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Abstract
Blastocystis is a ubiquitous protozoan with a wide range of hosts. In humans, its presence has been associated with
gastrointestinal disorders, although its role as a pathogen still needs to be elucidated. Until now, 17 Blastocystis subtypes
(STs) have been identified, with ST1–ST4 the most commonly found in humans. Among domestic animals, the same
STs reported in humans have been detected in dogs. An epidemiological survey on dog kennels was carried out to
evaluate the prevalence of Blastocystis and the STs involved. Overall, 99 faecal samples were collected from the rescue
shelters. Blastocystis detection was performed through conventional barcoding PCR targeting the 1800-bp SSU-rDNA,
followed by sequencing and phylogenetic analysis. Blastocystis DNA was found in 21 faecal samples (21.2%), and all
samples were successfully sequenced and identified as ST3 in a unique monophyletic group. The presence of
Blastocystis was reported for the first time in dogs from Italy, with the identification of ST3, the subtype most commonly
found in humans.
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Introduction

Blastocystis (stramenopiles) is a gastrointestinal protozoan oc-
curring in humans and in a wide range of animals worldwide
(Tan 2008). Because of its high genetic diversity and since its
taxonomy still needs to be clarified, a consensus on terminol-
ogy indicated Blastocystis sp. as the most appropriate nomen-
clature for those isolated in mammal and avian species
(Stensvold et al. 2007). The transmission is via the faecal-
oral route (Stensvold and Clark 2016) as well as through con-
taminated water or food (Angelici et al. 2018; Caradonna et al.
2017; Lee et al. 2012; Leelayoova et al. 2004, 2008). In
humans, Blastocystis has been linked to various

gastrointestinal symptoms and is involved in several chronic
gastrointestinal illnesses (Boorom et al. 2008; Stensvold et al.
2009a); nevertheless, its presence in the gut of healthy indi-
viduals suggests the role of Blastocystis as a commensal mi-
croorganism (part of a healthy microbiome) (Chabé et al.
2017). Indeed, Blastocystis is one of the most frequently de-
tected microeukaryotes in epidemiological surveys, with
worldwide distribution. Prevalence values differ according to
geographical regions, with higher values mostly in developing
countries (Tan 2008). Incorrect hygiene measures and waste
disposal management, contact with animals, and consumption
of contaminated food or water are considered enhancers of the
risk of transmission (Clark et al. 2013; Tan 2008). In addition
to humans, Blastocystis could be involved in intestinal disor-
ders in other mammals. Blastocystis has been proposed as a
pathogen-causing diarrhoea in laboratory and zoo animals
(Goe et al. 2016; Zanzani et al. 2014a), and evidence of
Blastocystis pathogenicity has also been highlighted in some
experimental animals, i.e. chickens and rats (Elwakil and
Hewedi 2010; Moe et al. 1997; Phillips and Zierdt 1976).
Moreover, Blastocystis was isolated in a dog showing intesti-
nal symptoms (Chapman et al. 2009) as well as in cattle and
swine (Pakandl 1991; Quílez et al. 1995). A high variability in
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prevalence rates among animals has been reported; however,
large-scale epidemiological surveys are still limited (Tan 2004).

A variety of methods for the laboratory diagnosis of
Blastocystis have been described, including direct microscop-
ical visualization with Lugol’s iodine or permanent trichrome
staining of fixed faecal smears. However, microscopical iden-
tification can be very challenging due to the high morpholog-
ical polymorphism of Blastocystis and resulting in the require-
ment for trained personnel (Stensvold and Clark 2016). The
use of molecular tools is highly recommended due to their
high sensitivity and specificity (Roberts et al. 2011).
Currently, the “barcode region” (Scicluna et al. 2006) within
the small subunit rDNA (SSU-rDNA) is considered the most
informative sequence, due to its use in both Blastocystis de-
tection and more importantly genotyping, i.e. identification of
the genetic diversity of this protozoan (Stensvold 2013).
Indeed, based on the analyses of polymorphisms across the
SSU-rDNA, at least 17 subtypes (STs) have been identified in
mammals and birds, with a certain degree of host specificity
(Stensvold and Clark 2016). Humans have been reported to
harbour mainly ST1–ST4, whereas ST5–ST9 and ST12 have
been isolated only sporadically (Ramírez et al. 2016;
Stensvold et al. 2007). The four most common STs in humans
(ST1–ST4) have also been detected in other host species, in-
cluding primates, hoofed mammals, rodents and even birds
(Alfellani et al. 2013). Subtypes ST5–ST8 are considered po-
tentially zoonotic but are rarely detected in humans, being
more commonly found in other hosts: ST5 in hoofed animals,
ST6 and ST7 in birds, and ST8 in nonhuman primates
(Stensvold and Clark 2016).

Thus, according to the molecular data, it turns out that
several animal species harbour potentially zoonotic STs.
Data concerning the STs of Blastocystis in dogs are limited
in the European scenario; in this species, STs commonly de-
tected in humans (ST1 and 2) have been previously identified
(Osman et al. 2015; Ramírez et al. 2014; Wang et al. 2013),
and cases with the presence of the same STs in owners and
dogs have been described (Belleza et al. 2016; Nagel et al.
2012). To add data both on the circulation of Blastocystis in
this animal species and on the subtypes involved, we carried
out an epidemiological study in a population of shelter dogs
by a comprehensive approach.

Material and methods

Study design and sampling

From September 2015 to March 2016, faecal samples of 99
dogs housed in six shelters (average number of sampled dog
per shelter—19) located in Northern Italy (Lombardy region,
45°35′08″ N, 9°55′49″ E) were collected and included in the
study. Six shelters were selected based on their collaboration

to participate in the project and compliance. One shelter (D)
was managed by the local health authority, while the other by
nonprofit associations. Among selected shelters, there was no
contact between dogs in different kennels as they were both
geographically distant (minimum distance—5 km) and due to
biosecurity rules; the dogs only came out of the shelters once
they were adopted. In addition, there were no common staff or
volunteers between shelters, and the visits of potential
adopters were regulated in terms of time and access to the
buildings. All the shelters were fenced, with no contact be-
tween dogs and wild animals. Apparently, healthy dogs were
randomly recruited among the housed animals; pure breeds
and cross-breeds of different sizes, and animals of age varying
from 3 months to 14 years were included in the study. Fresh
faecal samples were collected and transported refrigerated to
the laboratory and then processed within 24 h; an aliquot was
stored at − 20 °C until molecular analysis. The following data
concerning shelter management were recorded: number of
hosted dogs; total area and available surface for cages and
fenced areas; structure of cages (floor and slope); and proce-
dures and frequency of cleaning of cages and fenced areas.

DNA extraction, PCR amplification and sequencing

Genomic DNAwas extracted from each faecal sample of ap-
proximately 200 mg using the QiaAMP DNA Stool Mini Kit
(Qiagen, Hilden, Germany) according to the manufacturer’s
instructions and then eluted in 200 μL AE buffer. Primers
RD5 (5′-ATCTGGTTGATCCTGCCAGT-3′) and BhRDr
(5′-GAGCTTTTTAACTGCAACAACG-3′) were used to
amplify a fragment of approximately 600 base pairs (bp) with-
in the 1800 bp SSU-rDNA of Blastocystis (Scicluna et al.
2006). PCR mix contained 10 μL of Phire Reaction Buffer
5X (Thermo Scientific, USA), 0.4 μL of dNTPs (200 μM)
(Qiagen, USA), 1 μL of primer pairs (10 μM), 0.4 μL of
Phire Hot Start II DNA Polymerase 1 U (Thermo Scientific,
USA) and 5 μL (approximately 100 ng) of genomic DNA per
reaction according to the manufacturer’s protocol. PCR was
performed as follows: denaturation at 98 °C for 30 s, followed
by 98 °C for 5 s, 59 °C for 30 s and 72 °C for 1 min for
35 cycles, and finally 72 °C for 2 min. Two negative controls
(PCR water) were included in each PCR run. PCR products
were run on 1.2% agarose gel, and positive samples were
purified with Exonuclease I (EXO I) and Thermosensitive
Alkaline Phosphatase (FAST AP) (Fermentas) enzymes ac-
cording to the manufacturer’s instructions.

Purified PCR products were directly sequenced in both
directions using the ABI PRIMS BigDye Terminator v. 3.1
Cycle Sequencing Kit (Applied Biosystems, Foster City,
CA, USA) with the same primers as the abovementioned
PCR procedures, according to the manufacturer’s instructions.
Sequencing was performed on an ABI PRISM 3130 Genetic
Analyzer (Applied Biosystems, USA), chromatograms were
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evaluated by using the Finch TV software and primer regions,
and bad quality regions were removed. Once sequences were
cleaned up, each sequence was compared with the
Blastocystis homologous nucleotide sequences available in
GenBank databases using the BLASTN program (https://
b las t .ncbi .nlm.nih .gov/ ) . Final ly, the sequences
corresponding to Blastocystis SSU-rDNA gene portion were
gathered in a FASTA file and aligned each other using the
ClustalW implementation of BioEdit software v7.0.5, and
the alignment was adjusted manually, if necessary.

Genotyping and phylogenetic analysis

To attribute the subtypes, obtained sequences were aligned
with the SSU-rDNA Blastocystis sequences representing

subtypes ST1–17 using BioEdit software v7.0.5.
Phylogenetic analyses of the obtained sequences and the ho-
mologous sequences from GenBank were performed using
the maximum likelihood method in Mega v7.0.9. The tree
was rooted using a Blastocystis lapemi sequence as the
outgroup (accession number: AY590115). Bootstrap confi-
dence values for the branching reliability were calculated with
10,000 replicates.

Data analysis

A sample was considered positive for Blastocystis if it had a
positive PCR assay and if sequencing confirmed Blastocystis
identity. Prevalence (P) and 95% confidence interval (95%
CI) were calculated, considering overall data and within
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Fig. 1 Phylogenetic topology
from the maximum likelihood
analysis based on the partial SSU-
rDNA sequence of Blastocystis
isolates. The sequence of
Blastocystis obtained in the pres-
ent study (black circle) was
analysed in comparison with the
sequences available in GenBank
for the Blastocystis subtypes
ST1–17 detected genetically on
the basis of the same gene and
were reported with their accession
numbers. The sequence of
Blastocystis lapemi (accession no.
AY590115) was used as the
outgroup. GenBank Accession
Number MK770357 and sample
identification number of sequence
from the present study are
reported
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selected categories. A univariate logistic regression analysis
assessed the association between the presence of Blastocystis
and the following individual variables: age (< 1 year, ≥ 1 year),
sex, size (small, medium, large) and shelter (A, B, C, D, E and
F). Variables showing a P value < 0.1 were entered in a mul-
tivariate logistic regression model, which was developed
using a backward procedure until retained variables were sig-
nificant (P value < 0.05). Statistical analysis was performed
using SPSS (version 19.0; SPSS, Chicago, IL).

Results

Out of 99 examined faecal samples, 21 (P = 21.2%, 95% CI =
14.41–30.26) were proven to be positive for Blastocystis by
PCR (expected fragment of approximately 600 bp of the SSU-
rDNA). With sequencing, high-quality sequences were ob-
tained for all the samples, and no intraspecific nucleotide var-
iations were detected between any of the investigated
Blastocystis sequences (100% identity); therefore, just one
sequence was used for phylogenetic analysis. The tree indi-
cated that the sequence clusters with the Blastocystis ST3
sequences in a monophyletic group and that this clade is dis-
tant from the other Blastocystis subtypes (Fig. 1). The obtain-
ed sequence was submitted to GenBank database under acces-
sion number MK770357.

Individual data regarding dogs that scored positive for
Blastocystis are outlined in Table 1. Blastocystis DNA was
found in both young (21.4%) and adult animals (21.2%) and
in both females (18.9%) and males (22.6%). Concerning dog
size, Blastocystis DNA was more commonly found in large
(31.7%) breeds than in small (25%) or medium (9.5%) breeds.
Any association between the presence ofBlastocystis and con-
sidered individual variables (age, sex, size, shelter) was not
found by univariate logistic regression analysis (Table 2).
Although no significant difference was found, prevalence
values varied from 18.2 to 37.5% according to the shelters.
Only shelter E housed all negative dogs among those exam-
ined. Shelter management was similar among the investigated
rescue shelters; nevertheless, it is worth noting the differences
in the buildings hosting the dogs. The number of hosted dogs
ranged from 50 to 150 individuals, while the total available
area varied from 2000 to 35,000 square metres (sq. m). Dogs
spent most of the day in the housing areas, consisting of cages,
and they were taken for approximately 1–3 h a day to socialize
in the fenced areas. The whole available surface varied signif-
icantly among the shelters. Shelter A had the lowest available
surface area, with a total housing area of 700 sq. m and a
single fenced area of 200 sq. m in common to all dogs. In
the other shelters, on the contrary, the surface available to
cages and fenced areas ranged from 750 to 2500 sq. m and
from 1000 to 4800 sq. m, respectively. Shelter D, in accor-
dance with hygienic sanitary procedures, did not allow dogs to

access common fenced areas. Cages were structurally similar
in investigated shelters, with cement floors or mixed with tiles;

Table 1 Data of dogs harbouring Blastocystis sp.

Sample Shelter Age† Gender Breed Size

1 A 12 y Male Mixed Large

2 A 9 y Female Mixed Large

3 A 3 y Male Dogo Argentino Large

4 A 7 y Male Doberman Large

5 A 12 y Male German shepherd Large

6 A 7 y Male Mixed Large

7 B 11 y Female Rottweiler Large

8 B 2 y Female Mixed Large

9 B 9 y Male Rottweiler Large

10 C 9 y Male Mixed Large

11 C 8 y Female Mixed Small

12 D 10 y Male Pekingese Small

13 D 3 m Male Mixed Small

14 D 3 m Male Cane Corso Large

15 D 7 y Female Beauceron Large

16 D 4 y Male Labrador Retriever Medium

17 D 11 y Male Mixed Small

18 F 10 y Male Bullmastiff Large

19 F 11 m Female Mixed Medium

20 F 4 y Male Labrador Retriever Medium

21 F 10 y Female Mixed German shepherd Medium

† y years, m months

Table 2 Results of univariate logistic regression analysis of variables
associated with the presence of Blastocystis sp. in shelter dogs

Variable category Positive/examined % (95% CI*) P value

Age 0.983

< 1 year 3/14 21.4 (7.57–47.59)

≥ 1 year 18/85 21.2 (13.84–31.01)

Sex 0.667

Male 14/62 22.6 (13.95–34.4)

Female 7/37 18.9 (9.48–34.21)

Size 0.058

Small 4/16 25 (10.18–49.5)

Medium 4/42 9.5 (3.76–22.06)

Large 13/41 31.7 (19.57–46.99)

Shelter 0.815

A 6/16 37.5 (18.48–61.36)

B 3/11 27.3 (9.74–56.56)

C 2/11 18.2 (5.14–47.7)

D 6/27 22.2 (10.61–40.75)

E 0/12 0 (0–24.25)

F 4/22 18.2 (7.31–38.51)

*95% CI 95% confidence interval
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all cages also had a slope facilitating the cleaning procedures,
except in shelter A. Finally, cleaning procedures were similar
among shelters; however, in shelter A, the disinfection of the
cages was performed only once a week, while it was daily in
the others. In addition, fenced areas had similar cleaning pro-
tocols for manure removal: cleaning was performed daily in
shelters B, E and F, while only weekly in shelters A and C.
Data on facilities and on hygienic procedures of each shelter
are provided in Table 3.

Discussion

Data obtained in the present study provided the first report in
Italy on the presence of Blastocystis in canine faecal samples.
Overall, a prevalence of 21.2% was found, which was higher
than that previously reported in dogs from other European
countries by molecular analysis, which ranged from 0% in
Spain and Greece (Paulos et al. 2018; Spanakos et al. 2011)
to 3.4% in France (Osman et al. 2015). Nevertheless, the
abovementioned studies examined only owned or stray dogs.
Indeed, shelter dogs seem to be more at risk of harbouring
Blastocystis than owned dogs: in a survey carried out in the
USA, Blastocystis was detected in 9.7% of examined shelter
dogs while any positivity to Blastocystis was not found in
owned dogs (Ruaux and Stang 2014). Similarly, Wang et al.
(2013) reported Blastocystis only in two shelter dogs out of 80
examined from both owned and shelter dogs from the city of
Brisbane. In owned dogs, higher prevalence values of
Blastocystis ranging from 14.5 to 37% were found in devel-
oping countries (Belleza et al. 2016; Ramírez et al. 2014). In
the present study, Blastocystis was detected in five out of six
examined shelters, suggesting the spread and maintenance of
Blastocystis in the environment, with prevalence values vary-
ing from 18.2 to 37.5%, regardless of individual characteris-
tics (i.e. age, sex and size). Differences in the prevalence of
Blastocystis may be associated with the hygiene level

achievable in shelters, despite the daily care of personnel
and volunteers. All examined shelters had hygienic protocols
comprising a first cleaning with only water and a subsequent
disinfection both of cages and fenced areas, with variable
timing also depending on the availability of personnel.
Indeed, apart from shelter D, managed by the local health
authority, the other shelters were handled by nonprofit associ-
ations, primarily with voluntary personnel. In addition, facil-
ities were often undersized for the number of animals housed
and were built with material that did now not allow for easy
and complete disinfection. Indeed, shelter A, the one with the
highest prevalence of Blastocystis, showed less efficient hy-
gienic measures, with the cleaning of fenced areas and disin-
fection of cages performed only weekly. In addition, shelter A
presented the worst facilities, without a sloping floor in the
cages, which favours water stagnation and makes cleaning
difficult and less efficient, and the lowest surface available
per animal considering both cages and fenced areas. In con-
trast, Blastocystiswas not detected in shelter E, which showed
the largest available surface both for cages and fenced areas,
suggesting a greater environmental dispersion of the pathogen
and therefore a lower risk for dogs to come into contact with it.

In dogs investigated in the present survey, only ST3 was
detected. Considering data available from Europe on
Blastocystis in dogs, ST3 has been previously detected in a
dog fromDenmark (Stensvold et al. 2009b), while in dogs from
France, ST2 and ST10 were reported (Osman et al. 2015).
Differences in the spread of STs among geographical areas
were reported concerning Blastocystis in humans (Alfellani
et al. 2013); similarly, it could be inferred that the same differ-
ences may exist also for Blastocystis STs in dogs. Indeed, con-
sidering isolates from non-European countries, more STs have
been detected in dogs, including the zoonotic ST1–ST6 and
ST10, which are commonly reported in cattle (Belleza et al.
2016; Ruaux and Stang 2014; Wang et al. 2013).

In Italy, molecular studies in human samples showed the
occurrence of ST1–ST8, with ST3 as the most prevalent

Table 3 Data of shelters included in the survey on Blastocystis sp. detection

Shelter
id

Number of Blastocystis
positive/examined dogs
(%)

Number of
hosted dogs

Total
area
(sq. m)

Cages Fenced area§

Total housing
area (sq. m)

Cage floor Slope Cleaning frequency
(water/disinfectant)

Total
area
(sq. m)

Cleaning
frequency
(water)

A 6/16 (37.5%) 80 3000 700 Cement No Daily /weekly 200 Weekly

B 3/11 (27.3%) 90 6000 870 Cement/tiles Yes Daily/daily 2130 Daily

C 2/11 (18.2%) 50 4000 800 Cement Yes Daily/daily 1000 Weekly

D 6/27 (22.2%) 60 2000 800 Cement Yes Daily/daily – –

E 0/12 (0%) 100 35,000 2500 Cement Yes Daily/daily 4800 Daily

F 4/22 (18.2%) 150 3500 750 Cement Yes Daily/daily 1000 Daily

§ Shelter D does not allow dogs in fenced area according to hygienic sanitary procedures
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subtype (Mattiucci et al. 2016; Meloni et al. 2011). Moreover,
a survey on nonhuman primates (Macaca fascicularis) raised
in Italy in breeding facilities confirms the spread of ST3, to-
gether with the other zoonotic STs (ST1, ST2, ST5 and ST7),
suggesting the potential risk for researchers and keepers of
acquire zoonotic Blastocystis STs (Zanzani et al. 2016).
Indeed, in humans, ST3 is the Blastocystis subtype with the
highest prevalence worldwide and probably represents the hu-
man species-specific ST (Noël and Dufernez 2005); animals
harbouring ST3 may thus reflect environmental contamina-
tion by humans, confirming the zoonotic potential of animals
for Blastocystis human infections.

Thus, the results obtained in the present survey endorse the
role of dogs in the maintenance of this zoonotic protozoan
parasite. With 1,850,587 owned pets registered in the
Lombardy region (https://www.anagrafecaninalombardia.it at
20/12/2018), in the study area and generally in northern Italy,
the number of owned pets is increasing. As a consequence,
sanitary problems linked to dogs as a reservoir of zoonotic
parasitic infections as well as to urban faecal contamination
should not be neglected, as a study already highlighted in the
same area (Zanzani et al. 2014c, c).

Conclusions

Blastocystis showed a high diffusion in shelter dogs from
Northern Italy, even if the importance of this protozoan as an
intestinal pathogen of dog has been not clarified until now. On
the other hand, the high prevalence recorded in the present
study confirms the importance of dogs in the maintenance
and spread of Blastocystis, with the record of ST3, typical of
humans. Concerning the zoonotic potential ofBlastocystis sp.,
although a higher occurrence of this parasite has been regis-
tered among people handling animals than among those with-
out contact with animals (Belleza et al. 2016; Nagel et al.
2012; Parkar et al. 2010; Wang et al. 2014), further studies
are necessary to increase the knowledge of the role of dogs as
a reservoir for humans. Although Blastocystis detection is not
a component of routine parasitological examination, it is de-
sirable to add it to the parasitological screening of shelter
dogs, particularly prior to the transfer of the dog/s in a new
family, to minimize the risk of transmission for the adopting
family members and for other pets. In this view, the use of this
efficient molecular tool may help fill in the gaps in the knowl-
edge of this intriguing and still not well-understood protozoan.
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