/10.1136/ip.2010.029215.246
http://doi.org/10.2752/175303714X13837396326413
http://doi.org/10.1016/j.applanim.2009.06.009
http://doi.org/10.1016/j.jveb.2014.02.005
http://doi.org/10.1016/j.jveb.2016.09.003
http://doi.org/10.1007/s10344-017-1121-6
http://doi.org/10.1016/S0031-9384(98)00290-X
http://doi.org/10.1006/hbeh.1996.0033
http://www.ncbi.nlm.nih.gov/pubmed/8918684
http://doi.org/10.1002/bmb.21180
http://www.salute.gov.it/imgs/C_17_opuscoliPoster_276_allegato.pdf
http://doi.org/10.1016/j.domaniend.2013.09.008
http://doi.org/10.1016/j.physbeh.2012.12.002
http://doi.org/10.7717/peerj.6620
http://doi.org/10.1037/0735-7036.110.1.103
http://www.ncbi.nlm.nih.gov/pubmed/8851558
http://doi.org/10.1016/S0168-1591(98)00179-8


Animals 2021, 11, 345 11 of 11

57. Hennessy, M.B.; Davis, H.N.; Williams, M.T.; Mellott, C.; Douglas, C.W. Plasma cortisol levels of dogs at a county animal shelter.
Physiol. Behav. 1997, 62, 485–490. [CrossRef]

58. Horváth, Z.; Dóka, A.; Miklósi, Á. Affiliative and disciplinary behavior of human handlers during play with their dog affects
cortisol concentrations in opposite directions. Horm. Behav. 2008, 54, 107–114. [CrossRef] [PubMed]

59. Hennessy, M.B.; Willen, R.M.; Schiml, P.A. Psychological Stress, Its Reduction, and Long-Term Consequences: What Studies with
Laboratory Animals Might Teach Us about Life in the Dog Shelter. Animals 2020, 10, 2061. [CrossRef]

60. Ng, Z.Y.; Pierce, B.J.; Otto, C.M.; Buechner-Maxwell, V.A.; Siracusa, C.; Werre, S.R. The effect of dog-human interaction on cortisol
and behavior in registered animal-assisted activity dogs. Appl. Anim. Behav. Sci. 2014, 159, 69–81. [CrossRef]

61. Protopopova, A. Effects of sheltering on physiology, immune function, behavior, and the welfare of dogs. Physiol. Behav. 2016,
159, 95–103. [CrossRef]

62. Stephen, J.M.; Ledger, R.A. A longitudinal evaluation of urinary cortisol in kennelled dogs, Canis familiaris. Physiol. Behav. 2006,
87, 911–916. [CrossRef]

63. Glenk, L.M.; Kothgassner, O.D.; Stetina, B.U.; Palme, R.; Kepplinger, B.; Baran, H. Therapy dogs’ salivary cortisol levels vary
during animal-assisted interventions. Anim. Welf. 2013, 22, 369–378. [CrossRef]

64. Sandri, A.; Colussi, A.; Perrotta, M.G.; Stefanon, B. Salivary cortisol concentration in healthy dogs is affected by size, sex, and
housing context. J. Vet. Behav. 2015, 10, 302–306. [CrossRef]

65. Schmidt, A.; Möstl, E.; Wehnert, C.; Aurich, J.; Müller, J.; Aurich, C. Cortisol release and heart rate variability in horses during
road transport. Horm. Behav. 2010, 57, 209–215. [CrossRef]

66. Chulayo, A.Y.; Bradley, G.; Muchenje, V. Effects of transport distance, lairage time and stunning efficiency on cortisol, glucose,
HSPA1A and how they relate with meat quality in cattle. Meat Sci. 2016, 117, 89–96. [CrossRef] [PubMed]

67. Palme, R.; Robia, C.; Baumgartner, W.; Möstl, E. Transport stress in caftle as reflected by an increase in faecal cortisol metabolite
concentrations. Vet. Rec. 2000, 146, 108. [CrossRef] [PubMed]

68. Bradshaw, R.H.; Parrott, R.F.; Goode, J.A.; Lloyd, D.M.; Rodway, R.G.; Broom, D.M. Behavioural and hormonal responses of pigs
during transport: Effect of mixing and duration of journey. Anim. Sci. 1996, 62, 547–554. [CrossRef]
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