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Abstract

Giardiasis caused by Giardia duodenalis is a common intestinal disease. Although this parasitic
infection is found in mammals including human, pets and livestock. A total of 250 samples was
collected from patients that were suspected the infection with Giardia duodenalis during the period
from August 2014 to October 2015.

The aim of this study is to investigate the molecular identification of Giardia duodenalis in patients
suffered from diarrhea depending on a Eukaryotic peptide chain release factor subunit 1 gene to Confirm
its existence in both stages of Giardia dudenalis (Trophozoit and cyst) and the possibility adopting it as
a diagnostic gene.

The results revealed that 200 samples were positive depending on the microscopic examination ,
100 samples of stool have been chosen to isolate the cysts from it, while 100 samples of stool were
used for trophozoits isolation , which in turn have undergone the third stage of the examination for the
purpose of qualitative accurate diagnosis of Giardia using of quantitative Real Time PCR assay for
amplifying the target region Eukaryotic peptide chain release factor subunit 1 and study the possibility
of using the a
diagnostic gene.
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Introduction

The genome of the eukaryotic protist Giardia duodenalis, an important human
intestinal parasite, is compact in structure and content, contains few introns or
mitochondrial relics. The whole life cycle can be completed in vitro with stimuli that
mimic gastrointestinal conditions (Gillin et al., 1996). Giardiasis which is caused by
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G.duodenalis is a common intestinal disease. Usually G. duodenalis is transmitted by
contaminated water with cyst (Cacci and Ryan,2008).

infection of the host is initiated by ingestion of cysts, followed by excystations
and colonization of the small intestine by the trophozoite form of the parasite, which
multiplies by vegetative growth in the intestine.

Trophozoites, like most intestinal parasitic protozoa, undergo dramatic biological
changes to survive outside the intestine of their host by differentiating into resistant
cysts (encystation) (Gillin et al., 1996).

The pathophysiology of giardiasis depends directly upon the ability of the
trophozoite form to replicate in the host upper small intestine G.duodenalis is also a
serious zoonotic parasite that infects many mammals, including dogs and cats.
Infection in human can lead to abdominal cramps, acute or chronic diarrhea, and
Malabsorption ( Thompson, 2004). in developing countries the prevalence may reach
as high as 20-60%. In humans, the infection produced by G.duodenalis (giardiasis)
may produce several symptoms such as diarrhea, abdominal discomfort, distension,
flatulence,and vomiting. In addition, giardiasis may present with severe damage of the
small intestine (Silvia et al, 2002).

Infection with G.duodenalis leads to acute/chronic diarrhea in some individuals
but remains asymptomatic in others. Several studies indicate that severe or
symptomatic giardiasis may cause malabsorption of nutrients and affect the nutritional
status of the host. However, few studies reported the potential effect of moderate or
asymptomatic giardiasis, thus the effects on the nutritional status of the host (Silvia et
al,2002). Although this parasitic infection is found in mammals including human, pets
and livestock, few species within the genus Giardia can infect humans (Akram , 2000).

Giardia has two sets of genes whose expression is uniquely regulated. Variant
surface proteins (VSP) are expressed one at a time on the surface of trophozoites,
whereas the encystation-specific genes are expressed only as trophozoites
differentiated are into cysts. Thus, the methods of genetic recombination and
transcriptional regulation in this primitive eukaryote are of interest (Adem, 2001).

The parasites are continuously exposed to environmental toxins act to pressure
the host immunity, which could affect the stability of the genome and it gives away of
mechanical repair the genetic material of some of these objects have not been studied
in detail so far ( Singh et al., 2013).

The Homologous Recombination is an important process to repair the damages
caused as it's important to find the genetic diversity of parasite to escape from host
immune response ( Conway et al., 2002). In addition Davis-Hayman & Nash noted that
the Giardia parasite has two sets of genes are modified genetic expressions are
exceptionally. In order to address such important topics as DNA content, gene
rearrangement and complete deletion of a gene in Giardia, markers that are more
selectable must be identified. In addition, the differences in homologous recombination
and expression of transfected DNA among Giardia groups are critical areas that should
be addressed ( Homan et al.,1998).

Giardia duodenalis have seven complex genotypes termed (A-H), Genotypes A and
B are the main and only causes of human infections ( Silvia et al, 2002, Akram,2000 ).

The succession is about 12 million base pairs and contains about 5000 protein-
coding genes (Adem, 2001). The GC content is 46%. Trophozoites have four of a
ploidy and the ploidy of cysts is eight, which in turn raises the question of how Giardia
maintains homogeneity between the chromosomes of the same and opposite nuclei.
Modern sequencing technologies have been used to resequencing different strains
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(Helmy et al.,2009) .Giardia trophozoites have a sufficient chance to pick up genes
from bacteria and to hunt products of host and bacterial metabolism, Like that of both
Trichomonas and Entamoeba protozoa .

Giardia’s genome contains many lateral gene transfer (LGT) candidates, indicating
that LGT has played an important role in shaping Giardia’s genome and metabolic
pathways, while LGT from bacterial and archaeal donors has shaped Giardia's genome,
and previously unknown gene families, for example, cysteine-rich structural proteins,
havebeen discovered.Unexpectedly,the genome shows little evidenceof heterozygosity,
supporting recent speculations that this organism is sexual( Morrison et al., 2007).

This genome sequence will not only be precious for investigating the evolution of
eukaryotes, but will also be applied to the search for new therapeutics for this parasite.
Trophozoites get hold of most energy from anaerobic glycolysis or metabolism of
arginine and many metabolic genes and pathways most closely resemble bacterial
homologs ( Conway et al., 2002).

The current study was conducted to determine both stages of G. duodenalis in
Babylon by molecular technique, the RT-PCR method was performed based on a
Eukaryotic peptide chain release factor subunit 1. As this is a suitable technique for
direct diagnosis of G. duodenalis in crude specimens. The main purpose of this study
was to evaluate the correlation between the infection with Giardiasis and patients with
diarrhea depending on the GLEukaryotic gene and to improve it if this type of gene
could be considered as a diagnostic gene.

Materials and methods:

1. Sample collection

Two hundred stool samples from microscopically positive G.Duodenalis were
collected from clinical laboratories in Babylon province between August 2014 and
October 2015. After direct analysis by microscope, the samples without any
preservation were kept at 4°C.

2. Conventional Microscopy

One drop of fecal suspension was transferred to a microscope slide with a cover slip.
Each slide was then examined as a direct mount at 40 _ magnification and the presence
or the absence of G. duodenalis cysts was recorded. For further confirmation, formal-
ether concentration technique was performed ( Hala et al., 2013)

3.Purification of Giardia duodenalis cysts

Zinc sulfate flotation method was used for cysts purification in which small amount
of feces 3 mg was mixed with distilled water in a clean cup by wood stick to make
suspension so that cysts would be free from the feces. Suspension filtered through
gauze was centrifuged for 5 minutes at 1000 rpm. Moreover, the supernatant poured
off. Zinc sulfate solution was added and the contents were centrifuged again at the
same rate and time. The surface layer which contained the cysts was transferred to
another tube with distilled water by using pasture pipette. Cysts were concentrated by
centrifugation at 1000 rpm for 5 minutes and 2 ml of phosphate buffer saline were
added to the sediment and stored at 4C° until use ( Helmy et al., 2009 )

4. In Vitro Cultivation of Giardia duodenalis
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G.duodenalis trophozoites (strain WB, clone C6, ATCC 50803) were cultured in
modified TY1-S-33 medium with bovine bile [Keister DB], supplemented with bile and
antibiotics at the following concentrations.
penicillin, 200 1U/ml; streptomycin, 200 ,ug/ml; Corresponding author. vancomycin,
20 ktg/ml; and clindamycin, 20 ,ug/ml. The last two antibiotics were required to
eliminate contamination with oropharyngeal flora and were omitted after the initial
isolation phase. In some cases, we also used stoppered vials of lyophilized modified
Diamond TPS-1 medium which was rehydrated immediately before use, as it is
described by (Gordts et al., 1985, Gordts et al. ,1984 ).

5.DNA extraction

Genomic DNA was extracted from cysts and trophozoites. Those isolations that
didn’t have suitable DNA were excluded from the study.The trophozoite's DNA was
extracted using AccuPrep® Stool DNA Extraction Kit (Bioneer, Korea) according to
the manufacturer's instruction with some modification and used as template for RT-
PCR assay. Extraction of genomic DNA from Giardia’s cysts was carried out
according to our previous published paper .( Pestehchian et al., 2012)

6. RT-PCR amplification

One set of primers was designed to be used against the coding region of the
Eukaryotic peptide chain release factor subunit 1 gene of G. duodenalis (trophozoites
and cysts) a 127bp fragment was amplified using the forward primer GLCPNR1
(5’-CGAACAGCCTTTTCATCAGCTC-3’and the reverse primer GLCPNFI
(5’-AACGCTGGTCAAAGATGGC -3°) To the DNA is amplified by the use of the
forward and reverse primers which are designed by NCBI site (Primer 3 plus program)

7. RT-PCR protocols

Real-Time PCR was preformed for detection of both stages of G.duodenalis by using
the primers and TagMan probe specific for GL. Eukaryotic peptide chain release factor
subunit 1 In the DNA technique was carried out according to method described by
( Tungtrongchitr et al. , 2010)

8. Real-Time PCR master mix preparation
Real-Time PCR master mix was prepared by one step Reverse Transcription and
Real-Time PCR detection kit (AccuPower® 2X GreenStar™ gPCR Master Mix,
Bioneer. Korea), and done according to company instructions as it is shown in the
following Table (1):
Table (1): RT-PCR component for gene amplification

RT-PCR Volume
Master mix

2X Green star master mix 25 uL
DNA template SuL
forward primer (10pmol) luL
reverse primer (10pmol) luL
DEPC water 18uL

Total 50uL
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The RT-PCR master mix reaction components that mentioned in (table 1) were
added into standard PCR tube( containing 8 wells strips tubes ), Then all strips tubes
vortexing for mixing the components and centrifuge for 3000 rpm for 3 minutes in
Exispin centrifuge, after that transferred into Exicycler Real-Time PCR thermocycler
(Life Technologies Corporation , 2012 ).

9. Real-Time PCR Thermocycler conditions
Real-Time PCR thermocycler conditions were set up according to primer annealing
temperature and RT-PCR Taq Man Kit instructions as it is shown in Table (2):

Table (2): Amplification protocol for detection of gene (thermal cycler program)

Step Condition Cycle
Reverse transcriptase 95°C 15 min 1
Pre-Denaturation 95 °C 5 min 1
Denaturation 95 °C 20 sec
Annealing/Extension 60 °C 30 sec 45

Thermal cycles were applied to inspect the Real-Time PCR by relying on
instructions Accu Power® 2X Green Star TM gPCR Master Mix and aslo by
calculating the degree Tm prefixes used the apparatus Mini Opticon Real-Time PCR
system BioRad / USA.

10-Real-Time PCR Data analysis

RT-PCR data analysis was performed by calculation of the threshold cycle number
(CT value) that presented the positive amplification of gene in Real-time cycle number
( Bibby-scientific Inc, 2014).

Results
This study included 200 stool samples collected from patients infected with
Giardiasis and the results showed comprising 109 (54%) males and 91 (45%) females.
The prevalence elevated (78%) among older children aged six to ten years, but (52%)
among children aged one to five years, and was higher among males (60%) than the it
was among females(52%) (Table 3).
Table (3) : Classification of children according to age and gender.

Age Female Male Total

1-5 24(46.2%) 28(53.8%) 52(40%)
6-10 33(42.3%) 45(57.7%) 78(60%)
Total 57(43.8%) 73(56.2%) 130 (100%)
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The Symptomatic patients were stunted, gastrointestinal symptoms reported included
diarrhea, vomiting and dehydration. The average duration and frequency of diarrhea
were 3-9 days and 4-6 times a day, while the average duration and frequency of
vomiting were 2-3 days and 2-7 times a day respectively (Tables 4, 5).The consistency
of the stool samples were submitted by the symptomatic patients ranged from loose,
watery and mucoid , Abdominal pain was observed in 90% (180/200 patients) of
patients. Other manifestations, such as flatulence 38% (76/200), anorexia and nausea
31.5% (63/200).

Table (4): Clinical characteristics of the study patients that infected by
trophozoiote of G. duodenalis .

Parameter Total Symptomatic A Symptomatic
N (%) N (%) N (%)
Stool consistency
Firm 13(13%0) 9 (9%) 4(4%)
Loose 6 (6%0) 57(57%) 9(9%)
Mucoid 21(21%) 10(10%0) 11(11%0)
Male 54 (54 %) 33 (33 %) 21(21 %)
Female 46 (46 %) 24(24 %) 22(22 %)
Gastrointestinal symptoms
Diarrhea 88(88%) 88(88%) 0
Vomiting &nausea 78(78%0) 74(74%) 4(4%)
Dehydration 59(59%) 50(50%0) 9(9%)
flatulence 48(48%0) 41(41%) 7(7%)
Anorexia 33(33%) 15(15%0) 18(18%)
abdominal cramps 93(93%0) 45(45%0) 48(48%)

Table (5): Clinical characteristics of the study patients that infected by cyst
of G.duodenalis

Parameter Total Symptomatic Symptomatic
N (%) N (%) A
N (%)
Stool consistency
Firm 20(20%) 8(8%) 12(12%)
Loose 38(38%) 18(18%) 20(20%)
Mucoid 42(42%) 20(20%) 24(24%)
Male 55(55 %) 30 (30 %) 25(25 %)
Female 45(45 %) 21(21 %) 24(24 %)
Gastrointestinal symptoms

Diarrhea 78(78%) 66(66%) 12(12%)
Vomiting & nausea 45(45%) 20(20%0) 25(25%0)
Dehydration 39(39%0) 19(19%) 20(20%)
Flatulence 28(28%) 10(10%) 18(18%)
Anorexia 30(30%) 11(11%) 19(19%)
abdominal cramps 89(89%) 41(41%) 48(48%)
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A total of 200 human Giardia duodenalis microscopically positive samples were
selected for genomic DNA extraction. the total DNA extraction kit provided by
(Bioner/Korea) was used.

DNA extraction was successfully observed from all samples by agarose
electrophoresis (0.5%). This DNA was used as a template for Real-Time PCR assay.
The use of RT-PCR techniques in the specific detection of G.duodenalis was showed
a fluorescence of SYBER Green dye was appeared very clear through the form of
amplification plot to the positive samples during the cycle 30 as its shows in fig.(1).

Amplification
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o 10 20 30
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Fig.1: Amplification Plot of region GLE, in which the fluorescence of the dye
SYBER Green represent amplificated DNA that was isolated from Trophozoites
which located above the Threshold .while under the threshold there was no
amplificated DNA that was isolated from the cysts.
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Fig.2: Amplification Plot of region GLE, in which the fluorescence of the dye
SYBER Green represent samples of trophozoites DNA which located above
theThreshold line while under the threshold there was no amplificated DNA that
was isolated from the cysts.
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Fig.(3): Melt peak curves from real-time PCR amplification of GL E. ( Positive
samples shown above of Threshold, and negative samples shown under the
threshold), are indicated in the curves.

Discussion

Giardiasis is one of the most common enteric parasites infections in human that have
been reported worldwide. In America, Asia, and Africa about 200 million people
diagnosed have symptomatic giardiasis, with at least 500,000 new infections
mentioned each year ( Stark et al. , 2007).

This study estimated the prevalence of G. duodenalis infections in children in
Babylon and the highest rate of infection was among the males than the females.

Most epidemiological researches studies on G. duodenalis infection use traditional
microscopic detection, because its low cost , furthermore decrease sensitivity of this
test may result in the disregard of the correct prevalence of the parasite. In current our
study, we used both classic microscope detection and one of molecular techniques
(RT-PCR).

Hokelek & Nissen found highest prevalence of giardiasis in childhood. In the
present research , the highest number of positive cases was found in the age group of
6-10 years and this finding is similar to a study done by Dawson, (2005) who showed
that greater number of reported cases occurred among children aged 1-9 years. In Iran,
the highly prevalence was showed in children and it recorded 26.2%.

Moreover, children are less bearing in mind some practice are very important
personal hygiene practices such as washing of hand before eating and after using the
toilets. Another reason focused on the habit of children to buy food streets whose
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sellers some of whom do not care about proper personal hygiene and may be carried of
infection of Giardia ( Ayeh-Kumi et al., 2009). immune deficient of children also
plays a role for elevated infection rate, it has been showed that children acquire
immunity after the primary infection in early life, which effected in some protection
in late life ( Heresi et al. , 2000).

The pet animals like cats, dogs and different animals represent a possible source for
infection as children used to play with them (Al-Mekhlafi et al., 2005). The Prevalence
rates of parasites among children in different countries are usually 2-5% but are up to
20-30% in the third world countries (Adem,2001). The parasite are much more
widespread in children than in adults, especially in children under 10 years of age, the
infection frequency is 2-7 times greater than in adults ( Akram , 2000).

In consonance with other studies (Meyer, 1990 ; Hoge et al., 1995 ; Klaus et al. ,
2007), a high prevalence of Giardia duodenalis in asymptomatic patients appeared in
the current study. So this study concluded that Giardia duodenalis infection presents
sub-clinically or the parasites have limited pathogenicity. It could also imply that the
majority of the persons in the district are asymptomatic carriers of a non-pathogenic
strain. Even though they look identical when viewed through the microscope, there are
different genotypes of Giardia. These genotypes were referred to as Assemblages.

In Bangladesh observed that zoonotic genotypes of G. duodenalis infection
(predominantly Assemblage A) was correlated with diarrhea whilst the non-zoonotic
genotypes (Assemblage B) infection was associated with asymptomatic infection
(Haque et al., 2005), they found that Giardia duodenalis assemblage B occurred at a
significantly higher rate compared to the assemblage A. This study did not spectate
between the Giardia duodenalis assemblages.

Giardia duodenalis is a common source of epidemic and endemic diarrhea in all
world. Infection with G.duodenalis includes asymptomatic cyst pathway, acute self-
limited diarrhea, and a chronic disorder including diarrhea, Lack of absorption and
weight loss. Most cases are asymptomatic, but symptomatic infections involving
repeated intestinal symptoms may interfere the normal growth and development in
affected children :

Microscopy was consider the gold standard for detection of Giardia duodenalis
infection. However, this technique is not very sensitive and time-consuming, During
recent years, there have been significant advances in the development of molecular-
diagnostic tools like the Polymerase chain Reactions(PCR) and the Real-time PCR, to
comparison between both of them : the RT- PCR are more advantage: numerical
results which are much easier to distinguish than the visualization of a stained gel in
the conventional PCR ,there is no need to post-amplification analysis which reduces
risks of contamination and lead to better differentiate of Giardia__infections
( Franzén et al. ,2009) .

In the current study We used a real-time PCR technique based on the
aGL50803_17190 Eukaryotic of G.duodenalis for the specific recognition
G.duodenalis stages and diagnosed the DNA in feces samples and proofed the
possibility used this gene as diagnostic gene

The present study showed the value of melting temperature about 84 Celsius and
these temperature referred to the DNA content from the base pairs ( G,C content )
,whenever the G,C content was higher than the melting temperature elevated.

The real-time PCR was negative in all 100 fecal samples in which G. duodenalis
cysts while G. duodenalis trophozoites contain positive in all of 100 fecal samples
were detected with microscopic examination of concentrated fecal samples.
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There are many studies were done in all world about the best technique for detection
of Giardia duodenalis one of these study was the study in Egypt which designed to
compared upon usual microscopy, direct immunofluorescence assay (DIF) and flow
cytometry (FC) for the diagnosis of Giardia cyst in fecal samples. He was concluded
that direct microscopic examination is benefit in the diagnosis of Giardia as a first
choice test. DIF is an excellent technique in clinically suspected cases after negative
microscopy. FC found to be less sensitive to obtain exacted organisms’ count but it
could be an effective alternative method for the detection of Giardia cysts, especially
for comprehensive epidemiological studies or extensive surveillance programs as it has
the beneficial attribute of rapidity and do not depend on microscope witness.
( Etamadi et al. , 2011; EI-Nahas et al. , 2013).

Another study was done by the researcher (Maha and Kevin , 2008) for the
detection of the cyst and the oocyst of water born protozoa like the G.duodenalis by
different techniques ones of them was the RT-PCR and it concluded that the RT-PCR
remains the gold standard for the identification of many waterborne pathogens since it
delivered specificity and sensitivity in detection (Moshira et al. , 2009 ).

Also there is a research was done in Egypt to diagnosed the Giardia duodenalis
genotypes in human isolates with diarrhea by used of RT-PCR for selecting the triose
phosphate isomerase (tpi) gene and the results showed that genotype G. duodenalis
isolated from fresh fecal samples in Egypt, in infections commonly presented with
intermittent diarrhea, the most prevalent genotype was assemblage A group I. The
most fragility age group from ten to twenty year-old individuals
(Tahmina et al., 2014 ).

Another study were occurred in Bangladesh to detection the G.duodenalis in
children by used of different procedures including the microscope, a Real Time PCR
and ELISA, the results showed the detection by microscopy is neither sensitive nor
specific. In general, pathological Laboratories, detection usually done by simple
microscopy where maximum negative results are reported. However, ELISA and PCR
are time consumed methods and expensive; they definitely give more accurate results
on sensitivity and specificity of the diarrheal parasites. A greater knowledge of
parasitic contamination of the surroundings and its impact on health has required
developing better-diagnosed methods for G. duodenalis (EI-Nahas et al. , 2013).

In our study we depend on different gene GL50803_ 17190 Eukaryotic about it
which the researches was rare ,s0 we used this gene to improve if It could be adopted
as a diagnostic gene so we searched and used this gene as a target of RT-PCR in both
stages (Trophozoites and cysts) and the results showed a high sensitive of this
technique to detect this gene in trophozoite stage while it can not this gene be
identified in cystic stage .
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