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Simple Summary: In “no-kill policy” countries, many dogs live in shelters. Several social,
environmental, and management challenges can put the welfare of shelter dogs at risk. More
knowledge is still needed on how to assess shelter dog welfare. This study aimed to evaluate the state
of welfare of a group of dogs entering a shelter using physiological and immunological parameters
by exploring the value of some biological indicators obtained by non-invasive methods. Considering
that early welfare assessment could improve the management of subjects more prone to developing
distress, measurements were taken at the time of admission and four weeks after the dogs entered the
shelter. A multivariate statistical approach was used to comprehensively evaluate the relationship
between the variables investigated. A reduction in the values of the measured physiological and
immune parameters over time suggested an improvement in the dogs’ welfare after four weeks of
being in the shelter compared to the initial capture and admission time. Findings also highlighted
that some of the parameters investigated, such as neutrophils, lymphocytes, and fecal cortisol and
lysozyme could be used for the welfare assessment of dogs entering a shelter.

Abstract: This study aimed to evaluate the state of welfare of a group of dogs during the first month
after entering the shelter by using different stress parameters. Blood and fecal samples were collected
from a group of 71 dogs at the time of admission to the shelter. In 46 of these dogs, sampling was
repeated after four weeks. Well-recognized welfare biomarkers, such as fecal cortisol and leukocytes,
as well as some innovative parameters (β-endorphin and lysozyme) were determined. Uni- and
multivariate statistical analyses were used to evaluate their interactions and changes over time.
Neutrophils (p < 0.01), lysozyme (p < 0.05), and fecal cortisol (p < 0.05) decreased, while lymphocytes
(p < 0.05) increased after four weeks compared to the first days of being in the shelter, suggesting an
improvement in the dogs’ welfare over time. A principal component analysis extracted three bipolar
components (PCs), explaining 75% of the variance and indicating negative associations between
neutrophil and lymphocyte (PC1), lysozyme and β-endorphin (PC2), cortisol and lysozyme (PC3).
The associations between these variables within each PC also confirmed the intricate relationships
between the hypothalamic-pituitary-adrenal (HPA) axis and the immune system as well as the
importance of a multiparametric approach in evaluating welfare.
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1. Introduction

Nowadays, all over the world, a large number of dogs live in shelters. In several countries,
including Italy, the euthanasia of sheltered dogs is prohibited. Despite the numerous positive ethical
aspects, this “no-kill policy” has lengthened the duration of dogs staying in shelters, increasing
the number of animals housed and public costs. Thus, the welfare of shelter dogs has become of
considerable interest to professionals, researchers, and animal rescue organizations, as recently pointed
out by the Association of Shelter Veterinarians [1,2]. Lack of social interaction, little exercise, minimal
control over their environment, unpredictable noise levels, and caretaking routines can make living in
a shelter stressful to dogs [3–5]. When an individual fails to cope and adapt to the stressful conditions,
distress may occur, putting the welfare of the animal at risk [6]. Welfare assessment in shelter dogs is a
topic still debated due to the complexity of the systems involved, the difficulty of defining indicators,
and the adaptation skills of individual dogs [7].

The welfare of shelter dogs has been assessed in previous studies by measuring some physiological
changes induced by long-term confinement [3,8]. The hypothalamic-pituitary-adrenal (HPA) axis
plays a primary role both in acute and chronic stress responses. Stress response is, in fact, a part of
daily life, but it is harmful when triggered too intensely or for too long a time [9,10]. Glucocorticoids,
produced in the adrenal glands, are a key physiological tool in ecological studies and aid in the
assessment of the health condition of populations as they cope with and respond to change [11].
Therefore, many scientists have measured cortisol as a biomarker in dogs by analyzing different
matrices, such as blood, saliva, urine, fecal matter, and hair [5,12–16]. However, only a few studies
have considered fecal cortisol to evaluate the welfare state in shelter dogs [17–19]. The use of feces as a
matrix to measure adrenocortical activity gives some advantages compared to plasma. Fecal steroid
metabolites provide a more representative measure over time because the pooling of metabolites
during excretion reduces the episodic secretion of blood glucocorticoids. So the use of fecal steroids can
mitigate the limitations of blood cortisol due to the circadian rhythm and pulsatile secretion [17–19].
Several authors have found an increase in urinary and plasma cortisol levels in the days immediately
following admission of dogs to the shelter [5,8,20,21], while some have reported a reduction after a few
days [20,21]. However, evaluation of cortisol changes is questionable, because a decrease in cortisol
levels over time in shelter dogs could indicate habituation, but it could also be an incorrect response of
the HPA-axis [7,20,22]. Besides, the relationship between cortisol level and chronic stress has not yet
been defined univocally [7,20].

A multiparameter approach may help interpret cortisol levels and their changes regarding the
welfare state of shelter dogs. First, cortisol measurement could be complemented by other HPA axis
products. HPA axis activation also involves the secretion of corticotropin-releasing factor (CRH) and
β-endorphin (BEP) [23]. BEP weakens the stress response, at least in part, by inhibiting secretion of
CRH [24,25] and blocking stress-induced nociception [26–28]. Some authors have evaluated BEP in
dogs [29,30], but their relationship with other stress indicators still needs to be clarified.

Secondly, distress may lead to changes in the immune system of the animal, and it is well known
that there are intriguing links between the HPA axis and the immune status [31–33]. Therefore,
some hematological parameters, such as the relative number of circulating leukocytes, have been
used as biomarkers of distress [34]. Recently other molecules like lysozyme, a component of innate
immunity, have also been explored because they play a role in different degrees on the mechanisms of
stress response [35,36]. In particular, lysozyme has been used as a psychological marker of stress in
humans [32] and as a measure of distress in rats [34]. Stress causes a decrease in lysozyme levels, due
to glucocorticoid secretion that inhibits the functioning of monocytes and macrophages. These latter
are the principal sources of salivary lysozyme and an increase in the glucocorticoid level caused by
stress can inhibit its production and secretion [36,37]. On the other hand, lysozyme has an important
immune role with antimicrobial functions [38], but its role still needs to be fully elucidated.

Thus, the intricate interactions between the endocrine and immune responses to distress explain
why animal welfare assessment can be extremely complicated. A multivariate statistical approach
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could be appropriate for studying a phenomenon where many variables are potentially involved
and complex relationships exist between them. In particular, principal component analysis (PCA) is
becoming increasingly popular among researchers to study complex and multidimensional phenomena
such as in the health, biological, physical and social sciences, although it is still little used in veterinary
medicine [39,40]. In the context of the present study, PCA could describe the structure of latent
dimensions involved in the welfare of shelter dogs by including multiple parameters related to the
HPA axis and the immune system.

It is hypothesized that permanence in shelter induces changes both in the parameters related
to the HPA axis and the immune system and that PCA could aid in understanding the relationships
between these two systems and their interpretation with respect to welfare assessment.

Thus, the aim of this study was to assess the welfare of dogs entering a shelter and after four
weeks of residence by using some biomarkers of the HPA axis activity (fecal cortisol and BEP) and of
the immune system activation (leukocytes, lymphocytes, neutrophils, monocytes, basophils, lysozyme),
and to investigate the mutual relationship between the endocrine and immune system. Different
biomarkers of stress, some well-recognized and some innovative, were simultaneously measured.
Furthermore, those that are most useful, based on construct validity (i.e., logical associations between
parameters) and predictive validity (attenuated responses over time) were identified.

2. Materials and Methods

This study is part of a broader project, called “RandAgiamo®”, aimed at increasing the adoptability
of adult shelter dogs in the Region of Umbria, Italy [2,41,42]. Moreover, this work was supported by
the Italian Ministry of Health (“Evaluation of animal welfare in a confined animal population: a pilot
study for the construction of a model for evaluating welfare in sheltered dogs”—Ricerca Corrente
IZSUM RC122014).

2.1. Dog Shelters and Subjects

The study was conducted on a group of 71 stray dogs admitted to a shelter in Central Italy
(the municipal shelter in Collestrada—Perugia, Umbria, Italy). Following capture, all dogs were
immediately taken to the kennel and initially housed in single pens (average size of a single dog cage
was 3 m × 1.5 m) as is the norm for newly captured dogs [43]. All pens had a roof for protection against
adverse weather conditions and a kennel placed at the end. Ten days after capture, the dogs were
moved to multiple (2–4 dogs) pens with both an open fenced and a covered area (size ranged from 15
to 40 m2) and a kennel for each dog. Dogs were fed once in the morning with commercial dry food,
and fresh water was available ad libitum.

2.2. Experimental Protocol

The study was carried out for 14 months (March 2016–May 2017). The experimental protocol
called for biological samples (blood and feces) to be collected from each subject two times: the first
sampling was carried out within the first three days of admission to the shelter (Time 1 = T1), and the
second sampling was four weeks after admission (acclimatization period; Time 2 = T2).

2.3. Blood Samples

The collection of samples and manipulation of animals were carried out according to the shelter’s
ethics code of practices. In particular, all blood samples were obtained according to the usual routine
procedures of the kennel and after using them for the standard analyses they were also used for
determining the other parameters investigated.

Blood samples (10 mL) were drawn by venous-puncture of the jugular vein of the dogs and collected
in two different plastic vials, one of which containing EDTA. Vials were loaded in a rack, put in a
transport box with cold packs and reached the laboratory within 6 h from collection. The EDTA vials were
immediately processed for blood count (white and red blood cells, lymphocytes, neutrophils, monocytes,
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eosinophils, basophils) using an Exigo EOS bio 90 Boule Medical AB® Analyser, while blood samples
collected in the vials without an anticoagulant were centrifuged at 612 g for 10 min and serum samples
were stored at−20 ◦C until analysis. β-endorphin concentrations were determined on the serum samples
by a competitive inhibition enzyme immunoassay technique (CUSABIO®) [44]. Once the reaction
was stopped, the optical density of the plate (OD) was read using a Multiskan Go spectrophotometer
(Thermo Fisher Scientific, Waltham, MA, USA), and Skanlt Software 4.1. The detection range was
between 20 pg/mL and 4000 pg/m. In addition, the lysozyme concentration was measured by evaluating
the lysis of Micrococcus lysodeikticus cells with the Lysozyme Detection Kit [45].

2.4. Fecal Samples

Wearing surgical gloves, fecal samples were manually collected from the rectal ampulla of each
dog. They were then stored in individually labeled plastic bags and delivered to the laboratory and
processed on the same day. The DetectX® Cortisol Immunoassay (EIA) kit (Arbor Assays, Ann Arbor,
MI, USA) was used to indirectly measure the cortisol response by determining the presence of its
metabolites in the dogs’ faeces after organic phase extraction. The sensitivity limit was 17.3 pg/mL;
the average intra-assay precision was 8.8%; the average inter-assay precision was 8.1%, and the
cross-reactivity to corticosterone was 1.2% [46].

2.5. Statistical Analysis

Distributions within the demographic data were analyzed using Chi-square goodness-of-fit tests.
The laboratory parameters (leukocytes, lymphocytes, neutrophils, monocytes, basophils, lysozyme,

BEP, and fecal cortisol) were first subjected to univariate analysis. The assumptions were tested using
the Kolmogorov-Smirnov test and diagnostic charts. Logarithmic transformation was used wherever
appropriate (lysozyme and fecal cortisol values). Linear mixed models (LMM) were used to evaluate
the differences between the first and second sampling times for each variable. These models included
the dogs as subjects and the number of samplings (T1 and T2) as a repeated factor.

Therefore, cortisol, BEP, leukocytes, lymphocytes, neutrophils, monocytes, basophils, and
lysozyme were subjected to multivariate analysis and, in particular, to principal component analysis
(PCA). The parameters were included in the PCA after inspection of the correlation matrix to identify
very low or very high correlations. The PCA determines if there are underlying variables in a complex
set of correlations and associates the variables measuring the same dimension [39,47,48]. The Pearson
correlation coefficient (r) was presented. Varimax rotation was used to increase the interpretability of
principal components (PCs), and factor loading, i.e., correlation coefficients between the parameter and
the PC after rotation is reported [47,48]. Parameters with cross loading issues (an item that has a high
loading on two or more factors) were eliminated [42,48]. PCs having eigenvalues greater than 1 were
retained and only factor loadings with an absolute value greater than 0.5 were interpreted and used
to assign a PC label [48]. The corresponding PC scores were calculated using the regression method.
The scores represent each individual’s placement on the factors identified by the PCA. These factor
scores created three new variables (PC1–3) used for subsequent analyses [49]. Then, these PCs were
analysed using the LMM [50] to evaluate the differences between T1 and T2.

All data were analysed using SPSS Statistics, version 23 (IBM, SPSS Inc., Chicago, IL, USA).
Although p ≤ 0.05 was the accepted level of statistical significance, trends between p > 0.05 and p < 0.10
are also reported.

3. Results

3.1. Demographic Data of the Dogs

Out of the 71 dogs sampled at T1, only 46 were also available for the second sampling (T2) because
25 had been adopted or moved to other shelters before the end of the fourth week after entering the
shelter. Among the sample population, no significant differences were found between males and
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females, while medium-sized dogs were the most represented (p < 0.001; Table S1). The mixed breed
was the most represented (79.7%), while the most common coat colours were black and white, roan,
fawn, and tricolour (p < 0.05). The presumed median age was 24 months (Table S1).

3.2. Physiological and Immune Responses of the Dogs: Changes over Time (T1–T2)

Univariate analysis was first used to indicate the differences between the first and second sampling
times for each parameter. The finding showed that neutrophils (p < 0.01), lysozyme (p < 0.05), and
fecal cortisol (p < 0.05) decreased, while lymphocytes (p < 0.05) increased at T2 compared with T1
sampling (Figure 1).
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Time 1 = T1) and the second sampling (after four weeks of acclimation in the shelter, Time 2=T2).
** p < 0.01, * p < 0.05 (univariate analysis). Basophils are not represented because they were constant.

3.3. Principal Components Describing Laboratory Parameters

Cortisol, BEP, leukocytes, lymphocytes, neutrophils, monocytes, basophils, and lysozyme were next
submitted to PCA, which describes their relationships and identifies latent dimensions. Variables to
include in the analysis were preliminarily selected. The basophil variable was not included in the analyses
because it was constant (0.0%). Moreover, the monocyte variable was eliminated because it was poorly
correlated with the other variables (all correlation coefficients r ≤ 0.2; Table S2) and separated into a PC
with low eigenvalues (1.002) and variance explained (<15%). In conclusion, the following variables were
included in the PCA: leukocytes, lymphocytes, neutrophils, BEP, lysozyme, and fecal cortisol.

The PCA revealed three components accounting for 73.5% of the total variance (Table 1). All the
PCs were bipolar because they had a mixture of high positive and negative loadings. PC1 was named
Neutrophil-Lymphocyte because neutrophil and lymphocyte items had high loadings with opposite
signs. The other two PCs described the relationship between stress and the immune system and were
called Lysozyme-β-Endorphin (PC2) and Cortisol-Leukocytes (PC3). In PC2, BEP and lysozyme had
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loadings of opposite sign, while in PC3 the fecal cortisol and leukocyte variables associated with the
opposite directions.

Table 1. Factor loadings for the laboratory parameters included in the principal component analysis.

Item

Component

PC1.
Neutrophil-
Lymphocyte

PC2.
Lysozyme-β-
Endorphin

PC3.
Cortisol-

Leukocytes

Lymphocytes % −0.934 0.098 −0.030
Neutrophils % 0.907 −0.014 0.062

β-Endorphin (Pg/Ml) 0.088 −0.826 0.202
Lysozyme (Microgr/Ml) −0.007 0.783 0.272
Fecal Cortisol (Pg/Mg) 0.280 0.022 0.782

Leukocytes (WBC *109/L) 0.455 −0.027 −0.619
% Variance explained 33.93 21.60 17.93

Cumulative % variance explained 73.47

Loadings of ≥ |0.50| are bolded.

3.4. Principal Components over Time (T1–T2)

After calculating factor scores, the PCs were treated as new variables and analysed by LMM to
check differences between the first and second sampling times.

As highlighted by the score plot (Figure 2) and by the average PC scores on the bar graph (Figure 3),
PC1.Neutrophil-Lymphocyte (p < 0.01) and PC3.Cortisol-Leukocytes (as trend, p = 0.071) decreased
from the T1 to T2 sampling, while there were no significant differences for PC2.Lysozyme-β-Endorphin
over time.
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The grey circles show that the scores of the first sampling (Time 1 = T1) are concentrated on the
first quadrant in which both coordinates are positive. This suggests that many observations in
T1 had positive scores for both PC1.Neutrophil-Lymphocyte and PC3.Cortisol-Leukocytes. On the
contrary, many points of the second sampling (Time 2 = T2) have negative coordinates, especially as
regards the x-axis. This suggests that many observations had negative scores in T2, especially for the
PC1.Neutrophil-Lymphocyte.

Figure 3. Differences in scores of PC1. Neutrophil-Lymphocyte, PC2.Lysozyme-β-Endorphin, and
PC3.Cortisol-Leukocytes between the first (three days of shelter intake, Time 1 = T1) and the second
sampling (after four weeks of acclimation in the shelter, Time 2 = T2). ** p < 0.01, # p < 0.1.

4. Discussion

The Italian national framework law 281/1991 on prevention of stray dogs does not provide good
practice standards for managing dogs in shelters [43]. Otherwise, at this regards, some dispositions
are provided by the Italian regiolaws, which can differ by regions. This lack of uniformity in the
regulatory frameworks to define minimum shelter requirements has hindered the development of a
specific tool to assess shelter dogs’ welfare. The welfare of shelter dogs is of concern because many
environmental factors may cause dogs to experience both acute and chronic stress [3,8,51,52]. Different
approaches to assess the welfare of shelter dogs have been reported in the literature [5,12,14,15,53].
Recently, evaluation systems based on a multiple approach have been shown to be more reliable [53,54].
However, although attention to the welfare of shelter dogs is growing, more knowledge it is still
needed due to the complexity of evaluating welfare quality.
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In the present study, the welfare status of a group of dogs was evaluated by using some biomarkers
of the HPA axis activity and of the immune system activation in response to entering a shelter and after
a four-week period of acclimatization. Furthermore, the mutual relationships between the endocrine
and immune responses over time were also investigated. Finally, the use of some innovative parameters
and statistical approaches to assess the welfare of shelter dogs is also introduced.

Overall, our findings are in agreement with previous studies, which suggested that dogs can adapt
to the kennel environment over time [8,16,21,55]. In particular, our findings show a decrease in the
fecal cortisol levels after the acclimatization period of four weeks, compared with those recorded in the
first three days in the shelter. During the initial physiological adaptive response, novel environment,
manipulation, change in social structure, and different cages can represent sources of stress for dogs
entering a shelter. Furthermore, it should be noted that the fecal cortisol measured in the present study
indicates production during a certain timeframe [18]. Its level in dogs at the first sampling could also
reflect the stressful conditions of street life experienced in the days preceding their admittance to the
shelter. Anyway, after four weeks, the dog may have adapted to the new context, and the reduction of
cortisol could indicate a decrease in stress. These findings support previous literature observations
where circulating cortisol was found to be elevated during the first three days after capture, followed
by a gradual decline [14,21]. However, some authors [15] pointed out that the decrease in cortisol is
not a rule and long-term animal responses can be quite variable also depending on the individual and
his/her past experience. The use of cortisol as an index of stress, especially in the long term, remains
controversial. Indeed, cortisol concentrations may vary greatly and are subject to complex mechanisms
also involving environmental, individual, and temporal variables [15,56–58]. Interpreting the low
levels of cortisol found after four weeks in the shelter may, therefore, be difficult as they could indicate
that the dog is no longer stressed or that the HPA axis of the dog is exhausted, as postulated by Selye
in the third phase of the “general adaptation syndrome” [22]. In fact, very prolonged stress can lead
to depletion of body energy resources and, eventually, to a decline of cortisol levels as the adrenals
become “fatigued” and unable to continue to produce it. Thus, although glucocorticoid concentrations
are the most practical and common measure for evaluating the functional activity of the HPA system,
their levels in a single animal at any given point in time are affected by several other factors, not
necessarily associated with stressful events [59]. Since blood collection, involving the need to handle
the animal, could itself be stressful, the evaluation of fecal cortisol may have some advantage over
plasma cortisol. Sampling the fecal matrix is not invasive, and fecal cortisol metabolite levels reflect an
average level of circulating glucocorticoids during a time frame with a specific delay time [17], and
thus, are not influenced by conditions related to that single point in time.

Interestingly, in the multivariate analysis, cortisol was negatively associated with leukocytes,
confirming the close link between the HPA axis and the immune system. Moreover, although a trend,
the principal component that describes this relationship, called PC3.Cortisol-Leukocytes, was lower
after the acclimatization period in the shelter (four-weeks).

Our findings showed significant changes over time also for neutrophils and lymphocytes, although
always within the normal ranges. Neutrophils and lymphocytes decreased and increased, respectively,
after four weeks of acclimatization in the shelter. Previous studies [7,60] reported similar results.
Moreover, these two parameters were associated with opposite signs in the first component extracted
by the PCA, explaining more than 30% of the data variance. The negative association between
neutrophils and lymphocytes, as well as its implication in stress response, are not new topics in
the literature. In fact, the Neutrophil/Lymphocyte (N/L) ratio has been used as a marker of stress
in both humans and animals [31,34,61]. In agreement with the results of the univariate analysis,
PC1.Neutrophil-Lymphocyte was higher in the first sampling, and decreased after the acclimatization
period. This is in agreement with the literature [31,34,61–64] and confirms that numbers of neutrophils
and lymphocytes are affected by stress in the opposite direction: neutrophils are elevated and
lymphocytes depressed at admittance to the shelter, while this relationship is reversed after four
weeks of residence. Therefore, the reduction of cortisol and the Neutrophil-Lymphocyte PC are in
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agreement, suggesting a decrease of stress after long term stay in the shelter. As mentioned above, it
is hypothesized that dogs experience an acute and transitory stress response linked to capture, but
do not perceive the subsequent sheltering period as a negative environment per se, as suggested by
some authors [7,65]. It should be pointed out that during the second sampling, the animals were no
longer isolated but in multiple pens. The different housing condition could be a critical fact from the
experimental point of view, but it is the routine management practice of the shelter, and no changes
were introduced so as to study the real conditions. However, the overall reduction in the stress
response after the acclimatisation period may also confirm that multiple pens are beneficial for dog
welfare [4,66,67]. Finally, the evaluation of multiple parameters should allow a better assessment of
shelter dogs welfare even at the individual level, even considering the high individual variability [16].

Bearing this in mind, in a sample of dogs entering a shelter, the changes in lysozyme were also
evaluated and, for the first time, BEP over time. Although the central action of BEP is not well studied,
it is well known how during exposure to a stressor, the secretion of CRH and catecholamines stimulates,
in turn, the secretion of the hypothalamic BEP, which inhibits the activity of the stress system [26].
Moreover, the role of lysozyme in immune and stress response has been documented although some of
its functions remain unknown [34,38].

In the present study, the reduction of the lysozyme concentrations after four weeks from admission
in the shelter is an interesting outcome. This change is not easy to be interpreted and it can be evaluated
considering both the role of this enzyme and our dog population.

Lysozyme, secreted mainly by polymorphonuclear cells and leukocytes, has antibacterial properties
interacting with microbial growth and metabolism [68,69]. It is reported how the concentration of
this enzyme increases following inflammatory processes or bacterial infections, while it decreases in
response to acute stress because of the immunosuppressive effects of glucocorticoid secretion that
inhibits the functioning of monocytes and macrophages [36,38]. It is interesting to note that this inverse
association between glucocorticoids and lysozyme was not confirmed in the present study. In fact, we
found the highest concentrations of this enzyme at the time of shelter admission, when the cortisol
was also higher, while we recorded a decrease of both parameters after four weeks from admission
in the shelter. In our opinion, these results could be related to the specific study population of this
work represented by stray animals. The poor environmental conditions in which these stray dogs
were forced to live before entering the shelter, could have continuously stimulated the immune system
in the face of adverse stimuli, leading to a significant increase in lysozyme concentration. In this
perspective, a transient increase in stress linked only to the time of capture and the initial period inside
the shelter, may not be sufficient in our population to cause a marked drop in the immunity expressed
by lysozyme. A further value that supports this hypothesis is related to the mean level of lysozyme
(3.19 mg/L) found in the serum of the dog population during the first sampling, similar to the salivary
lysozyme concentration (3.17 mg/L) reported by Iacopetti [69] although in saliva it is usually 9 times
more concentrated than in serum.

From the above, the reduction of lysozyme found after the acclimatization period could reflect an
adaptive physiological response expression of an improvement in the general welfare. Finally, the lack
of correlation between cortisol and lysozyme, as well as with all other parameters, could be also due to
the fact that they were measured in different matrices, feces, and blood, reflecting the physiological
response in a temporally disconnected way. Overall, these findings support that lysozyme plays a
role in stress response, but partially disconfirm results of previous studies [36,38]. Therefore, further
investigation in dogs is needed.

On the contrary, the results of the BEP, both with the univariate and PCA, were inconsistent since
no significant differences were found over time. These inconsistent results can be explained in two
ways: (i) the entry into the shelter can generate variable responses of β-endorphin on dogs that were
already experiencing a previous stressful condition, and (ii) the high variability of β-endorphin affects
the statistical analysis and does not allow significant differences to be revealed between the first and
second samplings.
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However, the inverse relationship between BEP and lysozyme that emerged with the multivariate
analysis is, to our knowledge, unpublished, and merits reflection. This link could reflect the attempt
to achieve, over time, an adaptive physiological response against stressors at different levels of the
stress system. We hypothesize how the central role of BEP, stimulated after CRH and catecholamine
secretions [70], plays a later role in modulating the stress response with respect to lysozyme. In
particular, lysozyme should act in the first moments of the stress response, enhancing the immune
system, while the main role of BEP should be related to its capacity to inhibit the stress system at
the pituitary level when triggered for too long [71–73]. In conclusion, it is possible that BEP and
lysozyme are working together at different times, trying to prevent the adaptive response from
becoming maladaptive.

Some limitations of the current study should be pointed out. A more extended period of
observations after admission to the shelter and a larger sample size could give a more accurate analysis
of quite variable parameters such as BEP concentrations. Further insights may be gained by analyzing
the relationship among the physiological and immunological parameters investigated in this study
with the behavioral assessments made on the same sample of shelter dogs [67].

5. Conclusions

Multiple and innovative parameters (physiological, and immunological) are proposed to evaluate
the welfare of dogs entering a shelter as well as the use of an original statistical approach. Among all
parameters investigated, neutrophils, lymphocytes, fecal cortisol, and lysozyme changed consistently
over time, suggesting that they could be used for the evaluation of the welfare of shelter dogs. Moreover,
changes in these parameters seem to reflect adaptation to the shelter environment and living conditions.
This study also highlighted the important and complex role of lysozyme as a possible biomarker of
distress in dogs, while inconsistent results were obtained with BEP. However, further evaluation of
both lysozyme and BEP is needed.

The multivariate analysis confirmed the intricate but close link between the HPA axis and the
immune system. Indeed, cortisol and β-endorphin were negatively associated with leukocytes and
lysozyme, respectively. This statistical approach seems to offer interesting potential in the study of a
multidimensional phenomenon such as the state of animal welfare.

Supplementary Materials: The following are available online at http://www.mdpi.com/2076-2615/9/6/340/s1,
Table S1: Demographic characteristics of the dog; Table S2. Matrix of the Pearson correlation coefficients.

Author Contributions: S.D. and L.M. (Livia Moscati) conceived and supervised the study, S.D. had substantial
inputs into all drafts and revisions. C.R., L.M. (Laura Menchetti) and R.O. conducted the study and created
the first draft of the paper. L.M. (Laura Menchetti) co-supervised the study and had substantial inputs into the
statistical analysis and into all drafts and revisions, S.M. collaborated in the data collection.

Funding: This research was funded by the Italian Ministry of Health (“Evaluation of animal welfare in confined
animal population: a pilot study for the welfare evaluation model construction in sheltered dogs”—Ricerca
Corrente IZSUM RC122014).

Acknowledgments: We are mostly grateful to all RandAgiamo staff (in particular Claudia Enas, Martina Iaboni,
Silvia Amato, Roberta Gobbi) and to all RandAgiamo volunteers for their generous support and help and because
they greatly and generously dedicate their time and commitment for improving the quality of life and chance of
adoption of shelter dogs. We wish to thank all the staff of the Health Municipal Shelter of Collestrada (Perugia),
Città di Castello, Todi and Assisi (Perugia) for their precious collaboration. In particular, we would like gratefully
acknowledge all the animal control officers and the veterinary officers of the USLUmbria1 and USLUmbria 2.
We also thank the anonymous reviewers, the comments from whom enabled us to substantially improve the
original manuscript.

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

References

1. Newbury, S.; Blinn, M.K.; Bushby, P.A.; Cox, C.B.; Dinnage, J.D.; Griffin, B.; Hurley, K.F.; Isaza, N.;
Jones, W.; Miller, L.; et al. Guidelines for Standards of Care in Animal Shelters. Available online:
http://oacu.od.nih.gov/disaster/ShelterGuide.pdf (accessed on 4 August 2018).

http://www.mdpi.com/2076-2615/9/6/340/s1
http://oacu.od.nih.gov/disaster/ShelterGuide.pdf


Animals 2019, 9, 340 11 of 14

2. Menchetti, L.; Mancini, S.; Catalani, M.C.; Boccini, B.; Diverio, S. RandAgiamoTM, a Pilot Project Increasing
Adoptability of Shelter Dogs in the Umbria Region (Italy). Animals 2015, 5, 774–792. [CrossRef] [PubMed]

3. Beerda, B.; Schildert, M.B.H.; van Hooff, J.A.R.A.M.; de Vries, H.W.; Moll, J.A. Behavioural and Hormonal
Indicators of enduring environmental stress in dogs. Anim. Welf. 2000, 9, 49–62.

4. Taylor, K.D.; Mills, D.S. The effect of the kennel environment on canine welfare: A critical review of
experimental studies. Anim. Welf. 2007, 16, 435–447.

5. Titulaer, M.; Blackwell, E.J.; Mendl, M.; Casey, R.A. Cross sectional study comparing behavioural, cognitive
and physiological indicators of welfare between short and long term kennelled domestic dogs. Appl. Anim.
Behav. Sci. 2013, 147, 149–158. [CrossRef]

6. Madden, K.S.; Felten, D.L. Experimental basis for neural-immune interactions. Physiol. Rev. 1995, 75, 77–106.
[CrossRef] [PubMed]

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

8. Rooney, N.J.; Gaines, S.A.; Bradshaw, J.W. Behavioural and glucocorticoid responses of dogs (Canis familiaris)
to kennelling: Investigating mitigation of stress by prior habituation. Physiol. Behav. 2007, 92, 847–854.
[CrossRef] [PubMed]

9. Sapolsky, R.M.; Romero, L.M.; Munck, A.U. How Do Glucocorticoids Influence Stress Responses? Integrating
Permissive, Suppressive, Stimulatory, and Preparative Actions. Endocr. Rev. 2000, 21, 55–89. [PubMed]

10. National Research Council. Recognition and Alleviation of Distress in Laboratory Animals; National Academies
Press: Washington, DC, USA, 2008; ISBN 978-0-309-10817-1.

11. Busch, D.S.; Hayward, L.S. Stress in a conservation context: A discussion of glucocorticoid actions and how
levels change with conservation-relevant variables. Boil. Conserv. 2009, 142, 2844–2853. [CrossRef]

12. Cafazzo, S.; Maragliano, L.; Bonanni, R.; Schöll, F.; Guarducci, M.; Scarcella, R.; Di Paolo, M.; Pontier, D.;
Lai, O.; Carlevaro, F.; et al. Behavioural and physiological indicators of shelter dogs’ welfare: Reflections on
the no-kill policy on free-ranging dogs in Italy revisited on the basis of 15years of implementation. Physiol.
Behav. 2014, 133, 223–229. [CrossRef]

13. Villa, P.D.; Barnard, S.; Di Fede, E.; Podaliri, M.; Candeloro, L.; Di Nardo, A.; Siracusa, C.; A Serpell, J.
Behavioural and physiological responses of shelter dogs to long-term confinement. Veter. Ital. 2013, 49,
231–241.

14. Hennessy, M.B.; Voith, V.L.; Mazzei, S.J.; Buttram, J.; Miller, D.D.; Linden, F. Behavior and cortisol levels
of dogs in a public animal shelter, and an exploration of the ability of these measures to predict problem
behavior after adoption. Appl. Anim. Behav. Sci. 2001, 73, 217–233. [CrossRef]

15. Hiby, E.F.; Rooney, N.J.; Bradshaw, J.W. Behavioural and physiological responses of dogs entering re-homing
kennels. Physiol. Behav. 2006, 89, 385–391. [CrossRef] [PubMed]

16. Part, C.; Kiddie, J.; Hayes, W.; Mills, D.; Neville, R.; Morton, D.; Collins, L.; Part, C.; Mills, D. Physiological,
physical and behavioural changes in dogs (Canis familiaris) when kennelled: Testing the validity of stress
parameters. Physiol. Behav. 2014, 133, 260–271. [CrossRef] [PubMed]

17. Uetake, K.; Yang, C.H.; Endo, A.; Tanaka, T. Effects of sheltering on Behavior and fecal corticosterine level of
elderly dogs. Front. Vet. Sci. 2016, 3, 1–4. [CrossRef] [PubMed]

18. Farca, A.M.; Cavana, P.; Badino, P.; Barbero, R.; Odore, R.; Pollicino, P. Measurement of faecal corticoid
metabolites in domestic dogs. Schweiz. Arch. Tierheilkd. 2006, 148, 649–655. [CrossRef]

19. De Palma, C.; Viggiano, E.; Palme, R.; De Palma, C.; Natoli, E.; Fantini, C.; Barillari, E. Evaluating the
temperament in shelter dogs. Behaviour 2005, 142, 1307–1328.

20. Hennessy, M.B. Using hypothalamic-pituitary-adrenal measures for assessing and reducing the stress of
dogs in shelters: A review. Appl. Anim. Behav. Sci. 2013, 149, 1–12. [CrossRef]

21. Hennessy, M. Plasma Cortisol Levels of Dogs at a County Animal Shelter. Physiol. Behav. 1997, 62, 485–490.
[CrossRef]

22. Selye, H. The Stress of Life; McGraw-Hill: New York, NY, USA, 1956.
23. Charmandari, E.; Tsigos, C.; Chrousos, G. Endocrinology of the Stress Response. Annu. Rev. Physiol. 2005,

67, 259–284. [CrossRef]
24. Buckinggham, J.C. Stimulation and Inhibition of Corticotrophin Relasing Factor Secretion by Beta Endorphin.

Neuroendocrinology 1986, 42, 148–152. [CrossRef] [PubMed]

http://dx.doi.org/10.3390/ani5030383
http://www.ncbi.nlm.nih.gov/pubmed/26479385
http://dx.doi.org/10.1016/j.applanim.2013.05.001
http://dx.doi.org/10.1152/physrev.1995.75.1.77
http://www.ncbi.nlm.nih.gov/pubmed/7831399
http://dx.doi.org/10.1016/j.physbeh.2016.03.020
http://dx.doi.org/10.1016/j.physbeh.2007.06.011
http://www.ncbi.nlm.nih.gov/pubmed/17617429
http://www.ncbi.nlm.nih.gov/pubmed/10696570
http://dx.doi.org/10.1016/j.biocon.2009.08.013
http://dx.doi.org/10.1016/j.physbeh.2014.05.046
http://dx.doi.org/10.1016/S0168-1591(01)00139-3
http://dx.doi.org/10.1016/j.physbeh.2006.07.012
http://www.ncbi.nlm.nih.gov/pubmed/16905163
http://dx.doi.org/10.1016/j.physbeh.2014.05.018
http://www.ncbi.nlm.nih.gov/pubmed/24866912
http://dx.doi.org/10.3389/fvets.2016.00103
http://www.ncbi.nlm.nih.gov/pubmed/27917385
http://dx.doi.org/10.1024/0036-7281.148.12.649
http://dx.doi.org/10.1016/j.applanim.2013.09.004
http://dx.doi.org/10.1016/S0031-9384(97)80328-9
http://dx.doi.org/10.1146/annurev.physiol.67.040403.120816
http://dx.doi.org/10.1159/000124266
http://www.ncbi.nlm.nih.gov/pubmed/2936971


Animals 2019, 9, 340 12 of 14

25. Plotsky, P.M. Pathways to the Secretion of Adrenocorticotropin: A View from the Portal. J. Neuroendocr. 1991,
3, 1–9. [CrossRef]

26. Boyadjieva, N.; Advis, J.P.; Sarkar, D.K. Role of b-endorphin, corticotropin-releasing hormone, and autonomic
nervous system in mediation of the effect of chronic ethanol on natural killer cell cytolytic activity. Alcohol.
Clin. Exp. Res. 2006, 30, 1761–1767. [CrossRef] [PubMed]

27. Parikh, D.; Hamid, A.; Friedman, T.C.; Nguyen, K.; Tseng, A.; Marquez, P.; Lutfy, K. Stress-induced analgesia
and endogenous opioid peptides: The importance of stress duration. Eur. J. Pharmacol. 2011, 650, 563–567.
[CrossRef] [PubMed]

28. Bodnar, R.J.; Kelly, D.D.; Brutus, M.; Glusman, M. Stress-induced analgesia: Neural and hormonal
determinants. Neurosci. Biobehav. Rev. 1980, 4, 87–100. [CrossRef]

29. Hydbring-Sandberg, E.; Von Walter, L.; Höglund, K.; Svartberg, K.; Swenson, L.; Forkman, B. Physiological
reactions to fear provocation in dogs. J. Endocrinol. 2004, 180, 439–448. [CrossRef] [PubMed]

30. Väisänen, M.; Raekallio, M.; Kuusela, E.; Huttunen, P.; Leppäluoto, J.; Kirves, P.; Vainio, O. Evaluation
of the perioperative stress response in dogs administered medetomidine or acepromazine as part of the
preanesthetic medication. Am. J. Veter. Res. 2002, 63, 969–975. [CrossRef]

31. Davis, A.K.; Maney, D.L.; Maerz, J.C. The use of leukocyte profiles to measure stress in vertebrates: a review
for ecologists. Funct. Ecol. 2008, 22, 760–772. [CrossRef]

32. Allen, A.P.; Kennedy, P.J.; Cryan, J.F.; Dinan, T.G.; Clarke, G. Biological and psychological markers of stress
in humans: Focus on the Trier Social Stress Test. Neurosci. Biobehav. Rev. 2014, 38, 94–124. [CrossRef]

33. Guelfi, G.; Casano, A.B.; Menchetti, L.; Bellicci, M.; Suvieri, C.; Moscati, L.; Carotenuto, P.; Santoro, M.M.;
Diverio, S. A cross-talk between neuroplasticity-related genes and environmental enrichment in working
dogs. Sci. Rep. 2019, 9, 6910. [CrossRef]

34. Swan, M.P.; Hickman, D.L. Evaluation of the neutrophil-lymphocyte ratio as a measure of distress in rats.
Lab Anim. 2014, 43, 276–282. [CrossRef] [PubMed]

35. Gao, X.; Cao, Q.; Cheng, Y.; Zhao, D.; Wang, Z.; Yang, H.; Wu, Q.; You, L.; Wang, Y.; Lin, Y.; et al. Chronic
stress promotes colitis by disturbing the gut microbiota and triggering immune system response. Proc. Natl.
Acad. Sci. USA 2018, 115, E2960–E2969. [CrossRef] [PubMed]

36. Perera, S.; Uddin, M.; Hayes, J. Salivary lysozyme: A noninvasive marker for the study of the effects of stress
of natural immunity. Int. J. Behav. Med. 1997, 4, 170–178. [CrossRef] [PubMed]

37. Ng, V.; Koh, D.; Chan, G.; Ong, H.Y.; Chia, S.E.; Ong, C.N. Are Salivary Immunoglobulin A and Lysozyme
Biomarkers of Stress Among Nurses? J. Occup. Environ. Med. 1999, 41, 920–927. [CrossRef] [PubMed]

38. Yang, Y.; Koh, D.; Ng, V.; Lee, C.Y.; Chan, G.; Dong, F.; Goh, S.H.; Anantharaman, V.; Chia, S.E. Self perceived
work related stress and the relation with salivary IgA and lysozyme among emergency department nurses.
Occup. Environ. Med. 2002, 59, 836–841. [CrossRef] [PubMed]

39. Coste, J.; Bouée, S.; Ecosse, E.; Pouchot, J.; Leplège, A. Methodological issues in determining the dimensionality
of composite health measures using principal component analysis: Case illustration and suggestions for
practice. Qual. Life Res. 2005, 14, 641–654. [CrossRef] [PubMed]

40. Gaskin, C.J.; Happell, B. On exploratory factor analysis: A review of recent evidence, an assessment of
current practice, and recommendations for future use. Int. J. Nurs. Stud. 2014, 51, 511–521. [CrossRef]

41. Diverio, S.; Boccini, B.; Menchetti, L.; Bennett, P.C. The Italian perception of the ideal companion dog. J. Veter.
Behav. 2016, 12, 27–35. [CrossRef]

42. Menchetti, L.; Calipri, S.; Guelfi, G.; Catanzaro, A.; Diverio, S. My Dog Is Not My Cat: Owner Perception of
the Same Household. Animals 2018, 8, 80. [CrossRef] [PubMed]

43. National Italian Law 281 of 1991; Gazzetta Ufficiale: Turin, Italy, 1991.
44. Buhari, S.; Hashim, K.; Meng, G.Y.; Mustapha, N.M.; Gan, S.H. Subcutaneous Administration of Tramadol

after Elective Surgery Is as Effective as Intravenous Administration in Relieving Acute Pain and Inflammation
in Dogs. Sci. World J. 2012, 2012, 1–7. [CrossRef]

45. Moscati, L.; Sensi, M.; Battistacci, L.; Archetti, I.L.; Amadori, M. Evaluation of Innate Immunity in Pigs Under
Field Conditions. Vet Scan 2011, 6, 90.

46. Tallo-Parra, O.; Manteca, X.; Sabes-Alsina, M.; Carbajal, A.; Lopez-Bejar, M. Hair cortisol detection in dairy
cattle by using EIA: Protocol validation and correlation with faecal cortisol metabolites. Animal 2014, 9,
1059–1064. [CrossRef] [PubMed]

47. Field, A. Discovering Statistics Using SPSS; SAGE Publication: London, UK, 2009; ISBN 978-1-84787-906-6.

http://dx.doi.org/10.1111/j.1365-2826.1991.tb00231.x
http://dx.doi.org/10.1111/j.1530-0277.2006.00209.x
http://www.ncbi.nlm.nih.gov/pubmed/17010143
http://dx.doi.org/10.1016/j.ejphar.2010.10.050
http://www.ncbi.nlm.nih.gov/pubmed/21044625
http://dx.doi.org/10.1016/0149-7634(80)90028-7
http://dx.doi.org/10.1677/joe.0.1800439
http://www.ncbi.nlm.nih.gov/pubmed/15012598
http://dx.doi.org/10.2460/ajvr.2002.63.969
http://dx.doi.org/10.1111/j.1365-2435.2008.01467.x
http://dx.doi.org/10.1016/j.neubiorev.2013.11.005
http://dx.doi.org/10.1038/s41598-019-43402-4
http://dx.doi.org/10.1038/laban.529
http://www.ncbi.nlm.nih.gov/pubmed/25050728
http://dx.doi.org/10.1073/pnas.1720696115
http://www.ncbi.nlm.nih.gov/pubmed/29531080
http://dx.doi.org/10.1207/s15327558ijbm0402_5
http://www.ncbi.nlm.nih.gov/pubmed/16250737
http://dx.doi.org/10.1097/00043764-199910000-00013
http://www.ncbi.nlm.nih.gov/pubmed/10529948
http://dx.doi.org/10.1136/oem.59.12.836
http://www.ncbi.nlm.nih.gov/pubmed/12468751
http://dx.doi.org/10.1007/s11136-004-1260-6
http://www.ncbi.nlm.nih.gov/pubmed/16022058
http://dx.doi.org/10.1016/j.ijnurstu.2013.10.005
http://dx.doi.org/10.1016/j.jveb.2016.02.004
http://dx.doi.org/10.3390/ani8060080
http://www.ncbi.nlm.nih.gov/pubmed/29882930
http://dx.doi.org/10.1100/2012/564939
http://dx.doi.org/10.1017/S1751731115000294
http://www.ncbi.nlm.nih.gov/pubmed/25997530


Animals 2019, 9, 340 13 of 14

48. Pituch, K.A.; Stevens, J.P. Applied Multivariate Statistics for the Social Sciences, 6th ed.; Analyses with SAS and
IBM’s SPSS; Routledge: New York, NY, USA, 2015; 814p, ISBN 9781315814919.

49. Di Stefano, C.; Zhu, M.; Mîndrilă, D. Understanding and Using Factor Scores: Considerations for the Applied
Researcher. Prac. Assess. Res. Eval. 2009, 14, 1–11.

50. Diverio, S.; Menchetti, L.; Riggio, G.; Azzari, C.; Iaboni, M.; Zasso, R.; Di Mari, W.; Santoro, M.M. Dogs’
coping styles and dog-handler relationships influence avalanche search team performance. Appl. Anim.
Behav. Sci. 2017, 191, 67–77. [CrossRef]

51. Rooney, N.; Gaines, S.; Hiby, E. A practitioner’s guide to working dog welfare. J. Vet. Behav. Clin. Appl. Res.
2009, 4, 127–134. [CrossRef]

52. Tuber, D.S.; Miller, D.D.; Caris, K.A.; Halter, R.; Linden, F.; Hennessy, M.B. Dogs in Animal Shelters: Problems,
Suggestions, and Needed Expertise. Psychol. Sci. 1999, 10, 379–386. [CrossRef]

53. Kiddie, J.L.; Collins, L.M. Development and validation of a quality of life assessment tool for use in kennelled
dogs (Canis familiaris). Appl. Anim. Behav. Sci. 2014, 158, 57–68. [CrossRef]

54. Barnard, S.; Pedernera, C.; Candeloro, L.; Ferri, N.; Velarde, A.; Villa, P.D. Development of a new welfare
assessment protocol for practical application in long-term dog shelters. Vet Rec. 2016, 178, 18. [CrossRef]

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

56. Moberg, G. Biological response to stress: Implications for animal welfare. In The Biology of Animal Stress:
Basic Principle and Implications for Animal Welfare; CABI Publishing: London, UK, 2000; pp. 1–21.

57. Notari, L. Stress in veterinary behavioueal medicine. In BSAVA Manual of Canine and Feline Behavioural
Medicine; British Small Animal Veterinary Association (BSAVA): Gloucester, UK, 2009; pp. 136–145.

58. Weiss, E.; Mohan-Gibbons, H.; Zawistowski, S. (Eds.) Animal Behavior for Shelter Veterinarians and Staff ;
Wiley-Blackwell: Hoboken, NJ, USA, 2015; ISBN 978-1-118-71111-8.

59. Ralph, C.R.; Tilbrook, A.J. Invited Review: The usefulness of measuring glucocorticoids for assessing animal
welfare. J. Anim. Sci. 2016, 94, 457–470. [CrossRef]

60. Beerda, B.; Schilder, M.B.; Van Hooff, J.; De Vries, H.W. Manifestations of chronic and acute stress in dogs.
Appl. Anim. Behav. Sci. 1997, 52, 307–319. [CrossRef]

61. Miranda-de la Lama, G.C.; Rodríguez-Palomares, M.; Cruz-Monterrosa, R.G.; Rayas-Amor, A.A.;
Pinheiro, R.S.B.; Galindo, F.M.; Villarroel, M. Long-distance transport of hair lambs: Effect of location
in pot-belly trailers on thermo-physiology, welfare and meat quality. Trop. Anim. Health Prod. 2018, 50,
327–336. [CrossRef] [PubMed]

62. Hickman, D.L. Evaluation of the neutrophil:lymphocyte ratio as an indicator of chronic distress in the
laboratory mouse. Lab Anim. 2017, 46, 303–307. [CrossRef] [PubMed]

63. Al-Hussain, F.; Alfallaj, M.M.; Alahmari, A.N.; Almazyad, A.N.; Alsaeed, T.K.; Abdurrahman, A.A.;
Murtaza, G.; Bashir, S. Relationship between neutrophiltolymphocyte ratio and stress in multiple sclerosis
patients. J. Clin. Diagn. Res. 2017, 11, CC01–CC04. [CrossRef] [PubMed]

64. Palsgaard-Van Lue, A.; Jensen, A.L.; Strøm, H.; Kristensen, A.T. Comparative analysis of haematological,
haemostatic, and inflammatory parameters in canine venous and arterial blood samples. Veter. J. 2007, 173,
664–668. [CrossRef]
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