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ABSTRACT 

Giardia duodenalis exhibits seven assemblages (A-G) that are distributed in different hosts. The A and B assemblages 
are commonly found in humans and several mammals, while C and D assemblages are typically found in dogs. The 
purpose of this study was to determine the assemblage of Giardia duodenalis present in the stool samples of ten canines 
using an assay based on PCR amplification, restriction analysis, and sequencing of the small subunit ribosomal DNA 
(SSU-rDNA), β-giardin, and triosephosphate isomerase (tpi) genes in order to establish the similarities or differences 
between the assemblage obtained with each gene. The results indicated that all positive isolates belonged to assemblage 
A, and specifically to the sub-assemblage A-I. A comparison of the SSU-rDNA gene sequence revealed the presence of 
three subgroups of assemblage A. These findings highlight the importance of canine transmission of Giardia in Mexico 
and its genetic plasticity. They also establish a method for additional and more molecularly extensive epidemiological 
studies to improve sanitation and hygiene in the most affected areas. 
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1. Introduction 

Giardia duodenalis is considered to be one of the most 
common causes of protozoan diarrhea in both humans 
and animals worldwide. The parasite infects a high num- 
ber of dogs, especially newborn and puppies, and can 
cause severe gastrointestinal damage. The bacterium is 
also considered a potential factor of zoonosis transmis- 
sion [1]. 

A higher prevalence of Giardia is found in tropical 
and subtropical areas, where it affects up to 30% of the 
population. In Mexico, the prevalence has been reported 
to be between 10% and 55.3%, depending on the socio-
economic conditions and whether it is an urban or rural 
area [2-4]. G. duodenalis is a cosmopolitan pathogen 
with a very wide host range, including humans, domestic 
animals, and wild animal species [5]. 

This microscopic parasite clings to the surface of the 
intestine and causes asymptomatic infections, or can in- 
duce symptoms including chronic diarrhea, weight loss, 
and malabsorption that can be severe in some cases. Vet- 

erinary research documents suggest that 5% - 10% of all 
dogs in North America have giardiasis at any given time 
[6]. Canine giardiasis prevalence is 10% in dogs receiv- 
ing proper care, 36% - 50% in puppies, and can reach 
100% in kennel dogs where a high stocking density and 
poor hygiene results in an increased risk of infection 
[7,8]. In cats, the prevalence is much lower, where it is 
<2.4% in developed countries and up to 22% in de- 
veloping countries [9]. However, the lower prevalence 
in cats could be related with poor Giardia diagnosis 
[10]. 

There are at least seven major assemblages of Giardia, 
which are referred to as assemblages (A-G), including 
two (A and B) that are known to infect humans [11,12]. 
Assemblages A and B differ from each other by as much 
as 20% at the DNA sequence level [13]. There is also 
evidence that genetic exchange has resulted in hybrids, or 
mixed types, based on assemblage-specific PCR of Giar- 
dia isolates from cases of human infection [14]. 

Although Giardia isolated from dogs typically belong 
to assemblages C or D, assemblages A and B have been 
identified in dogs in regions of high endemicity [15]. In *Corresponding author. 
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addition, assemblages E, F, and G have been isolated 
from pigs and other farm mammals [16], cats [17], and 
rodents, respectively. 

The ability to genetically characterize Giardia strains 
isolated from clinical and animal samples will contribute 
to a greater understanding of the epidemiology and pa- 
thogenesis of Giardia infection and the relative contribu- 
tions of distinct assemblages to the severity of clinical 
infection and zoonotic potential. Therefore, in this study 
we used small subunit ribosomal DNA (SSU-rDNA), 
β-giardin, and triosephosphate isomerase (tpi) genes as 
genetic markers for genotypic analysis of the intestinal 
protozoan. The aim of this study was to identify the as- 
semblage of isolates of Giardia duodenalis from canine 
in order to identify differences with human isolates. We 
developed an assay for the characterization of Giardia 
genomic DNA extracted from ten canine stool samples 
based on Polymerase Chain Reaction (PCR) amplifica- 
tion and sequencing of the three genes mentioned 
above. 

2. Methods 

2.1. Identification of Parasites 

In the urban area of Mexico City, ten fecal specimens 
were collected from dogs, which were labeled as “1 dog” 
to “10 dog”, and identification of parasitic structures was 
made by serial Faust method coproparasitoscopic analy- 
sis. Fecal specimens were stained with Lugol’s iodine [18] 
and examined by microscopy to detect cysts of Giardia 
duodenalis. Cysts were concentrated from dog feces by 
repeated washing in distilled water and stored at 4˚C un- 
til use. Two Giardia isolates from human fecal speci- 
mens were named 2B2 and 3B2, respectively. The Port- 
land-I strain of Giardia served as a control that repre- 
sented the sub-type assemblage AI.  

2.2. PCR Amplification and Genotyping 

DNA was extracted from fecal samples using the QIA- 
amp DNA Stool Mini Kit (Qiagen Inc., Valencia, CA) 
according to the manufacturer’s instructions. All DNA 
concentrations were determined using an Epoch spectro- 
photometer (Biotek, Winooski, VT). The SSU-rDNA 
gene, tpi gene (encoding triosephosphate isomerase), and 
the β-giardin gene were each amplified by PCR. 

The β-giardin gene was amplified in two steps using 
nested-PCR [19]. The first round of PCR was conducted 
in a 25 μL reaction containing 200 pmol of each primer 
(G7: 5’ -AAGCCCGACGACCTCACCCGCACTGC-3’ 
and G759: 5’-GAGGCCGCCCTGGATCTTCGAGAC- 
GAC-3’), 10 mM Tris-HCl, 50 mM KCl, 1 mM MgCl2, 
0.2 mM dNTPs, 2.5 U Taq DNA Polymerase (Roche; 
Mannheim, Germany), and 200 ng of genomic DNA. The 
reaction was performed in a Maxygen Thermal cycler 

(Sidney, Australia) with 45 cycles of 95˚C for 30 s, 65˚C 
for 30 s, and 72˚C for 1 min. The second round of PCR, 
using the product of the first reaction as template, was 
performed in a 50 μL reaction with 200 pmol of each 
primer (F: 5’-GAACGAGATCGAGGTCCG-3’; R: 5’- 
CTCGACGAGCTTCGTT-3’), 10 mM Tris-HCl, 50 mM 
KCl, 1 mM MgCl2, 0.2 mM dNTPs, 2.5 U of Taq DNA 
Polymerase and 3 μL of template. Amplification was con- 
ducted with 35 cycles of 94˚C for 30 s, 53˚C for 30 s, and 
72˚C for 1 minute. 

The tpi gene was amplified by nested-PCR, in which 
the first round was a duplex reaction to amplify two 
fragments corresponding to assemblages A and B simul- 
taneously using four primers (TPIAF 5’-CGAGACAA- 
GTGTTGAGATGC-3’, TPIAR 5’-GGTCAAGAGCTT- 
ACAACACG-3’,TPIBF 5’-GTTGCTCCCTCCTTTGT- 
GC-3’, and TPIBR 5’-CTCTGCTCATTGGTCTCGC-3’) 
as previously described [20,21]. PCR amplification was 
performed in a volume of 50 μL with 500 ng of DNA in 
1X PCR buffer, 2 mM MgCl2, 0.25 mM of dNTP, and 1 
U of Taq DNA Polymerase (Roche; Mannheim, Ger- 
many). Amplification was conducted in a Maxygen Ther- 
mal cycler (Sidney, Australia) with 25 cycles of 94˚C for 
20 s, 50˚C for 30 s, and 72˚C for 1 min. The second 
round of PCR comprised two separate heminested PCRs 
to amplify internal fragments of 476 bp and 140 bp that 
corresponded to the A and B assemblages, respectively. 
To amplify assemblage A, primers TPIAR and TPIAIF: 
5’-CCAAGAAGGCTAAGCGTGC-3’ were used using 3 
μL of the first round amplicon as the template in a 50 μL 
volume reaction. The amplification step used 33 cycles 
of 94˚C for 20 s, 56˚C for 30 s, and 72˚C for 1 min. Al- 
ternatively, the 140 bp fragment corresponding to assem- 
blage B was amplified with primers TPIBIF: 5’-GCA- 
CAGAACGTGTATCTGG-3’ and TPI-BR. Amplifica- 
tion was performed under the same conditions used for 
assemblage A, except that the MgCl2 concentration in the 
PCR mixture was 1.5 mM. 

The amplicons generated by PCR of β-giardin and tpi 
genes were digested with restriction enzymes (Promega; 
Wi, USA) for subtyping. The tpi gene amplicons were 
digested with restriction enzyme RsaI and the β-giardin 
gene amplicons were digested with HaeIII. The products 
of the restriction enzyme digestion were separated by 2% 
agarose gel electrophoresis using a 100 bp DNA ladder 
(Promega, Madison, WI, USA) as a size standard. The 
DNA was visualized by staining the gel with ethidium 
bromide. 

For SSU-rDNA gene amplification, 500 ng of DNA 
were amplified using primers P (5’-GGTGGATCCTG- 
CCGGAGCG-3’) and -A (5’-GCTCTCCGGAGTCGA- 
AC-3’), which have been previously described [22]. The 
PCR was performed in a 25 μL thin wall microtube by 
adding 1X PCR amplification buffer, 1.2 μM of each 
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dNTP, 0.5 ng of each primer, 500 ng of DNA template, 
and 1.5 U of Taq polymerase (Roche; Mannheim, Ger- 
many). The thermal cycler (Maxygen; Sidney, Australia) 
was programmed for 1 cycle at 97˚C for 5 min, followed 
by 35 cycles of 94˚C for 1 min, 50˚C for 1 min, and 72˚C 
for 3 min. One cycle at 94˚C for 5 min completed the 
reaction.  

PCR products of SSU-rDNA gene were purified using 
a SV gel and PCR clean up system purification kit (Pro- 
mega; Wi, USA). Sequencing of PCR products was per- 
formed at the Biotechnology Institute (UNAM, Mexico) 
using an ABI 377 automated DNA sequencer and appro- 
priate primers to each amplicon. Phylogenetic and mo- 
lecular evolutionary analyses of sequences were con- 
ducted using MEGA version 5 [23]. 

3. Results 

3.1. Identification of Parasites 

Giardia infection of dog stool samples was confirmed by 
coproparasitoscopic analysis. Cysts were observed by 
light microscopy on slides stained with lugol-iodine (Fig- 
ure 1). 

3.2. PCR Amplification and Genotyping 

The results from agarose gel electrophoresis of amplifi- 
cation and restriction reactions are shown in Figures 2 
and 3. PCR amplification of the β-giardin gene generated 
a 500 bp fragment in all cases. In addition, human and 
canine samples (Figure 2(a)) as well as the restriction 
digest using HAE III (Figure 2(b)) generated fragments 
between 50 and 480 bp. 

A 500 bp amplicon was generated for the PCR ampli- 
fication of the tpi gene (Figure 3(a)) When the product 
was digested with the Rsa I restriction enzyme, a 480 bp 
product was generated in all analyzed cases (Figure 
3(b)). Based on these results, all isolates belonged to as- 
semblage AI. 

Alignment of sequences of the SSU-rRNA gene and a 
phylogenetic tree demonstrated differences in the first 
100 nucleotides (Figure 4). Assemblage A presented tree 
 

 

Figure 1. Cyst of Giardia duodenalis iodine stained in a ca- 
nine sample, light microscopy 40×. (Olimpus BH2). 

(a)
 
 
 
 
(b)

 

Figure 2. Genotyping by β-giardin-specific PCR (a) and 
restriction (b) analyzed by agarose gel electrophoresis. In 
(a), we can see the 500 bp corresponding to the amplicon 
and in (b), the fragments ranging from 100 to 200 bp cor- 
responding to the HaeIII-digested β-giardin-specific nested- 
PCR product. PM) Molecular weight marker (100 and 500 
bp ladder); 1) Portland-1 control; 2-11) Dog samples; 12) 
2B2 and 13) 3B2. 
 

 

Figure 3. Genotyping by tpi-specific PCR (a) and restriction 
(b) analyzed by agarose gel electrophoresis. The fragment 
of 500 bp corresponding to amplification of tpi gene and the 
437 bp band corresponds to the RsaI-digested amplicon re- 
presentative of assemblage A-I. PM) Molecular weight mar- 
ker (100 and 500 bp ladder); 1) Portland-1 control; 2-11) 
Dog samples; 12) 2B2 and 13) 3B2. 
 
subgroups A1, A2, and A3 with a clear isolate that was 
distinct from the others and presumably it could be C or 
D assemblage. The tree represents the genetic distance of 
the SSU rRNA gene between the isolates to make a clas- 
sification of assemblage A in subgroups. 

4. Discussion 

The genotypic characterization of Giardia isolates from 
dogs using tpi, β-giardin and SSU ribosomal genes, 
demonstrated that the zoonotic assemblage A was found 
in samples obtained from canine, which was not different 
that those from human isolates. This finding suggests that 
there is a potential risk of G. duodenalis transmission 
from pet dogs to humans, although a study from a Tai- 
wanese population showed that the risk of acquiring 
giardiasis from drinking infected water with viable cysts 
was greater than cohabitating with puppies [24]. Never- 
theless, pet owners are encouraged to take appropriate 
hygiene measures to prevent and control the parasitic in- 
ection in this region. f
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Figure 4. Sequence alignment of SSU rDNA gene amplification and phylogenetic tree building. A and B corresponding to 

le
le assem- 

sequence reported in genebank for assemblage A and B respectively, 1) Portland-1 control; 2-11) Dog samples; 12) 2B2 and 
13) 3B2. Phylogenetic and molecular evolutionary analyses of sequences were conducted using MEGA version 5. 
 

The predominance of assemblage A most likely re- belong to assemblages C, D, and G [26], whi
f cts the mechanism that led to infection of the animals 
based on the location where the fecal samples originated. 
The dogs may have consumed water that had been con- 
taminated by livestock rather than by humans, which has 
important epidemiological ramifications. Genotyping stu- 
dies have identified G. duodenalis isolates from dogs, 
some of which were found to be genetically identical to 
those obtained from humans [25]. Other studies have 
found that canine isolates from Canada predominantly 

blages C and D were the most common in canine isolates 
from Asia and Europe [27,28]. 

Giardia duodenalis cysts obtained from dogs are mor- 
phologically indistinguishable from those obtained from 
human, and therefore it is necessary to determine the 
assemblage of each sample in order to detect cross- 
transmission between hosts. The cysts seen in Figure 1 
correspond to canine samples, and visually they cannot 
be differentiated from cysts obtained from human sam- 
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ples. It is known that human giardiasis is caused by two 
genetically distinct assemblages (A and B) of G. duode- 
nalis, and a number of molecular assays have been de- 
veloped for their specific detection in stool and environ- 
mental samples [29]. 

Phylogenetic analyses of ssU-rDNA sequences show- 
ed that all isolates belonged to assemblage A, which 
separated into subgroups A1, A2, and A3. Therefore, the 
restriction digest enable us to identify the presence of 
di

osen because previous studies have
fo

 sequences, we were able to detect differ-
en

crobiology Review, Vol. 14, No. 3, 2001, pp. 447-475. 
doi:10.1128/CMR.14.3.447

stinct subgroups. 
We have developed a method to detect Giardia based 

on the PCR amplification of three genes (SSU-rDNA, 
β-giardin, and tpi) based on prior genotyping studies. 
These genes were ch  

und that they are the most consistent genes for geno- 
typing [30]. Although DNA-based methods reported in 
the literature have been successfully used to make a clas- 
sification of Giardia isolates, we did not observe differ- 
ences among the genes analyzed from samples used in 
this study. Previous studies have detected frequent mis- 
matches, intra-assemblage discordances, and mixed posi- 
tions in tpi and β-giardin sequences, especially in assem- 
blage B [31]. 

All fecal samples analyzed in this report (10 from dog 
and 2 from human) were determined to belong to the 
sub-type A-I assemblage. Nevertheless, based on the ri- 
bosomal gene  

ces in the isolates and classify assemblage A into sub- 
groups A1, A2, and A3, based on results previously re- 
ported [32]. The multiple alignment of amplified se- 
quences of ribosomal gene allow us divide the isolates of 
group A into subgroups A1, A2 and A3 according with 
changes in the nucleotide sequences, this fact demon- 
strates the genome plasticity of Giardia and therefore its 
ability to adapt to different hosts promoting the transmis- 
sion of giardiasis from animals to humans and vice versa. 
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