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Abstract  
Coronavirus disease 2019 (COVID-19) is an acute respiratory system disorder caused by the SARS-CoV-2 (Severe 

acute respiratory syndrome coronavirus 2). The gold standard detection method is RT-qPCR (reverse transcription-

quantitative polymerase chain reaction). The weaknesses of the RT-qPCR method are the long detection time and 

nasopharyngeal swab sampling causing discomfort to the patient. An alternative method for detecting the SARS-CoV-

2 virus is colorimetric saliva-based RT-LAMP (reverse transcription loop-mediated isothermal amplification). The 

purpose of this study was to determine the ability of the RT-LAMP saliva based colorimetric method using a thermal 

cycler as an alternative for detecting SARS-CoV-2 in Indonesia. This study used the Indonesian SARS-CoV-2 primary 

design. The samples used positive and negative COVID-19 saliva based on the results of the RT-qPCR test from the 

PKU Muhammadiyah Yogyakarta Hospital. The stages of the research included optimizing the RT-LAMP conditions, 

and taking saliva samples followed by visualizing the results by colorimetric and electrophoresis. Colorimetric testing 

was carried out with the addition of phenol red and the color change from pink to yellow was observed. The results 

showed that the RT-LAMP could run optimally at 65°C for 45 minutes. The colorimetric RT-LAMP test in this study 

was ineffective because it couldn’t detect positive samples compared to electrophoresis results. Factors causing this 

included the small number of amplicons, incompatible RT-LAMP reagents used for the colorimetric method using 

phenol red, and phenol red which cannot work optimally, requiring more suitable pH indicator. Further research needs 

to be carried out by replacing other visualization methods.  
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1. Introduction  

Coronavirus disease 2019 (COVID-19) is an acute respiratory system disorder caused by the Severe 

Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) virus (WHO, 2020). The SARS-CoV-2 virus 

was first discovered in Wuhan City, China, in late December 2019 and spread to countries worldwide. 

Typical clinical symptoms of COVID-19 patients are fever, dry cough, difficulty breathing, headache, and 

pneumonia (Wyllie et al., 2020). As of August 2, 2022, the number of positive confirmed cases of COVID-

19 in the world has amounted to 572,239,451, with a death rate of 6,390,401. Meanwhile, the number of 

positive confirmed cases of COVID-19 in Indonesia is 6,210,794, and the death rate is 157,004 (COVID 

Task Force, 2022).  Coronavirus is a positive single-stranded RNA virus. SARS-CoV-2 has a genome size 

of about 30 kb (Wu et al., 2022). Transmission of the SARS-CoV-2 virus can occur through droplets when 

a person comes into close contact within 1 meter with an individual experiencing respiratory symptoms 

such as coughing or sneezing. One of the transmission media of SARS-CoV-2 is salivary droplets produced 

by breathing, talking, and sneezing (Guna, 2020).  
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Since its appearance, SARS-CoV-2 has continued to undergo mutations. Based on the increase in 

transmission, virulence, and the ability to avoid immunity formed from vaccination, several variants are 

classified as variants of concern (VOCs), including the alpha variant (Iacobucci, 2021), the beta variant 

(Tegally et al., 2020), the gamma variant (Faria et al., 2021), the delta variant (Wall et al., 2021), and the 

omicron variant (Torjesen, 2021). The mutations produced by the SARS-CoV-2 virus make its transmission 

faster, so it requires a fast detection method to prevent the transmission of the variant. The standard gold 

method for the detection of SARS-CoV-2 is RT-qPCR. However, this method takes 24 hours until the 

results of diagnosis and sampling are released through a nasopharyngeal swab that causes discomfort and 

can potentially cause cross-infection of medical personnel (Leber et al., 2021; Wyllie et al., 2020). 

Alternative samples that can be used for the detection of SARS-CoV-2 are saliva (Xu et al., 2020). Saliva 

samples have often been used before to detect the presence of viruses that cause infectious diseases such as 

HIV, Ebola, and rabies (Corstjens et al., 2016). 

Loop-mediated Isothermal Amplification (LAMP) is a rapid DNA amplification technology applied 

to detect pathogens such as viruses, bacteria, and malaria (Thai et al., 2004). The LAMP method uses 4 or 

6 primers to bind to six target DNA regions and has high specificity. The LAMP reaction generally takes 

place at a constant temperature of 65°C, and the target DNA can be amplified within 30 minutes, so the 

tool used with this method is more straightforward. The development of the LAMP method is the Reverse 

Transcription Loop-mediated Isothermal Amplification (RT-LAMP) method. 

RT-LAMP products can be analyzed through various means, such as conventional DNA-intercalating 

dyes, agarose gel electrophoresis, real-time fluorescence, and luminescence. In addition, RT-LAMP test 

results can be observed with color changes (colorimetry) using pH indicators such as phenol red, cresol red, 

neutral red, and m-cresol purple (Tanner et al., 2015). This is because pyrophosphates and protons are 

produced during the DNA polymerization process after the incorporation of deoxynucleotide triphosphates 

(Amaral et al., 2021). RT-LAMP is colorimetrically a detection method that does not require expensive 

tools to observe results and faster observation times. Therefore, this study aims to determine the ability of 

the RT-LAMP colorimetric method as an alternative to covid-19 detection in Indonesia. 

 

 

2. Research Methods  

This research uses experimental methods that are carried out on a laboratory scale. This test was carried 

out using saliva samples from positive and negative COVID-19 patients from PKU Muhammadiyah 

Hospital, Yogyakarta City.  

 

 

2.1. RT-LAMP Primer Preparation  

This study uses the Indonesian SARS-CoV-2 primer design. Primary preparation begins with the 

manufacture of 100μM primary stock. The composition of the primary dilution of 50x the reaction can be 

seen in Table 1. Each primer is inserted into a microtube, then a 90μl TE buffer and vortex are added. Stocks 

of primers and ready-mix primers are stored in freezers. 
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Table 1. The composition of the primary dilution of 50x the reaction 

Prime Concentration per Reaction Volume per Reaction 

F3 2.0µM 2.5µl 

B3 2.0µM 2.5µl 

FIP 8.0µM 10.0µl 

BIP 8.0µM 10.0µl 

LoopF 4.0µM 5.0µl 

LoopB 4.0µM 5.0µl 

 

 

2.2. RT-LAMP Temperature and Time Optimization  

RT-LAMP optimization uses positive control of the SARS-CoV-2 RdRp gene with a concentration of 

0.1ng. 15μl RT Isothermal Master Mix ISO-DR004-RT100 (Opti Gene) reagent, 2.5μl primer mix, and 

2.5μl NFW, inserted into a microtube and then vortex. The reagent was transferred to the PCR tube, and 

then a positive control of the RdRp gene was added by five μl and then spin down it. Furthermore, the RT-

LAMP test was carried out using a thermal cycler at a temperature of 65°C with a time variation of 10 

minutes, 20 minutes, 30 minutes, 45 minutes, and 60 minutes. After that, visualize the test results using 

electrophoresis.  

 

 

2.3. Saliva Sampling  

Saliva sampling will be carried out from 12–17 September 2022. The saliva sampling technique in this 

study was purposive sampling. The samples used are patients who have received COVID-19 detection 

results based on the RT-qPCR test. The number of saliva samples obtained was three positive and two 

negative COVID-19 examples. Before sampling, the patient fills in the informed consent that has been 

prepared. Selection is made using the patient being asked not to eat or drink for 30 minutes and then spitting 

saliva in a sterile urine cup (Landry et al., 2020). After that, the saliva sample is stored in the refrigerator at 

4°C while preparing for the heat inactivation stage.  

 

 

2.4. Heat inactivation Saliva Samples  

Heat inactivation of saliva samples is carried out directly on the same day after sampling. Saliva 

samples were taken from the refrigerator and diluted using a sterile Phosphate buffered saline (PBS) 

solution with a concentration of 1:2 (Matic et al., 2021). Saliva samples were taken as much as 0.2 mL 

using sterile syringes. Then it is inserted into a microtube containing a 0.4mL PBS solution. Then heat 

inactivation is carried out using a heating block at a temperature of 95°C for 10 minutes (Yang et al., 2021). 

Furthermore, saliva samples were stored at -80°C inside the freezer.  
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2.5. RT-LAMP Test  

Master Mix Reagent of 15μl, primer mix of 2.5μl, and NFW of 2.5μl are inserted into micro tubes and 

then vortexed. Then the reagent was transferred into the PCR tube, and 5μl of positive and negative saliva 

samples of COVID-19 were added and then spin down it. Furthermore, the test was carried out using a 

thermal cycler at a temperature of 65°C for 45 minutes.  

 

 

2.6. Visualization of Results  

This study uses colorimetric visualization methods and electrophoresis. Colorimetric visualization of 

results is carried out using a pH indicator, namely phenol red. The amplified PCR tube added phenol red 

by 1μl (He et al., 2020). Then a discoloration was observed on the tube containing the saliva sample—the 

change in pink shows positive results to yellow (Huang et al., 2020). 

Electrophoresis is carried out using 2% agarose gel. The agarose gel is inserted into the electrophoresis 

tank with the good side at (-), and then the TBE buffer is added to cover the gel. Furthermore, markers 

(100bp), positive control, non-template control (NTC), and positive and negative salivary samples of 5μl 

were inserted sequentially into the well. The electrophoresis process is carried out with an electrical force 

of 100 volts for 30 minutes, then the emerging DNA band is observed with a UV transilluminator. 

 

 

3. Results and Discussion 

3.1. RT-LAMP Optimization Electrophoresis Results 

RT-LAMP is a very efficient examination technique in conducting DNA amplification. According to 

Feranisa (2016), this method has high sensitivity and specificity and faster testing times. Detection of SARS 

CoV-2 using the RT-LAMP method using a primer that functions to amplify certain areas requires 

temperature and time optimization to obtain optimal RT-LAMP conditions. Optimization of RT-LAMP 

conditions on thermal cyclers is carried out at a temperature of 65°C with time variations of 10 minutes, 20 

minutes, 30 minutes, 45 minutes, and 60 minutes. The selection of 65°C temperature follows the optimum 

temperature recommendations of the kit used in this study. The time variation at this stage aims to get the 

optimal time in the RT-LAMP test. The results of the RT-LAMP optimization electrophoresis in this study 

can be seen in Figure 1.  
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Figure 1. Rt-LAMP optimization electrophoresis results M (Marker), 1 (10 minutes replay 1), 2 (10 minutes replay 

2), 3 (20 minutes replay 1), 4 (20 minutes replay 2), 5 (30 minutes replay 1), 6 (30 minutes replay 2), 7 (NTC), 8 (45 

minutes replay 1), 9 (45 minutes replay 2), 10 (60 minutes replay 1), 11 (60 minutes replay 2).  

 

The RT-LAMP optimization electrophoresis results showed that DNA bands looked thin at 30 minutes 

of replay one and almost invisible at 30 minutes of replay 2. At 45 minutes and 60 minutes, evident DNA 

bands were visible. In non-template control (NTC), there are no DNA bands. The appearance of DNA bands 

is a sign that the sample can be amplified at that time. 

Based on the optimization results, it can be stated that the optimal condition of RT-LAMP using a 

thermal cycler is at a temperature of 65°C for 45 minutes. This timing is based on electrophoresis results 

that show the DNA band is very clearly visible within 45 minutes, while at 30 minutes, the sample 

amplification is not optimal because the DNA band that appears looks thin. At 60 minutes, it takes a long 

time for the RT-LAMP test. The results of this optimization follow research by Li et al. (2021), which 

shows that the RT-LAMP test using a thermal cycler can be carried out at a temperature of 65°C for 45 

minutes.  

 

 

3.2. Colorimetric Saliva-Based RT-LAMP Test Results  

The colorimetric test in this study used a pH indicator, namely phenol red, which functions as an 

indicator of color change to determine the presence of the SARS-CoV-2 virus in the sample. The results of 

the colorimetric saliva-based RT-LAMP test can be seen in Figure 2  
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Figure 2. Colorimetric saliva-based test results RT-LAMP 1 (Positive control), 2 (NTC), 3-5 (Positive 

saliva sample), 6-7 (Negative saliva sample). 

 

Saliva samples obtained from participants were diluted using PBS and then heat-inactivated at 95°C 

for 10 minutes. The salivary sample heat inactivation treatment aims to inactivate the SARS-CoV-2 virus 

so that it is not transmitted to researchers or health workers during the testing process. After heat 

inactivation, saliva samples are stored at -80°C to maintain the quality of the sample from being damaged. 

Heating at 95°C when heat inactivation can reduce the inhibitor power caused by inhibitors in salivary 

samples, thereby facilitating the RT-LAMP test process (Morais et al., 2022). Inhibitors in salivary samples 

are antibodies and enzymes that can affect viral RNA instability and inhibit the detection process 

(Griesemer et al., 2021). 

The results of the RT-LAMP watery metric saliva-based test in Figure 2 show that there is no 

discoloration on all tubes. The pink color indicates that there is no SARS-CoV-2 virus in the sample, while 

at the time of the RT-LAMP test, tubes 3,4 and 5 contain positive saliva containing the SARS-CoV-2 virus, 

and there should be a change in pink color to yellow. Based on these results, it can be stated that a false 

negative occurred. The factors that caused the occurrence of false negatives in this study were the number 

of amplicons that may be less and the CT (cycle threshold) value of more than 30. According to Aoki et al. 

(2021), the RT-LAMP colorimetric test correlates with the patient's Ct value. The results of the RT-LAMP 

colorimetric test in patients who had a CT of more than 30, when observed directly with the naked eye, 

showed false negative and indeterminate results. 

Different RT-LAMP reagents, such as Master Mix, can also cause different results in this study from 

previous studies. This study uses RT Isothermal Master Mix ISO-DR004-RT100 products from OptiGene. 

Previous studies conducted by Yu et al. (2020), Janíková et al. (2021), Lalli et al. (2021), Reynés et al. 

(2021), and dos Santos et al. (2021) used WarmStart Colorimetric LAMP 2X Master Mix (New England 

Biolabs), while Huang et al. (2020) used WarmStart Colorimetric LAMP 29 (New England Biolabs). 

In addition, the phenol red used in this study has been stored for a long time, so there is a possibility of 

damage that causes no discoloration in the samples tested. The types of pH indicators that can be used other 

than phenol red are hydroxy naphthol blue (HNB), xylenol orange (XO), and lavender green (LG) 

(Jaroenram et al., 2022). Based on the results of the colorimetric test in this study which showed a false 

negative, it is necessary to confirm it by electrophoresis. 
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3.3. Saliva-Based RT-LAMP Electrophoresis Results  

The results of RT-LAMP-based saliva electrophoresis in this study can be seen in Figure 3. 

 

 
Figure 3. Saliva electrophoresis results based RT-LAMP M (Marker), 1 (Positive control), 2 

(NTC), 3-5 (Positive saliva sample), 6-7 (Negative saliva sample)  

 

The electrophoresis results for 30 minutes in Figure 3 showed that in salivary samples, DNA bands 

appeared in positive controls (1) and positive saliva samples (3-5). NTC (2) and negative salivary samples 

(6-7) had no DNA bands. The results of this electrophoresis are in accordance with the proper research 

results. This result further strengthens that there is a false negative in the RT-LAMP colorimetric test results 

with the red phenol indicator. 

 

 

4. Conclusion  

Based on the research results, it can be concluded that the colorimetric saliva-based RT-LAMP method 

using thermal cyclers in this study has not been able to detect SARS-CoV-2. Nonetheless, the 

electrophoresis results showed the presence of DNA bands in the positive sample. This indicates that SARS-

CoV-2 DNA amplification occurred via RT-LAMP at 65°C for 45 minutes.  

 

 

References  

Amaral, C., Antunes, W., Moe, E., Duarte, A. G., Lima, L. M. P., Santos, C., Gomes, I. L., Afonso, G. S., 

Vieira, R., Teles, H. S. S., Reis, M. S., da Silva, M. A. R., Henriques, A. M., Fevereiro, M., Ventura, 

M. R., Serrano, M., & Pimentel, C. (2021). A molecular test based on RT-LAMP for rapid, sensitive 

and inexpensive colorimetric detection of SARS-CoV-2 in clinical samples. Scientific Reports, 11(1), 

1–12. https://doi.org/10.1038/s41598-021-95799-6 

Aoki, M. N., de Oliveira Coelho, B., Góes, L. G. B., Minoprio, P., Durigon, E. L., Morello, L. G., Marchini, 

F. K., Riediger, I. N., do Carmo Debur, M., Nakaya, H. I., & Blanes, L. (2021). Colorimetric RT-



(Arif Bimantara et al.) 

 

  
International Journal of Health Science and Technology   181 

 

LAMP SARS-CoV-2 diagnostic sensitivity relies on color interpretation and viral load. Scientific 

Reports, 11(1), 1–10. https://doi.org/10.1038/s41598-021-88506-y 

Corstjens, P. L. A. M., Abrams, W. R., & Malamud, D. (2016). Saliva and viral infections. Periodontology 

2000, 70(1), 93–110. https://doi.org/10.1111/prd.12112 

COVID Task Force. (2022). Situasi COVID-19 di Indonesia (Update per 2 Juli 2022) | Covid19.go.id. In 

Covid19.Go.Id (p. 1). https://covid19.go.id/artikel/2022/07/02/situasi-covid-19-di-indonesia-update-

2-juli-2022 

dos Santos, C. A., de Oliveira, K. G., Mendes, G. M., Silva, L. C., de Souza, M. N., Estrela, P. F. N., 

Guimarães, R. A., Silveira-Lacerda, E. P., & Duarte, G. R. M. (2021). Detection of SARS-CoV-2 in 

Saliva by RT-LAMP During a Screening of Workers in Brazil, Including Pre-Symptomatic Carriers. 

Journal of the Brazilian Chemical Society, 32(11), 2071–2077. https://doi.org/10.21577/0103-

5053.20210098 

Faria, N. R., Mellan, T. A., Whittaker, C., Claro, I. M., Candido, D. da S., Mishra, S., Crispim, M. A. E., 

Sales, F. C. S., Hawryluk, I., McCrone, J. T., Hulswit, R. J. G., Franco, L. A. M., Ramundo, M. S., de 

Jesus, J. G., Andrade, P. S., Coletti, T. M., Ferreira, G. M., Silva, C. A. M., Manuli, E. R., … Sabino, 

E. C. (2021). Genomics and epidemiology of the P.1 SARS-CoV-2 lineage in Manaus, Brazil. Science, 

372(6544), 815–821. https://doi.org/10.1126/science.abh2644 

Feranisa, A. (2016). Komparasi Antara Polymerase Chain Reaction (Pcr) Dan Loopmediated Isothermal 

Amplification (Lamp) Dalam Diagnosis Molekuler. ODONTO : Dental Journal, 3(2), 145. 

https://doi.org/10.30659/odj.3.2.145-151 

Griesemer, S. B., Van Slyke, G., Ehrbar, D., Strle, K., Yildirim, T., Centurioni, D. A., Walsh, A. C., 

Chang, A. K., Waxman, M. J., & St. George, K. (2021). Evaluation of specimen types and saliva 

stabilization solutions for SARS-CoV-2 testing. Journal of Clinical Microbiology, 59(5). 

https://doi.org/10.1128/JCM.01418-20 

Guna, A. R. (2020). Peranan Saliva Dalam Mendeteksi Corona Virus Disease (Covid)-19: Kajian 

Literatur. 

He, Y., Xie, T., & Tong, Y. (2021). Rapid and highly sensitive one-tube colorimetric RT-LAMP assay for 

visual detection of SARS-CoV-2 RNA. Biosensors and Bioelectronics. 

https://doi.org/10.1016/j.bios.2021.113330 

Huang, W. E., Lim, B., Hsu, C. C., Xiong, D., Wu, W., Yu, Y., Jia, H., Wang, Y., Zeng, Y., Ji, M., Chang, 

H., Zhang, X., Wang, H., & Cui, Z. (2020). RT-LAMP for rapid diagnosis of coronavirus SARS-

CoV-2. Microbial Biotechnology, 13(4), 950–961. https://doi.org/10.1111/1751-7915.13586 

Iacobucci, G. (2021). Covid-19: New UK variant may be linked to increased death rate, early data indicate. 

BMJ, n230. https://doi.org/10.1136/bmj.n230 

Janíková, M., Hodosy, J., Boor, P., Klempa, B., & Celec, P. (2021). Loop-mediated isothermal 

amplification for the detection of SARS-CoV-2 in saliva. Microbial Biotechnology, 14(1), 307–316. 

https://doi.org/10.1111/1751-7915.13737 

Jaroenram, W., Chatnuntawech, I., Kampeera, J., Pengpanich, S., Leaungwutiwong, P., Tondee, B., 

Sirithammajak, S., Suvannakad, R., Khumwan, P., Dangtip, S., Arunrut, N., Bantuchai, S., 

Nguitragool, W., Wongwaroran, S., Khanchaitit, P., Sattabongkot, J., Teerapittayanon, S., & 

Kiatpathomchai, W. (2022). One-step colorimetric isothermal detection of COVID-19 with AI-

assisted automated result analysis: A platform model for future emerging point-of-care RNA/DNA 

disease diagnosis. Talanta, 249(March), 123375. https://doi.org/10.1016/j.talanta.2022.123375 

Lalli, M. A., Langmade, J. S., Chen, X., Fronick, C. C., Sawyer, C. S., Burcea, L. C., Wilkinson, M. N., 

Fulton, R. S., Heinz, M., Buchser, W. J., Head, R. D., Mitra, R. D., & Milbrandt, J. (2021). Rapid and 

https://doi.org/10.1016/j.bios.2021.113330


(Arif Bimantara et al.) 

 

  
International Journal of Health Science and Technology   182 

 

Extraction-Free Detection of SARS-CoV-2 from Saliva by Colorimetric Reverse-Transcription Loop-

Mediated Isothermal Amplification. Clinical Chemistry, 67(2), 415–424. 

https://doi.org/10.1093/clinchem/hvaa267 

Landry, M. L., Criscuolo, J., & Peaper, D. R. (2020). Challenges in use of saliva for detection of SARS 

CoV-2 RNA in symptomatic outpatients. Journal of Clinical Virology, 130. 

https://doi.org/10.1016/j.jcv.2020.104567 

Leber, W., Lammel, O., Redlberger-Fritz, M., Mustafa-Korninger, M. E., Glehr, R. C., Camp, J., Agerer, 

B., Lercher, A., Popa, A., Genger, J. W., Penz, T., Aberle, S., Bock, C., Bergthaler, A., Stiasny, K., 

Hochstrasser, E. M., Hoellinger, C., Siebenhofer, A., Griffiths, C., & Panovska-Griffiths, J. (2021). 

Rapid, early and accurate SARS-CoV-2 detection using RT-qPCR in primary care: A prospective 

cohort study (REAP-1). BMJ Open, 11(8), 1–10. https://doi.org/10.1136/bmjopen-2020-045225 

Li, J., Hu, X., Wang, X., Yang, J., Zhang, L., Deng, Q., Zhang, X., Wang, Z., Hou, T., & Li, S. (2021). A 

novel One-pot rapid diagnostic technology for COVID-19. Analytica Chimica Acta, 1154(January). 

https://doi.org/10.1016/j.aca.2021.338310 

Matic, N., Lawson, T., Ritchie, G., Stefanovic, A., Leung, V., Champagne, S., Romney, M. G., & Lowe, 

C. F. (2021). Automated molecular testing of saliva for SARS-CoV-2 detection. Diagnostic 

Microbiology and Infectious Disease, 100(1), 1–10. 

https://doi.org/10.1016/j.diagmicrobio.2021.115324 

Morais, O. M., Azevedo Alves, M. R., & Fernandes, P. A. D. C. (2022). Impact of thermal pretreatment of 

saliva on the RT-PCR detection of SARS-CoV-2. Advances in Virology, 2022. 

https://doi.org/10.1155/2022/744290 

Ott, I. M., Strine, M. S., Watkins, A. E., Boot, M., Kalinich, C. C., Harden, C. A., Vogels, C. B. F., 

Casanovas-Massana, A., Moore, A. J., Muenker, M. C., Nakahata, M., Tokuyama, M., Nelson, A., 

Fournier, J., Bermejo, S., Campbell, M., Datta, R., Cruz, C. S. D., Farhadian, S. F., Wyllie, A. L. 

(2021). Stability of SARS-CoV-2 RNA in nonsupplemented saliva. Emerging Infectious Diseases, 

27(4), 1146–1150. https://doi.org/10.3201/eid2704.204199 

Reynés, B., Serra, F., & Palou, A. (2021). Rapid visual detection of SARS-CoV-2 by colorimetric loop-

mediated isothermal amplification. BioTechniques, 70(4), 219–226. https://doi.org/10.2144/BTN-

2020-0159 

SATGAS COVID. (2022). COVID-19. https://covid19.go.id/id. Diakses tanggal 16 November 2022. 

Tanner, N. A., Zhang, Y., & Evans, T. C. (2015). Visual detection of isothermal nucleic acid amplification 

using pH-sensitive dyes. BioTechniques, 58(2), 59–68. https://doi.org/10.2144/000114253 

Tegally, H., Wilkinson, E., Giovanetti, M., Iranzadeh, A., Fonseca, V., Giandhari, J., Doolabh, D., Pillay, 

S., San, E. J., Msomi, N., Mlisana, K., von Gottberg, A., Walaza, S., Allam, M., Ismail, A., Mohale, 

T., Glass, A. J., Engelbrecht, S., van Zyl, G., … de Oliveira, T. (2020). Emergence and rapid spread 

of a new severe acute respiratory syndrome-related coronavirus 2 (SARS-CoV-2) lineage with 

multiple spike mutations in South Africa. In medRxiv. https://doi.org/10.1101/2020.12.21.20248640 

Thai, H. T. C., Le, M. Q., Vuong, C. D., Parida, M., Minekawa, H., Notomi, T., Hasebe, F., & Morita, K. 

(2004). Development and Evaluation of a Novel Loop-Mediated Isothermal Amplification Method 

for Rapid Detection of Severe Acute Respiratory Syndrome Coronavirus. Journal of Clinical 

Microbiology, 42(5), 1956–1961. https://doi.org/10.1128/JCM.42.5.1956-1961.2004 

Torjesen, I. (2021). Covid-19: Delta variant is now UK’s most dominant strain and spreading through 

schools. BMJ, n1445. https://doi.org/10.1136/bmj.n1445 

https://doi.org/10.1016/j.jcv.2020.104567
https://doi.org/10.1016/j.diagmicrobio.2021.115324
https://doi.org/10.1155/2022/744290
https://doi.org/10.3201/eid2704.204199
https://covid19.go.id/id


(Arif Bimantara et al.) 

 

  
International Journal of Health Science and Technology   183 

 

Wall, E. C., Wu, M., Harvey, R., Kelly, G., Warchal, S., Sawyer, C., Daniels, R., Hobson, P., Hatipoglu, 

E., Ngai, Y., Hussain, S., Nicod, J., Goldstone, R., Ambrose, K., Hindmarsh, S., Beale, R., Riddell, 

A., Gamblin, S., Howell, M., … Bauer, D. L. (2021). Neutralising antibody activity against SARS-

CoV-2 VOCs B.1.617.2 and B.1.351 by BNT162b2 vaccination. The Lancet, 397(10292), 2331–2333. 

https://doi.org/10.1016/S0140-6736(21)01290-3 

WHO. (2020). How does COVID-19 spread?. https.//www.who.int/newsr oom/q a-detail/q-

acoronaviruses. Diakses tanggal 16 November 2022. 

Wu, C. rong, Yin, W. chao, Jiang, Y., & Xu, H. E. (2022). Structure genomics of SARS-CoV-2 and its 

Omicron variant: drug design templates for COVID-19. Acta Pharmacologica Sinica, October 2021. 

https://doi.org/10.1038/s41401-021-00851-w 

Wyllie, A. L., Fournier, J., Casanovas-Massana, A., Campbell, M., Tokuyama, M., Vijayakumar, P., Geng, 

B., Muenker, M. C., Moore, A. J., Vogels, C. B. F., Petrone, M. E., Ott, I. M., Lu, P., Venkataraman, 

A., Lu-Culligan, A., Klein, J., Earnest, R., Simonov, M., Datta, R., … Ko, A. I. (2020). Saliva is more 

sensitive for SARS-CoV-2 detection in COVID-19 patients than nasopharyngeal swabs. MedRxiv. 

https://doi.org/10.1101/2020.04.16.20067835 

Xu, J., Zhao, S., Teng, T., Abdalla, A. E., Zhu, W., Xie, L., Wang, Y., & Guo, X. (2020). Systematic 

Comparison of Two Animal-to-Human Transmitted Human Coronaviruses: SARS-CoV-2 and SARS-

CoV. Viruses, 12(2), 244. https://doi.org/10.3390/v12020244 

Yang, Q., Meyerson, N. R., Clark, S. K., Paige, C. L., Fattor, W. T., Gilchrist, A. R., Barbachano-Guerrero, 

A., Healy, B. G., Worden-Sapper, E. R., Wu, S. S., Muhlrad, D., Decker, C. J., Saldi, T. K., Lasda, 

E., Gonzales, P. K., Fink, M. R., Tat, K. L., Hager, C. R., Davis, J. C., … Sawyer, S. L. (2021). Saliva 

twostep for rapid detection of asymptomatic sars-cov-2 carriers. ELife, 10, 1–44. 

https://doi.org/10.7554/eLife.65113 

Yu, L., Wu, S., Hao, X., Dong, X., Mao, L., Pelechano, V., Chen, W.-H., & Yin, X. (2020). Rapid Detection 

of COVID-19 Coronavirus Using a Reverse Transcriptional Loop-Mediated Isothermal Amplification 

(RT-LAMP) Diagnostic Platform. Clinical Chemistry, 66(7), 975–977. 

https://doi.org/10.1093/clinchem/hvaa102 

 


