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Abstract The prevalence of Giardia duodenalis was
determinate in faecal samples from dogs and cats in
Madrid, Spain and molecular characterisation of isolates.
A total of 604 and 144 faecal samples from dogs and
cats, respectively, were analysed by routine coprological
methods. The prevalence of G. duodenalis was 16.4 %
(99/604) in dogs and 4.2 % (6/144) in cats. Sixty-four
G. duodenalis isolates (63 from dogs and 1 from a cat)
were characterised using glutamate dehydrogenase and
[3-giardin genes by PCR-RFLP. The single cat sample
showed a mixed infection by assemblages A + F. The
assemblages found in the dog samples were A, B, C, D
and E, both as single and as mixed infections. The
zoonotic assemblages A and B were found in 56
(88.8 %) G. duodenalis-positive samples with 15.9 %
of samples having assemblage A (10/63) and 73 % of
samples with assemblage B (46/63), indicating high
potential zoonotic risk and public health significance.

D. Dado * A. Montoya - G. Mir6

Departamento de Sanidad Animal, Facultad de Veterinaria,
Universidad Complutense de Madrid,

28040 Madrid, Spain

D. Dado * M. A. Blanco * J. M. Saugar - B. Bailo * I. Fuentes (<))
Servicio de Parasitologia, Centro Nacional de Microbiologia,
ISCIIL,

Carretera de Pozuelo-Majadahonda km 2,

28224 Majadahonda, Madrid, Spain

e-mail: ifuentes@isciii.es

M. A. Blanco

Departamento de Microbiologia y Parasitologia, Facultad de
Farmacia y Bioanalisis, Universidad de Los Andes,

Meérida, Venezuela

Introduction

Giardia duodenalis (syn. Giardia lamblia and Giardia
intestinalis) is an important cosmopolitan protozoan that
affects a wide range of vertebrates, including humans and
domestic animals such as cats and dogs. Genetic character-
isation has revealed eight different assemblages (A to H).
According to different surveys, these assemblages may be
specific to certain hosts: assemblages A and B have been
found mainly in humans (although they have been detected
in other animals), C and D are specific to dogs, F is specific
to cats, E is found in livestock (pigs, cattle, goat and sheep)
and G is found mainly in rodents. Recently, assemblage H
has been isolated in marine vertebrates (Feng and Xiao
2011). However, few characterisation studies have been
undertaken to determine what the full range of assemblages
infecting dog populations might be. In fact, in Spain, there
have been no such characterisation studies with regard to
dogs or cats despite the close relationship humans have with
these animals as pets. The aims of the present study were to
determinate the prevalence of G. duodenalis in stray dogs
and cats from Madrid (Spain) and to molecularly character-
ise the isolates in order to assess the potential for zoonotic
transmission and possible implications to public health.

Material and methods

Samples collection and faecal analysis

The present study was performed in dogs and cats individ-
ually housed at an animal shelter in the city of Madrid. A
total of 604 and 144 faecal samples were collected from

dogs and cats, respectively, and analysed using the modified
Telemann sedimentation method and merthiolate—iodine—
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formalin staining, followed by examination under a light
microscope.

Molecular diagnosis and characterisation
DNA extraction

DNA was extracted from faecal samples identified as G.
duodenalis-positive by microscopic examination, using the
QIAmp DNA Stool Mini Kit (QIAGEN) and following the
manufacturer’s instructions. The extracted DNA was stored
at 4 °C until PCR was performed.

Real-time PCR

Real-time PCR targeting the SSU RNA gene was performed
in an ABI PRISM 7500 Sequence Detection System (Applied
Biosystems) using the primers, probe and cycling conditions
described by Verweij et al. (2003).

Genetic characterisation by nested PCR-RFLP

Molecular characterisation was carried out using two nested
PCR protocols: one to amplify a fragment of the glutamate
dehydrogenase (GDH) gene (Read et al. 2004), and the
other to amplify a fragment of the (-giardin gene (Lalle et
al. 2005). The G. duodenalis assemblages were determined
by analysing the restriction patterns obtained following di-
gestion of the purified amplification products.

Results and discussion

Results observed in the present study show that intestinal
parasites were found in 28.1 % (180/604) of the faecal
samples from dogs, including G. duodenalis (16.4 %),
Cystoisospora spp. (0.8 %), Toxocara canis (6.5 %), Tox-
ascaris leonina (4.8 %), Trichuris vulpis (1.5 %), family
Ancylostomatidae (3.5 %), family Taenidae (2 %) and
Dipylidium caninum (5.1 %). Intestinal parasites were
found in 19.4 % (28/144) of the feline faecal samples,
including G. duodenalis (4.2 %), Cystoisospora spp.
(2.8 %), T. canis (11.8 %) and family Taenidae (2.8 %).

These results reveal a high prevalence of G. duodenalis
infection in Madrid’s dogs, in agreement with other studies
performed in Spain (Ariza et al. 1998; Martinez-Carrasco et
al. 2007), Europe and other regions of the world (Ballweber
et al. 2010). Indeed, G. duodenalis is considered as one of
the most prevalent parasitic intestinal protozoans found in
dogs (Thompson et al. 2008). The prevalence of G. duo-
denalis infection in cats was lower (4.2 %), in accordance
with an earlier study also performed in Madrid by Lopéz
et al. (1995).
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One hundred faecal samples (96 from dogs and 4 from
cats) shown positive for G. duodenalis by microscopy were
selected for molecular characterisation, of which 90 were
confirmed positive by real-time PCR. On the other hand,
with nested PCR-RFLP, only 64 of these 100 faeccal samples
yielded amplification products for either one or both of the
target genes: 28 (43.75 %) isolates with both PCR-RFLP
protocols (3-giardin and GDH), 6 (9.4 %) for the [3-giardin
gene only and 30 (46.8 %) for the GDH gene only.

The difference we report between the real-time PCR and
PCR-RFLP results is similar to that previously reported by
Adamska et al. (2010) who observed that real-time PCR was
more sensitive than nested PCR. It is likely that the samples
that tested positive with real-time PCR, but in which nested
PCR-RFLP failed to amplify the target sequences, had in-
sufficient numbers of parasites for achieving such amplifi-
cation (Adamska et al. 2011). They may have been detected
if larger faecal samples had been available or if these sam-
ples had been concentrated (Castro-Hermida et al. 2007;
Adamska et al. 2011).

Nested PCR-RFLP amplified the GDH target sequence in
58 samples and the (3-giardin target in 34 samples (some of
which returned no amplicons with the GDH protocol). Thus,
both protocols should always be used to ensure the best
detection results.

The characterisation study shows that in 33 of the dog
faecal samples only one type of assemblage was identified
(single infection): Al in 3 samples, BIII in 7 samples, BIV in
15 samples, C in 1 sample and D in 7 samples. Thirty mixed
infections were also detected (Table 1). Table 2 shows the
overall detection percentage for each assemblage identified
in single and mixed infections. The global genotype results
showed that assemblage Al was present in 10 samples
(15.9 %), assemblage B in 46 samples (73 %) with 21
samples having assemblage BIII (33.3 %) and 25 samples
having assemblage BIV (39.7 %). The assemblages specific
to dogs were present in 34 samples: 12 samples with assem-
blage C (19 %) and 22 samples with assemblage D (35 %).
Finally, assemblage E (9.5 %) was identified in six samples.
G. duodenalis was successfully identified in only one cat
sample as a mixed infection by assemblages Al and F.

In Spain, few characterisation studies have been per-
formed on G. duodenalis and never in companion animals

Table 1 Mixed infections (7=30): combination of assemblages

Assemblages BIII BIV C D E
Al 1 2 3 0 1
BIII - 0 2 4 4
BIV - - 7 0
C - - - 1 1

Besides, three mixed (triple) infection were assemblages BIIl + C + D
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Table 2 G. duodenalis genotypes in dog samples

Assemblages Number (n) Percent
Al 10 159
BIII 21 333
BIV 25 39.7
C 12 19

D 22 349
E 6 9.5

Number pertains to the number of dog samples in which the assemb-
lages mentioned were detected. Percent pertains to percentage of dog
samples in which the assemblage mentioned was detected (n/total of
dog samples). Total dog samples studied=63

(dog and/or cats). Two studies in human beings detected a
predominance of assemblages A and B (Goiii et al. 2010;
Sahagtn et al. 2008), one study in nonhuman primates
found assemblage A as the most common (Martinez-Diaz
et al. 2011) and three studies in farm animals recorded
assemblage E to be the most prevalent (Castro-Hermida et
al. 2007; Ruiz et al. 2008; Gomez-Muiioz et al. 2009).
However, recently, a high proportion of assemblage A or
mixed assemblage A/E had been detected in samples from
lambs (Gomez-Mufioz et al. 2012). Our results showed that
the host-specific assemblages for dogs (C and D) and cats
(F) were detected; however, a high prevalence of assemb-
lages A and B, which are preferentially found in humans,
were also detected in the dog samples, and the assemblage A
was also detected in the positive cat sample.

Recent studies in certain European countries and Brazil
(Paz e Silva et al. 2011), Canada (Himsworth et al. 2010),
Japan, Peru (Cooper et al. 2010) and Thailand have reported
dogs infected with the canine host-specific C and D assemb-
lages, and cats infected with the feline host-specific assem-
blage F; however, zoonotic assemblage A was also detected
in both cats and dogs, as was assemblage B, although to a
lesser extent (Sprong et al. 2009; Ballweber et al. 2010).

These results suggest that dogs and cats could play an
important epidemiological role in the transmission of G.
duodenalis to humans. The high prevalence of assemblages
A (15.9 %) and B (39.7 %) detected may be the result of
these dogs having become infected by drinking water con-
taminated with human faeces or those of other domestic
animals (Thompson 2004; Feng and Xiao 2011). This trans-
mission cycle may be possible in urban environments where
parks are irrigated with ‘recycled” water that has not been
fully treated for human consumption; thus, Giardia cysts
could still be infective (Amoro6s et al. 2010). Transmission is
also favoured given the close relationship of human beings
with their pet dogs and cats (Feng and Xiao 2011).

This is the first report of genotyping of G. duodenalis in
dogs and cats of Spain. The most commonly circulating

assemblages were B, D, followed by C, A, E and F. The
implications for public health of detecting zoonotic assemb-
lages A and B in these companion animals should be
investigated.

Acknowledgments The present study was partly funded by grant
FIS PI 10/01240 from the Ministerio de Economia y Competitividad,
Spain.

References

Adamska M, Leonska-Duniec A, Maciejewska A, Sawczuk M, Skotarczak
B (2010) Comparison of efficiency of various DNA extraction
methods from cysts of Giardia intestinalis measured by PCR and
TagMan real time PCR. Parasite 17:299-305

Adamska M, Leonska-Duniec A, Maciejewska A, Sawczuk M, Skotarczak
B (2011) Recovery of DNA of Giardia intestinalis cysts from surface
water concentrates measured with PCR and real time PCR. Parasite
18:341-343

Amoros I, Alonso JL, Cuesta G (2010) Cryptosporidium oocysts and
Giardia cysts on salad products irrigated with contaminated water. J
Food Prot 73:1138-1140

Ariza C, Ubeda JM, Reina F, Rojas D, Lozano C, Rojas M (1998)
Intestinal parasites in stray dogs from Seville Province. Med Vet
15:494-496

Ballweber LR, Xiao L, Bowman DD, Kahn G, Cama VA (2010)
Giardiasis in dogs and cats: update on epidemiology and public
health significance. Trends Parasitol 26:180-189

Castro-Hermida JA, Almeida A, Gonzalez-Warleta M, Correia da
Costa JM, Rumbo-Lorenzo C, Mezo M (2007) Occurrence of
Cryptosporidium parvum and Giardia duodenalis in healthy adult
domestic ruminants. Parasitol Res 101:1443-1448

Cooper MA, Sterling CR, Gilman RH, Cama V, Ortega Y, Adam RD
(2010) Molecular analysis of household transmission of Giardia
lamblia in a region of high endemicity in Peru. J Infect Dis
202:1713-1721

Feng Y, Xiao L (2011) Zoonotic potential and molecular epidemiology
of Giardia species and giardiasis. Clin Microbiol Rev 24:110-140

Gomez-Muiioz MT, Navarro C, Garijo-Toledo MM, Dea-Ayuela MA,
Fernandez-Barredo S, Pérez-Gracia MT, Dominguez-Marquez
MYV, Borras R (2009) Occurrence and genotypes of Giardia
isolated from lambs in Spain. Parasitol Int 58:297-299

Gomez-Muiioz MT, Camara-Badenes C, Martinez-Herrero MD, Dea-
Ayuela MA, Pérez-Gracia MT, Fernandez-Barredo S, Santin M, Fayer
R (2012) Multilocus genotyping of Giardia duodenalis in lambs from
Spain reveals a high heterogeneity. Res Vet Sci 93:836-842

Goiii P, Aldana DE, Clavel A, Seral C, Remacha MA, Castillo FJ
(2010) Prevalence of Giardia duodenalis assemblage B in
humans in Zaragoza and Leoén, Spain. Enferm Infecc Microbiol
Clin 28:710-712

Himsworth CG, Skinner S, Chaban B, Jenkins E, Wagner BA, Harms
NIJ, Leighton FA, Thompson RC, Hill JE (2010) Multiple zoonotic
pathogens identified in canine feces collected from a remote Canadian
indigenous community. Am J Trop Med Hyg 83:338-341

Lalle M, Pozio E, Capelli G, Bruschi F, Crotti D, Caccio SM (2005)
Genetic heterogeneity at the (3-giardin locus among human and
animal isolates of Giardia duodenalis and identification of poten-
tially zoonotic subgenotypes. Int J Parasitol 35:207-213

Lopéz P, Alonso A, Frisuelos C, Mir6 G (1995) Prevalencia de las
parasitosis gastrointestinales de gatos abandonados en la provincia
de Madrid. In: 30 Congreso Nacional de A.V.E.P.A., XII Jornada
Anual de AAM.V.A.C. Madrid, p. 230

@ Springer



2422

Parasitol Res (2012) 111:2419-2422

Martinez-Carrasco C, Berriatua E, Garijo M, Martinez J, Alonso FD,
de Ybaniez RR (2007) Epidemiological study of non-systemic
parasitism in dogs in southeast Mediterranean Spain assessed by
coprological and post-mortem examination. Zoonoses Public
Health 54:195-203

Martinez-Diaz RA, Sansano-Maestre J, Martinez-Herrero MC, Ponce-
Gordo F, Gomez-Muioz MT (2011) Occurrence and genetic charac-
terization of Giardia duodenalis from captive nonhuman primates by
multi-locus sequence analysis. Parasitol Res 109:539-544

Paz e Silva FM, Monobe MM, Lopes RS, Araujo JP Jr (2011) Molecular
characterization of Giardia duodenalis in dogs from Brazil. Parasitol
Res 110:325-334

Read CM, Monis PT, Thompson RC (2004) Discrimination of all
genotypes of Giardia duodenalis at the glutamate dehydrogenase
locus using PCR-RFLP. Infect Genet Evol 4:125-130

Ruiz A, Foronda P, Gonzélez JF, Guedes A, Abreu-Acosta N, Molina JM,
Valladares B (2008) Occurrence and genotype characterization of

@ Springer

Giardia duodenalis in goat kids from the Canary Islands, Spain. Vet
Parasitol 154:137-141

Sahagin J, Clavel A, Goii P, Seral C, Llorente MT, Castillo FJ, Capilla
S, Arias A, Gomez-Lus R (2008) Correlation between the presence
of symptoms and the Giardia duodenalis genotype. Eur J Clin
Microbiol Infect Dis 27:81-83

Sprong H, Caccio SM, van der Giessen JW (2009) ZOOPNET network
and partners. Identification of zoonotic genotypes of Giardia
duodenalis. PLoS Negl Trop Dis 1:558

Thompson RC (2004) The zoonotic significance and molecular
epidemiology of Giardia and giardiasis. Vet Parasitol 126:15-35

Thompson RC, Palmer CS, O’Handley R (2008) The public health and
clinical significance of Giardia and Cryptosporidium in domestic
animals. Vet J 177:18-25

Verweij JJ, Schinkel J, Laeijendecker D, van Rooyen MAA, van
Leishout L, Polderman AM (2003) Real-time PCR for the
detection of Giardia lamblia. Mol Cell Probes 17:223-225



	Prevalence and genotypes of Giardia duodenalis from dogs in Spain: possible zoonotic transmission and public health importance
	Abstract
	Introduction
	Material and methods
	Samples collection and faecal analysis
	Molecular diagnosis and characterisation
	DNA extraction
	Real-time PCR

	Genetic characterisation by nested PCR-RFLP

	Results and discussion
	References


