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Genotyping of Brazilian Giardia duodenalis human axenic isolates
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Abstract: Giardia duodenalis is a complex species that comprises at least seven distinct genetic groups
(A to G), but only genotypes A and B are known to infect humans and a wide variety of other mammals.
Regardless of biological, biochemical and antigenic analysis, several isolates maintained in vitro were not
genetically typed yet. So, in the present study, five Brazilian axenic isolates obtained from asymptomatic
and symptomatic patients were typed in order to determine the major genetic groups to which the isolates
belonged. DNA was extracted from axenic trophozoites, fragments of glutamate dehydrogenase (gdh)
and triosephosphate isomerase (tpi) genes were amplified by PCR and the isolate genotyping was carried
out using restriction fragment length polymorphism (RFLP) and DNA sequencing for both genes. The
results revealed that all isolates were assigned to genotype A at both analyzed loci. Indeed, DNA sequence
analysis classified the four isolates obtained from asymptomatic individuals into subtype AII, while the
isolate obtained from the symptomatic patient was typed as subtype AI. Despite of the limited number of
isolates assessed, the findings presented herein provide interesting insights on the occurrence of Giardia
genotypes in Brazil and hold the perspective for future molecular and epidemiological investigations.
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Giardia duodenalis is a zoonotic protozoan
that parasites the small intestine of humans and
a range of other mammals. This parasite has a
worldwide distribution and it is one of the most
common nonviral causes of diarrheal disease in
humans, mainly among children in developing
countries. In developed countries, G. duodenalis
is a frequent cause of epidemic waterborne
diarrheal diseases, since numerous outbreaks of
giardiasis associated with contaminated water
have been reported (1).
During the last 15 years, molecular studies have
suggested that G. duodenalis is a complex species
that includes morphologically indistinguishable
isolates that are, however, genetically distinct.
Previous genetics analysis of human and animal
isolates have shown that G. duodenalis comprises

at least seven distinct groups, referred to as
genotypes A to G (2). Among these groups, only
genotypes A and B are known to infect humans,
as well as a wide variety of other mammals. In
addition to the previously described genotypes,
other groups have been proposed, such as
genotype H identified in seals, but their existence
has not yet been clearly supported (3).
Before the possibility to characterize Giardia
isolates obtained directly from human feces,
investigations conducted to correlate genetic
variability of the isolates to the host-parasite
relationship required the in vitro propagation of
the protozoan (4). In view of this, in different
geographical regions, a number of isolates was
established in axenic cultures, most of them
derived from humans living in developing
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countries where Giardia infection is endemic.
Regardless of biological, biochemical and
antigenic analysis, several isolates maintained in
vitro were not genetically typed yet.
Lately, in Mexico, some investigators have
reported the genetic analysis of independently
acquired axenic isolates established from humans
(5-7). In Brazil, despite the advent of Giardia
axenization, few autochthonous isolates have
been established from human stool specimens
and, to date, there is only one investigation that
evaluated genetic variability among three axenic
strains obtained from patients living in Minas
Gerais state (8).
Therefore, we proposed herein the genotyping
of five Brazilian axenic isolates obtained from cysts
of patients from São Paulo state, for which just
proteolytic activity and susceptibility to potential
antigiardial agents are available yet (9-12). For
this purpose, we employed PCR amplification of
two commonly used genetic markers, the gdh and
tpi genes.
Axenic trophozoites of strains isolated at the
Giardiasis Laboratory (UNESP) in Botucatu, São
Paulo, were grown in filter-sterilized TYI-S-33
medium supplemented with bovine bile in 5 mL
Vacutainer®(BD, USA) tubes at 37°C (13). All the
isolates were recovered from cysts in the patient’s
feces, but four of them were isolated from
asymptomatic carriers (BTU-1, BTU-2, BTU-6,
and BTU-10) and one (BTU-11) was established
from a symptomatic individual presenting
diarrhea, flatulence and abdominal cramps (Table
1).
For molecular characterization, total DNA
from axenic trophozoites was extracted using
the GFX® Genomic Blood DNA Purification
kit (GE Healthcare, UK) procedure, according
to the manufacturer's instructions. Molecular
characterization of G. duodenalis isolates
was performed using two loci, glutamate
dehydrogenase (gdh) and triose phosphate
isomerase (tpi) genes. The genomic DNA was
submitted to a semi-nested procedure to amplify
a 432-bp region from the gdh gene and also
to a nested PCR reaction for 530-bp fragment
amplification of the tpi gene (14, 15). Reactions
were performed on a Mastercycler® gradient
(Eppendorf,Germany) and the resulting PCR
products were visualized on ethidium bromide
stained 1.5% agarose gels.
Giardia genotyping was carried out using
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restriction fragment length polymorphism
(RFLP) and DNA sequencing for both gdh
and tpi genes. For PCR-RFLP assays, the gdh
and tpi amplification products were digested,
respectivelly, with two units of the endonucleases
NalaIV and Ddel (New England Biolabs Inc.,
USA), in a final volume of 20 μL for three hours
at 37°C (14, 15). Restriction fragments were
visualized on ethidium bromide stained 2%
agarose gels.
For sequencing, after electrophoresis of the
semi-nested PCR (gdh) and nested PCR (tpi)
products, bands were excised from agarose gels,
purified using the Ultrafree® DA kit (Millipore
Corp., USA) and sequenced on both strands by
using online sequencing service at Macrogen Inc.
(Koreia). The nucleotide sequences obtained were
manually corrected and multiple alignments for
each locus were performed by using Clustal X
program (16). Sequence searches obtained were
conducted using BLAST of the National Center
for Biotechnology Information (http://www.ncbi.
nlm.nih.gov/BLAST) and the analysis included
reference sequences of the homologous genes
from representative isolates of genotypes A and
B deposited in Genbank under the following
accession numbers: L40509, L40510, L40508,
AFO69059 and U57897. The phylogenetic and
molecular analyses were performed by using the
program MEGA (http://www.mega-software.net).
For both gdh and tpi genes, PCR products of
the expected size were generated from all five
autochthonous strains. The gdh PCR-RFLP assay
showed a fragment pattern identical to genotype
A in all isolates (Table 1). Indeed, NalIV digestion
allowed the discrimination between subtypes
AI (restriction bands of 90, 120 and 150 bp)
and AII (restriction bands of 70, 80, 90 and 120
bp). Thus, four isolates (BTU-1, BTU-2, BTU-6
and BTU-10) corresponded to the AII subtype
and only one (BTU-11) to the AI. The tpi PCRRFLP analysis using the enzyme Ddel revealed
a restriction fragment pattern (bands of 204 and
326 bp) compatible with genotype A for all the
axenic isolates. The enzyme Ddel was not capable
of distinguishing subtypes.
Both gdh and tpi sequence analysis revealed the
same genotypes as the PCR-RFLP assays (Table 1
and Figure 1). Among the axenic isolates, four of
them (BTU-1, BTU-2, BTU-6 and BTU-10) were
confirmed as genotype AII and one (BTU-11)
as genotype AI. All the axenic isolate sequences
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Table 1. Characteristics of Brazilian axenic isolates of Giardia duodenalis and summary of genotyping results
Code

Age (years)/sex

Clinical status

Origin

Genotypes*

BTU-1/89

7/F

Asymptomatic

Botucatu, SP

AII

BTU-2/89

12/M

Asymptomatic

Botucatu, SP

AII

BTU-6/89

7/M

Asymptomatic

Botucatu, SP

AII

BTU-10/90

21/M

Asymptomatic

Botucatu, SP

AII

BTU-11/91

**/M

Symptomatic

São Paulo, SP

AI

M: male, F: female; *genotyping by gdh and tpi genes; **information not available.

from both genes showed 100% homology with
GenBank reference sequences, so none of them
revealed any single nucleotide polymorphism
(SNP).
The phylogenetic analysis of gdh gene showed
that axenic isolates of Giardia duodenalis were
clearly grouped in genotypes AI or AII (FIgure
1). Thus, the gdh gene allowed a more consistent
subgrouping (AI and AII) of isolates than tpi
gene, which in general best subdivide genotype B.
In spite of the interest on unraveling the complex
questions about epidemiology of giardiasis in
endemic areas; in Brazil, few studies have focused
on genotyping autochthonous isolates obtained
from infected humans and animals. Although a

limited number of isolates was analyzed in this
study, the present results outline some pertinent
aspects about the occurrence of Giardia genotypes
in our country. Thus, DNA sequence analysis
and PCR-RFLP assay both in tpi and gdh genes,
revealed the genotype A in all axenic strains
isolated in São Paulo state. Our results corroborate
recent investigations in which human axenic
isolates and isolates obtained directly from human
fecal samples were characterized as genotype A
(8, 17-19).
To date, such studies are scarce in Brazil;
however, observations have indicated that the
distribution of genotypes may vary in populations
living in different regions. The first study was

Figure 1. Neighbor-joining phylogenetic analysis of Giardia duodenalis axenic isolates at gdh locus. AI
(L40509) and AII (L40510) correspond to sequences obtained in GenBank and T1, T2, T6, T10 and T11
correspond to the axenic isolates BTU-1, BTU-2, BTU-6, BTU-10 and BTU-11, respectively.
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published by Volotão et al. (17) in 2007, which
empolyed PCR and gene sequencing of β-giardin
to demonstrate the occurrence of only genotype
A in isolates from children attended in a daycare center at the municipality of Rio de Janeiro.
In the same year, Souza et al. (18), analyzing the
sequence of the gdh gene, identified genotypes
A and B in isolates from patients hospitalized in
four cities of São Paulo state and pointed out the
predominance of genotype A. In contrast, Kohli
et al. (19) identified genotypes A and B in isolates
from children living in a deprived community
in the northeastern Brazil and reported the
predominance of genotype B in this population.
In this context and considering our results, it is
worth highlighting that all the axenic isolates
were obtained from individuals living in cities
from the same geographical area of the country,
i.e., the Southeast region.
Besides distinguishing the major genotypes of
Giardia, the isolates were typed at the subgroup
level and among the axenic isolates assessed,
four of them (BTU-1, BTU-2, BTU-6 and BTU10) were classified as AII subtype and only one
(BTU-11) as AI subtype. Considering the gene
locus used for assemblage differentiation, gdh
showed greater variability among genotype A,
avoiding a better discrimination of the subtypes
AI and AII. According to a previous report, the tpi
gene is known to be highly polymorphic among
genotype B isolates (20).
The occurrence of subgenotype AII is
consistent with recent results of Souza et al. (18),
who found that most isolates from human patients
living in São Paulo state belonged to subgroup
AII. Interestingly, preliminary results of an
investigation still in progress have shown that AII
is the most prevalent genotype detected among
children living in a neighboring community of
Botucatu city (unpublished data). Additionally,
in the current study, the axenic isolate identified
as genotype AI was isolated in Botucatu from a
patient living in the urban area of São Paulo city
that had a history of travel to different regions of
the country. Furthermore, the four other isolates
were obtained from individuals living in the
municipality of Botucatu. This finding suggests
epidemiological and molecular evidence of
genetic similarities among G. duodenalis isolates
of individuals living in the same region. Even so,
in this context, Ponce-Macotela et al. (5) reinforce
the importance of care when interpreting such
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data, because the lack of one genotype assemblage
and the abundance of another one may reflect a
local or regional epidemic involving the genotype.
Another point that corroborates previous
studies is that among the axenic isolates none
was identified as genotype B. According to some
authors, this absence is not unusual, due to the
selection of genotype A during establishment of
axenic cultures, which may favor the genotype A
to the detriment of genotype B (5,6).
Besides the matter on the distribution of
genotypes, another controversial issue related
to Giardia genotypes is the clinical variability of
the infection among individuals infected with
assemblages A and B. Some researchers have
pointed out that symptoms are more associated
with genotype A, while others have found that
genotype B infections are more likely to be
symptomatic (21-24). Without any pretension to
correlate genotype and clinical presentation, our
observations are outside the expected pattern,
since isolates from asymptomatic and symptomatic
individuals were classified into the same genotype,
however, as different subtypes. So, in contrast with
isolates recovered from asymptomatic individuals
that were classified as AII, the infection of the
symptomatic case that presented diarrhea,
flatulence and abdominal cramps was caused by
the subtype AI. This situation should reinforce
the fact that, until today, results that have been
reported may be inconsistent or have led some
authors to believe that there is no relationship
between genotypes and the development and
severity of the infection (6).
Once again, we know that the reduced number
of analyzed isolates may interfere with the
interpretation of results. However, since only a few
studies on Giardia typing have been conducted in
Brazil, the observations assembled here provide
insights on subgenotypes that may exist within a
population and also offer perspectives for future
genotyping of isolates obtained directly from feces
of hosts with the aim of elucidating in more detail
the biological and epidemiological significance of
Giardia genotypes in endemic areas.
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