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ARTICLE INFO ABSTRACT

Cryptosporidiosis is an emerging zoonotic disease caused by the worldwide distributed parasitic protozoa
Cryptosporidium spp. The host-adapted species Cryptosporidium canis is most frequently found in dogs, although
Dogs human infections with this species have been described. This study aimed to develop a real-time PCR targeting
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Diagnosis the HSP70 protein gene for C. canis DNA detection in dog fecal samples collected from two municipalities in the
Real-time PCR = . Lo . .
HSP70 gene state of Sao Paulo, Brazil. Furthermore, the occurrence of Cryptosporidium spp. and. C. canis was also determined

by nested PCR. Fecal samples from 367 dogs (21 puppies and 346 adults) were purified by water-ether sedi-
mentation. A real-time PCR protocol targeting the HSP70 gene for the species-specific detection of C. canis was
developed and compared with nested PCR results. Real-time PCR identified C. canis in 15.3% (58/367) samples.
Nested PCR revealed that 10.4% (38/367) of samples were positive for Cryptosporidium spp. All sequenced 18S
rRNA amplicons were C. canis. There was a higher prevalence of Cryptosporidium spp. and C. canis in puppies
compared to adult dogs. No non-specific amplification was observed in C. canis specific real-time PCR assay.

1. Introduction

Cryptosporidiosis is an emerging zoonotic disease caused by the
worldwide distributed parasitic protozoa Cryptosporidium spp.
Cryptosporidium canis is the most frequent species found in dogs
(Uehlinger et al., 2013; Itoh et al., 2014; Li et al., 2015; Osman et al.,
2015; Xu et al., 2016).

Infection with C. canis is usually asymptomatic, with shedding of
few oocysts per gram of feces. In contrast, immunosuppressed dog may
present long patent period and clinical signs such as diarrhea, lethargy,
and physical deterioration (Santin, 2013; Cui et al., 2018).

Dogs have close contact with humans and can also act as reservoirs
for zoonotic Cryptosporidium species (Bowman and Lucio-Forster,
2010). The infection in humans by C. canis has been described in sev-
eral countries, including, Brazil (Lucca et al., 2009), Kenya (Gatei et al.,
2006), Peru (Xiao et al., 2007), Jamaica (Gatei et al., 2008), Jordan
(Hijjawi et al., 2010), England, Wales (Elwin et al., 2012), Dominican
Republic (Lalonde et al., 2013), Ethiopia (Adamu et al., 2014), Mexico
(Gonzélez-Diaz et al., 2016), Nigeria (Molloy et al., 2010), Cambodia
(Moore et al., 2016), and Angola (Dacal et al., 2018).

Several diagnostic techniques are used to detect Cryptosporidium
spp. in fecal samples, as conventional microscopy and immunological
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assays. However, such methods do not allow species-specific diagnosis
(Jex et al., 2008). Although it is time-consuming and expensive, nested
PCR followed by genetic sequencing has been extensively used for
Cryptosporidium spp. detection and species characterization (Adeyemo
et al., 2018).

Real-time PCR assays are valuable tools for epidemiological studies
of cryptosporidiosis in humans and animals and species-specific de-
tection (Burnet et al., 2012; Mary et al., 2013; Bouzid et al., 2016).

The detection of C. canis in fecal samples of dogs has been per-
formed using nested PCR followed by amplicon sequencing. This study
aimed to develop a real-time PCR targeting the HSP70 gene for the
specific detection of C. canis DNA in dog fecal samples. Furthermore, we
aimed to determine the occurrence of Cryptosporidium spp. and C. canis
in dog fecal samples from two municipalities from the state of Sao
Paulo, Brazil.

2. Material and methods
2.1. Fecal samples and DNA extraction

A total of 367 fecal samples of dogs were collected from residences,
pet stores, non-governmental organizations, and animal control centers
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in the municipalities of Aracatuba and Jaboticabal, in the state of Sao
Paulo, Brazil, regardless of breed or gender. The collected samples were
divided in two groups: puppies (< 12month-old) and adults
(> 12month-old). Twenty-one and 346 samples were collected from
puppies and adult dogs, respectively.

Samples were harvested immediately after natural defecation,
stored at 4°C in 50 ml plastic containers in a potassium dichromate
solution (at a final concentration of 2.5%), strained with disposable
sieves and subjected to water—ether sedimentation technique (Meloni
and Thompson, 1996).

An aliquot of 200 mg of sediment from the purification process was
washed with deionized water/Tween 20 (0.1%) and stored at —20° C in
a 2ml Eppendorf tube for the subsequent extraction of genomic DNA
(Silva et al., 2010).

2.2. Real-time PCR

Nucleotide sequences of the HSP70 gene of C. canis were aligned
with sequences belonging to all Cryptosporidium species and genotypes
available in GenBank database. This information was used to determine
a sequence specific to C. canis, which was employed to design C. canis
specific semi-nested PCR and real-time PCR primers using the Primer-
BLAST  (https://www.ncbi.nlm.nih.gov/tools/primer-blast/)  tool
(Table 1).

The reaction was standardized with a standard regression curve
using a 303 bp DNA fragment corresponding to a partial HSP70 gene
sequence from C. canis (GenBank accession number EU754842), which
was amplified by semi-nested PCR using primers specific for C. canis
and genomic C. canis DNA previously isolated from a dog. Hemi-nested
amplicons were cloned using the TransformAid® Bacterial
Transformation Kit (Thermo Fisher Scientific) and CloneJET PCR
Cloning Kit (Thermo Fisher Scientific). Plasmid DNA was purified with
GenElute® HP Five-Minute Plasmid Miniprep Kit (Sigma-Aldrich). Semi-
nested plasmid dilutions were made ranging from 10”7 to 10° DNA
molecules (Applied Biosystems, 2003) to obtain five points in the re-
gression curve. Each dilution was tested in triplicate.

Real-time PCR consisted of 1 X SsoFast™ EvaGreen® Supermix (Bio-
Rad), 250 nM of each primer and 2.0 uL of sample DNA, in a final vo-
lume of 20 pL. Amplification conditions were: initial denaturation for
2min at 98 °C, followed by 50 denaturation cycles at 98 °C for 5s, an-
nealing at 60 °C for 5s and extension at 72°C for 25s, followed by
dissociation curve analysis, with temperature ranging from 65 °C to
95 °C and increase of 0.5 °C every 5s. Reactions were performed using
the CFX96° real-time PCR system (Bio-Rad).

Analytical specificity of real-time PCR assay was verified using
genomic DNA from C. andersoni, Cryptosporidium avian genotype II, C.
bovis, C. felis, C. galli, C. parvum, C. ryanae, C. serpentis, and
Cryptosporidium suis-like genotype. Each sample was tested in duplicate.
Electrophoresis using a 3% agarose gel was performed to check the sizes
of the amplified fragments.

Analytical sensitivity of real-time PCR was determined using serial
plasmid dilutions containing 10”7 to 10° copies of C. canis DNA. Each
sample was tested in triplicate.

Table 1
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2.3. Nested PCR and sequencing

Nested PCR targeting the 18S rRNA gene was used to detect
Cryptosporidium spp. DNA in fecal samples (Xiao et al., 2000). The
amplified DNA was imaged via electrophoresis on 1.5% agarose gels
stained with GelRed (Biotium).

Nested PCR amplicons were purified using the QIAquick Gel
Extraction kit (Qiagen) and sequenced using ABI Prism DyeTerminator
3.1 on an ABI 3730XL automatic sequencer (Applied Biosystems).
Sequencing reactions were performed in both directions, with oligo-
nucleotide primers of nested PCR.

2.4. Statistical analysis

Differences in proportions of positive samples between puppies and
adult dogs were assessed using Fisher's exact probability test, with va-
lues of p < .05 considered significant. Prevalence rates with 95%
confidence intervals were calculated using Wilson (score) intervals
(Sergeant, 2018).

2.5. Nucleotide sequence accession number

Nucleotide sequence generated in this study was submitted to
GenBank database under the accession number MK240325.

2.6. Ethical approval

Ethical approval for this study was granted by the Committee for
Ethical Use of Animals (CEUA) of Sao Paulo State University (UNESP),
School of Veterinary Medicine, Aracatuba (approval number 00126-
2013).

3. Results and discussion

The gene coding for the HSP70 protein (Sulaiman et al., 2000) was
chosen because of its high polymorphism between the different species
of Cryptosporidium, which allowed the design of primers specific for C.
canis. The efficiency of real-time PCR was 111.8% (Fig. 1). The dis-
sociation curve analysis identified the mean dissociation temperature of
84.75°C ( £ 0.75°C) for C. canis real-time PCR amplicons (Fig. 2).

Overall positive rate for C. canis obtained by real-time PCR was
15.3% (56/367; CI: 11.9-19.3). C. canis positive samples were 7/21
(33.3%; CI: 17.2-54.6) and 49/346 (14.2%; CI: 10.9-18.2%) for pup-
pies and adult dogs, respectively (p = 0.027) (Table 2).

Cryptosporidium spp. were detected in 38/367 (10.4%; CI: 7.6-13.9)
samples. The frequency of Cryptosporidium spp. in puppies and dogs was
6/21 (28.6%; 95% CI: 13.8-50)

and 32/346 (9.2%; CI: 6.6-12.2), respectively (p = 0.014)
(Table 2). All sequenced 18S rRNA gene amplicons (6 samples) had
100% genetic similarity with C. canis sequences from GenBank
(GU365876, MG516774).

The significant higher prevalence of Cryptosporidium spp. and C.
canis in puppies compared to adult dogs was in accordance with other
reports (Rimhanen-Finne et al., 2007; Uehlinger et al., 2013; Jian et al.,

Primers used for semi-nested PCR and real-time PCR targeting the HSP70 gene in Cryptosporidium canis.

Primers Position” Sequence 5’- 3° Amplified product (bp)
Semi-nested PCR Can-F 1244-1263 TCTACGAGGGTGAGAGAGCC 496

Can-R 1720-1739 ATGAGTGGGTTCATGTGGGC

SemCan-F 1437-1456 CAAGGGCAGACTCTCCAAGG 303

Can-R 1720-1739 ATGAGTGGGTTCATGTGGGC
Real-time PCR CanisHSP70-F 1567-1586 AGAAACACCATCCAGGAGCC 150

CanisHSP70-R 1697-1716 AACCTCCTTTTGCTGGTGCT

@ Annealing position in the HSP70 gene of C. canis (GenBank EU754842).
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Fig. 1. Standard regression curve. Standardization of the real-time polymerase chain reaction with real-time amplification of dilutions containing 10 to 10° copies of

C. canis DNA.

2014). In contrast, other surveys did not find statistical significance
among prevalence rates between puppies and adult dogs (Itoh et al.,
2014; Osman et al., 2015).

In several countries, the prevalence of cryptosporidiosis in dogs
ranges from 0.0% to 44.8% (Bowman and Lucio-Forster, 2010;
Yoshiuchi et al., 2010; Bajer et al., 2011; Itoh et al., 2014; Jian et al.,
2014; Xu et al., 2016; Rosanowski et al., 2018). In Brazil, the pre-
valence of C. canis in dogs ranges from 1.4% to 26.2% (Lallo and
Bondan, 2006; Mundim et al., 2007; Katagiri and Oliveira-Sequeira,
2008; Balassiano et al., 2009; Seva et al., 2010; Grecca et al., 2013;
Gizzi et al., 2014). The only study performed in the Aracatuba muni-
cipality identified Cryptosporidium spp. in 2.4 and 1% of dogs' fecal
samples using ELISA and Kinyoun acid fast staining, respectively
(Bresciani et al., 2008).

The average cycle threshold (Ct) observed in the real-time PCR
assay was 37.5 and 39.4 for puppies and adult samples, respectively;
the lowest and the highest Ct were 29.5 and 44.8, respectively. Samples
that were negative by nested PCR and positive by real-time PCR showed

higher Ct values when compared to samples positive by both assays.
Fecal samples that were negative by nested PCR probably had few
oocysts, as observed by Yang et al. (2009), and were diagnosed only by
real-time PCR at high Ct values. Several studies have also reported a
greater sensitivity of real-time PCR when compared to nested PCR
(Sunnotel et al., 2006; De Waele et al., 2011).

Almost all samples (85%; 6/7) of puppies positive for C. canis by
real-time PCR were also positive by nested PCR. In contrast, only 65%
(32/49) of samples of adult dogs positive by real-time PCR were also
positive by nested PCR. Oocysts of Cryptosporidium in stools are more
commonly detected in puppies than in older dogs (Santin, 2013), which
explains the finding of higher positivity rates in adult dogs using a
technique with higher sensitivity, as real-time PCR.

Nested PCR assay targets the 18S rRNA gene of Cryptosporidium spp.
and real-time PCR targeting the HSP70 gene is specific for C. canis di-
agnosis. Since dogs were asymptomatic, a low number of fecal oocysts,
a small amount of DNA amplified by PCR, and failure to identify
Cryptosporidium species by sequencing reaction were expected in

Melt Peak

800 FT T T T
700
600
500

400

-d(RFU)/dT

300

200

100

{ ESUS V0 U 0 Vi U Rl Vo L S e [ N o P VA R P P P P DN G R T I T i il i v 1 |

Temperature, Celsius

Fig. 2. Dissociation curve obtained from DNA samples positive for C. canis from real-time PCR assay targeting the HSP70 gene.
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Table 2
The frequency distribution of Cryptosporidium spp. and C. canis in dogs.
Fecal sample N° sampled Real-time PCR Nested PCR
N° positive % positive (95% confidence interval) P-value N° positive % positive (95% confidence interval) P-value
Puppies 21 7 33.3 (17.2-54.6) 0.027 6 28.6 (13.8-50) 0.014
Adult dogs 346 49 14.2 (10.9-18.2) 32 9.2 (6.6-12.2)
Total 367 56 15.3 (11.9-19.3) 38 10.4 (7.6-13.9)

several PCR positive samples. This fact hampered the determination of
epidemiological sensitivity and epidemiological specificity of real-time
PCR using nested PCR/sequencing as a gold standard test. However, the
sequencing of nested PCR amplicons from six samples, which were also
positive by real-time PCR, allowed the identification of C. canis.

Two samples positive by nested PCR were negative by real-time
PCR. Since nested PCR amplifies fragments of Cryptosporidium spp. 18S
rRNA gene, real-time PCR negative results for C. canis are possibly re-
lated to the infection with other Cryptosporidium species previously
detected in dog fecal samples such as C. andersoni (Rosanowski et al.,
2018), C. muris (Lupo et al., 2008; Ellis et al., 2010), C. meleagridis
(Hajdusek et al., 2004), C. parvum (Rosanowski et al., 2018), and C.
ubiquitum (Li et al., 2015).

The analytical sensitivity test showed that up to one DNA copy of C.
canis was detected per reaction. Electrophoresis of the fragments am-
plified by real-time PCR demonstrated the amplification of a 150 bp
amplicon. Analysis of the analytical specificity showed no unspecific
amplification for tested Cryptosporidium species or genotypes DNA.
Although there was no availability of DNA from all species of
Cryptosporidium for analysis of analytical specificity of real-time PCR,
the determination of in silico specificity demonstrated that the oligo-
nucleotide primers are specific for C. canis.

In conclusion, real-time PCR assay developed in this study is rapid,
sensitive and specific and may serve as an alternative method to nested
PCR/sequencing as a gold standard test for the diagnosis of infection by
the Cryptosporidium species that most commonly infects dogs (C. canis).
However, if the aim is to detect other species of Cryptosporidium that
infect dogs, PCR followed by sequencing is the most recommended
method.
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