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Background: Giardia duodenalis is one of the most prevalent intestinal parasites of  human. It also infects a 
wide range of mammals. Two genotype of G.duodenalis (A and B) were commonly reported among humans 
with different frequency of distribution in different geographical locations. This work was conducted to 
discriminate genotypes of Giardia duodenalis human isolates in Isfahan city using PCR- RFLP. This is the first 
molecular study on human isolates of G.duodenalis in the area.
Materials and Methods: Samples were collected from different health centers of Isfahan city during June 
2011 and February 2012. From 175 Giardia positive stool samples 67 specimens were selected randomly.  
Cysts of Giardia positive samples were concentrated by flotation sucrose. Extraction of genomic DNA from 
trophozoite and cysts was performed using QIAamp Stool Mini kit with a modified protocol. PCR- RFLP 
method was used to amplify a fragment of 458bp at the glutamate dehydrogenase locus, and restriction 
enzymes BspLI and RsaI differentiated human genotypes A and B and their subgroups. 
Results: PCR – RFLP assay of 67 isolates showed 40 (59.7%) isolates as Genotype A group II, 23 (34.32%) 
samples as Genotype B Group III and two (2.98%) sample as Genotype B group IV. Mixed genotype of (AII 
and B) was detected only in two isolates (2.98%).
Conclusions: PCR – RFLP assay targeting gdh locus is a sensitive tool and discriminates genotypes, sub 
genotypes and mixed type of G.duodenalis. Results of our study suggest both anthroponotic and zoonotic 
origins for the infections respectively.
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INTRODUCTION

Giardia species are intestinal parasites infecting 
a wide range of vertebrates. The genus comprises 
6 species, namely, G. agilis, G. ardeae, G. microti, 
G. muris, G. psittaci, and G. duodenalis. These species 
are distinguished on the basis of their morphology. [1] 
Giardia duodenalis (synonyms: G. intestinalis, 
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G. lamblia), which is one of the most common 
intestinal parasites of humans,[2] also infects other 
mammals, including pets and livestock.[2‑5]

Because of the high prevalence of the parasite in 
humans, domestic animals, and wildlife, it is of 
public health and veterinary health importance.[2] It 
has worldwide distribution infecting an estimated 
2.8 × 108 people each year. Symptomatic infections have 
been reported for 200 million people in Asia, Africa, and 
Latin America with an incidence rate of 500,000 cases 
per year.[3] It is believed that in the developing countries 
of the world giardiasis is responsible for 2.5 million 
diarrhea-associated deaths and nutritional deficiencies 
children.[1,6] Malnutrition is assumed to be a result of 
malabsorption caused by G.duodenalis. In symptomatic 
giardiasis, malabsorption has been seen for 50% of 
patients. A negative effect of giardiasis on growth and 
weight gain has been commonly reported. G.duodenalis 
affects growth and cognitive functions of infected 
children. Reduction in growth probably via malnutrition 
was reported in asymptomatic cases as well.[2]

Human infections are caused by G. duodenalis, the 
species which has also zoonotic potential[2] and is now 
considered as complex species that comprises at least 
7 distinct genetic groups (A–G).[7] Molecular studies on 
human isolates from different geographic areas show 
that in almost all cases only assemblages A and B of 
G. duodenalis are associated with human infections. 
The prevalence of the mentioned genotypes varies 
from country to country and even between different 
geographic areas in a country.[3,4,6,8] The remaining 
genetic groups (C–G) seem to be host specific.[3] Having 
host specificity and genetic characteristics, some of 
previously used species names are suggested for different 
genotypes of G. duodenalis. Thus for assemblage A the 
name G. duodenalis, and for assemblages B, E, F, and 
G the names G. enterica, G. bovis, G. cati, and G. simodi 
are proposed, respectively. The proposed names for 
genotypes C and D is G. canis.[2]

A variety of molecular techniques, including 
Multiplex PCR,[9] PCR‑Restriction Fragment Length 
Polymorphism,[4] real‑time PCR,[10] and sequence 
analysis of housekeeping genes have proved to be used 
as tools for discrimination of all assemblages and to 
provide powerful tools for understanding molecular 
epidemiology, infection sources, and zoonotic potential 
of human giardiasis.[2,4,5,11] Molecular studies show 
subgroups (I–VIII) for assemblage A and subgroups 
(I–VI) for assemblage B.[4]

The current study was conducted to determine 
G.duodenalis genotypes and subgenotypes in Isfahan, 
Central Iran, as there is no previous data in this 

regard. PCR‑RFLP method was performed based on 
gdh, as it is suited for direct typing of Giardia in crude 
specimens and successfully determines subgenotypes 
of human isolates.

MATERIALS AND METHODS

Collection of Isolates
In this study, 175 Giardia‑positive samples were 
collected from health centers of Isfahan city during 
June 2011 to February 2012. After direct observation 
by microscope, the samples were stored at 4°C 
without any preservative. Cysts of 67 Giardia‑positive 
specimens were concentrated from the specimens 
by flotation on 4 layers (0.5, 0.75, 1, and 1.5 M) and 
single‑layer (0.85 M) sucrose. Some of the fresh 
specimens with a high number of cysts were cultured 
on TYI‑S‑33 medium.[12] Purified cysts and cultured 
trophozoites were stored at ‑20°C until further 
examination.

Extraction of DNA
Extraction of genomic DNA was performed from 
concentrated cysts of 65 and cultured trophozoites 
of 2 isolates. The trophozoite’s DNA was extracted 
using QIAamp DNA Stool Mini Kit (QIAgen Company, 
Germany) according to the manufacturer’s instruction 
and used as template for PCR assay. Extraction of 
genomic DNA from cysts of Giardia was performed 
as follows: Approximately 200 mL of concentrated 
sample were used for extraction. Glass beads 
(cat:G9268‑Sigma) and a 500 mL of the lysis buffer 
(NaCl 50 mM, Tris–HCl 50 mM, EDTA 50 mM, and 
SDS 1%) were added to the sample and vortexed for 
10 min; after repeated freezing and thawing, 20 mL 
of proteinase K (20 mg/mL), and SDS 10% (1/20 of 
total volume) were added. The mixture was incubated 
overnight at 56°C. The incubated mixture was used 
for DNA extraction by QIAamp DNA Stool Mini Kit. 
The extracted DNA samples were stored at ‑20°C for 
PCR assay.

PCR Amplification and RFLP Analysis
The gdh gene was amplified using a single PCR with the 
modified GDHF (5′ TCAACGTCAACCGCGGCTTCCT 
3′) and GDHR (5′ GTTGTCCTTGCACATCTCC 3′) 
primers as previously described.[4,5] The reaction 
mixture for PCR amplification contained 5 mL of 10× 
buffer (CinnaGen, Iran), 1.5 mM of MgCl2 (CinnaGen, 
Iran), 0.2 mM of each dNTPs, 1 U of Taq polymerase 
(CinnaGen, Iran), 20 pmole of each primer and 
5–10 mL of extracted template DNA. Amplification 
of extracted DNA was performed using Eppendorf 
(Germany) thermal cycler in the following conditions: 
One cycle of 94°C for 5 min (initial denaturation), 
followed by 35 cycles of 20 s at 94°C, 45 s at 60.5°C, 
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45 s at 72°C, and a final extension at 72°C for 5 min. 
The DNA sample extracted from cultured trophozoites 
was used as the positive control and distilled water 
was used as the negative control. Electrophoresis of 
PCR products was performed on 1.5 % (W/V) of agarose 
gel stained with DNA green viewer.

For the digestion of gdh 458 bp fragment by the 
enzyme BspLI, 7 mL of PCR product was digested 
in a total of 20 mL reaction mixture containing 10 U 
of BspLI (Fermentase EU) and 2 mL of restriction 
buffer (Tango buffer fermentase), the reaction 
mixture was incubated at 37°C for 1 h. BspLI 
discriminates between groups I and II of assemblage 
A and assemblage B. The PCR products of isolates, 
identified as genotype B by BspLI, were digested 
by RsaI for differentiation between groups III and 
IV of assemblage B as follows: 7 mL of PCR product 
was added in a mixture of 1 mL (10 U) of RsaI 
(Fermentase EU), 2 mL of restriction buffer (Tango 
buffer fermentase) and 10 mL of distilled water. The 
reaction mixture was incubated at 37°C for 2 h. The 
digested fragments were fractionated on 3% agarose 
gel stained by DNA green viewer.

RESULTS

From 67 isolates selected for molecular analysis, 
5 isolates were cultured on TYI‑S‑33, of which 2 isolates 
were successfully cultivated and were used as positive 
control for PCR assay. DNA was successfully extracted 
(100%) from all samples. A 458 bp fragment of gdh 
locus was amplified for all the extracted DNA samples 
[Figure 1]. The results showed that using QIAamp 
DNA extraction kit is a conventional method for DNA 

extraction from Giardia cysts.

After digestion with enzymes, the amplified fragments 
were cut and restricted fragments were seen on 3% 
agarose gel, the restriction sites of enzymes are shown 
in Table 1.

Some of the restricted fragments are diagnostic 
and determine genotypes and subgenotypes of 
G.duodenalis [Table 2]. The digested fragments by 
restriction enzyme BspLI revealed that more isolates 
were Genotype A group II [Figure 2]. No samples 
showed the restriction profile of AI. The digested 

Figure 1: PCR amplification of Giardia duodenalis gdh on 1/5% 
agarose gel stained with DNA green viewer. (Lane M: 100 bp gene 
ruler (fermentase); and lanes 1–3: polymerase chain reaction products 
from examined samples; lane 4: positive control.)

Figure 2: Enzymatic digestion of Giardia duodenalis gdh gene. 
Polymerase chain reaction products were restricted by BspLI and 
shown on DNA green viewer stained 3% high resolution agarose gel. 
(Lane M: 25 bp ladder (fermentase); lane 1–4: G. duodenalis genotype 
A group II; and lane 5: G. duodenalis genotype B.)

Table 1: Restriction sites of digestive enzymes BspLI and 
RsaI and Genotypes / sub genotypes of Giardia duodenalis, 
differentiated after digestion of a 458bp fragment
Enzyme Restriction sites Detected genotype
BspLI 5"……… GGN / NCC …..…3" Genotype A (AI and AII)

3".……….. CCN/NGG......…. 5" Genotype B
RsaI 5"....…........... GT/AC.........…. 

3"
Gentypes B (BIII and BIV)

3"….......……CA/TG.............. 5"

Table 2: Diagnostic fragments sizes (bp) and genotyping 
profiles of Giardia duodenalis at the gdh locus when digested 
by enzymes BspLI and RsaI
Enzyme Genotype Sub 

genotype
Diagnostic 
fragments

Number. Samples 
detected

BspLI A AI 87, 123, 146 0
AII 69, 77, 87, 123 40

B 47, 123, 288 25
Mixed (AII+B) 47, 69, 77, 87, 

123, 288
2

RsaI B BIII 131, 298 23
BIV 428 2
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Table 3: Genotypes and sub genotypes of G. duodenalis identified by PCR- RFLP method at the gdh locus using restrictions 
enzymes BspLI and RsaI
Isolate code Examined 

form
Genotype Sub genotype Isolate code Examined 

form
Genotype Sub genotype

GCT 81 Cyst + T* A AII GC 113 Cyst A AII
GC 102 Cyst A AII GC 115 Cyst B BIII
GC 103 Cyst B BIII GC 118 Cyst A AII
GC 84 Cyst A AII GC 119 Cyst A AII
GC 100 Cyst B BIII GC 120 Cyst A AII
GC 112 Cyst A AII GC 121 Cyst B BIII
GC 30 Cyst A AII GC 127 Cyst A AII
GC 43 Cyst A AII GC 130 Cyst A AII
GC 90 Cyst A AII GC 137 Cyst A AII
GC92 Cyst B BIII GC 138 Cyst A AII
GC94 Cyst A AII GC 139 Cyst B BIII
GC99 Cyst A AII GC 142 Cyst A AII
GC 101 Cyst A AII GC 143 Cyst A AII
GC 60 Cyst A AII GC 129 Cyst A AII
GC 61 Cyst B BIII GC 147 Cyst A AII
GC 66 Cyst A AII GC 148 Cyst A AII
GC 71 Cyst A AII GC 151 Cyst A AII
GC 77 Cyst A AII GC 157 Cyst A AII
GC 105 Cyst A AII GC 158 Cyst B BIII
GC 111 Cyst B BIII GC 159 Cyst + T* A AII
GC 59 Cyst B BIII GC 160 Cyst A AII
GC 73 Cyst B BIII GC 161 Cyst A AII
GC 75 Cyst B BIII GC 165 Cyst B BIII
GC 76 Cyst B BIII GC 167 Cyst B BIV
GC 80 Cyst MIX MIX GC 169 Cyst A AII
GC 83 Cyst B BIII GC 171 Cyst A AII
GC 34 Cyst B BIII GC 172 Cyst B BIII
GC42 Cyst B BIII GC 173 Cyst B BIII
GC 44 Cyst A AII GC 122 Cyst B BIII
GC 47 Cyst A AII GC 123 Cyst B BIII
GC 50 Cyst A AII GC 124 Cyst A AII
GC 56 Cyst B BIII GC 125 Cyst B BIV
GC 22 Cyst A AII GC 126 Cyst B BIII
GC 23 Cyst A AII
*T: trophozoite

Figure 4: BspLI digestion of G. duodenalis gdh gene. PCR 
products showing mixed genotypes. Lane M ladder 25bp Gene ruler 
(Fermentase), lanes 1 and 3 show mixed genotypes.

Figure 3:  PCR product of G.duodenalis gdh digested by RsaI showing 
sub genotypes of B group. Lane M ladder 100bp (Fermentase),  
lane 1genotype B group III, lane 2 genotype B group IV
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products of the enzyme RsaI showed 2 different 
patterns of subgenotypes BIII and BIV, most of which 
were related to the first group [Figure 3]. Resulting 
from the present research, 40 (59.70%) of 67 specimens 
were determined as assemblage A group II, 23 (34.32%) 
isolates as assemblage B group III, 2 isolates (2.98%) 
as assemblage B group IV, and 2 isolates (2.98%) as 
a mixed form of genotype A group II and genotype B 
[Figure 4] [Table 3].

DISCUSSION

G. duodenalis is an important and prevalent cause 
of parasitic gastroenteritis and diarrheal out breaks 
worldwide.[6,13] The parasite is found to be the most 
prevalent intestinal protozoan[14] and is taken into 
WHO’s Neglected Diseases Initiative recently.[15] Its 
direct and easy life cycle, robust cysts that resist 
water chlorination and environmental conditions, 
contamination of food, water, and fomites; and 
its zoonotic potential, make it a common human 
parasite[2,6] The prevalence of human giardiasis 
in Iran is reported to be 10.9% and it is the most 
prevalent intestinal parasite in this country.[16] Genetic 
heterogeneity of the parasite determined by several 
molecular studies reveals that G.duodenalis is a 
complex species consisting of several genotypes.[2,4,7] 
The distribution of genotypes varies in human and 
animal hosts; and also it differs for various geographic 
areas[2,4,6,17‑19]

Understanding the host range of different genotypes 
of G. duodenalis, zoonotic potential and cross‑species 
transmission; and environmental factors involved 
in the exposure of parasite are important aspects of 
molecular epidemiology of giardiasis. [2] Numerous 
samples of G. duodenalis collected from humans and 
animals in various geographic locations have been 
typed, and the occurrences of the same genotype 
in human and animals has been reported.[20] Such 
data indicate the zoonotic potential of the parasite; 
therefore, most experts agree that G.duodenalis 
genotypes (especially genotypes A and B) are 
potentially zoonotic.[2] Human‑infecting genotypes (A 
and B) have different frequencies of distribution in 
different geographic locations. Many molecular studies 
consider genotype A as dominant human‑infecting 
assemblage, whereas other studies show a high 
prevalence of genotype B in humans. [2,4,6] Molecular 
studies on human isolates in Iran targeting gdh and 
tpi have shown the existence of genotypes A and B with 
different frequencies of distribution. Most of the studies 
show assemblage A as the predominant genotype. 
In Tabriz, Fallah et al. detected 54.8% genotype A, 
41.9% genotype B, and 3.2% mixed genotype out of 
34 samples. In a study conducted by Babaei et al.[4] 

on 38 human isolates in Tehran, 33 (87%) samples 
were found as G. duodenalis assemblage A group II, 
3 (7.8%) samples as assemblage B group III, and 
2 (5.2%) samples as of mixed genotypes. Genotyping 
of G. duodenalis was also performed by Zia‑Ali et al.[8] 
on 30 samples in Kerman, genotype A subgroup II was 
found in 18 (60%), subgroup AI in 5 (16/6%) samples, 
and genotype B group III in 7 (23/4%) samples. As 
the prevalence of zoonotic assemblages varies in the 
world and also in Iran, there is no data to show the 
genotypes of G. duodenalis human isolates in Isfahan, 
Central Iran.

We used PCR‑RFLP as it is a sensitive tool that 
is capable of distinguishing human isolates of 
G. duodenalis at the genotype and subgenotype level. 
This method has been used before and discriminated 
all genotypes of G. duodenalis successfully.[4,5,8]

The extraction of DNA from cysts of the parasite 
eliminates the difficult stages of parasite cultivation 
and selective growth of parasite in culture media. We 
used QIAamp DNA extraction Mini kit with a modified 
protocol in which glass beads have been used and 
freeze‑thawing was performed. The protocol had a 
result of 100% successful DNA extraction[4] where only 
44% of cysts had a successful growth by an effective 
method of axenic culture.[12]

In our study, we examined 67 isolates of G. duodenalis 
from human feces. Our results show genotypes A and 
B, which were found by many researchers in Iran 
and other countries. In our study, more isolates were 
typed as genotype A group II followed by genotype B 
group III. The higher rate of genotype A in Isfahan is 
similar to many previous studies. A molecular study 
in Mexico reported that all the studied isolates were 
of genotype A. The same results were obtained from 
studies performed in South Korea and Italy. The 
results of our study are similar to previous studies 
in Kerman and East Azerbaijan, but differ with the 
study conducted in Tehran.

Previous studies have shown that subgenotypes AI, 
BIII, and BIV have more zoonotic potential.

The higher rate of assemblage A group II reveals an 
anthroponotic origin of the infection. A considerable 
number of genotype B in the present study shows a 
zoonotic transmission route as well.[4] As assemblage 
B was detected in many waterborne outbreaks of 
Giardia, contamination of water with animal feces in 
the area of study is possible. Mixed genotypes of AII 
and assemblage B was found only in 2 (2/98%) isolates. 
As previous studies have shown a relationship between 
mixed infections with multiple sources of infection and 
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complex life cycle of parasites, complex life cycle and 
multiple source for the parasite is rarely possible in 
the area of study.

CONCLUSION

In conclusion, molecular studies on human Giardia 
isolates and discrimination of genotypes is a useful way 
to know the transmission route and effective prevention 
methods of giardiasis. Recently, with the advances of 
molecular typing tools, the epidemiology of giardiasis 
is systematically addressed. As a final result of our 
study both anthroponotic and zoonotic origin for the 
parasite is suggested. Because of the zoonotic potential 
of G.duodenalis and detection of both genotypes in 
human samples, further studies on human and animal 
samples are suggested. Screening of the water sources 
(water supply and surface water), sewage system and 
food chain will also help understanding the molecular 
epidemiology of infection in the area.
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