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R E S E A R C H  A R T I C L E

Giardia lamblia is the intestinal, flagellated protozoan parasite. It should make a species complex and 
comprises eight assemblages (A-H). In the current study, out of 153 examined samples, 16 (10.46%) and 
36 (23.53%) specimens were positive by concentration and polymerase chain reaction (PCR) technique 
for giardiasis, respectively. The highest rate of infection was found in a rural area (14.38%) than in urban 
areas (9.15%). As well as, the infection rate in males (25/153) was higher compared to that of female dogs 
(11/153). Regarding fecal consistency, the highest rate (18.3%) of giardiasis was observed in diarrheic 
dogs, while the lowest rate of giardiasis (5.23%) was observed among non-diarrheic dogs. The PCR 
products were sequenced for 20 samples and further examined by sequence analysis, 16 isolates under the 
accession number (MN629930), independent of the host, exhibited G. lamblia GenBank ID: M36728, while 
in four samples under the accession number (MN629931), nucleotide substitutions generate polymorphism 
at position 542 and 561 (C → T) and (A → G) at position 684. The similarity between MN629931 and 
AY072723 genotype A2 was 99.9% which was one nucleotide substitution at position 542 (C → T). The 
sequencing of the PCR products recognized two assemblages in dogs suggested the possible role of dogs 
as the reservoir for human giardiasis in Erbil Province which is the first records in the Kurdistan Region, Iraq.
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Molecular characterization of  G. lamblia is beneficial and 
mainly used in epidemiological studies. Genotyping of  
G. lamblia using PCR techniques based on polymorphic 
genes encoding 18S rRNA, glutamate dehydrogenase, 
triosephosphate isomerase, and ß-giardin (Monis et al., 1999; 
Caccio et al., 2005; and Piekarska et al., 2016). Molecular 
identification revealed that genetic diversity is very high 
within Giardia species. There are eight basic assemblages, 
from A–H (Wielinga et al., 2011). The occurrence of  A, 
B, C, and D assemblages was confirmed in dogs, and A, B, 
D, and F assemblages found in cats (Adell-Aledón et al., 
2018). Assemblages A and B have a zoonotic potential 
and can infect humans, domestic and wild animals (Fava 
et al., 2016). Particularly, subgenotypes of  assemblages 
A (subtypes A1, A2, A3, and A4) and B (subtypes B1 
and B4) are associated with human infections (Gil et al., 
2017). Hence, assemblages A and B are considered 
zoonotic genotypes (Zhang et al., 2017) and a source of  
environmental contamination (Piekarska et al., 2016). 
Genetic assemblages C, D, E, F, and G appear to be host 
restricted to domestic animals, livestock, and wild animals 
(Bahrami et al., 2017). Recently, assemblage H has been 
diagnosed in marine vertebrates (Feng and Xiao, 2011, and 
Ryan and Cacciò, 2013).

INTRODUCTION

Giardia lamblia (synonyms: Giardia intestinalis and Giardia 
duodenalis) is a universal and famous enteric protozoan 
that is present in the intestines of  mammalian hosts (Faria 
et al., 2016). Giardia is a single-celled parasite and frequently 
causes diarrheal diseases in domestic animals, cats, dogs, 
and wild lives; this phenomenon is called giardiasis (Hossain 
et al., 2014). The infection commonly happens by fecal-oral 
transmission through food and drinking water which is 
polluted with feces containing the cysts (Pipia et al., 2014, 
and Al-Difaie, 2016). Clinical demonstrations of  giardiasis 
in dogs are variable, ranging from the lack of  symptoms 
to acute or chronic diarrhea, dehydration, vomiting, 
abdominal pain, and weight loss (Roointan et al., 2013). 
Therefore, it becomes the hardest currency to identify 
giardiasis with signs; because many symptoms have related 
to the cluster of  disease, for example, diarrhea, consistent 
weight loss, fail to develop strongly, and sometimes death 
(Gultekin et al., 2017). Diagnosis of  Giardia infection with 
the use of  a fecal smear or fecal flotation is difficult because 
of  random cyst shedding and their morphology, small size, 
and their similarity in appearance to many pseudoparasites 
such as yeast (Piekarska et al., 2016).
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There is an absence of  epidemiological evidence to show 
Giardia assemblages infecting dogs in the Kurdistan region 
with low levels of  endemicity. This study aimed to analyze 
the genotypic prevalence of  G. lamblia in symptomatic and 
asymptomatic dogs.

MATERIALS AND METHODS

Fecal Specimen Collection
The present study was performed on 153 stray dogs live in 
and around rural and street of  the town, 92 dogs caught 
in the evening, tied and fresh fecal samples collected next 
day from Erbil city. The fecal samples were tested with the 
naked eye for color, consistency, and the presence of  any 
adult helminths. They were then examined by centrifugal 
flotation tests for the presence of  Giardia cyst stages and 
the detection of  other parasite stages. The technique used 
in this study was the Sheather’s sucrose floatation method. 
From December 2017 to December 2019, out of  153 
fecal samples, 89 specimens whose hosts had diarrhea 
were got and 64 specimens whose hosts did not exhibit 
diarrhea. Fecal samples were obtained, numbered in plastic 
containers. Information on the sex, living area of  each dog 
was reported to find out the risk factors of  giardiasis. Fecal 
specimens were transferred in refrigerated boxes to the 
laboratory and then stored at −20°C until use.

Parasite Examination (Flotation Methods)
Approximately 4 g of  the fecal sample was washed with 
distilled water (10 ml), filtered through doubled gauze, and 
then centrifuged (1000 rpm for 5 min). These procedures 
were repeated 3 times, poured the supernatant fluid, 
added Sheather’s sugar solution (Specific gravity = 1.28) is 
higher than from specific gravity of  cyst of  G. lamblia (Al-
Fahadawi et al., 2017), thoroughly mixed and centrifuged 
again for further 5 min at 1000 rpm, using a wire loop for 
removed the top of  the centrifuge tube, and put it on a 
glass slide and applied a coverslip for examination.

Molecular Study
The molecular analysis was carried for none preservatives 
samples. The genomic DNA of  G. lamblia was extracted 
using a QIAamp DNA Stool Mini Kit (Qiagen, Germany) 
according to the manufacturer instructions. Final elutions 
of  DNA were made in 100 µl. PCR was amplified using 
Go Taq (Promega, Madison, WI, USA). To define the 
species and genotyping of  extracted DNA fragment; using 
β-giardin, the Primer sequence forward and reverse (G7 F5′
AAGCCCGACGACCTCACCCGCAGTGC-3′ and G759R 
5′GAGGCCGCCCTGGATCTTCGAGACGAC-3′) to 
amplify 753 bp for the G. lamblia (Gultekin et al., 2017). 
The amplification reaction mixture (50 µl) consisted of  
25 µl of  (×2) Go-Tag Master Mix, 20 µM (2 µl) of  each 

primer (forward and reverse), 2 µl of  template DNA, and 
19µl nuclease-free water. The amplification reaction was 
carried out using AB Applied Biosystem thermocycler 
(Veriti 96 Well Thermal Cycler, Singapore), under the 
following conditions: A pre-amplification step at 95°C 
for 5 min, followed by 35 cycles with denaturing at 95°C 
for the 30 s, annealing at 60°C for 30 s and extension at 
72°C for 1 min, and the final elongation of  DNA strands, 
an ending extension at 72°C for 7 min. Water instead 
of  DNA was included in each set of  PCR reactions as 
a negative control. The PCR products were visualized 
using 2% agarose gel electrophoresis (Promega, USA) at 
70 Volts, run for approximately 15 min initially to move 
slowly after that increased to 100 volts for 45 min in ×1 
TAE buffer (2M Tris-acetate, 50 mM EDTA), prepared by 
Cleaver Scientific Company, U.K. All PCR products were 
submitted commercially to sequencing using the same 
primers β-giardin (Macrogen EZ-Sequence, Amsterdam, 
Netherlands) in both directions.

Data Analysis
Statistical analysis of  the epidemiological study was 
performed using the t-test and Chi-square (χ2) test to 
determine the probability value (P-value) using the 
GraphPad (6.1). A total of  20 samples were sequenced to 
determine the intraspecific genotype. Pairwise/multiple 
sequence alignments and sequence similarities were 
calculated using the CLUSTALW (Thompson et al., 1997) 
and the identity matrix options of  Bioedit (Hall, 1999), 
respectively. The sequencing was done using the National 
Center for Biotechnology Information BLAST programs 
and databases (Accelrys/Accelrys Gene 2.5) (http://
accelrysgene.software.informer.com/). The obtained 
results of  sequencing were analyzed by comparing the 
sequence of  individual genotypes of  G. lamblia with BLAST 
NCBI (http://blast.ncbi.nlm. nih.gov) database under the 
accession number M36728 (Holberton et al., 1998) and 
YA072723 (Caccio et al., 2002).

RESULTS

Table 1 shows the number of  giardiasis in dogs in Erbil 
Province, during the period from December 2017 to 
December 2019. The analysis of  these data indicates that 
the number of  giardiasis during this period was 16 cases 
in the fecal centrifugal flotation test and 36 cases by PCR 
techniques with approximately (10.46% and 23.53%), 
respectively. Regarding the residency, the infection rate 
in dogs in the rural area was higher as compared to that 
of  the urban area ((22/153) 14.38% and (14/153) 9.15%, 
respectively). These differences were statistically significant 
(P = 0.0183).



Hassan

Polytechnic Journal ● Vol 11 ● No 1 ● 2021 | 9

The highest rate of  giardiasis was found in males, which 
was 16.34% (25/153) versus 7.19% (11/153) in females. 
According to fecal consistency, the rate of  infection was 
higher in diarrheic dogs 18.3% (28/153) than in non-
diarrheic dogs 5.23% (8/153).

Sequence analysis for 20 isolates was successfully 
performed on PCR products of  G. lamblia. The obtained 
result (MN629930 and MN629931) compared with the 
previously published sequences under accession number 
M36728 (Holberton et al., 1998) and YA072723 (Caccio 
et al., 2002) which is partial sequences, as shown in Figure 1.

Out of  20 isolates, 16 fecal samples (dog 1, 2, 3, 5, 7, 
9, 11, 12, 13, 14, 15, 16, 17 18, 19, and 20) under the 
accession number (MN629930) showed 100% identity to 
G. lamblia GenBank ID: M36728 (Assemblage A1) and four 
isolates (dog 4, 6, 8, and 10) under the accession number 
(MN629931) showed 99.6% identity with G. lamblia due to 
nucleotide changes (C → T) at position 542 and 561 and (A 
→ G) at position 684. The similarity between MN629931 
and YA072723 was 99.9%. One nucleotide substitutions 
distinguished at position 542 (C → T), as shown in 
Figure 1. Among reference strains belonging to assemblage 
A, two different genotypes (A1 and A2) were identified, 
which differed for only 2 (0.3%) nucleotide substitutions 
(Caccio et al., 2002). The tree was constructed using the 
MEGA-6 software program depending on the neighbor-
joining algorithm. The phylogenetic tree depending on the 
multiple sequence alignments (MN629930 and MN629931) 
with the references (HQ179590 (Wielinga et al., 2011), 
XM_001705373 (Morrison et al., 2007), EU014386 
(Teodorovic et al., 2007), X85958 (Holberton and Marshall, 
1995), KM190700 (Prystajecky et al., 2015), EU014393 
(Teodorovic et al., 2007), GU396696 (Solarczyk et al., 

2010), YA072723 (Caccio et al., 2002), KY612243 (Nunes 
et al., 2018), and FJ560591 (Bonhomme et al., 2011)) for 
the classification, as shown in Figure 2.

DISCUSSION

This study for the 1st time investigated dog giardiasis in 
Erbil Province; applied flotation technique and molecular 
detection to identify G. lamblia from fecal samples (Al-
Fahadawi et al., 2017). Floatation techniques are unable 
to differentiate between the genetic assemblages of  G. 
lamblia isolates and might not be sensitive enough to detect 
low numbers of  excreted Giardia cysts in fecal samples 
(Rayani et al., 2014). The overall occurrence of  Giardia in 
this study was found to be (10.46% and 23.53%) flotation 
and PCR methods. The rate of  infection among stray 
dogs could be related to many factors such as poor health 
hygiene, climatic conditions (Naser and Wadood, 2017), 
and the immunosuppressive effects of  stress (Palmer 
et al., 2008) which is partially in agreement with studies in 
Brazil (Flávio et al., 2011), in Italy (Marangi et al., 2010 and 
Pipia et al., 2014), and in Poland (Piekarska et al., 2016). 
The infection rate in dogs in the rural area was higher 
as compared to that of  urban areas (14.38% and 9.15%, 
respectively). Based on molecular identification (PCR), the 
result is agreed with Inpankaew et al. (2014) in Cambodia, 
who showed that the prevalence rate was 10.6% (10/94) 
by molecular analysis in a rural area. The fact that Giardia 
spp. was more transmissible from rural due to contact 
with the rural population and other pets and the high level 
of  environmental fecal contamination with Giardia cysts. 
Furthermore, the rate of  transmission increased through 
the ingestion of  contaminated water or food (Puebla 
et al., 2015). Consequently, the highest rate of  Giardiasis 
was found in males, which was 16.34% (25/153) versus 
7.19 % (11/153) in females. This is in agreement with 
Gultekin et al. (2017), in Turkey using β-giardin gene, who 
documented that the highest rate of  infection was found 
in males (56/257, 21.7%) and the lowest rate was found in 
the female which was 33/216, 15.2%. This may be related 
to the immune status, the living condition of  the animals, 
the design of  the study, diagnostic techniques, location, 
and climatological conditions. On the other hand, the 
present results disagreed with Bianciardi et al., 2004, who 
showed that more prevalent in females (14/50, 28%) than 
in males (6/55, 10.90%) and Tangtrongsup et al. (2017) in 
Thailand who reported higher prevalence rates in females 
than males (60.6% and 31.2%); respectively. As well as, 
the rate of  infection was higher in diarrheic dogs (18.3%, 
28/153) than in non-diarrheic dogs (5.23%, 8/153) these in 
agreed with Gultekin et al. (2017) who revealed that the rate 
of  infection was higher in diarrheic dogs (24.6%, 78/316) 
than in non-diarrheic dogs (10.2%, 11/157). Diarrhea is 

Table 1: Prevalence of Giardia lamblia infection in stray dogs 
according to address, gender, fecal consistency, and type of 
detection test
Variables No. 

of 
dogs 
(153) 

Positive 
no. fecal 

centrifugal 
flotation 

test

Percentage Positive 
no. by 
PCR

Percentage 

Address
Urban 90 5 3.27 14 9.15
Rural 63 11 7.19 22 14.38

Gender
Male 99 10 6.54 25 16.34
Female 54 6 3.92 11 7.19

Fecal consistency
Diarrheic 89 14 9.15 28 18.30
Non-
diarrheic

64 2 1.31 8 5.23

Total 153 16 10.46 36 23.53
P>0.05
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Figure 1: Representative variable regions of partial nucleotide sequences of 753 bps fragment of Giardia lamblia isolated from stray 
dogs in Erbil Province
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the most common symptom of  giardiasis. Several studies 
have revealed higher prevalence rates of  infection in dogs 
with diarrhea (Upjohn et al., 2010, and Pipia et al., 2014).

PCR was used to amplify the genes which were highly 
sensitive as a screening tool for Giardia directly from faces 
and is the traditional gene sequence used for identification 
and phylogenetic analyses (Traub et al., 2004). The 
alignment of  MN629930 showed 100% identity with the 
published sequences of  A derived from hosts such as 
EU014386, FJ560591, HQ179590, and XM_001705373 
(Morrison et al., 2007; Teodorovic et al., 2007; Wielinga 
et al., 2011; and Bonhomme et al., 2011). Also had 
single nucleotide substitutions (C → A) at positions 99 
(EU014390) from human in the USA (Teodorovic et al., 
2007) and had two nucleotide substitutions with KY612243 
(C → A) at positions 542 and (A → G) at 665 (Nunes 
et al., 2018). Furthermore, the alignment of  EU642896 
(Pipia et al., 2014), KM190678 (Prystajecky et al., 2015), 
and EU014393 (Teodorovic et al., 2007) as assemblage A2 
had nucleotide substitutions with our result (MN629931) at 
positions 438, 587, and 599 (C → T), respectively. All these 
authors stated that assemblage A is the predominant strain 
affecting dogs and humans. However, the present study has 
some limitations because most cases were in adult stray 
dogs. Giardiasis can occur as a mixed infection with other 
pathogens with the more acute course and can, therefore, 
remain undiagnosed. The result was partially agreed with 
Gultekin et al., 2017, who revealed that 38 samples were 
assemblage A (n = 38, 42%) and Marangi et al., 2010, who 
discovered that molecular characterization of  Giardia-
positive samples from children and dogs showed 99.5% 
identity with Giardia assemblage A1.

The phylogram showed that assemblage A from this study 
was placed in the same clade with all other sequences in 

this phylogenetic tree. As well as, the long branch length 
revealed that Giardia assemblages A1 and A2 obtained 
in this study have a low degree of  genetic divergence 
concerning the other selected sequences obtain in a gene 
bank, which suggests that geographical location could be 
the reason for this difference in divergence.

CONCLUSION

This study may prove useful in the future in understanding 
the etiology of  the disease. Molecular analysis in this study 
revealed that assemblage A is the most common type 
of  stray dogs. Giardiasis in Erbil Province is a zoonosis. 
Molecular identification of  Giardia isolates from dog and 
control programs is recommended to prevent the spreading 
of  giardiasis in humans and animals.
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