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Abstract
Giardia duodenalis is considered a highly diverse organism that infects a variety of mammalian hosts. Giardiasis is a significant
public health problem in Iran. The purpose of this study was to investigate the occurrence of Giardia duodenalis (G. lamblia,
G. intestinalis) infections in humans residing in the Guilan province of Iran. Stool samples were collected during 12 months from
8356 individuals that had been referred to certain hospitals in the capital city of Rasht in the Guilan province, of which 4126 were
males and 4230 were females. The samples were separated into three groups according to patient age: group A 1–9 years old (n =
483); group B 10–19 years old (n = 491); and group C greater than 20 years old (n = 7382). The wet mount technique was
performed directly on 8356 fecal samples for microscopy. Samples were examined using a saline and iodine direct smear
technique in order to confirm the presence of G. duodenalis. The results indicated that 2.5% (206/8356) of the samples were
identified as positive forG. duodenalis. A total of 30% of the infected patients (n = 62) had no symptoms. In symptomatic cases,
the most common symptoms (46%, n = 95) were abdominal cramps and bloating. Twenty-four percent of patients (n = 50) had
cramps, bloating, nausea, and diarrhea. Sixty positive samples were sent forG. duodenalis genotyping based on the amplification
of the gdh gene. Forty-one PCR products were successfully selected and sequenced, where 38 (92.6%) samples were identified as
genotype A/subgenotype II and in three samples (7.4%) genotype B/subgenotype IV. Genotype A-II had a dominant prevalence
as compared to the genotype B-IV samples that were identified in the study. Based on the samples provided by the regional
teaching hospitals and subsequent sample analysis, the authors concluded that assemblage A-II is most likely the most common
Giardia subgroup infection in the Guilan region. Assemblages have been reported in both humans and animals; however, further
studies need to investigate the role of domestic animals and water reservoirs as potential sources of Giardia infection in the
Guilan region.
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Introduction

Giardiasis is considered to be one of the most common para-
sitic gastrointestinal diseases found in humans worldwide

(Savioli et al. 2006). Giardia lamblia is considered to be a
highly diverse organism and it comprises of at least eight
morphologically identical genetic assemblages (A–H) that
can infect a variety of mammalian and marine vertebrate hosts
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(Amar et al. 2002; Lasek-Nesselquist et al. 2010). The parasite
assemblages are currently distinguished by polymerase chain
reaction (PCR) and DNA sequencing of genes such as the
small subunit ribosomal RNA (SSU-rRNA), β-giardin (bg),
glutamate dehydrogenase (gdh), and triose-phosphate isomer-
ase (tpi) (Amar et al. 2002). Humans are usually infected by
the parasites from subgroup assemblages A and B (Amar et al.
2002).

The cyst is the infective form of Giardia and it is excreted
in feces from infected animal and human hosts; they can be
present in the environment for months, allowing transmission
to new hosts via the fecal-oral route, either from host-to-host
and/or after ingestion of contaminated water and/or food
(Baldursson and Karanis 2011; Efstratiou et al. 2017; Daly
et al. 2010; Karanis et al. 2007). Only a few outbreaks of
foodborne giardiasis have been reported (Ryan et al. 2018);
however, there have been many documented waterborne giar-
diasis outbreaks (Adam et al. 2016; Efstratiou et al. 2017;
Karanis et al. 2007; Baldursson and Karanis 2011).
Moreover, only a few of those outbreaks were investigated
via genotyping (Ryan et al. 2018) in order to identify the
subgroup(s) responsible for the infection, even though much
data exists on genotyping Giardia isolates and assemblage
identification (Cacciò et al. 2017; Feng and Xiao 2011;
Karanis et al. 1998; Plutzer et al. 2010; Tsui et al. 2018).

There are many factors that can contribute to the infection
of Giardia in humans: a wide host range, large numbers of
infective cysts shed by infected individuals and aquatic ani-
mals in the environment, low infectious doses (susceptibility),
the survival potential of the cysts, penetration of the water
barriers, climate influence, and the presence of livestock water
reservoirs (Brunn et al. 2018; Karanis and Ey 1998; Karanis
et al. 1998; Plutzer et al. 2010; Ryan et al. 2018; Tsui et al.
2018). Farmers in developing countries need to be educated
about the potential food threat when irrigating fruit and vege-
tables with wastewater and the importance of washing raw
vegetables prior to consumption. According to UNICEF
(2016), pure drinking water sources are still unavailable for
millions of people and almost 2.5 billion people lack access to
appropriate sanitation.

Giardiasis is a significant health problem in Iran as it is also
in many other parts of the world. Herein, we report the first
data on Giardia assemblages and subassemblages in patients
with giardiasis from the Guilan province of Iran.

Materials and methods

Study area and fecal specimen collection

The study area was the Guilan province, one of the main
provinces in Iran, where it lies along the Caspian Sea in north-
ern region. The Guilan province has a humid subtropical

climate and the heaviest annual rainfall in Iran: reaching as
high as 1900 mm (75 in.) in the south western coast and
generally around 1400 mm (55 in.). Rasht is the capital city
of Guilan province (Fig. 1) (Mahmoudi et al. 2014). Guilan
province covers about 1% of the total area of Iran
(14,042 km2) and it has a population of 2,530,696. The pop-
ulation density is 180 people per square kilometer (https://en.
wikipedia.org/wiki/Gilan_Province). A cross-sectional study
was performed in a 12-month period between October 2016
and March 2017. The human stool samples were obtained
from 8356 individuals (4126 males and 4230 females) with
suspected intestinal infections or periodic routine checkups
that were referred to the three teaching hospitals of Guilan
University Medical Sciences in Rasht-Guilan Province, Iran,
between October 2016 and March 2017 (see Tables 1 and 2
for patient data collected by the hospitals).

Epidemiological data such as age, gender, and clinical
signs and symptoms of the majority of cases were collected
using a predesigned questionnaire by trained clinical labora-
tory technician, and in the remaining cases, the patient infor-
mation was collected from the hospital registration system.
Direct smear examination was performed as part of the routine
examination in the hospital medical laboratory for all 8356
fecal samples. Samples were tested at the Department of
Parasitology and Mycology in Faculty of Medicine, Guilan
University of Medical Sciences.Giardia cysts or trophozoites
were visualized in samples using the direct wet mount and
formalin-ether sedimentation technique and identified by mi-
croscopy (Zeiss, Germany, × 40 magnifications). The method
involved mixing a small quantity (about 2 mg) of feces in a
drop of saline or iodine solution that was placed on a clean
glass slide. Prepared slides were then examined with micros-
copy to identify positive samples. Wet mountGiardia positive
and samples suspected to contain Giardia cysts were further
confirmed by using the formalin-ether sedimentation tech-
nique. Giardia-positive stool samples were preserved in alco-
hol and kept at 4 °C until they were used for DNA extraction.

PCR amplification and assemblages

During the 1-year study, every week, one or two positive stool
samples were randomly selected and used for DNA extraction
using a FavorPrep Stool DNA Isolation Mini Kit and SDEMini
Columns (Favorgen Biotech Corporation, Changzhi, Ping-Tung,
Taiwan) according to the manufacturer’s recommendations
(Nguyen et al. 2018). By minor modification of the procedure,
a freeze-thaw sample step was added for the disruption of the
Giardia cyst wall (Mahmoudi et al. 2011, 2014). The extracted
DNAwas stored at − 20 °C until used for PCR amplification.

DNA extraction was performed on 60 samples and all ex-
tracted DNAwas used to amplify the Giardia gdh gene by the
semi-nested PCR method. A fragment of approximately 432
base pairs of the gene was amplified using the following
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primers: external forward primer GDHeF (TCA ACG TYA
AYC GYG GYT TCC GT), internal forward primer GDHiF
(CAG TAC ACC TCY GCT CTC GG), and reverse primer
GDHiR (GTT RTC CTT GCA CAT CTC C (Read et al.
2004). The PCR reaction mixture consisted of 2 μl genomic
DNA, 7 μl of 2X Master mixes, and 1 μl (12.5 pmol) of each
primer and the addition of double distilled water to reach the
15 μl reaction volumes. The PCR was carried out on a thermo

cycler (PCRThermal cycler Eppendorf, Model personal 5332,
Germany) with the following amplification condition: 1 cycle
of 94 °C for 3 min, 56 °C for 1 min, and 72 °C for 2 min,
followed by 35 cycles, 94 °C for 1 min, 56 °C for 20 s, and
72 °C for 45 s. A final extension of 72 °C for 7 min and a
20 °C hold was used. The nested II (second) PCR conditions
were as nested I (first) PCR, exception for the annealing step
that was done at 56 °C for 30 s.

Fig. 1 Investigation area in Guilan, Iran: location of Guilan province and Rasht county and its geographical position in Iran. A map showing the area of
the collection of G. duodenalis isolates, which have been investigated during the present study

Table 1 Prevalence of giardiasis in patients examined for Giardia duodenalis infections based on the time (year, month, season) of testing and sex of
the patients (Guilan, Iran)

Season Month/year Number (percent) of examined patients Number of infected patients

Male Female Total Male Female Total

Spring April/2016 302 (49.4) 309 (50.6) 611 (100.0) 8 (57.1) 6 (42.9) 14 (100.0)

May 383 (52.4) 348 (47.6) 731 (100.0) 13 (65.0) 7 (35.0) 20 (100.0)

June 422 (52.0) 390 (48.0) 812 (100.0) 8 (40.0) 12 (60.0) 20 (100.0)

Summer July 426 (49.0) 444 (51.0) 870 (100.0) 19 (47.5) 21 (52.5) 40 (100.0)

August 425 (51.6) 398 (48.4) 823 (100.0) 22 (73.3) 8 (26.7) 30 (100.0)

September 391 (51.1) 374 (48.9) 765 (100.0) 18 (58.1) 13 (41.9) 31 (100.0)

Autumn October 312 (47.4) 346 (52.6) 658 (100.0) 7 (38.9) 11 (61.1) 18 (100.0)

November 298 (43.6) 385 (56.4) 683 (100.0) 12 (63.2) 7 (36.8) 19 (100.0)

December 311 (48.4) 331 (51.6) 642 (100.0) 2 (33.3) 4 (66.7) 6 (100.0)

Winter January/2017 335 (48.9) 350 (51.1) 685 (100.0) 3 (100.0) 0 (.0) 3 (100.0)

February/2017 251 (45.6) 300 (54.40 551 (100.0) 2 (66.7) 1 (33.3) 3 (100.0)

March/2017 270 (51.5) 254 (48.5) 524 (100.0) 1 (50.0) 1 (50.0) 2 (100.0)

Total 4126 (49.4) 4229 (50.6) 8355 (100.0) 115 (55.8) 91 (44.2) 206 (100.0)
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To validate results for all the PCR amplifications, a
Giardia-positive DNA sample and distilled water were includ-
ed as positive and negative controls, respectively. The PCR
products were visualized with UV on 1.5% agarose gels
stained with ethidium bromide. Sixty randomly selected pos-
itive samples were used for the genotyping Giardia
duodenalis based on the amplification of the gdh gene in for-
ward and reverse directions. Only 41 of those positive samples
yielded a perfect PCR band, which was sent for sequencing.
DNA sequencing reactions were performed by the Bioneer
Corporation (Korean Biotechnology Company) on the gdh
gene fragment. The assemblages of positive PCR were deter-
mined using the standard nucleotide BLAST algorithm pro-
vided by NCBI (http://www.ncbi.nlm.nih.gov/).

Sequence results were edited and trimmed using Chromas
and BioEdit software. Multiple sequence alignment was per-
formed using Clustal W method of BioEdit software.
Representative nucleotide sequences were deposited in the
GenBank under the accession numbers MK239149 to
MK239189 (Table 3). The phylogenetic tree was constructed
using maximum likelihood method and Tamura 3-parameter
model byMolecular and Evolution Genetic Analysis software
version 6 (MEGA 6). The statistical confidence of branching
patterns was evaluated by a bootstrap test with 1000 replica-
tions to determining the reliability of topology of the tree.

Statistical analysis

All of the data was analyzed using the Statistical Program for
Social Sciences (SPSS) and any differences were evaluated
using the chi-square test. P values of less than 0.05 were
considered as significant.

Results

Microscopy was performed on 8356 fecal samples (4126
males and 4230 females). The results indicated that 2.5%
samples (115 males and 91 females) were positive for

G. duodenalis based on both saline and iodine direct smear
methods. The formalin-ether concentration method was used
on positive stool samples to confirm the presence of
G. duodenalis cysts. Giardia cysts were detected in 206 pos-
itive stool samples; however, no trophozoites were present.
Seventy percent of Giardia-positive patients were symptom-
atic and 30% asymptomatic. The common symptoms that pa-
tients experienced were abdominal cramps and bloating
(46%). Twenty-four percent of patients complained of cramps,
bloating, nausea, and diarrhea. Other symptoms such as diz-
ziness, lethargy, and vomiting have been reported in other
cases. There were no significant differences in the symptoms
experienced between genders or the various age groups; how-
ever, adults ranging from 30 to 39 years had the highest prev-
alence ofGiardia (29.6%) (Table 2).Giardia infection peaked
during the summer months July–September 2018 (Table 1).

From the molecular analysis that was performed on 60
randomly selected samples, 41 of which gave the Giardia-
specific PCR band that was sent for sequencing. The resulting
sequences were compared with similar G. lamblia sequences
deposited in the GenBank using the Basic Local Alignment
Search Tool (BLAST) program. All nucleotide sequences
were submitted to the National Center for Biotechnology
Information (NCBI) GenBank database under the accession
numbers shown in Table 3. The phylogenetic analysis showed
two distinct clusters (A-II and B-IV) for the Giardia isolated
in present study (Fig. 2). The genotyping results indicated that
38 out of 41 (92.6%) isolates belonged to assemblage A/
subgenotype II and 3 out of the 41 samples (7.4%) belonged
to assemblage B genotype B-IV (Fig. 2). All three patients
infected by the B-IV genotype were symptomatic but 30%
of infected patients that were sampled were asymptomatic
and infected by the A-II genotype (Table 3). There was no
significant difference between demographic factors such as
age, sex, clinical manifestation of the diseases, and blood
group with Giardia assemblages.

Discussion

G. duodenalis is known to infect humans and is a complex
species consisting of eight assemblages (A–H). Assemblages
A and B are the predominant ones that are most commonly
found in human infections, although assemblages C, D, E, and
F have also been identified in humans (Fantinatti et al. 2016;
Ryan and Caccio 2013). Within assemblage A, the
subassemblages A-I, A-II, and A-III have been identified,
where A-I and A-II are the most commonly reported isolates
from humans.

The transmission ofGiardia to humans can occur via direct
contact with other infected humans or animals, or through the
consumption of contaminated water and/or food that contains
the cysts (Feng and Xiao 2011; Karanis et al. 1998; Plutzer

Table 2 Prevalence of giardiasis according to the ages of the
investigated patients (Guilan, Iran)

Age group (year) Number of people Number of Giardia positive

1–9 483 11.2% (23)

10–19 491 18% (37)

20–29 1053 14.6% (30)

30–39 1378 29.6% (61)

40–49 1344 11.7% (24)

50–59 1506 10.2% (21)

≤60 2101 4.9% (10)

Total 8356 100.0
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Table 3 Giardia duodenalis genotypes and assemblages, identified by sequencing of the gdh genes in isolates from humans in Guilan; symptoms, age,
sex, and blood group of the infected patients. In the last row the GenBank accession numbers of the identified new genotypes

Number ID Genotype Symptomatic Age Sex Blood group GenBank accession
numbers

Seq1 G1 AII Cramp, bloating 53 Male A+ MK239149

Seq2 G2 AII Cramp, bloating, dizziness,
lack of energy

21 Male B+ MK239150

Seq3 G4 AII Cramp, bloating 51 Male O+ MK239151

Seq4 G5 AII Cramp, bloating 59 Male A+ MK239152

Seq5 G6 AII Cramp, bloating 6 Male A+ MK239153

Seq6 G7 AII Cramp, bloating 81 Male A+ MK239154

Seq7 G9 AII Cramp, bloating 35 Male O+ MK239155

Seq8 G11 AII Cramp, bloating 62 Female A+ MK239156

Seq9 G12 AII Asymptomatic 55 Female A+ MK239157

Seq10 G13 AII Cramp, dizziness,
lack of energy

62 Female B+ MK239158

Seq11 G14 AII Cramp, bloating 84 Male B+ MK239159

Seq12 G15 AII Asymptomatic 24 Female O+ MK239160

Seq13 G17 AII Asymptomatic 74 Male O+ MK239161

Seq14 G18 AII Cramp, bloating 18 Male A+ MK239162

Seq15 G19 AII Cramp, bloating 39 Male AB+ MK239163

Seq16 G20 AII Cramp, bloating 30 Male O+ MK239164

Seq17 G21 AII Asymptomatic 34 Male A+ MK239165

Seq18 G22 AII Asymptomatic 22 Female A+ MK239166

Seq19 G23 AII Asymptomatic 47 Female AB+ MK239167

Seq20 G24 AII Asymptomatic 62 Female O+ MK239168

Seq21 G25 BIV Cramp, bloating, dizziness,
lack of energy

38 Male O+ MK239169

Seq22 G26 AII Cramp, bloating 9 Female B+ MK239170

Seq23 G27 AII Cramp, bloating 10 Female O+ MK239171

Seq24 G28 AII Cramp, bloating 9 Male O+ MK239172

Seq25 G29 AII Cramp, bloating 35 Female A+ MK239173

Seq26 G30 AII Asymptomatic 30 Male O+ MK239174

Seq27 G31 AII Cramp, bloating, nausea, diarrhea,
dizziness, lack of energy

17 Male O+ MK239175

Seq28 G32 AII Cramp, bloating, dizziness,
lack of energy

14 Male O+ MK239176

Seq29 G34 AII Cramp, bloating, nausea, diarrhea,
dizziness, lack of energy

15 Male B+ MK239177

Seq30 G35 AII Cramp, bloating 21 Male O+ MK239178

Seq31 G60 AII Cramp, bloating 44 Male O+ MK239179

Seq32 G61 BIV Cramp, bloating 71 Female B+ MK239180

Seq33 G62 AII Cramp, bloating, fatigue 13 Male A+ MK239181

Seq34 G63 AII Cramp, bloating, dizziness, lack of energy 47 Female O+ MK239182

Seq35 G64 AII Asymptomatic 15 Female B+ MK239183

Seq36 G65 AII Cramp, bloating, fatigue 9 Male B+ MK239184

Seq37 G68 AII Cramp, bloating, nausea, and diarrhea 19 Male O+ MK239185

Seq38 G69 BIV Cramp, bloating, fatigue, dizziness,
lack of energy

37 Female O+ MK239186

Seq39 G70 AII Asymptomatic 17 Male B+ MK239187

Seq40 G71 AII Cramp, bloating, dizziness, lack of energy 11 Male O+ MK239188

Seq41 G72 AII Cramp, bloating, dizziness, lack of energy 53 Male A+ MK239189
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et al. 2010; Ryan et al. 2018). Giardia cysts have been detect-
ed on a variety of foods including dairy products, meat, shell-
fish, fruits, and vegetables (Fallah et al. 2012; Erdogrul and
Sener 2005; Plutzer et al. 2010; Robertson 2013). Waterborne
outbreaks have also been widely reported (Adam et al. 2016;
Baldursson and Karanis 2011; Efstratiou et al. 2017; Karanis
et al. 2007). This study has updated information on the prev-
alence of G. lamblia infections in humans residing in the
Guilan, Iran, and provided new information about the
Giardia assemblages associated with those infections. In the
present study, the prevalence of G. lamblia was 2.5% (206/
8356) in individuals, who were referred to teaching hospitals
in the study area. The incidence of G. duodenalis can vary
from 2 to 5% in different parts of Iran (Taherkhani et al. 2009;
Rahimian et al. 2018); however, a recent study has reported a
1.2% Giardia infection in Roudehen, Tehran province
(Hemmati et al. 2017). A comparison of the results obtained
in the present study indicated a lower prevalence of Giardia
infections in the Guilan region as compared to other parts of
Iran (Taherkhani et al. 2009). The decreased prevalence of
giardiasis in recent years could be explained by the

improvement in general hygiene and advances in diagnostic
capability used to screen patients (Hemmati et al. 2017).

G. duodenalis is currently categorized with a number of
recognized major genetic groups (assemblages), two of which
(A and B) are potentially zoonotic, whereas the remaining six
assemblages (C to H) appear to be host-restricted (Plutzer
et al. 2010; Ryan and Caccio 2013). The variable gdh locus
has been used for successful genotyping and subtyping of
G. duodenalis isolates from a range of vertebrate hosts (Ey
et al. 1997; Monis et al. 1996, 1998).

In the present study, due to the limitation of sequencing
costs, only sixty of the 206 positive samples were used for
PCR and G. duodenalis genotyping based on the amplifica-
tion of the gdh gene. From those 60 positive samples, only 41
samples yielded adequate PCR products and subsequent
Giardia-specific PCR band to be successfully sequenced.
The authors site this as a possible limitation in our study since
not all positive samples were successfully sequenced. Another
limitation could be a lack of clinical information for some of
the patients since their information was obtained from the
hospital registration system. The characteristics and condition

Fig. 2 Phylogenetic tree of the
partial glutamate dehydrogenase
(gdh) nucleotide sequences of
Giardia intestinalis isolates ob-
tained in this study (black trian-
gle) and reference sequences re-
trieved from GenBank. The tree
was constructed by the Tamura 3-
parameter model in MEGA soft-
ware version 6. The statistical
confidence of branching patterns
was evaluated by a bootstrap test
with 1000 replications to deter-
mining the reliability of topology
of the tree. Asterisk: it is related to
two similar sequences (with ac-
cession numbers MK239157 and
MK239165). Double asterisk: it is
related to 33 similar sequences
with accession numbers
MK239151 to MK239156;
MK239158 to MK239164;
MK239166 to MK239172;
MK239175 to MK239184; and
MK239186 to MK239189
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of theGiardia parasites in the positive samples were described
to the best of their ability by those reporting the clinical find-
ings. Further studies with larger numbers of fecal and environ-
mental samples are still required in order to increase our
knowledge of the distribution ofGiardia assemblages in prov-
ince of Guilan.

In the present study, the gdh locus used for genotyping of
Giardia and DNA sequencing confirmed the presence of as-
semblages A-II (92.6%) and B-IV (7.4%) in the Guilan prov-
ince. The predominance of assemblage A has also been re-
ported in other studies in Iran (Kasaei et al. 2018; Rahimian
et al. 2018; Babaei et al. 2008; Rayani et al. 2014), Brazil
(Souza et al. 2007), Italy (Caccio et al. 2002), New Zealand
(Winkworth et al. 2008), and Thailand (Traub et al. 2009). On
the other hand, studies from Australia (Yang et al. 2010),
Bangladesh (Haque et al. 2005), Belgium (Geurden et al.
2009), England (Breathnach et al. 2010), Nicaragua (Lebbad
et al. 2008), Philippines (Yason and Rivera 2007), the USA
(Guy et al. 2003), France (Bertran et al. 2005), and the UK
reported assemblage B as the predominant assemblage infect-
ing humans. G. lamblia assemblages A and B co-infection
were not detected during our study, while a mixture of these
assemblages have been reported previously in a few other
studies (Amar et al. 2002; Arani et al. 2008; Guy et al. 2004;
Lalle et al. 2005; Lu et al. 1998). However, our observations
revealed that the majority ofGiardia isolates were assemblage
A-II genotype (92.6%), which has also been reported in Iran
(Babaei et al. 2008), Brazil (Souza et al. 2007), and Peru
(Cooper et al. 2010). The occurrence and predominance of
assemblage A-II and absence of assemblage A-I in the suc-
cessfully sequenced samples may be due to geographical dif-
ferences among the different countries, the regional epidemic
or local transmission dynamics related to the host fauna, in-
fection sources, and socioeconomic factors.

Giardia has been identified as a significant waterborne
pathogen and it has been found responsible for several serious
outbreaks worldwide over the past 10 years (Baldursson and
Karanis 2011; Efstratiou et al. 2017; Karanis et al. 2007).
Giardia contamination of river waters in Guilan has been
proven in previous studies (Mahmoudi et al. 2013, 2015)
and only genotype B has been found (accession numbers
KJ018215, KJ018217, KJ018222, KJ018228, KJ018229,
KJ01823, see Fig. 2) (Mahmoudi et al. 2015). The phyloge-
netic tree (Fig. 2) analysis mainly showed assemblage B-III
and few assemblage B-IV that were detected from river water
in Guilan from the previous studies (Mahmoudi et al. 2015).
From a comparison of the assemblage identified from human
positive samples in the present study (A-II = 92.6%, B-IV =
7.4%) (Fig. 2), it was not known if the river waters could be
considered as a major contamination source for human
Giardia infections in the Guilan province, although it is ex-
pected that the river waters are contaminated with different
Giardia species cysts and various G. lamblia assemblages.

There was no significant difference noted between demo-
graphic variables such as age, sex, or the clinical manifestation
of the diseases andGiardia assemblages, which may be due to
the predominance of assemblage A (92.6%) compared to the
assemblage B (7.4%), which was insufficient for statistical
analysis.

In the present study, the seasonality for Giardia infection
prevalence peaked during the summer months (Table 1). This
observation is consistent with the results of other studies
reported by Bahrami et al. (2017) and Lal et al. (2012).
Seasonal variation in enteric zoonotic diseases is ubiquitous
with regional variations, highlighting complex environment-
pathogen-host interactions (Lal et al. 2012). Patient age is
considered a risk factor for giardiasis and several studies
have reported a higher prevalence of giardiasis in young adults
and children (Mehraj et al. 2008; Mohammed Mahdy et al.
2009; Nematian et al. 2004; Nkrumah and Nguah 2011;
Londoño et al. 2009; Pereira et al. 2007; Raso et al. 2004;
Spinelli et al. 2006; Wongstitwilairoong et al. 2007).
According to 2003–2005 data obtained from the Center
for Disease Control and Prevention (USA), the greatest
number of reported cases occurred among children aged
from 1 to 4 and 5–9 years old and adults aged 35–44 years
old (Yoder and Beach 2007). Although the present study did
not reveal a significant link between age and Giardia
prevalence, the infection rate was slightly higher in younger
children aged 10–19 years old and adults aged 30–39 years
old (Table 2). Clinical manifestations of giardiasis vary
from asymptomatic infections to chronic diarrhea (Sahagun
et al. 2008). The most common symptoms observed in this
study were abdominal pain and bloating; however, other
studies showed patients experiencing different symptoms
(Sahagun et al. 2008; Handoussa et al. 2005; Zalipaeva
2002). The discrepancy in the observed clinical manifestations
of giardiasis might be due to differences in the virulence
of the parasite and host factors (Rafiei et al. 2013;
Taherkhani et al. 2009).

This study provided new information on the distribution of
the two major assemblages (A-II and B-4) of G. lamblia from
humans, who were referred to the three main teaching hospi-
tals in Guilan, Iran. In the core of our results, assemblage A-II
was the most prevalent subgroup compared to the assemblage
B-IV. Based on the results of this study, the authors concluded
that assemblage A-II is the most likely subgroup responsible
for common Giardia infections in Guilan province. Both as-
semblages have been reported in both human and animals.
Due to the possibility of zoonotic transmission and the poten-
tial for domestic animal assemblage hosting (Ryan and Caccio
2013), further studies including a variety of humans, animals,
and environmental samples will greatly increase the knowl-
edge of Giardia assemblage distribution and the role of the
domestic animals and livestock as a potential source for hu-
man infection in the study area.
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