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Abstract 
   PCR-based methods have been widely used for detection of Giardia in stool. The sensitivity 

and hence degree of success of the molecular tool depends on many factors including effi-

ciency of DNA extraction method, in addition to the degree of purity which necessitate re-

moval of a great number of inhibitors from the stool samples. Therefore, Sucrose density- 

gradient isolation method was assessed in this study to be applied prior to nucleic acid extrac-

tion and amplification of Giardia duodenalis in stool samples. The methods: Two different 

approaches were applied in this study to amplify β-giardin gene specific for Giardia duode-

nalis (syn. G. intestinalis, G. lamblia) using 30 microscopically Giardia positive fecal sam-

ples. A) Direct nucleic acid extraction using QIAamp Mini spin columns B) Sucrose density- 

gradient isolation method prior to DNA extraction using the same extraction Kit. The property 

of the extracted samples was determined by Spectrophotometric analysis at 260 and at 280 

nm.  

   The results showed that in spite of the significant larger amount of nucleic acid obtained by 

method (A) versus method (B), more pure form of DNA was encountered by method (B) than 

method (A). Purity encountered by method (A) reflected protein contamination of the sam-

ples. Following nested PCR reaction, 28 samples of group (B) showed positive bands 

(511pb), while 8 samples from group (A) failed to be amplified.  
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Introduction 
   Giardia lamblia (also known as Giardia 

duodenalis and Giardia intestinalis) is an 

intestinal protozoan, well-known to initiate 

diarrheal disease in humans (Caccio et al, 

2005; Read et al, 2004; Plutzer et al, 2010). 

It is reported to be the commonest entero-

parasite in parasitological surveys, accom-

plished in both developed and developing 

nations (David et al, 2011). Most infected 

people remain asymptomatic, thus promote 

spread of such protozoal infection. In gen-

eral, infection can lead to a wide range of 

clinical manifestations, including watery 

diarrhea, abdominal discomfort and bloat-

ing. In severe cases, malnutrition, malab-

sorption and disruption of the weight curve 

in children may be observed (Escobedo and 

Cimerman, 2007). Long-established diag-

nostic methods usually rely on detection of 

unstained or stained Giardia cysts or troph-

ozoites in stool using light microscopy. 

However, variability in excreting this para-

site may lead to misdiagnosis of many cases, 

especially when a single sample used to 

screen for the infection. So, repetitive sam-

plings may be essential, in addition to con-

centration techniques for truthful diagnosis. 

These multiple procedural operational steps, 

yet of low sensitivity and are indeed time 

consuming. Moreover, lack of genetic char-

acterization, which is vital for recent epide-

miological studies, adds another obstacle of 

using the conventional diagnostic techniques 

(Chakarova, 2010; Goni et al, 2012; Naha-

vandi et al, 2011). 

   The molecular techniques are emerged as 

substitution methods to pass up the limita 
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tions of traditional procedures.  PCR- con-

structed techniques are reported to have bet-

ter sensitivities than microscopy to diagnose 

Giardia infection directly from stool sam-

ples (Gomes et al, 2004). Many protocols to 

extract and amplify G. intestinalis DNA had 

been published. Still, the presence of many 

of PCR inhibitors in feces and degraded 

DNA remains among major challenges for 

achievement of successful PCR reaction 

from fecal material (Caccio and Ryan, 2008; 

Nantavisai et al, 2007; Traub et al, 2005). 

Cyst concentration prior to DNA extraction 

had been adopted by many protocols. Yet, 

the optimal combination of molecular proto-

cols for successful DNA extraction and am-

plification of Giardia lamblia in human fe-

ces has not been identified and no ideal pro-

tocol has been established (Caccio et al, 

2005; Nantavisai et al, 2007; Read et al, 

2004; Pelayo et al, 2008). 

   The purpose of the present study was to 

assess the efficacy of sucrose density-gra-

dient isolation method (when applied prior 

to nucleic acid extraction) in improvement 

of amplification process of Giardia duode-

nalis in stool samples. 
  

Materials and Methods 
   Study design and sample collection: A 

cross sectional study was carried out on 220 

patients with gastrointestinal symptoms at-

tending the outpatient clinics of  Abou-El-

Reish Hospitals, Faculty of Medicine, Cairo 

University. Fresh fecal specimens were col-

lected from all cases in clean plastic cups. 

Stool samples were examined by light mi-

croscopy using Lugol’s iodine-stained wet 

mount and formalin ethyl acetate concentra-

tion techniques. The 30 stool samples were 

confirmed to be G. lamblia positive samples. 

   Sucrose density-gradient isolation method: 

About half gram of stool was diluted with 

distilled water and filtered through double 

layers of gauze to remove the coarse materi-

al. The filtrate was centrifuged at 800×g for 

5 min. The supernatant was eliminated. The 

homogenized pellet of each stool sample 

was vortexed and divided into two portions. 

The first portion was placed in eppindorph 

tubes and represented GA. The second por-

tion was placed in 15ml falcon tubes and 

Sucrose density-gradient isolation was ap-

plied (Clark and Diamond, 2002) with some 

modifications and represented GB. To speci-

fy, stool samples were diluted 1:10 (vol/vol) 

in distilled water and diluted stool was vor-

texed.  5ml of the resultant stool pellet was 

placed onto 10ml of 1 M sucrose in a 15ml 

falcon tubes. Spin at 450x g for 5 min was 

performed. The supernatant was pipetted off 

and spined at 450xg for 5 min. The pellet 

was resuspended in 2.5ml of distilled water 

and layered on top of 10ml of 0.5 M sucrose 

in a 15-ml centrifuge tube. Spin at 450xg for 

5 min was again performed. With a Pasteur 

pipette, the bottom 1ml of liquid was re-

moved and place in a clean centrifuge tube 

of which 200μl were put ineppindorph tubes 

representing samples of GB. All samples 

belonging to GA and GB were stored at -

20°C without preservatives until DNA ex-

traction was performed. 

   Extraction of DNA: Prior to DNA extrac-

tion, samples of both  groups  (A) and (B) 

were subjected to five freeze/thaw cycles; 2 

min in liquid nitrogen followed by 2 min in 

a 98°C water bath. Thus, the genomic DNA 

of G. lamblia   was extracted using QIAamp 

Mini spin columns according to the manu-

facturer’s instructions with the modification 

where suspension containing ASL and stool 

was heated for 60 min at 90°C. 

  DNA quality and quantity assessment: To 

evaluate efficiency of both methods (A) and 

(B), the amplicon concentration generated in 

the two groups (µg/µl) was measured using 

a NanoDrop
®
 Spectrophotometer and 0.7% 

(w/v) agarose gel, looking for the absorb-

ance peak at 260nm and at 280nm.  A 260/ 

280 absorbance ratio was then calculated.  

   PCR amplification: The amplification of  

Giardia β-giardin gene was performed for 

both groups (A) and (B) using a nested PCR 

protocol as previously described by Lalle et 

al. (2005). In the primary PCR reaction, a 

753 bp fragment was amplified using the 
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forward primer G7 (5’-AAGCCCGACGAC 

CTCACCCGCAGTGC- 3’) and the reverse 

primer G759 (5’GAGGCCGCCCTGGATC 

TTCGAGACGAC-3’). In sequential nested 

PCR reaction, a 511 bp fragment was ampli-

fied using the forward primer 5- GAAC-

GAACGAGATCGAGGTCCG- 3 and the 

reverse primer 5-CTCGACGAGCTTCGTG 

TT-3’. In all cases of both groups, the PCR 

mix consisted of 1X buffer containing 1.5 

mM MgCl2, 200mM of each dNTP, 10 

pmol of each primer, 2.5 units of AmpliTaq 

Gold DNA polymerase (Applied Biosys-

tems, Monza, Italy), and 1-5ml of purified 

DNA in a final volume of 50ml. PCR was 

performed as follows: after an initial dena-

turation step of 15min at 95°C, a set of 35 

cycles was run, each consisting of 30 sec at 

95°C, 30 sec of annealing (65°C for the pri-

mary β -giardin PCR, 55°C for the nested β -

giardin) and 60 sec at 72°C, followed by a 

final extension of 7 min at 72°C. PCR prod-

ucts were electrophoresed on ethidium bro-

mide-stained 1% agarose gel. 

   Statistical analysis: Data were analyzed 

using statistical package of social science 

(SPSS) software; version “PASW
®
 Statistics 

18” (SPSS Inc., Chicago, IL). Numerical da-

ta were expressed as mean and standard de-

viation. Qualitative data were expressed as 

frequency and percentage. Chi-square test 

(Fisher’s exact test) was used to examine re-

lation between qualitative variables. For qu-

antitative data, comparison between groups 

was done using Mann-Whitney test (non-

parametric t-test). P <0.05 denoted signifi-

cant difference, <0.001 a highly significant 

difference and >0.05 was not significant. 
 

Results 

   Comparing samples of both groups, GA 

was heavily contaminated with bacteria and 

fecal detritus (Fig. 1a). This heavy contami-

nation was reduced on using Sucrose densi-

ty-gradient concentration technique em-

ployed in GB, as it was able to get rid of 

particles that are denser and larger than Gi-

ardia cysts. Less dense particles and bacte-

ria were retained with cysts after applying 1 

mole of sucrose. Many of the contaminants 

were removed at the ends of all steps and the 

cysts were recovered finally (Fig. 1b).  

   As regard the quantity of the extracted 

DNA from the 2 methods,  significant larger 

amount of nucleic acid was obtained by 

method (A) 73±11µg/µl versus method GB 

56±7µg/µl, with a statistically significant 

difference (P<0.05) (Fig. 2). When 260/280 

absorbance ratio was calculated for both to 

assess purity of DNA. Absorbance ratio was 

1.92±0.13 in GB, but, 1.6±0.17 was encoun-

tered in GA, reflecting a degree of protein 

contamination in samples related to GA and 

a more pure form of DNA extracted from 

GB. On the other hand, following nested 

PCR reactions, 8 samples from GA failed to 

generate any PCR products.Amplification of 

β-giardin gene was only successful for 22 

out of 30 samples of GA (73.3%), 28 sam-

ples related to GB showed positive bands 

(511pb) (93.3%) with a statistically signifi-

cant difference compared to GA (P<0.05) 

(Fig 2 &3). In this way, application of su-

crose density-gradient isolation method prior 

to DNA extraction seemed worthy in in-

creasing the sensitivity of molecular ampli-

fication of Giardia parasite. 
Table 1: Comparison between methods GA and GB as regard amount; yield of DNA and successful PCR amplification %. 

Group Amount of nucleic 260/280 absorbance ratio % of successful amplification 

 (A) 73 ± 11µg/µl 1.6 ± 0.17 73.3% 

 (B) 56 ± 7 µg/µl 1.92 ± 0.13 93.3% 
 

Discussion 

   The successful application of polymerase 

chain reaction (PCR) depends basically on 

the integrity, yield and purity of the isolated 

DNA (Barnard et al, 2011; Silkie and Nelso- 

on, 2009; Yu and Morrison, 2004).  

   Many elements in stool have inhibitory 

effect during molecular amplification such 

as bilirubin, lipids, mucus, haemoglobin, 

bile salts, phenolic compounds and complex 

polysaccharides. The presence of PCR inhi- 

bitors in fecal materials in the form, perhaps 
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originating from dietary vegetable, in addi-

tion to low quality DNA of some samples 

are among factors affecting sensitivity of 

PCR. These failures could be due to the mi-

nority of DNA quantity in fecal samples that 

failed to counteract the effect of the inhibi-

tors that would have co-refined with the nu-

cleic acids (Molina et al, 2007; Minvielle et 

al, 2008; Babaei et al, 2008). Successful ap-

plication of PCR-based methods depended 

on understanding and overcoming the limi-

tations in proposed protocols (David et al, 

2011).  

   To undermine PCR inhibition possibly 

generated from direct DNA extraction from 

the stool samples, sucrose density- gradient 

was used in this work for purification of the 

parasitic stages prior to amplification pro-

cess. The method was previously used to 

purify Giardia parasite by Luchtel et al. 

(1980) to investigate its ultrastructure using 

electron microscopy. In Iran, Khosro et al. 

(2014) used sucrose floatation method to 

isolate G. lamblia parasite prior to study the 

genotypes ’variability. The previous authors 

recommended the method for successful re-

moval of inhibitors prior to polymerization 

process. This may explain the high positivity 

in our samples diagnosed by PCR technique 

in GB which subjected to purification by 

sucrose density-gradient method. But, samp- 

les in GA subjected to direct extraction sho-

wed amplification failure in six samples pro-

ved positive when investigated in GB. So, 

sucrose density-gradient is inexpensive hi-

ghly satisfactory purification method for Gi-

ardia cysts. Reagents used in sucrose densi-

ty-gradient concentration technique are che-

ap, readily available and easily prepared.  In 

this study,  it helps in removal of most PCR 

inhibitors from stool denoted by the more 

pure form of DNA versus the  high level of 

protein contamination of samples when di-

rect DNA extraction were applied (despite o 

lower yield of recovered DNA). Besides, it 

lead to successful detection of G. intestinalis 

in human feces 93.3% of cases versus 73.3% 

when direct DNA extraction was applied. 

Although sucrose density-gradient purifica-

tion was adopted by some authors in their 

research work with various molarities of su-

crose solutions (density 1.275 Minvielle et 

al, 2008; density 0.85m, Babaei et al, 2008), 

many other authors had adopted direct DNA 

extraction without sucrose density-gradient 

purification. To the authors’ knowledge, this 

is the first study that compares the efficacy 

of sucrose density-gradient isolation method 

(when applied prior to nucleic acid extrac-

tion) versus the direct extraction of DNA 

from stool. Khosro et al. (2014) was not a 

comparative one, but use for better molecu-

lar results than direct extraction from stool 

samples. The effect of sucrose density- gra-

dient on the yield and purity of the isolated 

DNA and successful nested PCR amplifica-

tions for detection of giardiasis in this work 

approved the proposition of other authors.  

Conclusion 
    Molecular reactions often require not only 

particular DNA amount but also purity for 

optimum performance. Purified cysts in suc-

rose density-gradient isolation helped in bet-

ter recovery of nucleic acid by reduction of 

bacteria and other contaminants that badly 

affects the quality of DNA. It proved to be 

an efficient and sensitive method for proce- 

ssing of problematic clinical samples and 

detection of G. intestinalis in human feces. 

Further studies are ongoing to achieve a real 

standardization for molecular assays, either 

for diagnostic or epidemiologic purposes.   
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Explanation of figures 

Fig. 1: (1a) Sample belongs to group (A), heavily contaminated with bacteria and fecal detritus, (1b) Sample after applying 

Sucrose density-gradient concentration technique. Many of these contaminants removed and cysts recovered finally. 

Fig. 2a: Diagram represents average quantity of nucleic acid obtained by GA versus obtained by GB. 

Fig. 2b: diagram represents successful amplification of β –giardin gene in group (A) versus in group (B). 

Fig. 3: An ethidium bromide stained agarose electrophoresis showing Nested PCR product of G. lamblia. Lane M: DNA 

marker (100bp ladder). Lane 1: Positive case of giardiasis showing PCR product of expected size (511 bp). Lane 2: Positive 

control. Lane 3: Negative control. 
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