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Loop-mediated isothermal amplification (LAMP), a rapid nucleic acid amplification method, was developed
for the clinical diagnosis of toxoplasmosis. Three LAMP assays based on the SAGI, SAG2, and B1 genes of
Toxoplasma gondii were developed. The sensitivities and specificities of the LAMP assays were evaluated by
comparison with the results of conventional nested PCR. The LAMP assays were highly sensitive and had a
detection limit of 0.1 tachyzoite, and no cross-reactivity with the DNA of other parasites was observed. Blood
was collected from 105 individuals to test the LAMP assays: 40 patients with active toxoplasmosis, 40 negative
controls, and 25 patients with other parasitic infections. The S4G2-based LAMP (SAG2-LAMP) had a greater
sensitivity (87.5%) than the SAGI-LAMP (80%), BI-LAMP (80%), and nested PCR (62.5%). All the LAMP
assays and nested PCR were 100% specific. This is the first report of a study which applied the LAMP method
to diagnose toxoplasmosis from human blood samples. Due to its simplicity, sensitivity, and specificity, LAMP
is suggested as an appropriate method for routine diagnosis of active toxoplasmosis in humans.

Toxoplasmosis is a common parasitic infection caused by an
obligate intracellular parasite, Toxoplasma gondii, which is
widespread throughout the world (4). The main host of the
parasite is cats, but it can also be carried by the vast majority
of warm-blooded animals and humans. Modes of T. gondii
transmission include ingestion of oocytes from feline feces,
ingestion of cysts from uncooked meat, and waterborne trans-
mission of the oocysts (11). Although it is generally asymptom-
atic in healthy adults, it may provoke severe conditions in
immunosuppressed individuals, including patients with AIDS.
In this type of patient, T. gondii infection causes encephalitis,
pneumonia, and disseminated infection (35). Transplacental
transmission of the parasite occurs during the first two trimes-
ters of pregnancy and can severely damage the fetus, which
eventually causes neonatal malformations, neurological dam-
age, blindness, or stillbirth (13).

Diagnosis of toxoplasmosis constitutes an important mea-
sure for the control of the disease. It can be achieved by a
number of different methods, including the indirect fluores-
cent-antibody test (IFAT) (16), enzyme-linked immunosorbent
assays (ELISA) (26), tissue culture, and PCR (18). Routine
diagnosis of T. gondii infection based on detection and mea-
surement of parasite-specific immunoglobulin M (IgM) in sera
from patients by IFAT and ELISA is laborious, time-consum-
ing, and expensive. Antigens used in these serological assays
are usually prepared from 7. gondii cells which are propagated
in the mouse or in vitro culture. Such a preparation usually
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contains extraparasitic materials and may result in interassay
variability (27). Moreover, serological methods have some lim-
itations because specific antibody and 7. gondii antigens may
not be present early in the infection, especially in patients with
immunodeficiencies; moreover, antibodies, particularly IgM,
may not arise during reactivation of the encysted form of the
parasite (3). Alternatively, the identification of acute cases of
toxoplasmosis in humans could be done on the basis of the
detection of T. gondii DNA in amniotic fluids, tissues, or blood.
Several PCR-based techniques have periodically been devel-
oped for the diagnosis of toxoplasmosis using various clinical
specimens (22, 25). Among these techniques, nested PCR fol-
lowed by hybridization has been reported to be the most sen-
sitive method (32). However, they are not widely used due to
the expensive cost of the apparatus and long reaction time (18,
19). Therefore, the development of cost-effective, simple, and
rapid detection methods is still needed for direct detection of
T. gondii.

Loop-mediated isothermal amplification (LAMP), which
was originally developed by Notomi et al. (30), is a very sen-
sitive, easy, and less time-consuming method. The LAMP
method can amplify up to 10° copies in less than an hour under
isothermal conditions (65°C). A simple incubator, such as a
water bath or block heater, is sufficient for the DNA amplifi-
cation, making use of incubators under field conditions feasible
(5, 31). The method uses four to six primers that recognize six
to eight regions of the target DNA, which eliminates nonspe-
cific binding, thereby ensuring the specificity of LAMP (30).
Recently, this method was found to be a powerful diagnostic
tool, and LAMP targeting the SAGI gene (SAGI-LAMP) and
the 200- to 300-fold repetitive 529-bp gene of T. gondii was
successfully used for the diagnosis of toxoplasmosis in animal
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TABLE 1. Nucleotide sequences of LAMP primers designed in the present study

Assay and primer

Primer sequence (5'-3")

Target

T. gondii SAGI gene (GenBank
accession no. X14080)

T. gondii SAG2 gene (GenBank
accession no. M33572)

T. gondii Bl gene (GenBank
accession no. AF179871)

T. gondii Bl gene (GenBank
accession no. AF179871)

SAGI1-LAMP

B3 CGAGGGTCATTGTAGTGGGT

F3 GACAACGCAGACGTTTGTG

BIP AATGTCGCAAGGTGCTCCTACGCTTCCGCAGACAACTTGACA

FIP ACCGATGAGGCTCTGGCTTGTAGTCGGTTGCATCAAGGGAG
SAG2-LAMP

B3 GTAGCAGGACCTTTCGCG

F3 GCGCAACGAAGACTGTTGA

BIP TGGCAAGGAATGCACAGACTCGGACCTTAGCTGTCAAGACCG

FIP CGCCACTGGGACTGATGGTTAGTGCACCCTCCAGTGGTTC
BI-LAMP

B3 ACGTGACAGTGAAGAGAGGA

F3 CAGATGTGCTAAAGGCGTCA

BIP TGTTCGCTGTCTGTCTAGGGCAGGTGGTCGACTTCATGGGA

FIP AGGCGGAACCAACGGAAATCCTTGCTGTTCTGTCCTATCGC
Nested PCR

B1F1 CCGTTGGTTCCGCCTCCTTC

B1R1 GCAAAACAGCGGCAGCGTCT

B1F2 CCGCCTCCTTCGTCCGTCGT

B1R2 GTGGGGGCGGACCTCTCTTG

models, especially mice (24, 37). The SAGI-LAMP was ap-
plied to detect the presence of T. gondii in infected mouse
organs. This makes the method attractive for T. gondii detec-
tion in biopsy specimens (24). LAMP based on the 529-bp
repetitive gene has also been shown to be useful for detection
of T. gondii DNA extracted from lymph nodes of veterinary
samples (37).

In the present study, we developed three LAMP assays tar-
geting the B1, SAG1, and SAG2 genes for the detection of T.
gondii genetic material. Although most of the previous work
used ocular fluid as the source of template for DNA amplifi-
cation, Bou et al. (6) showed that PCR produced the same
results with aqueous humor and blood samples. Thus, blood
samples were used to evaluate the sensitivities of the LAMP
assays. This is the first report of using LAMP for rapid diag-
nosis of active toxoplasmosis in human blood samples.

MATERIALS AND METHODS

Parasite culture. Tachyzoites of the T. gondii RH strain were obtained from
the Institute for Medical Research (IMR), Kuala Lumpur, Malaysia. The
tachyzoites were grown in MBDK cell monolayers in RPMI medium supple-
mented with 10% fetal calf serum at 37°C in a 5% CO, environment.

Clinical samples. A total of 105 individuals were studied. The first group
consisted of 40 clinically suspected toxoplasmosis patients with acute toxoplas-
mosis (high Toxoplasma IgM antibody titers) serologically confirmed by Captia
Toxoplasma gondii 1gG and IgM commercial diagnostic kits (Trinity Biotech,
Ireland) and Toxoplasma IgG avidity test (NovaLisa, Dietzenbach, Germany).
The second group consisted of 40 healthy volunteers who did not show antibod-
ies against Toxoplasma antigens on the basis of the results of the same tests. The
third group consisted of 25 patients with other parasitic infections (confirmed by
PCR or serology tests); among these patients, 15 were positive for malaria
(Plasmodium spp.) and 10 were positive for filariasis (Brugia malayi).

Analytical sensitivity and specificity of LAMP. To determine the analytical
sensitivity of the LAMP assay, T. gondii RH tachyzoites harvested from the cell
culture were counted on a hemocytometer and serially diluted 10-fold to contain
from 1 X 10° tachyzoites to 1 tachyzoite in 200 pl of fresh human blood. The
genomic DNA was extracted from the 200 pl of solution using a DNeasy blood
and tissue kit (Qiagen, Germany), in accordance with the manufacturer’s instruc-
tions. Genomic DNA was eluted with 200 .l of elution buffer. The reactions were

done in triplicate. Genomic DNA of Cryptosporidium parvum (oocyst obtained
from human feces), Neospora caninum (oocyst obtained from dog feces), and
Toxocara canis (eggs obtained from dog feces) were also extracted using the same
method to determine the specificity of the Toxoplasma LAMP assay.

LAMP assay. Three Toxoplasma-specific LAMP primer sets were designed,
using the Primer Explorer program (http://primerexplorer.jp/elamp4.0.0/index
.html), to amplify the SAG1, SAG2, and Bl genes (Table 1). LAMP was opti-
mized in 25 pl of a mixture containing 2 pl of the extracted DNA, 40 pmol (each)
of primers FIP and BIP, 5 pmol (each) of primers B3 and F3, and 1 pl of Bst
DNA polymerase (NEB) in 2.5 .l of buffer [20 mM Tris-HCI (pH 8.8), 10 mM
KCI, 8 mM MgSO,, 10 mM (NH4),SO,, 0.1% Tween 20], 0.8 M betaine (Sigma-
Aldrich), and 1.4 mM deoxynucleoside triphosphate (ANTP). The LAMP reac-
tion was performed for 30 to 60 min at 65°C and was inactivated for 2 min at
80°C. The resulting amplicons were detected in real time by the fluorescence of
SYTO-9 dye and visual observation after addition of SYBR green I. Twenty
microliters of each of the LAMP products was analyzed by electrophoresis with
1.5% agarose gels, followed by ethidium bromide staining and photography.

DNA sequencing of LAMP products. To confirm the specificity of the LAMP
assay for Toxoplasma detection, the PCR method was carried out with the outer
primers B3 and F3. PCR amplification was performed in 25 ul of reaction
mixtures containing 5 pl of PCR buffer (10x), 5 wl (200-pmol concentration) of
each dNTP, 4 ul (200 nmol concentration) (each) of primers B3 and F3, and 0.25
wl (2.5 U) of AmpliTaq Gold polymerase (Applied Biosystems, Darmstadt,
Germany). Initial denaturation was done at 95°C for 10 min, followed by 35
cycles of denaturation (45 s at 95°C), annealing (60 s at 60°C), and extension (90
s at 72°C). Five-microliter aliquots of the PCR products were subjected to
electrophoresis on a 1.5% agarose gel and visualized under UV light. Purification
of the PCR products was performed by a QIAquick PCR purification kit
(Qiagen), using the microcentrifuge protocol, according to the manufactur-
er’s instructions. PCR products were sent for sequencing (NHK Bioscience
Solution, Malaysia).

Clinical sensitivity and specificity. The sensitivities and specificities of the
LAMP assays in comparison to the results of the nested PCR were determined
using 105 blood samples from the three groups of individuals. Genomic DNA
was extracted from 100 pl of blood samples using a Qiagen blood and tissue
purification kit (Qiagen), in accordance with the manufacturer’s instructions.
The purified DNA was dissolved in 30 wl of double-distilled water for subsequent
LAMP and PCRs. Two microliters of the resulting supernatant was used as the
template for nested PCR and the LAMP assay.

On the other hand, genomic DNA was also isolated by using an FTA card,
which is a much cheaper and simpler method. For this approach, 100 pl of blood
from the three groups of individuals was blotted and dried on an FTA card
(Whatman, United Kingdom). The blotted blood was cut out with a 2-mm hole
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FIG. 1. Electrophoresis of LAMP products amplified from 7. gon-
dii tachyzoite genomic DNA. Lanes, from left to right, respectively: no
template (negative control of SAGI-LAMP, SAG2-LAMP, and Bl1-
LAMP); SAGI-LAMP; SAG2-LAMP; BI-LAMP, and 100-bp DNA
ladder.

puncher (2.0-mm Harris micropunch; Whatman). A portion of the blotted blood
was then washed three times with 100 ul of FTA purification reagent (Whatman)
and eluted in 30 pl of TE buffer (10 mM Tris-HCI, 1 mM EDTA, pH 8.0). Two
microliters of the resulting supernatant was used as a template for the LAMP
assay.

Sensitivity was calculated as (number of true positives)/(number of true pos-
itives + number of false negatives), and specificity was calculated as (number of
true negatives)/(number of true negatives + number of false positives).

Nested PCR. Two pairs of oligonucleotide primers directed against the B/
gene of T. gondii (8) were used to perform a nested PCR. The first round of PCR
amplification contained 10 mM Tris-HCI, pH 8.3 (at 25°C), 50 mM KCl, 1.5 mM
MgCl,, 0.1 pM each primer (Table 1), 0.2 mM each dNTP, 2.5 U Tag DNA
polymerase, and 2 pl of extracted DNA. Reactions were cycled 35 times with
denaturation at 94°C for 1 min, followed by annealing at 54°C for 30 s and finally
an extension step at 72°C for 1 min. A PCR negative-control sample omitted
template DNA, which was replaced by sterile water. Nested PCR mixtures
contained 2 pl first-round product, 10 mM Tris-HCI, pH 8.3 (at 25°C), 50 mM
KCl, 3 mM MgCl,, 0.5 pM each primer (Table 1), 0.2 mM each dNTP, and 1 U
Taq DNA polymerase. Nested PCR was cycled 35 times using a denaturation
step of 94°C for 10 s, followed by annealing at 60°C for 10 s and extension at 72°C
for 15 s. Negative-control samples from first-round amplification and an addi-
tional second-round negative control of sterile water were included in the nested
PCRs. The PCR products were electrophoresed in a 1% TAE (Tris-acetate-
EDTA) agarose gel and stained with ethidium bromide solution (1 wg/ml). The
PCR amplification is expected to yield a product of 213 bp for the positive
reaction.

RESULTS

Detection and confirmation of LAMP product. Three LAMP
assays based on three genes, SAGI, SAG2, and B1, were de-
veloped (Table 1). All the positive LAMP reactions produced
a typical ladder of multiple bands on the agarose gel (Fig. 1),
indicating that stem-loop DNA with inverted repeats of the
target sequence was produced. Moreover, positive reactions
turned green on addition of SYBR green I to the PCR tube,
while the negative ones remained orange (Fig. 2). PCR was
used to amplify these LAMP products, which showed 100%
identity with the target sequences after sequencing (data not
shown).

Optimization of LAMP assay. The best results were ob-
tained when the reaction temperature was maintained at 65°C.

J. CLIN. MICROBIOL.

FIG. 2. Detection of T. gondii in positive controls and clinical sam-
ples by LAMP. Turbidities of the LAMP reactions were inspected
visually. Positive reactions turned green under UV light after the
addition of SYBR green I. Tubes, from left to right, respectively:
negative control, SAGI-LAMP, SAG2-LAMP, and BI-LAMP.

The results of the LAMP assay were identical with either a
water bath, a heater block, or a PCR machine, demonstrating
its robustness.

Analytical sensitivities and specificities of LAMP assays ver-
sus results of nested PCR. The analytical sensitivities of all the
LAMP assays were evaluated against a 10-fold serial dilution
of T. gondii tachyzoite DNA. The detection limit of LAMP
assays targeting SAG1, SAG2, and B1 is 0.1 tacyhzoite, whereas
the detection limit of nested PCR targeted at the B gene is 1
tachyzoite (data not shown).

The LAMP assays were tested for their specificities using
heterogeneous DNA samples as controls. No amplification was
observed with DNA samples from C. parvum, N. caninum, and
T. canis (data not shown).

Clinical sensitivities and specificities of LAMP assays
versus results of nested PCR. The two DNA extraction
methods are equally efficient in extracting DNA from 7. gondii
tachyzoites. Analysis of the samples by the LAMP assays and
nested PCR revealed no difference in sensitivity between the
two DNA extraction methods. The SAG2-LAMP produced
positive results for 35 of the 40 blood samples from patients
with active toxoplasmosis, while SAGI-LAMP and BI-LAMP
produced positive results only for 32 of the cases. DNA frag-
ments of the correct size were amplified by nested PCR from
25 of the 40 blood samples (Table 2). No amplification of DNA
fragments by the LAMP assays and nested PCR was seen for
all the negative controls, which included 40 blood samples
from healthy volunteers and 25 blood samples from patients
with other parasitic infections.

DISCUSSION

In this study, three LAMP assays based on the SAGI, SAG2,
and BI genes were tested for their sensitivities in detecting 7.
gondii. These genes were selected because of their frequent use
for the detection of 7. gondii in clinical specimens (9, 10). To
our knowledge, this is the first report of using a LAMP assay
for the diagnosis of T. gondii infection using human blood
samples. We were able to demonstrate the successful amplifi-
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TABLE 2. Detection of T. gondii by conventional
nested PCR and LAMP

No. (%) of samples with the following

Assay and result serology test result:

Positive Negative

SAGI-LAMP

Positive 32 (80) 0

Negative 8 (20) 65 (100)
SAG2-LAMP

Positive 35(87.5) 0

Negative 5(12.5) 65 (100)
BI-LAMP

Positive 32 (80) 0

Negative 8 (20) 65 (100)
BI nested PCR

Positive 25 (62.5) 0

Negative 15 (37.5) 65 (100)
Total no. (%) 40 (100) 65 (100)

cation of 7. gondii DNA within 60 min at 65°C using the LAMP
assay (Fig. 1).

When pure tachyzoite DNA was used, the LAMP assays
(detection limit, 0.1 tachyzoite) were 10 times more sensitive
than the nested PCR (detection limit, 1 tachyzoite) for detec-
tion of T. gondii DNA. The high sensitivity of LAMP is due to
the four primers used in the reaction, which target six distinct
internal regions on the target DNA, and the autocycling am-
plification can produce very large amounts of DNA of various
sizes (29). These findings are comparable to those presented in
previous reports that the sensitivity of the LAMP method is
higher than that of the nested PCR for detection of protozoan
parasites such as Trypanosoma spp., Theileria spp., Babesia
spp., and T. gondii (1, 21, 34, 37). The LAMP assays and nested
PCR demonstrated sensitivities slightly better than those
shown by Zhang et al. (37), where the detection limits of PCR
and LAMP assay (targeted at the 200- to 300-fold repetitive
529 bp of T. gondii) were 10 tachyzoites and 1 tachyzoite,
respectively.

LAMP requires four primers, which amplify the target DNA
with high specificity. We confirmed the specificity of the LAMP
assays by screening different DNAs derived from parasites
which could be found in water samples (C. parvum) and blood
samples (7. brucei and T. canis) and from parasites phyloge-
netically close to Toxoplasma, like N. caninum. No cross-reac-
tivity with DNA samples of C. parvum, N. caninum, and T.
canis was seen.

Another advantage of LAMP is that the positive amplifica-
tions can be easily detected and distinguished from the nega-
tive amplifications without the need for gel electrophoresis.
This is done simply by observing the turbidity of the end prod-
uct in the tube. This is because LAMP assay produces magne-
sium pyrophosphate as a by-product which is visible as white
precipitation (28). LAMP products could be visualized with or
without addition of a DNA intercalating dye, SYBR green I, to
the product in the PCR tube (Fig. 2); this was done without the
need for gel electrophoresis, which greatly reduces the time
taken for result analysis. However, there is a high risk of
contamination, since the tubes have to be opened to add the
dye. To reduce the chances of contamination, gloves should be
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changed regularly and sterile pipetting techniques should be
applied. In the present study, amplification of the target se-
quence was double confirmed by sequence analysis.

Nested PCR, mostly targeted at the BI gene, was used to
detect T. gondii DNA in various biological samples with sen-
sitivities of between 6 and 60%, but specificities ranged from
75 to 100% (7, 15, 17, 33, 36). Cerebrospinal and ocular fluids
are the most common biological samples used in PCR (6, 12,
20, 23). However, Bou et al. (6) showed that PCR using blood
samples from patients with ocular toxoplasmosis produced re-
sults identical to those obtained with aqueous humor samples;
this can avoid all the complications resulting from the ocular
puncture. Thus, in this study, we evaluate the clinical sensitiv-
ities and specificities of the LAMP assays based on blood
samples and compare the results with those of conventional
nested PCR. The results of the LAMP assays show that they
have high sensitivities (80 to 87.5%) for detection of T. gondii
in blood samples. No false-positive results were obtained with
blood samples from healthy volunteers and patients with other
parasitic infections, so the specificity was 100%. Nested PCR
amplified DNA from 25 of the 40 positive blood samples,
representing 62.5% sensitivity (Table 2). Our results by nested
PCR were similar to those found by Angel et al. (58.8%) using
the same method with blood samples from patients with acute
toxoplasmic lymphadenopathy (ATL) (2). According to the
authors, the rate of detection increased to 76.4% by combining
the dot blot test and nested PCR for ATL patients (2). How-
ever, the diagnostic values of the LAMP assays were still su-
perior among all these tests for the detection of T. gondii DNA
(80 to 87.5%), at least in blood samples.

In conclusion, the LAMP assay is a promising new technique
which is simple, cheap, and rapid for diagnosis of active Toxo-
plasma infection using blood samples and which has a detec-
tion limit of the equivalent of 0.1 tachyzoite. Since the LAMP
assay and reading of results require minimum equipment, the
technique has great potential for use in countries where toxo-
plasmosis is endemic, like Malaysia, as an alternative to the
existing tests. This study also showed that preparation of DNA
template using FTA cards can be a better option for DNA
extraction in terms of the cheaper cost and shortening the
duration for preparation.
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