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Abstract: Astroviruses and caliciviruses are important causative agents of gastroenteritis
in humans worldwide. They have been detected in a variety of animal species, including
dogs, but their role in the induction of disease in animals remains uncertain. In a molecular
study that was conducted in Greece, including healthy and gastroenteritis-affected dogs of
different ages, astrovirus (AstV) and sapovirus (SaV) were detected in 15% and 26% of the
examined animals, respectively. A specialized questionnaire was filled out for each of the
dogs participating in the study, including information about different characteristics and
risk factors that could possibly affect their health status. This information was analyzed
with the use of two innovative statistical methods, i.e., a Multiple Correspondence Analysis
(MCA) and the Ascending Hierarchical Classification (AHC). Based on their results, it was
possible to define various groups of dogs based on their characteristics. AstV seems to
occur more often in low-health-status dogs, usually mongrels, living in rural areas, showing
vomit, diarrhea, and diet changes. Dogs of this group usually live with other pets in the
same household and have frequent contact with stray animals. The presence of SaV does
not seem to be associated with any of the examined factors.

Keywords: astrovirus; sapovirus; dogs; multiple correspondence analysis; ascending
hierarchical classification

1. Introduction
Canine infectious gastroenteritis is a worldwide problem, as it is one of the most

common reasons why dogs visit a veterinary clinic and for hospitalization. Determining
the cause of gastroenteritis can be very challenging for the veterinarians, as there are
several agents which could induce it, such as viruses, bacteria, or protozoans [1]. Viruses
are common aetiologic agents of canine infectious gastroenteritis, having been detected in
40–60% of cases of gastroenteritis in dogs, as evidenced in several studies [2–4]. Astrovirus,
norovirus, and sapovirus are important enteric viruses, with a worldwide distribution.
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They have been reported in many species, including humans, swine, mink, cats, birds, and
dogs [5–10].

Astroviruses are members of the Astroviridae family, which consists of two genera,
namely Mamastrovirus and Avastrovirus [11]. They are in general non-enveloped, single-
stranded, positive-sense RNA viruses [12]. Members of the genus Mamastrovirus infect var-
ious mammals, including humans [13], bovine [14], feline [15], porcine [16], and mink [17],
while members of the genus Avastrovirus infect mainly avian species, such as chicken,
turkey, and duck [18–20]. Astrovirus is estimated to cause approximately 10% of gastroen-
teritis cases in children worldwide and was first detected in 1975 in the feces of infants [21].
Canine astrovirus (AstV) was detected for the first time in 1980 in the USA in the feces of
beagle puppies with diarrhea [22]. Since then, AstV has been detected in a lot of countries
worldwide [23–27]. The high genetic diversity of AstV makes diagnosis and future control
strategies very challenging [28,29]. AstV has been detected at higher rates in symptomatic
dogs with gastroenteritis than in asymptomatic ones, thus indicating a potential role in
canine diarrhea [30,31]. However, the association of the virus with clinical disease still
remains uncertain.

Norovirus (NoV) and sapovirus (SaV) are non-enveloped, single-stranded, positive-
sense RNA viruses and are members of the family Caliciviridae [32]. Caliciviruses were
detected in dogs in 1985 in the USA for the first time [33]. Canine NoV was first detected
in Italy in 2007 in a puppy with signs of gastroenteritis [34]. Since then, canine NoV has
been detected in the feces of asymptomatic and symptomatic dogs in a lot of countries
around the world [9,35–39]. Regarding the epidemiology of canine SaV, there are very few
data available. The virus has been detected in the USA, Japan, and Italy, with prevalence
varying from 0.25 to 2.2% [39–41].

The presence of these viruses in dogs and their association with various pa-
rameters such as the living and hygienic conditions of the animal have not been
thoroughly investigated.

In the present study, we examined the association of the current presence of canine
AstV and caliciviruses detected in dogs in Greece [9] with parameters that might affect
their health status.

2. Materials and Methods
This study was approved by the Institutional Review Board of the School of Veterinary

Medicine, Faculty of Health Sciences, Aristotle University of Thessaloniki (protocol code
75/19-Jan-2017).

2.1. Characteristics of the Study Population

In Greece, 40% of households are estimated to have at least one pet, 14% of which own
dogs. It is estimated that there are around 6000 pet dogs and 3 million stray dogs and cats
in the country [42,43]. This study took place from January 2017 to May 2018.

2.2. Selection of Veterinary Clinics and Sampling

Thirty-three (33) veterinary clinics were randomly selected from various areas around
Greece (Figure 1). Veterinary practitioners in these clinics were requested to sample dogs
equally from two age groups, e.g., younger or older than 12 months of age, that were either
ill (preferably with signs of gastroenteritis) or healthy at a roughly equal ratio. Two hundred
and one (201) pet dogs were eventually sampled. Two swab samples were obtained from
each dog, one saliva sample and one fecal sample. After the sampling, the swab was
inserted in a 1.5 mL Eppendorf tube, which contained 1 mL of the RNAlater (Sigma
Aldrich, St. Louis, MO, USA) solution for the stabilization of RNA, and was transferred to
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the lab in ice in isothermic boxes. When arriving at the lab, each sample was vortexed for
5 min and centrifuged at 12,000× g for 10 min. The supernatants were collected, pooled
together in pools of 3–5 (which were placed in new sterile 1.5 mL Eppendorf tubes), and
stored at −80 ◦C until further processing.
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2.3. Collection of Dog Information

A specialized questionnaire was created for the dogs’ owners in order to extract
information about different characteristics and parameters that could possibly affect the
health status of their dogs. The questionnaire was delivered to the veterinarians, who
were filling it in after communication with the dogs’ owners. The obtained information
pertained to the following:

• Geographical region (1—Attiki/Athens, 2—Central Makedonia/Thessaloniki, 3—rest
of Greece).

• Dog’s age (<12 months, ≥12 months).
• Breed (purebred, mongrel).
• Gender (male, female).
• Body condition [underweight (weighing less than 15% of their ideal body weight),

normal, overweight (weighing more than 15% above their ideal body weight)] [44].
• Presence of diarrhea (yes, no).
• Presence of vomit (yes, no).
• Any change in dog’s diet during the last month (yes, no).
• Dog on standard vaccination program (Canine Distemper virus, Canine hepatitis,

Canine Parvovirus Disease, Leptospirosis, Parainfluenza, and Rabies) (yes, no).
• Dog on standard ectoparasitic program (fleas, lice, and ticks) (yes, no).
• Dog on standard endoparasitic program (worms, tapeworms, dirofilaria, and Leish-

mania) (yes, no).
• Any simultaneous symptoms in a human member of the family (yes, no).
• Presence of other animals on the family premises (yes, no).
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• Dog’s regular contact with stray dogs or other animal species (yes, no).

2.4. Laboratory Testing

Total RNA was extracted from a 200 µL volume pooled sample using the RNA ex-
traction kit “Cador pathogen kit” (Qiagen, Germany). A Spectrophotometer (Eppendorf)
was used to evaluate the quality and quantity of the extracted RNA. The extracted RNA
was stored at −80 ◦C until further analysis. The samples were tested both with conven-
tional and SYBR Green real-time RT-PCR for the detection of AstV, NoV, and SaV after
the RNA extraction as presented elsewhere [9]. Briefly, three different primer pairs were
used for the detection of canine NoV and SaV by conventional RT-PCR. The first was the
universal primer pair p289-p290 that targets a conserved region of caliciviruses and detects
both NoV and SaV [45]. The second and third primer pairs detect NoV (HK NORO-F
(5′-RHYATTGACCCCTGGATW-3′) and HK NORO-R (5′-AACGCATTCCCHGCMARKA-
3)′ [46] and SaV (DogSap1F (5′-ACACACGATCCAAATTCACCAA-3′) and DogSap1R (5′-
TGCCAGACAGACCTCCAATTG-3′) [40], respectively. Canine AstV was detected using
conventional PCR (with the use of primers 625F (5′-GTACTATACCRTCTGATTTAATT-3′)
and 626R (5′-AGACCAARGTGTCATAGTTCAG-3′) [24]. SYBR Green real-time RT-PCR
was performed for canine AstV with the use of primers F2-R2 (F2: 5′-TTCCCTGCTTCTGAT-
CAG-3′ and R2: 5′-CTCACTTAGTGTAGGGAGAG-3′) [47], for canine NoV with the use of
primers F: GCTGGATGCGGTTCTCTGAC and R: TCATTAGACGCCATCTTCATTCAC [46],
and for canine SaV with the use of the DogSap1F-DogSap1R primer pair [40].

Samples that were positive for AstV or caliciviruses were sequenced and further
processed using MEGA-X software (MEGAX _10.0.5_64bit version) after a similarity assess-
ment by the Basic Local Alignment Search Tool (BLAST) [48]. Their results were already
published [9].

2.5. Statistical Analysis

The nature of the data collected through questionnaires is such that unsupervised
learning methods are particularly suitable for discovering trends and patterns among
categories of qualitative variables. Also, a common exploratory stage is the clustering
of objects and the characterization of their profiles. Suitable methods for these tasks are
Multiple Correspondence Analysis and Ascending Hierarchical Classification. [49–51].

A Multiple Correspondence Analysis (MCA) interprets the direction of the variation
in a phenomenon and trends that develop between the categories of the variables, using
the concept of inertia:

I = ∑
i

mid2
i

where

• I is the total inertia.
• mi is the mass (the relative frequency) of observation i.
• d2

i is the squared distance from the center of gravity.

In the MCA, as is customary, we present the first two principal dimensions, which
correspond to the first two factorial axes derived from the method. This is further supported
by the corresponding scree plot, which illustrates the percentage of inertia explained by
each factorial axis.

The Ascending Hierarchical Classification (AHC) is a powerful unsupervised data
analysis technique that clusters objects based on their similarity by producing a hierarchy
of nested clusterings rather than a single flat partition of the data compared to partitional
clustering methods, such as K-means [52]. The agglomeration criterion used was Ward’s
method. The metric distances were calculated using the Euclidean metric for the points
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and their coordinates within the new coordinate system of the factorial axes, as derived
from the MCA.

The MCA method was implemented in scripts performed with R [53], an open-source
programming language and environment for statistical computing and graphics. Specif-
ically, the main library used to implement the methods and obtain the results was Fac-
toMineR [54]. The AHC was written in Python [55], and the main library used scikit-
learn [56]. These methods were launched by their default configuration and using a
personal computer.

As the variable Nov was not included in the analysis, the exclusion of related in-
terpretative coordinates, interpretative axes, and interpretative planes was automatically
managed using the approach outlined in [51] and the recently introduced (2022) concept.
This ensures a more straightforward and accurate visualization and interpretation of the
results compared to the classical MCA approach

3. Results
The characteristics of the sampled dogs are summarized in Table 1. All age and gender

groups were almost equally represented. Almost half of the dogs were fully dewormed for
ectoparasites, and half of the dogs were living with other animals in the household. Most
of the dogs were purebred (57.2%), in normal body condition (69.7%), fully vaccinated
(80.6%), fully dewormed for endoparasites (72.6%), and did not have contact with stray
animals (68.7%).

Table 1. Characteristics of the dogs (%) participating in the study.

Variables Code Values Dogs (%)

1 2 3

Geographical
region REG

1 (Central
Greece/Athens), 2
(Central Macedo-

nia/Thessaloniki), 3 (rest
of Greece

78 (38.8) 38 (18.9) 85 (42.3)

Age AG 1 (<12M), 2 (≥12M) 92 (45.8) 109 (54.2)

Gender GEN 1 (male), 2 (female) 101 (50.3) 100 (49.7)

Breed RAC 1 (purebred), 2 (mongrel) 115 (57.2) 86 (42.8)

Body
condition NUT 1 (underweight), 2

(normal), 3 (overweight) 39 (19.4) 140 (69.7) 22 (10.9)

Diarrhea DR 1 (YES), 2 (NO) 77 (38.3) 124 (61.7)

Vomit
Vomit and
Diarrhea

VOM 1 (YES), 2 (NO)
1 (YES), 2 (NO)

45
37

(22.4)
(18.4)

156
164

(77.6)
(81.6)

Change in
diet NCH 1 (YES), 2 (NO) 35 (17.4) 166 (82.6)

Vaccination VAC 1 (YES), 2 (NO) 162 (80.6) 39 (19.4)

Deworming
for endopar-

asites
END 1 (YES), 2 (NO) 146 (72.6) 55 (27.4)

Deworming
for ectopar-

asites
EXP 1 (YES), 2 (NO) 102 (50.7) 99 (49.3)
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Table 1. Cont.

Variables Code Values Dogs (%)

1 2 3

Other
animals in
the family

OTH 1 (YES), 2 (NO) 99 (49.3) 102 (50.7)

Symptoms
in a

member of
the family

SM 1 (YES), 2 (NO) 6 (3) 195 (97)

Contact
with stray

animals
STR 1 (YES), 2 (NO) 63 (31.3) 138 (68.7)

Astrovirus AST 1 (YES), 2 (NO) 29 (15) 172 (85)

Sapovirus SAP 1 (YES), 2 (NO) 52 (26) 149 (74)

Norovirus NoV 1 (YES), 2 (NO) 0 (0) 201 (100)
AstV and SaV were detected in 15% and 26% of the examined animals, respectively, while NoV was detected in
none of the examined dogs. AstV was detected in 12 dogs with diarrhea and in 18 dogs without diarrhea, while
SaV was detected in 19 diarrheic and 33 non-diarrheic dogs, respectively. In 8 dogs, a mixed infection with AstV
and SaV was observed.

Of the sampled animals, 38.3% showed diarrhea and 22.4% showed vomit. A change
in diet was reported in 17.4% of the dogs. Finally, in 3% of the dog households, signs of
illness were present to members (humans) of the family during sampling.

3.1. MCA

To interpret the factorial axes, we used a new method for visualizing the results of
the MCA [51], which is sufficient to show the significance of points on a factorial axis.
According to the authors, the concepts of an interpretive coordinate, interpretive axis, and
interpretive plane are developed. Reading the value of the interpretive coordinate shows
both the direction on the corresponding factorial axis (from the sign) and the importance of
the point on the corresponding factorial diagram.

The projection of the viruses with respect to the other dominant variables (e.g., those
having a contribution greater than the average contribution toward the creation of each
axis) is depicted in a two-dimensional factorial plane, defined by the factorial axes F1-x
and F2-y, presented in Figures 2 and 3, respectively. Two tendencies (groups) of dogs, with
roughly contrasting characteristics, were observed on each axis. It should be noted that in
none of these groups was the presence of SaV involved as an important feature.

In the F1 (interpretive x) axis (Figure 2), a group of dogs (F1A) that were generally of
a good health status was observed. These dogs were properly dewormed for endo- and
ectoparasites, fully vaccinated, overweight, and without any signs of diarrhea. A second
group of dogs of a lower health status (F1B) was formed, including underweight animals
that were not properly vaccinated or dewormed with a history of diarrhea and vomit.

In the F2 (interpretive y) axis (Figure 3), two groups of dogs and characteristics were
identified: A) a group of dogs (F2A) with the following characteristics: living in the area of
Athens, purebred, no contact with stray dogs or other animals in the house, and without
deworming treatment. B) a group of dogs positive for AstV (F2B), mainly mongrels, living
with other animals in the house, in frequent contact with stray dogs and with recent changes
in their nutrition, dewormed for ectoparasites, and localized in more rural areas of Greece.
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3.2. AHC

In the AHC, three different groups (clusters) of dogs (based on their homogeneity)
were formed (Figure 4). It should be noted that in none of these groups was the presence of
SaV involved.

The first cluster of dogs, Cluster 1 (Figure 4), included dogs negative for AstV, fully
dewormed and vaccinated, living in households without other animals, and in the urban
area of Athens. These dogs were overweight and had no clinical signs of vomit or diarrhea,
nor any recent change in their nutrition.

The second cluster, Cluster 2 (Figure 4), included male mongrel dogs positive for
Astrovirus, living in households with other animals, and having contact with stray dogs.
These dogs showed signs of diarrhea and vomit and had recent changes in their diet.
Humans of the family with which these dogs lived presented symptoms.

The third cluster, Cluster 3 (Figure 4), included not or partially dewormed or vacci-
nated underweight dogs living in more rural areas of Greece.
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4. Discussion
Several members of the Astroviridae and Caliciviridae families are involved in human

diarrheal disease [57]. Members of these families, but different than those observed in
humans, may also affect dogs [9]. As the presence of AstVs and caliciviruses in dogs, either
as causative agents or as contributors of disease, has not been well documented so far,
it was considered interesting to investigate under which conditions such viruses can be
detected in this animal species.

When investigating risk factors in a new unknown field containing several categorical
variables, it may be difficult to detect interactions or/and correlations of each parameter
with the other, as there might be unknown inherent and less visually expected multi-
interactions. The use of conventional statistics that show the statistical strength amongst
the relation of two factors may not be the ideal solution, at least at the beginning of the
research. For these reasons, we investigated the possibility of interpreting our results with
the use of two different techniques, both employed in the interpretation of big groups of
datasets in social sciences, biology, and computer sciences [58–60]. These methods interpret
results based on different principles, without the need for the preliminary determination
of any dependent values: the MCA by calculating the distances between the variables
(inertia) after taking into account their relative weight in the entire database, and the
AHC by examining the similarity of variables through producing a hierarchy of nested
clusterings [52]. Both methods point out reasonably defined risk factor groups based on
their characteristics and may help uncover hidden correlations between variables that
would otherwise remain undetected. In addition, they provide valuable insights into
behavior or trends.

Initially, the absence or presence of gastrointestinal signs may determine good- or low-
health-status dogs, respectively. Good-health-status dogs show characteristics interpreted
both by the MCA (group F1A) and AHC (Cluster 1). These dogs are fully dewormed and
vaccinated, overweight, without any recent diet change, living in the urban area of Athens,
and in households without other pets. On the other hand, low-health-status dogs may
show characteristics interpreted by the MCA (group F1B) and by the AHC (Cluster 2).
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These dogs are underweight animals and not properly vaccinated or dewormed. They are
usually male mongrel dogs, positive for AstV, living in households with other pets, having
contact with stray dogs, and with recent changes in their diet, while humans in the same
household may show symptoms.

Thus, it seems that AstV-affected dogs (grouped by both MCA-F2B and AHC-Cluster 2)
can also share many characteristics found in low-health-status grouped dogs (e.g., with
signs of diarrhea or/and vomit), while the characteristics of AstV-negative dogs appear to
be shared with dogs of a good health status (e.g., without signs of diarrhea or/and vomit).

The interpretation and explanation of many of these findings, as well as of their
grouping, could be attributed to the dog-living characteristics of Greece. In intensely
urbanized areas, dogs live confined to the owner’s premises, usually an apartment, with a
couple of daily hourly walks that permit limited exercise (more overweight animals) and
with only limited contact with other pets or a few existing stray dogs that may harbor
microbial agents. On the other hand, in less urbanized areas (e.g., region 2 and particularly
region 3), dogs live either in apartments or in houses with yards together with other pets
as space is not an issue, many times without the need for restricted daily walks, and have
chances for more contact with frequently found stray dogs. Indeed, dogs in rural areas are
less restricted and less supervised by their owners (this may also imply less meticulous
deworming and vaccination) when compared to dogs living in flats and apartments in
urban areas. Thus, rural dogs may be freer to approach stray dogs (particularly male dogs,
which are prone to be more aggressive and therefore come in closer contact through fighting
and smelling other dogs) and even breed with them, and this is why mongrels are more
common in rural than in urban areas. This may also explain the higher incidence of AstV
in male mongrel animals. Other researchers have also observed that AstV is common in
crossbreed dogs [24,31]. In addition, stray dogs are usually unvaccinated and of lower
health status, possibly harboring various microorganisms at higher doses and serving as a
source to other dogs coming into contact with these microorganisms.

AstV presence is also observed to be associated with diet changes. As the chronical
sequence of such changes (before or after the sampling) was not noted, it was not clear
whether these changes triggered the infection itself or were caused by it. Diet changes
could have caused stress to a dog, resulting in the decline in its immune system and thus
making the dog more vulnerable to microorganisms, including astroviruses. On the other
hand, the loss of body weight, vomit, and diarrhea are usual clinical signs of enteric viruses,
and diet changes are necessary to recover from such illness.

The enteric virome of dogs has not been studied in general [61]. A metagenomic
analysis that was performed in 2017 in samples of healthy and diarrheic dogs showed
that Astroviridae and Caliciviridae are not part of the enteric virome of dogs, as they were
detected only in dogs with acute diarrhea [61]. Interestingly, Astroviridae was the most
frequently detected virus family [61]. In our study, although SaV was detected in a higher
frequency compared to AstV (26% versus 15%), it seems that SaV is not associated with
the examined risk factors as it was not included in any group or cluster. It could be that
associations between SaV and examined risk factors were not as powerful as those of AstV
with these factors.

Finally, it was interesting to observe clinical signs in a few humans living in the
households of low-health-status dogs. Although none of these human cases were associated
with AstV presence, other microorganisms (not examined at present), possibly found in
low-health-status dogs, could have been responsible for such symptoms in humans.

Cross-species transmission of both avian AstVs and Mamastrovirus has been described,
attributed probably to recombination events [12,19,62–67]. Humans have been brought into
close contact with both avian and mammalian AstVs due to domestication [68]. Multiple
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recombination events between porcine AstVs and human AstVs have been reported [66].
There is a debate about the directionality of this transmission, indicating that transmission
from humans to livestock could be occurring in addition to traditional zoonosis [68].
Recombination events have also occurred between human and feline AstVs [69], but
the occurrence of such events has not yet been described between humans and dogs.
Nevertheless, although no connection was traced between the investigated viruses in
the current study, clinical signs in dogs, and specifically those living under low-health-
status conditions, may always be considered when a disease arises in humans in the
same household.

5. Conclusions
By using the MCA and AHC, it was possible to define various groups of dogs based

on their characteristics. AstV seems to occur more often in low-health-status dogs, usually
mongrels, living in rural areas, showing vomit, diarrhea, and diet changes. Dogs of this
group usually live with other pets in the same household and have frequent contact with
stray animals. On the other hand, the presence of SaV does not seem to be associated with
any of the examined factors.
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