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Giardiasis is an important and prevalent zoonosis in dogs and humans caused by Giardia
spp. The close relationship between pets and humans has physical, emotional and social
benefits. The dogs have an important role in Giardia duodenalis cycle and transmission. This
study aimed to verify the occurrence of the parasite in dogs from Central Region, in Santa
Maria, Rio Grande do Sul State, Brazil, from April to October 2018. Dog feces (230) were
submitted to Faust coproparasitological and molecular analyses. The positive samples in
the nested-PCR (-giardin gene) were sent for DNA sequencing and phylogenetic analyses
(Neighbor-Joining). The occurrence of G. duodenalis, was 5.6% (13/230) and 4.3% (10/230)
detected by coproparasitological technique and nested-PCR, respectively. There was no
difference in the sensitivity of the tests used. From the faecal samples analyzed, there were
no differences among the variables: diagnostic techniques, local, sex, and age of the animals
(p>0.05). Only in the stool examination methodology a difference was observed between the
ages (p<0.05). G. duodenalis assemblages were C and D, frequently reported in dogs. The close
relationship between dogs and people may allow co-infections of circulating parasites in the
population, including Giardia spp. and increasing the risk of transmission of zoonotic agents.

INDEX TERMS: Molecular characterization, Giardia duodenalis, infection, dogs, Brazil, protozoa,
giardiasis, nested-PCR, phylogeny.

RESUMO.- [Ocorréncia e caracterizaciao molecular de
Giardia duodenalis em caes naturalmente infectados no
municipio de Santa Maria, Rio Grande do Sul, Brasil.] A
giardiase é uma zoonose importante e prevalente em caes e
humanos, sendo causada por Giardia spp. A estreita relacdo
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entre animais de estimagao e seres humanos traz beneficios
fisicos, emocionais e sociais. Os cdes tém um papel importante
no ciclo e transmissdo de Giardia duodenalis. Este estudo
teve como objetivo verificar a ocorréncia do parasita em
caes da Regido Central, em Santa Maria, RS, Brasil, de abril a
outubro de 2018. As fezes de cdes (230) foram submetidas a
técnica coproparasitologica de Faust e andlises moleculares.
As amostras positivas no nested-PCR (gene 3-giardin) foram
enviadas para sequenciamento de DNA e posterior analise
filogenética (Neighbor-Joining). A ocorréncia de G. duodenalis
foi de 5,6% (13/230) e 4,3% (10/230) detectados pela
técnica coproparasitoldgica e nested-PCR, respectivamente.
Nao houve diferenga na sensibilidade dos testes utilizados.
Das amostras fecais analisadas, ndo houve diferengas entre
as variaveis: técnicas de diagnéstico, local, sexo e idade dos
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animais (p>0,05). Somente na metodologia de exame de fezes
observou-se diferenca entre as idades (p<0,05). As assemblages
de G. duodenalis encontradas foram C e D, frequentemente
relatadas em cdes. A estreita relacdo entre cies e pessoas pode
permitir co-infec¢des de parasitas circulantes na populacao,
incluindo Giardia spp. e aumentando o risco de transmissdo
de agentes zoonoticos.

TERMOS DE INDEXACAO: Caracterizacdo molecular, Giardia
duodenalis, caes, infec¢do, Brasil, protozoario, giardiase, nested-
PCR, filogenia, caninos.

INTRODUCTION

Giardiasis is an important parasitic infection of dogs and is
one of the most common parasitic diseases affecting humans
(Katagiri & Oliveira-Sequeira 2008). The etiological agent of
giardiasis is a flagellate protozoan belonged to Giardia genus
(Plutzer etal. 2010). Six species of Giardia have been identified:
G. duodenalis, G. muris, G. microti, G. ardeae, G. psittaci, and G.
agilis. G. duodenalis infects a wide range of mammals, including
humans, production animals and companion animals, making
itthe only species of interest with regard to public health and
zoonosis (Read et al. 2004). G. duodenalis is acknowledged
as a complex of at least eight different assemblages with
different hosts: A and B are found in humans and several
domestic and wild mammals, C and D are specific for dogs
and other canids, E is present in farm animals, F in felids, G
in rats, and H in marine mammals (Caccio 2015).

This agent is transmitted by direct contact, water, food,
or other materials contaminated with Giardia spp. cysts in
the feces (Mundim et al. 2001, Andresiuk et al. 2003, Blazius
etal. 2005). In dogs, anorexia, weight loss, anemia, diarrhea,
and dehydration can be observed, affecting animals of any age
(Ankarklev etal. 2010). The prevalence of G. duodenalis in dogs
has variable indices, depending on the geographic location,
the method used for the diagnosis and the population studied
(Collins et al. 1987, Nikolic et al. 1993, Marcel et al. 1994).

The coprological technique of flotation in 33% zinc sulphate
(Faustetal. 1939) has been described as the best method for
the identification of cysts and trophozoites of Giardia spp.
(Bartmann & Araujo 2004). In addition, PCR techniques are
used for the DNA detection of this protozoan (Barutzki et al.
2000). Currently, there is no “gold standard” test for detection
of G. duodenalis, however molecular detection has been
shown to be more specific and sensitive than coprological
tests (Caccio & Ryan 2008, Ryan & Caccio 2013).

Dogs are able to harbor the assemblages A, B, C, and D
(Feng & Xiao 2011), and have an important role in the life cycle
and transmission of G. duodenalis. This study was designed to
evaluate the occurrence of the protozoan by comparing tests
usually used in the diagnosis and to perform the phylogenetic
analysis of isolates obtained from naturally infected dogs in
the municipality of Santa Maria, Rio Grande do Sul, Brazil.

MATERIALS AND METHODS

Samples. In this study were evaluated 230 fecal samples from
dogs obtained from April and October 2018. Of these samples, 10
were obtained from routine coproparasitological examinations
carried out at the “Laboratério de Doencas Parasitarias” (LADOPAR)
at “Universidade Federal de Santa Maria” (UFSM), 74 were collected
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in three commercial kennels and 146 were collected at Veterinary
Hospital of UFSM, all located in the Central Region, in Santa Maria
municipality (29°41°'03” S; 53°48’25” W), RS, Brazil.

Fecal analysis. All samples were processed using Faust’s technique
(Faust et al. 1939). Each sample was analyzed in duplicate and
evaluated by optical microscopy (at 100 and 400X magnification)
to detect the presence of cysts and/or trophozoites of Giardia spp.

Total DNA extraction. All of the fecal samples were frozen in liquid
nitrogen at-196°C, then thawed in a 95°C water bath for 5 cycles of 5
minutes each, to facilitate the rupture of the cyst walls and the release
of DNA. Total DNA extraction was performed with 200 mg of feces,
using the Purelink® Genomic DNA Mini Kit (Invitrogen, USA), following
the recommendations of the manufacturer. After total DNA extraction,
the concentration obtained from each sample was measured using
a NanoDrop® 1000 spectrophotometer (absorbance of 260/280 nm
ratio for purity evaluation) (Thermo Scientific, USA). All samples were
stored at -20°C until the molecular assays were performed.

Molecular detection. The partial amplification of the f3-giardin
(bg) gene, which expresses a surface protein of the parasite’s
ventral disc, was performed based on a nested-PCR using specific
primers for this protozoan (Faubert 2000, Caccio et al. 2002,
Lalle et al. 2005). In the first reaction, forward primer - G7
(5'-AAGCCCGACGACCTCACCCGCAGTGC-3") and reverse primer - G759
(5'-GAGGCCGCCCTGGATCTTCGAGACGAC-3") were used, amplifying
753 bp (base pair) fragments (Caccio et al. 2002). In the second
reaction, forward BG-Nst-F (5'-GAACGAACGAGATCGAGGTCCG-3")
and reverse BG-Nst-R (5'-CTCGACGAGCTTCGTGTT-3") primers were
used, amplifying 511 bp fragments (Lalle et al. 2005).

The first amplification reaction was prepared using 5pL 5X
buffer, 0.2uM of each primer, 0.28mM deoxynucleotide triphosphates
(dNTPs) (Kapa, Bio Systems, Boston/MA, USA), 1U Taq enzyme
GoTaq® DNA Polymerase (Hot Start Polymerase, Promega, Madison/
WI, USA), 1.5mM MgCl,, 30ng/uL template DNA, and MilliQ water
to a final volume of 25pL. The second reaction was prepared using
the same enzyme buffer, primers (BG-Nst-F and BG-Nst-R), dNTPs,
Taq DNA Polymerase and MgCl, concentrations, plus 1uL of the PCR
amplified product from the first reaction, to make a final volume
of 25uL. The amplification conditions for both reactions were as
follows: initial denaturation at 94°C for 5 minutes, denaturation
at 94°C for 30 seconds, followed by 35 annealing cycles at 60°C for
45 seconds, extension at 72°C for 1 minute, and a final extension at
72°C for 7 minutes, ending the PCR cycles at 4°C.

In all reactions, MilliQ water was used as negative control. A
DNA sample positive for Giardia spp. obtained from the “Laboratério
de Protozoologia” at “Universidade Estadual de Londrina” (UEL),
Londrina, Parana State, Brazil, was used as a positive control. All PCR
products from both reactions were submitted to 1.5% agarose gel
electrophoresis, visualized in ultraviolet light and photo documented.

PCRinhibition test. To confirm if inhibition of the reaction occurred
in the negative samples in the PCR, 1uL of DNA from a positive sample
was added to 1puL of DNA from negative samples and the nested-PCR
was performed under the same conditions mentioned above.

Gene sequencing and phylogenetic analysis. For the DNA
sequencing, a nested-PCR reaction with a final volume of 50pL was
performed using the same primers used to amplify the bg gene. Positive
PCR products from the second amplification reaction were purified
with QIAquick® PCR Purification Kit (Qiagen™, Germany) according to
the manufacturer’s instructions. The purified final DNA was analyzed
using a NanoDrop 1000 spectrophotometer (ThermoScientific, USA)
to determine the concentration. After purification of the second
round of nested-PCR product, DNA sequencing reactions were
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performed using 5pmol of internal primers (forward BG-Nst-F and
reverse BG-Nst-R) separately, 30-60ng of purified PCR product and
MilliQ water to a final volume of 6pL. The samples were placed in
an incubator at 60°C for 2 hours for dehydration and finally sent
for DNA sequencing (ACTGENE - Sequencing Service, Brazil). The
results obtained from the sequencing were analyzed using Standen
Package software* and the nucleotide sequences were evaluated by
comparing with existing DNA sequences (for the bg gene) in the
GenBank NCBI database BLAST search®. The DNA sequences obtained
were used for the phylogenetic analyses of Giardia spp. isolates.

The neighbor-joining (NJ) method substitution model with
maximum likelihood (Saitou & Nei 1987) was employed for the
phylogenetic analyses using a bootstrap of 1000 replicates (Felsenstein
1985). Evolutionary distances were calculated using the Jukes-Cantor
method (Jukes & Cantor 1969). Molecular Evolutionary Genetic
Analysis (MEGA) software 10.0 was used to illustrate phylogenetic
relationships (Kumar et al. 2018).

Reference sequences used were sub assemblages A1: KJ027411
and M36728; A2: AY072723; A3: AY072724; B1: AY072725; B2:
AY072726;B3: AY072727 and B4: AY072728; assemblage C: AY545646,

JF422718,]F422720,]X867768,KY979498, L.L316658; assemblage D:
AY545647,EF455597,JF958105,K]027423,LC316659; assemblage
E: LC095675 and MG873353, F: AY647264 and JF958118; and
assemblage G: EU769221 and MF671920. Giardia psittaci AB714977
was used as out-group to root the tree.

Statistical analysis. Statistical analysis was performed using R
Core Team software (R Core Team 2016). The results were calculated
using the Fisher Exact test, with a significance level of 5% (p<0.05).

RESULTS

The occurrence of Giardia spp. in the studied location was
5.6% (13/230) and 4.3% (10/230) as detected by the
coproparasitological technique and nested-PCR, respectively.
There was no significant difference in the results found (p>0.05),
and there was no difference in the sensitivity between the tests
evaluated. Statistical difference was only found in the Faust
technique when comparing ages of dog (p<0.05) (Table 1 and 2).
The p value for the Faust technique was 0.0202 when comparing
the ages of the animals (0-1, 1-4, 4-10 and >10 years).

Table 1. Occurrence of Giardia spp. detected by Faust and nested-PCR methods in fecal samples of naturally infected dogs
from Santa Maria, Rio Grande do Sul State, in South Brazil, according to origin, sex and age variables of the dogs

) Faust Nested-PCR* X? ( p value)
Variable — —
Positive (%) Positive (%) Faust Nested-PCR
Origin
Kennel (n=74) 4 5.4 4 5.4 0.6518 0.8321
LADOPAR (n=10) 10 -
HVU (n=146) 8 5.4 6 4.1
Sex
Male (n=124) 6 4.8 6 4.8 0.5812 0.7563
Female (n=106) 7 6.6 4 3.7
Age
0 months to 1 year (n=50) 7 14 6 12 0.0202 0.0530
1 to 4 years (n=73) 1 1.3 2 2.7
4 to 10 years (n=62) 2 3.2 1 1.6
>10 years (n=45) 3 6.7 1 2.2

* Nested-PCR based on partial amplification of -giardin gene; Kennel = three commercial kennels, LADOPAR = “Laboratério de Doencas Parasitarias” of
“Universidade Federal de Santa Maria” (UFSM), HVU = “Hospital Veterinario Universitario” of UFSM, located in the city of Santa Maria/RS, Brazil.

Table 2. Positive isolates of Giardia duodenalis identified according to origin of sample, sex of dog, age of dog and assemblages
obtained by nested-PCR from samples of naturally infected dogs from Santa Maria, Rio Grande do Sul State, in South Brazil

Sample ID# Origin of samples* Sex Age (months) Assemblage
93443 HVU Male 24 D
93518 HVU Female 48 D
90702 HVU Female 6 D
92838 HVU Female 2 D
93525 HVU Female 2 C
92890 HVU Female 168 C

2 Kennel Male 7 C
3 Kennel Female 7 C
5 Kennel Male 5 C
8 Kennel Male 24 C

#Sample identification; * where the samples were obtained: HVU = “Hospital Veterinario Universitario” of “Universidade Federal de Santa Maria” (UFSM),

Santa Maria/RS, Kennel = commercial kennels.

* Available at <http://staden.sourceforge.net/>
5 Available at <http://www.ncbinlm.nih.gov/BLAST>
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There were no differences in the occurrence of Giardia
duodenalis in relation to sex (p>0.05) and age categories (p>0.05).

All positives samples in the nested-PCR were successfully
sequenced for the bg gene and phylogenetically, six sequences
of G. duodenalis isolates were classified in assemblage C and
four sequences were classified in assemblage D (Fig.1).

DISCUSSION

The occurrence of Giardia spp. in this study it was 5.6% (13/230)
and 4.3% (10/230) as detected by the coproparasitological
technique and nested-PCR, respectively. Occurrence results
can be attributed to the single collection of feces from each
animal, it being difficult to contact the owners of these dogs for
subsequent sampling. For a precise diagnosis, it is important to
use high sensitivity techniques, since most parasitized animals
do not show clinical signs (Thompson et al. 2000). Due to the
pattern of intermittent cystic elimination, especially in the
chronic phase of infection, multiple fecal samples from the
same animal should be analyzed on alternate days or from
several animals sharing the same facilities (Geurden et al. 2010).

C JXB67768 (dog, TW) |
C KY979498 (dog, CH)
64| C JF422718 (dog, BR)

Assemblage €

10| @ 93525

C AY545646 (dog, IT)
C JF422720 (dog, BR)
64| C LC316658 (dog, VN)

@ 92890 ]
4 90702
({ 4 92838

& 93443
4 92518
D JF958105 (dog, US)
D EF455587 (dog, NI)
D AY545647 (dog, IT)
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&7 | D LC316659 (dog, VN)

B4 AY072728 (human, IT)
B2 AY072726 (human, IT)
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B1 AY072725 (human, IT)
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A1 KJ027411 (dog, CH)
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A3 AY072724 (human, IT)

E LC095675 (calves, VN)
100 L— E MG873353 (giant panda, CH)

G EU769221 (Rattus norvegicus, IN) ]
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100 - G MF671920 (chipmunk, CH)

G. psittaci ABT14977 (parrot, JP)

100 Assemblage D

] Assemblage F

] Assemblage £

0.020

Fig.1. Neighbor-joining (N]) tree based on sequence analyses of
B-giardin (bg) gene showing relationships among clinical
isolates of Giardia duodenalis from dogs. The bootstrap values
expressed as percentages based on 1000 replicates are present
at their corresponding assemblages. The gene fragment used
to compare the samples in this study was 483 bp. The isolates
from this study are represented as @ (assemblage C) and ¢
(assemblage D). Country of origin of the sequences used for
the phylogenetic tree: Brazil (BR), China (CH), India (IN), Italy
(IT), Japan (JP), Nicaragua (NI), Taiwan (TW), United Kingdom
(UK) and Vietnam (VN). An out-group to root the tree was used:
Giardia psittaci (AB714977).
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One of the most commonly used coproparasitological methods
in the diagnosis of Giardia duodenalis and other parasites is
centrifugal-flotation with zinc sulfate (Faust et al. 1939). This
technique allows protozoans, especially those that produce
cysts, to float in the ZnSO, solution due to their high density
(1.18 specific gravity) and this salt solution does not distort or
break the cyst wall (Joffe et al. 2011). In our study, we found
a statistical difference only in relation to the Faust technique
when comparing ages, with a p value of 0.0202 (p<0.05).

Mundim etal. (2003) observed a higher prevalence of the
parasite in 100 dogs evaluated, where 41 (41%) were positive
using Faust’s technique. These animals were from commercial
kennels in the city of Uberlandia, Minas Gerais, Brazil, where
there was a greater direct contact among the animals, thus
facilitating the transmission of this protozoan. In the south
of Brazil, in a study carried out in the city of Canoas using
the Faust test and Auramine staining technique, of the 332
samples collected from canine feces, 34% (113/332) were
positive for Giardia spp. (Beck etal. 2005). In Caxias do Sul/RS,
ofthe 77 canine fecal samples tested, only 5.2% (4/77) were
positive using the Faust technique (Brinker et al. 2009).In a
previous study in Santa Maria, of the 240 samples of canine
feces collected and examined through Faust’s technique, 12.8%
(29/240) were positive for Giardia spp. (Silva et al. 2007).
The reported studies employed only coproparasitological
techniques. The varying percentages found in the different
studies are probably due to the intermittent elimination of
cysts in the feces and the different diagnostic techniques used.

No differences were observed in the occurrence of G.
duodenalis using the Faust or Nested-PCR technique. Although
there was no significant difference in this research in male-
female infection rates for the protozoan, Oliveira-Sequeira &
Amarante (2002) found a higher occurrence in adult males
when compared to adult females. The authors showed that
castrated dogs tended to show areduced prevalence of infection
compared to sexually active animals. On the other hand,
Horejs & Koudela (1994) observed that there was a higher
frequency of Giardia spp. in females compared to males (7%
and 3.4%, respectively), which was attributed to the greater
susceptibility of females to infection during pregnancy and the
puerperal period. On the basis of our results, we suggest that
infection by the protozoan may be related to environmental
parasite load, regardless of the sex of the animal.

In Japanese kennels, Itoh et al. (2005) obtained 37.4% G.
duodenalis prevalence in 361 canine fecal samples, with 54.5%
prevalence in pups and 30.9% prevalence in adults, without
any significant difference between sexes, or between pups from
positive and negative mothers. Puppy behavior may facilitate
infection by more frequent contact with all types of material
that may be contaminated with Giardia spp. cysts (Mundim
et al. 2003). In this study, no differences in prevalence were
found in the age categories, which could suggest no proclivity
of the protozoan for a specific host age. Lallo et al. (2016)
reported that the acquisition of intestinal mucosal immunity
may be a limiting factor for the development of protozoa and
may explain the decrease in parasite prevalence in adult dogs.

One of the limitations to the success of molecular techniques
that use fecal material can be attributed to the low concentration
of cysts. The lysis of these cysts is a critical factor for obtaining
the DNA. Thus, in order to ensure a better yield of DNA from the
cysts, the fecal samples must be subjected to a thermal shock
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procedure consisting of alternating cycles of freezing in liquid
nitrogen (-196°C) and thawing in a water bath at temperatures
of up to 95°C. This procedure can produce satisfactory results,
but does not mean that 100% of the cysts can be ruptured.
The total number of cysts ruptured depends on the number
of cycles, thawing temperature, duration of each temperature
cycle, and also number of cysts present in the sample (parasitic
load) (David et al. 2011). We used thermal shock to increase
the amount of DNA recovered from the samples in order to
obtain a suitable yield of DNA for the nested-PCR.

To minimize the effect of DNA inhibitors, an alternative is
the use of commercial kits that include extraction columns
(spin columns) for the purification of DNA. Extraction by
these Kits may reduce the number of inhibitors present, in
addition to allowing greater efficiency in obtaining the DNA
sample (Gelanew et al. 2007). In the present study, we used
a commercial kit to extract total DNA from the protozoan in
order to minimize the effects of the PCR reaction inhibitors
and ensure a sample of higher purity.

The presence of inhibitors in feces is one of the main
factors that affects the efficiency of molecular techniques, and
may result in the non-amplification of the gene fragments.
These inhibitors include substances such as polysaccharide
complexes, bile salts, bilirubin and hemoglobin degradation
products. In addition to the diversity of PCR inhibitors in the
feces, the concentration of these substances in the sample
varies according to the consistency of the feces, diet and
health status of the host (Gongalves et al. 2008). In the present
study, further tests were performed to evaluate whether
PCR inhibitors could be influencing negative results in the
nested-PCR.

The identification of G. duodenalis assemblages is based
on molecular biology, such as PCR and its variations, followed
by nucleic acid sequencing. These assays have emerged as an
efficient alternative for the differentiation and characterization
of these agents (Feng & Xiao 2011, Koehler et al. 2014). This
molecular identification has enabled and revolutionized the
understanding of taxonomy, genetic diversity and epidemiology
of giardiasis in humans and animals (Geurden et al. 2010).

The B-giardin (bg) gene is a common marker of Giardia
spp., and is in addition, a good marker for G. duodenalis
genotyping and sub-genotyping and it has the advantage
of being considered exclusive of this parasite (Read et al.
2004). In this study, six sequences of G. duodenalis isolates
were classified in assemblage C and four sequences were
classified in assemblage D (Fig.1). In former studies, canine
isolates from Canada were found to predominantly belong
to assemblages C, D and G (McDowall et al. 2011), whereas
assemblages C and D were the most common in isolates in
dogs from Asia and Europe (Berrillietal. 2012, Lietal. 2012).
Assemblages C and D can be found in atypical hosts, such as
humans, usually in concomitant form with other diseases
(Soliman et al. 2011, Broglia et al. 2013).

The results of the current study demonstrate that this
important enteric protozoan occurs independently of the
sample collection site, sex and age of the dogs. Therefore, it
is essential to practice measures to control and prevent this
disease in companion animals. Because of the proximity of
the pets to their owners, co-infection can occur with other
zoonotic genotypes, including A and B, which can increase
the risk of transmission of G. duodenalis to the human.

CONCLUSIONS

The coproparasitological technique and the nested-PCR
showed similar sensitivities in the diagnosis of canine giardiasis.

Giardia duodenalis occurs regardless of the population of
dogs studied, sex, origin of the samples and age.

Assemblages C and D identified in this research are
commonly found in dogs. Although this study did notindicate
the prevalence of the zoonotic assemblages A and B in these
canine isolates, it is important to introduce prophylactic
measures against the infection and dissemination of the
disease agent of G. duodenalis among the canine populations.
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