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ESTABLISHMENT OF TIME-RESOLVED FLUORESCENCE 
IMMUNOCHROMATOGRAPHIC METHOD  
FOR TOXOPLASMA GONDII DETECTION 

Toxoplasma gondii (T. gondii) is a parasitic zoonosis that causes abortion or congenital diseases. The 
purpose of this study is to establish a immunochromatographic assay (ICA) method using time-resolved 
fluorescence microspheres (TRFM) for T. gondii quantitative detection in serum.  

Firstly, we activated the TRFM and then coupled with anti-T. gondii antibodies (mAb1) and anti-
BSA-DNP antibodies to prepare the TRFM-mAb1 probes and TRFM-BSA-DNP probes. Then, we opti-
mized the coupling pH, T line antibody concentration, probes usage and detection time. Finally, we es-
tablished the T. gondii-TRFMICA method and assemble the T. gondii-TRFMICA kit, the standard curve, 
sensitivity, precision, specificity, clinical sensitivity and specificity were evaluated. 

Under the optimized conditions, the T. gondii-TRFMICA test was achieved within 20 min with the 
sensitivity 0.1 ng/mL. The recoveries were ranging from 100–110% with the intra-assay and inter-assay 
CV lower than 10%. The kits have detection specificity for positive serum of several common infectious 
diseases and some common serum components, and have high detection sensitivity and specificity in 
human and cat clinical samples. 

A TRFMICA kit for T. gondii quantitative detection was successfully prepared with high sensitivity, 
specificity, precision and clinical sensitivity and specificity. We recommend TRFMICA as a promising 
technique in the clinical diagnosis and monitoring of toxoplasmosis in human and animals. 
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РАЗРАБОТКА ФЛУОРЕСЦЕНТНОГО  
ИММУНОХРОМАТОГРАФИЧЕСКОГО МЕТОДА С ВРЕМЕННЫМ  

РАЗРЕШЕНИЕМ ДЛЯ ОБНАРУЖЕНИЯ TOXOPLASMA GONDII 
Toxoplasma gondii (T. gondii) – паразитарный зооноз, вызывающий выкидыши или некоторые 

врожденные заболевания. Целью данного исследования является разработка метода иммунохро-
матографического анализа (ICA) с использованием флуоресцентных микросфер с временным раз-
решением (TRFM) для количественного обнаружения T. gondii в сыворотке крови. 

Для исследования сначала активировали TRFM, а затем связали с антителами против T. gondii (mAb1) 
и антителами против BSA-DNP для приготовления зондов TRFM-mAb1 и зондов TRFM-BSA-DNP.  
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После оптимизировали pH, концентрацию антител Т-линии, использование зондов и время обна-
ружения. Наконец разработали метод T. gondii-TRFMICA и сформировали набор T. gondii-
TRFMICA, оценили линейность, чувствительность, прецизионность, специфичность, а также кли-
нические чувствительность и специфичность. 

При оптимальных условиях тест T. gondii-TRFMICA выполнялся в течение 20 мин с чувстви-
тельностью 0,1 нг/мл. Открываемость составляла от 100 до 110%, при этом внутрилабораторный 
и межлабораторный коэффициент вариации был ниже 10%. Наборы обладают специфичностью 
обнаружения нескольких распространенных инфекционных заболеваний в клинических образцах 
человека и кошек. 

Набор TRFMICA для количественного обнаружения T. gondii успешно создан и обладает вы-
сокой чувствительностью, специфичностью, прецизионностью, а также клиническими чувстви-
тельностью и специфичностью. Набор TRFMICA рекомендуем как перспективный метод клини-
ческой диагностики и мониторинга токсоплазмоза у человека и животных. 

Ключевые слова: Toxoplasma gondii, флуоресцентная микросфера с временным разрешением, 
иммунохроматографический анализ, паразит, зооноз. 
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Introduction. Toxoplasma gondii (T. gondii) 
is an obligate intracellular parasite that causes 
toxoplasmosis. As a parasitic zoonosis, it can 
cause abortion or congenital diseases in immuno-
compromised individuals and animals [1, 2]. Mo-
lecular, serology and bioassay analysis had con-
firmed the high prevalence of T. gondii infection 
in domestic or wild animals and human, and there 
is an important risk of human infection in con-
suming raw or undercooked sheep/lamb meat, un-
pasteurized milk and dairy products, and contact-
ing with domestic or wild feline feces [3, 4]. Tox-
oplasmosis constitutes a challenge for public 
health, animal production and welfare. However, 
only a limited drugs for T. gondii has been mar-
keted for clinical applications [3]. Accurate 
screening and early diagnosis are keys to 
T. gondii controlling. 

Up till now, molecular testing is the most accu-
rate and commonly adopted method, which requires 
sophisticated equipment with time-consuming pre-
treatment in laboratory [5]. In addition to classical 
screening, the establishment of more new test meth-
ods may become practical and convenient. Consid-
ering that the strip method is simple and conven-
ient for users, time-resolved fluorescence immuno-
chromatographic assay (TRFICA) has been widely 
used owing to higher sensitivity and stability [6, 7]. 
In this study, a Europium (Eu) nanosphere-based 
TRFICA for the rapid screening of T. gondii was 
developed, and it provides a favorable tool for clin-
ical diagnosis and monitoring of toxoplasmosis in 
human and animals. 

Main part. Toxoplasma lysate antigens (TLA) 
(mouse ascites) and its monoclonal antibodies pair 
(mAb1 and mAb2) were prepared in our own labor- 

atory. Time-resolved fluorescence microspheres 
(TRFM, particle size 200 nm) were purchased 
from Suzhou Vdo Biotech Co., Ltd. (#FT0200CA, 
China). Dinitrophenol (DNP)-BSA antigen 
(DNP-BSA) and its DNP monoclonal antibody 
came from Seebio. 1-(3-Dimethylaminyl)-3-eth-
ylenediamine hydrochloride (EDC) and N-hy-
droxysuccinimide (NHS) came from Beyotime 
and Acmec. Sample pad, bonding pad, nitrocellu-
lose (NC) membrane, absorbent paper and poly-
vinyl chloride (PVC) soleplate came from AUTO-
KUN. The healthy control serum and positive se-
rum samples of T. gondii, cryptosporidium, 
schistosome, canine distemper virus (CDV), ca-
nine parvovirus (CPV), chlamydia and brucella 
came from Guangzhou Center for Disease Control 
and Prevention, and South China Agricultural 
University. 

After classical EDC/NHS activation, the TRFM 
were coupled with mAb1 and then blocked by BSA 
to obtain TRFM-mAb1 probes. Briefly, after wash-
ing with 10 mM 2-(N-morpholine)-ethanesulfonic 
acid solution (pH 6.2), 35 μL EDC (10 mg/mL) and 
330 μL NHS (10 mg/mL) were added into the 
TRFM for activation, 37°C, 40 rmp/min, 15–30 min, 
in dark. After centrifugation, mAb1 was added and 
subjected to shaking coupling at 37°C for 2 h. After 
that, the TRFM was blocked in 1% BSA solution for 
1 h at 37°C. After centrifugation again, obtained the 
TRFM-mAb1 probes. The preparation steps of 
TRFM-BSA-DNP probes is the same as the above 
method. The prepared TRFM-mAb1 probes and 
TRFM-BSA-DNP probes were stored at 4°C in dark. 
The coupling pH was optimized. 

The NC membrane has a test line (T line) and a 
control line (C line), which were respectively coated 
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by mAb2 and DNP mAb. Coating was performed 
using the spraying platform at the spraying speed 
0.8 μL/cm. Sample pads were soaked in a 
buffer (12 mmol/L sodium tetraboric acid, 1% po- 
lyvinyl pyrrolidone (PVP), 0.3% sodium casein, 
1% Trition-X100, 0.05% ProClin 300, pH 7.8) 
for 2 h, and bonding pads were soaked in another 
buffer (60 mmol/L Na2HPO412H2O, 0.5% PVA, 
l% Trition-X100, 0.8% BSA, 0.05% ProClin 
300, pH 7.4) for 2 h. After coating or soaking, 
NC membranes, sample pads and bonding pads 
were dried in a 37°C air drying oven for 2 h, and 
then sealed and stored in a dry environment. The 
T line coating concentration of mAb2 was opti-
mized. 

The T. gondii-TRFMICA kit consist of 2 com-
ponents: card and probes tube. The sample pad, 
bonding pad, NC membrane, and absorbent paper 
are sequentially fixed on the PVC board, and cut 
into 3 mm wide strip, loaded into a plastic cartridge, 
to form the T. gondii-TRFMICA card. The probes 
tube contains freeze-dried TRFM-mAb1 probes and 
TRFM-BSA-DNP probes. The T. gondii-
TRFMICA kit stores in a dark and dry environment 
at room temperature. 

The reaction mode of T. gondii-TRFMICA is 
the double antibody sandwich method. The whole 
test procedure is simple and convenient: Take 50 μL 
sample and some probes, mix well and incubat for 
5 min, and then dripp into the sampling slot of the 
T. gondii-TRFMICA card. After that, insert the 
card into the card slot of the time resolved fluo-
rescence quantitative analyzer, the analyzer will 
automatically perform the test and print the test 
report. The concentration of T. gondii in sample 
was automatically obtained using the built-in 
standard curve. The probes usage and detection 
time was optimized. 

In order to improve the performance of T. 
gondii-TRFMICA, this study optimized the cou-
pling pH (5.5, 6.5, 7.5 and 8.5), T line antibody con-
centration (1.0, 1.5, 2.0 and 2.5 mg/mL), and probes 
usage (5.0, 8.0, 10.0 and 12.0 μL). The fluorescence 
intensity of T line (FT) and C line (FC) was rec-
orded. Fluorescence intensity as the left vertical axis, 
FT/FC as the right vertical axis, and the parameter 
to be optimized as the horizontal axis to determine 
the optimal conditions.  

Furthermore, we prepared the strips using the op-
timal conditions determined above. The 100 ng/mL 
TLA as the sample to perform the test, recorded the 
time (6, 9, 12, 15, 18, 21, 24, 27 and 30 min) and its 
corresponding fluorescence intensity. For determi-
nation of detection time a curve was drawn of fluo-
rescence intensity depending on detection time. 
Three replicates of each optimization. 

According to the optimal T. gondii-TRFMICA 
conditions and test procedure, 0, 0.1, 1.0, 10.0, 50.0, 

100.0 and 200.0 ng/mL series TLA were used to de-
termine the standard curve and sensitivity of this 
method, three replicates of each concentration. The 
concentration values of series TLA were plotted on 
the X-axis, and the mean values of fluorescence in-
tensity were plotted on the Y-axis, performed the 
linear fit and drawn the standard curve, and deter-
mined the sensitivity.  

Dilute TLA to 100.0, 10.0, and 1.0 ng/mL us-
ing normal human serum, and their fluorescence 
values were respectively measured by the one 
and three batches of kits to calculate the coeffi-
cient of variation (CV) and recovery. Three rep-
licates of each concentration. Recovery (%) = 
= (determined concentration – basal concentra-
tion) / spiked concentration × 100%. CV(%) = 
= SD / mean × 100%.  

The positive serum samples of T. gondii, cryp-
tosporidium, schistosome, CDV, CPV, chlamydia 
and brucella, and the common components in serum 
(C-reactive protein (hs-CRP), interleukin 6 (IL-6), 
tumor necrosis factor-α (TNF-α), hemoglobin, bili-
rubin, and cholesterol) were selected as sample to 
be tested by the T. gondii-TRFMICA kits for the 
specificity assay. 

8 clinical positive 15 clinical negative serum 
samples of human, 5 positive and 10 negative serum 
samples of cats were used for clinical samples eval-
uation. All serum samples were diluted 100-fold 
with 0.01 mol/L PBS, and then were tested by T. 
gondii-TRFMICA kits according to the “Test pro-
cedure”. Finally, recorded the fluorescence intensity 
and compared the differences in positive and nega-
tive samples. 

Data were statistically analyzed and graphed 
using GraphPad Prism 5 (GraphPad Software, 
USA). All results are presented as the mean or 
mean ±SD. 

The optimal results of coupling pH, T line anti-
body (mAb2) concentration, probes usage and de-
tection time were shown in Fig. 1. 

As the coupling pH increased from 5.5 to 6.5, 
FT/FC increased. At pH = 6.5, FT/FC value reached 
the maximum, indicating that pH = 6.5 is the opti-
mal coupling pH. For mAb2 T line concentration, as 
the concentration increased from 1.0 to 1.5 mg/mL, 
FT/FC increased and reached the maximum, which 
indicates 1.5 mg/mL is the optimal concentration of 
mAb2. 8.0 μL is the optimal probes usage for T. 
gondii-TRFMICA detection. As the detection time 
gradually increased, FT/FC increased. When the 
time increased to 15 min, the FT/FC value reached 
the maximum, and the FT/FC value remained al-
most unchanged after 15 min. Overall, the optimal 
conditions for T. gondii-TRFMICA method: cou-
pling pH 6.5, T line antibody (mAb2) concentration 
1.5 mg/mL, probes volume 8.0 μL and detection 
time 15 min. 
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Fig. 1. Optimization conditions of T. gondii-TRFMICA method 

 
The standard curve of T. gondii-TRFMICA kits 

is presented in Fig. 2. Curves equation is:  
y = 0.0138x + 0.1887 (R2 = 0.971), 

the curve exhibit a well-defined linear relationships 
in a wide concentration ranges (0–200 ng/mL). The 
sensitivity by naked eyes was 0.1 ng/mL. 

 

Fig. 2. The standard curve  
of the T. gondii-TRFMICA kits 

 
As shown in Table 1, in intra-array testing, the 

CV was ranging from 1.54 to 4.04%, and the recov-
ery ranged from 103.83 to 108.00%. In inter-array 
testing, the CV was ranging from 4.74 to 6.71%, and 
the recovery ranged from 105.67 to 108.40%. All 
CVs of the intra- and inter-array in three TLA con-
centration levels were below 10%, and recovery was 

between 100–110%. The precision of T. gondii-
TRFMICA kits was high enough and meet the re-
quirements of clinical immunoassays. 

 
Precision results 

 

TLA con-
centration 
(ng/mL) 

mean ± SD Recovery 
(%) 

CV 
(%) 

Intra-
array 
(n = 3) 

100 103.83 ± 1.59 103.83 1.54 
10 10.80 ± 0.44 108.00 4.04 
1 1.07 ± 0.030 107.00 2.80 

Inter- 
array 
(n = 3) 

100 108.40 ± 5.52 108.40 5.09 
10 10.83 ± 0.51 108.33 4.74 
1 1.06 ± 0.071 105.67 6.71 

 
As shown in Fig. 3, for the three dilutions of 

cryptosporidium, CDV, CPV, chlamydia and bru-
cella samples (1:10, 1:100 and 1:200 dilution), the 
test results were consistent with those of the 
0 ng/mL blank samples. 

For the three concentrations of hs-CRP, IL-6, 
TNF-α, hemoglobin, bilirubin, and cholesterol sam-
ples (500, 100 and 10 ng/mL), the test results were 
also consistent with those of the 0 ng/mL blank sam-
ples. Meanwhile, the test results of 0 ng/mL samples 
were significantly lower than those of T. gondii pos-
itive serum samples. Therefore, this T. gondii-
TRFMICA kit is a specific detection method for 
T. gondii. 
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Fig. 3. Specificity results of the T. gondii-TRFMICA kits 

 
Serum samples were collected to evaluate the 

clinical application of T. gondii-TRFMICA kits in 
human and animals. The results showed that the 
fluorescence intensity of positive samples were 
significantly higher than that of negative samples 

(Fig. 4, a), and there was a significant statistical differ-
ence between positive and negative samples (Fig. 4, b), 
indicating that the T. gondii-TRFMICA kits had 
high detection sensitivity and specificity in human 
and cat.

 

 

Fig. 4. Testing results of clinical samples:  
a – fluorescence intensity of positive samples (human 8, cat 5) and negative samples (human 15, cat 10);  

b – statistical comparison of fluorescence intensity between positive and negative samples 
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Toxoplasmosis is a globally parasitic protozoan 
disease. According to estimates, one in three people 
have been exposed to toxoplasmosis, and the inci-
dence is likely substantially underestimated world-
wide due to the incomplete screening [8, 9]. Alt-
hough the T. gondii infection is generally asympto-
matic for most adults, but it may induce severe 
complications in women with early pregnancy [10]. 
Pregnant women with toxoplasmosis has the risk of 
miscarriage, early delivery, stunted growth, or con-
genital anomalies [11, 12]. In countries with devel-
oped animal husbandry, T. gondii infection is more 
severe. A clinical study from Turkey pointed out 
that the prevalence of toxoplasmosis in pregnant 
women was 46.2%, the rate of acute toxoplasma in-
fection was 4%, and the total mother-to-child trans-
mission rate was 5% (5/101) [13]. At present, toxo-
plasmosis can be diagnosed by various methods, in-
cluding antibody detection using serological testing 
and DNA determination by PCR [14]. Serological 
testing (mostly ELISA antibody testing) is consid-
ered the most practical method for diagnosing T. 
gondii [15], but the false-positive or false-negative 
results often trouble testers [16, 17]. 

Currently, new methods for diagnosing T. 
gondii are constantly being developed. Aly et al. de-
veloped a nano-gold ELISA, that had a significant 
improvement in diagnosis than the traditional ELISA 
method (higher specificity and sensitivity) [18]. Con-
sidering that the strip methods are simple and con- 

venient, immunochromatographic method has been 
widely applied in various diseases diagnosis. Fur-
ther, TRFMICA that combine quantification, sensi-
tivity, and stability have become a more promising 
approach. Compared with traditional immunochro-
matographic methods, the performance of 
TRFMICA has been improved owing to about 103 
times amplification and detection signal stability 
[19, 20]. In this study, we attempted to establish 
a sensitive TRFMICA method for T. gondii anti-
gen quantitative detection. Results showed the 
T. gondii-TRFMICA kits has high sensitivity 
(0.1 ng/mL) and high specificity, the recoveries 
ranged from 100–110% and the intra-assay and in-
ter-assay CV lower than 10%, and have high detec-
tion sensitivity and specificity in human and cat 
clinical samples. 

Conclusion. A rapid (20 min), simple, and sen-
sitive TRFMICA method was preliminary estab-
lished, the prepared T. gondii-TRFMICA kits can be 
adopted for T. gondii TLA quantitative detection, 
with high sensitivity, specificity, precision and 
clinical sensitivity and specificity. The T. gondii-
TRFMICA kits prepared in this study is more con-
venient and fast than the traditional ELISA, and can 
achieve quantitative detection compared with tra-
ditional immunochromatographic methods. This 
study provides a favorable tool for clinical diag-
nosis and monitoring of toxoplasmosis in human 
and animals. 

Reference 
1. Mamaghani A. J., Fathollahi A., Arab-Mazar Z., Kohansal K., Fathollahi M., Spotin A., Bashiri H., 

Bozorgomid A. Toxoplasma gondii vaccine candidates: a concise review. Ir. J. Med. Sci., 2023, vol. 192, no. 1, 
pp. 231–261. DOI: 10.1007/s11845-022-02998-9.  

2. Caceres A., Caceres-Alan A., Caceres-Alan T. Toxoplasma gondii infections in pediatric neurosurgery. 
Childs Nerv. Syst., 2023 Mar. DOI: 10.1007/s00381-023-05915-2.  

3. Müller J., Hemphill A. Toxoplasma gondii infection: novel emerging therapeutic targets. Expert Opin. 
Ther. Targets, 2023, vol. 27, no. 4–5, pp. 293–304. DOI: 10.1080/14728222.2023.2217353.  

4. Paștiu A. I., Mircean V., Mercier A., Passebosc-Faure K., Plault N., Dardé M. L., Blaga R., Villena I., 
Pusta D. L., Cozma-Petruț A., Györke A. Toxoplasma gondii infection in sheep from Romania. Parasits and 
Vectors, 2023, vol. 16, no. 1, pp. 1–12. DOI: 10.1186/s13071-022-05634-8.  

5. Truong M., Šlapeta J. Analytical sensitivity of a multiplex quantitative PCR for Toxoplasma gondii and 
Neospora caninum. Parasitol Res., 2023, vol. 122, no. 4, pp. 1043–1047. DOI: 10.1007/s00436-023-07796-5.  

6. Wang J., Wang L., Zhang H., Mei X., Qiu L., Liu J., Zhou Y. Development of a time-resolved immu-
nochromatographic strip for rapid and quantitative determination of deoxynivalenol. Front Vet. Sci., 2023, 
vol. 10, pp. 1–10. DOI: 10.3389/fvets.2023.1142820.  

7. Wang Y., Chen Q., Wang Y., Tu F., Chen X., Li J., Liu Z. A time-resolved fluorescent microsphere-
lateral flow immunoassay strip assay with image visual analysis for quantitative detection of Helicobacter 
pylori in saliva. Talanta, 2023, vol. 256, art. 124317. DOI: 10.1016/j.talanta.2023.124317. 

8. Milne G. C., Webster J. P., Walker M. Is the incidence of congenital toxoplasmosis declining? Trends 
Parasitol., 2023, vol. 39, no. 1, pp. 26–37. DOI: 10.1016/j.pt.2022.10.003.  

9. Gelaye W., Kebede T., Hailu A. High prevalence of anti-toxoplasma antibodies and absence of Tox-
oplasma gondii infection risk factors among pregnant women attending routine antenatal care in two Hospi-
tals of Addis Ababa, Ethiopia. Int. J. Infect. Dis., 2015, vol. 34, pp. 41–45. DOI: 10.1016/j.ijid.2015.03.005.  

10. Kota A. S., Shabbir N. Congenital Toxoplasmosis. StatPearls. Treasure Island (FL): StatPearls Pub-
lishing, 2023. PMID: 31424812.  

11. El-Sayad M. H., Salem A. I., Fazary H., Alzainny H. N., Abd El-Latif N. F. Detection of toxoplas-
mosis in aborted women in Alexandria, Egypt using ELISA and PCR. J. Parasit. Dis., 2021, vol. 45, no. 2, 
pp. 539–545. DOI: 10.1007/s12639-020-01327-0.  



L. Li, H. Liang, S. Zhong, C. Chen, V. N. Leont’yev, I. V. Voitau 109 

Òðóäû ÁÃÒÓ   Ñåðèÿ 2   № 1   2024 

12. Onyinye N. P., Ikechukwu M., Chinedu N., Chukwuanugo N. O., Nnamdi C. O. I., Nne A. C. Recent 
and past toxoplasmosis infections, associated factors, and awareness among pregnant women in Nigeria. 
SAGE Open Med., 2023, vol. 11, pp. 1–8. DOI: 10.1177/20503121231202230.  

13. Damar Çakırca T., Can İ. N., Deniz M., Torun A., Akçabay Ç., Güzelçiçek A. Toxoplasmosis: a 
timeless challenge for pregnancy. Trop. Med. Infect. Dis., 2023, vol. 8, no. 1, pp. 1–10. DOI: 
10.3390/tropicalmed8010063.  

14. Souza I. M. F. N. B., Siqueira V. D. S., Ribeiro I. D. C., Moraes L. S. P., Prado D. P. G. D., Rezende S. R., 
Costa W. L. G. D., Rezende H. H. A. Molecular and serological diagnosis of toxoplasmosis: a systematic review 
and meta-analysis. Rev. Inst. Med. Trop. Sao Paulo, 2023, vol. 65, pp. 1–8. DOI: 10.1590/S1678-9946202365019. 

15. Holec-Gąsior L., Sołowińska K. Detection of Toxoplasma gondii infection in small ruminants: old 
problems, and current solutions. Animals (Basel), 2023, vol. 13, no. 17, pp. 1–20. DOI: 10.3390/ani13172696.  

16. Piergili Fioretti D. Problems and limitations of conventional and innovative methods for the diagnosis of Tox-
oplasmosis in humans and animals. Parassitologia [Parasitology], 2004, vol. 46, no. 1–2, pp. 177–181 (In Italian). 

17. Zhang K., Lin G., Han Y., Li J. Serological diagnosis of toxoplasmosis and standardization. Clin. 
Chim. Acta, 2016, vol. 461, pp. 83–89. DOI: 10.1016/j.cca.2016.07.018.  

18. Aly N. S. M., Kim H. S., Marei Y. M., Elhamshary A. S., Bayoumi I. R., Omar R. E., Mohammed 
D. A., Miyoshi S. I., Rashed G. A. Diagnosis of Toxoplasmosis using Surface Antigen Grade 1 Detection by 
ELISA, Nano-Gold ELISA, and PCR in pregnant women. Int. J. Nanomedicine, 2023, vol. 18, pp. 1335–
1345. DOI: 10.2147/IJN.S401876. 

19. Yuan D., Li S., Zhang L., Ma F., Wang H., Zhang Q., Li P. Rapid and sensitive quantification of 
capsaicinoids for edible oil adulteration by immunomagnetic solid-phase extraction coupled with time-re-
solved fluorescent immunochromatographic assay. Food Chem., 2023, vol. 404, part A, art. 134552. DOI: 
10.1016/j.foodchem.2022.134552.  

20. Zou M., Yin Y., Guo L., Zhang Q., Li J., Zhang H., Song Q., Li Z., Wang L., Ao X., Liang X.  
A europium nanosphere-based time-resolved fluorescent immunochromatographic assay for the rapid 
screening of 4,4'-dinitrocarbanilide: aiming at improving strip method performance. Biosensors (Basel), 
2023, vol. 13, no. 5, pp. 1–12. DOI: 10.3390/bios13050518.  

Список литературы 
1. Toxoplasma gondii vaccine candidates: a concise review / A. J. Mamaghani [et al.] // Ir. J. Med. Sci. 

2023. Vol. 192, no. 1. P. 231–261. DOI: 10.1007/s11845-022-02998-9.  
2. Caceres A., Caceres-Alan A., Caceres-Alan T. Toxoplasma gondii infections in pediatric neurosur-

gery // Childs Nerv. Syst. 2023. DOI: 10.1007/s00381-023-05915-2.  
3. Müller J., Hemphill A. Toxoplasma gondii infection: novel emerging therapeutic targets // Expert Opin. 

Ther. Targets. 2023. Vol. 27, no. 4–5. P. 293–304. DOI: 10.1080/14728222.2023.2217353.  
4. Toxoplasma gondii infection in sheep from Romania / A. I. Paștiu [et al.] // Parasits and Vectors. 2023. 

Vol. 16, no. 1. P. 1–12. DOI: 10.1186/s13071-022-05634-8.  
5. Truong M., Šlapeta J. Analytical sensitivity of a multiplex quantitative PCR for Toxoplasma gondii and 

Neospora caninum // Parasitol Res. 2023. Vol. 122, no. 4. P. 1043–1047. DOI: 10.1007/s00436-023-07796-5.  
6. Development of a time-resolved immunochromatographic strip for rapid and quantitative determination of 

deoxynivalenol / J. Wang [et al.] // Front Vet. Sci. 2023. Vol. 10. P. 1–10. DOI: 10.3389/fvets.2023.1142820.  
7. A time-resolved fluorescent microsphere-lateral flow immunoassay strip assay with image visual anal-

ysis for quantitative detection of Helicobacter pylori in saliva / Y. Wang [et al.] // Talanta. 2023. Vol. 256. 
Art. 124317. DOI: 10.1016/j.talanta.2023.124317. 

8. Milne G. C., Webster J. P., Walker M. Is the incidence of congenital toxoplasmosis declining? // 
Trends Parasitol. 2023. Vol. 39, no. 1. P. 26–37. DOI: 10.1016/j.pt.2022.10.003.  

9. Gelaye W., Kebede T., Hailu A. High prevalence of anti-toxoplasma antibodies and absence of Tox-
oplasma gondii infection risk factors among pregnant women attending routine antenatal care in two Hospi-
tals of Addis Ababa, Ethiopia // Int. J. Infect. Dis. 2015. Vol. 34. P. 41–45. DOI: 10.1016/j.ijid.2015.03.005.  

10. Kota A. S., Shabbir N. Congenital Toxoplasmosis. 2023 // StatPearls. Treasure Island (FL): 
StatPearls Publishing, 2023. PMID: 31424812.  

11. Detection of toxoplasmosis in aborted women in Alexandria, Egypt using ELISA and PCR / M. H. El-
Sayad [et al.] // J. Parasit. Dis. 2021. Vol. 45, no. 2. P. 539–545. DOI: 10.1007/s12639-020-01327-0.  

12. Recent and past toxoplasmosis infections, associated factors, and awareness among pregnant women in 
Nigeria / N. P. Onyinye [et al.] // SAGE Open Med. 2023. Vol. 11. P. 1–8. DOI: 10.1177/20503121231202230.  

13. Toxoplasmosis: a timeless challenge for pregnancy / T. Damar Çakırca [et al.] // Trop. Med. 
Infect. Dis. 2023. Vol. 8, no. 1. P. 1–10. DOI: 10.3390/tropicalmed8010063.  

14. Molecular and serological diagnosis of toxoplasmosis: a systematic review and meta-analysis / I. M. F. N. 
B. Souza [et al.] // Rev. Inst. Med. Trop. Sao Paulo. 2023. Vol. 65. P. 1–8. DOI: 10.1590/S1678-9946202365019. 



110 Establishment of time-resolved fluorescence immunochromatographic method for Toxoplasma gondii detection 

Òðóäû ÁÃÒÓ   Ñåðèÿ 2   № 1   2024 

15. Holec-Gąsior L., Sołowińska K. Detection of Toxoplasma gondii infection in small ruminants: old prob-
lems, and current solutions // Animals (Basel). 2023. Vol. 13, no. 17. P. 1–20. DOI: 10.3390/ani13172696.  

16. Piergili Fioretti D. Problematiche e limiti dei metodi convenzionali ed innovativi nella diagnosi di 
Toxoplasmosi nell'uomo e negli animali // Parassitologia. 2004. Vol. 46, no. 1–2. P. 177–181. 

17. Serological diagnosis of toxoplasmosis and standardization / K. Zhang [et al.] // Clin. Chim. Acta. 
2016. Vol. 461. P. 83–89. DOI: 10.1016/j.cca.2016.07.018.  

18. Diagnosis of Toxoplasmosis Using Surface Antigen Grade 1 Detection by ELISA, Nano-Gold 
ELISA, and PCR in Pregnant Women / N. S. M. Aly [et al.] // Int. J. Nanomedicine. 2023. Vol. 18. P. 1335–
1345. DOI: 10.2147/IJN.S401876. 

19. Rapid and sensitive quantification of capsaicinoids for edible oil adulteration by immunomagnetic solid-
phase extraction coupled with time-resolved fluorescent immunochromatographic assay / D. Yuan [et al.] // Food 
Chem. 2023. Vol. 404, part A. Art. 134552. DOI: 10.1016/j.foodchem.2022.134552.  

20. A europium nanosphere-based time-resolved fluorescent immunochromatographic assay for the 
rapid screening of 4,4'-dinitrocarbanilide: aiming at improving strip method performance / M. Zou [et al.] // 
Biosensors (Basel). 2023. Vol. 13, no. 5. P. 1–12. DOI: 10.3390/bios13050518.  

Information about the authors 
Li Laiqing – bachelor, engineer, chairman. Guangzhou Youdi Bio-technology Co., Ltd. (3, Juquan Road, 

Huangpu District, 510663, Guangzhou, People’s Republic of China). E-mail: lilaiqing191@163.com 
Liang Huankun – bachelor, assistant engineer, quality manager. Guangzhou Youdi Bio-technology Co., Ltd. 

(3, Juquan Road, Huangpu District, 510663, Guangzhou, People’s Republic of China). E-mail: 605712026@qq.com 
Zhong Shuhai – bachelor, assistant engineer, R&D supervisor. Guangzhou Youdi Bio-technology Co., Ltd. 

(3, Juquan Road, Huangpu District, 510663, Guangzhou, People’s Republic of China). E-mail: 1627840617@qq.com 
Chen Cuicui – master, engineer, project manager. Guangzhou Youdi Bio-technology Co., Ltd. (3, Juquan 

Road, Huangpu District, 510663, Guangzhou, People’s Republic of China). E-mail: 285020003@qq.com 
Leont’yev Viktor Nikolayevich – PhD (Chemistry), Associate Professor, Head of the Department of 

Biotechnology. Belarusian State Technological University (13a, Sverdlova str., 220006, Minsk, Republic of 
Belarus). E-mail: leontiev@belstu.by 

Voitau Ihar Vital’evich – DSc (Engineering), Professor, Rector. Belarusian State Technological Uni-
versity (13a, Sverdlova str., 220006, Minsk, Republic of Belarus). E-mail: voitov100@mail.ru 

Информация об авторах 
Ли Лайцин – бакалавр, инженер, председатель. Компания Guangzhou Youdi Bio-technology Co., 

Ltd. (510663, Гуанчжоу, р-н Хуанпу, ул. Цзюцюань-роуд, 3, Китайская Народная Республика). E-mail: 
lilaiqing191@163.com 

Лян Хуанькунь – бакалавр, помощник инженера, менеджер по качеству. Компания Guangzhou 
Youdi Bio-technology Co., Ltd. (510663, Гуанчжоу, р-н Хуанпу, ул. Цзюцюань-роуд, 3, Китайская 
Народная Республика). E-mail: 605712026@qq.com 

Чжун Шухай – бакалавр, помощник инженера, руководитель исследований и разработок. Компа-
ния Guangzhou Youdi Bio-technology Co., Ltd. (510663, Гуанчжоу, р-н Хуанпу, ул. Цзюцюань-роуд, 3, 
Китайская Народная Республика). E-mail: 1627840617@qq.com 

Чен Цыкуй – мастер, инженер, руководитель проекта. Компания Guangzhou Youdi Bio-technology 
Co., Ltd. (510663, Гуанчжоу, р-н Хуанпу, ул. Цзюцюань-роуд, 3, Китайская Народная Республика). 
E-mail: 285020003@qq.com 

Леонтьев Виктор Николаевич – кандидат химических наук, доцент, заведующий кафедрой био-
технологии. Белорусский государственный технологический университет (220006, г. Минск, 
ул. Свердлова, 13а, Республика Беларусь). E-mail: leontiev@belstu.by 

Войтов Игорь Витальевич – доктор технических наук, профессор, ректор. Белорусский госу-
дарственный технологический университет (220006, г. Минск, ул. Свердлова, 13а, Республика Бела-
русь). E-mail: voitov100@mail.ru 

Поступила 09.11.2023 
 
 
 
 
 
 


