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PCR detection of Giardia lamblia in stool: targeting
intergenic spacer region of multicopy rRNA gene
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A PCR based detection that amplifies the 552-bp intergenic spacer (IGS) region of multicopy rRNA
gene of Giardia lamblia and 320-bp internal sequences to first PCR product has been used in
diagnosis of giardiasis in stool sample. The primers were found highly specific to Giardia spp.
only, because no amplification was observed with DNAs from other enteric pathogens like
Escherichia coli, Shigella dysenteriae and Entamoeba histolytica. The test could detect even less
than 2 pg of genomic DNA from Giardia trophozoites. In direct diagnosis of Giardia lamblia in
stool samples, it was observed that PCR amplification of IGS followed by nested PCR could
enhance the sensitivity and specificity of the tests manifold and the system was able to detect as
low as 10 parasites in 100 �l of stool. The comparative evaluation of the present system with
conventional microscopy, CIEP and ELISA in the diagnosis of giardiasis from diarrhoeic stool
samples and control subjects demonstrated a 100% correlation among nested PCR, microscopic
examination and ELISA in patients suggestive of giardiasis (Group I) and control subjects (Group
II). In Group I cases (patients suffering from other than giardiasis), CIEP, ELISA and nested PCR
showed better results than microscopic examination. However, among them, PCR was found most
sensitive and specific because 20% positivity was noticed by PCR whereas CIEP and ELISA showed
only 7·14% and 12·85%, respectively. Break-up results showed that all the samples which were
positive by CIEP or ELISA, also found positive by PCR. The present observation clearly suggests
the use of PCR that amplifies the intergenic spacer region of multicopy rRNA gene of Giardia
lamblia followed by nested PCR for routine, quick and reliable detection of Giardia lamblia in
stool samples.

 2000 Academic Press

KEYWORDS: PCR, Giardia lamblia, diagnosis, nested PCR, ELISA, rRNA.

INTRODUCTION diarrhoeal illness, frequently implicated in water-
borne outbreaks.5 The management of the disease is

Giardia lamblia is an aerotolerant protozoan parasite made difficult by the availability of only insensitive
and non-specific diagnostic methods. The diagnosisthat is a common cause of human giardiasis.1–3 It

inhabits the small intestine and causes diarrhoea with is made conventionally by microscopic examination
of stool samples for the presence of cysts or tro-a diverge range of symptoms ranging from asympto-

matic carrier stage to severe malabsorption, diarrhoea phozoites.6 Giardia cysts are shed sporadically and
their number may vary from day to day.7 Routineand weight loss.4 It is the leading protozoal cause of
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examination of stool specimens collected on con- Oligonucleotide primers
secutive days or even within the recommended 10-
day time frame may not confirm infection with this The primers used in this study were designed from

the IGS region of rRNA operon of G. lamblia whichorganism. Only 50% to 70% sensitivity has been
reported by this technique.8 The low sensitivity is due were found G. lamblia specific in earlier studies.18

The first PCR primers, AS1 and AS2 (Table 1) specifyto the irregular excretion of cysts or trophozoite and
examination of stool samples by unskilled personnel.9 a 552 bp fragment of IGS (Fig. 1). The second set of

primers, SG3 and SG4, were designed from internalOther methods such as jejunal biopsy and duodenal
aspirate examination give better results but they find sequences of 552 bp fragment and used for nested

PCR (Table 1). This will amplify a 320 bp regionlittle utility as they are invasive. Immunodiagnosis of
the parasite based on detection of Giardia specific within the first PCR product (Fig. 1).
antibody in serum and antigens in the stool proved
to be better diagnostic methods.10–14 However, the
findings suffered from serious drawbacks pertaining Isolation of genomic DNAs
to false positive results due to cross reactivity with
other microorganisms. In the last few years, DNA Genomic DNAs were isolated as described pre-

viously.18 In brief, Giardia trophozoites of late logbased diagnosis of diseases is gaining importance.
This system has the advantage over other diagnosis phase were harvested by chilling the culture tube in

ice and centrifuged at 600 g for 10 min to pellet themethods for being highly specific and at the same
time sensitive. Recently, a number of DNA-based cell. Nuclei from cells were obtained by lysing them

in 1% (v/v) NP40 solution followed by centrifugationmethods for detection of Giardia have been de-
scribed.15,16 The polymerase chain reaction has been at 500 g for 3 min. Subsequently, nuclei were lysed by

overnight incubation at 50°C in lysis buffer containingemployed for selective amplification of Giardia
DNA16 using giardin gene as the amplification target. 20 mM Tris HCl (pH 8), 50 mM EDTA, 0·5% (w/v)

sarcosyl and 500 �g proteinase K. The lysate wasRibosomal RNA gene has been suggested a very
good target for amplification by PCR due to its high mixed with CTAB/NaCl solution and incubated at

65°C for 10 min. DNA was extracted with phenol/copy numbers in all organisms.17 In G. lamblia about
60–130 copies of rRNA gene per nucleus, arranged chloroform and ethanol precipitated in presence of

0·3 M Na-acetate and suspended in sterile water. Thein tandem repeat have been reported.18,19 In this paper,
we report the development of a PCR based assay to procedure for isolation of genomic DNAs from the

other enteric pathogens was identical to that followedamplify and detect a segment of the intergenic spacer
(IGS) region of multicopy rRNA of G. lamblia for for DNA extraction from Giardia nuclei.
diagnosis of giardiasis. The assay was compared with
other existing methods for routine diagnosis of
G. lamblia directly from faecal sample. Polymerase chain reaction

PCR mixture contained final concentration of 10 mM
Tris-HCl (pH 9), 50 mM KCl, 1·5 M MgCl2, 0·01%
(w/v) gelatin, 250 �M deoxyribonucleoside tri-
phosphate mix (dATP, dGTP, dCTP, and dTTP), 3U of
Taq Polymerase (Bangalore Genei), and 200 ng ofMATERIALS AND METHODS
each primers.

The PCR was carried out in 25 �l volume containingCultivation of G. lamblia and other
enteropathogens 5 �l of DNA extract for first PCR or 1 �l of the first

PCR product for nested PCR. All the conditions for
Axenic cultures of G. lamblia (PD-1, PD-2 local conducting both the PCR were identical. Precisely 30

cycles were used for both reactions with denaturationand P1 reference strain)18 were maintained in filter
sterilized TYI-S-33 medium as described elsewhere.20 at 95°C for 60 s, annealing at 55°C for 60 s and

extension at 72°C for 60 s. Products of first PCR wereThe isolates were sub-cultured three times a week.
Three common enteric pathogens viz. Escherichia visualized on a 1·5% (w/v) agarose gel and for nested

PCR in 2% agarose gel.coli, Shigella dysenteriae and Entamoeba histolytica
were cultured in different media. In brief, trophozoites Three sets of experients were conducted to analyse

the sensitivity of the assay method.of E. histolytica were grown in TYI-S-33 medium at
37°C whereas E. coli and S. dysenteriae were cultured Different numbers of G. lamblia trophozoites in

100 �l buffer were boiled for 10 min and centrifugedat 37°C in Tryptic Soy Broth.
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Fig. 1. Amplification strategy from the intergenic spacer region (IGS) of the multicopy rRNA gene of Giardia lamblia
showing positions of primers. Primers AS1 and AS2 amplify a 552-bp segment of the IGS. Primers SG3 and SG4 amplify
a 320-bp fragment within the first PCR product.

Table 1. Primers used and their locations

Function Name Nucleotide sequence Location

Upstream primer (external primer) AS1 5′CGACCGGGAGACACGCCC3′ 4003–20
Donstream primer (external primer) AS2 5′AGGACTGCATATCACGGC3′ 4538–55
Upstream primer (internal primer) SG3 5′AGAGCAGCCGATCCCCCG3′ 4105–22
Downstream primer (internal primer) SG4 5′AATTGGAGGCTGACTGTG3′ 4408–25

for 10 min at 12 000 g. Five microlitres of supernatant Clinical subjects
was subjected to PCR amplification.

In the second set of experiment, 100 �l of known Based on the clinical symptoms, patients hospitalized
or attending the Outpatient Department of the B. C.Giardia negative stool specimen was mixed with

known numbers of Giardia trophozoites, boiled for Roy Children’s Hospital, Calcutta, were categorized
into three groups (Groups I, II, III). Stool samples10 min and centrifuged at 12 000 g for 5 min. Twenty

microlitre of supernatant was diluted to 200 �l and collected from 30 patients with history suggestive of
giardiasis (pain in abdomen, loose motion of six tofrom the diluted sample, 5 �l was used for first PCR

using primers AS1 and AS2. However, for second eight times, flatulence, mucus in stool, anorexia,
nausea and vomiting) were categorized into Group I.PCR only 1 �l of the first PCR product and SG3 and

SG4 primers were used. Stool examination of these patients showed presence
of cyst and/or trophozoites of G. lamblia. Group IIIn the third set, 100 �l of microscopically negative

and positive Giardia stool samples were boiled for comprised of 45 healthy control subjects who had no
complaints of diarrhoea of dysentery for the preceding10 min followed by centrifugation at 12 000 g for

5 min. Twenty microlitres of clear supernatant was one month, and in Group III, 70 subjects were
included whose stools were negative for G. lambliadiluted to 200 �l and 5 �l was used in first PCR. The

second PCR was carried out with SG3 and SG4 by microscopy but positive for other parasites, e.g.
Entamoeba coli, E. histolytica, Trichuris trichura,primers and 1 �l of first PCR product.
Ascaris, Entamoeba hartmanni and hook-worm
(Table 2).

Evaluation of PCR

The efficacy of nested PCR was compared with other Stool examination
existing methods in diagnosis of G. lamblia directly
in stool samples collected from different categories Stool samples were collected from all the above

patients and examined under microscope by wetof diarrhoea cases and control subjects.



S. Ghosh et al.184

Table 2. Evaluation of different diagnostic tests in the detection of Giardia lamblia infection in various categories of
patients

Groupsa Clinical symptoms No. Microscopy CIEP ELISA Nested
examined (%) (%) (%) (%)

I Giardiasis 30 100 76·6 100 100
II Healthy subjects (controls) 45 0 0 0 0
III Random hospital patients suffering 70 0 7·14 12·85 20

from gastrointestinal problems other
than giardiasis

a Basis of characterization of the three groups is explained in the text.

mount (Lugol’s iodine, normal saline) and permanent density at 492 nm was measured in a Titertek Multi-
scan ELISA reader (Flow Laboratories Inc., McLean,preparation. Doubtful samples were confirmed by
USA).formalin ether concentration technique.21 For PCR

and antigen analysis stool samples were stored at
−70° until used. Countercurrent immunoelectrophoresis (CIEP)

The test was performed according to the method
Enzyme linked immunosorbant assay described by Chaudhuri et al.26 In brief, 3 ml of 0·9%

agarose in barbital buffer (pH 8·8, 0·05 M) was layered
Processing of stool samples on a clean grease-free slide and kept at room tem-
1 gm of fresh faecal sample (collected within 2–3 h) perature for solidification. Processed stools for antigen
was homogenized in 2 ml of 10 mM PBS (pH 7·2) and antibody were placed in respective wells and
containing 0·05% sodium dodecyl sulphate.22 Coarse electrophoresis was carried out in electrophoresis
debris was eliminated by centrifugation at 500 g for chamber (Shandon, UK) at a constant voltage of
20 min, the clear supernatant was collected and 1 mM 160 V or 10 mA per slide for 20–30 min. Results were

recorded immediately after the test and incubatingphenyl sulphonylfluoride (PMSF), a protease inhibitor,
the slides at 4°C for 30 min.was added and kept frozen at −20°C until used.

Multilayer ELISA RESULTS
The method used was a modification of the double
antibody sandwich ELISA described by Ungar et al.23 Amplification of rRNA gene locus
and Sengupta et al.24 In a model system, a polystyrene
microtiter plate (Nunc, Denmark) was coated with Design of the primers
3 �g/well of IgG isolated from anti-Giardia guinea
pig serum25 in 0·07 M carbonate–bicarbonate buffer Our earlier results18 clearly demonstrated that IGS
(pH 9·6) for 2 h at 37°C. The wells were washed to region of rRNA of G. lamblia was specific to Giardia
remove the unbound antibody and the extra binding and results of present study once again strengthen
sites were blocked with 200 �l/well of 3% (w/v) BSA the earlier findings. AS1 and AS2 primers designed

from this IGS showed amplification with Giardiain 10 mM PBS for overnight at 4°C. Varying con-
genomic DNA only. No amplification was observedcentrations of standard soluble antigen prepared from
from genomic DNAs of other enteric organisms likeaxenic G. lamblia trophozoites or parasitologically
E. coli, S. dysenteriae and E. histolytica (Fig. 2).negative/positive stool samples (100 �l/well) were in-

cubated overnight at 4°C. Control wells received IgG
purified from normal rabbit serum and/or no antigen. Sensitivity of the assay
Washed wells were treated with 2 �g/100 �l/well (op-
timal as determined by checker board titration) of To determine the lowest possible amount of DNA
IgG isolated from anti-Giardia rabbit serum for 1·5 h at that could be amplified by this system, PCR was
37°C. The immunoreaction was performed by adding performed using serial dilutions of template DNA. The
goat anti-rabbit IgG labelled with HRP as conjugate results revealed that the system is sensitive enough to
followed by OPD as the substrate in presence of amplify as little as 2·5 pg of plasmid DNA containing
0·03% H2O2 in 0·1 M citrate buffer (pH 4·5). The rRNA gene of Giardia (Fig. 3).

By the present PCR, a minimum of 10 trophozoitesreaction was stopped with 2 N H2SO4 and the optical
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Fig. 4. Limit of detection of Giardia cells by PCR using
primer pair AS1 and AS2. Figure represents EtBr stainedFig. 2. Detection of specificity of primer pair AS1 and
1·5% agarose gel of PCR product obtained by usingAS2 in recognizing genomic DNAs of different
different numbers of Giardia trophozoites in 25 �lenteropathogens. Figure represents ethidium bromide
reaction. Ten microlitres of PCR product was run in each(EtBr) stained 1·5% agarose gel. The amplified 552-bp
lane. Lane M represents � HindIII marker with theproduct is shown. Lane 1 represents control reaction
position of the 564-bp band; Lane Cp represents positivecontaining no DNA; lanes 2 and 3, genomic DNAs of
control where PCR reaction was one using rDNAtwo different strains of Giardia lamblia, PD1 and PD2,
plasmid as template; Lane WOP represents negativelane 4, E. coli DNA; lane 5, E. histolytica DNA; lane 6,
control containing no Giardia cells.S. dysenteriae DNA and Lane M, � HindIII marker. The

position of 564-bp band is shown.

could be detected (Fig. 4). In other words, taking the
DNA content of one trophozoite to be 0·144 pg as
reported by Erlandsen et al.,27 the present system is
sensitive enough to amplify 1·44 pg of Giardia gen-
omic DNA.

Based on these results, we wanted to test whether
the PCR based diagnosis is possible from stool speci-
mens. So, PCR was carried out where a variable
number of Giardia trophozoites was added to a
giardiasis negative faecal sample. The results of initial
standardization of PCR in detection of G. lamblia in
faecal specimens demonstrated less sensivity. This
was likly due to the presence of inhibitory substances
in stool like bilirubin, urobilinogens and the bile
salts.28 To minimize the problem, 50 times or more
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dilution of stool was used and was found optimal in
minimizing the inhibition and getting specific amp-Fig. 3. Detection of sensitivity limit of rDNA plasmid
lification. However, a minimum of 2000 trophozoitesby PCR, using primer pair AS1 and AS2. The 552-bp

amplified product is shown. Figure represents EtBr was found to be required for seeing the product in
stained 1·5% agarose gel of PCR product obtained by gel (Fig. 5). To eliminate the possibilities of non-
using different amount of plasmid DNA. Lane M specific amplification and to increase the sensitivityrepresents � HindIII marker. The 564-bp band is

nested PCR was done using genomic DNA andshown.
primers SG3 and SG4 which amplified a 320 bp
region (Fig. 1) within the first PCR product. The control
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Fig. 5. PCR amplification of model faecal sample
mixed with different numbers of Giardia cells using
primer pair AS1 and AS2. Figure represents EtBr strained
1·5% agarose gel of PCR product. Lane M represents �
HindIII marker. The 564-bp band is shown. Lane C
represents PCR amplification from negative stool, taken
as control.

stool sample gave no amplification in nested PCR
(Fig. 6a). The control negative sample was mixed
with different numbers of Giardia trophozoites, and
the nested PCR helps to detect as low as 10 tro-
phozoites (Fig. 6(b). The added advantage of using
the nested PCR step was that it negated the chance
of any false positive result in the first PCR which was
commonly observed during amplification from faecal
specimen. This method was then used in analysis of
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145 stool samples. The sensitivity of the nested PCR
was clear from Fig. 7, lane Cp, where there is a faint Fig. 6. (a) EtBr stained 2% agarose gel of PCR

amplification of control negative stool sample usingband in Fig. 7a but prominent band in Fig. 7b using
primer pairs AS1/AS2 and SG3/SG4. Lane Cplasmid DNA. In the experimental samples, lanes 2
represents PCR amplification from negative stool, takenand 8 were found to be negative as the specific band as control; lane C represents control positive reaction

did not appear in the first or nested PCR. In lanes 5 where PCR was carried out with genomic DNA of
and 6 although no band appeared in the first PCR Giardia lamblia. The position of the 320-bp amplified

product is shown; lane M represents 1 kb ladderbut nested PCR yielded a band at 320-bp region. This
marker from GIBCO-BRL. The positions of 298-bp andclearly demonstrates the efficiency of the nested PCR.
344-bp bands are shown. (b) PCR amplification ofThe extra bands obtained in the positive samples in model faecal sample mixed with different numbers of

lanes 1, 3, 4, 7 and 9 may be due to mutations in Giardia cells using nested primer pair SG3 and SG4.
the multiple copies of the gene. Figure represents EtBr stained 2% agarose gel of

nested PCR product. Lane M represents HaeIII-digested
�X-174 DNA size markers. The 603-bp and 310-bp
fragments are shown; lane C Represents controlEvaluation of PCR positive reaction where PCR was carried out with
genomic DNA of Giardia lamblia.

To evaluate the efficiency, the present PCR based
G. lamblia detection system was compared with
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Fig. 7. Detection of rDNA of Giardia lamblia in clinical samples by first (a) PCR and then (b) nested PCR. Figure
represents EtBr stained 2% agarose gel. Lane M represents HaeIII-digested �X-174 DNA size markers. The 603-bp and
310-bp fragments are shown. Lane C, PCR amplification from negative stool, taken as control; lane C, rDNA plasmid;
lanes 1–9, clinical samples.

microscopy, CIEP and ELISA in stool samples of dif- PCR. These results suggest the sensitivity and speci-
ficity of each test. In Group III, out of 70 samplesferent categories of patients and controls. A 100%

correlation among nested PCR, microscopy and ELISA examined, 56 were negative by all the tests. Among
the 14 positives, five were by CIEP, ELISA and PCR,in Group I (suggestive giardiasis cases) (Table 2). In

Group II (control subjects) all the tests showed similar four by ELISA and PCR and five by only PCR (Table
3).observations as none of the tests demonstrated pos-

itive results. However, in Group III cases (Random
hospitaal patients suffering from gastrointestinal prob-
lems other than giardiasis) CIEP, ELISA and nested PCR
showed better diagnostic results than microscopic DISCUSSION
examination but among the three (viz. CIEP, ELISA
and PCR), PCR was found most senstive and specific Timely diagnosis by appropriate technique is a pre-

requisite for quick and effective therapy of disease.in the sense that it showed 20% positive reaction
whereas CIEP and ELISA showed only 7·14 and G. lamblia is diagnosed conventionally by micro-

scopic examination or by antigen or antibody de-12·85%, respectively (Table 2).
The break-up results of each group are shown in tection. Both the methods revealed its limitations. In

recent years, DNA based diagnosis and especially,Table 3. Of the 30 stool samples (Group I) which
were clinically suggestive of giardiasis and detected amplification of functional genes by polymerase chain

reaction29 has revolutionized the fields of biologicalpositive by microscopy for presence of cysts or tropho-
zoites, 23 were positive by all the four tests, and and medical sciences because of its power to produce

many copies of a desired, previously undetectableseven were only positive by microscopy, ELISA and
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Table 3. Break-up of positive and negative samples in each group with different tests

Groups No. examined Tests

Microscopy CIEP ELISA Nested PCR

I 23 + + + +
7 + − + +

II 45 − − − −
56 − − − −

III 5 − + + +
4 − − + +
5 − − − +

nucleic acid target. However, before that the tech- not found very sensitive when stool samples were
mixed with known number of Giardia trophozoites.nique must be optimized for the extraction and amp-

lification of template DNA from heterogeneous The system could detect up to 2000 cells mixed to
100 �l of stool sample. One of the reasons could behuman body fluids and especially from stool. Since

there are many factors in stool which inhibit PCR presence of inhibitory substances such as bilirubin,
bile salts and mucus etc. in the stool sample. Thereaction, methods that allow for nucleic acid amp-

lification without substantial levels of inhibition or sensitivity was increased 200 folds by introducing the
nested PCR to the same samples i.e. 10 parasitesinconsistency must be standardized. Atlas in 199116

used the polymerase chain reaction to selectively could be detected.
The results of comparative evaluation clearly dem-amplify the giardin gene for detection of G. lamblia

from water. However, the test was not found highly onstrated the superiority of nested PCR based de-
tection of Giardia lamblia in stool samples over thesensitive, probably due to low copy number of giardin

gene. In the last few years the rRNA gene has been other three tests viz. microscopy, antigen detection
by CIEP and ELISA because in one time analysis ofselected as the target for detection by PCR in many

parasites because of its high copy number.18,19 da Group III stool samples (random hospital patients
other than giardiasis) the nested PCR showed moreSilva et al.30 has targeted the SSrRNA gene in detection

of coccidian infection (Microspiridia). In a similar positive results than the other three tests. This allows
for a distinct advantage of PCR over the sensitivefashion, the SSrRNA gene of Giardia has been used

as the target for detection.31 It is now well established ELISA or other methods. Thus the highly sensitive
nested PCR method is expected to contribute sig-that most of the sequences of the SSrRNA are evolu-

tionary conserved and there is every possibility of nificantly in diagnosis of giardiasis and so it may be
used routinely. More trials are necessary to optimizegetting cross reactivity with other organism and spe-

cies. In contrast, sequence variability at the intergenic the finer tuning of the PCR conditions.
regions of rDNA has been demonstrated among the
inter and intraspecies.32,33 Recently, different groups
successfully used the intragenic regions of rRNA gene Acknowledgements
to distinguish different isolates of a number of pro-
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