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Molecular analysis of Giardia lamblia using small subunit ribosomal RNA gene isolated 

from food handlers’ people in Erbil city  
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Abstract  
Background and objective: Giardia lamblia is the intestinal flagellated protozoan 
parasite causes giardiasis, a gastrointestinal illness, by living and multiplying in the small 
intestine of humans and other mammals. Giardiasis is most commonly transmitted in 
underdeveloped nations due to a lack of infrastructure for sanitation and hygiene 
education, as well as the fact that affected individuals often consume tainted food and 
drink that has mature cysts. The purpose of this research was to identify human 
giardiasis among food handlers as well as to perform sequencing, and phylogenetic 
analysis of small subunit ribosomal RNA (ssurRNA) gene. 
Methods: A total of 540 fecal samples from food handlers were screened at the central 
laboratory in Erbil City, including both symptoms and asymptomatic individuals. General 
stool microscopy is the gold standard for primary diagnosis using saline and iodine wet 
mount technique. Molecular testing was carried out for samples that tested positive for 
Giardia lamblia, nucleic acid extracted from stool samples using specialize kit for that 
purpose. A 550 bp fragment of the ssu rRNA gene was amplified by PCR analysis 
targeted through a specific primer set. The amplified PCR products were sent to a 
sequencing facility in South Korea to determine the sequence of the ssu rRNA gene in 
Giardia lamblia. 
Results: The study did not find any correlations between infection rates and 
socioeconomic status or demographic variables. Microscopic examination identified (50) 
positive cases, of which (21) were also confirmed as positive through PCR. The ssu rRNA 
gene reported variation, and (21) different sequences of the gene show changing in one 
nucleotide which changes one amino acid. Following aligning of ssu rRNA gene 
sequences using NCBI-BLAST homology analysis, the samples showed the following 
percentages of identity with Giardia lamblia isolates from various countries: 99.59% and 
100% with isolates from Australia, 100% with those from USA, 99.38% from Iraq, 99.59% 
from Sweden, and 99.59% from Spain. 
Conclusion: Polymerase Chain Reaction (PCR) is a very dependable tool for identifying 
Giardia lamblia. The pathogenicity of Giardia lamblia may be impacted by the variations 
in sequencing alignment of ssu rRNA documented through bioinformatics and single 
nucleotide mutations.   
Keywords: Giardia lamblia, Molecular analysis (PCR), ssu rRNA gene. 
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A gastrointestinal parasite known as 
Giardia duodenalis, Giardia intestinalis, 
or Giardia lamblia infects the small 
intestines of humans and other animals. 
Globally, 0.4–7.5% of the population is 
infected with the protozoan parasite 
Giardia duodenalis, 8–30% live in              
less developed countries (1). Giardia 
duodenalis infections are caused by 
ingesting cysts in contaminated food or 
water. Asymptomatic Giardiaduodenalis 
infections are common in humans and 
usually clear within weeks without 
treatment (2). Asymptomatic illnesses 
can lead to malabsorption syndrome,          
a condition characterized by delayed 
growth in children, in nations with high 
poverty rates (3). 

Gastrointestinal symptoms include 
diarrhea, pain, flatulence, nausea, and 
bloating are brought on by symptomatic 
disease (4). The eight genotypes that 
make up the Giardia duodenalis 
complex are called assemblages. A-H, 
these genotypes have the same 
morphology but have different 
molecular lineages. Humans and other 
mammals are infected by Giardia 
duodenalis assemblages A and B (5). 

Dogs and other canids (C, D), hoofed 
livestock (E), cats (F), rodents (G), and 
marine animals (H) are the usual hosts 
of assemblages C–H. However, new data 
indicates that circulating assemblages 
(like E) that are restricted to cattle may 
also infect humans, indicating that some 
assemblages may not be as host-specific 
and might therefore spread from non-

human species to people (6). Four sub-
assemblages (AI–AIV and BI–BIV) were 
identified by an allozyme analysis within 
assemblages A and B; of these, AI, AII, 
BIII, and BIV have been specifically 
identified in humans. Sub-assemblages 
AI–AIII within assemblages A have been 
validated by nucleotide sequence and 
phylogenetic analysis, with AI primarily 
isolated from animals, but humans are 
the primary source of AII. Furthermore, 
only two human cases of AIII have been 
reported recently; most cases have 
been in wild species, such as deer (7). 

Several recent reviews have discussed 
different assemblages of Giardia 
duodenalis, which may represent the 
existence of new Giardia species, but 
further biological and genetic studies 
are needed before confirming new 
species names (8). Several studies have 
suggested that the assemblages are 
genetically distant from each other, and 
several genomic analysis results also 
showed that the isolates of assemblages 
A, B, and E represent three different 
genetic populations. Giardia duodenalis 
is commonly identified in a variety of 
hosts using genetic markers like small 
subunit ribosomal RNA (ssu-rRNA), 
glutamate dehydrogenase (gdh), 
triosephosphate isomerase (tpi), and b-
giardin (bg) genes. This allows for the 
identification of genetic diversity and 
population dynamics among Giardia 
duodenalis assemblages (9). Since the 
ssu-rRNA gene is a highly conserved and 
multicopied locus, it may be used in 
place of other methods to recognize and 
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differentiate G. duodenalis assemblages. 
However, because it is conserved and 
most PCR experiments only produce 
short amplified fragments, it is less 
helpful in identifying genetic variation 
within assemblages. However, when it 
comes to identifying genetic variation 
and classifying Giardia duodenalis 
populations at the sub-assemblage and 
genotype levels, the single-copy tpi, bg, 
and gdh loci are more sensitive. 
Nevertheless, these loci are not thought 
to be viable options for clinically 
detecting Giardia duodenalis (8, 10). 

There is consensus that these loci may 
genetically categorize various Giardia 
duodenalis assemblages. Although there 
is agreement on the ability of these             
loci to genetically classify different             
G. duodenalis assemblages, conflicting 
results have been reported regarding 
the efficacy of a single locus in 
distinguishing G. duodenalis populations 
into assemblages and sub assemblages 
(11). Thus, in order to enhance accuracy, 
a numeric multilocus genotyping (MLG) 
procedure was introduced, which 
involves the simultaneous analysis of at 
least two genes (tpi, bg, and gdh) Food 
handlers are among the most significant 
people who can spread intestinal 
parasite illnesses, such as Giardia 
lamblia, to other people (12).  

  

The present cross-sectional study was 
carried out from September 2024 to 

The aim of the present study was to 
detect Giardia lamblia isolate from food 
handlers reside in Erbil city. The current 
investigation was undertaken due to the 
absence of prior work on the 

characterization of Giardia lamblia 
sequencing and phylogenetic analysis  
of ssu rRNA gene in this specific 
populations” 

Materials and methods 

Study Design and sample Collection 

February 2025 on food handlers in Erbil 
city. Overall, 540 fecal samples were 
collected from food-handlers who 
annually visit to health centers to obtain 
a health certificate. Fresh fecal 
specimens were collected in a clean 
container. Each sample was labeled        
and immediately transferred to the 
parasitology and molecular units at Erbil 
International University for microscopic 
examination and molecular analysis. 

Each participant was filled out                        
a questionnaire that included basic 
personal information and demographics 
details-including their age, gender, 
duration of parasite illnesses, and 
history of other clinical problems. 

A- Macroscopic examination 

Stool samples were inspected for 
consistency (e.g. solid, semi-solid or 
liquid), color (e.g. brown, yellow), 
content (e.g. undigested food, worms), 
odor and any abnormalities, including 
the presence or absence of blood and 
mucus.  

B- Microscopic examination 

Microscopic analysis was performed 
using the saline and iodine wet mount 
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technique. A clean glass slide was 
prepared for each sample with one  
drop of normal saline placed on one half 
slide and a drop of Lugals iodine on the 
other half, the size of a pinhead was 
taken two times from different areas of 
the same stool sample using a wooden 
stick (13). One of them was put on 
normal saline and mixed well, while the 
other swab mixed with Lugals iodine. 
Each preparation was covered with a 
cover slip and examined under light 
microscope using the magnification 
power 400 (40 x 10) to detect the 
presence of trophozoites and/or cysts of 
Giardia lamblia. About 1 gram of each 
fresh stool positive sample was stored 
at -20 ˚C without any preservative’s 
solution for subsequent molecular 
analysis. 

C- Molecular Approach 

DNA extraction 

Frozen stool samples were the primary 
source of genomic DNA, which was 
extracted using FavorPrep stool DNA 
isolation Mini Kit (50 preps), following 
the manufacturer's protocol with slight 
modifications. As a pre-treatment step, 
the frozen samples were weighed under 
cool temperature until the lysis buffer 
(Inhibit EX Buffer) was added to prevent  

DNA degradation. The isolated genomic 
DNA extracted from all positive stool 
samples were stored at -20 c for no 
longer than six months prior until used 
for running PCR and subsequent 
amplification. The purity of the 
extracted DNA was assessed using           
a Nanodrop spectrophotometer 
(Thermo, USA), which measures 
absorbance at (260/280 nm) (14). 

Amplification of Giardia lamblia DNA 
by PCR 

To confirm the presence of Giardia 
lamblia, PCR was performed using 
primers specific for 18S rRNA genes 
(15), using the isolated genomic DNA 
from the stool samples as a template.         
A 550 bp amplicon was amplified using         
a single PCR targeting the ssu rRNA 
region as shown in Table 1. 

Thermocycle conditions for the 18S 
rRNA gene  

The temperature profile consists of the 
following steps: a 5-minute initial 
denaturation at 95 °C, 35 cycles of 
denaturation at 95 °C for 40 seconds, 
primer annealing at 58 °C for 40 
seconds, an extension at 72 °C for 1 
minute, and a final 5-minute extension 
at 72 °C, (Table 2). 

Table 1. Primer sequences were used in the PCR

Gene Primer Sequence (5’ to 3’) 
 

Product size 
bp            Tm 

18S rRNA  Forward 5-GGA GGT AGT GAC AAT AAATC‑3        550bp 
 

59C 

Reverse 5-TAA GAC TAC GAG GGT ATC TA‑3 
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Gel electrophoresis  

Agarose (1.2%) was prepared using 1× 
TAE buffer solution and safe red dye. 
The amplified PCR products were loaded 
after being stained with loading dye. 
The gel was initially run at 5 Volt/cm, 
after which the voltage was increased  
to 75-100 volts and maintained for 45 
minutes. 

Sequencing of DNA 

The PCR product of 21 samples (using 
only forward primer) was sequenced       
by ABI Prism Terminator Sequencing      
Kit (Applied Biosystem) at Microgene 
Center in Korea. Chromatograms of the 
18S rRNA gene were edited and base 
calls were checked using the Finch TV 
program software.  

Data analysis: Finch TV chromatogram 
viewer software was used to convert 
the chromatograms to FASTA format. 
Manual editing of the DNA sequences in 
the ABI file was done using BioEdit 
v.7.0.5. To determine, the degree of 
homology with the nearest species, the 
results of the sequence editing process 
were examined using the BLAST (Basic 
local alignment search tool) NCBI.  

Ethical considerations: The study was 
approved by the Research Ethical 
Committee of the College of Health 
Sciences, Hawler Medical University. 
Written andoral consents were obtained 
from all participants prior to             
sample collection. With assurance of 
confidentiality. All personal information 
was kept private. 

    

Statistical analysis: Data was analyzed 
using the statistical package for social 
science (SPSS statistical for windows, 
version 23.0). Test of significance 
included the Pearson's Chi-Squar test 
(or Fishers Exact test for sparse data). 
Statistical significance was set as                    
a P-value <0.05. 

Result 

The study included a total of 540 
participants, comprising 80 females and 
460 males. The examined demographic 
and socioeconomic characteristics, 
including gender, age group, education 
level, living conditions, and residency, 
shown in Table 3 did not indicate any 
statistically significant association with 
infection rates (P >0.05). The infection 
rate was higher among males (82.6%) 
than females (15%); however, the 
difference was not statistically 
significant (P = 0.055). Rates of infection 
were also quite constant among 
demographic subgroups defined by age, 
level of education, housing situation, 
and geographic location. The age group 
of (>19) exhibited the higher infection 
rate (9.88%), with no significant 
difference (P = 0.979). Participants in 
primary school had the (highest 
infection rate) (9.52%), however,              
the disparities among educational  
levels were not statistically significant  
(P = 0.970). 

The infection rate was highest among 
individuals with poor living conditions 
(10.17%), although there was no 
significant link (P = 0.949). Infection rate 
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among rural residents (9.74%) were 
higher compared to urban residents 

(9.07%), however the difference was 
statistically not significant (P = 0.821).

Table 2: PCR Amplification Reagents 

No. PCR components Concentration Volume (µl) 

1 Master Mix 2x 25 

2 Forward Primer 10 Pmol 2 

3 Reverse Primer 10 Pmol 2 

4 DNase free Water - 17 

5 Template DNA 50ng/µl 4 
Total 50 

 

Table 3. Infection rates across demographic and socioeconomic groups characteristics of 
Giardia lamblia infection rates detected by direct microscopic examination 

Variant No. of participants Positive (%) Negative (%) P-value

Gender    

Female  80 (14.81%) 12 (15.00%) 68 (85.00%)         0.055
Male  460 (85.19%) 38 (82.6%) 422 (91.74%) 

Age-group    
>19  81 (15%) 8 (9.88%) 73 (90.12%)         0.979
20–30  295 (54.62%) 27 (9.15%) 268 (90.85%) 
>30  164 (30.37%) 15 (9.15%) 149 (90.85%) 

Educational level    
Primary school  147 (27.22%) 14 (9.52%) 133 (90.48%)        0.970
Secondary school  289 (53.52%) 27 (9.34%) 262 (90.66%) 
Graduated  104 (19.26%) 9 (8.65%) 95 (91.35%) 

The living conditions 
the individual 

   

Poor  59 (10.93%) 6 (10.17%) 53 (89.83%)  
Medium  431 (79.81%) 39 (9.05%) 390 (90.95%)         0.949
Good  50 (9.26%) 5 (10.00%) 45 (90.00%) 

Residency    

Urban  386 (71.48%) 35 (9.07%) 349 (90.43%)         0.821
Rural  154 (28.52%) 15 (9.74%) 139 (90.26%)  

Total                                     540 (100%)  

*Chi-square, P ≤0.05 considered statistically significant 
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As presented in Table 4: (78.7%) of          
the total participants were 
asymptomatic, whereas (21.3%) 
experiencing symptoms. The rate of 
positive results was higher among 
symptomatic individuals compared to 
asymptomatic individuals (13.03% vs. 
8.24% respectively). However, this 

difference was not statistically 
significant P=0.145. 

Table 5, revealed that direct 
microscopic inspection identified 50 
positive cases (9.26 %) out of 540 
samples. In contrast PCR analysis 
detected 21 positive cases (42%) among 
the 50 samples tested. 

 

Table 4. Comparison of microscopy results of Giardia lamblia between symptomatic and 
asymptomatic groups 

Symptomatic No.of 
participants 

Positive (%) Negative (%) P-value 

Symptomatic 115 (21.3) 15 (13.04) 100 (86.96)  

Asymptomatic 425 (78.7) 35 (8.24) 390 (91.76) 0.145 

Total 540 (100) 50 (9.26) 490 (90.74)  

* Fisher’s Exact Test, P≤0.05 considered statistically significant 

 

Table 5. Comparison of diagnostic methods by direct Microscopy vs. PCR of Giardia 
lamblia 

Method Positive (%) Negative (%) Total P-value 

Direct microscopic 50 (9.26 %) 15 (13.04) 540  

Polymerase Chain 
Reaction (PCR) 

21 (42%) 29 (58%) 50 < 0.001 

*Chi-square, P ≤0.05 considered statistically significant 
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As presented in Figure 1, agarose gel 
electrophoresis a distinct PCR product 
of approximately 550 base pairs in 
multiple samples, indicating successful 
amplification of the target gene.           
Lane M, contained a DNA ladder ranging 

from 100 bp to 3000 bp, serving as           
a molecular size reference. Variations in 
band intensity may reflect differences in 
DNA concentration or amplification 
efficiency. 

 

 

 

Figure 1. Demonstrates the PCR amplification of the 18S rRNA gene, which targets            
a 550bp fragment using specific primers. In the 50 stool samples that were 
microscopically positive, 21 samples exhibited the anticipated PCR band, which suggests 
the presence of the parasite. The remaining 29 samples did not exhibit any amplification 
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Sequence alignment and submission of 
18S rRNA gene to GenBank 

The 18S rRNA gene sequences were 
verified for quality using BioEdit v7.0.5. 
By comparing the query sequences        
with other biological sequences, in the 
present study, we used the Basic Local 
Alignment Search Tool (BLAST), which is 

accessible at the National Center                
for Biotechnology Information (NCBI) 
website, to compare and align the 18S 
rRNA partial gene sequences with other 
biological sequences to find similarities 
with Giardia and investigate variant 
nucleotides between Iraqi and other 
country of Giardia, as shown in Table 6. 

Table 6. The GenBank accession numbers for the18S rRNA gene partial sequences of 
Giardia intestinalis 

Name Accession No. Gene name 

Giardia intestinalis PV587099 18S rRNA 

Giardia intestinalis PV587100 18S rRNA 

Giardia intestinalis PV587101 18S rRNA 

Giardia intestinalis PV587102 18S rRNA 

Giardia intestinalis PV587103 18S rRNA 

Giardia intestinalis PV587104 18S rRNA 

Giardia intestinalis PV587105 18S rRNA 

Giardia intestinalis PV587106 18S rRNA 

Giardia intestinalis PV587107 18S rRNA 

Giardia intestinalis PV587108 18S rRNA 

Giardia intestinalis PV587109 18S rRNA 

Giardia intestinalis PV587110 18S rRNA 

Giardia intestinalis PV587111 18S rRNA 

Giardia intestinalis PV587112 18S rRNA 

Giardia intestinalis PV587113 18S rRNA 

Giardia intestinalis PV587114 18S rRNA 

Giardia intestinalis PV587115 18S rRNA 

Giardia intestinalis PV587116 18S rRNA 

Giardia intestinalis PV587117 18S rRNA 

Giardia intestinalis PV587118 18S rRNA 

Giardia intestinalis PV587119 18S rRNA 
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DNA sequencing analysis and 
Alignment of nucleotide of the 18S 
rRNA gene  

Submitted sequences of the 18S rRNA 
gene from Giardia lamblia were 
dispatched to Macrogen Molecular 
Company in Korea. A mutation or 

variation of nucleotides appear among 
21 submitted sequence of the 18S rRNA 
gene was identified according to 
alignment in the program of MEGA 
version11, which shown in Figure 2 that 
reveals the substitution of thymine (T) 
for guanin (G). 

 

 

PV587111-Giardia      
CGGCCGGTGCGCGCGTCCCGCCGGCCGCCCATGGAAACCGGGAGGCTCCGGGCTCTGGGG 

PV587119-Giardia      
CGGCCGGCGCGCGCGTCCCGCCGGCCGCCCAGGGAAACCGGGAGGCTCCGGGCTCTGGGG 

PV587114-Giardia      
CGGCCGGCGCGCGCGTCCCGCCGGCCGCCCAGGGAAACCGGGAGGCTCCGGGCTCTGGGG 

PV587115-Giardia      
CGGCCGGCGCGCGCGTCCCGCCGGCCGCCCAGGGAAACCGGGAGGCTCCGGGCTCTGGGG 

PV587117-Giardia      
CGGCCGGCGCGCGCGTCCCGCCGGCCGCCCAGGGAAACCGGGAGGCTCCGGGCTCTGGGG 

 

PV587099-Giardia      
CGGCCGGCGCGCGCGTCCCGCCGGCCGCCCAGGGAAACCGGGAGGCTCCGGGCTCTGGGG 

PV587118-Giardia      
CGGCCGGCGCGCGCGTCCCGCCGGCCGCCCAGGGAAACCGGGAGGCTCCGGGCTCTGGGG 

PV587108-Giardia      
CGGCCGGTGCGCGCGTCCCGCCGGCCGCCCATGGAAACCGGGAGGCTCCGGGCTCTGGGG 

PV587116-Giardia      
CGGCCGGCGCGCGCGTCCCGCCGGCCGCCCAGGGAAACCGGGAGGCTCCGGGCTCTGGGG 

PV587105-Giardia      
CGGCCGGTGCGCGCGTCCCGCCGGCCGCCCATGGAAACCGGGAGGCTCCGGGCTCTGGGG 

                      ******* *********************** **************************** 

Figure 2. nucleotide sequence alignment of the 18S rRNA gene from different Giardia 
isolates.Conserved regionsare highlighted, while sequence variations are indicated in 
yellow and blue. The observed sequence diversity among the isolates suggests 
underlying genetic heterogeneity, which may be associated with functional or 
phenotypic differences among the strains 
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NCBI-BLAST homology results 

All of the samples compared to 
reference sequences in GenBank show 
high levels of similarity to Giardia 
lamblia (100% to 99.59%). There is 
widespread genetic similarity across 
regions, as the strains that have been 
identified are associated with various 
countries such as Australia, India, 
Sweden, and the United States. The 
match rate toU09491 (USA) is 100%., 
99.55% match the Sweden -based 
XR_005248679, and 99.59% match             
the Australia -based AF199447 and 
AF199444, respectively. With a match 
rate of 99.59% to PQ512127 Australia 
and 99.38% to HQ179634 (Iraq), as 
shown in Table 7. 

Phylogenetic tree analysis  

Phylogenetic study of the 18S rRNA 
gene revealed that the majority of 

Giardia lamblia isolates belonged to               
a single clade, suggesting that this gene 
is highly conserved and shared among 
local strains. There was a cluster of 
these isolates with GenBank accession 
codes starting with "PV" next to generic 
reference sequences. Slight variation in 
genetic makeup was indicated by                    
a small number of isolates, including 
KP159521 and MT951204.The presence 
of Giardia muris as an out group in the 
tree's root system proved that it had 
evolved separately and was a good 
candidate for rooting as a separate 
branch. In addition to demonstrating 
that the 18S rRNA gene is preserved 
within Giardia lamblia, the relatively 
small genetic distance (~1%) between 
Giardia lamblia and the Giardia muris 
group shows how this Giardia species 
differs from others, as shown in              
Figure 3. 

Table 7. Global reference sequences for Giardia lamblia isolates analyzed by NCBI-BLAST 

Parasite 
samples  

Accession 
Number 

Query 
Cover % 

Identic 
Number % 

Genbank 
Accession Number 

Genbank 
Identification 

Country 

PV587101 
PV587102 
PV587103 
PV587104 
PV587105 
PV587099 
PV587106 
PV587107 
PV587106 
PV58710 
 

100 100 U09491 Giardia lamblia USA 

100 100 U09492 Giardia lamblia USA 

100 100 AF199446 Giardia lamblia Australia 

100 100 M54878 Giardia lamblia Portland 

100 99.59 XR_005248679 Giardia lamblia Sweden 

100 99.59 AF199447 Giardia lamblia Australia 

100 99.59 PQ512127 Giardia lamblia Spain 

100 99.38 HQ179634 Giardia lamblia Iraq 
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Discussion 

Giardia lamblia is among predominant 
intestinal protozoa which cause 
diarrhea in human being. The parasite 
till now is considered a major enteric 
parasite worldwide, especially in food 
handlers who have an important role          
in spreading the parasite (16). In the 
present study out of 540 stool samples 
examined for intestinal parasites, 
50individuals tested positive for Giardia 
lambliacysts. 

Among the foodhandlers, include in this 
study, male constituted the vast 
majority (91.74%). This gender disparity 
may be attributed to greater 
employment opportunities for men in 
the restaurant industry, particularly in 
Erbil city northern Iraq, where males are 
more frequently engaged in food service 
role. Nearly majority of the individuals 
examined in a study of Sudanese food 
handlers were men (92.9%) (17).           

Similar patterns were observed in 
investigations conducted in (Iran), (Al 
Dewanya, Iraq) (16, 18). The microscopic 
inspection of stool samples in this study 
indicated no statistically significant 
differences in infection rates based on 
age, gender, education level, or housing 
situation (19). Consistent with earlier 
research from (Brazil), (Korea) (16, 17). 

This study disagreed with previous 
research that identified people in their 
age group (>19) as being at high risk for 
giardiasis because the infection rate was 
(9.1%) in this age range, though it 
conflicts with the findings of the studies 

in (Al-Diwanya, Iraq), (Brazil) (19, 20). 

given the strong association between 
gender and age and the prevalence of 
intestinal parasites. These findings are 
consistent with those of a global study 
that identified giardiasis as a major 
health concern among younger 
population, with substantial variation 
observed across demographic factors. 
Notably, place of residence appeared to 
be a significant determinant; with 
infection rates higher among rural 
resident (9.74%) compared to urban 
counter parts (9.07%). This discovery 
agrees with the study in (Danimark) 
(21). The study indicated that rural 
residents had higher infection rates, 
which were explained by factors such as 
drinking well water, poor sanitation, and 
limited access to health care, reporting 
that the gap in residency is not 
statistically significant. Additionally, 
there was no statistically significant 
difference between symptomatic and 
asymptomatic persons, based on 
microscopic examination the 
microscopy results (P = 0.145). 
Interestingly, (8.24%) of the positive 
instances were discovered among             
the asymptomatic participants. It is 
suggested that many infected 
individuals do not develop symptoms, 
making them potential parasite carriers, 
consistent with the study in (Iran) (22). 

Only 21 out of 50 samples successfully 
amplified the 550 bp 18S rRNA gene 
fragment using PCR. One major 
drawback of microscopy is that it is not  
a reliable method for distinguishing 
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between different species of Giardia. 
Despite the great sensitivity and 
specificity of molecular detection 
techniques, their expensive cost 
prevents them from being routinely 
used as a laboratory test procedure in 
the majority of endemic locations (23). 

The amplified PCR producers (50) 
samples of patients' feces of the current 
study were send to laboratory in South 
Korea for DNA sequencing to 
characterize the genetic profiles of 
Giardia lamblia isolates. The nucleotide 
thymine (T) has replaced guanin (G) in 
the 18S rRNA gene sequence, according 
to sequence alignment results. Based on 
the research in Brazil, this alteration 
may affect the nucleotides' structure 
and function (24). In the study using 
NCBI-BLAST to determine homology 
sequence identity, (50) samples were 
compared to GenBank reference 
sequences. The reference sequences 
came from a variety of countries, 
including (USA, Spain, Australia, 
Portland, Sweden and Iraq). The highest 
percentage of identity was 100% with 
the USA sample (U09491) and (U09492) 
respectively, followed by 100% with the 
Australian sample (AF199446, 
AF199445), (99.59%) with the Sweden 
sample (XR_005248679), (99.59%) with 
the Spain sample (PQ512127) and 
(99.38%) with Iraq (HQ179634). These 
findings are in agreement with several 
studies-conducted in (Iran) and (China) 
(25, 26). The results showed that all of 
the PCR samples were identical to the 
NCBI-BLAST isolates with the accession 

number (AF199446), a study conducted 
in Diyala, Iraq (27), found that the 18S 
rRNA sequences of the local isolates 
were very similar to one that was found 
in the UK, specifically in the NCBI 
GenBank database (accession number 
X76903.1). The phylogenetic tree shows 
that the Giardia lamblia isolates are 
quite similar to each other and cluster 
together, proving that they are really 
the same species. On the other hand, 
due to their physical separation, 
Giardiamuris seems to constitute a 
different species. In contrast to the 
study in Babylon, Iraq (28, 29), that 
examined the phylogenetic tree based 
on the 18S rRNA gene, the Giardia 
lamblia isolate and the out-group 
Giardia muris have a (1%) total           
genetic variation. With respect to the 
Giardia lamblia isolates, which are 
indistinguishable from both the USA 
strain and the out-group strain, the 
overall genetic variation among the 
isolates was about (0.50%) (30). 

Conclusion 

The study found that polymerase chain 
reaction (PCR) is the most reliable 
method for detecting and identification 
of Giardia lamblia, achieved through the 
amplification of 550bp fragment of 
18SrRNA gene. However, a noted 
limitation of PCR its relatively higher 
coast and longer processing time 
compared to other diagnostic assays. 
The study also found that asymptomatic 
carriers of Giardia lamblia among food 
handlers have a potential risk for 
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transmission as they may contaminate 
the food they prepare, thereby infecting 
consumers.  

The pathogenicity of Giardia lamblia 
may be impacted by the large variations 
in sequencing alignment of 18S rRNA 
caused by bioinformatics and single 
nucleotide mutations. These changes 
alter the structure and function of 
nucleic acids. According to the results of 
NCBI-BLAST homology analysis, the 
samples showed genetic similarity to 
Giardia lamblia strains reported from 
several countries. 

Competing interest 

The authors declare that they have no 
competing interests.  

Reference 

1. Hashemi-Hafshejani S, Meamar AR, 
Moradi M, Hemmati N, Solaymani-
Mohammadi S, Razmjou E. Multilocus 
sequence typing of Giardia duodenalis 
genotypes circulating in humans in             
a major metropolitan area.             
Frontiers in Medicine, 2022;9:976956. 

    
      

https://doi.org/10.3389/j.fmed.2022.97
6956 

2. Rafiei A, Baghlaninezhad R, Köster PC, 
Bailo B, Hernández de Mingo M, 
Carmena D, et al. Multilocus genotyping 
of Giardia duodenalis in Southwestern 
Iran. Acommunity survey. PLoSOne. 
2020;15(2):e0228317. 
https://doi.org/10.1371/journal.pone.0
228317 

3. Pouryousef A, Fararouei M, Sarkari B. 
Antigen-based diagnosis of human 
giardiasis: a systematic review and 
Meta-analysis. IJP. 2023;18(2):140. 
https://doi.org/10.18502/ijparasit.v18i2
.13180 

4. Mahdavi F, Sadrebazzaz A, Chahardehi 
AM, Badali R, Omidian M, Hassanipour 
S, et al. Global epidemiology of Giardia 
duodenalis infection in cancer patients: 
a systematic review and meta-analysis. 
International Health. 2022;14(1):5-
17.https://doi.org/10.1093/J. 
inthealth/ihab026 

5. Asghari A, Mahdavi F, Shamsi L, 
Motazedian MH, Asgari Q, Shahabi S,              
et al. Prevalence and molecular 
characterization of Giardia duodenalis in 
small ruminants of Shiraz, southwestern 
Iran: A zoonotic concern. Comp 
Immunol Microbiol Infect Dis. 
2022;86:101819. 
https://doi.org/10.1016/j.cimid.2022.10
1819 

6. Dan J, Zhang X, Ren Z, Wang L, Cao S, 
Shen L, et al. Occurrence and multilocus 
genotyping of Giardia duodenalis              
from post-weaned dairy calves in 
Sichuan province, China. PLoSOne. 
2019;14(11):e0224627. 
https://doi.org/10.1371/j.pone.0224627 

7. Rodríguez-Tobón E, Fierro R, 
González-Márquez H, García-Vázquez 
FA, Arenas-Ríos E. Boar sperm 
incubation with reduced glutathione 
(GSH) differentially modulates protein 
tyrosine phosphorylation patterns and 

149 
 

https://doi.org/10.3389/fmed.2022.976956
https://doi.org/10.3389/fmed.2022.976956
https://doi.org/10.1371/journal.pone.0228317
https://doi.org/10.1371/journal.pone.0228317
https://doi.org/10.18502/ijpa.v18i2.13180
https://doi.org/10.18502/ijpa.v18i2.13180
https://doi.org/10.1093/inthealth/ihab026
https://doi.org/10.1093/inthealth/ihab026
https://doi.org/10.1016/j.cimid.2022.101819
https://doi.org/10.1016/j.cimid.2022.101819
https://doi.org/10.1371/journal.pone.0224627


Molecular analysis of Giardia lamblia using small …                     Zanco J Med Sci, Vol. 30, No. (1), April 2026 

https://doi.org/10.15218/zjms.2026.010 

reorganization of calcium in sperm,             
in vitro fertilization, and             
embryo development depending           
on concentrations. Res Vet Sci. 
2021;135:386-96. 

  
             

https://doi.org/10.1016/j.rvsc.2020.10.
020 

8. Fu Y, Dong H, Bian X, Qin Z, Han H, 
Lang J, et al. Molecular characterizations 
of Giardia duodenalis based on 
multilocus genotyping in sheep, goats, 
and beef cattle in Southwest Inner 
Mongolia, China. Parasite. 2022;29:33. 
https://doi.org/10.1051/j.parasite/2022
036 

9. Seabolt MH, Roellig DM, 
Konstantinidis KT. Genomic comparisons 
confirm Giardia duodenalis sub-
assemblage AII as a unique species. 
Front Cell Infect Microbiol. 
2022;12:1010244. 
https://doi.org/10.3389/j.fcimb.2022.10
10244 

10. Costache C, Kalmár Z, Colosi HA, 
Baciu AM, Opriş RV, Györke A, et al. First 
multilocus sequence typing (MLST) of 
Giardia duodenalis isolates from 
humans in Romania. Parasites & 
Vectors. Pathogenes. 2020;13:1-11. 
https://doi.org/10.1186/s13071j. 
pathogen-020-04248-2 

11. Köster PC, Malheiros AF, Shaw JJ, 
Balasegaram S, Prendergast A, 
Lucaccioni H, et al. Multilocus 
genotyping of Giardia duodenalis in 
mostly asymptomatic indigenous people 
from the Tapirapé tribe, Brazilian 

Amazon. Pathogens. 2021;10(2):206. 
https://doi.org/10.3390/j.pathogens100
20206 

12. Asghari A, Motazedian MH, Asgari Q, 
Shamsi L, Shahabi S, Shirani M, et al. 
Frequency and Molecular Identification 
of Giardia Duodenalis Assemblages in 
Domestic Animals (Dogs, Cats, and 
Cattle): Possible Zoonotic Transmission 
and Public Health Importance. SSRN. 
2024. 
https://doi.org/10.2139/j.ssrn.4549578 

13. Saber HF, Bakr HM. Molecular 
detection of glutamate dehydrogenase 
gene of Giardia lamblia isolated               
from food handlers in Erbil city.                  
Zanco J Med Sci. 2021;25(1):431-7. 
https://doi.org/10.1155/j. 
zjms.2017/1234567 

14. Khodabakhsh Arbat S, Hooshyar H, 
Arbabi M, Eslami M, Abani B, Poor 
Movayed R. Prevalence of intestinal 
parasites among food handlers in 
Kashan, central Iran, 2017–2018.                        
J Parasit Dis. 2018;42:577-81. 
https://doi.org/10.1007/j.parasic.s1263
9-018-1037-4 

15. Inawaty  I, Sari  IP, Susanto L, 
Kartikasari DP, Oswari H, Kurniawan A. 
Occult amebiasis among pediatric with 
enterocolitis in national referral hospital 
in Indonesia. Infect Chemother. 
2024;56(2):230. 
DOI: 10.3947/jic.2023.0099 

16. Hooshyar H, Rostamkhani P, Arbabi 
M, Delavari M. Giardia lamblia        
infection: review of current diagnostic 

150 
 

https://doi.org/10.1016/j.rvsc.2020.10.020
https://doi.org/10.1016/j.rvsc.2020.10.020
https://doi.org/10.1051/parasite/2022036
https://doi.org/10.1051/parasite/2022036
https://doi.org/10.3389/fcimb.2022.1010244
https://doi.org/10.3389/fcimb.2022.1010244
https://doi.org/10.1186/s13071-020-04248-2
https://doi.org/10.1186/s13071-020-04248-2
https://doi.org/10.3390/pathogens10020206
https://doi.org/10.3390/pathogens10020206
https://doi.org/10.2139/ssrn.4549578
https://doi.org/10.1155/2017/1234567
https://doi.org/10.1155/2017/1234567
https://doi.org/10.1007/s12639-018-1037-4
https://doi.org/10.1007/s12639-018-1037-4
https://doi.org/10.3947/ic.2023.0099


Molecular analysis of Giardia lamblia using small …                     Zanco J Med Sci, Vol. 30, No. (1), April 2026 

https://doi.org/10.15218/zjms.2026.010 

strategies. GHFBB. 2019;12(1):3. 
https://doi.org/10.22037/j.ghfbb.v0i0.1
414 

17. Chen J, Zhou L, Cao W, Xu J, Yu K, 
Zhang T, et al. Prevalence and 
assemblage identified of Giardia 
duodenalis in zoo and farmed Asiatic 
black bears (Ursus thibetanus) from          
the Heilongjiang and Fujian Provinces              
of China. Parasite. 2024;31:50. 
https://doi.org/10.1051/j.parasite/2024
048 

18. Moreno Y, Moreno-Mesonero L, 
Amorós I, Pérez R, Morillo J, Alonso J. 
Multiple identification of most 
important waterborne protozoa in 
surface water used for irrigation 
purposes by 18S rRNA amplicon-based 
metagenomics. Int J Hyg Environ Health. 
2018;221(1):102-11. 
https://doi.org/10.1016/j.ijheh.2017.10.
008 

19. Hussein SR, Alliebawi A. Prevalence 
of Diarrhea Caused by Intestinal 
Parasites in Children in AL-Kufa             
City, Iraq. EJHM. 2022;89(1):4723-7. 

    

DOI:10.21608/ejhm.2022.260585 

20. Hasan HK, Eassa SH, Khalid HM. 
Prevalence of Entamoeba Histolytica 
and Giardia Lamblia in Children            
Visiting to Heevi Pediatric Hospital in 
Dohuk City, Kurdistan Region, Iraq.             
J Med Chem Sci. 2023. DOI: 

      

10.26655/JMCHEMSCI.2023.10.4 

21. Brožová K, Jirků M, Lhotská Z, 
Květoňová D, Kadlecová O, Stensvold CR, 
et al. The opportunistic protist, Giardia 

intestinalis, occurs in gut-healthy 
humans in a high-income                         
country. Emerg Microbes Infect. 
2023;12(2):2270077. 
DOI: 10.1080/22221751.2023.2270077 

22. Mthethwa-Hlongwa NP, Amoah ID, 
Gomez A, Davison S, Reddy P, Bux F,        
et al. Profiling pathogenic protozoan and 
their functional pathways in wastewater 
using 18S rRNA and shotgun 
metagenomics. Sci Total Environ. 
2024;912:169602. 
https://doi.org/10.1016/j.scitotenv.2023
.169602 

23. Hoeve-Bakker B, Van der Giessen J, 
Franssen F. Molecular identification 
targeting cox1 and 18S genes confirms 
the high prevalence of Sarcocystis         
spp. in cattle in the Netherlands.                    
Int J Parasitol. 2019;49(11):859-66. 
https://doi.10.1016/j.ijpara.2019.05.008 

24. Samie A, Tanih NF, Seisa I, Seheri M, 
Mphahlele J, ElBakri A, et al. Prevalence 
and genetic characterization of Giardia 
lamblia in relation to diarrhea in 
Limpopo and Gauteng provinces, South 
Africa. Parasite Epidemiol. Control. 
2020;9:e00140. 
http://doi.10.1016/j.parepi.c.2020.e001
40. 

25. Seguí R, Muñoz-Antoli C, Klisiowicz 
DR, Oishi CY, Köster PC, de Lucio A,             
et al. Prevalence of intestinal             
parasites, with emphasis on the 
molecular epidemiology of Giardia 
duodenalis and Blastocystis sp.,                       
in the Paranaguá Bay, Brazil:                           

151 
 

https://doi.org/10.22037/ghfbb.v0i0.1414
https://doi.org/10.22037/ghfbb.v0i0.1414
https://doi.org/10.1051/parasite/2024048
https://doi.org/10.1051/parasite/2024048
https://doi.org/10.1016/j.ijheh.2017.10.008
https://doi.org/10.1016/j.ijheh.2017.10.008
https://doi.org/10.21608/ejhm.2022.260585
https://doi.org/10.1080/22221751.2023.2270077
https://doi.org/10.1016/j.scitotenv.2023.169602
https://doi.org/10.1016/j.scitotenv.2023.169602
https://doi.10.1016/j.ijpara.2019.05.008
http://doi.10.1016/j.parepi.2020.e00140.
http://doi.10.1016/j.parepi.2020.e00140.


Molecular analysis of Giardia lamblia using small …                     Zanco J Med Sci, Vol. 30, No. (1), April 2026 

https://doi.org/10.15218/zjms.2026.010 

152 
 

a community survey. Parasit Vectors. 
2018;11:1-19. DOI: 10.1186/s13071-
018-3054-7 

26. Jalallou N, Iravani S, Rezaeian M, 
Alinaghizade A, Mirjalali H. Subtypes 
distribution and frequency of 
Blastocystis sp. isolated from               
diarrheic and non-diarrheic patients. 
Iran J parasitol. 2017;12(1):63. 
PMCID: PMC5522700 

27. Klotz C, Radam E, Rausch S,           
Gosten-Heinrich P, Aebischer T.              
Real-Time PCR for molecular detection 
of zoonotic and non-zoonotic Giardia 
spp. in wild rodents. Microorganisms. 
2021;9(8):1610.                                                  
DOI: 10.3390/j.microorganisms9081610 

28. Molina-Gonzalez SJ, Bhattacharyya T, 
AlShehri HR, Poulton K, Allen S, Miles 
MA, et al. Application of a recombinase 
polymerase amplification (RPA) assay 
and pilot field testing for Giardia 
duodenalis at Lake Albert, Uganda. 
Parasit Vectors. 2020;13:1-9. 
DOI: 10.1186/s13071-020-04168-1 

29. Weinreich F, Hahn A, Eberhardt KA, 
Kann S, Feldt T, Sarfo FS, et al. 
Comparative Evaluation of Real-Time 
Screening PCR Assays for Giardia 
duodenalis and of Assays Discriminating 
the Assemblages A and B. 
Microorganisms. 2022;10(7):1310. 
https://doi.org/10.3390/j.microorganis
ms10071310 

30. Jothikumar N, Murphy JL, Hill VR. 
Detection and identification of Giardia 
species using real-time PCR and 

sequencing. J Microbiol Methods. 
2021;189:106279. 
https://doi.org/10.1016/j.mimeth.2021.
106279 

 

https://doi.org/10.1186/s13071-018-3054-7
https://doi.org/10.1186/s13071-018-3054-7
https://pmc.ncbi.nlm.nih.gov/articles/PMC5522700/
http://doi10.3390/microorganisms9081610
https://doi.org/10.1186/s13071-020-04168-1
https://doi.org/10.3390/microorganisms10071310
https://doi.org/10.3390/microorganisms10071310

