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 Giardia duodenalis is a protozoan parasite found in humans and several mammals. This 
parasite spreads worldwide and is generally recognized as a zoonotic agent being reported to 
be one of the most common causes of diarrhea in humans and animals. In this study, it was 
aimed to determine the prevalence and genotypes of G. duodenalis in shelter dogs in 
Diyarbakır province being located in the southeastern Anatolia region of Türkiye. Native-
Lugol method and nested polymerase chain reaction analyses of 100 fecal samples showed a 
prevalence of 3.00 and 4.00%, respectively. The prevalence was higher in females and in 
those younger than 1 year. Sequence analysis revealed the presence of zoonotic assemblage 
B, assemblage D and assemblage E. The detection of zoonotic assemblage B in this study 
suggests that dogs may be a reservoir for human giardiasis. Further molecular research is 
needed to determine the genotype diversity of Giardia as well as its possible role in the 
transmission of this parasite to humans. 
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Introduction 
 

Giardia spp. include six species characterized by 
diverse host ranges. Of these, Giardia duodenalis 
(synonyms: Giardia lamblia, Giardia intestinalis) is the 
only human-infective Giardia species, widespread 
worldwide, associated with diarrhea in humans and 
domestic and wild mammals.1-6 

Giardia duodenalis is reported to have at least eight 
different genotypes (A - H) according to genetic 
characteristics and host range.1,7-10 Of these, assemblages A 
and B; although seen in many mammals, are mainly 
associated with human infections.6,8-10 The remaining 
assemblages (C - H) have a limited host spectrum and are 
considered host specific.6,7,9 However, assemblages C, D, E 
and F have been reported to be isolated with low 
prevalence in humans.6 Assemblages C and D occur in 
dogs,2,7-10 assemblage E in ruminants,1,8,9 assemblage F in 
cats,7,9,10 assemblage G in mice and rats1,9 and assemblage 
H in marine mammals.1,6,7 

  

 Microscopic study,7,11,12 indirect fluorescence 
antibody test (IFAT),13 enzyme-linked immunosorbent 
assay (ELISA)3,9,11,13 and polymerase chain reaction 
(PCR)1,2,5,7,10,12-14 methods are used in the diagnosis of the 
disease. Giardia has two morphological forms including 
trophozoites and cysts being responsible for transmission.15 
Transmission of G. duodenalis occurs by fecal-oral ingestion 
of the contaminated food or water.3,4,9,15 Reportedly, this 
parasite can cause growth and developmental retardation 
in children even in asymptomatic cases.6 It is estimated 
that approximately 200 million people in Asia, Africa and 
Latin America have Giardia infection.9  

In studies conducted around the world, the prevalence 
of Giardia was reported to be 31.33% in Brazil,16 11.20 - 
15.50% in Korea,1,15 25.20 - 56.80% in Thailand,10,13 
20.50% in Italy,12 1.90% in Poland,4 13.00 - 39.00% in 
Canada,3,17 4.50 - 11.00% in China,2,14 16.40 - 36.50% in 
Spain,7,8 75.55% in Iraq,11 and 11.90 - 24.50% in Israel.9,18 
In Türkiye, the infection was first reported by Burgu19 and 
the prevalence was recorded as 2.48 - 18.80%.20-23  
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This study aimed to determine the prevalence and 

genotypes of G. duodenalis in shelter dogs in Diyarbakır 
province, Türkiye. 
 
Materials and Methods 
 

Study area and sample collection. Ethical clearance 
for the present study was obtained from the Dicle 
University Health Sciences Application and Research 
Centre, Diyarbakır, Türkiye (Approval Number: E-
35582840-020). This study was carried out in Diyarbakır 
province (the main characteristics of its climate are high 
temperature and dryness) located in the southeastern 
Anatolia region of Türkiye (38° 02′ 33″ N, 40° 04′ 43″). 
The animals of the study consisted of 100 dogs of 
different breeds and sexes in Diyarbakır Municipality 
Animal Care and Rehabilitation Centre, Türkiye. The 
feces (non-diarrheic) were directly collected from the 
rectum of the dogs with disposable latex gloves and 
placed in individual sample containers. The sex and age 
(taken from the centre records) of the dogs were 
recorded and brought to the laboratory for examination. 

Microscopic examination. The Nativ-Lugol 
technique was used to check all samples for the 
presence of Giardia cysts. A drop of saline solution was 
placed on one side of the clean slide and a drop of Lugol 
solution was placed on the other side. With the help of a 
plastic stick, rice grain sized pieces of faeces were taken 
from different parts of the faeces and homogenised on 
the slide. The coverslipped preparations were examined 
with the 40× objective of the microscope (Leica, 
Hamburg, Germany).24 

DNA extraction. The DNA extraction was 
performed using GeneMATRIX Stool DNA Purification 
Kit (EURx, Gdańsk, Poland) according to the 
manufacturer's protocol. The obtained DNAs were 
stored at – 20.00 ˚C until further analysis. 

Nested PCR. In the nested PCR analysis, the β-giardin 
gene region of 753 bp was amplified using the primers 
described by Cacciò et al.,25 (G7 F 5'- AAGCCCGACGACGA 
CCTCACCCGCAGTGC-3' forward and G759R 5'- GAGG 
CCGCCCTGGATCTTCGAGACGAC-3' reverse). Nested PCR 
was then performed using the primers described by Lalle 
et al.,26 (BG1F 5'- GAACGAGATCGAGGTCCG-3' forward 
and BG2R 5'-CTCGACGAGTTCGTGTGTT-3' reverse). In 
this study, the PCR product obtained in our previous 
study, being confirmed by sequence analysis as G. 
duodenalis assemblage B, was used as a positive 
control.24 The PCR products obtained were stained with 
RedSafe™ Nucleic Acid Staining Solution (iNtRON 
Biotechnology Inc., Seoul, South Korea) and images were 
obtained on 1.50% agarose gel. 

DNA sequence analysis and phylogeny. Positive PCR 
samples were sequenced forward and reverse. The DNA 
sequences were individually checked, aligned and  
 

 analyzed in BioEdit Sequence Alignment Editor (version 
7.2.5; Tom Hall, Carlsbad, USA).27 The edited formats of 
the DNA sequences were compared with the databases 
using the National Center for Biotechnology 
Information (NCBI) Basic Local Alignment Search Tool 
to determine the assemblages.28 In addition, data sets 
were created using the β-giardin gene sequences 
obtained from the NCBI GenBank database and the DNA 
sequences were obtained as a result of the study. The 
data sets were aligned in the BioEdit program and the 
model test was performed using the maximum 
likelihood statistical method in the IQ-TREE program 
(version 1.6.12; http://www.iqtree.org). The 
phylogenetic tree was created with 1,000 bootstraps 
according to the Bayesian information criterion optimal 
model and it was shown which assemblages the study 
samples were related to.29,30 

Statistical analysis. The data obtained in the study 
were analyzed using the SPSS Software (version 16.0; 
SPSS, Inc., Chicago, USA) program. The relationship 
between grouped variables was calculated using the Chi-
square test. The difference was considered statistically 
significant when p < 0.05. 
 
Results 
 

Microscopic examination of all samples revealed 
3.00% (3/100) Giardia spp. cysts (Fig. 1). Nested PCR 
analysis revealed specific bands of 511 bp in 4 (4.00%) of 
the samples (Fig. 2). The highest prevalence was found in 
females (4.55%) and in those younger than one year 
(5.88%, p > 0.05; Table 1). Sequence analysis revealed that 
two samples overlapped with assemblage E (99.78% and 
100%), one sample overlapped 99.78% with assemblage 
D and one sample overlapped 100% with assemblage B. 
The phylogenetic tree shows the placement of the 
specimens (Fig. 3). 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Fig. 1. Photomicrograph of the Giardia duodenalis cyst (arrow), 
(bar = 50 µm). 
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Fig. 2. Polymerase chain reaction products of Giardia duodenalis. 
Lane M: DNA marker (511 bp); Lane N: Negative control; Lane P: 
Positive control; Lanes 36 - 39: G. duodenalis. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Discussion 
 

Dogs are important companions in many homes 
around the world, contributing to the physical, social 
and emotional development of children and the well-
being of their owners.31 However, dogs are recognized 
as natural reservoirs of several zoonotic parasitic 
infections.7 This increases the risk of human exposure 
to zoonotic parasites.31 Therefore, it is important to 
determine the prevalence of infectious agents with 
zoonotic potential having the risk of transmission to 
humans and other animals. 

It has been reported that IFAT has the highest 
sensitivity and specificity for Giardia detection and is 
considered as a gold standard test.32 However, in the 
study conducted by Traub et al.,13 it was reported that 
more prevalence was detected by PCR method, being 
similar to this study. 

The prevalence determined in this study was higher 
than some previous reports,4,23 similar to some of them2,19 
and lower than others.1,3,9,10,12,16,17 The reasons for the 
difference between the studies may be due to the factors 
affecting the prevalence of the parasite, such as the age of 
the dogs, living conditions, animal density, nutritional and 
immune status and diagnostic methods.12 

Giardia cysts may endure conditions with high 
humidity, low temperature, little sunshine exposure and 
low salinity for months.10 The location where this study 
was carried out is located in the hot and dry region of 
Türkiye. The main characteristics of its climate are high 
temperature and dryness.33 This explains the low 
prevalence rate obtained in this study. 

 

Table 1. Prevalence of Giardia duodenalis infection in examined 
dogs (n) according to the sex and age. 

Variables Examined dogs Infected dogs (%) p-value 

Sex 
    

Female 44 2 (4.55) 
0.805 

Male 56 2 (3.57) 

Age (year) 
    

≤ 1 34 2 (5.88) 
0.491 

> 1 66 2 (3.03) 

Total 100 4 (4.00) 
 

 
 
 
 

Fig. 3. Phylogenetic relationships of Giardia duodenalis isolates using maximum likelihood method analysis based on β-giardin gene 
region. Numbers at the nodes represent the bootstrap values (1,000 bootstrap). Giardia psitacci and Giardia muris were used as outgroup. 
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Assemblages C and D have been reported as host-
specific genotypes in dogs.4,5,22 Also, assemblage A,2,7,17,34 
assemblage B,7,17 assemblage C,1,4,9,10,14,17,34 assemblage 
D1,4,9,10,17,34 and assemblage E8,14 were reported in dogs. In 
this study, one of the 4 positive samples was zoonotic 
assemblage B, one was dog-specific assemblage D and 
two were assemblage E, being interestingly seen 
especially in ruminants. The reason for the occurrence of 
assemblage E may be due to the fact that these dogs lived 
in rural areas with dense farm animal populations.35  

While some studies have reported higher prevalence 
in female dogs,7,10,11,14,16 others reported in males.1,2,15,18,22 
In this study, a higher prevalence was found in female 
dogs. This result is similar to the former findings of the 
researchers.7,10,11,14,16 The reason for the higher 
prevalence in females may be due to the decreased 
immunity of these animals during certain periods of their 
physiological cycle.36 

In several studies, it was reported that a higher 
prevalence was detected in young animals compared to 
the adult ones.10,11,14,16,18 In this study, similar to the 
previous findings, a higher prevalence was found in 
animals younger than one year (5.88%) in comparison 
with animals older than one year(3.03%). This may be 
due to the fact that the immune system is not developed 
in young animals and they cannot form an effective 
immune response to eliminate the infection.11,37 

The detection of assemblages D and E as well as 
zoonotic assemblage B in this study suggests that dogs 
may be a source of giardiasis in humans. Therefore, it is 
important that those working with dogs, including 
veterinarians and shelter workers, be aware of this 
potential risk and take appropriate precautions to 
prevent infection. Further molecular epidemiological 
research is also needed to determine the genotype 
diversity of Giardia in dogs as well as its possible role in 
the transmission of this parasite to humans. 
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