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Abstract

Background: This study is the first phylogenetic genotype analysis of Giardia lamblia in
Iran. The main objective was to determine genotyping and identify the sub-assemblages of
Giardia lamblia isolates involved in the transmission of giardiasis in Fars Province, south of
Iran, in 2012.

Methods: Forty G. lamblia isolates were collected from the patient’s fecal samples with
gastrointestinal discomfort referred to the health centers and hospitals in Shiraz, Fars
Province, south of Iran. Purification of G. lamblia cysts from fecal samples and DNA
extraction were performed using monolayer of sucrose density gradient and Phenol-
Chloroform-Isoamylalcohol (PCI) respectively. Semi-nested PCR and sequence analysis
were then performed using the primers (GDHeF, GDHiF, and GDHiR) which amplified a
432-bp fragment of Giardia glutamate dehydrogenase (gdh) gene. Phylogenetic analysis was
carried out using a neighbor-joining tree composed of the nucleotide sequences of G.
lamblia isolates obtained in this study and the known sequences isolates published in
GenBank.

Results: G. lamblia sub-assemblage All was the most prevalent genotype with 80% of the
cases and 20% of the cases belong to sub-assemblage BIII and BIV based on the DNA
sequence of the gdh. G. lamblia isolates at Fars Province were widely distributed within
assemblage A cluster (sub-assemblage AII) and the remaining isolates were dispersed
throughout the assemblage B cluster (sub-assemblage BIII and BIV).

Conclusion: PCR Sequencing and phylogenetic analysis was a proper molecular method
for genotyping and discriminating of the of G. /amblia sub-assemblages in fecal samples,
using the glutamate dehydrogenase gene that suggests a human contamination origin of
giardiasis.
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Introduction

he taxonomy of Gurardia has revealed six
I Giardia species: G. lamblia in mammals,
including human; G. agilzs in amphibians;
G. ardeae and G. psittaci in birds; G. microti and G.
muris in rodents (1). G. lamblia (synonym of G.
intestinalis and G. duodenalis) is the most common
intestinal protozoan parasite of a wide range of
mammalian hosts and has a global distribution
2, 3). G. lamblia 1s a species complex with eight
major genotypes or assemblages (A—H).
Molecular characterizations based on multiple
loci are used as the main tool to study genetic
variation of different populations of Giardia (4,
5). Phylogenetic analysis using the small subunit
ribosomal RNA  (SSU-rDNA), glutamate
dehydrogenase (gdh), beta-giardin (bg) and triose
phosphate isomerase (#7) genes have been used
to study genetic variability and relations within
assemblages of G. lamblia from different hosts.
The gdh locus has been used to successfully
genotype isolates of G. lamblia from a range of
vertebrate hosts and it allows the discrimination
between the various subgenotypes of G. lamblia
assemblages (6, 7). In this study, glutamate
dehydrogenase marker was used in the
molecular  characterization — methods  for
genotyping and subtyping the isolates of G.
lamblia from patients.

G. lamblia is one of the most common
intestinal parasites in Iran. The prevalence of
giardiasis varies in different parts of Iran (5%-
23%) (8). Molecular epidemiology of human
giardiasis is still unclear in Iran. Previously,
there was no study performed using
phylogenetic technique for G. lamblia in Iran.
Only little information was available on the G.
lamblia genotypes. Three studies based on
PCR-RFLP assay, targeting the gdh gene of G.
lamblia isolates genotype in Tehran, Shiraz and
Isfahan provinces showed that assemblage A
was the most prevalent (9-11). In contrast,
two studies based on PCR-RFLP assay,
targeting the gdb gene of G. lamblia isolates in
Tabriz and in Uremia showed that assemblage
B was the most prevalent genotype (12, 13).

Available at: http://ijpa.tums.ac.ir

Molecular studies on G. duodenali isolates and
discrimination of genotypes is a useful way to
know the transmission route and effective
prevention management of giardiasis. The
objective of this study was to determine geno-
typing and identify the sub-assemblages of G.
lamblia isolates involved in the transmission of
giardiasis in Fars Province, south of Iran.
Genotypic characterization of the gdbh gene
was performed by using genomic DNA
directly extracted from human fecal samples
to evaluate the potential transmission routes
of G. lamblia in this area.

Materials and Methods

Sample collection

Forty G. lamblia isolates were collected from
the patient’s fecal samples with gastrointestinal
discomfort referred to the health centers and
hospitals in Shiraz, Fars Province, South of
Iran in 2012. Then, the samples were sent to
the Research Laboratory of Intestinal Proto-
zoa in the Department of Parasitology and
Mycology in School of Medicine at Shiraz
University of Medical Sciences for further ex-
amination. Informed consent was taken from
the patients and the study was approved by
Ethics Committee of the university.

Purification technique

Purification of G. lamblia cysts, which were
to be used for DNA extraction, was done us-
ing the monolayer sucrose density gradient
technique. Single step sucrose gradient with
the specific gravity at 0.85 M was performed
on positive stool samples in order to concen-
trate the cysts from fecal samples (14). Ali-

quots of the purified fecal samples were stored
at 4 °C and -20 °C.

DNA extraction

The genomic DNA of G. lamblia was ex-
tracted using the Phenol-Chloroform-
Isoamylalcohol (PCI) method with pretreat-
ment by Triton X100 on purified fecal sam-
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ples (14). DNA extracts were stored at -20 °C
for PCR analysis.

PCR amplification of gdh gene

A semi-nested PCR was performed using
three primers known as GDHeF, GDHIF,
and GDHiR that amplify a 432-bp fragment
of the gdh gene (7) with some slight modifica-
tions. PCR reaction mixtures consisted of 12.5
pmol of each primer, 200 umol of each dNTP,
1.5 mM of MgCl,, were carried out in 25 ul
volumes on a Corbett Research Thermal Cy-
cler, Australia with the following amplification
conditions: one cycle of 94 °C for 2 min, 56 °C
for 1 min and 72°C for 2 min, followed by 31
cycles of 94 °C for 30 sec, 56°C for 20 sec and
72°C for 45 sec and a final extension of 72°C
for 7 min. Both positive and negative controls
were included in each round of PCR to vali-
date results. One microliter of PCR product
from the primary reaction was added to the
secondary PCR containing primers GDHiFF
and GDHIiR. Reactions were visualized in UV
on 1.5% agarose gels stained with ethidium
bromide.

Sequence analysis of gdh gene

Forty of the PCR products successfully am-
plified for the gdh locus were sent to First
BASE Laboratories (http:/ /www.base-
asia.com) for commercial DNA sequencing
reactions in both forward and reverse direc-
tions using primers GDHil and GDHiR. Nu-
cleotide sequences were analyzed using the
computer program of sequencing scanner
software. Multiple alignments and sequence
alignment of these sequences were carried out
using the BioEdit and the ClustalW MEGA4
programs. The gdh sequences of G. lamblia ob-
tained in this study were aligned with previ-
ously published reference sequences of G.
lamblia isolates from the GenBank database
(Table 1). DNA sequencing of PCR products
compared with already known G. lamblia se-
quences obtained from GenBank using Clus-
talW in the MEGA4. The accession numbers

524

obtained for each reference assemblages from
GenBank were 140509 (AI), 140510 (AIL),
AF069059 (BIII), L40508 (BIV), U60984 (C),
U60986 (D), U47632 (E), AF069057 (F) and
AF069058 (G) (5, 6, and 15). To determine
similarities or homologies to known genes in
NCBI GenBank sequence database, all ob-
tained nucleotide sequences were submitted to
BLLAST searches. Sequence representatives for
each of the assemblages identified in the stud-
ies were submitted to GenBank.

Phylogenetic analysis of gdh gene

Phylogenetic analysis was performed using
Neighbor-joining (N]) method in the MEGA4
program. The evolutionary distance-based
analysis was conducted using the Kimura 2-
parameters model to estimates the distance
among assemblages identified in this study.
For each calculation, branch reliability was
assessed using bootstrap analysis (1000 repli-
cates). A neighbor-joining (NJ) tree composed
of the 40-nucleotide sequences of G. lamblia
isolates obtained in this study and 33 sequenc-
es of G. lamblia isolates of the gdh gene in the
GenBank database (Table 1) was reconstruct-
ed. The homologous nucleotide sequence of
G. ardeae  (GenBank accession number
AF069060) was used as outgroup.

Results

PCR amplification of gdh gene

The Giardia gdh locus with 432 bp was suc-
cessfully amplified by semi-nested PCR. Fig. 1
shows a representative gel electrophoresis
photograph of the PCR products amplified
with gdh primers.

Sequence analysis of the gdh gene

Sequence analysis was performed on 40
PCR products of G. lamblia based on gdh am-
plification both directions using GDHeF,
GDHiF and GDHiR primers.
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Table 1: Giardia gdh gene sequences available in GenBank used in this study

Isolate GenBank Sub-assemblage Country Reference

accession number
Ad-1 140509 Al Australia (6)
Portland 1 M84604 Al USA (16)
Ad-1 AY178735 Al Australia Unpublished data
F22 EF507606 Al Brazil a7)
Ad-2 140510 AIl Australia (6)
Ad-113 AY178736 AIl Australia Unpublished data
H32 EF507674 AIT Brazil 8)
NLH20 AY826194 All Netherland ")
GH-125 AB195222 All Japan (18)
TIG20 AB434776 AIT Iran Unpublished data
T11 JF968202 All Iran Unpublished data
16 JF917086 All Iran Unpublished data
Bah-12 AF069059 BIII Australia (19)
FCQ-21 AY178756 BIII Australia Unpublished data
Cub-G89 EU594665 BIII Cuba (20)
Cub-G81 EU594667 BIII Cuba (20)
gd-ber9 DQ090540 BIII Norway (21)
gd-ber10 DQ090541 BIII Norway (21)
TIG12 AB434535 BIII Iran Unpublished data
Al4 JF968198 BIII Iran Unpublished data
Ad-7 140508 BIV Australia (6)
Ad-28 AY178738 BIV Australia Unpublished data
Ad-45 AY178739 BIV Australia Unpublished data
Ad-85 AY178755 BIV Australia Unpublished data
NLH13 AY826191 BIV Netherland “)
H30 EF507672 BIV Brazil a7
GH-156 AB182126 BIV Japan (22)
GH-158 AB188825 BIV Japan (23)
Ad-141 U60984 C Australia (15)
Ad-148 U60986 D Australia (15)
P-15 U47632 E Australia (24)
Ad-23 AF069057 F Australia 19)
Ad-157 AF069058 G Australia (19)
G. ardeae AF069060 Australia (19)

500 bp

432 bp. D G GED Gl e G GRS G e SED S

Fig. 1: Electrophoresis of PCR products with gdh primers (expected size of 432 bp)
Lane 1 = Negative Control (primers + buffer) // Lane 2 = Positive control
Lane 3-14 = G. lamblia isolates from patients // Lane M = 100 bp DNA marker (Fermentas, Canada)
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The genotyping results indicated the
presence two main genotypes A and B of G.
lamblia. Based on the DNAsequences of the
glutamate dehydrogenase, 32 isolates (80%)
were detected as assemblage A and 8 isolates
(20%) were identical to assemblage B. After
performing a BLAST search, analysis revealed
all 32 isolates assemblage A sequences were
100%  similar to  sub-assemblage Al
(GenBank Accession number 1.40510). From
8 isolates as assembalge B, three isolates were
99% similar to sub-assemblage BIII (GenBank
Accession number AF069059), one isolate was
99% similar to sub-assemblage BIV (GenBank
Accession number 1.40508) and four isolates
were found between sub-assemblage BIII and
BIV (Table 2). Comparison of gdh gene

nucleotide substitutions between G. lamblia
isolates obtained from this study and
GenBank database published reference has
shown in Fig. 2.

Phylogenetic analysis of gdh gene

Phylogenetic analysis of g@h DNA sequences
was determined to further clarify the
relationship of the different genotypes to each
other. Fig. 3 shows the Phylogenetic tree
based construction on the neighbor-joining
method of the gdh sequences from G. lamblia
of patients isolates determined in this study
and GenBank reference isolates and other G.
lamblia  assemblages previously published
(Table 1).

A1(L40509
A2(L40810

1 10 20 kil 40 50 60

CAGTACAACTCYGCTCTCR6SCCCTACAAGGGTGGTCTCUGC TTOCACC CCTC TG TCARYCTY TCGATYCTT ARG TTCCTCOGY TTGAGC AGATCC TG RAGARCTCCCTYACCACGCTYCCRATG GG CERTGGTANGGGCRG

n &0 0 100 110 120 130 140

130 160 170

i} 1490 200

Al (L40509
Al L:lﬂﬁm}
B3 (AFOBI059) vvvvens
B4 (L40508)
GIS Group

GIs2

TCCGACTTIGATCCT A AGG60 MG T 334 R CGAGG TCATRCGC T TV TGCCAGTCCT T A TG ACY GAGCTCC A AGGCA CGTCR 636 CYACAC TGAC CTTCC TE CGG CGAT ATV GG TOGRCGSTC GCRAGATIGARTAY

ol ekl 40 0 260 mn 280

€6

20 0 kil 0 EEl] M

A1 (140509

A2 {40510

B3 [AFBO59) ...
Bt (L40508) ...
IS Group

Gis?

0

CTBTHEGACAGTAY AR CGTCTSAG AACGA T TTACRGGC G TCCTCA CREG CARGAACRT CAAGTEGO3E 00 TC TYTCATCAGRCCRGAGOC TACRAGSTATG GG C TETCTAC T CC TG AGGA A TETGCAAG AT AR

30 kIl -] 30 400 410 420 422

Fig. 2: Sequence analysis for gdh gene nucleotide substitutions of G. Jamblia isolates obtained from this study
compared with reference sequences
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Table 2: Genotyping characterization of 40 G. lamblia patients isolates from Fars Province, Iran

Patient isolates

Sub-assemblages

32 G. lamblia 1solates (GIS Group) (80%):

GIS1, GIS4, GIS7, GISS8, GIS9, GIS10, GIS11, GIS12, GIS13,

AII
(L40510)

GIS14, GIS15, GIS16, GIS17, GIS18, GIS19, GIS20, GIS21,
GIS22, GIS24, GIS26, GIS27, GIS28, GIS29, GIS32, GIS33,

GIS34, GIS35, GIS36, GIS37, GIS38, GIS39 and GIS40

3 G. lamblia isolates (7.5%):
GIS3, GIS23 and GIS25

1 G. lamblia isolates (2.5%):
GIS5

4 G. lamblia 1solates (10%):
GIS30, GIS31, GIS2 and GIS6

BIII
(AF069059)
BIV
(L40508)
Between BIII & BIV

Accession numbers for reference sequences obtained from GenBank are given in parentheses

The  phylogenetic  tree  shows  that
assemblage A was the most frequent,
corresponding with 32 cases (80%). All
isolates in cluster A were distributed in sub-
assemblage AIl. The second cluster was
contained the human assemblage B isolates.
Assemblage B was found in 8 cases (20%) of
the studied samples. Resulting in assemblage B
revealed 2 major lineages designated as
assemblages BIII and BIV. Third and fourth
were the dog clusters of either assemblage C
or D. The fifth cluster was contained the cattle
assemblage E. The sixth was contained the cat
assemblage I cluster. The seventh was
contained the rodent assemblage G cluster.
Finally, the eighth cluster was contained the G.
ardeae (Fig. 3). Phylogenetic analysis of the gdh
gene of G. lamblia isolates from patients
provided strong bootstrap support (100%) for
the placement of genotypes A and B in
separate clusters, indicating the differentiation
of the assemblages A and B. Phylogenetic
analysis has shown Fars isolates were widely
distributed within assemblage A cluster (sub-
assemblage AIl) and the remaining Fars
isolates were dispersed throughout the
assemblage B cluster (sub-assemblage BIII
and BIV). No samples were joined in clusters
corresponding to assemblages C, D, E and F
and G of G. lamblia, also in sub-assemblage

AL
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Discussion

Recent progressions on the identification of
Giardia assemblages and sub-assemblages have
increased tremendously in our understanding
of the biology and host-parasite relationship
of G. lamblia. In this study, 40 known G.
lamblia isolates from patients were used to
determine the sub-assemblages that occur in
Fars province, Iran. All 40 G. lamblia isolates
can be divided into four main groups based on
the results obtained from this study. These
groups are (i) sub-assemblage All, (i) sub-
assemblage BIII, (iii) sub-assemblage BIV and
(iv) sub-assemblage BIII/BIV as shown in
Table 2. The sequences of gdh for the entire 40
G. lamblia patient isolates were compared to
the sequences of known G. lamblia
assemblages published by GenBank (Table 1).

In our study, three G. lamblia patient isolates
were associated with sub-assemblage BIII and
one isolate was associated with sub-
assemblage BIV. Four isolates was situated
between sub-assemblage BIII and BIV (Table
2 and Fig. 3). Additionally, Sequencing and
phylogenetic analysis of gdb gene sequences
from this study and a large set of those which
were available from the literature worldwide
showed the sequences of the 32 isolates
associated with sub-assemblage AIl were
highly genetically homogenous with 100%
homology to published sequences.
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Fig. 3: Phylogenetic relationships of G. lamblia isolates in this study and reference isolates and other G. lamblia
assemblages previously published in GenBank (Table 1) inferred by Neighbor-Joining analysis of Kimura’s
distances calculated based on the nucleotide sequences of gdh with the MEGA4 program. Bootstrap values
#50% are not shown. Accession numbers for reference sequences obtained from GenBank are given in pa-
rentheses. The sequence of Giardia ardeae was used as an out-group

A is the indicator for Iranian isolates.

While the other eight isolates associated with
sub-assemblages, BIII and BIV showed
variability within the study area.

The results of this study are similar to
previous studies (9-11) in which G. lamblia
cysts isolated from human feces were analyzed
with ~ PCR-restriction  fragment  length
polymorphism (RFLP) assay, based on the
detection of glutamate dehydrogenase (gdh)
genes. In Tehran, the capital of Iran a majority
of 87% of the G. lamblia isolates used in the
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studies were from sub assemblage All,
whereas 7.8% of the isolates were from sub-
assemblage BIII (9). Moreover, In Fars
Province, 74.41% isolates were typed as
assemblage All, 17.44% as assemblage BIII,
3.49% as assemblage BIV and 4.66% isolates
as mixed assemblages AIl and BIV (10). In
Isfahan Province in the center of Iran, PCR-
RFLP, genotype A group II was detected in
59.7% isolates compared to genotype B that
showed 34.32% samples as genotype B Group

Available at: http://ijpa.tums.ac.ir
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III and 2.98% sample as genotype B group IV
(11). In contrast with our study, assemblage B
was predominant in Tabriz and Uremia cities
in the northwest of Iran when the gdh gene
was targeted by PCR RFLP. In Tabriz
analysis, PCR-RFLP revealed that 28 samples
(33.3%) were in sub-assemblage AIl and
44.4% and 22.2% belonged to sub-
assemblages BIII and BIV, respectively (12).
In Uremia, 93.3% of isolates were found to be
related to the genotype BIII and 6.7% were
related to the subgroup BIV (13).

Current study had focused on the genetic
characterization of G. Jamblia at the gdh gene
using DNA samples from patients’ stool sam-
ples in Fars Province, Iran. Previous surveys
performed on DNA extracted directly from
fecal samples in various countries have con-
firmed that only G. lamblia assemblages A and
B are associated with human infections (25).
Genotypic analysis showed that only combina-
tion of assemblages AIl and B are able to in-
fect humans in this area of Iran, suggesting a
human contamination origin. Most of our pa-
tients with sub-assemblage AII infection had
acquired their parasites through the anthro-
ponotic route, mainly involved human-to-
human transmission. Zoonotic transmission
may also occur. Reservoir sources of zoonotic
transmission were found to be a number of
livestock animal species like dairy cattle, com-
panion animals like cats, dogs and wildlife an-
imals (26). Unfortunately, due to limited fund-
ing, no animal sample was included in this
study, so current result was not enough to
demonstrate the role of anthroponotic and
zoonotic aspects of giardiasis infections. Fur-
ther molecular characterization of species,
genotypes and subtyping analysis of specimens
from both humans and animals and compari-
sons of various genetic loci are required for
identification of the transmission of giardiasis
between animals and humans and, under-
standing of giardiasis transmission.

Phylogenetic analysis of G. /lamblia isolates
from this study and previously published G.
lamblia assemblages revealed two different

Available at: http://ijpa.tums.ac.ir

clusters A and B. In cluster A there were two
subclusters Al and AIl. Within Al subcluster,
three G. Jamblia isolates Portland 1 (GenBank
accession number: M84604-USA), F22
(EF507606-Brazil), and Ad-1 (AY178735-
Australia) matched with reference isolate Ad-
1(L40509-Australia). We did not have any
sample of this study in this subcluster. Within
subcluster AIl, 32 homolog isolates of this
study completely matched (GIS Group) with
reference isolate Ad-2 (GenBank accession
number: 1.40510-Australia). Moreover, other
isolates Ad-113 (AY178736-Australia), TIG20
(AB434776-Iran), T11 (JF968202-Iran), 16
(JF917086-1ran), H32 (EF507674-Brazil),
NLH20 (AY826194-Netherland) and GH-125
(AB195222-Japan) were in this subcluster. In
cluster B there were two sub-clusters BIII and
BIV with some subgroups that reveal variation
in this assemblage. Within the BIII subcluster,
reference isolate Bahl12 (GenBank accession
number: AF069059-Australia) and Fcq-21
(AY178756-Australia) matched in a subgroup.
Isolates cub-G89 (EU594665- Cuba), cub-
G81 (EU594667-Cuba), isolates gd-ber9
(DQ090540- Norway), gd-berl0 (IDQ090541-
Norway), and Al4 (JF968198-Iran) did not
match with Bah12. Moreover, the isolate GIS3
(this study) and TIG12 (AB434535-Iran) (in a
subgroup) and 2 other isolates from this study
GIS23 and GIS25 had variant with Bah12. In
BIV sub cluster, Ad-28 (GenBank accession
number: AY178738-Australia), Ad-45
(AY178739-Australia), H30 (EF507672-Brazil)
and NLH13 (AY826191-Netherland) matched
with reference isolate Ad7 (1.40508-Australia).
Isolate Ad-85 (AY178755-Australia) was
found very close to this subgroup. Another
two samples GH-158 (AB188825-Japan) and
GH-156 (AB182126-Japan) (in a subgroup)
and 5 of our samples GIS5, GIS31, GIS30
and GIS2 and GIS6 (in a subgroup), set far
distance from reference isolate Ad7 in this
subcluster. Analysis of the cluster B indicated
genetic heterogeneity in assemblage B. On the
other hand, separate samples from Japan, Cu-
ba, Norway, and Iran having different sub
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category may suggest that in a country and in
different countries in the world have different
strains. Some isolates from this study (GIS23,
GIS25, GIS2, GIS6, GIS30 and GIS31) that
were very far distanced from the reference
isolates in cluster B could be the new strains
that need more investigations in future studies
(Table 1 and Fig. 3).

Geographic distribution of each Giardia as-
semblage in humans varies in different parts
of the world. Our results with predominance
of assemblage A was same to studies from
Brazil (27), Colombia (28), France (29), Iran
(9), Italy (30), Mexico (31-33), New Zealand
(34), Portugal (3), Thailand (35), United States
(36) and Yemen (37). Some studies from
Argentina (38) , Australia (39, 40), Bangladesh
(41), Belgium (42), Colombia (43), Egypt (44,
45), India (46), Malaysia (47), Morocco (48),
Netherland (4), Nicaragua (49), Norway (23,
50), The Philippines (51), Thailand (52),
United Kingdom (2, 53) and Sweden (54) with
a predominance of assemblage B, differed
from our study. Predominant G. lamblia sub-
assemblage AII has also been shown in
Australia (6), Bangladesh (41), Belgium (42),
England (2), France (55), Iran (13), Mexico
(33), Nicaragua (49), Peru (56) and The
Philippines (51).

Conclusion

Human giardiasis is one of the most com-
mon intestinal parasitic diseases in Iran, and
its molecular epidemiology needs more inves-
tigations. PCR sequencing and phylogenetic
analysis using the glutamate dehydrogenizes
gene are proper molecular methods for G.
lamblia genotyping and could discriminate G.
lamblia sub-assemblages in fecal samples. The
high prevalence of sub-assemblage All in this
study and other similar investigations con-
ducted in Iran reemphasized the importance
of applying all the health recommendations.
Health education and improvement of sanita-
tion conditions during drinking water and
food supply are the most important basic
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strategies for the control and prevention of
anthroponotic transmission of giardiasis in
this community. The results could use in the
future studies for clinical management and
prevention policies.

Acknowledgments

This is a common project between Shiraz
University of Medical Sciences in Iran and
University Putra Malaysia. It is a part of the
Ph.D. thesis of Mohammad Rayani. We ap-
preciate Vice Chancellor of Research, Shiraz
University of Medical Sciences, Shiraz, Iran
for the collaboration and financial support of
this research.

Conflict of Interests

The authors declare that there is no conflict
of interests.

References

1. FengY, Xiao L. Zoonotic potential and mo-
lecular epidemiology of Giardia species and gi-
ardiasis. Clin Microbiol Rev. 2011;24(1):110-40.

2. Amar CF, Dear PH, Pedraza-Diaz S et al
Sensitive PCR-restriction fragment length pol-
ymorphism assay for detection and genotyp-
ing of Giardia lamblia in human feces. ] Clin
Microbiol. 2002;40(2):446-52.

3. Sousa MC, Morais JB, Machado JE et al
Genotyping of Giardia lamblia Human Isolates
from Portugal by PCR RFLP and Sequencing.
J Eukaryot Microbiol. 2006;53 Suppl 1:5174-6.

4. van der Giessen JW, de Vries A, Roos M et al.
Genotyping of Guardia in Dutch patients and
animals: a phylogenetic analysis of human and
animal isolates. Int | Parasitol. 2006;36(7):849-
58.

5. Heyworth MF. Giardia lamblia genetic assem-
blages and hosts. Parasite. 2016;23:13.

6. Monis PT, Mayrhofer G, Andrews RH et al.
Molecular genetic analysis of Grardia intestinalis

isolates at the glutamate dehydrogenase locus.
Parasitology. 1996;112 ( Pt 1):1-12.

Available at: http://ijpa.tums.ac.ir



http://ijpa.tums.ac.ir/

10.

11.

12.

13.

14.

15.

16.

17.

Rayani et al.: Phylogenetic Analysis of Giardia lamblia Human Genotypes ...

Read CM, Monis PT, Thompson RC. Dis-
ctimination of all genotypes of Giardia lamblia
at the glutamate dehydrogenase locus using
PCR-RFLP. Infect Genet Evol. 2004
4(2):125-30.

Taherkhani H, Shariati S, Abdolahi N et al.
Clinical manifestations of Giardiasis in Iran.
Journal of Clinical and Diagnostic Research.
2009;3(2):1416-18.

Babaei Z, Oormazdi H, Akhlaghi L et al. Mo-
lecular characterization of the Iranian isolates
of Giardia lamblia: application of the glutamate
dehydrogenase gene. Iran ] Public Health.
2008;37(2):75-82.

Sarkari B, Ashrafmansori A, Hatam GR et al.
Genotyping of Giardia lamblia isolates from
human in southern Iran. Trop Biomed.
2012;29(3):366-71.

Pestehchian N, Rasekh H, Babaei Z et al
Identification of genotypes of Giardia lanblia
human isolates in Isfahan, Iran, using poly-
merase chain reaction—Restriction Fragment
Length polymorphism. Adv Biomed Res.
2012;1:84

Fallah E, Nahavandi KH, Jamali R et al. Mo-
lecular identification of Giardia lamblia isolates
from human and animal resetvoirs by PCR-
RFLP. ] Biol Sci. 2008; 8(5):896-901.

Hazrati Tappeh K, Manafi G, Asgharzadeh M
et al. Incidence of Giardia lamblia Subspecies by
PCR-RFLP in Stool Specimens of Hospital-
ized Children at Urmia Mutahhari Hospital,
West Azerbaijan Province, Iran. Iran ] Parasi-
tol. 2014;9(4):541-7.

Rayani M, Zasmy Unyah N, Hatam G. Mo-
lecular Identification of Giardia lanblia Isolates
from Fars Province, Iran. Iran | Parasitol.
2014;9(1):70-78.

Monis PT, Andrews RH, Mayrhofer G et al.
Novel lineages of Giardia intestinalis identified
by genetic analysis of organisms isolated from
dogs in Australia. Parasitology. 1998;116 ( Pt
1):7-19.

Yee J, Dennis PP. Isolation and characteriza-
tion of a NADP-dependent glutamate dehy-
drogenase gene from the primitive eucatyote
Giardia  lomblia. ] Biol Chem. 1992;
267(11):7539-44.

Souza SL, Gennari SM, Richtzenhain L] et al.
Molecular identification of Guardia lanbiia iso-
lates from humans, dogs, cats and cattle from

Available at: http://ijpa.tums.ac.ir

18.

19.

20.

21.

22,

23,

24.

25.

26.

27.

28.

the state of Sao Paulo, Brazil, by sequence
analysis of fragments of glutamate dehydro-
genase (gdh) coding gene. Vet Parasitol.
2007;149(3-4):258-64.

Abe N, Kimata I, Tokoro M. Genotyping of
Giardia 1solates from humans in Japan using
the small subunit ribosomal RNA and gluta-
mate dehydrogenase gene sequences. Jpn J In-
fect Dis. 2005;58(1):57-8.

Monis PT, Andrews RH, Mayrhofer G et al.
Molecular systematics of the parasitic proto-
zoan Giardia  intestinalis. Mol Biol Evol.
1999;16(9):1135-44..

Pelayo L, Nufiez FA, Rojas L et al. Giardia in-
fections in Cuban children: genotypes circulat-
ing in a rural population. Ann Trop Med Par-
asitol. 2008;102(7):585-95.

Robertson L], Hermansen L, Gjerde BK et al.
Application of genotyping during an extensive
outbreak of waterborne giardiasis in Bergen,
Norway, during autumn and winter 2004.
Appl Environ Microbiol. 2006;72(3):2212-7.
Matsubayashi M, Kimata I, Abe N. Identifica-
tion of genotypes of Giardia intestinalis isolates
from a human and calf in Japan. ] Vet Med Sci.
2005;67(3):337-40.

Abe N, Nakamura S, Kimata I. An imported
case of mixed infection by Giardia and Cryptos-
poridinm parasites in Japan. Seikatsu Eisei.
2005;49(1):48-51.

Ey PL, Mansouri M, Kulda | et al. Genetic
analysis of Giardia from hoofed Farm animals
reveals artiodactyl-specific and potentially zo-
onotic genotypes. ] Eukaryot Microbiol.
1997:44(6):626-35.

Caccio SM, Ryan U. Molecular epidemiology
of gardiasis. Mol Biochem Parasitol.
2008;160(2):75-80.

Laishram S, Kang G, Ajjampur SS. Giardiasis:
A review on assemblage distribution and epi-
demiology in India. Indian ] Gastroenterol.
2012;31(1):3-12.

Volotio AC, Costa-Macedo .M, Haddad FS
et al. Genotyping of Giardia laniblia from hu-
man and animal samples from Brazil using
(beta)-giardin gene: A phylogenetic analysis.
Acta Trop. 2007;102(1):10-9.

Ravid Z, Duque S, Arévalo A et al. Genetic
diversity of Giardia intestinalis populations in
Colombia. Biomedica. 2007;27(1):34-41.

531


http://ijpa.tums.ac.ir/

29.

30.

31

32.

33.

34.

35.

30.

37.

38.

39.

532

Iran J Parasitol: Vol. 12, No. 4, Oct-Dec 2017, pp.522-533

Bonhomme |, Le Goff L, Lemée V et al. Lim-
itations of tpi and bg genes sub-genotyping for
charactetization of human Giardia lamblia iso-
lates. Parasitol Int. 2011; 60(3):327-30.

Caccio SM, De Giacomo M, Pozio E. Se-
quence analysis of the beta-giardin gene and
development of a polymerase chain reaction-
restriction fragment length polymorphism as-
say to genotype Giatdia lamblia cysts from hu-
man faecal samples. Int ] Parasitol
2002;32(8):1023-30.

Eligio-Garcia L, Cortés-Campos A, Jiménez-
Cardoso E. Classification of Grardia intestinalis
isolates by multiple polymerase chain reaction

(multiplex). Parasitol Res. 2008;103(4):797-800.

Ponce-Macotela M, Martinez-Gordillo MN,
Bermtdez-Cruz RM et al. Unusual prevalence
of the Giardia intestinalis A-11 subtype amongst
isolates from humans and domestic animals in
Mexico. Int | Parasitol. 2002;32(9):1201-2.
Tortres-Romero JC, Euan-Canto Ade J, Beni-
to-Gonzalez N et al. Intestinal parasites and
genotyping of Giardia lamblia in children: first
report of genotype B in isolates from human
clinical samples in Mexico. Mem Inst Oswaldo
Cruz. 2014;109(3):388-90.

Winkworth CL, Learmonth JJ, Matthaei CD
et al. Molecular characterization of Grardia iso-
lates from calves and humans in a region in
which daity farming has recently intensified.
Appl Environ Microbiol. 2008;74(16):5100-5.
Traub RJ, Inpankaew T, Reid SA et al
Transmission cycles of Giardia lamblia in dogs
and humans in Temple communities in Bang-
kok--a critical evaluation of its prevalence us-
ing three diagnostic tests in the field in the ab-
sence of a gold standard. Acta Trop.
2009;111(2):125-32.

Van Keulen H, Olson B. An overview of G-
ardia taxonomy: A historical perspective. Giar-
diar: The Cosmopolitan Parasite. 2002; 283.
Alyousefi NA, Mahdy MA, Xiao L et al. Mo-
lecular charactetization of Guardia lamblia in
Yemen. Exp Parasitol. 2013;134(2):141-7.
Minvielle MC, Molina NB, Polvetino D et al.
First genotyping of Giardia lamblia from hu-
man and animal feces in Argentina, South
America.  Mem Inst Oswaldo Cruz
2008;103(1):98-103.

Yang R, Lee J, Ng J et al. High prevalence G
ardia lmmblia assemblage B and potentially zo-

40.

41.

42.

43,

45.

46.

47.

48.

49.

50.

onotic subtypes in sporadic human cases in
Western  Australia.  Int ] Parasitol.
2010;40(3):293-97.

Asher AJ, Holt DC, Andrews RM et al. Dis-
tribution of Giardia lamblia assemblages A and
B among children living in a remote indige-
nous community of the Northern Tertitory,
Australia. PLoS One. 2014:20;9(11):¢112058.
Haque R, Roy S, Kabir M et al. Giardia assem-
blage A infection and diarrhea in Bangladesh. |
Infect Dis. 2005;192(12):2171-3.

Geurden T, Levecke B, Caccié SM et al. Mul-
tilocus genotyping of Cryptosporidinm and Giar-
dia in non-outbreak related cases of diarrhea in
human patients in Belgium. Parasitology.
2009;136(10):1161-8.

Ramirez JD, Heredia RD, Hernandez C et al.
Molecular diagnosis and genotype analysis of
Giardia lamblia in asymptomatic children from
a rural area in central Colombia. Infect Genet
Evol. 2015;32:208-13.

Soliman RH, Fuentes I, Rubio JM. Identifica-
ton of a novel Assemblage B subgenotype
and a zoonotic Assemblage C in human iso-
lates of Giardia intestinalis in Egypt. Parasitol Int.
2011;60(4):507-11.

Foronda P, Bargues MD, Abtreu-Acosta N et
al. Identification of genotypes of Guardia intesti-
nalis of human isolates in Egypt. Parasitol Res.
2008;103(5):1177-81.

Mukherjee A. K, Karmakar S, Raj D et al.
Multi-locus Genotyping Reveals High Occut-
rence of Mixed Assemblages in Giardia lamiblia
within a Limited Geographical Boundary. Brit
Microbiol Res J. 2013; 3:190-97.

Mohammed Mahdy A, Surin J, Mohd-Adnan
A et al. Molecular charactetization of Giardia
lamblia solated from Semai Pahang Orang Asli
(Peninsular Malaysia aborigines). Parasitology.
2009; 136(11):1237-41.

El Fatni C, Olmo F, El Fatni H et al. First
genotyping of Giardia lamblia and prevalence
of enteroparasites in children from Tetouan
(Morocco). Parasite. 2014;21:48.

Lebbad M, Ankarklev ], Tellez A et al. Domi-
nance of Grardia assemblage B in Leon, Nica-
ragua. Acta Trop. 2008;106(1):44-53.
Robertson L], Forberg T, Hermansen L et al.
Giardia lamblia cysts isolated from wild moose
and reindeer in Norway: genetic charactetiza-

Available at: http://ijpa.tums.ac.ir



http://ijpa.tums.ac.ir/

51.

52.

53.

Rayani et al.: Phylogenetic Analysis of Giardia lamblia Human Genotypes ...

tion by PCR-rflp and sequence analysis at two
genes. ] Wildl Dis. 2007;43(4):576-85.

Yason JA, Rivera WL. Genotyping of Giardia
lamblia isolates among residents of slum area in
Manila, Philippines. Parasitol Res. 2007;
101(3):681-7.

Boontanom P, Mungthin M, Tan-Ariya P et al.

Epidemiology of giardiasis and genotypic
characterization of Giardia lamblia in preschool
children of a rural community, central Thai-
land. Trop Biomed. 2011;28(1):32-9.
Breathnach AS, McHugh TD, Butcher PD.
Prevalence and clinical correlations of genetic
subtypes of Giardia lamblia in an urban setting.
Epidemiol Infect. 2010;138(10):1459-67.

Available at: http://ijpa.tums.ac.ir

54. Lebbad M, Petersson I, Karlsson L et al. Mul-

55.

56.

tilocus genotyping of human Giardia isolates
suggests limited zoonotic transmission and as-
sociation between assemblage B and flatulence
in children. PLoS Negl Trop Dis.
2011;5(8):e1262.

Bertrand I, Albertini L, Schwartzbrod J. Com-
parison of two target genes for detection and
genotyping of Giardia lamblia in human feces
by PCR and PCR-restriction fragment length
polymorphism. | Clin Microbiol. 2005;
43(12):5940-4.

Cooper MA, Sterling CR, Gilman RH et al.
Molecular analysis of household transmission
of Giardia lamblia in a region of high endemici-
ty in Peru. | Infect Dis. 2010;202(11):1713-21.

533


http://ijpa.tums.ac.ir/

