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ABSTRACT

Background: Giardiasis is one of the most important parasitic gastro-intestinal infections
that affect humans worldwide. Children are the most affected age group either in developing
or developed countries. Genotyping of Giardia lamblia by molecular techniques classified it
into eight assemblages; of which, assemblages A and B are potentially zoonotic pathogens.
This study was done to investigate the prevalence of different Giardia lamblia genotypes by
conventional polymerse chain reaction (PCR), and to explore the environmental and patients’
sociodemographic factors that may affect the disease prevalence. Methods: Two hundreds
fecal samples were collected at Damanhour General Hospital from patients with
gastrointestinal diseases. All samples were examined microscopically, and the positive ones
were investigated by conventional PCR. Results: Giardiasis was detected in 92 (46%)
samples. Eighty-eight samples gave positive results by PCR, 18% of which were assemblage
A, 70.5% were assemblage B, and 11.5% were mixed infection of both assemblages. The
infection was more prevalent in males, rural patients and the highly educated ones.
Conclusion: This study presents critical and demonstrative data regarding public health in
Egypt. The results reveal that the prevalence of giardiasis is high among both rural and urban
patients, particularly in children. It also prevails in patients of all education levels, and
patients dealing and not dealing with animals. Moreover, we recommend PCR amplifying
the triose phosphate isomerase (tpi) gene in fresh fecal samples as a very effective method
for the diagnosis and genotyping.

Introduction

The lack of sanitation and hygiene measures
is @ major cause for the dissemination of protozoal
intestinal ~ diseases; therefore, they are most
investigated in developing countries [1]. Giardiasis is
the most common human parasitic intestinal infection
worldwide. It's caused by Giardia lamblia (G.
lamblia); a flagellated, bi-nucleated protozoa, being a
major health concern worldwide. Children are the
most affected persons either in developing or
developed countries with prevalence rates 30% and 2-
5%, respectively [2,3]. In the United States, it was
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reported that the average number of G. lamblia
infected cases during 1995-2016 was 19781 cases per
year [4]. Giardiasis clinical manifestations may be
asymptomatic or symptomatic with acute or chronic
diarrhea associated with abdominal cramps, vomiting,
abdominal pain, fatigue, nausea, weight loss, damage
of the small intestinal mucosal surface, and
malabsorption [5,6]. Giardiasis is usually self-limited
in immune-competent individuals; however, it can
cause severe and fatal diarrhea in immune-
compromised individuals and children, depending on
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host immune response and the virulence of Giardia
genotype [7].

Life cycle of G. lamblia has a simple two
stages: cysts and trophozoites. Cysts are the infective
stage of this parasite. Giardiasis occurs through
consumption of food or water harboring Giardia cysts
or by the fecal-oral route. Trophozoites are the
vegetative active stages that live and multiply in the
upper small intestine where they adhere and cause
giardiasis signs and symptoms [5].

Giardia contains at least six species that
infect animals and/or humans [8]. Giardia lamblia is
the main Giardia spp. documented in humans and
most domestic animals such as: cattle, sheep, dogs,
cats and horses [9]. The current taxonomy depends
mainly on the morphology of Giardia spp. without any
consideration for the genetic heterogeneity [10].
Polymerase chain reaction (PCR) and other molecular
techniques revealed that there are eight
morphologically indistinguishable G. lamblia
assemblages (A - H) that differ in the sequence of the
glutamate dehydrogenase, small subunit rRNA, and
triose phosphate isomerase (tpi) genes. So far,
assemblages C-H have not been detected in humans;
however, assemblages A and B or “Polish” and
“Belgian” are potentially zoonotic human pathogens
[5,11]. To date, the distribution of assemblages of G.
lamblia in different countries have been presented [7].

As a diagnostic method, PCR has a high
sensitivity and specificity compared to direct
microscopy; moreover, it can also detect giardiasis in
patients with low parasitic cysts and differentiate the
different G. lamblia genotypes [12]. Genotyping of G.
lamblia by PCR in fecal samples depends greatly on
concentration of DNA and presence of inhibitors such
as: phenolic compounds, bilirubin, cellulose,
hemoglobin, and polysaccharides, which may inhibit
the tag polymerases. Fecal samples for parasitologic
analysis are frequently collected and maintained by
adding preservatives such as: 10% formalin or
formalin derivatives. However, it's advisable to use
fresh fecal samples for PCR procedures as it was
reported that formalin may interact with DNA, or
inhibit polymerases and amplification giving false
negative results [10].

This study aimed to investigate the
prevalence of giardiasis in rural and urban areas in El
Behira governorate, Egypt, and molecularly genotype
G. lamblia by conventional PCR. Moreover, it aimed
to assess the possible environmental and patients’

sociodemographic factors that may affect the disease
prevalence.

Materials and Methods

Sample collection and microscopic examination
Two hundred fecal samples were collected from 145
male and 55 female patients with gastroenteritis at
Damanhour General Hospital, El-Behira, Egypt,
between June and September 2018. The patients
belonged to various age groups starting from 4 to 62
years. The samples were examined, both unstained and
iodine stained, by light microscopy to detect G.
lamblia oval tetranuclear cysts and trophozoites at
Damanhour General Hospital, El-Behira, Egypt. In
addition, the patients’ sociodemographic
characteristics were collected. Patients were
considered suffering from diarrhea if they experienced
loose or watery gastrointestinal movements for a few
days, at least, three times per day. High education was
considered for post-secondary education in this study,
while low education was considered for any other
lower education level. The DNA extraction and PCR
processes were performed at the Microbiology
Laboratory at Faculty of Pharmacy, Damanhour
University.

DNA extraction and genotyping of G. lamblia using

conventional two-step PCR
DNA extraction from fresh stool samples was

performed according to the manufacturer’s
instructions using a FavorPrep Stool DNA Isolation
Mini Kit (Favorgen Biotech Corp., Vienna, Austria.).
The DNA extracts were stored at -20 °C till PCR
performance. A conventional two-step PCR was
performed to detect tpi gene, and genotype G. lamblia
as reported by Amar et al. [13]. The tpi gene was
amplified in thermal cycler (Thermo Fisher Scientific,
US) using a PCR master mix (ThermoScientific
DreamTaq Green PCR Master Mix (2X), California,
USA), and specific primers (Thermo Fisher Scientific,
US) (Table 1). One pl of PCR product from the first
step is used as a template for the second step. The PCR
cycling conditions were: 94 °C for 3 min for initial
denaturation, 30 cycles of denaturation at 94 °C for 30
s, annealing at 50 °C for 30 s and extension at 72 °C
for 1 min, and a final extension at 72 °C for 7 min. All
PCR products were loaded onto 1.5% agarose gel,
stained with ethidium bromide, and visualized by
ultraviolet illumination.

Table 1. The primers used for G. lamblia detection and genotyping by conventional PCR [12].
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The gene The primers The amplicon
size (bp)
The  first  step | tpi assemblage A| tpiA-Fl: 5-CGAGACAAGTGTTGAGAT G-3' 576 bp
(Duplex PCR) tpiA-R: 5-GGTCAAGAGCTTACAACA CG-3'
tpi assemblage B | tpiB-FI: 5'-GTTGCTCCCTCCTTTGTGC-3' 208 bp
tpiB-R: 5-CTCTGCTCATTGGTCTCGC-3'
The second step | tpi assemblage A| tpiA-Fll: 5-CCAAGAAGGCTAAGC GTGC-3' 476 bp
(Uniplex PCR) tpiA-R: 5-GGTCAAGAGCTTACAACA CG-3'
tpi assemblage B | tpiB-FIl: 5'-GCACAGAACGTGTATCTG G-3' 140 bp
TPIB-R: 5-CTCTGCTCATTGGTCTCG C-3

Statistical analysis

The correlation between giardiasis and
different sociodemographic characteristics of patients
was determined using the y 2 test and Monte-Carlo
method. All statistical analyses were performed using
IPM SPSS version 20.0 (IBM Corp., Armonk, NY). P
< 0.05 was considered statistically significant.

Results

Out of 200 clinical stool samples, 92 (46%)
were identified as Giardia spp. by light microscopy
depending on the morphological characteristics of
Giardia cysts and trophozoites (Figure 1). All patients
suffered from diarrhea, nausea, vomiting, abdominal
cramps, and weight loss. Giardia assemblages A and
B couldn't be differentiated microscopically.

DNA extraction was performed for 92 fresh
stool samples, and 88 (95.7%) of them tested positive
by PCR. Regarding genotyping, 16/88 (18%) samples
were positive for G. lamblia assemblage A, 62/88
(70.5%) were positive for G. lamblia assemblage B,
and 10/88 (11.5%) were mixed infection of
assemblages A and B. Polymerase chain reaction
products were loaded onto 1.5% agarose gels, stained
with ethidium bromide, and visualized by ultraviolet
illumination (Figures 2 and 3).

In the present study, giardiasis was more
prevalent in patients from rural areas; however, G.
lamblia assemblage B isolates were more prevalent in
urban patients. The prevalence of giardiasis was
higher in males than females and was higher among
children patients aged from 4-12 years. Surprisingly,
the prevalence of giardiasis was higher in patients
having sanitation facilities for sewage disposal;
however, all mixed infections were prevalent in
patients lacking sanitation facilities. In addition, the
prevalence of giardiasis was higher in patients not
dealing with animals; however, all mixed infections
were prevalent in patients dealing with animals.
Moreover, the prevalence of giardiasis was higher in

patients with high education levels; however, all
mixed infections were prevalent in patients with low
education levels. Statistically, we found a statistically
strong positive correlation between giardiasis and age,
sex, and education levels (P<0.05); however, no
significant correlation was observed between
giardiasis and community, dealing with animals, and
the presence of sanitation facilities (P > 0.05) (Table
2).

Figure 1. Cyst and trophozoite of G. lamblia by light
microscopy.

Figure 2. Detection of G. lamblia assemblage A by
conventional PCR. PCR products were visualized in 1.5%
agarose gel with ethidium bromide staining. Lanes 1 and 3:
two G. lamblia assemblage A positive fecal samples at 476
bp; Lanes 2, 4-7: negative fecal samples; Lane 8: a 100-bp
DNA ladder.
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Figure 3. Detection of G. lamblia assemblage B by conventional PCR. PCR products were visualized in 1.5%
agarose gel with ethidium bromide staining. Lanes 1 - 5: five G. lamblia assemblage B positive fecal samples at 140 bp;
Lane 6: negative fecal sample; Lane 7: a 100-bp DNA ladder.

Table 2: The sociodemographic characteristics of the 88 patients genotyped into G. lamblia assemblages A

and B by conventional PCR.

G. lambilia G. lambilia Mixed infections Total
assemblage A | assemblage B (G. lamblia
assemblages A and
B)
Sex
e Male 12 (18%) 44 (67%) 10 (15%) 66 (100%)
e Female 4 (18%) 18 (82%) 0 (0%) 22 (100%)
Age groups
o 4-12yrs. 6 (10%) 46 (74%) 10 (16%) 62 (100%)
e 13-30yrs. 6 (37%) 10 (63%) 0 (0%) 16 (100%)
o  31-65yrs. 4 (40%) 6 (60%) 0 (0%) 10 (100%)
Community
e Rural area 12 (25%) 26 (54%) 10 (21%) 48 (100%)
e City 4 (10%) 36 (90%) 0 (0%) 40 (100%)
Education level
e Low 0 (0%) 8 (44%) 10 (56%) 18 (100%)
e High 16 (23%) 54 (77%) 0 (0%) 70 (100%)
Sanitation facilities
e Latrine 16 (21%) 62 (79%) 0 (0%) 78 (100%)
e  Open defecation 0 (0%) 0 (0%) 10 (100%) 10 (100%)
Dealing with domestic
animals 0 (0%) 0 (0%) 10(100%) 10 (100%)
e Dealing 16 (21%) 62 (79%) 0 (0%) 78 (100%)
e Not dealing
Discussion differentiate G. lamblia genotypes. It was reported that

Giardiasis is the most frequent human
parasitic intestinal infection worldwide primarily
affecting children in either developing or developed
countries [10]. Diagnosis of giardiasis is commonly
performed in Egypt and other countries by examining
patients” fecal samples using light microscopy to
detect G. lamblia tetranuclear cysts and trophozoites.
However, microscopy cannot determine or

fecal samples that will be processed by PCR are
frequently collected without preservatives as they may
degrade DNA in samples and reduce PCR sensitivity.
Hence, the use of fresh fecal samples would inhibit the
false negativity in results [10]. In this study, we used
the two-step conventional PCR reported by Amar et
al. [13] to detect and genotype G. lamblia in fresh fecal
samples. Of 92 microscopically positive fresh fecal
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samples, 88 (95.7%) displayed positive results by
PCR. Similarly, Molina et al. [10], Abbas et al. [5],
and Chakarova et al. [7] reported that 82%, 93%, and
94% of their fecal samples revealed positive results by
PCR in Argentina, Irag, and Bulgaria, respectively.
The failure of DNA amplification and false negative
results for some samples may be due to the low
concentration of DNA, handling error and presence of
some PCR inhibitors [5].

Regarding  genotyping, G. lamblia
assemblage B was detected in 70.5% of fecal samples,
the most abundant genotype in the current research. G.
lamblia assemblage A and mixed infections of both
assemblages A and B were detected in 18% and 11.5%
of fecal samples, respectively. Similarly, Wang et al.
[14] in Spain reported that 67%, 29%, and 4% of fecal
samples were positive for assemblage B, assemblage
A, and both assemblages, respectively. However,
Molina et al. [10] and Tak et al. [15] reported that all
their fecal samples were positive for assemblage B in
Argentina and India, respectively; and no samples
were positive for assemblage A or both assemblages.
While, Abbas et al. [5] in Irag, and Chakarova et al.
[7] in Bulgaria detected assemblage B and both
assemblages in their fecal samples; however,
assemblage A wasn't detected at all. In contrast to our
results, the incidence of assemblage A (76%) reported
by Helmy et al. [16] in 2009 in Egypt was more
prevalent than assemblage B (19.5%), and mixed
infection of both assemblages was detected in 5% of
fecal samples. Recently, it was reported that
assemblage A or B were associated with the severity
of infection in humans [7]. This was confirmed in our
research as all samples were genotyped as assemblage
A, B, or mixed genotypes, and they were all isolated
from patients suffering acute severe diarrhea,
abdominal cramps, nausea, and vomiting.

Of note, the prevalence of giardiasis was
higher among children patients aged from 4-12 years
in this study; however, the prevalence of assemblage
A was the same in both 4-12 and 13-30 age groups.
The high prevalence of infection among children may
be due to the frequent contact with outdoor
surroundings, and the underdeveloped immunological
status and hygiene practices. Our findings were similar
to those of Wang et al. [14] in Spain as the prevalence
of assemblage B was higher among their children
patients aged from 0-12; however, the prevalence of
assemblage A was higher among their patients aged
from 23-75. Similarly, Samie et al. [17] in South
Africa and Bahrami et al. [11] in Iran reported that
the prevalence of giardiasis was at its peak in children

and young adults. In contrast, Minetti et al. [18] in
England reported that their highest prevalence rate of
giardiasis was observed in patients aged from 30-49
years.

The prevalence of all G. lamblia assemblages
was obviously higher in males in this study, which
may be due to their more exposure to the sources of
infections than females, such as: outdoor food and
water consumption and more contact with infected
persons. Similarly, Wang et al. [14] in Spain,
Bahrami etal. [11] in Iran, Puebla et al. [19] in Cuba
reported that the prevalence of giardiasis was higher in
males; however, the prevalence of giardiasis of mixed
assemblages was the same in both sexes in Spain and
Cuba. Samie et al. [17] in South Africa and Colli et
al. [20] in Brazil countered our results as the
prevalence of giardiasis of their fecal samples was
higher in females.

Moreover, the overall prevalence of
giardiasis was higher in patients from rural areas than
urban patients in the current study. This may be due to
the lack of hygiene practices and sanitation measures
in this community which increases the transmission of
infection; however, the prevalence of assemblage B
was higher in urban patients. This may be due to the
lack of hygiene practices and sanitation measures in
this community which increases the transmission of
infection. Similar results were reported by Fatni et al.
[21] in Morocco and Sorokman et al. [22] in Ukraine.
In contrast, Puebla et al. [19] in Cuba, Bahrami et al.
[11] in Iran, and Molina et al. [10] in Argentina
reported that the prevalence was higher among urban
patients.

Surprisingly, in the current research the
prevalence of giardiasis was higher in patients having
sanitation facilities for sewage disposal; however, all
mixed infections were prevalent in patients lacking
sanitation facilities. In contrast, Molina et al. [10] in
Argentina and Choy et al. [23] in Malaysia reported
that the prevalence of infection was higher in patients
lacking latrine facilities for sewage disposal. In
addition, the prevalence of giardiasis in our study was
higher in patients with high education levels; however,
all mixed infections were prevalent in patients with
low education levels. Choy et al. [23] in Malaysia
countered our results as the prevalence of infection
was higher in patients with low education levels. It's
supposed that low educated individuals have less
knowledge concerning parasitic intestinal infections,
their ways of transmission, and their prophylaxis-
related hygienic practices compared with highly
educated ones.
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Assemblages A and B are potentially
zoonotic human pathogens [16]. Dealing with
domestic animals is an important risk factor, as they
should be considered as a potential source of infection.
Humans can acquire the infection easily as the surface
of animals is contaminated by their fecal matter
containing Giardia cysts. Unexpectedly, in the current
research the prevalence of giardiasis was higher in
patients not dealing with animals; however, all mixed
infections were prevalent in patients dealing with
animals. Bahrami et al. [11] in Iran and Colli et al.
[20] in Brazil corroborated our results as the
prevalence of infection was higher in their patients not
dealing with domestic animals. However, Choy et al.
[23] in Malaysia reported the prevalence of infection
was higher among patients dealing with domestic
animals.

In addition, giardiasis can be also transmitted
by consumption of water contaminated by G. lamblia
cysts. In this study, the tap water is the only water
source for all patients. Therefore, the water supply
pollution is a potential and important source of
infection, as the water source of EIl Behira governorate
relies on water derived from the river.

Conclusion

This study presents important and valuable
data regarding the public health in Egypt. This is the
first study to detect and distinguish G. lamblia
assemblages in El Behira governorate. The results
show that the prevalence of giardiasis is high among
both rural and urban patients, particularly in children.
It also prevails in patients of all education levels, and
patients dealing and not dealing with animals. Several
control measures are essential to struggle current
infection levels, including education programs and
awareness regarding the good personal hygiene
measures and sanitation practices. Moreover, we
recommend PCR amplifying the tpi gene in fresh fecal
samples as very effective method for the detection and
genotyping of giardiasis in routine diagnosis and
epidemiological studies.
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