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Rapid and visual detection 
of Toxoplasma gondii oocyst 
in cat feces using loop‑mediated 
isothermal amplification (LAMP) 
assay
Lingwei Sheng 1, Qiqi Xue 2, Sijia Xu 1, Fang Can 3, Ning Yao 3, Minghui Zou 2, Qiao Teng 2, 
Yuanyuan Li 2, Saeed El‑Ashram 4,5, Yongsheng Ji 6* & Jinhong Zhao 2,7*

Toxoplasma gondii is an obligate parasitic protozoon that transmits to animals and humans via 
ingested food. Cats that act as T. gondii’s final hosts play a critical role in T. gondii transmission 
by shedding millions of oocysts. Timely diagnosis of infected cats is essential for preventing 
toxoplasmosis because oocysts are a putative T. gondii source in epidemiology. We developed a new 
visual LAMP assay targeting the B1 gene to analyze single oocysts in cat feces in this study. The 
amplification result could be visually estimated based on the color change. LAMP assay analytical 
sensitivity was  101 copies/µL for the B1 gene plasmid, which was tenfold better than the PCR reaction. 
There were no cross‑reactions with other parasites. The LAMP assay can detect a single T. gondii 
oocyst in 200 mg of cat feces. The LAMP assay detected a single oocyst in 200 mg cat feces at a higher 
rate than the PCR assay (83.3% vs. 50.0%).

Toxoplasma gondii, an obligate intracellular parasitic protozoon, is a global cause of food-borne zoonotic toxo-
plasmosis in humans and warm-blooded  animals1. Those with healthy immune systems often show no symptoms 
or mild flu-like ones. Parasites may cause serious problems, including encephalitis and pneumonia, in persons 
who don’t have functioning immune  systems2. Pregnant women infected with this protozoan parasite may 
have a premature delivery, abortion, teratosis, or stillbirth, and neonates may develop ocular and neurological 
 abnormalities3. T. gondii causes abortion, stillbirth, and deformities in sheep, pigs, and sows, resulting in major 
economic losses to the livestock  sector4–6.

Cats, as the final hosts in the life cycle of T. gondii, play a critical role in transmitting T. gondii to animals 
and humans by excreting millions of oocysts and contaminating the environment. In humans and animals, T. 
gondii infection is generally induced by consuming tissue cysts from infected animal tissues and oocysts through 
contaminated water, soil, plants, or  foods4,7,8. Oocysts discharged by stray and domestic cats are a source of T. 
gondii for people and animals in the epidemiology of this zoonotic parasite; consequently, rapid detection of 
infected cats is crucial to avoid the transmission of toxoplasmosis.

For decades, microscopy has been used to identify T. gondii oocysts in cat feces. Still, this method has low sen-
sitivity, is time-consuming, is easy to miscalculate, and needs to be more  accurate9. While serological assays are 
more sensitive than microscopy, the T. gondii antibody response often comes after the cat has finished excreting 
oocysts. It has some drawbacks, such as low sensitivity and the possibility of cross-reaction10. Various molecular 
biological methods, such as real-time PCR, nested PCR, and PCR, have gradually been introduced to diagnose 
T. gondii because of their higher sensitivity compared to  bioassays11,12. However, there are drawbacks, including 
the high cost, the necessity of costly laboratory equipment, and the inability to be used in field  conditions13. This 
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highlights the need to develop efficient, accurate, and practical diagnostic procedures for early toxoplasmosis 
screening, prevention, and control.

Loop-mediated isothermal amplification (LAMP) is a molecular assay for amplifying specific DNA 
 fragments14. LAMP has the advantages of being fast, specific, and sensitive, requiring only a thermostatic envi-
ronment to perform amplification for 1 h and then detect the target gene. LAMP has shown high sensitivity and 
specificity for detecting T. gondii13,15. To identify T. gondii in blood samples, Mirahmadi et al. established a LAMP 
test targeting the B1 gene and having a higher sensitivity than nested  PCR16. For the first time, Karakavuk et al. 
employed the LAMP assay to identify T. gondii in cat feces, assessing the amplified product through colorimetric 
and agarose electrophoresis. They revealed the LAMP test was just as sensitive as real-time  PCR11. However, 
whether a single oocyst can be detected using the LAMP assay in cat feces has yet to be reported. Therefore, this 
research aimed to establish a B1-targeted rapid LAMP assay to detect T. gondii oocysts in cat feces. To verify the 
effectiveness of the LAMP assay established for upcoming clinical use, we assessed its sensitivity and specificity 
for B1 gene-positive plasmids and various numbers of oocysts in cat feces.

Materials and methods
Ethics approval
All animal care and experimental procedures were approved by the Laboratory Animal Committee of Wannan 
Medical College (#LLSC-2022-240) and were carried out according to rules and procedures of China National 
Institutes of Health for use of laboratory animals and guide for care and use of animals. The Study was carried 
out following ARRIVE guidelines.

Collection of fecal samples and oocysts
The T. gondii Wh6 strain was isolated from the stray cat and routine preservation in our lab, the Department of 
Life Sciences and Medicine, University of Science and Technology of China. Female BALB/C mice infected with 
the T. gondii Wh6 strain had their brain tissue removed painlessly, gently crushed sterile to obtain a suspension 
in normal saline, and cysts were counted under a microscope. As described in our previous research, a healthy 
stray cat was given a suspension of brain tissue containing  cysts17. After infection with T. gondii, cats were housed 
individually in stainless steel cages with restricted access, and feces were collected daily for one week. Oocysts 
were purified using sucrose flotation and a 2%  H2SO4 suspension during oocyst shedding in  cats16.

Genomic template preparation and PCR amplification
The DNA of each parasite sample was extracted using the DNeasy Blood and Tissue Kit (Tiangen Biotechnol-
ogy Beijing Co., Ltd., Beijing, China) per the manufacturer’s directions. Fecal Kit extracted genomic DNA from 
feces (Tiangen Biotech Beijing Co., Ltd., Beijing, China). These DNA samples were stored at -20 ℃. Primers were 
used for B1 gene PCR amplification, F: 5′-GGG AGC AAG AGT TGG GAC TA-3′ and R: 5′-CAG ACA GCG AAC 
AGA ACA GA-3′18. The PCR reaction system included 12.5 µL Takara LA Taq (Takara Biotechnology Co., Ltd., 
Beijing, China), 1 µL F and R primers, 2 µL DNA template, and was replenished with  ddH2O to 25 µL. The PCR 
amplification was performed under the following conditions: 10 min of initial denaturation at 95 ℃; 40 cycles 
of 30 s at 95 ℃, 30 s at 56 ℃ and 30 s at 72 ℃; and a final elongation step at 72 ℃ for 10 min. The PCR product 
was analyzed with 2% agarose gel electrophoresis.

LAMP assay development
The B1 gene sequence of T. gondii (AF179871) was retrieved from the NCBI GenBank database to generate the B1 
gene-specific LAMP  primers13. Primer Explorer V4 software (http:// prime rexpl orer. jp/ lamp) was used to generate 
five different primers: an outer forward primer set (F3), an outer reverse primer set (B3), an inner forward primer 
set (FIP), an inner reverse primer set (BIP), and two loop primers (LF and LB). Each primer was commercially 
synthesized (Sangon Biotechnology Co., Ltd., Shanghai, China). The LAMP reaction was performed in a 25 µL 
reaction mixture by LAMP DNA Amplification Kit (Eiken Chemical Co., Ltd., Tochigi, Japan), including 12.5 
µL RM, 40 pmol FIP, 40 pmol BIP, 20 pmol LF, 20 pmol LB, 5 pmol F3, 5 pmol B3, 1 µL FDR (Fluorescent visual 
reagent), 1 µL Bst DNA polymerase, 2 µL template genomic DNA and replenished with  ddH2O. The LAMP reac-
tion was conducted in a Loopamp real-time turbidimeter (LA-500; Eiken Chemical Co., Ltd., Tochigi, Japan) at 
60–69 °C for 60 min, with 1 °C intervals. Finally, the reaction system was stopped by keeping the temperature at 
80 °C for 5 min to inactivate the polymerase. The LAMP products were assessed utilizing a real-time turbidity 
detector to reveal the positive curve. Furthermore, fluorescent detection reagent technique for visual inspection 
was also performed. The LAMP product changed in color from colorless to green for a positive reaction, while 
the color did not become green and maintained colorless in the negative reaction. The color change is visible 
with the naked eye under natural light without additional instruments.

LAMP assay specificity
To confirm the LAMP assay’s B1 gene-based specificity for T. gondii, the DNA samples of Digramma interrupta, 
Entamoeba coli, Vermivm terrestrium, Plasmodium vivax, Neospora caninum, Ascaris lumbricoides, Taenia solium, 
Schistosoma japonicum, and Trichinella spiralis were chosen as control templates for the LAMP reaction. The 
parasites were received from the Parasitology Department at Wannan Medical College. Furthermore, the T. gondii 
B1 gene-positive plasmid was chosen as the positive group and  ddH2O as the negative group.

http://primerexplorer.jp/lamp
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LAMP assay sensitivity
To assess T. gondii LAMP assay sensitivity using the B1 gene, the B1 gene-positive plasmid of T. gondii was serially 
diluted tenfold, from  103 copies to  10–2 copies. Similar to our prior investigation, a positive plasmid carrying a 
194 bp fragment of the B1 gene was  developed19. The amplification findings were examined using the Loopamp 
real-time turbidimeter’s turbidity graph and the color change of the reaction sample with the FDR.

LAMP‑based T. gondii oocyst detection
To confirm the LAMP assay established in this study, DNA was extracted from various numbers of T. gondii 
oocysts (1, 2, 3, 4, and 5 oocysts) utilizing a DNeasy Blood & Tissue Kit (Tiangen Biotech Beijing Co., Ltd., 
China), and the B1 gene was amplified using PCR and LAMP. The two approaches were used to assess these 
samples’ positive detection rate and detection efficiency. Simulated clinical samples of T. gondii-infected cat feces 
were used to confirm the effectiveness of the LAMP assay. Different numbers of T. gondii oocysts, including 1, 2, 
3, 4, and 5, were placed in 200 mg feces, and the DNA was extracted using the fecal kit (Tiangen Biotech Beijing 
Co., Ltd., Beijing, China). The standard of 200 mg feces was chosen because it was the maximum amount of fecal 
samples required by the fecal kit’s instructions. These DNA samples were amplified and analyzed using PCR and 
LAMP assays to determine their validity for detecting oocysts in cat feces.

Results and discussion
Oocysts in cat feces
T. gondii oocysts were observed under a microscope in cat feces after 4 days of infection with tissue cysts. The 
oocysts are subspherical to spherical and range in diameter from 8 to 12 µm. The oocyst wall was dense, allowing 
for little light transmission (Fig. 1A). Further PCR amplification and sequencing revealed that the T. gondii B1 
target gene could be successfully amplified with the expected size (194 bp) from these oocyst samples (Fig. 1B), 
and BLAST analyses confirmed that the nucleotide sequence obtained was consistent with the known B1 gene 
sequence of T. gondii in GenBank.

LAMP primers
The screening of primers was conducted with  103 copies/μL of B1-positive plasmid as the DNA template at 
60 °C using the Loopamp real-time turbidimeter. After 60 min, the LAMP reaction showed five distinct curves, 
showing that the five sets of primers had successfully amplified the target gene B1 in a specific manner. Because 
primer 1’s curve appeared the fastest and had the best peak shape, it was chosen as the most effective primer for 
amplifying the target B1 gene and was used for T. gondii detection in subsequent experiments (Fig. 2A, Table 1).

LAMP assay temperature
To optimize T. gondii B1 gene real-time LAMP assay reaction temperature, LAMP amplification was performed 
from 60 to 69 °C at intervals of 1 ℃ using the B1 positive plasmid  (103 copies/μL) as the template under the 
Loopamp real-time turbidimeter. We noticed that the best suitable reaction temperatures ranged from 60 to 
69 °C, with robust amplification curves lasting between 10 and 20 min. The turbidity curve shows that the most 
amplified products were made when the amplification reaction was run at 65 °C (Fig. 2B). Thus, the optimal 
reaction temperature for amplifying the T. gondii B1 gene was 65 °C.

LAMP assay specificity
The LAMP assay specificity was established employing other DNA samples, including Neospora caninum, 
Digramma interrupta, Schistosoma japonicum, Ascaris lumbricoides, Vermivm terrestrium, Plasmodium vivax, 
Taenia solium, Entamoeba coli, and Trichinella spiralis. The T. gondii B1 gene plasmid was used as a positive 
control, and  ddH2O was used as a negative control. Except for the B1 gene-positive plasmid of T. gondii, no 
positive turbidity curve was observed in any of the above control samples using the turbidity method (Fig. 3A). 
The FDR method produced the same results as the real-time turbidity detection method. Only the positive plas-
mid group showed a green color (Fig. 3B). These results showed that the developed LAMP assay had a higher 

Figure 1.  Identification of T. gondii oocysts. (A) Morphological characteristic of oocysts under 
400× microscope. (B) Gel electrophoresis for amplification of oocysts by PCR. The arrow shows the oocyst.
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specificity for detecting T. gondii and that the LAMP assay produced was not a cross-reaction to the DNA of the 
nine samples mentioned above, that is the primer 1 designed in the current study is specific and effective for the 
detection of T. gondii.

Figure 2.  T. gondii B1 gene LAMP primer screening. (A) Turbidimetric curves of five primer pairs were 
monitored by a Loopamp real-time turbidimeter at 400 nm. (B) Turbidimetric curves of the temperature 
gradient (60–69 ℃) were monitored by a Loopamp real-time turbidimeter at 400 nm. The abscissa is the 
reaction time in minutes, and the ordinate is the real-time turbidity. NC means negative control of  ddH2O.

Table 1.  Primer sequences of the LAMP assay for targeting the T. gondii B1 gene.

Primer name Primer sequence (5′-3′)

F3 GGG AGC AAG AGT TGG GAC TA

B3 CAG ACA GCG AAC AGA ACA GAA 

FIP CGC CTT TAG CAC ATC TGG TTC GAG ATG CTC AAA GTC GAC CGC 

BIP TAT CGC AAC GGA GTT CTT CCC AGG GCC TGA TAT TAC GAC GGA C

LF CTT CTT CTG CGG GTG CAT CT

Figure 3.  LAMP assay specificity for the T. gondii B1 gene. (A) real-time turbidity formation curves. The 
abscissa is the reaction time in min, and the ordinate is the real-time turbidity; (B) visible dye method for 
amplification by LAMP assay. PP means positive control of B1 positive plasmid, 1–9 means specific control 
samples, and NC means negative control of  ddH2O. “ + ” means positive reaction, “−” means negative reaction.
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LAMP assay sensitivity
Based on the turbidity curve, the established LAMP assay targeting the B1 gene has a minimum detectable 
concentration of  101 copies/μL for positive plasmids (Fig. S1). The direct FDR visual method yielded the same 
outcome (Fig. 4A). We further validated the protocol using PCR and noticed that the minimum detection limit of 
the PCR method for the B1 gene was  102 copies/μL. This allowed us to compare the LAMP amplification efficacy 
with traditional PCR (Fig. 4B). When traditional PCR was used as the reference assay, these results showed that 
the minimum detection limit of the LAMP assay was ten times higher than that of the PCR method. In a related 
study, LAMP tests targeting the T. gondii RE and B1 genes were 1000 and 100 times more sensitive than nested 
 PCR20. Other research has also found that T. gondii LAMP assays are more sensitive than PCR  methods11,21,22. 
Combined with the above specific analysis, the LAMP assays established in this study based on T. gondii B1 gene 
has good specificity and sensitivity for detecting T. gondii. As indicated in literature review, LAMP is considered 
to be one of the molecular diagnostic techniques, and it has proven to be highly sensitive and specific to detect 
T. gondii21.

T. gondii oocyst LAMP efficiency
The LAMP assay sensitivity targeting the B1 gene for detecting T. gondii oocysts was assessed. When detect-
ing different numbers of oocysts (5, 4, 3, 2, and 1) using the established LAMP assay, distinct turbidity curves 
appeared under the Loopamp real-time turbidimeter, even though a single oocyst was repeated six times to fur-
ther validate the LAMP assay’s efficiency (Fig.S1). The visual color method produced consistent results (Fig. 4C). 
These results illustrated the LAMP assay used in this investigation could detect a single oocyst, and the LAMP 
assay detection rate for a single oocyst is 100% (6/6), either the same detection rate of the traditional PCR (100%, 
6/6) (Fig. 4D). To further validated the efficiency and the LAMP assay sensitivity newly established in this study, 
different numbers of oocysts (5, 4, 3, 2 and 1) were put into 200 mg cat feces (without infected T. gondii) to simu-
late the clinical samples infected with T. gondii. LAMP assay target B1 gene clinical sensitivity was also a single 
oocyst in 200 mg cat feces. When a single oocyst in 200 mg cat feces was tested six times to further validate the 
LAMP assay’s efficiency, there were five positive results among six replicate groups, and the detection rate of a 
single oocyst in 200 mg feces by LAMP assay was 83.3% (5/6) (Fig. 4E). When traditional PCR was used as the 
reference method, the detection rate was 50% (3/6) (Fig. 4F).

Because of the large number of impurities and other substances in the cat fecal samples, the detection rate 
of LAMP and PCR decreased when detecting a single oocyst in cat fecal samples compared to a single oocyst, 
while the LAMP assay efficiency developed in this study was still better than PCR. This result also illustrate that 
LAMP assay was more sensitive than traditional PCR as the other  research21.

T. gondii DNA was examined in blood and tissue samples from various humans and animals, as well as envi-
ronmental water samples in some LAMP studies. Lalle et al. developed a LAMP method that detects T. gondii 
oocysts at concentrations as low as 25 oocysts per 50 g of ready-to-eat baby lettuce and five oocysts per mL of 
vegetable pellet suspension 23. In another study, 52 water samples were investigated utilizing LAMP, PCR, and 
the immunofluorescence test (IFT), and the T. gondii positive rate in these water samples was 48.1% (25/52), 
13.5% (7/52), and 0% (0/52), respectively, demonstrating LAMP as a highly sensitive assay for detecting T. gondii 
in water  samples24. In the current study, the LAMP assay can detect 1 oocyst per 200 mg of cat feces with the 
positive rate of 83.3% (5/6). These findings showed that LAMP assay protocol established in this study can be 
appropriate and optimal for detection of T. gondii infection in cat feces samples.

Figure 4.  LAMP and PCR assay sensitivities for the T. gondii B1 gene (A and B) and oocysts of T. gondii (C to 
F). “ + ” means positive reaction, “−” means negative reaction.
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Conclusion
In this study, we developed a novel visual LAMP assay targeting the B1 gene to evaluate a single oocyst in cat 
feces for the first time. Furthermore, we improved the visual LAMP assay’s accuracy for evaluating amplifica-
tion results with the naked eye versus the real-time turbidity detector. Which only needs an hour of operation 
in an isothermal environment, and the amplification effect is visible to the naked eye. Importantly, there is no 
need to remove the lid of the reaction tube to observe the results, and this can, to a certain degree, ovoid the 
aerosol pollution of the sample in LAMP amplification. The LAMP assay is more conducive to promotion and 
application in primary laboratories and on-site testing and has greater benefits for preventing the transmission 
of parasites from animals to humans.

Data availability
The datasets used and/or analysed during the current study available from the corresponding author on reason-
able request. The B1 gene sequence of T. gondii (AF179871) was retrieved from the NCBI GenBank database.
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