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ABSTRACT 

The present study aimed to develop a Reverse-transcription Loop-Mediated Isothermal 

Amplification (RT-LAMP) assay as a “Point-of-care” (PoC) diagnostic solution which can be 

useful for the detection of SARS CoV-2. To develop this assay, the complete genome 

sequences of SARS CoV-2 reported from different States and Union Territories of India were 

downloaded from GISAID (global initiative on sharing avian influenza data) database. The 

sequences were aligned to identify conserved regions for designing RT-LAMP primers. After 

literature search, three conserved regions with no previously reported primers for detection of 

SARS CoV-2 were selected and the primers were designed using Primer Explorer V5. A total 

of six sets (A, B, C, D, E, and F) of primers, two each from the single conserved region were 

designed. The specificity of these primers were again checked in silico with BLAST tool in 

the NCBI server. The designed primers did not yield any similarity matches with the other 

human coronavirus except MERS-CoV and Bat SARS-CoV. On the other hand for the 

development of LAMP assay with these designed primers, the target conserved regions were 

got synthesized and analysed for quality parameters prior to their use in the LAMP assay. 

Later, the primers (type, concentration and ratio) and LAMP reaction temperature were 

optimized in the development of LAMP assay using synthetic gene constructs. Further, the 

performance of developed assay was evaluated at KCGMC using cDNA synthesized from 

RNA of SARS-CoV-2 and developed LAMP techniques was found effective in the detection 

of SARS-CoV-2.  The developed LAMP technique was further explored for development of 

colorimetric/fluorometric LAMP assay for rapid visual detection of SARS-CoV-2. The 

performance evaluation of developed colorimetric and fluorometric LAMP assays yielded 

satisfactory results in the detection of SARs-CoV-2 RNA. Hence, the developed Colorimetric 

and fluorometric LAMP assays can be used as PoC diagnostic test for the detection of SARS-

CoV-2. However, its performance directly with RNA or samples needs to be evaluated to make 

it as an RT-LAMP assay and further validation is required with a larger sample size as per 

ICMR guidelines. 



 

  

साराांश 

वर्तमान अध्ययन का उद्दशे्य सासत-सीओवी-2 का पर्ा लगाने के ललए आरटी-लैंप परख को पॉइांट-

ऑफ-केयर नैदालनक समाधान के रूप में लवकलसर् करना ह।ै इस ऐसे को लवकलसर् करने के ललए भारर् के 

लवलभन्न राज्यों और कें द्र शालसर् प्रदशेों स े ररपोटत ककए गए सासत-सीओवी-2 के सांपूर्त जीनोम अनुक्रम 

जी.आई.एस.ए.आईडी (ग्लोबल इलनलशएरटव ऑन शेयररांग एलवयन इन्फ्लुएांजा डटेा) डटेाबेस से डाउनलोड 

ककए गए थे। अनुक्रमों को आरटी-लैंप प्राइमरों को लडजाइन करने र्था सांरलिर् िेत्रों की पहचान करने के 

ललए सांरेलखर् ककया गया था। इससे सांबांलधर् सालहत्य की खोज के बाद सासत-सीओवी-2 का पर्ा लगाने के 

ललए पहले से ररपोटत ककए गए प्राइमरों वाले र्ीन सांरलिर् िेत्रों का चयन ककया गया था और प्राइमरों को 

प्राइमर एक्सप्लोरर वी5 का उपयोग कर लडजाइन ककया गया। प्राइमरों के कुल छह सेट (ए, बी, सी, डी, ई 

और एफ) एकल सांरलिर् िेत्र से दो प्रत्येक लडजाइन ककए गए थे। इन प्राइमरों की लवलशष्टर्ा को एनसीबीआई 

सवतर में ब् लास् ट टूल के साथ लसललको में कफर से जाांचा गया। लडजाइन ककए गए प्राइमरों में  मासतकोरव और 

सीओवी जैस ेबैट एसएआरएस को छोड़कर अन्फय मानव कोरोनावायरस के साथ कोई समानर्ा नहीं लमली। 

दसूरी ओर इन लडजाइन ककए गए प्राइमरों के साथ लैंप परख के लवकास के ललए लैंप ऐसे में उनके उपयोग 

से पहले लक्ष्य सांरलिर् िेत्रों को गुर्वत्ता मानकों के ललए सांशे्ललिर् और लवशे्लिर् ककया गया था। बाद में, 

प्राइमर (प्रकार, एकाग्रर्ा और अनुपार्) और लैंप प्रलर्कक्रया र्ापमान को कृलत्रम जीन लनमातर्ों का उपयोग 

कर लैंप ऐसे के लवकास में अनुकूललर् ककया गया। इसके अलावा, सासत-सीओवी-2 पॉलजरटव नमूनों के 

आरएनए स े सांशे्ललिर् सीडीएनए का उपयोग करके के.सी.जी.एम.सी. में लवकलसर् ऐसे के प्रदशतन का 

मूलयाांकन ककया गया और लवकलसर् लैंप र्कनीक सासत-सीओवी-2 का पर्ा लगाने में प्रभावी पाई गई थी। 

सासत-सीओवी-2 की र्जेी स ेदशृ्य पहचान के ललए वर्तलमलर्/्लोरोमेरिक लैंप परख के लवकास के ललए 

लवकलसर् लैंप र्कनीक की और खोज की गई। लवकलसर् वर्तलमलर् और ्लोरोमेरिक लैंप परख के प्रदशतन 

मूलयाांकन से सासत-सीओवी-2 आरएनए का पर्ा लगाने में सांर्ोिजनक पररर्ाम लमले। इसललए, लवकलसर् 

वर्तलमलर् और ्लोरोमेरिक लैंप एस् सै का उपयोग सासत-सीओवी-2 का पर्ा लगाने के ललए पी.ओ.सी 

डायग्नोलस्टक टेस्ट के रूप में ककया जा सकर्ा ह।ै हालाांकक, आरटी-लैंप परख के रूप में अहतर्ा प्राप्त करन ेके 

ललए आरएनए (सकारात्मक नमूनों से) के साथ सीध ेइसके प्रदशतन का मूलयाांकन करने की आवश्यकर्ा ह ै

और आईसीएमआर कदशालनदशेों के अनुसार बड़ ेनमूना आकार के साथ आगे सत्यापन की आवश्यकर्ा ह।ै 
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INTRODUCTION 

 



 

1 | P a g e  
 

1. INTRODUCTION 

 

Covid-19 pandemic, also known as coronavirus disease caused by SARS-CoV-2 

(Severe Acute Respiratory Syndrome –Corona Virus-2) had devastating effects globally as 

well as in India. This disease affected many countries (World Health Organization, Covid-19 

situation report-76, 2020) and brought the health care system of most of the populous 

countries like India to a halt. The pandemic threw up an unprecedented challenge in terms of 

catering to the national needs of   diagnostic and life support systems in a very short time 

frame. The second wave again affected countries like Europe (Jun-Aug, 2020), United States 

(Jun-July, 2020), Germany (April, 2020), including India (since March, 2021). The second 

wave that caught India off guard, compelled India to strengthen its capacity to develop POC 

diagnostics  to tackle future waves of  Covid-19 of much higher magnitudes (on 30th April 

India became the first country to report 4,08,323 cases in a single day) when only 15 crore 

individuals were vaccinated (https://www.thehindu.com/news/national/coronavirus-india-

becomes-first-country-in-the-world-to-report-over-400000-new-cases-on-april-30-

2021/article34453081.ece) But in countries like India, with 138 crore population (Ministry of 

Statistics and Programme Implementation, 2020), controlling the contagion requires the 

development of rapid and effective diagnostic devices to handle the crisis through timely 

diagnosis and treatment. Currently, only two common vaccines namely Covishield and 

Covaxin are widely available in India with respective efficacy rates of 90% and 81 % 

(https://www.bbc.com/news/world-asia-india-57264622).  Nevertheless, the breakthrough 

infections are on the rise and there is no concrete data to substantiate the efficacy of vaccine.  

Hence, a multidimensional approach of test, track and treat is the only alternative available. 

This three-pronged approach calls for advancements in the diagnostics techniques that should 

go hand in hand with the development of effective vaccines and vaccination of the large Indian 

population. This approach can be considered as a gold standard in containing the virus 

especially when the virus is behaving erratically owing to its rapid mutation.  The strain of 

SARS CoV-2 is getting mutated rapidly and re-infecting 0.04 to 0.2 % of vaccinated people 

(ICMR). Moreover, only about 59 crore people were vaccinated according to the Officials of 

Ministry of Health and Family Welfare on 25th August, 2021. WHO, on 11th May, classified 

the highly contagious triple mutant SARS-CoV-2 variant B.1.617 found in India as “variant 

https://www.thehindu.com/news/national/coronavirus-india-becomes-first-country-in-the-world-to-report-over-400000-new-cases-on-april-30-2021/article34453081.ece
https://www.thehindu.com/news/national/coronavirus-india-becomes-first-country-in-the-world-to-report-over-400000-new-cases-on-april-30-2021/article34453081.ece
https://www.thehindu.com/news/national/coronavirus-india-becomes-first-country-in-the-world-to-report-over-400000-new-cases-on-april-30-2021/article34453081.ece
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of concern” as well as a “Global Risk”.  Besides, according to popular predictive models, the 

third wave of Covid-19 pandemic is also in the offing and slated to hit India in due course of 

time.  

Looking into this scenario, to beat the virus requires effective preparedness both in terms 

of diagnostics and the health care system before the third wave hits the country. Though RT-

PCR kits are widely used for diagnostics, it usually takes 2-3 hours for yielding results and 

requires sophisticated machinery and skilled professionals. The experiences from the first and 

the second waves have shown that timely delivery of results was a major impediment for most 

of the VRDL (Virus Research and Diagnostics Laboratory), which relied invariably on RT-

PCR. In few instances, the RT-PCR tests took more than a week to provide results as seen in 

few states such as Gujarat (The Indian Express) in the second wave. Hence the need for rapid 

and POC diagnostics is the need of the hour to combat such uncertain medical emergencies 

and to scale up the entire health care system of India. 

As SARS CoV-2 consists of single stranded RNA particles as genetic material and to 

multiply those specific RNA sequences, reverse transcription loop-mediated isothermal 

amplification (RT-LAMP) can serve as a promising rapid POC diagnostic method. This 

technique is generally employed to diagnose RNA virus-induced infectious diseases and 

combines the LAMP DNA-detection method with reverse transcription and synthesis of 

Complementary DNA (cDNA) from RNA before running the reaction. This technique takes 

place at a constant temperature i.e. between 60 and 65°C and does not require any thermal 

cyclers like  RT-PCR technique and provides results in a very short time interval i.e. within 

30 min. RT-LAMP is considered a cheaper and faster alternative to RT-PCR for the early 

detection of people who are infected with COVID-19. 

Nevertheless, the RT-LAMP tests can be conducted without prior RNA separation, and 

viruses can be extracted directly from swabs (nose and throat) or saliva. The technique 

involves three important processes namely reverse transcription through the utilization 

enzyme i.e. reverse transcriptase, amplification using DNA polymerase, and read-out process 

employed to analyze and detect the RT-LAMP products which are frequently colorimetric or 

fluorometricc. The RT-LAMP technique has been also approved by Food and Drug 

Administration (FDA) as a molecular rapid diagnostic kit for the detection of SARS CoV-2 
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named as AQ-TOPᴹ COVID-19 Rapid Detection Kit. The RT-PCR technique is widely 

performed in India for Covid-19 testing but possesses few drawbacks which could be 

overcome by the RT-LAMP technique. Despite its ergonomic design, no commercial 

indigenous RT-LAMP diagnostics kit is available in India till date and only one RT-LAMP 

diagnostics kit got approval recently from ICMR for its usage in the detection of SARS-CoV-

2 in India. Considering the enormous benefits of RT-LAMP, the present study has been 

undertaken to develop RT-LAMP diagnostics to fasten the testing technologies, which could 

serve as a potential POC diagnostic technique for effectively combating the present and future 

medical emergencies of the Nation. 

The study was designed with the following objectives  

1. Synthesis of artificial genes of SARS CoV-2 and designing of RT-LAMP primers. 

2. Development and performance evaluation of  RT-LAMP assay  
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2. REVIEW OF LITERATURE 

 

This chapter describes the literature related to the objectives of the present study and 

are discussed under the following groupings: 

 Severe Acute Respiratory Syndrome (SARS CoV) disease  

 Middle East Respiratory Syndrome (MERS CoV) disease 

 Severe Acute Respiratory Syndrome (SARS CoV-2) disease 

 Structure of SARS CoV-2 

 Coronavirus Infections and their origin 

 First genome sequencing of SARS CoV-2 

 Nucleic Acid Amplification for SARS CoV-2 

 Serological detection of SARS CoV-2 

 RT-LAMP Technique 

 Rapid and visual detection through RT-LAMP assay 

2.1 Severe Acute Respiratory Syndrome (SARS CoV) disease 

The SARS stands for “Severe Acute Respiratory Syndrome” is a zoonotic disease that 

resulted in an outbreak during 2002-2004 which significantly affected 26 countries and led to 

more than 8000 cases. The SARS epidemic was caused by the first identified Severe Acute 

Respiratory Syndrome Corona Virus (SARS CoV or SARS CoV-1). SARS CoV is considered 

highly contagious due to its rapid spreading of pneumonia-causing sudden fever and shortness 

of breath within 3-7 days of infection. The origin of this virus was traced back to Guangdong 

province located in Southern China in late 2002. The first infection case was reported between 

January and March 2003, and it majorly caused upper respiratory illnesses to life-threatening 

infections including pneumonia (Zhao et al., 2003).  

Further studies demonstrated the clinical features and epidemiology of the outbreak 

along with the treatment results of around 190 patients. Some individuals were found to have 

normal conditions of respiration whereas others exhibited serious breathing issues
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including acute respiratory distress syndrome (ARDS) and exhibited no response to 

antibiotics. Laboratory diagnosis included the sampling of throat swabs and sputum followed 

by serological detection of antibodies. The medical treatment was offered to patients after 

dividing them into different groups A, B, C and, D based upon the prescribed antibiotics 

namely ribavirin, fluoroquinolone with azithromycin, quinolone with azithromycin and 

levofloxacin, respectively. The best results were observed in group D patients.  

The WHO responded globally towards the SARS CoV epidemic 2003 by setting up 

five priority tasks to function and control the overall scenario. These tasks were assigned to 

identify the causative agent of novel SARS disease, development of diagnostic kits for proper 

and accurate detection as well as the management of testing protocols for the reduction of 

mortality rates. However, a grave problem appeared in the area of accurate and rapid testing 

along with non-availability of drugs available for treatment. Detection of SARS CoV through 

RT-PCR technique resulted in very limited sensitivity during the beginning of the infection 

and suggested that sensitivity could be improved only when the sample is taken from the lower 

respiratory tract during the occurrence of clinical symptoms.  

On the other hand, serological methods were highly sensitive but nearly after 21 days 

of clinical symptoms (Anderson et al., 2004). The incubation period is referred to as the time 

from infection up to the occurrence of clinical symptoms and it depends on crucial parameters 

such as the age of the patient, genetic factors and dose of infecting virus. The distribution of 

infections occurring in individuals and its statistical information plays a great role during the 

beginning of such dangerous as well as life-threatening diseases. On the other hand, a key 

component of these infections is the infectious period which determines the infectiousness of 

a particular patient and is a responsible factor for the transmission of infection from one 

individual to another.     
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2.2 Middle East Respiratory Syndrome (MERS CoV) 

MERS stands for Middle East Respiratory Syndrome which also refers to the camel 

flu, a respiratory disease of viral origin caused by Middle East Respiratory Syndrome 

Coronavirus (MERS CoV). The MERS CoV is one of the sixth hCoV (human coronavirus), 

first isolated from a 60-year old patient possessing serious respiratory conditions (Chafekar et 

Fig. 2.2:  Schematic diagram showing the incubation and infectious periods in case of 

SARS and other diseases (Fraser et al., 2004) 

Fig. 2.1:  Incubation periods during exposure of SARS and producing symptoms in 

case of infection (Donnelly et al., 2003) 
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al., 2018) and is considered as the dangerous pathogenic virus after the SARS CoV (2003). 

MERS CoV is a positive-sense single stranded RNA (ssRNA) having 30 kb genomic size 

(Wernery et al., 2015). This disease was first reported in Saudi Arabia in the year of 2012 and 

about 35 % of infected patients died (WHO, 2019). The symptoms include fever, shortness of 

breath, cough, and sometimes pneumonia. MERS is a type of zoonotic disease where viral 

transmission from camel to human was reported in Saudi Arabia when genome sequencing of 

isolated MERS from an individual was performed, who was in contact with camel, previously 

reported as positive for MERS infection (Ramadan et al., 2019). Currently, no effective 

vaccines or antiviral drug is available for the prevention and proper treatment of MERS 

infections but the development of these vaccines and treatments are under process.  

The laboratory detection of MERS CoV involved mainly three approaches namely 

molecular techniques to detect MERS CoV RNA, antigen detection, identification of humoral 

response before MERS infection in the case of humans (Mackay et al., 2015). According to 

the case definition of MERS provided by WHO, they have suggested RT-PCR targeting two 

different regions for the confirmation of MERS CoV infection (Shirato et al., 2014). The 

specific primers and probes used for RT-PCR targeting ORF1a and E gene displayed the 

highest ranges of sensitivity for the detection of MERS infections (Corman et al., 2012 and 

Lu et al., 2014). However, the major problem of this technique is that it requires sophisticated 

equipment and skilled personnel, hence these are not appropriate for rapid and point-of-care 

diagnosis. Due to this reason, there is a greater need for effective diagnostic kits or assays for 

the accurate detection of MERS CoV. Yamaoka et al., (2016)   have suggested that the tests 

to detect antigens and antibodies in the infected host would be the most appropriate way for 

the detection of MERS CoV. 
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2.3 Severe Acute Respiratory Syndrome (SARS CoV-2) 

SARS CoV-2 (Severe Acute Respiratory Syndrome Coronavirus 2) is a particular 

strain that belongs to the family Coronaviridae and genus Betacoronavirus, and they share 

approximately 80-89% homology with all discovered coronaviruses in humans, bat and other 

wild animals. These viruses belong to the Baltimore Class IV positive-sense single stranded 

RNA viruses and are highly contagious in humans. The infection involves transmission of 

virus through aerosols or respiratory droplets from one infected person to another when in 

close proximity. These strains enter the human via the “Angiotensin Converting Enzyme-2” 

(ACE-2) and infect the host cells. The most common symptoms are fever, dry cough and 

tiredness but according to the WHO, nearly 1 out of 5 people suffers from serious illness and 

breathing difficulties whereas the older people having major medical issues such as high blood 

pressure, lung and cardiovascular diseases, cancer and diabetes being at higher levels of risk 

for developing much severe health conditions. 

2.4 Structure of SARS-CoV-2 

SARS-CoV-2 virion consist of a crown like appearance hence named as corona, 

having a diameter of 50-200 nm (Wang et al., 2020) and with a largest genomic size ranging 

from 26-32 kb in length which provides for more plasticity during accommodation and mainly 

for modifying their respective genes. It specifically consists of six major open reading frames 

Fig. 2.3:  MERS CoV infections transmission from camel to humans (Mackay et al., 

2015) 
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(ORFs) namely ORF 1a and 1b (replication enzyme coding region), E gene (envelope protein), 

S gene (spike protein), M gene (membrane protein) and N gene (nucleocapsid gene) which 

the most abundant and conservative genes found in nearly all coronaviruses. Along with these 

ORFs, there are several other accessory proteins viz. ORF 3a, 6, 7a, 7b and 8. The E, N, S and 

M genes are known as the structural proteins of SARS-CoV-2 and are essential for 

reproducing the complete structure of the corresponding viral particle. On the other side, the 

ORFs 1a and 1b give rise to 16 non-structural genes (nsp1-16) due to the encoding process of 

replication enzyme The Spike proteins are responsible for their entry into the human host cell. 

One of the essential nsp encoded by ORF 1a and 1b is “Main protease” (Mpro, also referred 

as 3CLpro), which plays a very beneficial role by controlling the replication of SARS-CoV-2 

and also helps in the production of polyproteins. RdRp gene (RNA-dependent RNA 

polymerase), which is also referred as nsp12, is an important replicase enzyme that utilizes 

the viral genome RNA template for catalyzing and assessing the replication of RNA (Khan et 

al., 2020).                                

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2.4: Schematic representation of the SARS CoV-2 structure and depiction of entry 

into the host cell (A.A.T. Naqvi, et al., 2020) 
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2.5 Coronavirus infections and their origin 

During the last two decades, three coronaviruses were discovered namely SARS-CoV 

(Severe Acute Respiratory Syndrome), MERS-CoV (Middle East Respiratory Syndrome) and 

SARS-CoV-2 which majorly caused pneumonia infections in human beings. Earlier in 2002, 

SARS-CoV emerged in China and the transmission of infection spanned through five 

continents resulting in more than 774 deaths. Similarly in the year 2012, MERS-CoV emerged 

in Arabian Peninsula and then spread in 27 different countries. The current pandemic which 

was confirmed by WHO as pandemic on 11th March 2020 is attributed to SARS-CoV-2 which 

caused coronavirus illness termed as COVID-19, started in 2019 from the city Wuhan, Hubei 

Province of China. Certain reports have significantly shown that the SARS-CoV and SARS-

CoV-2 have originated from the bats, which serve as a reservoir for both of these viruses, 

whereas the MERS-CoV have originated from bats but they do not serve as a reservoir for 

their transmission (Khan et al., 2020). The SARS-CoV-2 matches approximately 82% 

similarity with the previously emerged SARS CoV and MERS CoV and >90% for several 

essential structural genes as well as enzymes (A.A.T. Naqvi et al., 2020).  

Coronavirus generally consists of a large family of viruses, among them four viruses 

are responsible for mild cold in all age groups. Some of these viruses also come from animals 

which infects humans and are known as zoonotic species. The SARS CoV-2 species are 

responsible to cause severe pneumonia and deaths in infected individuals, and thereafter they 

can transmit these infections to other healthy individuals via the act of coughing, sneezing or 

due to contact of contaminated surfaces. The most common symptoms of these infections are 

fever, fatigue, cough as well as rapid shortening of breath, whereas the severe symptoms 

include severe acute respiratory syndrome, renal failure and ultimately death. A report stated 

by Faculty of Medicine, University of Bergen on 12th March 2020, approximately 14% of 

these infections are serious and about 5 % are only critical. The patients who had previous co-

morbidities like diabetes, pulmonary disease or any other chronic illnesses suffered greater 

risk during the pandemic. According to WHO guidelines, some crucial precautions were 

advised to be followed such as physical distancing, wearing face masks to ensure proper 

coverage of mouth and nose, hand washing, avoiding crowds and other public gatherings. All 
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these precautions had prevented or lowered the occurrence of these infections up to some 

extent and in the cases of individuals who followed all these advisory guidelines. 

 

2.6 First genome sequencing of SARS CoV-2 

On 24th January, the French Ministry of Health stated that they have found the first 

three confirmed positive cases being infected by SARS CoV-2. The Institute Pasteur was the 

first institution in Europe to sequence the whole genome of coronavirus, also known as “2019 

novel coronavirus”. The viral sequencing was performed at Mutualized Platform for 

Microbiology, P2M of Institut Pasteur. The P2M also performs the genome sequencing of 

other genomes originated from bacteria, fungi and that are received from CNR (National 

Reference Center), reference laboratory of WHO and other Collaborating Centers of WHO 

for the aim of disease surveillance. They have sequenced two full-length genomes of SARS 

CoV-2 were then submitted to the GISAID (Global Initiative on Sharing All Influenza Data) 

platform (Science Daily, 31st January 2020). 

  

Fig. 2.5:  Picture showing different methodologies used for the detection of SARS CoV-2 

(Kevadiya et al., 2021) 
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2.7 Nucleic acid amplification technique for the detection of SARS CoV-2 

The occurrence of a sudden pandemic involving 2019 novel coronavirus (SARS CoV-

2) has demonstrated the need of rapid testing and ultimately the development of diagnostic 

devices essential to provide quick and accurate test results to control the rising infection rate 

as well as for better prevention (Nascimento Junior et al., 2020). The Covid-19 testing 

involves any kind of laboratory techniques namely CT scan, nucleic acid amplification test 

(NAAT), serological test (Corman et al., 2020 and Wan et al., 2020). NAAT is considered as 

most sensitive laboratory technique for the early detection of SARS CoV-2. 

 The various nucleic acid amplification method involves certain techniques namely 

real time reverse transcriptase-polymerase chain reaction (RT-PCR), reverse transcription 

loop mediated isothermal amplification (RT-LAMP), etc. However, these tests require good 

quality of the virus particle. The real time RT-PCR technique is nowadays considered a gold 

standard for the detection purpose and is most widely used in many countries as recommended 

by Center of Disease Control (CDC) and World Health Organization (WHO) (Chu et al., 

Fig. 2.6:  Procedures of RT-PCR and RT-LAMP for the detection of SARS CoV-2 

(Kevadiya et al., 2021) 
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2020) targeting the E and RdRp gene (Corman et al., 2020). On the other hand, RT-LAMP 

technique involves the use of 4-6 primers and amplification of multiple target regions 

efficiently at a constant temperature without requiring any sophisticated instrument and 

skilled personnel. 

Table. 2.1: List of nucleic acid-based tests for the detection of SARS CoV-2 (Rai et al., 

2021) 

S.No. Name of detection assay Testing Principle Company 

1. TaqMan 2019-nCoV Control 

Kit v1 

Real-time RT-PCR ABI (Applied bio-

systems), United States 

2. Protect COVID-19 RT-qPCR 

Kit 

Real-time RT-PCR JN Medsys Pte Ltd 

3. ePlex SARS-CoV-2 test Cartridge Based 

Technology 

GenMark Diagnostics, Inc. 

4. SARAGENETM Corona 

Virus 

(2019 NCV) Test Kit 

Real-time RT-PCR CoSara Diagnostics Pvt. 

Limited, Ahmedabad, 

India 

5. Helini Coronavirus 

[COVID-19] Real 

Real-time RT-PCR Helini Biomolecules, 

Chennai, India 

6. Q-line Molecular 

Coronavirus (COVID-19) RT-

PCR kit 

Real-time RT-PCR POCT Services Pvt. 

Limited, 

Lucknow, India 

7. Covid 19 Probe-free Real 

Time PCR 

Diagnostic Kit 

Real-time RT-PCR Indian Institute of 

Technology, Delhi, India 

8. cobas SARS-CoV-2 Real-time RT-PCR Roche Molecular 

Systems, Inc. 

9. Meril COVID-19 One-step 

RT-PCR Kit 

RT-PCR Meril Diagnostics, Vapi, 

Gujarat, 

India 

10. Patho Detect RT-PCR Mylab Discovery 

Solutions, 

Pune, India 

11 ID NOW COVID-19 Isothermal nucleic 

acid amplification 

Technology 

Abbott Diagnostics 

Scarborough, Inc 



Review of Literature 
 

14 | P a g e  
 

12. CRISPR-based tests for 

SARS-CoV-2 

CRISPR-based lateral 

flow assay 

isothermal 

amplification 

Cepheid Sherlock 

Biosciences 

 

  

2.8  Serological detection of SARS CoV-2 

The serological detection method includes antibody and antigen testing. ICMR 

recommended antibody testing in most of the hot spot regions to track the Covid-19 infections. 

Anti SARS CoV-2 human IgG ELISA testing kit was developed by ICMR-NIV for the 

purpose of antibody detection with 98.7 % sensitivity and 100 % specificity resulted in 

external validation. This ELISA test demonstrated merits in testing around 90 samples in a 

single run with minimal biosafety requirements. On the other hand, antigen testing involves 

the detection of SARS CoV-2 antigens such as nucleocapsid (N), S1 and S2 regions of the 

spike (S) protein with a sensitivity in the range of 34 to 80 %.  

In September 2020, ICMR has permitted Rapid Antigen Test (RAT) for its utilization 

in various containment zones. However, the RAT providing negative results has been forced 

to undergo RT-PCR for the confirmation of infection. These serological-based tests has some 

disadvantages of producing false-negative results after being influenced by non-active 

replication and not having sufficient concentrations of SARS CoV-2.  Hence, these tests can 

be utilized only to diagnose early infection cases and their performance largely depend on the 

testing conditions, personnel and viral load of samples. All these factors arises the urgent need 

Fig. 2.7:  Schematic diagram depicting procedure for serological detection of SARS CoV-

2 (Kevadiya et al., 2021) 
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of reliable and accurate point of care (POC) diagnosis kits or devices to combat the Covid-19 

crisis in India (Kumar et al., 2021).   

Table. 2.2: List of serology-based tests for the detection of SARS CoV-2 (Rai et al., 2021) 

S.No. Name of detection assay Testing Principle Company 

1. SARS CoV-2 Rapid Test Lateral flow immunoassay Pharma ACT 

2. Covid Kavach ELISA 

IgG 

ELISA Zydus Cadila 

Healthcare Ltd. 

3. qSARS-CoV-2 Rapid 

Test 

Lateral flow immunoassay Cellex Inc 

4. IgG antibody kit for novel 

coronavirus 2019 

Magnetic particle based 

chemiluminescence 

immunoassay 

Bioscience 

(Chongqing) 

Diagnostic Technology 

Co. Ltd. 

5. COVID-19 IgG/IgM 

Point of Care Rapid test 

Lateral flow immunoassay Aytu 

Biosciences/Orient 

Gene Biotech 

6. COVID-19 Ag Respi-

Strip 

Lateral flow immunoassay 

(dipstick) 

Coris Bioconcept 

7. m2000 SARS-CoV-2 

assay 

Chemiluminescent 

Microparticle 

Abbott Core Laboratory 

8. DEIASL019/020 SARS-

CoV-2 

IgG ELISA kit 

ELISA Creative Diagnostics 

9. Standard Q COVID-19 

Ag 

Chromatographic 

Immunoassay 

SD Biosensor 

10. Standard Q COVID-19 

IgM/IgG Duo 

Lateral flow immunoassay SD Biosensor  
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2.9 RT-LAMP Technique 

LAMP is a type of isothermal amplification system discovered by Notomi et al., 

(2000), that can amplify nucleic acid with high specificity, sensitivity and pace at 60-65° C 

and which does not require any special tool such as thermal cycler. This method relies on self-

recycling line displacement DNA synthesis by Bst DNA polymerase. If the template is RNA, 

the amplification process can take place in one step by adding a reverse transcription process, 

therefore known as RT-LAMP technique (Yang et al., 2020). The principle of RT-LAMP 

involves the synthesis of cDNA (complementary DNA) from the template RNA and the 

through the application of LAMP technology we can amplify the cDNA and detect them. Park 

et al., 2020 have developed RT-LAMP assay to detect the genomic RNA upto 100 copies and 

in comparison with RT-PCR shows sensitivity of <10 copies per reaction. Also, the 

amplification efficiency was high. The leuco crystal violet method was applied to achieve 

colorimetric detection of LAMP reaction. Ben-Assa et al., (2020) have developed a protocol 

based on Reverse Transcription Loop-Mediated Isothermal Amplification (RT-LAMP) for 

detection of SARS-CoV-2 and applied directly on SARS-CoV-2 nose and throat swabs, with 

no RNA purification step required. Lu et al., (2020) developed RT-LAMP assay having a high 

sensitivity, with a LOD of 118.6 copies of SARS-CoV-2 RNA per 25 µL reaction, and showed 

good specificity. Lu et al., (2020) by using a mismatch-tolerant method of amplification, built 

a simple, fast, delicate and visual RT-LAMP assay for detection of SARS CoV-2. 

2.10 Rapid and visual detection through RT-LAMP assay  

The reading of RT-LAMP test is frequently colorimetric. Two common ways that are 

based on the measurements of either the pH or magnesium ions. As soon as the amplification 

takes place, pH lowers and magnesium ions drop immediately. These changes can be 

perceived by certain indicators such as phenol red for pH and hydroxynaphthol blue (HNB) 

for magnesium. Ben-Assa et al., (2020) developed the assay and visualized by colour change 

and considered samples negative if the original pink colour of the phenol red was maintained 

and positive if the phenol red colour turned orange-yellow. Also, leuco crystal method can be 

applied to this assay for the colorimetric detection of the reaction (Park et al., 2020). A visual 

version of this assay was developed by Lu et al., (2020) for convenient use and it produced a 

clear colour change for all positive samples when tested for about 40 min. Yan et al., (2020) 
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added 1 mL of fluorescent calcein and observed a colour change from orange to green for a 

positive reaction. In a visual detection system, cresol red is used as a pH dye indicator due to 

a strong colour difference between negative (red) and positive (yellow) reactions after 40 min 

of incubation at 63° C and a colour change from red to orange or yellow is considered a 

positive reaction (Lu et al., 2020).  

Detection methods that allow detection by visual examination without need of 

instrumentation using dyes that utilize inherent by-products of the extensive DNA synthesis, 

such as malachite green, calcein and hydroxynaphthol blue (Zhang et al., 2020). Anahtar et 

al., (2020), have developed a simple and inexpensive RT-LAMP technique having 87.5 % 

sensitivity and 100 % specificity to test nearly 135 nasopharyngeal samples that they have 

added directly and performed the RT-LAMP reactions which provided accurate results within 

30-40 minutes and suggested that sensitivity increases when the samples were subjected to 

chemical RNAse inactivation using TPEC/EDTA followed by heat-mediated lysis. 

Nawattanapaiboon et al., (2021) have developed RT-LAMP having an overall accuracy of 

99.86 %  based on targeting the viral RdRp gene as much of the laboratories across Europe 

which provided good results in 1hr included temperature about 65° C  when compared to the 

gold standard, qRT-PCR, requires no sophisticated equipment and facilitated visual detection 

possible through even naked eyes. They have also incorporated phenol red dye for 

colorimetric detection leading to a colour change i.e. pink to yellow during positive reaction.  

Through their experiments, they have suggested that this RT-LAMP technique for 

detecting SARS CoV-2 is highly compatible with the resource-limiting settings such as 

community hospitals and healthcare centers in rural areas as it does not require any 

sophisticated equipment. Lalli et al., (2021) have developed a colorimetric RT-LAMP assay 

with a limit of detection 59 (95% confidence interval: 44-110) particle copies per reaction and 

optimized that on the human saliva samples without the RNA purification step. They have 

also compared the performance of recently developed primers targeting different sequences 

of SARS CoV-2 and suggested that the primers targeting the N gene and orf1ab regions shown 

greater analytical sensitivity and also reduced the chances of false-positive results along with 

this they showed that there was no cross-reactivity with MERS coronavirus. Jang et al., (2021) 

developed a multiplex SARS CoV-2 RT-LAMP detection kit targeting mainly three genes 
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namely, RdRp, N and E genes along with internal control i.e. actin beta. The developed LAMP 

assay resulted good sensitivity as 93.85% for RdRp, 94.62% for N, 96.92% for RdRp/N. The 

limits of detection for the RdRP, E and N genes were found out to be 1x101 copies/μL, 1x101 

copies/μL and 1x102 copies/μL. This kit ensures a reduced level of contamination and enables 

diagnosing of mass population at a very shorter period of time. This assay has shown 100 % 

specificity in the detection process with no cross reactivity with the other known respiratory 

viruses. 

 Fowler et al., (2021) developed and simultaneously validated a highly effective RT-

LAMP assay that targeted the RdRp gene and suggested that it could replace the conventional 

RT-PCR technique during an emergency or when a large sample range is to be tested and 

Direct RT-LAMP can be successfully used as a near-patient screening tool to rapidly detect 

the presence of highly contagious SARS CoV-2. They have reported 100 % Analytical 

Specificity (ASp) and 97% Analytical Sensitivity (ASe) of between 1×10¹ and 1×10² copies 

per reaction which corresponds to the overall diagnostic sensitivity and specificity of 97% and 

99% respectively.  
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3. MATERIALS AND METHODS  

 

Objective 1 

 

Activity 1: Alignment of complete genome of SARS-CoV-2 sequenced from different 

parts (States and Union Territories) of India 

 

Fig. 3.1: Illustration of aligned sequences of SARS-CoV-2 sequenced from different 

States & Union Territories of India 

 

 

 

Synthesis of artificial SARS-CoV-2 genes and designing of LAMP primers 
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Activity 2: Identification of conserved regions 

 

 

Fig. 3.2: Illustration and identification of conserved regions of SARS CoV-2 after 

complete alignment of collected sequences 
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Activity 3: Designing of RT-LAMP primers 

 

 

 

Fig. 3.4: (a): Location of primers in SARS CoV-2 genome; (b): Sequence comparison 

among seven coronaviruses namely SARS-CoV, MERS-CoV, OC43, HKU1, NL63, 229E 

(Lu et al., 2020) 

 

Fig. 3.3: Procedure for designing RT-LAMP primers through the software “Primer 

Explorer V5” 
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Activity 4: Synthesis of artificial SARS-CoV-2 gene 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3.5: Procedure for synthesis of artificial SARS CoV-2 genes or “Synthetic Gene 

Construct” (SGC) 
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Objective 2 

Activity 1: Development of colorimetric/flourometric LAMP assay using Synthetic 

Gene construct (SGC) 

 

Activity 2: Performance evaluation of colorimetric/ flourometric LAMP assay using 

cDNA  synthesized from SARS-CoV-2 RNA at KCGMC 

 

 

 

 

Optimization and selection of Primer 
Concentration 

Optimization of LAMP Conditions 

Development of Colorimetric RT-LAMP 
assay 

Development of Fluorometric RT-LAMP 
assay 

Synthesis of cDNA from positive RNA samples extracted 
from  Covid-19 patients 

Quality analysis of cDNA and its quantification  

Performance evaluation of Colorimetric RT-
LAMP assay with synthesized cDNA

Performance evaluation of Fluorometric RT-
LAMP assay with synthesized cDNA

Development and performance evaluation of RT-LAMP assay  

construct (SGC) 
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Materials: 

A. List of all the equipment used in the current study: 

 

S.No. Name of the equipment Model Company/ Manufacturer 

Name 

1 Autoclave AC-48 New Brunswick scientific, 

USA 

2 Biosafety level-2 cabinet Labconco Labconco, USA 

3 Centrifuge 6K15 Sartorius Sigma, Germany 

4 Centrifuge R8C REMI Laboratory 

5 Centrifuge Centrifuge 5418 Eppendorf, Germany 

6 Deep freezer R134 A Vestfrost solutions 

7 DNA electrophoresis 

system 

Sub-cell® GT BIO-RAD, USA 

8 Freezer DAEWOO AR-310 

9 Gel Documentation 

System  

G-Box Syngene, USA 

10 Ice maker F-200 Icematic, Italy 

11 PCR 96 well thermal 

cycler 

Veriti® 96-Well 

Thermal Cycler 

Applied Biosystems/ Genex 

Life sciences, USA 

12 Ultra low deep freezer C760-86 New Brunswick scientific 

13 UV trans-illuminator   

13 Vortex Mixer  SPINX MC-01 Tarsons, India 

14 Water purification 

system 

ZMQS5000Y Merck Millipore, USA 

15 Weighing balance AE-200 Mettler, USA 
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B. List of all chemicals used in the current study 

 

S. No. Name of the 

chemical 

Catalogue no. Company/ 

Manufacturer Name 

1 Agarose  RM187-100G Hi-Media 

2 EDTA 79F-0458 Sigma 

3 Ethidium Bromide BIO 15 Tarsons 

4 Ethanol Absolute 

(99.9 %) 

C1211132 Cympran Gludt BV 

5 Glacial Acetic Acid 20001 L 25 Sd Fine Chem Ltd. 

6 Hydrocloric Acid 32395 Samir Tech Chem, 

Ltd. 

7 Phosphate buffered 

saline tablets 

P4417-100TAB Sigma 

8 Primers (designed) -------------- IDT 

9 Sodium hydroxide RM467-500G Hi-Media 

10 Sulphuric Acid 

(H₂SO₄) 

CK0C600460 Merck 

11 Tris base T153-1KG Sigma 

 

C.       List of all the solutions/ buffers used in the current study 

 

S. No. Solutions/ Buffers Composition Source 

1 Sample loading buffer (2X) 1.25 ml of Tris HCl (6.8 

pH) 

2 ml Glycerol, 4 mg Bromo 

phenol blue, 4 ml 10% 

SDS, 0.2 ml of β-mercapto 

Lab 

prepared 
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ethanol and make up to 10 

ml using milliQ water 

2 50X TAE Buffer 24.2 g Tris base 

5.71 ml Glacial Acetic Acid 

100 ml 0.5 M EDTA pH-

8.0 

Lab 

prepared 

3 TE Buffer 10 Mm Tris-HCl 

1 Mm EDTA, pH-8.0 

Lab 

prepared 

 

D.     List of all the softwares and web-tools used in the current study  

S.No. Software/ web-tool Application 

1 BLAST For specific analysis of primers 

2 Gel Doc For Capturing gel images 

3 GEN5-2.0 Version  For cDNA quantification 

4 GISAID & BioEdit For obtaining SARS CoV-2 Sequences 

5 IDT  For designing RT-PCR primers 

6 Primer Explorer V5 For designing RT-LAMP primers 
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Methods  

Objective 1 

3.1 Synthesis of artificial SARS-CoV-2 genes and designing of LAMP primers  

3.1.1 Collection of complete genome sequences of SARS-CoV-2 reported from India 

For the selection of target genes conserved among SARS-CoV-2 genomes reported 

from India, the complete genome sequences of SARS-CoV-2 reported from different parts of 

India were downloaded from GISAID (https://www.gisaid.org/) after successful registration 

(Fig. 3.6). 

 

After registration, the complete genome sequences of SARS-CoV-2 with high 

coverage have been downloaded representing different states (Andhra Pradesh, Assam, Bihar, 

Gujarat, Haryana, Jammu and Kashmir, Karnataka, Ladakh, Madhya Pradesh, Maharashtra, 

Odisha, Punjab, Rajasthan, Tamil Nadu, Telangana, Uttar Pradesh and Uttarakhand), Union 

Fig 3.6: The GISAID website outlook used for downloading complete genome sequences of 

SARS-CoV-2 genomes reported from India 

 

https://www.gisaid.org/
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territories (Delhi) and clades (G,GH and GR) have been downloaded in FASTA file format 

for the sequence analysis to identify conserved regions for selection of region for primer 

designing and subsequent synthesis of synthetic artificial SARS-CoV-2 genes. 

 

3.1.2 Alignment of sequences and identification of conserved regions 

The downloaded sequences have been aligned using GUIDANCE2, the server for alignment 

of sequences with MAFFT multiple sequence alignment (MSA) algorithm. After alignment, 

the aligned file was visualized in BioEdit, and the conserved and the variable regions of 

SARS-CoV-2 genomes reported from India were identified (Fig. 3.7). 

 

 

3.1.3 Selection of conserved regions for primer designing and synthesis of 

artificial/synthetic SARS-CoV-2 gene  

Before the selection of conserved regions for primer designing, the literature survey 

has been carried out to collect all sets of primer sequences earlier used in the development of 

Fig. 3.7: The view of the aligned file used in the identification of conserved regions among 

SARS-CoV-2 genomes reported from India  
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PCR- based assays for detection of SARS-CoV-2. The collected primer sequences were then 

searched for their presence in the identified conserved regions. Then, the conserved regions 

with no reported primer sequences in the literature were selected for designing RT-LAMP 

primers and subsequent synthesis of artificial/synthetic SARS-CoV-2 gene for the 

development of RT-LAMP assay.  Besides, the size of the region and function of their genes 

encompassed were taken into consideration before their exploration in primer designing. 

3.1.4 Designing of RT-LAMP Primers using “Primer ExplorerV5” software 

Primer Explorer is a primer designing software, which is specifically for LAMP, a 

novel gene amplification method. This software can easily design 4 primers based on 6 regions 

required by the LAMP method besides designing loop primers. In addition, it uses the "nearest 

neighbor" method for Tm calculation and installation is unnecessary since it can be used via 

the web. Hence, the latest version of Primer Explorer software (Primer Explorer V5) was used 

to design LAMP primers for the development of RT-LAMP assay targeting selected 

conserved regions by following the procedure given in the website 

(http://primerexplorer.jp/lampv5e/index.html). 

 

 

Fig. 3.8: Process of primer designing through the software “Primer Explorer V5” 

 

http://primerexplorer.jp/lampv5e/index.html
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3.1.5 In silico analysis of the specificity of LAMP primers  

The designed primers were analyzed for their specificity with the known and 

previously discovered coronaviruses by the BLAST tool available in NCBI website and 

obtained information about relative similarity between them.  

The designed primers were subjected to BLAST 

(https://blast.ncbi.nlm.nih.gov/Blast.cgi) and the sequence of specific candidate’s target genes 

were used for similarity search with available genome sequences of coronaviruses (26). 

Besides the specificity was also checked with the other viral genome sequences available in 

the NCBI database. 

3.1.6. Synthesis of primers  

Primers were synthesized by Integrated DNA Technologies, India. 

 

3.1.7 Synthesis of “Synthetic Gene Construct” (SGC) of the selected regions  

We procured artificially synthesized gene targets of above selected regions. These 

artificial genes were synthesized in the laboratory of Bio Basics®- Gene Synthesis by 

following 5-step procedure namely oligo synthesis, gene assembly, cloning, DNA sequencing 

and lastly lyophilization. The oligo synthesis included the chemical synthesis of multiple long-

length oligos as segments according to the desired final gene to be synthesized. After oligo 

synthesis, all the resulted oligos are assembled with each other via overlapping sequences. For 

assembling the whole gene required primers of nearly around 50-60 base pairs (bp) and 

allowed to undergo PCR reactions to enable the oligos to be arranged in particular blocks of 

length 1 kb of double stranded DNA. Those double stranded DNA were then assembled 

followed by amplification once again through PCR reaction to generate large segment of the 

obtained double stranded DNA. The synthesized complete gene was then cloned into a 

particular high expression vector, pUC57 having 2710 bp in length. All the obtained and 

resulted genes were then verified by DNA sequencing (Sanger’s sequencing) and only the 

correct ones were further selected. Only after assuring the quality of the selected genes, they 

were lyophilized and further downstream applications were performed. The resulted synthetic 

gene construct (SGC) was further utilized for carrying out the RT-LAMP experiments. 
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Fig. 3.9: Vector map of pUC57 used for cloning “Synthetic Gene Construct” (SGC)  

 

Objective 2 

3.2 Development and performance evaluation of RT-LAMP assay construct (SGC) 

3.2.1 Development of colorimetric RT- LAMP assay using SGC 

3.2.1.1 Optimization and selection of primer concentrations 

A total of six sets of LAMP primers targeting three conserved regions were designed, 

two corresponding to each selected conserved region. In each primer sets consists of four 

primers i.e. two inner loop primers namely FIP (Forward Inner Loop) and BIP (Backward 

Inner Loop) and two outer loop primers namely F3 (Forward primer) and B3 (Backward 

primer). In the first step, the concentrations of primers (1:4; 1:6 and 1:8) to be utilized for the 

performance of RT-LAMP reaction were optimized. Finally, the concentration of primers 

resulting into the amplification of the target region with a good quantity of amplified products 

was selected for the development of RT-LAMP assay. 
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3.2.1.2 Preparation of RT-LAMP reaction mixture with optimized concentration of 

primer mix 

The RT-LAMP reaction mixture was prepared according to the instructions provided 

by the commercial LMP reaction kit i.e. WarmStart® LAMP Kit (DNA & RNA) from NEB 

(New England Biolabs). The final prepared reaction includes the specific primer set mixture 

at optimized level, WarmStart LAMP 2X Master Mix, target DNA (synthetic gene construct) 

and nuclease-free water to make the required reaction volume (10/12.5/25µl).  

3.2.1.3 Optimization of RT-LAMP reaction temperature  

We have performed the RT-LAMP reaction after the preparation of the reaction 

mixture as explained in section 3.2.1.2. For optimizing the conditions of LAMP experiment, 

we have employed the gradient the LAMP technique which involved three different 

temperature-time conditions i.e. 61°, 63° and 65° C for 40 minutes. Then, based on the 

intensity of bands developed on ethidium bromide staining of agarose gel loaded with LAMP 

amplified products, the temperature condition was selected for the final performance of 

LAMP reaction. 

3.2.2 Development of colorimetric RT-LAMP assay 

To develop a rapid RT-LAMP assay with visible detection of RT-LAMP products 

after amplification, we have employed three chromogenic dyes namely A, B and C at different 

concentrations (Table 3.1) to prepare LAMP reaction. The visual clear change in the colour 

or the development of clear distinct colour of the chromogenic dyes either due to change in 

pH of the LAMP reaction with the release of H+ ions or due to variation in Mg2+ ion 

concentration during LAMP amplification was observed in comparison to a negative control. 

Table 3.1: Details of Chromogenic dyes and their concentrations 

chromogenic dye Concentration  

A X, Y and Z 

B U and V 

C W 
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The optimal dye concentration was selected on successful and differentiable colour 

change in each of the LAMP reactions involving particular dyes. 

3.2.3 Development of fluorometricc RT-LAMP assay 

The fluorometric RT-LAMP assay was developed with the fluorescent dye provided 

with WarmStart® LAMP Kit (DNA & RNA) and the change in the fluorescence was 

observed under the UV light after the reaction. 

3.2.4 Performance evaluation of colorimetric and fluorometric RT-LAMP assay with 

cDNA synthesized out of SARS-CoV-2 RNA 

The performance evaluation of colorimetric and fluoroimetric RT-LAMP assay in the 

detection of SARS-CoV-2 was carried out at Viral Research and Diagnostic Laboratory, 

KCGMC, Karnal, Haryana. In this activity, we have collected around 26 positive Covid-19 

RNA samples including a few Low Ct (Cycle threshold) from the staff of VRDL. The practical 

experiments involved a total of 5 days at the Microbiology Department of KCGMC. The work 

schedule was followed religiously from morning 10:00 AM to 5 PM to perform all the 

experiments there.  The required equipments, UV trans-illuminator, thermal cycler, gel 

electrophoresis system  were taken from Molecular Biology Unit, Dairy Microbiology 

Division, ICAR-NDRI for the proper and efficient conduct of the experiments.  

3.2.4.1 Collection of positive RNA samples and quality analysis  

Each day fresh positive RNA samples were collected at VRDL for quality analysis 

followed by synthesis of cDNA.  Initially, the integrity and quality of RNA samples by agarose 

gel electrophoresis using agarose gel (2%) and EtBr as DNA binding dye. The agarose gel 

loaded with RNA after agarose gel electrophoresis was observed for staining intensity RNA 

bands and any degradation products. The samples that exhibited bands with good intensity 

without any degraded products after visualization using UV-transilluminator were considered 

good quality for the extraction of cDNA. 
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3.2.4.2 Synthesis of cDNA from the selected positive RNA samples 

In the process of cDNA synthesis, RNA serves as a template and involves a major step 

of “Reverse Transcription” which involves the most important enzyme namely reverse 

transcriptase. The cDNA is usually formed by viruses and retro transposons for the purpose 

of integrating RNA into the genomic DNA. In the field of molecular biology, the RNA 

molecule first needs to be purified and should be free from DNA, protein and several other 

cellular components and afterwards the synthesis of cDNA from RNA is being done in-vitro 

through reverse transcription step. For the purpose of the synthesis of appropriate cDNA from 

those RNA samples, we have utilized two different cDNA synthesis kit namely iScriptᵀᴹ 

cDNA Synthesis Kit (Bio-Rad) and Revert Aid First Strand cDNA Synthesis Kit from Thermo 

Scientific, India. 

As it is well known that PCR technique can be applied for the amplification of RNA 

molecules in which condition, it is also referred as reverse transcription – PCR or much widely 

followed and commonly known as RT-PCR. For RT-PCR, the molecule of RNA i.e. mRNA 

should first converted into the cDNA (complementary DNA) through the action of unique 

enzyme namely reverse transcriptase. Further, the obtained cDNA then acts as a template for 

PCR. The synthesis of first strand of cDNA, requires several different types of primers which 

Fig. 3.10: Illustration of work related to the quality analysis positive RNA samples 

used for the synthesis of cDNA  
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includes random primer, oligo dT primer with some specifically designed sequence primers. 

The fig. 3.11 below shows the mechanism of the first strand synthesis of cDNA through the 

use of several primers and also the primers are depicted in purple colour in the figure given 

below and table depicts the PCR cycling conditions for cDNA synthesis. 

 

 

Table 3.2: PCR cycling conditions for cDNA synthesis 

S. No. Step Temperature Condition 

1 Priming 5 min at 25°C 

2 Reverse Transcription 20 min at 46°C 

3 RT inactivation 1 min at 95°C 

4 Optional Step Hold at 4°C 

 

3.2.4.3 Quality analysis of cDNA samples by agarose gel electrophoresis  

The synthesis of cDNA from RNA was confirmed by Agarose Gel Electrophoresis. 

The appearance of smeared bands on visualization under UV-trans illuminator confirmed the 

synthesis of cDNA from RNA to be used as template for the performance evaluation of 

developed colorimetric or flourimetic RT-LAMP assays. 

Fig. 3.11: Synthesis of first strand of cDNA in RT-PCR (reverse transcription PCR) 

through different primers. (A) Random primers (B) oligo dT primer (C) Sequence 

specific primer. (Reference Book- Biotechnology: Author- U. Satyanarayana) 
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3.2.4.4 Performance evaluation of colorimetric and fluorometric RT-LAMP assay using 

cDNA synthesized from SARS-CoV-2 RNA at KCGMC 

The performance evaluation of developed colorimetric and fluorometric RT-LAMP 

assay was carried out by using cDNA synthesized from positive RNA samples as template, 

while the synthetic gene construct served  as positive control. All the colorimetric and 

fluorometric assays were carried out as explained earlier with optimized concentration of 

chromogenic and fluorogenic dyes. At the end, the obtained results were compared to assess 

the performance of developed colorimetric and fluorometric RT-LAMP assays. 

         

 

Fig.3.12:  Gel Electrophoresis performed for visualization of synthesized cDNAs from 

positive RNA samples  
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4.        RESULTS AND DISCUSSION  

 

Effective management and prevention of any disease require robust diagnostic 

techniques that can aid in the early detection and diagnosis of the disease. The necessity of 

these diagnostic tools have been very strongly felt in the current pandemic scenario where the 

entire management of the pandemic is based on the three Ts i.e. Test, Track and Treat. The 

prominence accorded to Testing as the first T shows the crucial role of Diagnostic testing, 

emphasizing that these are the need of the hour. These diagnostic tools can prove to be a 

crucial weapon in our fight against the novel Coronavirus. Rapid and accurate diagnostic tests 

are imperative for identifying and managing infected individuals, contact tracing, 

epidemiologic characterization, and public health decision making. Laboratory testing may be 

performed based on symptomatic presentation or for screening of asymptomatic people. 

Nucleic acid amplification tests (NAAT) are generally the gold standards for confirming 

SARS-CoV-2 infection, RT-PCR being the widely used one. However, RT-PCR requires 

specialized equipment, skilled personnel training and may be particularly challenging in 

resource-limited settings. Besides, long turn-around time (24 h) are not feasible for local and 

referral laboratories. 

Hence, in the current investigation, an attempt was made to develop colorimetric/fluorometric 

loop mediated isothermal amplification, also known as LAMP, to do away with expensive 

technologies, like real-time PCR and to shorten the turn-around time to up to 40 min. In this 

investigation, we intended to develop RT-LAMP assay as Point of Care (PoC) diagnostic tool 

for the detection of human SARS CoV-2 with the objectives of development of colorimetric 

or fluorometric RT-LAMP assay and evaluation of its performance. Initially, the complete 

genome sequences of human SARS CoV-2 sequenced from different parts of India were used 

to identify the target gene or region which can serve as a potential target for designing RT-

LAMP primers. Besides, the same target gene was also got synthesized in the form of synthetic 

gene construct which could serve as positive control in the lab for the development of assay. 

The designed primers were then explored for the development of RT-LAMP assay using 

synthetic gene construct as template. Besides, initially several parameters such as primer 

concentration and their ratio, LAMP reaction conditions were optimized for the successful 

amplification of the target region.  
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Later, the concentrations of various chromogenic dyes were optimized for the 

development of colorimentric LAMP assays. Further, the same conditions were used to 

develop fluorometric LAMP assay. Finally, the performance of developed 

colorimentric/fluorometric RT-LAMP assay was evaluated with the cDNA synthesized out of 

RNA extracted from SARS CoV-2. The results obtained during this course of investigation 

were compiled and discussed in this section. 

Objective 1 

4.1 Designing of LAMP primers and Synthesis of artificial SARS-CoV-2 genes  

4.1.1 Collection of complete genome sequences of SARS-CoV-2 reported from India 

The GISAID (Global Initiative on Sharing Avian Influenza Data; 

(https://www.gisaid.org/)) is basically a consortium in which its member release databases 

publically up to a period of six months after appropriate analysis and validation. Even though, 

several databases for genome sequences exist,   GISAID is by far the most popular database 

for SARS-CoV-2. This consortium shared the first complete genome sequence SARS CoV-2 

and more than 1.2 million coronavirus genome sequences from 172 countries and territories 

have been shared in this popular online data platform, which is a testament to the hard work 

of researchers around the world during the pandemic (Fig. 4.1). Hence GISAID database was 

chosen and get registered to download sequences reported from different parts of India (Yadav 

et al., 2021). 

 

 

 

 

 

 

 

 

 

https://www.gisaid.org/
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Fig. 4.2: Collection of genome sequences of SARS-CoV-2 from GISAID database 

Fig 4.1: Registration in GISAID to collect genome sequences of SARS CoV-2 reported 

from India 
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After registration, a total of around 142 sequences of SARS CoV-2 were selected  from 

several Indian States and Union Territories namely, Andhra Pradesh, Assam, Bihar, Delhi, 

Gujarat, Haryana, Jammu and Kashmir, Karnataka, Ladakh, Madhya Pradesh, Maharashtra, 

Odisha, Punjab, Rajasthan, Tamil Nadu, Telangana, Uttar Pradesh and Uttarakhand (Fig. 4.2) 

and downloaded in the FASTA format to select the target region for  designing RT-LAMP  

primers  and subsequent synthesis of the primer binding regions (synthetic gene/artificial gene 

construct) for the development of RT-LAMP assay (Table 4.1). 

Efforts have also been made earlier by several investigators to explore GISAID dataset 

for designing different primer sets and these investigators proved the ability of selected 

nucleic acid sequences obtained out of GISAID dataset to separate SARS-CoV-2 from 

different virus strains with near-perfect accuracy (Lanza et al., 2020 ; Lopez-Rincon et al., 

2021). Besides, the designed primers were able to deliver highly sensitive results in routine 

diagnostic methods with 100% specificity (Lopez-Rincon et al., 2021) 

Table 4.1: Selection of complete genome sequences obtained from different regions of 

India 

S. No State or Union Territory No. of complete genome sequences 

selected for analysis 

1 Andhra Pradesh 2 

2 Assam 2 

3 Bihar 4 

4 Delhi 10 

5 Gujarat 10 

6 Haryana 8 

7 Jammu Kashmir 1 
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8 Karnataka 10 

9 Ladakh 6 

10 Madhya Pradesh 9 

11 Maharashtra 13 

12 Odhisha 10 

13 Punjab 5 

14 Rajasthan 6 

15 Tamil Nadu 10 

16 Telangana 10 

17 Uttar Pradesh 16 

18 Uttarakhand 10 

 Total 142 

 

4.1.2 Alignment of sequences and identification of conserved regions 

All the 142 sequences were aligned including the first genome sequence reported from 

China to identify the conserved region. Initially, the sequences were aligned using 

GUIDANCE2, the server for alignment of sequences with MAFFT ((Multiple Alignment 

using Fast Fourier Transform) multiple sequence alignment (MSA) algorithm after alignment, 

the aligned file was visualized using BioEdit programme to identify conserved regions (Fig. 

4.3).   
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A total of 36 conserved regions were identified after the alignment and their position 

and respective size have been shown in the Table 4.2. Further, the reported primer sequences 

that have been designed earlier for the detection of SARS-CoV-2 by RT-PCR and RT-LAMP 

assays have been collected from the literature and their positions have been located in the 

conserved regions as indicated in Table 4.2.  

Previously,  investigators have also used several multiple sequence alignment (MSA) 

tools (ClustalW, MUSCLE and ClustalO  ) including MAFTT to align and subsequently infer 

the genetic variability in Indian SARS-CoV-2 genomes by identifying the mutations as 

substitution, deletion, insertion and SNP in the complete genome sequences of SARS-CoV-2. 

(Saha et al., 2020). Similarly, in our study, MAFTT tool was able to identify 36 conserved 

regions without any mutations (substitution, deletion and insertion) among 142 reported 

sequences of SARS-Cov-2, thereby giving non-variable (conserved) regions for designing 

highly sensitive primers for the development of nucleic acid based diagnostic assays. 

 

 

Fig. 4.3: The view of identified conserved regions of SARS CoV-2 from aligned sequences 
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Table 4.2: Details of conserved regions identified among the SARS-CoV-2 genome 

sequences reported from India 

Conserved 

Region 

Genes Position Size (bp) No. of Reported 

Sequences 

1 Nsp1 107-240 133 Nil 

2 Nsp1 242-312 70 Nil 

3 Nsp1 & Nsp2 314-883 569 3 

4 Nsp2 885-1946 1061 Nil 

5 Nsp2 & Nsp3 1948-3036 1088 Nil 

6 Nsp3 3038-5699 2661 5 

7 Nsp3 5701-6309 608 1 

8 Nsp3 6313-8021 1708 2 

9 Nsp3 & Nsp4 8023-8916 893 Nil 

10 Nsp4, Nsp5 & Nsp6 8918-11082 2164 Nil 

11 Nsp6 11084-11234 150 Nil 

12 Nsp6, Nsp7, Nsp8 & 

Nsp9 

11236-12684 1448 Nil 

13 Nsp9 & Nsp10 12686-13729 1043 7 

14 Nsp10 & Nsp11 13731-14407 676 4 

15 Nsp11 & Nsp12 14409-15323 914 4 

16 Nsp12 15325-15434 109 2 

17 Nsp12 & Nsp13 15436-16992 1556 4 

18 Nsp13 & Nsp14 16994-18876 1882 1 

19 Nsp 14 & Nsp15 18878-19302 424 1 
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20 Nsp15, Nsp16 & S 19549-21990 2441 5 

21 S 21994-22443 449 1 

22 S 22445-22514 69 Nil 

23 S 22516-23402 886 4 

24 S 23404-23928 524 Nil 

25 S 23930-24388 458 4 

26 S & orf3a 24391-25562 1171 3 

27 Orf3a 25564-26064 500 Nil 

28 M 26066-26157 91 Nil 

29 M 26162-26350 188 2 

30 M 26357-26708 351 1 

31 M 26710-26734 24 Nil 

32 M, orf7a, orf8 & N 26736-28310 1574 3 

33 N 28312-28687 375 5 

34 N 28689-28853 164 4 

35 N 28855-28880 25 Nil 

36 N & orf10 28884-29686 802 11 

 

4.1.3 Selection of conserved regions for primer designing and synthesis of 

artificial/synthetic SARS-CoV-2 gene 

In order to get accurate results the selection of target genes/regions and designing 

suitable primers is imperative for the development of an RT-LAMP detection kit with 

enhanced precision and accuracy. It is important to ensure that the primers scoped through 

these approaches can be able to detect the most important genomic segment or gene of interest 
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of SARS CoV-2 for better efficacy. The genome segments should be conserved and involved 

in the main function of the virus such that the mutations should not have any influence on the 

genome segments targeted for the study.  

The selection of the most relevant gene to be targeted to detect SARS CoV-2 is very 

crucial step for the development of RT-LAMP diagnostic kit. For the effective selection, we 

have searched all the relevant and essential information about the most abundant structural 

and non-structural genes of SARS CoV-2 to get an idea of the repertoire of genes of SARS 

CoV-2 that participate in the process of replication and induce pathogenicity inside the human 

host cells after entering the human body upon illness or infection. After a thorough literature 

review of all the known facts and details helpful for the selection of potential target genes and 

other proteins available in the literature, we selected a total of three conserved regions to be 

targeted by the RT-LAMP assay kit for accurate detection of SARS CoV-2. Also, 

corresponding to these selected regions, no primers were reported or designed to detect SARS 

CoV-2 infections, previously. 

 Out of 36 conserved regions, a total of 13 conserved regions were found to be not yet 

explored for primer designing, as was evident from the literature survey. However, three 

conserved regions were found associated with replication of the viral genome and are 

comprised of non-structural proteins with least and no variations (mutations). Hence these 

three conserved regions covering non-structural proteins were selected to design RT-LAMP 

primers.  

4.1.4 Designing of RT-LAMP primers using “Primer ExplorerV5” software 

As explained earlier, Primer Explorer is a primer designing software, widely used for 

designing primers for LAMP, a novel gene amplification method (Yoshikawa et al., 2020). 

Hence, in the present investigation, LAMP primers were designed through Primer Explorer 

V5 software (Eiken; http://primerexplorer.jp/) as shown in Fig. 4.4. The RT-LAMP assay 

requires a set of 6 primers: 2 outer primers (F3 and B3), 2 inner primers (FIP and BIP), and 2 

loop primers (LF and LB). FIP consists of a complementary sequence of F1 and a sense 

sequence of F2, whereas BIP includes a complementary sequence of B1 and a sense sequence 

of B2 (10). The detailed primer sequences used for SARS-CoV-2 amplification are shown in 

Table 4.3. 

http://primerexplorer.jp/
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Table 4.3: Targeted conserved regions and respective sets of primes selected for the 

development of RT-LAMP assays. 

Targeted conserved Regions No of LAMP primer 

sets designed 

Primer Sets 

X 3 sets  A 

B 

Y 3 sets C 

D 

Z 3 sets E 

F 

A total of nine sets of primers were designed targeting three conserved regions. 

However, only six sets of primers (Table 4.4), two each from a single conserved region were 

selected for the development of RT-LAMP assay due to the limitation of time. 

Fig. 4.4: Designed LAMP primer sets being generated through PrimerExplorerV5 
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Table 4.4: Details of primer sets designed for the development of RT-LAMP assay 

Name Type Sequence 

12AF3 F3 To be patented 

12AB3 B3 To be patented 

12AFIP FIP To be patented 

12ABIP BIP To be patented 

12AF1c LF To be patented 

12AB1c LR To be patented 

12F3 F3 To be patented 

12BF3 B3 To be patented 

12BFIP FIP To be patented 

12BBIP BIP To be patented 

12BF1c LF To be patented 

12BB1c LR To be patented 

15AF3 F3 To be patented 

15AB3 B3 To be patented 

15AFIP FIP To be patented 

15ABIP BIP To be patented 

15AF1c LF To be patented 
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15AB1c LR To be patented 

15BF3 F3 To be patented 

15BB3 B3 To be patented 

15BFIP FIP To be patented 

15BBIP BIP To be patented 

15BF1c LF To be patented 

15BB1c LR To be patented 

 

Earlier investigators (Yoshikawa et al., 2020) were also successful in designing LAMP 

primers targeting ORF1b region of SARS-CoV-2 using Primer Explorer V5 software 

(Eiken; http://primerexplorer.jp/). Besides, several investigators have also explored different 

gene targets (Orf1ab, spike glycoprotein (S), nucleocapsid protein (N)) for designing LAMP 

primers. However, the primers designed in the present investigation were different from the 

previous sets of primers reported by several other investigators (Huang et al., 2020; 

Yoshikawa et al., 2020, Rabe et al., 2020). 

4.1.4.1 Evaluation of primer specificity  

 The specificity of the designed primer sets was evaluated via sequence alignment with 

other previously reported human coronaviruses. We also performed the homology search with 

the help of BLAST tool available in NCBI website and we have found that the designed primer 

sets have matched only with the genome sequences of MERS CoV and Bat SARS-like 

coronavirus (SARS-CoV) and no similarity was detected  in the genome  sequences of other 

human viruses like HIV, HCoV-OC43, HCoV-229E, HCoV-HKU1, Hepatitis B type Virus, 

Hepatitis Delta Virus, Dengue, Human orthopneumovirus, Enterovirus A, Enterovirus D, 

Hepacivirus C, Chikungunya Virus, Zaire Ebolavirus, Orthohepevirus A, Novovirus G II, 

Mumps rubulavirus, Zika Virus, Measles morbilivirus, BtCoV-HKU10, BtCoV/133/2005, 

BtCoV/22/29, BtCoV/335/2005 and Human rotavirus (Table 4.5). 

http://primerexplorer.jp/
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Table 4.5: Similarity and homology analysis with all previously discovered 

coronaviruses 

Viruses Region 12 Region 15 Region 17 

MERS-CoV Only primers 

matched 

Only primers 

matched 

Only Primers 

matched 

Bat SARS like 

Coronavirus 

Matched (sequences 

and primers both) 

Matched 

(sequences and 

primers both) 

Matched 

(sequences and 

primers both) 

HIV No Match No Match No Match 

HCoV-OC43 No Match No Match No Match 

HCoV-229E No Match No Match No Match 

HCoV-HKU1 No Match No Match No Match 

Hepatitis B type Virus No Match No Match No Match 

Hepatitis Delta Virus No Match No Match No Match 

Dengue No Match No Match No Match 

Human 

orthopneumovirus 

No Match No Match No Match 

Enterovirus A No Match No Match No Match 

Enterovirus D No Match No Match No Match 

Hepacivirus C No Match No Match No Match 

Chikungunya Virus No Match No Match No Match 
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Zaire Ebolavirus No Match No Match No Match 

Human Respirovirus 3 No Match No Match No Match 

Orthohepevirus A No Match No Match No Match 

Novovirus G II No Match No Match No Match 

Mumps rubulavirus No Match No Match No Match 

Zika Virus No Match No Match No Match 

Measles morbilivirus No Match No Match No Match 

BtCoV-HKU10 No Match No Match No Match 

BtCoV/133/2005 No Match No Match No Match 

BtCoV/22/29 No Match No Match No Match 

BtCoV/335/2005 No Match No Match No Match 

Human rotavirus No Match No Match No Match 

 

Hence, all the selected six primers sequences were found selective for the detection of 

SARS-CoV-2 including MERS-CoV and Bat SARS like Coronavirus. 

In in-silico analysis for specificity, the investigators Lopez-Rincon et al., 2021, also 

compared all the primers sets’ sequences with the NCBI-B and NGDC dataset and the results 

displayed the non-specific nature of designed SARS-CoV-2 primers with that of other SARS-

CoV.  

After specificity analysis, the selected primers were get synthesized by Integrated 

DNA Technologies, India. 
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4.1.5 Synthesis of “Synthetic Gene Construct” (SGC) of the selected regions  

The selected conserved regions were synthesized from Bio Basic, India and quality 

report including restriction digestion analysis report of the synthesized gene was given Table 

4.6 and Fig. 4.5. 

Table 4.6: Gene synthesis report of selected conserved regions 

BBI ID BioL279 

Work No.  Gene Name X 

Length (bp) 1449 Order Date ______ 

Vector pUC57 Delivery Date ______ 

Plasmid No. BioL279-043021 Storage -20°C 

Cloning Site SmaI Host TOP10 

Resistance Amp Plasmid Qty. 4ug/Vial 

Growth Condition/ 

Temperature 

 Competent Cells E. coli 

 

 

 

After getting sufficient quantity 

of SGC with satisfactory quality, the 

lyophilized plasmid SGC was dissolved 

in TE buffer to the final concentration is ~100 ng/µl and was stable at -20°C  for downstream 

application i.e. for its use as positive template in the development of LAMP assay with 

selected set of primers. 

 

Fig 4.5: Restriction enzyme digestion 

analysis of Synthetic Gene Cosntruct 

(SGC) 
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Objective 2 

4.2 Development and performance evaluation of RT-LAMP assay 

4.2.1 Development of colorimetric RT- LAMP assay using SGC 

4.2.1.1 Optimization and selection of primer concentrations and ratio 

In the first step, we have optimized the concentration and ratio of primers (A, B and 

C) to be utilized for the performance of RT-LAMP reaction.  Finally, the optimized 

concentration of primers with B ratio which resulted in amplification of the target region with 

a good quantity of amplified products was selected for the development of RT-LAMP assay. 

 4.2.1.2 Optimization of RT-LAMP reaction temperature  

For, optimization of RT-LAMP reaction temperature, we employed the gradient 

LAMP technique which involved three different temperature-time conditions i.e. 61°, 63° and 

65° C for 30-40 minutes. Also, in some of the reactions, a final inactivation step at a specific 

temperature of 80° C for 10 minutes was employed (Fig. 4.6). With these conditions, all the 

primer sets at optimal concentration and ratio were used to check at what temperature they 

will be able to bind effectively and yield the highest concentration of amplified products by 

using synthetic gene constructs (SGC) of interest as templates. The yield of LAMP products 

at different annealing temperatures was analyzed through agarose gel electrophoresis and the 

results of the same were shown in Fig.4.7. 

 

                                      

 

Fig. 4.6:  Gradient LAMP assay conditions being performed using thermal cycler 
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From the above figure, it is clearly evident that out of six set of primers (A, B, C, D, 

E and F), four sets of primers (B, C, D and F) were able to yield LAMP products using 

synthetic gene constructs.  Besides, we found 63°C optimum temperature and 40 min as the 

minimal time to generate a large number of LAMP products which can be clearly visualized 

on examination of EtBr stained agarose gel under UV light. Hence, LAMP temperature and 

time combination of 63°C for 40 min was selected for the development of LAMP assay. 

Though all the four sets of primers (B, C, D and F) were able to yield LAMP products 

at aforesaid temperature and time conditions, we selected primer set B for the development of 

colorimetric LAMP assay due to time constraint and limitation of resources like the sufficient 

availability of SGC for optimization of colorimetric LAMP assay (Fig. 4.8). 

 

Fig. 4.7: Agarose Gel Electrophoresis confirmed the best amplification at 630C with 

high intensity of bands visualized after loading respective LAMP products 
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 Earlier investigators have also reported temperature and time combinations of 

63°C/40min for generation of LAMP products with good intensity (Pandey et al., 2018). Our 

results in this regard are very much similar to those of earlier developed LAMP methods with 

the designed set of LAMP primers  

4.2.1.3 Performance evaluation of selected primer (B) with cDNA synthesized from 

SARS-CoV-2 RNA 

After optimizing LAMP conditions with the help of synthetic gene construct, we 

proceeded to evaluate the performance of the developed LAMP assay cDNA being 

synthesized from SARS CoV-2 RNA at Kalpana Chawla Government Medical College 

(KCGMC), situated in Karnal, Haryana. In performance evaluation, we observed a similar 

kind of amplification (band pattern) being produced at the end of LAMP assays carried out 

with cDNA (A1 and A2) and SGC (B1 and B2) as template with alike intensity under the UV 

trans-illumination of EtBr stained agarose gel located with the LAMP amplified products. 

(Fig. 4.9) 

                                    

Fig. 4.8: Selection of Primer set ‘B’ for the performance of final RT-LAMP 

reactions 
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4.2.2 Development of colorimetric RT-LAMP assay 

We have performed the colorimetric LAMP reactions to develop a rapid diagnostic 

point-of-care (POC) colorimetric assay that could provide visible detection of SARS CoV-2 

infections. For the development of these assays, we have utilized three chromogenic dyes 

namely A, B and C. After development of colorimetric LAMP assay, its performance was 

evaluated with cDNA synthesized from SARS CoV-2 RNA at Kalpana Chawla Government 

Medical College (KCGMC), Karnal, Haryana. 

4.2.2.1 Optimization and selection of concentrations of the chromogenic dyes 

All the three chromogenic dyes namely A, B and C were added at varied 

concentrations to optimize the reaction conditions of LAMP assay. For dye A, three different 

concentrations i.e. X, Y and Z µM was employed to be used in the LAMP reaction to found 

the intensity of colour change being produced after the reaction. The efficient colour change 

being observed in the case of Y µM concentration. Similarly dye B at U and V concentrations 

and C dye at W concentration were selectively added in the LAMP assay to find out the colour 

change. Visible colour change was observed only in the case of dye A at Y concentration and 

dye B at U concentration (Fig. 4.10, 4.11). However, no colour change was observed W 

concentration in the case of dye C (Fig. 4.12), which needs further optimization with respect 

to the concentration. 

Fig. 4.9: Evaluation of the performance of the developed RT-LAMP assay with cDNA 
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Fig. 4.10: LAMP reaction being performed with the addition of dye A 

Fig. 4.11: LAMP reaction being performed with the addition of dye B 
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4.2.2.2 Evaluation of performance of the developed colorimetric RT-LAMP assay with 

cDNA 

Performance evaluation  of colorimetric  RT-LAMP assay using cDNA  synthesized 

from SARS-CoV-2 RNA was done at KCGMC, Karnal, Haryana. Here, cDNA synthesized 

from RNA SARS-CoV-2 was used as template to take part in the LAMP reaction and the 

results were compared with SGC as positivetemplate. After LAMP reaction, the colorimetric 

observation of sample with cDNA as templated  was compared  with theat of LAMP reaction 

involving SGC as templated DAN. From the visible observations, we found  similar kind of 

colour change in both cDNA and SGC samples sets. The resutls were further confirmed with 

agarose gel electrophoresis of LAMP products generated out of cDNA and SGC, where the 

amplified products were visible in both the sample sets. From the aforesaid results, it was very 

clear that the developed LAMP assay was able to yield resutls with the cDNA synthesized 

from the clinical samples of RNA extracted from SARS-CoV-2 virus. 

Fig. 4.12: LAMP reaction being performed with the addition of dye C  
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Earlier investigators have also suggested that the colorimetric RT-LAMP assay could 

serve as a potential and rapid testing methodology for the detection of SARS CoV-2 

(Papadakis et al., 2021 and Kellner et al., 2020). The LAMP reactions were successfully 

carried out at an optimized temperature of 65° C for 60 minutes and a colour change was 

observed from pink colour to yellow (Haq et al., 2021). These developed assays were able to 

demonstrate sensitivity of 90.2% and specificity of 92.4 % (Lim et al., 2021). The other 

investigators utilized WarmStart colorimetric RT-LAMP 2X Master Mix to carry out the 

LAMP reactions at 65°C for 15-60 min followed by cooling at 4 for 30 sec to intensify the 

colour changes being appeared in the tubes (Dao thi et al., 2020). Recently, Nawattanapaiboon 

et al., (2021) have developed a simple and less expensive colorimetric LAMP assay targeting 

the RdRp gene with the use of phenol red as pH indicator dye showing 95.74 % sensitivity 

and 99.95 % specificity.  

Yu et al., (2021) have utilized unique pH dye known as LAMP Shade Violet instead 

of other conventional dyes such as phenol red and HNB dye which contributed to a better 

intensity of colour change i.e. from purple to clear. Our results in this investigation were found 

similar with respect to the above-mentioned studies involving chromogenic dyes during the 

LAMP reactions that we have carried out at 65°C for 30 min. Therefore, we can recommend 

this study to be explored further for the successful as well as rapid detection of SARS CoV-

2. However, further validation of the developed Colorimetric RT-LAMP assay is required 

Fig. 4.13 Performance of LAMP reaction being evaluated with the addition of dye A 
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with a larger sample size of RNA extracts of SARS CoV-2 to evaluate the sensitivity and 

specificity of the above-developed proof of concept for the RT-LAMP assay. 

4.3 Development of fluorometric LAMP assay and its performance evaluation 

with fluoroscent dye 

 The fluorometric LAMP assay was carried out along with the addition of fluorescent 

dye in the similar way as in the case of chromogenic dye. The fluorometric LAMP assay 

developed with provided fluorescent dye from WarmStart® LAMP Kit (DNA & RNA)  was 

able to yield results as increased fluorescence was observed in the reaction tubes with 

synthetic gene and cDNA as template in comparison with the control without any template 

DNA as shown in Fig. 4.14 . Hence, the LAMP developed assay can be used a fluorometricc 

LAMP assay where the provision of reading or measuring fluorescence is available.  

 

 

 

Earlier investigations have also recommended the fluorometricc RT-LAMP assay as a 

rapid and scalable testing methodology for the detection of SARS CoV-2 (Xun et al., 2021; 

Brown et al., 2021). Bikos et al., (2021) have developed rapid LAMP method demonstrating 

a sensitivity of 91% and specificity of 98% wherein they employed NEB protocol to perform 

the RT-LAMP reactions at 60-65° C for 45 min along with the addition of as fluorescent dye 

to observe the fluorescence after the amplification. An inexpensive real time fluorometric RT-

Fig. 4.14: Development and performance evaluation of fluorometric LAMP assay 
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LAMP detection device was developed using the SYTO-9 fluorescent dye which provided 

results within 30 min (Hayden et al., 2021). Garcia-Venzor et al., (2021) have developed the 

scalable LAMP device to target the N gene and to amplify the specific regions and obtained a 

LOD of 100% during real time detection after 30 min. Our results in this regard were found 

similar at 63 C followed for 40 min and observed appropriate fluorescence after the 

amplification. 

         



 

 
 

CHAPTER 5 

 

               

 

 

 

 

 

 

 

 

 

 

 

 

SUMMARY AND CONCLUSION 

                         



 

61 | P a g e  
 

 

5.        SUMMARY AND CONCLUSION 

 

The conventional methods of testing involved in the detection of SARS CoV-2 are time-

consuming, expensive and, require the need of more-sophisticated equipment as well as 

skilled personnel. The increasing rate of coronavirus cases has led to the need to develop an 

accurate and rapid testing facility that can provide results in a very short period of time. Hence, 

the RT-LAMP technique which can serve as a suitable point-of-care diagnostics for the rapid 

and accurate detection of SARS CoV-2 infections was developed in the current investigation 

and the results obtained during this course of investigation have been summarized below 

under the specific objectives. 

 

Objective 1: Synthesis of artificial genes of SARS CoV-2 and designing of RT-LAMP 

primers. 

 The approval from the Review Committee on Genetic Manipulation (RCGM) to carry 

out research and development work on RT-LAMP assay as point-of-care diagnostic 

for SARS-CoV-2 (IBKB UAC: ICARDLAMM2010) was obtained. 

 After GISAID registration, a total of 142 sequences of SARS CoV-2 were selected  

from several Indian States and Union Territories namely, Andhra Pradesh (), Assam, 

Bihar, Delhi, Gujarat, Haryana, Jammu and Kashmir, Karnataka, Ladakh, Madhya 

Pradesh, Maharashtra, Odisha, Punjab, Rajasthan, Tamil Nadu, Telangana, Uttar 

Pradesh and Uttarakhand. 

 All the 142 sequences were successfully aligned with the MAFFT server for alignment 

of sequences with multiple sequence alignment (MSA) to identify conserved regions 

for designing RT-LAMP primers. 

 A total of 36 conserved regions were identified after the alignment and literature 

survey was carried out for the selection of potential target genes and respective regions 

which were not previously explored for designing RT-LAMP primers. 

  A total of nine sets of primers were designed targeting three conserved regions. 

However, only six sets of primers (A, B, C, D, E and F), two each from a single 
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conserved region were selected for the development of RT-LAMP assay due to the 

limitation of time. 

 The specificity of these designed primer sets was evaluated via sequence alignment 

with other previously reported human coronaviruses before getting synthesized for 

development of RT-LAMP assay. 

 For development of RT-LAMP assay, the target conserved region was got synthesized 

from Bio Basic in the form of synthetic gene construct which served as positive 

template for the development of RT-LAMP assay. 

 

Objective 2: Development and performance evaluation of RT-LAMP assay  

 In the development of RT-LAMP assay, out of six sets of LAMP primers, four (B,C, 

D and F) sets were able to amplify the target region under the optimized LAMP 

conditions.  

 Primer set “B” was finally selected for the development of colorimetric/fluorometric 

LAMP assay due to the limitation of time and resources. 

 Colorimetric LAMP assay was successfully developed with two chromogenic dyes 

namely A and B. 

 The performance of developed colorimetric assay was evaluated with cDNA 

synthesized from SARS-CoV-2 RNA as template, which yielded satisfactory results 

at 65°C within time period of 40 min.  

 Similarly, the fluorometric LAMP assay was successfully developed with fluorescent 

dye provided with WarmStart® LAMP Kit (DNA & RNA). 

 The performance evaluation of developed colorimetric and fluorometric LAMP assays 

yielded satisfactory results with cDNA synthesized from SARs-CoV-2 RNA.  

Conclusion 

 The developed RT-LAMP assay could serve as a potential point-of-care diagnostic 

solution to test the SARS CoV-2 infections. However, due to the limitation of time 

and availability of meagre amount of RNA samples of SARS CoV-2, its performance 

evaluation with a larger sample size was not possible as earlier planned and scheduled. 

Therefore, we recommend that the developed LAMP assay needs to be performed 
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directly with RNA extracted from SARS-COV-2 and its performance needs to be 

evaluated for it to qualify as RT-LAMP assay.   
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Supplementary Table 1: Details of human SARS-CoV-2 genome sequences collected for the analysis (alignment, designing 

primers and synthesizing artificial gene construct 

 

S. 

No 

State or 

Union 

Territory 

No. of complete 

genome 

sequences 

selected for 

analysis 

SARS-CoV-2 viral genome ID 

1 Andra 

Pradesh 

2 >hCoV-19/India/AP-NCDC-3936/2020|EPI_ISL_436440|2020-04-09 

>hCoV-19/India/AP-CCMB-GC41/2020|EPI_ISL_528809|2020-05-29 

2 Assam 2 >hCoV-19/India/AS-NCDC-2525/2020|EPI_ISL_436421|2020-03-31 

3 Bihar 4 >hCoV-19/India/BR-NCDC-02251/2020|EPI_ISL_435112|2020-03-28 

>hCoV-19/India/BR-NCDC-2515/2020|EPI_ISL_436417|2020-03-31 

>hCoV-19/India/BR-NCDC-2519/2020|EPI_ISL_436419|2020-03-31 

>hCoV-19/India/BR-NCDC-4155/2020|EPI_ISL_436449|2020-04-12 

4 Delhi 10 >hCoV-19/India/DL-MaxCov0021-CSIR-IGIB/2020|EPI_ISL_459923|2020-05-08 

>hCoV-19/India/DL-MaxCov0035-CSIR-IGIB/2020|EPI_ISL_459937|2020-05-10 

>hCoV-19/India/DL-NCDC1733-CSIR-IGIB/2020|EPI_ISL_482503|2020-05-18 

>hCoV-19/India/DL-NCDC2189-CSIR-IGIB/2020|EPI_ISL_482546|2020-05-18 

>hCoV-19/India/DL-NCDC3820-CSIR-IGIB/2020|EPI_ISL_482574|2020-05-20 

>hCoV-19/India/DL-NCDC7090-CSIR-IGIB/2020|EPI_ISL_482628|2020-05-27 
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>hCoV-19/India/DL-NCDC7557-CSIR-IGIB/2020|EPI_ISL_482643|2020-05-27 

>hCoV-19/India/DL-NCDC7757-CSIR-IGIB/2020|EPI_ISL_482669|2020-05-28 

>hCoV-19/India/DL-TF17/2020|EPI_ISL_508495|2020-06-17 

>hCoV-19/India/DL-NCDC-IGIB-D1/2020|EPI_ISL_581507|2020-08-25 

5 Gujarat 10 >hCoV-19/India/GJ-GBRC43/2020|EPI_ISL_444474|2020-04-29 

>hCoV-19/India/GJ-GBRC56a/2020|EPI_ISL_447030|2020-05-03 

>hCoV-19/India/GJ-GBRC165/2020|EPI_ISL_461500|2020-05-27 

>hCoV-19/India/GJ-GBRC301a/2020|EPI_ISL_495046|2020-06-15 

>hCoV-19/India/GJ-GBRC322b/2020|EPI_ISL_500950|2020-06-17 

>hCoV-19/India/GJ-GBRC334b/2020|EPI_ISL_512071|2020-06-12 

>hCoV-19/India/GJ-GBRC-386b/2020|EPI_ISL_524748|2020-07-11 

>hCoV-19/India/GJ-GBRC-393b/2020|EPI_ISL_524761|2020-07-06 

>hCoV-19/India/GJ-GBRC-395b/2020|EPI_ISL_524765|2020-07-06 

>hCoV-19/India/GJ-GBRC-397b/2020|EPI_ISL_525422|2020-06-25 

6 Haryana 8 >hCoV-19/India/HR-TF14/2020|EPI_ISL_508493|2020-06-17 

>hCoV-19/India/HR-MW39/2020|EPI_ISL_511928|2020-06-10 

>hCoV-19/India/HR-THSTI2010D/2020|EPI_ISL_528385|2020-04-27 

>hCoV-19/India/HR-IMT-CB44/2020|EPI_ISL_547590|2020-08-27 

>hCoV-19/India/HR-IMT-AE21/2020|EPI_ISL_560318|2020-05-28 

>hCoV-19/India/HR-IMT-BZ119/2020|EPI_ISL_560323|2020-08-25 

>hCoV-19/India/HR-IMT-CB117/2020|EPI_ISL_560324|2020-08-27 

>hCoV-19/India/HR-IMT-BZ164/2020|EPI_ISL_561341|2020-08-25 
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7 Jammu 

Kashmir 

1 >hCoV-19/India/JK-NCDC-02326/2020|EPI_ISL_435090|2020-03-29 

8 Karnataka 10 >hCoV-19/India/KA-nimh-0113/2020|EPI_ISL_428479|2020-04-06 

>hCoV-19/India/KA-nimh-1071/2020|EPI_ISL_428487|2020-04-14 

>hCoV-19/India/KA-InStem-NCBS-0097/2020|EPI_ISL_486841|2020 

>hCoV-19/India/KA-IB14/2020|EPI_ISL_508292|2020-06-18 

>hCoV-19/India/KA-IB9/2020|EPI_ISL_508337|2020-06-19 

>hCoV-19/India/KA-nimh-13855/2020|EPI_ISL_515954|2020-05-09 

>hCoV-19/India/KA-nimh-19688/2020|EPI_ISL_515970|2020-05-16 

>hCoV-19/India/KA-nimh-19696/2020|EPI_ISL_515971|2020-05-16 

>hCoV-19/India/KA-nimh-19716/2020|EPI_ISL_515973|2020-05-16 

>hCoV-19/India/KA-NIV-QC-1801/2020|EPI_ISL_577715|2020-09 

9 Ladak 6 >hCoV-19/India/LA-NCDC-01441/2020|EPI_ISL_435101|2020-03-15 

>hCoV-19/India/LA-NCDC-01444/2020|EPI_ISL_435102|2020-03-15 

>hCoV-19/India/LA-NCDC-01604/2020|EPI_ISL_435103|2020-03-17 

>hCoV-19/India/LA-NCDC-01614/2020|EPI_ISL_435104|2020-03-17 

>hCoV-19/India/LA-NCDC-01616/2020|EPI_ISL_435105|2020-03-17 

>hCoV-19/India/LA-NCDC-01760/2020|EPI_ISL_435106|2020-03-18 

10 Madhya 

Pradesh 

9 >hCoV-19/India/MP-NCDC-4877/2020|EPI_ISL_436461|2020-04-20 

>hCoV-19/India/MP-NIHSAD-0105-77/2020|EPI_ISL_452792|2020-04-30 

>hCoV-19/India/MP-DRDE-3302/2020|EPI_ISL_476854|2020-05-11 

>hCoV-19/India/MP-DRDE-4093/2020|EPI_ISL_476887|2020-05-17 
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>hCoV-19/India/MP-DRDE-4105/2020|EPI_ISL_476892|2020-05-17 

>hCoV-19/India/MP-DRDE-4624/2020|EPI_ISL_476896|2020-05-25 

>hCoV-19/India/MP-DRDE 759/2020|EPI_ISL_476848|2020-04-11 

>hCoV-19/India/MP-DRDE-4022/2020|EPI_ISL_476890|2020-05-16 

>hCoV-19/India/MP-NCDC-4874/2020|EPI_ISL_436459|2020-04-20 

11 Maharashtra 13 >hCoV-19/India/MH-NIV-12019/2020|EPI_ISL_452199|2020-04-20 

>hCoV-19/India/MH-NIV-47470/2020|EPI_ISL_479553|2020-05-31 

>hCoV-19/India/MH-AFMC-4958/2020|EPI_ISL_497887|2020-05-19 

>hCoV-19/India/MH-GA39/2020|EPI_ISL_508233|2020-06-20 

>hCoV-19/India/MH-GA9/2020|EPI_ISL_508284|2020-06-17 

>hCoV-19/India/MH-NIV-191205/2020|EPI_ISL_541723|2020-09-02 

>hCoV-19/India/MH-NIV-229360/2020|EPI_ISL_577711|2020-09-29 

>hCoV-19/India/MH-AFMC-5458/2020|EPI_ISL_496529|2020-05-23 

>hCoV-19/India/MH-AFMC-4954/2020|EPI_ISL_496537|2020-05-19 

>hCoV-19/India/MH-GA97/2020|EPI_ISL_511940|2020-06-17 

>hCoV-19/India/MH-1-27/2020|EPI_ISL_413522|2020-01-27 

>hCoV-19/India/MH-1-31/2020|EPI_ISL_413523|2020-01-31 

>hCoV-19/India/MH-NIV-7558/2020|EPI_ISL_454549|2020-04-05 

12 Odhisha 10 >hCoV-19/India/OR-ILSCV24694/2020|EPI_ISL_463087|2020-05-18 

>hCoV-19/India/OR-ILSCV35482/2020|EPI_ISL_481201|2020-06-11 

>hCoV-19/India/OR-ILSCV35615/2020|EPI_ISL_481204|2020-06-12 

>hCoV-19/India/OR-ILSCV28594/2020|EPI_ISL_481126|2020-05-22 
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>hCoV-19/India/OR-ILSCV32893/2020|EPI_ISL_481173|2020-06-05 

>hCoV-19/India/OR-ILSCV35750/2020|EPI_ISL_481205|2020-06-12 

>hCoV-19/India/OR-ILSCV32465/2020|EPI_ISL_481156|2020-05-30 

>hCoV-19/India/OR-ILC-RMRC123/2020|EPI_ISL_455311|2020-05-07 

>hCoV-19/India/OR-ILSCV32670/2020|EPI_ISL_481162|2020-06-03 

>hCoV-19/India/OR-MW30/2020|EPI_ISL_508434|2020-05-26 

13 Punjab 5 >hCoV-19/India/PB-NCDC-01538/2020|EPI_ISL_435062|2020-03-16 

>hCoV-19/India/PB-IMT-I14/2020|EPI_ISL_539483|2020-04-27 

>hCoV-19/India/PB-IMT-L176/2020|EPI_ISL_539486|2020-04-30 

>hCoV-19/India/PB-IMT-L178/2020|EPI_ISL_539487|2020-05-30 

>hCoV-19/India/PB-IMT-L169/2020|EPI_ISL_561344|2020-04-30 

14 Rajasthan 6 >hCoV-19/India/RJ-NCDC-2522/2020|EPI_ISL_436420|2020-03-31 

>hCoV-19/India/RJ-SMSCOV109/2020|EPI_ISL_454830|2020-04-23 

>hCoV-19/India/RJ-SMSCOV141/2020|EPI_ISL_454831|2020-04-29 

>hCoV-19/India/RJ-SMSCOV161/2020|EPI_ISL_454832|2020-04-21 

>hCoV-19/India/RJ-SMSCOV175/2020|EPI_ISL_454833|2020-04-27 

>hCoV-19/India/RJ-S25/2020|EPI_ISL_455655|2020-04-30 

15 Tamil Nadu 10 >hCoV-19/India/TN-CCMB-C20/2020|EPI_ISL_471583|2020-04-29 

>hCoV-19/India/TN-CCMB-C6/2020|EPI_ISL_458031|2020-04-26 

>hCoV-19/India/TN-CCMB-C10/2020|EPI_ISL_458036|2020-04-29 

>hCoV-19/India/TN-CCMB-C19/2020|EPI_ISL_458040|2020-05-06 

>hCoV-19/India/TN-CCMB-C17/2020|EPI_ISL_458044|2020-05-06 
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>hCoV-19/India/TN-NCDC-02311/2020|EPI_ISL_435078|2020-03-29 

>hCoV-19/India/TN-NCDC-02333/2020|EPI_ISL_435087|2020-03-29 

>hCoV-19/India/TN-NCDC-02327/2020|EPI_ISL_435094|2020-03-29 

>hCoV-19/India/TN-CCMB-C1-12/2020|EPI_ISL_447584|2020-04-16 

>hCoV-19/India/TN-CCMB-C21/2020|EPI_ISL_471584|2020-05-06 

16 Telangana 10 >hCoV-19/India/TG-CCMB-AA328/2020|EPI_ISL_539738|2020-08-11 

>hCoV-19/India/TG-CCMB-AC512/2020|EPI_ISL_539748|2020-08-19 

>hCoV-19/India/TG-CCMB-L1026/2020|EPI_ISL_458050|2020-05-11 

>hCoV-19/India/TG-CCMB-M446/2020|EPI_ISL_495205|2020-06-09 

>hCoV-19/India/TG-CDFD-C1132/2020|EPI_ISL_528548|2020-05-30 

>hCoV-19/India/TG-CCMB-AB352/2020|EPI_ISL_539632|2020-08-13 

>hCoV-19/India/TG-CCMB-AB226/2020|EPI_ISL_539713|2020-08-14 

>hCoV-19/India/TG-CCMB-L912/2020|EPI_ISL_471644|2020-05-09 

17 Uttar Pradesh 16 >hCoV-19/India/UP-NCDC-01257/2020|EPI_ISL_435060|2020-03-12 

>hCoV-19/India/UP-NBRI-N20-TDU302/2020|EPI_ISL_516949|2020-05-14 

>hCoV-19/India/UP-NBRI-N17-TCP057/2020|EPI_ISL_516946|2020-03-11 

>hCoV-19/India/UP-NIV-32/2020|EPI_ISL_547876|2020 

>hCoV-19/India/UP-AR20/2020|EPI_ISL_508168|2020-06-02 

>hCoV-19/India/UP-NBRI-N40-TCQ729/2020|EPI_ISL_516969|2020-03-28 

>hCoV-19/India/UP-NBRI-N53-TEH628/2020|EPI_ISL_516981|2020-05-25 

>hCoV-19/India/UP-NBRI-N58-TEG811/2020|EPI_ISL_516986|2020-05-24 

>hCoV-19/India/UP-NCDC-02321/2020|EPI_ISL_435100|2020-03-29 
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>hCoV-19/India/UP-NBRI-N14-TCR324/2020|EPI_ISL_516943|2020-04-02 

18 Uttarakhand 10 >hCoV-19/India/UT-AR28/2020|EPI_ISL_508175|2020-06-29 

>hCoV-19/India/UT-AR6/2020|EPI_ISL_508196|2020-05-22 

>hCoV-19/India/UT-IMT-BB45/2020|EPI_ISL_560321|2020-07-17 

>hCoV-19/India/UT-AR19/2020|EPI_ISL_508166|2020-05-30 

>hCoV-19/India/UT-AR35/2020|EPI_ISL_511909|2020-05-28 

>hCoV-19/India/UT-AR23/2020|EPI_ISL_508171|2020-05-21 

>hCoV-19/India/UT-AR42/2020|EPI_ISL_508186|2020-05-28 

>hCoV-19/India/UT-AR62/2020|EPI_ISL_508199|2020-06-08 

>hCoV-19/India/UT-AR57/2020|EPI_ISL_511921|2020-06-02 

>hCoV-19/India/UT-IMT-BY60/2020|EPI_ISL_547584|2020-08-24 

 Total 142 
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Curriculum Vitae 

 
 

 
 

 

 

 

 

 

 

 
 
  

 

CAREER OBJECTIVE 

To work with an organization that offers opportunities to demonstrate my aptitude and 

skills for achieving the organizational as well as my personal career goals 

 
ACADEMIC QUALIFICATIONS 

 

DEGREE YEAR SCHOOL/ 

COLLEGE 

BOARD/ 

UNIVERSITY 

%/ 

CGPA 

M. Tech* (Dairy 

Microbiology) 

2019-2021 ICAR-National 

Dairy Research 

Institute, Karnal, 

Haryana 

National Dairy 

Research Institute 

(Deemed 

University), Karnal 

8.36/10 

B. Tech. (Dairy 
Technology) 

2015-2019 College of Dairy 
Science & Food 
Technology, 
Raipur 

Chhattisgarh Kamdhenu 
University 

7.38/10 

12th 2015 
Mar Baselios 

Vidhya Bhavan, 

Bhilai 

CBSE 72.40% 

10th 2013 
Mar Baselios 

Vidhya Bhavan, 

Bhilai 

CBSE 8.80/10 

 

 

  

SHWETA KELKAR 

 

D/o : Mr. Mukesh Kelkar 

DOB : 8th  June, 1998 

Address : New Deepak Nagar, Durg, Chhattisgarh-

491001 

Contact No. : +91 9407983763 

E-mail Id : shwetakelkar86@gmail.com 

LinkedIn : 

https://www.linkedin.com/in/shwetakelkar/ 

 

mailto:shwetakelkar86@gmail.com
http://www.linkedin.com/in/shwetakelkar/
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WORK EXPERIENCE 

 

 Assistant Professor (Dairy Microbiology) at Parul University, Vadodara, 

Gujarat 

 Content Developer at Foodyaari (Linkedin) 

 

 

INDUSTRIAL EXPOSURE 

 

1. Banaskantha District Cooperative Milk Producers’s Union Ltd., (GCMMF-

AMUL) 

 Fully automated UHT and Powder Plant and ASRS to apply FIFO method 

2. Chhattisgarh State Cooperative Dairy Federation Limited (Devbhog Dairy 

Plant) 

 Energy consumption in milk processing and production section of various 

dairy products 

3. Hands on training and experimental learning at CoDSFT, Raipur, C.G. 

 Learnt Marketing Strategies while manufacturing and selling of dairy 

products in teams 

4. Industrial Visits-Banas Dairy (Palanpur), Vidhya Dairy (Anand), Mother 

Dairy (Delhi), Verka Dairy (Ludhiana, Amritsar & Jalandhar), Experimental 

Dairy Plant (GADVASU, Ludhiana), Yakult Danone India 

 

M.TECH THESIS TITLE 

 

“Development of Reverse Transcription Loop-Mediated Isothermal Amplification 

(RT-LAMP) Assay as Point-of-Care diagnostics for SARS CoV-2” 

 

COMPUTER PROFICIENCY AND LANGUAGES KNOWN 

 

 Hindi, English, Gujarati, Marathi 

 MS-office 

 Adobe Photoshop and Illustrator 

 Basics of SAP (System, Application and Products) 

 Origin lab - Data analysis, Graphing software and Java Net Beans (Informatics 

Practices) 
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AWARDS/ACHIEVEMENTS 

 

1. Certified Food Safety Supervisor by FSSAI-FOSTAC (Advanced 

Manufacturing Level-2) 

2. Achieved AIR-16 in ICAR-AIEEA 2019 and Recipient of National Talent 

Scholarship awarded by ICAR 

3. Winner of Salt Challenge Every Pinch Counts organized by FSSAI and 

NetProFaN  

4. Achieved 3rd prize in Poster Competition on the topic Clean and Green 

Environment on 150th Birth Anniversary of Mahatma Gandhi, 2019 

5. Awarded Gold Medal during Sports Activity in foundation program held at NDRI, 

Karnal, Haryana 

6. Received the Food Safety Prefect Title in Asia Quiz Competition 

conducted by FSSAI CII-FACE Surakshit Khadya  Abhiyan on 18th 

September, 2018 

7. Finalist in National Dairy and Food Quiz Contest at AAU, Anand, Gujarat, 

2018 

 
 

 

EXTRA-CURRICULAR ACTIVITITES 

 

I. Successfully completed Six online courses with distinction on 

 

1. QMS Auditor / Lead Auditor and ISO 9001:2005 course on Udemy E-learning 

platform 

2. Functional Foods: Concept, Technology & Health Benefits organized by IIT, 

Kanpur 

3. Detection, Diagnosis and Management of Plant Diseases by IIT, Kanpur & 

CoL, Canada 

4. Vacuum Packaging, Modified Atmospheric Packaging of Food and Food 

allergy by FSA 

5. LinkedIn 5-Day workshop (Marketing and Sales through Social Media) by 

Vaibhav Sisinty 

6. Six Sigma Yellow Belt Professional conducted by Master of Project Academy 

 
II. Attended National & International Webinar on 

 

1. Food Safety Policies and Regulations organized by Assam Agricultural 

University and NAHEP 

2. Comprehensive solutions on Safety & Quality in Dairy Industry organized by 

the PerkinElmer 

3. Current Trends in the application of HPLC and GC-MS techniques for 
Food and Chemical Testing organized by Department of Food Technology, 

Haldia Institute of Technology 

4. Pharmacological Potential of A1 and A2 Milk: Myths and Facts by Dr. Anil 
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Kumar Srivastava 

5. Immunity Boosting through Dairy Products organized by MAFSU- Pusad 

and IDA 

6. Impact of Covid-19 on Dairy Industry organized by SHAUTS 
 

HOBBIES & PERSONAL ATTRIBUTES 

 

 Travelling, Reading, Technical and Creative Writing, Leadership, Working 

in team and  Time management 
 

***** 

 


