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Sensitive and Rapid Detection of Giardia lamblia Infection
in Pet Dogs using Loop-Mediated Isothermal Amplification
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Abstract: Giardia lamblia is recognized as one of the most prevalent parasites in dogs. The present study aimed to es-
tablish a loop-mediated isothermal amplification (LAMP) assay for rapid and specific detection of G. lamblia from dogs.
The fecal samples were collected and prepared for microscopic analysis, and then the genomic DNA was extracted di-
rectly from purified cysts. The concentration of DNA samples of G. lamblia were diluted by 10-fold serially ranging from
10" to 10°° ng/ul for LAMP and PCR assays. The LAMP assay allows the amplification to be finished within 60 min under
isothermal conditions of 63°C by employing 6 oligonucleotide primers designed based on G. lamblia elongation factor 1
alpha (EF1a) gene sequence. Our tests showed that the specific amplification products were obtained only with G. lam-
blia, while no amplification products were detected with DNA of other related protozoans. Sensitivity evaluation indicated
that the LAMP assay was sensitive 10 times more than PCR. It is concluded that LAMP is a rapid, highly sensitive and
specific DNA amplification technique for detection of G. lamblia, which has implications for effective control and preven-

tion of giardiasis.
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Giardia lamblia (syn G. duodenalis) is a cosmopolitan enteric
parasite with a very wide host range, including domestic and
wild animals as well as human beings [1,2]. Most giardiasis is
transmitted by fecal-to-oral route, directly from infected indi-
viduals or contaminated fomites, or by ingesting cysts in con-
taminated food or water [3]. Once infected, G. lamblia causes a
generally self-limited clinical illness (i.e., giardiasis) character-
ized by diarrhea, bloating, weight loss, abdominal cramps,
and malabsorption [4]. It is recently known that there are 7
major genotypic assemblages (A-G) of G. lamblia |5]. However,
some new G. lamblia genotypes are still being described [6].
The assemblages A and B have a wide range of hosts, including
humans and animals such as the livestock, dogs, cats, and oth-
er wild animals, but C-G genotypes of G. lamblia seem to be
host-specific. The assemblages C and D are dog-specific geno-
types, while the assemblage E has been identified in cattle, the
assemblage F seems to be specific for cats, and G for rats [7].
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Until now, microscopic examination has been the routine
method for the detection of G. lamblia from dogs, which has
limitation in that G. lamblia is difficult to be identified accu-
rately particularly when there are concurrent infections with
multiple parasite species in dogs. With the development of
molecular techniques, PCR technique has been developed to
detect G. lamblia infection in recent years. There are 5 major
genes such as small subunit ribosomal RNA gene (ssu-rRNA),
B-giardin (bg), triose phosphate isomerase (tpi), glutamate de-
hydrogenase (gdh), and EF1a genes, which are suitable for ge-
netic markers for detecting and genotyping studies. However,
these methods require expensive and high-precision instru-
ments, expert techniques, and long reaction time (2-3 hr),
which may not be readily available in rural endemic regions.
Moreover, the Taq DNA polymerase used in PCR assay is easily
inhibited by biological substances. Therefore, simple, rapid,
and cost-effective detection method with high sensitivity is still
needed to complement the limitations of PCR and other tech-
niques.

A simple, sensitive, and rapid technique named loop-medi-
ated isothermal amplification (LAMP) was first developed by
Notomi et al. [8], and it relies on auto-cycling strand displace-
ment DNA synthesis by Bst polymerase with displacement ac-
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tivity. This method allows amplification of target nucleic acids
under isothermal conditions, and the amplification products
are observed visually [8,9]. Therefore, LAMP assay has been
applied successfully for the detection and identification of pro-
tozoan parasite infections, including Trypanosoma [10], Plasmo-
dium falciparum [11], Cryptosporidium [12], and Toxoplasma gon-
dii [13]. In addition, LAMP assay has been first developed to
detect G. lamblia assemblages A and B cysts in environmental
and human fecal samples in Japan [14]. After that, it was also
used for detection of G. lamblia assemblages A and B specific
DNA sequence in drinking water [15]. However, no informa-
tion on LAMP assay for detection G. lamblia dog-specific geno-
types has been available.

The objectives of the present study were to develop and
evaluate a simple and cost-effective LAMP assay based on EFla
gene sequences for rapid detection of G. lamblia from dogs.
The sensitivity and specificity of LAMP assay were evaluated by
comparison with PCR method. LAMP method should supple-
ment and enhance existing procedures to detect the G. lamblia
infection.

G. lamblia samples were collected directly from the feces of
infected pet dogs in Guangdong Province in China. The fecal
samples were prepared for microscopic analysis by floatation
technique with saturated zinc sulfate, and then cysts were puri-
fied by sucrose gradient solution. The “heterologous control
samples” to assess the specificity of LAMP assay were T. gondii,
Neospora caninum, Cryptosporidium parvum, and Eimeria tenella.
Genomic DNA (gDNA) was extracted directly from purified
cysts using a QIAamp DNA Stool Mini Kit (QIAGEN, Hilden,
Germany) according to the manufacturer’s instructions.

LAMP primers (Table 1) for the specific amplification of the
target DNA were designed from the EF1a gene sequences of G.

Table 1. Sequences of LAMP primers for the ampilification of G.
duodenalis EF1a gene

Primer Length  Sequence (5-3)

F3 18 GCCGGGATCTCGAAGGAC

B3 20 TCGGGATGTAGTCGAACTCC

FIP 38 TGACCTGGCCGTCGTCCATCTT-
GCGACGCTCGCGAACA

BIP 40 GTACTCGAAGGAGCGCTACGAC-
GCCTTCTTCCAGCCGATG

FLP 18 GACGGCCAGACGCGCGAG

BLP 19 GCGGAGGGGCTTGTCGGTC

F3, forward outer primer; B3, backward outer primer; FIP, forward inner
primer; BIP, backward inner primer; FLP, forward loop primer; BLP,
backward loop primer.

lamblia using Primer Explorer V4 software (http://primerex-
plorerjp/e). LAMP assay requires 4 sets of specific primers (B3,
F3, BIP, and FIP) that recognize a total of 6 distinct sequences
(B1, B2¢, B3, Flc, F2, and F3). A 208 bp fragment of the EFla
gene was amplificated using PCR with the outer primers B3
and F3, and the specificity of the outer primers was confirmed
by BLAST search (http://www.ncbi.nlm.nih.gov/Blast) in the
NCBI database.

LAMP assay was carried out in a total of 25 pl reaction mix-
ture containing: 10 x Bst-DNA polymerase buffer (2.5 mM
each), betaine (1.6 M), deoxynucleotide triphosphates (2.5 mM
each), MgSO. (8 mM), F3 and B3 primers (0.2 pM each), FIP
and BIP (1.6 pM each), loop-F and loop-B (0.8 uM each), Bst
DNA polymerase (8 U) (New England Biolabs, Beverly, Massa-
chusetts, USA), and template DNA (2 pl). No template DNA
was added in the ‘negative control” reaction. The mixture was
incubated at 63°C for 60 min, and then heated at 80°C for 10
min. The LAMP products were visually detected further by add-
ing 1 pl of 1:10 diluted 10,000 x concentration of SYBR Green I
(Invitrogen, Carlsbad, California, USA) to the reaction tube.
Also, the products (5 pl) were examined on a 2% agarose gel
with DL2000 (TaKaRa, Dalian, China) to estimate the sizes of
amplification products and stained with ethidium bromide.
The stained gel and the reaction tubes were photographed using
UV Image system (UVItec, London, UK). The genotypes of test-
ed G. lamblia samples were identified as assemblage D, which is
dog-specific, based on the EFla gene [16]. The specificity of
LAMP test was assessed with DNA prepared from T. gondii, N.
caninum, C. parvum, and E. tenella. The reaction tubes were pho-
tographed using UV Image system (UVItec).

Positive results containing LAMP products were visually ob-
served in tubes, and they presented with typical patterns of
ladder-like bands on agarose gels. Whereas, no amplifications
were found with DNA samples of ‘heterologous control sam-
ples’, namely, T. gondii, N. caninum, C. parvum, and E. tenella
(Fig. 1). Our results demonstrated LAMP assay as a specific
tool to detect G. lamblia. The sensitivity results showed that the
detection limit of LAMP assay was 10* ng/ul (0.1 pg/ul) (Fig.
2A, B), which is more sensitive than 0.548 pg/pl and 0.8 pg/pl
in a previous report by Plutzer et al. [15], whereas it was
10° ng/pl in PCR (Fig. 2C). Thus, LAMP was sensitive 10 times
more than PCR assay.

Positive microscopic identification was on 5 samples of 72
only (6.9% positive), while 7 out of 72 (9.7%) and 8 of 72
(11.1%) were positive by PCR and LAMP, respectively (Table
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Fig. 1. Assessment of the pecificity of the LAMP assay for G. du-
odenalis. Upper: Visual examination of LAMP products. Bottom:
Agarose gel electrophoresis of amplification products. Lanes 1-5
represent G. duodenalis, Toxoplasma gondii, Neospora caninum,
Cryptosporidium parvum, Eimeria tenella, and no-DNA control,
respectively. M represents a DNA size marker (ordinate values in bp).

2). However, the 5 positive samples tested by microscopy were
indicated as well by PCR (confirmed by sequencing). The nu-
cleotide sequence has been deposited in the GenBank data-
base under accession number JQ245136. Sequence analysis re-
vealed that 7 samples were assemblage D that is dog-specific
genotype, not a zoonotic genotype, and these PCR-positive
samples were also positive by LAMP. Furthermore, 1 addition-
al PCR-negative sample was also LAMP-positive (repeated 3
times). These results would be considered as a proofed index
to believe that LAMP assay has superior sensitivity than PCR
assay. The results of LAMP and conventional PCR assays are
shown in Fig. 3.

In this study, we report on the development of G. lamblia-
specific LAMP assay based on EF1a genes. Through this study,
we felt that LAMP is quite convenient to perform, and more
sensitive than PCR assays in the case of G. lamblia detection in
dogs. Where the amplification can be done within about 60
min with loop primers, which the amplification time is greatly
decreased compared with 2 hr for detection of G. lamblia as-
semblages A and B cysts in environmental and human fecal
samples [14], and it does not require a thermocycler, only a
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Fig. 2. Assessment of the sensitivity of the LAMP assay for G.
duodenalis in comparison with conventional PCR which was per-
formed with primers F3 and B3 (A, B: sensitivity analysis of the
LAMP assay). Lanes 1-6 represent serial G. duodenalis DNA con-
centration of 107-10° ng/ul and no-DNA control, respectively (C:
sensitivity analysis of a conventional PCR). M represents a DNA
size marker (ordinate values in bp).

Table 2. Comparison of microscopy, conventional PCR, and
loop-mediated isothermal amplification (LAMP) for detection of G.
lambilia isolates from dogs

Method Microscopic PCR LAMP
Sample No. 72 72 72
Positive No. 5 7 8
Detection rate (%) 6.9 9.7 11.0

water bath or a heat block is required to carry out the amplifi-
cation, which is readily available even in poorly equipped lab-
oratories or in a large-scale epidemiological survey of giardiasis
carried out in poor areas. Therefore, LAMP assays have an ad-
vantage with a lower cost and showed better cost-effectiveness
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Fig. 3. The clinical utility of the LAMP method for detection of
EF1a gene of G. duodenalis from dogs. Upper: the examination
of LAMP products, Lanes 1, 2, 3, 4, 6, 8, 9, and 10 represent G.
duodenalis-infected. Lanes 5 and 7 represent negatives. Lanes
11 represents no-DNA control. Bottom: PCR performed with
primers F3 and B3. M represents a DNA size marker (ordinate
values in bp).

compared with PCR assays. It is worth mentioning that 2 sam-
ples were negative by microscopic examinations, whereas they
were positive by PCR assay. We believe that would be related
to rapid destruction of trophozoites or interference of impuri-
ties in feces which is reducing the capability of microscopic
detection.

The present LAMP assay depends on the Bst DNA polymerase,
which is more resistant than the other DNA polymerases [11],
such as Tag DNA polymerase, which is easily inhibited by bio-
logical substances. Additionally, not only the Bst enzyme is ac-
tive at relatively high temperatures (63°C) which helps for re-
duction of non-specific pairing, but also LAMP primers recog-
nizing different targets enhanced the sensitivity and specificity
[17]. Furthermore, a large amwount of white magnesium pyro-
phosphate precipitate will generate for positive results, which
allows the presence of G. lamblia DNA to be easily identified by
visual inspection, and the positive amplification can be viewed
by adding the fluorescent dyes, such as SYBR Green 1.

In conclusion, LAMP assay is a highly sensitive, rapid, and
reliable method, and an ideal tool to detect G. lamblia from
dogs. The assay has the potential as an alternative tool for clin-
ical diagnosis and epidemiological investigations. Hence, it
can contribute to the effective control and prevention of dog
giardiasis.
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