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Abstract: With the ability to interact with matter at the nanoscale, the development of nanotechnology 

architecture and materials could potentially extend sub-cellular and molecular detection beyond the limits of 

conventional diagnostic modalities. In this paper, we aimed to detect the potential specificity and sensitivity of 

nano-gold beads based-ELISA in diagnosis of giardiasis in stool of asymptomatic and symptomatic infected 

individuals. Giardia (G.) lamblia antigen in stool samples was detected by using the conjugated anti-purified G. 

lamblia cysts antigen (PGA) with nanoparticles sandwich ELISA, compared to the traditional sandwich ELISA. 

Sandwich ELISA achieved sensitivity of 93%, specificity of 92.5 %, positive predictive value (PPV) of 95.7% 

and negative predictive value (NPV) of 88%, while nano-sandwich ELISA achieved sensitivity, specificity, PPV 

and NPV of 95.8%, 95%, 97.2% and 92.6%, respectively. In conclusion, our research study provides that nano-

sandwich ELISA is a well-established reference test for diagnosis of giardiasis. 
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INTRODUCTION 
 

Giardia lamblia is a protozoan parasite that infects 

humans and domestic animals. The World Health 

Organization (WHO) has estimated that 250 million 

people worldwide are currently infected with Giardia. 

Manifestations of giardiasis vary from an asymptomatic 

carrier state to severe malabsorption syndrome with 

chronic diarrhea [1].  
Several extra-intestinal manifestations associated with 

giardiasis have been reported in literature, although 

infrequent. Reactive arthritis [2], dermatologic 

manifestations [3] and some ocular manifestations [4] 

have been correlated with the confirmed giardiasis cases. 

In the last decade, G. lamblia trophozoites and cysts have 

been recovered from gall bladder and biliary tree of an 

immune-deficient patient suffering from cholecystitis [5] 

and from liver and pancreatic masses in another patient [6] 

 
 Diagnosis  Giardiasis  Giardia lambila 

 
 

where resolution in both cases was achieved after 

metronidazole therapy. An immune or allergic response to 

the parasite, release of toxins or more likely the 

introduction of Giardia antigens into the blood have been 

implicated as possible etiology of these conditions [2-4]. 

The continuous stimulation of intestinal mucosal surface 

by the adherent trophozoites during its entire life span 

mediates immune response to G. lamblia generated by 

mucosa associated lymphoid tissues (secretory immune 

response) [7]. Immunoglobulin (Ig) A is the most 

important component of humoral antibody response in 

giardiasis. Anti-giardial secretory IgA was detected in the 

intestine and serum [8], milk of lactating mothers [9] and 

saliva [10] of infected individuals. Serum IgM and IgG 

have also been recorded during  giardiasis [11].  
There is no current gold standard diagnostic test for 

detecting giardiasis [7]. The traditional diagnosis of 

giardiasis   consists   of   performing  an  ova  and  parasite 
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examination of one to three stool specimens on non-

consecutive days. However, in clinical practice, only a 

single stool specimen examination is done. Even if three 

specimens are examined correctly, the parasite may not be 

recovered because the passage of cysts is often sporadic 

and intermittent and it does require a skilled technician 

[12]. Immunodiagnostic assays for detection of G. lamblia 

antigen in stool are available such as enzyme immune 

assay (EIA) and indirect fluorescent assay [13]. Single 

antigen detection technique is able to detect 50% more 

infections than the routine stool examination. An 

alternative assay is a more invasive approach as duodenal 

biopsy, aspiration or collection of duodenal fluid with the 

string test [7]. The potential diagnostic value of ELISA by 

detecting specific antibodies has been reported in intestinal 

nematode infections [14], toxoplasmosis [15], invasive 

amoebiasis [16], Naegleria infection [17] and giardiasis 

[18]. The highly sensitive early-stage diagnosis of the 

disease remains an important challenge in modern 

medicine. With the ability to interact with matter at the 

nanoscale, the development of nanotechnology 

architecture and materials could potentially extend sub-

cellular and molecular detection beyond the limits of 

conventional diagnostic modalities [19].  
The present work aimed to detect G. lamblia antigen 

in stool of asymptomatic and symptomatic infected 

individuals using parasitological methods (direct smear 

and merthiolate iodine formaldehyde concentration 

methods, MIFC) and to compare these methods with 

traditional sandwich ELISA and to evaluate nano-gold 

beads ELISA for detection of G. lamblia antigen in stool 

samples of infected patients. 
 

MATERIALS AND METHODS 
 

This cross-sectional study was carried out from 

September 2012 to November 2013 on patients admitted to 

Tropical Medicine Department, Menoufia University 

Hospitals and outpatients of Theodor Bilharz Research 

Institute (TBRI), Giza. Written informed consents were 

obtained from all patients. 
 
ColorPAC™ Giardia Rapid Assay: The 

ColorPAC™Giardia test (Becton Dickinson) is a rapid 

immunoassay for the qualitative detection of Giardia 

specific antigens in aqueous extracts of fecal specimens. 

This rapid assay was used in accordance with the 

manufacturer's directions. In brief, the fecal specimen, 

collected in a sample transport or preservative medium, is 

added to a tube containing the treatment buffer. 

 
A biotinylated anti-Giardia capture antibody reagent is 

then added, followed by a pooled suspension of colloidal 

dye labeled monoclonal antibodies against Giardia. The 

sample is then mixed and poured into the test device that 

contains a capture reagent (an avidin derivative) for 

Giardia, and a control antibody that binds to excess 

colloidal dye conjugate. The test results were visually read 

after 10 min. If Giardia antigen is present in the sample, a 

black band will develop at the Giardia test position in the 

device window. 
 
Parasitological Examination: Fecal samples were 

collected in clean, wide-mouthed covered containers and 

examined by direct smear and merthiolate iodine 

formaldehyde  concentration  methods (MIF). 
 
Direct Smear: A piece of stool was taken and emulsified 

in normal saline, then examined by 10X and 40X 

magnifications  of  the ordinary light  microscope. 
 
Merthiolate Iodine Formaldehyde Concentration 

Technique (MIFC) [20]: One gram of fecal specimen was 

added to 5ml MIF solution, mixed well and filtrated in 

another cup. This was followed by the addition of 7 ml 

ether. The prepared specimen was centrifuged for 5 min at 

3000 ×g. A drop of the mixed sediment was placed on a 

slide, covered and examined under light microscope (MIF 

solution is a mixture of 2 solutions with ratio 4:1. Solution 

A is composed of merthiolate, formaldehyde, glycerin and 

distilled water (dist. H2O), while solution B is composed 

of potassium iodide, iodine and dist. H2O). 
 
Study Subjects: All the subjects (n= 112) were assigned 

into four groups based on stool examinations by the 

ColorPAC™ Giardia Rapid Assay. Group I included 

patients positive to G. lamblia and complaining of 

symptoms suggestive of giardiasis (symptomatic 

giardiasis, n= 42). Group II included patients positive to G. 

lamblia, but there were no symptoms suggestive of 

giardiasis (asymptomatic giardiasis, n= 30). Group III 

included patients with parasitic infections other than 

giardiasis (n= 20). Group IV consisted of controls, healthy 

and free-intestinal parasites (n = 20). 
 
Preparation of Giardia Antigen  
Purification of G. lamblia cysts, Two-phase Sucrose 

Gradient Technique [21]: The cysts were obtained from 

fecal samples collected from patients with diarrhea that 

were diagnosed as having giardiasis. The samples chosen 

for   cyst   purification   were  not  only  with   high  rate of 
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the cysts (more than 8 cysts in each microscopic field with 

the 40X magnification), but they were also without any 

other gastrointestinal parasite or yeast contaminations. The 

samples were diluted with dist. H2O and filtered through 

four layers of gauze to remove the coarse materials. The 

filtrate was centrifuged at 800×g for 5 minutes (min). The 

supernatant was eliminated and the filtrate was washed 

again. The pellet was re-suspended in 20 ml of dist. H2O 

and divided into four aliquots of 5 ml. Each of these 

aliquots was placed over 3 ml of cold 1.5 M sucrose and 

centrifuged at 600×g for 10 min. The interfaces were 

recovered carefully, mixed and diluted to 25-fold with dist. 

H2O, then vacuum-filtered through a cellulose acetate 

membrane (Millipore; 47 mm in diameter, pore size of 5 

µm). The filter was placed in a Petri dish and washed with 

3 ml of dist. H2O, where the cysts collected on the 

membrane were recovered and precipitated through 

centrifugation at 800 × g for 5 min. In the second phase of 

this purification procedure, the obtained sediments were 

dissolved in dist. H2O and the suspensions were added to 

0.75 M sucrose solution followed by centrifugation at 

1500 ×g for 10 min. Thus, the cysts settled at the bottom 

of the tubes. The entire procedure was conducted at room 

temperature. The purified cysts were then stored at 4°C 

with antibiotics (penicillin and streptomycin, 1000 units 

and 1 mg/ml, respectively). 
 
Purified G. lamblia Cysts Antigen (PGA): The Giardia 

cysts were washed three times with phosphate-buffered 

saline (PBS), homogenized and centrifuged at 50,000 × g 

for 1 hour (h) at 4°C. After that, the supernatant was 

aspirated, protein content was measured using Bio-Rad 

Protein Assay (Bio-Rad, Hercules, USA) and the antigen 

was stored at -20°C until use. 
 
Characterization of G. lamblia Antigen: Purified 

Giardia antigen was characterized for determination of 

molecular weight range using 12% Sodium Dodecyl 

Sulfate-Polyacrylamide Gel Electrophoresis (SDS-PAGE) 

under reducing conditions (using 2-mercaptoethanol) and 

stained with silver stain [22]. Molecular weight standards 

were electrophoresed on the same gel to calculate the 

relative molecular weights of the seperated antigen. 
 
Preparation of Polyclonal Antibodies (pAb) against the  

Purified Giardia Antigen (PGA): Just before 

immunization, rabbits  sera were assayed by ELISA for 

Giardia antibodies and cross-reactivity with other 

parasites.  Rabbits   were   injected   intramuscularly  (IM), 

 
with 1 mg of PGA mixed 1:1 in complete Freund adjuvant 

(CFA) [23]. Then, two booster doses were given at 1 week 

intervals after the primary injection, each was 0.5 mg 

antigen emulsified in equal volume of incomplete Freund 

adjuvant (IFA). One week after the last booster dose, the 

rabbits sera were obtained and pAb fraction was purified 

by 50% ammonium sulfate precipitation method [24]. 

More purification of pAb was performed by 7% caprylic 

acid method [25]. The purified pAb was further adsorbed 

with fetal calf serum (FCS) to eliminate any non-specific 

binding with bovine antigen. 
 
Conjugation of Rabbit pAb anti-Giardia Antigen with 

Horseradish Peroxidase: According to Nakane and 

Kawaoi [26] and Tijssen and Kurstak [27], 5 mg 

horseradish peroxidase (HRP) (Sigma) was re-suspended 

in 1.2 ml dist. H2O; followed by the addition of 0.3 ml 

freshly prepared sodium periodate and incubated at room 

temperature for 20 min. HRP solution was dialyzed 

against 1 mM sodium acetate buffer (pH 4) at 4°C with 

several changes overnight. PGA Ab solution (5 mg/ml in 

0.02 M carbonate buffer, pH 9.6) was prepared. The HRP 

was removed from the dialysis tube and was added to 0.5 

ml of antibody solution. The mixture was incubated at 

room temperature for 2 hrs, 100 µl sodium borohydride 

was added and the solution was incubated at 4°C for 2 hrs. 

The HRP conjugate pAb was dialyzed with several 

changes against 0.01 M PBS (pH 7.2). 
 
Conjugation of the Antibody with Nanoparticle: Gold 

nanoparticles were synthesized according to standard wet 

chemical methods using sodium borohydride as a reducing 

agent [28]. Characteristic surface plasmon resonance 

(SPR) band of gold nanoparticles was observed in the 

ultraviolet (UV)-visible spectrum, confirming the presence 

of spherical gold nanoparticles. The size distribution 

analysis of gold nanoparticles (after counting 500 

individual particles) clearly shows that most of the gold 

nanoparticles (~90%) are in 4-5 nm range. Binding of anti-

Giardia antibody to gold nanoparticles was done 

according to Mukherjee et al. 2005 [29]. In brief, 150 ml 

of gold nanoparticles were incubated with 600 µg of anti-

Giardia Ab for 1 h at room temperature under stirring. 

Then, the gold conjugates antibodies were ultracentrifuged 

at 25000 rpm at 10°C for 1 h. The loose pellet obtained at 

the bottom was collected and irradiated with UV for 20-30 

min before use. The excess uncoupled antibody was 

separated from conjugated particles by gel filtration 

chromatography on a Sephacryl S 300 column. 
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The binding was monitored using UV-visible 

spectroscopy. UV-visible spectrum was recorded on a 

Shimadzu model system (UV2401 PC). The final 

concentration of antibodies conjugated with nanoparticles 

was determined by the Bradford method using Bio-Rad 

Protein Assay and stored at -20°C. 
 
Preparation of Fecal Samples: Individual fecal samples 

were processed by mixing the fecal material in a 1:5 

proportion with PBS-formalin 5%. The samples were 

mixed using a vortex to form a slurry and centrifuged at 

3000 ×g for 30 min at 25°C. The supernatant was 

recovered, aliquoted and stored at 4°C until used. On the 

day of using, the fecal supernatants were mixed well by 

vortex and re-centrifuged at 3000 ×g for 15 min before use 

[30]. 
 
Sandwich ELISA: After several optimization trials, the 

following sandwich ELISA originally described by Espino 

and Finlay, 1994 [31] was performed. Microtitration plates 

(Dynex) were coated with 10 µg/ml of purified anti-PGA 

pAb in 0.1 M carbonate-bicarbonate buffer, pH 9.6 

(Sigma, UK)  dispensed as 100 µl/well and left overnight 

at room temperature. Plates were blocked by adding 200 

µl/well of 3% FCS/PBS/T for 1 h at 37°C, then, 100 µl of 

fecal supernatant samples was added to each well in a 

duplicate. Plates were re-sealed and incubated for 1 h at 

room temperature on an orbital shaker. Plates were washed 

with PBS/T and 100 µl/well of HRP-conjugated pAb 

(5µg/ml) were added and incubated for 2 hrs at room 

temperature, then the plates were washed as before. The 

reaction was visualized by the addition of 100 µl/well of 

O-phenylenediamine (OPD) substrate solution for 30 min 

in the dark at room temperature. The reaction was stopped 

by adding 50 µl/well of 8 N H2SO4 and plates were read 

at 492 nm using ELISA microplate reader (Bio-Rad). 
 
Nano-sandwich ELISA: A novel sandwich ELISA used 

conjugated anti-PGA with nano-gold beads nanoparticles 

as the capture antibodies and anti-PGA conjugated with 

HRP as the conjugated antibodies. Microtiter plates were 

coated with 1 µg/ml of capture antibody, 100 µl/well, 

which was diluted in carbonate-bicarbonate, pH 9.6  

coating buffer and the plates were incubated at 4°C 

overnight. In the next morning, the plates were washed 

three times with 200 µl of PBS (pH 7.3), then 200 µl of 

blocking buffer (PBS/0.3% Tween-20) was added to each 

well,   including  the  blanks. The  plates   were    re-sealed 

 
and left 1 h at room temperature on the orbital shaker. 

After that, 100 µl of fecal supernatant samples were added 

to wells in a duplicate, followed by re-sealing the plates 

and incubating them for 1 h at room temperature and on 

the shaker. Plates were washed as mentioned above. 

Peroxidase-conjugated anti-PGA antibody was added at 5 

µg/ml in blocking buffer (100 µl/well) to all wells, but not 

the blanks. The plates were re-sealed, incubated for 1 h at 

room temperature on the shaker and were washed. The 

reaction was visualized by the addition of 100 µl/well of 

O-phenylenediamine (OPD) substrate solution for 30 min 

in the dark at room temperature. The reaction was stopped 

by adding 50 µl/well of 8 N H2SO4 and the plates were 

read at 492 nm using ELISA microplate reader (Bio-Rad). 
 
Statistical Analysis: The cut off value was calculated as 

the mean OD readings of the  negative controls + 2 

standard deviations of the mean (SD). Sensitivity (%)= 

A/(A+C)x 100, specificity (%) = D/(B+D)x 100, positive 

predictive value (PPV) (%)= A/(A+B)x 100 and negative 

predictive value (NPV) (%)= D/(C+D)x 100, where 

A=True positive, B=False positive, C=False negative and 

D=True negative. 

 
RESULTS 

 
Purification of G. lamblia Antigen: The purified G. 

lamblia antigen was analyzed by 12% SDS-PAGE under 

reducing condition and stained with silver stain. It showed 

three major bands at 86, 65 and 55 kDa (Fig. 1). 
 
Rabbit anti-G. lamblia IgG pAb: Detection of specific 

anti-G. lamblia antibodies by indirect ELISA had 

demonstrated an elevation of IgG polyclonal antibody 

level one week after the first booster dose and it was 

remarkably higher when detected three days after the 2
nd

 

booster dose (Fig. 2). 
 
Purification of Rabbit anti-G. lamblia IgG pAb: The 

total protein content of anti-G. lamblia pAb was measured 

before (crude) and after different purification steps 

including ammonium sulfate precipitation method 

followed by 7% caprylic acid precipitation method. It was 

12.5 mg/ml, 5.9 mg/ml and dropped to 3.1 mg/ml, 

respectively. The purity of IgG after each step of 

purification was assayed by 12% SDS-PAGE under 

reducing condition. The purified IgG pAb was represented 

by H- and L-chain band at 53 and 31 kDa, respectively 

(Fig. 3). 
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Fig. 1: 12% SDS-PAGE of G. Lamblia antigen under 

reduced conditions (stained with silver stain). 1: 

standard, 2&3: crude Giardia cysts antigen and 4: 

purified Giardia antigen. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2: Reactivity of raised rabbit anti-Giardia antibodies 

(diluted 1/100) against purified Giardia antigen by 

indirect ELISA  
 
Conjugation of purified rabbit anti-G. lamblia IgG 

pAb: Rabbit anti-Giardia lamblia IgG pAb in amount of 7 

mg was conjugated with HRP.  
 
Specificity of anti-G. lamblia  IgG pAb against the 

purified Giardia Antigen: Serial dilutions of anti-G. 

lamblia  IgG pAb were assessed against the purified G. 

lamblia antigen in indirect  ELISA assay. The 1/100 µg/ml 

of the conjugate gave the highest OD reading against G. 

lamblia antigen (Fig. 4). Also, the  reactivity of anti-PG  
pAb  (at 1/100 µg/ml)  against the  purified  Giardia     

antigen     and       other  parasite    antigens  (E. histolytica  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3: 12% SDS-PAGE of anti-PGA Ab.1: standard. 2: 

before purification, 3: after ammonium sulfate and 

4: after caprylic acid. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4: Dilution of anti-PGA Ab. The results of titration, 

from which the 1/100 µg/ml concentration of the 

conjugate gave the highest OD reading against 

purified Giardia antigen. 

 

 

 
and  Blastocystis)  was  tested, and it was found that OD 

reading for G. lamblia was 2.84 compared to 0.462 and 

0.281 for E. histolytica and Blastocystis, respectively  at 

492 nm. 

 
Study Population  
Parasitological Examination: In group I, there were 

33/42 positive Giardia cases by direct smear stool 

examination, while MIFC detected 36 in the same group. 

MIFC revealed 28 Giardia cases while direct smear was 

positive in only 26 patients in group II. Both methods were 

negative in healthy control and in the group infected by 

other parasites (Table 1). 
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Table 1: Detection of G. lamblia cyst in stool samples of human.    

 Positive cases  Negative cases  
 --------------------------------------------------  ----------------------------------------------------- 
Groups Direct smear MIFC method Direct smear MIFC method 

Group I: Symptomatic giardiasis (n=42) 33 36 9 6 
Group II: Asymptomatic giardiasis (n=30) 26 28 4 2 
Group III: Other parasitic infections     

- Entamoeba histolytica (n= 12) -- -- 12 12 
- Blastocystis (n= 8) -- -- 8 8 

Group IV: Healthy control (n= 20) -- -- 20 20 

Table 2: Key features of parasitological tests.    

Detection method Sensitivity Specificity PPV NPV 

Direct smear 81.9 % 100 % 100 % 75.5% 
MIFC method 88.8 % 100 % 100 % 83.3% 
   

Table 3: Detection of Giardia antigen in stool samples of infected human using Sandwich ELISA   

 Positive cases  Negative cases  
 --------------------------------------------------  ----------------------------------------------------- 
Groups No. X± SD No. X± SD 

Group I: Symptomatic giardiasis (n=42) 40 1.98 ± 0.35 2 0.241 ± 0.03 
Group II: Asymptomatic giardiasis (n=30) 27 0.97± 0.35 3 0.230 ± 0.02 
Group III:Other parasitic infections     

- Entamoeba histolytica (n= 12) 2 0.51 ± 0.14 9 0.21 ± 0.10 
- Blastocystis (n= 8) 1 0.49 ± 0.14 7 0.23 ± 0.16 

Group IV: Healthy control (n= 20) 0 -- 20 0.29 ± 0.07 

Table 4: Detection of Giardia antigen in stool samples of infected human using Nano-Sandwich ELISA   

 Positive cases  Negative cases  
 -------------------------------------------------  ----------------------------------------------------- 
Groups No. X± SD No. X± SD 

Group I: Symptomatic giardiasis (n=42) 41 0.92 ± 0.15 1 0.21 ± 0.12 
Group II: Asymptomatic giardiasis (n=30) 28 0.659± 0.11 2 0.198± 0.07 
Group III: Other parasitic infections     

- Entamoeba histolytica (n= 12) 1 0.48 ± 0.19 11 0.22 ± 0.10 
- Blastocystis (n= 8) 1 0.55 ± 0.08 7 0.23 ± 0.16 

Group IV: Healthy control (n= 20) 0 -- 20 0.281 ± 0.06 

Table 5: Sensitivity, specificity, PPV and NPV of sandwich ELISA and Nano-ELISA for detection of Giardia antigen in human stool samples. 

Detection method Sensitivity Specificity PPV NPV 

Sandwich ELISA 93 % 92.5 % 95.7% 88% 
Nano-ELISA 95.8% 95% 97.2% 92.6% 

 
Both direct smear and MIFC methods gave 100% 

specificity and positive predictive value (PPV), yet the 

MIFC method recorded higher sensitivity (88.8%) and 

negative predictive value (NPV) (83.3%) than those of 

direct smear (81.9% &75.5%, respectively, Table 2). 

 
Sandwich ELISA for Detection of G. lamblia Antigen in 

Stool of Patients: The cut off value was calculated for 

positivity was 0.43. The OD value of G. lamblia infected 

group was significantly higher than both the healthy 

controls    (Group IV)   and     the    other    parasite   group 
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(Group III). Two out of 42 G. lamblia infected samples 

from the symptomatic giardiasis patients (Group I) showed 

false negative results and the sensitivity of the assay was 

95.2%. Three out of 30 G. lamblia infected samples from 

the asymptomatic giardiasis patients (Group II) showed 

false negative results and the sensitivity of the assay was 

90%. The overall sensitivity of the assay was 93 %. All the 

20 negative controls were below the cut off value, while 3 

out of 20 of other parasites groups were at the border line 

of the cut off value giving 92.5% specificity. The PPV and 

NPV were 95.7 %, 88 %, respectively (Tables 3&5). 
 
Nano-sandwich ELISA for detection of G. lamblia 

Antigen in Stool of Infected patients: The cut off value 

calculated for positivity was 0.401. Only one out of 42 G. 

lamblia infected samples from the symptomatic giardiasis 

patients (Group I) showed false negative results and the 

sensitivity of the assay was 97.6%. Two out of 30 G. 

lamblia infected samples from the asymptomatic giardiasis 

patients (Group II) showed false negative results and the 

sensitivity of the assay was 93.3%. The overall sensitivity 

of the assay was 95.8%. All the 20 negative controls were 

below the cut off value, while 2 out of 20 of the other 

parasites group were at the border line of the cut off value 

giving 95 % specificity. The PPV and NPV were 97.2% 

and 92.6%, respectively (Table 4&5). 
 

DISCUSSION 

 
G. lamblia is one of the most common intestinal 

protozoan parasites which affects about 200 million people 

in Asia, Africa and Latin America with 280 million 

infections per year [32, 33]. The highest burden of the 

disease is found in areas with poor sanitary conditions as 

in developing countries especially in young children. It has 

a fecal-oral transmission cycle and is contracted by 

ingestion of contaminated water, food or by person-to-

person contact [34]. Because of the impact on 

socioeconomic development, as well as on domestic 

animals such as cattle and sheep especially in developing 

countries, Giardia is included in the „„Neglected Disease 

Initiative‟‟ of WHO [35, 36].  
The diagnosis of giardiasis is frequently based on 

microscopic examination of stool samples to see  either  

trophozoites or cysts of the protozoan [37]. A single stool 

specimen examination by microscope has a low sensitivity 

and may miss up half of  cases of giardiasis  [35, 37]  and  

this   might be attributed  to the  presence of   low parasitic 

 
density, irregular excretion of cysts or the hiding of 

parasite by bile [38]. However, the parasitological 

examination of three consecutive stool specimens will 

raise the sensitivity of the microscope over 90% [35, 38]. 

Taking into consideration these obstacles, the development 

of high sensitive, cheap and rapid diagnostic methods is 

pursuing [35]. ELISA is a rapid, sensitive and economic 

method for detection of specific antigens in stools and 

confirmation of certain parasitic infection [15, 16, 17, 18]. 

Coproantigens of a parasite could be traced and diagnosed 

even if the live parasite is absent in the fecal samples [39, 

40].  
Herein, two parasitological methods, direct smear and 

MIFC were compared to both types of ELISA; nano-gold 

beads ELISA and the traditional sandwich ELISA.  
This study was conducted on 72 G. lamblia infected 

patients distributed on two groups, group I which included 

42 symptomatic giardiasis and group II included 30 

asymptomatic giardiasis patients, in addition to 20 other 

parasites infected patients (group III) and 20 healthy 

controls (group IV). Parasitological examinations by both 

direct smear and MIFC gave 100% specificity and positive 

predictive value (PPV), but MIFC method was better than 

the direct smear  concerning other parameters showing a 

sensitivity of 88.8% and NPV was 83.3%, whereas the 

direct smear method achieved sensitivity of 81.9 % and 

NPV was 75.5%.  
There are several studies aimed to purify antigens 

from cysts and/or trophozoites of G. lamblia, in order to be 

used in diagnosis [41, 42]. 
In this work, the crude Giardia antigen was purified 

from the cysts and  was run on SDS-PAGE electrophoresis 

where the antigen showed three major bands at 86, 65 and 

55 kDa. This was in agreement with Duque-Beltránet al. 

[41] who purified Giardia cysts from human fecal samples 

by sucrose and percoll gradients.  
Purified Giardia antigen was used with complete and 

incomplete Freund's adjuvants for immunization of rabbits 

in order to prepare anti-Giardia polyclonal antibodies 

which were in turn used to capture the secreted Giardia 

antigen in stool exploited either traditional sandwich 

ELISA or nano-gold beads based-ELISA. It is worthy to 

know that ELISA is still receiving most attention in 

immunodiagnosis of various parasitic infections[14, 15, 

16, 17, 18]. Antigen detection assay in stool is generally 

performed by sandwich ELISA [35, 38, 43, 44]. The 

ELISA for antigen detection in human fecal eluates will 

improve diagnosis of Giardia infection [35]. 
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Our work has demonstrated that the novel 

nanodiagnostic assay, which was used for a first trial for 

diagnosis of human giardiasis, conferred a higher 

sensitivity (95.8%) in detecting G. lambilia in stool 

samples compared with the traditional sandwich ELISA 

(93%). Also, the nano-sandwich ELISA gave higher 

specificity, PPV and NPV (95%, 97.2% and 92.6%, 

respectively) than the sandwich ELISA (92.5%, 95.7%  

and 88%, respectively). 

 
Al-Saeed and Issa [43] used ELISA in the detection 

of G. lamblia antigen in stool specimens. They found that 

samples that were positive by microscopy were positive by 

ELISA test and 13 samples that were negative by 

microscopy were positive by ELISA test. The sensitivity 

of the ELISA test was therefore 76.4% and the specificity 

was 100%.  
In another recent study, sandwich ELISA using the 

Giardia 65 kDa glycoprotein antigen was more sensitive 

(95.12%) than ordinary parasitological diagnosis (78.05% 

for direct smear or 85.36% for MIFC method). Moreover, 

the NPV of sandwich ELISA (95.12%) was higher than 

that of the parasitological procedures (82.35% for direct 

smear or 87.5% for MIFC method). On the other hand, the 

specificity (92.85%) and PPV (92.85%) of sandwich 

ELISA were lesser than that of the parasitological 

procedure (100% and 100%, respectively) [44]. 
The better diagnostic parameters of the nano-gold 

beads might be due to their high binding capacity (as a 

solid phase) and rapid reaction kinetics of solutions (with 

the simple separation of bound and unbound materials on 

the solid phase); thus, they may provide the chance of 

enhancing the antigen detection in the immunoassay.  
In conclusion, using nano-sandwich ELISA for 

detection of Giardia antigen in stool samples of patients 

infected with G. lamblia  provides a well-established 

reference test for diagnosis of giardiasis.  
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