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ABSTRACT 

Introduction: Testing of samples from suspected SARS-COV-2 individuals with rtRT-PCR 

result leads to delayed in detection of infection. Early recognition of SARS-CoV-2 

infection is crucial for both the improvement of turnaround time and limiting the spread 

of the virus in the Community. Huge number of people affected in pandemic, it is 

important to use a test that give faster results and can be used on large number of 

sample. Rapid Antigen Test fulfills both the criteria. AIM: The aim of our study was to 

evaluate the diagnostic performance of two antigen rapid diagnostic kits (RAT) to 

diagnose SARS-CoV-2 infection in comparison to rtRT-PCR. So, we evaluated two 

commercially available antigen kit. Methods: A laboratory based descriptive Cross-

sectional study was performed in Trishuli Hospital Nuwakot from January 2021 to 

December 2021. Result: Out of 1295, 472 tested positive in RAT test while 715 tested 

positive for SARS-CoV-2 RNA genome via rtRT-PCR. Specificity was 98.2% for Panbio and 

96.9% for SD Biosensor. Sensitivity for sample with CT ≤ 20 was 93.5% and 94.2% and for 

sample with CT ≤ 25 was 93.7% and 93.5% and for CT ≤ 30 was 82.9% and 81.4% with p < 

0.001 in case of Panbio and SD Biosensor respectively. The overall diagnostic 

performance of RAT showed 64.2% sensitivity and 97.8% specificity.  Agreement with 

PCR was excellent for high viral load sample CT<20: Panbio, kappa=0.921; SD Biosensor, 

Kappa= 0.912 and CT value <25: Panbio, Kappa=0.926; SD Biosensor, Kappa=0.906. 

Significant difference (p value <0.0001) was observed between RAT+ and RAT- results 

when compared to CT value obtained from the rtRT-PCR. The diagnostic accuracy for 

RAT was 79.2% with kappa=0.59 showing moderate agreement and empirical 

benchmark was set with Youden’s Index 0.597 to be administered as diagnostic 

purposed. Conclusion: The RAT performed well as a POCT test for early diagnosis of 

COVID-19 in primary healthcare centers. More crucially finding from our study is that RT-

PCR proven SARS-CoV-2 infection and negative by RAT are not likely to be infectious. 

Keywords: SARS-CoV-2, rtRT-PCR, RAT, Sensitivity, Specificity 
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Chapter I 

1.0 INTRODUCTION 

1.1 Background of COVID-19 infection 

Coronavirus disease 2019 (COVID-19) is defined as the Contagious infection or 

disease condition caused by a novel corona virus (nCoV-19) recently known as 

Severe acute respiratory syndrome (SARS) coronavirus 2 (SARS-CoV-2) which has 

no previously known history of infection to the mankind. The first official record 

of a case of COVID-19 was from Wuhan, China by the WHO in 31st December 

2019 however, according to professionals the cases were detected as early as 

17th November 2019. Afterwards, it has spreads all over the world rapidly and 

subsequently leading to pandemic after affecting 7 continents, which was 

declared as outbreak of Public Health Emergency of International Concern by 

WHO on 30th January, 2020 and global pandemic in 11th March, 2020 (Adil et. al. 

2021). Having wide range of clinical manifestation from asymptomatic/mild 

symptoms to life threatening condition of hospitalization in incentive care unit 

with involvement of multiple system i.e. respiratory tract, gastrointestinal, 

hepatic along with neurological leading to death. The first case of infection was 

probably from the Zoonotic agent (from animal to human) has emerged from the 

Huanan seafood market, in Wuhan state of Hubei province in china where 

livestock animals are also traded (Sahin et. al. 2020). The principal mode by 

which human to human transmission takes place is through contact within 6 feet 

by respiratory droplets carrying SARS-CoV-2 whereas secondary mode of 

transmission includes close contact (e.g. Shaking hands, touching contaminated 

surface), airborne transmission and virus release during coughing, sneezing, 

talking, spitting (Cennimo DJ, 2022). Onset of symptoms may develop from 2 

days to 14 days from exposure to the virus. Infection may be asymptomatic i.e. 

no symptoms, mild to moderate i.e. symptoms such as fever, cough, aches, 

lethargy but no difficulty in breathing at rest; severe i.e. symptoms with 

shortness of breath or difficulty in breath and raised in respiratory rate 

suggestive of pneumonia; or critical i.e. need of external respiratory support due 

to severe acute respiratory syndrome or acute respiratory distress syndrome 

(ARDS) (Dinnes et. al. 2020). 
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1.2 Global burden of COVID-19 

The unanticipated outbreak of COVID-19 infection by coronavirus was first record 

reported from Wuhan, China in December 2019. WHO declared COVID-19 as 

Public Health Emergency of International Concern on 30 Jan 2020 and a global 

pandemic on 11th March 2020 (Zheng, 2020). In response, various mitigate 

measures (Islam,2020 & Gupta et. al. 2020) and eradication strategies (Lu et. al. 

2021) were adopted worldwide aiming to reduce huge damage and reach nil 

cases. However, due to lack of preparedness and implementation of response 

plans as effectively hence resulted in the rapid spread of SARS-CoV-2 globally 

within the one month of first case conformation by WHO (The Lancet, 2020 & 

Basnet et. al. 2021). As of 5thJune 2022, 535171130 COVID-19 positive cases were 

reported with 506011648 recovered, 22839537 active cases and 6319945 death 

cases. This data showed 1.18 % death rate and 98.82% recovery rate in the World 

(Worldometer, 2022). 

1.3 History of COVID-19 in Nepal 

The Ministry of Health and Population of Nepal confirmed the first case of 

COVID-19 in 23rd January 2020 and second case after around 2 months in March. 

As of one year later from the reporting of first case 22nd January 2021, 268,948 

COVID-19 positive cases were reported, with 263,546 recovered and 1,986 death 

cases (MOHP Nepal 2021). This data showed nearly 0.74% death and about 98% 

recovery rate in Nepal. The case fatality rate (CFR) was 0.5% up to 30th March in 

Nepal (Panthee et. al. 2020). Till now 5th June 2022, 979199 COVID-19 positive 

cases, 967137 recovered and 11952 death cases are reported, with 1.22% death 

and 98.77% recovery rate. The CFR was increased gradually to 1.2% by 5th June 

2022(MOHP Nepal, 2022). In total, 5715414 qRT-PCR tests were performed in 

Nepal, indicating about 17.13% current prevalence of COVID-19 among the qRT-

PCR tested population as compared with 2.5% as of March 31st, 2020 

(Worldometer Nepal Population 2021). As of reviewing, the prevalence of COVID-

19 among the qRT-PCR tested population is higher than the neighboring 

countries, China (0.14%) and India (5.06%) (Worldometer, 2022). 



4 
 

1.4 Taxonomy of COVID-19 

Severe acute respiratory syndrome (SARS) coronavirus 2 (SARS-CoV-2) causative 

agent of coronavirus disease 2019 (COVID-19) belongs to Coronaviridae family, 

Betacoronavirus genera. They are categorized into four important genera viz 

Alpha, Beta, Gamma and Delta coronavirus. The classification along with origin of 

SARS-CoV-2 is portrayed in figure 1. 

 

Figure 1.1: Classification of RNA group virus and origin of SARS-CoV-2 (Pal et. al. 
2020). CoV: coronavirus; SARS CoV 2: severe acute respiratory syndrome 
coronavirus 2; MERS CoV, Middle East respiratory syndrome coronavirus; RNA, 
ribonucleic acid 

RNA virus

Riboviriae

Negarnaviricota

Picorna 
virales

Nido virales

Coronaviridae

Coronavirinae

Alpha CoV Beta CoV

SARS CoV

MERS CoV

SARS Cov 2

Gamma CoV Delta Cov

Tyom virales



5 

1.4.1 Virion morphology 

The Betacoronavirus SARS-CoV-2, an enveloped virus having a large non–

segmented positive sense single stranded RNA packaged within a helical caspid 

(encapsidated) by Nucleoprotein(N). The viral lipid enveloped incorporate three 

structural transmembrane proteins: Spike (S) protein, Envelope (E) protein and 

Membrane (M) protein, which are involved on binding with host receptor 

(through spike glycoprotein), mediate membrane fusion during virus entry in 

host cell and budding process respectively. SARS-CoV-2 virions, roughly 

spherical/ ellipsoidal shape with variable diameter of about 100 nm with 

prominent S trimers protrude from lipid bilayer.  

Figure 1.2: Representation of SARS-CoV-2 (Nuthalapti, 2021) 

1.4.2 Genomic organization 

The SARS-CoV-2 genome consists of a single stranded positive sense RNA 

molecule in range of 26 to 32 kb, which comprise 6-11 open reading frame 

(ORFs) encoding 9680amino acid polyprotein. The first ORF (ORF 1a/b) comprises 

two-third (67%) of the viral genome translate two poly-protein, pp1a and pp1ab, 

and encodes for 16 non-structural protein (nsp) while the remaining ORFs 

encodes for accessory and Structural proteins. The remaining one-third part of 
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viral genome encodes 4 essential structural proteins: Spike(S) surface 

glycoprotein, Envelope (E) protein, Membrane (M) protein and Nucleo-capsid (N) 

protein and also several accessory proteins that interfere in host defense 

mechanism (Guo et. al., 2020) The SARS-CoV-2 ORF is flanked at its 5’ terminus 

by an Untranslated regions(UTR) of about 265 nucleotides and a longer UTR of 

358 nucleotides at its 3’ terminus. 

Figure 1.3: SARS-CoV-2 structure with genome (Sefaibadi et. al. 2021) 

1.5 Detection Protocol 

The SARS-CoV-2 genome publication in January 2020 (Wu et.al. 2020) led to the 

rapid development of real-time reverse transcription polymerase chain reaction 

(rtRT-PCR) tests for the diagnosis of COVID-19 while avoiding cross-reactions to 

other known coronaviruses. Among early versions, one was developed in China 

that targeted the ORF1ab and N genes of viral RNA (Chinese national 

institute,2020) while another version was developed in Germany that targeted 

the RdRp, E, and N genes (Corman et. al. 2020). The ORF1ab/RdRp, E, N, and S 

genes are the targets most frequently used for SARS-CoV-2 detection by RT-PCR. 

Real-time RT-PCR tests were developed and implemented thereafter by many 

laboratories around the world (Chan et.al. 2020, Pang et.al. 2020, Reusken et. al. 
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2020) even as COVID-19 became a global pandemic that continued to spread 

rapidly. A listing of tests and protocols is maintained online by the World Health 

Organization (WHO). The rapid development and deployment of RT-PCR tests has 

been essential for the ability to measure and control the spread of SARS-CoV-2. 

However, the urgency of the pandemic has meant that the diagnostic tests were 

deployed without first being supported by clinical studies to measure the 

diagnostic error rates (Pfefferle et. al. 2020). 

Early and rapid confirmation during the acute phase of illness is important as well 

as crucial step for patient management, epidemiological monitoring and lowering 

fatality rates. For laboratorial diagnosis of SARS-CoV-2, several techniques have 

been developed; these include virus isolation, Nucleic acid amplification tests 

(Real time reverse transcription PCR, LAMP, Gene-Xpert), immunoassays (ELISA, 

RDTs), and biochemical tests using nucleotide probes or biosensor. Virus isolation 

is expensive, requires experienced staff, sophisticated equipment’s and time-

consuming needs more than 7 days to complete the assay. Gene-Xpert also 

required sophisticated equipment and trained personal. Most widespread 

method to detect SARS-CoV-2 is Molecular amplification techniques to detect 

RNA (RT-PCR, qRT-PCR), are gradually being accepted as a gold standard, have a 

high specificity and sensitivity. However, these techniques require expensive and 

sophisticated equipment with experienced staff, high turnaround time making 

them unpractical for laboratories with limited resources and in case of 

emergency. 

In an outbreak, community screening of suspected cases needs to be done to 

establish the presence of COVID-19 transmission in the community. Therefore, 

rapid accurate and confirmatory detection of SARS-CoV-2 using simple method is 

an urgent need for effective clinical management and control SARS-CoV-2 

pandemic. To eliminate the complex and time consuming protocol along with the 

sophisticated equipment and experienced staff the use of Rapid Antigen Test has 

emerged as a promising diagnostic tool for larger number of suspected cases, 

tracing contacts and preventing widespread community transmission of the 

virus. 
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1.6 Rationale of the Study 

The pandemic due to SARS-CoV-2 has become one of the major public health 

issue affecting the global economy and life of the people. Due to the lack of early 

diagnosis, isolation of infected patients, effective contacts tracing the virus is 

spreading rapidly. Nowadays, reverse transcriptase real time polymerase chain 

reaction (rtRT-PCR) is consider as the reference method for the diagnosis of 

COVID-19. However, rtRT-PCR required expensive equipment, expertise to 

perform test, take long turnaround time and required sophisticated specialized 

laboratory to perform the test.  Therefore, there is a need of rapid, inexpensive 

and simple test procedure as an alternative of rtRT-PCR for early diagnosis and 

isolation of the infected patients. Although being different alternative, Rapid 

antigen test can be the potential alternative for rtRT-PCR in case of rapid 

diagnosis, inexpensive and simple procedure.  

This is especially important because early recognition of suspected patients 

allows timely initiation of appropriate Infection Prevention and Control 

measures. The use of validated Rapid antigen kit also helps in decreasing the 

burden on laboratories, in addition to early detection, case isolation and prompt 

management and treatment strategy. 

So to validate the diagnostics performance of Rapid antigen test (RAT) in 

comparison to rtRT-PCR as a potential alternative the study is carried out. 

 

1.7 Research Hypothesis 

Null Hypothesis(Ho): 

Ho = The Rapid Antigen Test can’t be used as diagnostic tool for the early 

detection of SARS-CoV-2 in field in place of rtRT-PCR 

Alternative Hypothesis (H1): 

H1 = The Rapid Antigen Test can be used as diagnostic tool for the early 

detection of SARS-CoV-2 in field in place of rtRT-PCR 
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1.8 Objective 

1.8.1General Objectives 

 To check the performance of SARS-CoV-2 Rapid antigen test as a diagnostic

tool for early diagnosis of COVID-19 in comparison to real time reverse

transcription PCR.

 Molecular characterization of SARS-CoV-2 virus isolated in clinical sample.

1.8.2Specific Objectives 

 Detection of SARS-CoV-2 virus by one step Real time reverse-transcription

PCR in all suspected cases.

 Detection of SARS-COV-2 virus by using SARS-CoV-2 Rapid antigen test in all

suspected cases.

 Comparison between rtRT-PCR test and RAT result in all suspected cases.

 Determination of Sensitivity, Specificity, Positive Predictive value, negative

predictive value, positive likelihood ratio, negative likelihood ratio, accuracy

of RAT compared to rtRT-PCR.

 Molecular characterization and phylogenetic analysis of SARS-CoV-2 virus

isolated from clinical sample.
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CHAPTER-II 

2.0 LITERATURE REVIEW 

Literature review is an important part in research process which helps in 

acquaintance with relevant research literature and state current knowledge for 

research. The main purpose of this chapter is to review the available literature 

from past publications, journals, survey reports, documents, published books and 

previous research studies. Literature was reviewed throughout the program 

during problem selection, proposal writing, data collection and interpretation 

and report writing. 

2.1 Review of literature related to corona viruses 

2.1.1 History of Corona viruses 

In 1965, Tyrell and Bynoe isolated a human coronavirus was for the first time 

from the nasal secretions of a male child with a common cold (Singhal, 2020). 

The morphological similarity of the isolated virus with solar corona (crown like) 

as observed by the electron microscope gave those viruses the name ‘corona 

virus’. Such appearance is mainly due to the presence of spike- glycoprotein 

which radiates from the viral surface (Esakandari et. al., 2020). 

2.1.2 Evolution of SARS-CoV-2 

The identification of the origin, native host(s) and evolution pathway of the virus 

that causes an outbreak of a pandemic is very critical. The molecular mechanism 

of its cross-species spread can be understood and proper control measures to 

prevent it from further spreading can be implemented by having a good 

knowledge of the evolution pathways of that pandemic causing virus (Xu et. al., 

2020). The seven conserved replicas domains in ORF1ab has 94.6% sequence 

identity in amino acids between SARS-CoV-2 and SARS-CoV reflects the close 

similarity between these two viruses despite the fact that some of the six major 

ORFs of SARS-CoV-2 genes share less than 80% identity in nucleotide acids to 

SARS-CoV (Zhou et. al., 2020). 
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2.1.3 Corona viruses: Structure, genome, and classification 

in general 

Corona viruses are large roughly spherical with unique surface projections 

(Goldsmith et. al., 2004) with variable sizes, generally averaging a diameter of 

120 nm, with extreme sizes known from 50 nm to 200 nm and an average total 

molecular weight of 40,000 kilo Daltons (Masters, 2006). The corona viruses are 

protected by lipid bilayer envelop, membrane proteins and nucleocapsid when 

outside the host cell (Neuman et. al., 2011). 

The membrane (M), envelope (E) and spike (S) structural proteins are anchored 

in the lipid bilayer which comprises the viral envelop (Lai and Cavannagh, 1997). 

The E and M protein are the structural proteins that combined with the lipid 

bilayer shape the viral envelope and maintain its size whereas S proteins are 

needed for interaction with the host cells (Fehr and Pearlman, 2015). 

Corona viruses are enveloped viruses with a positive sense SS-RNA genome and 

a nucleocapsid of helical symmetry with  genome sizes ranging  from 

approximately 26 to 32kilobases and are one of the largest among RNA viruses 

(Woo et. al., 2010). The genome organization for a coronavirus is 5′-leader-UTR-

replicase (ORF1ab)-spike (S)-envelope (E)-membrane (M)-nucleocapsid (N)-

3′UTR-poly (A) tail. The open reading frames 1a and 1b, which occupy the first 

two-thirds of the genome, encode the replicase polyprotein (pp1ab) which self 

cleaves to form 16 non-structural proteins (nsp1–nsp16) (Fehr and Pearlman, 

2015). The latter reading frames encode for four major structural proteins 

namely spike, envelope, membrane and nucleocapsid. In between these reading 

frames, the reading frames coding for the accessory proteins are dispersed and 

the role and number of these coded accessory proteins varies accordingly with 

the specific corona virus (Snijder et. al., 2003). 

2.2 Review of literature related to SARS-CoV 2 

2.2.1 Origin and Spread of SARS-CoV 2 

2.2.1.1 A global scenario 

Wuhan, capital city of Hubei province and a major transportation hub of China 

started presenting to local hospitals with severe pneumonia among adults of 

https://en.wikipedia.org/wiki/Viral_structural_protein
https://en.wikipedia.org/wiki/Enveloped_virus
https://en.wikipedia.org/wiki/RNA
https://en.wikipedia.org/wiki/Genome
https://en.wikipedia.org/wiki/Nucleocapsid
https://en.wikipedia.org/wiki/Genome_size
https://en.wikipedia.org/wiki/Five_prime_untranslated_region
https://en.wikipedia.org/wiki/Three_prime_untranslated_region
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unknown cause in December 2019 (Singhal et al, 2020). Many of the initial cases 

had a common exposure to the Huanan wholesale seafood market where trading 

of the live animals was also done (Wang et al, 2020). The activation of the 

surveillance system (put into place after the SARS outbreak) took place and 

respiratory samples of patients were sent to reference laboratories for etiological 

investigations of the then suspected pneumonia cases (Wang et. al.,2020). This 

outbreak was notified to the World Health Organization on December 31st 2019 

by China and on 1st January the closing of sea food market in Huanan took place 

(https://www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-

reports/.).  

The origin of the virus was traced back to Huanan sea food market when   

environmental samples from the Huanan sea food market also tested positive for 

the virus, implying that virus originated from 

there(https://www.xinhuanet.com/2020-01/27/c_1125504355.htm). The fact 

that human-to-human transmission was occurring was suggested when the 

number of cases infected with the virus started increasing exponentially, some of 

which did not have exposure to the Huanan sea food market (Huang et. al., 

2020). The first fatal case was reported on 11th Jan 2020and the massive 

migration of Chinese during the Chinese New Year fueled the epidemic to spread 

on alarming rates.  

 Local human-to-human transmission was occurring in the countries other than 

China and this assumption was supported by the fact that Cases of COVID-19 in 

these countries started being reported in those with no history of travel to China 

(Camilla et. al., 2020).  

2.2.1.2 SARS-CoV-2: Origin, spread and current statistics in 

Nepal 

On Jan 13, 2020, a 32-year-old man, a Nepalese student at Wuhan University of 

Technology, Wuhan, China, with no history of co-morbidities, returned to Nepal. 

The patient visited the outpatient department of Sukraraj Tropical and Infectious 

Disease Hospital, Kathmandu, with a cough. He had become ill on Jan 3, 6 days 

before he flew to Nepal with his claims that he had no exposure to the so-called 

https://www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-reports/
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-reports/
https://www.xinhuanet.com/2020-01/27/c_1125504355.htm
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wet market in Wuhan. Upon real-time RT-PCR assays at the WHO laboratory in 

Hong Kong the throat swabs obtained from the patient tested positive for COVID-

19 (Bastola et. al., 2020).  

On 16 February, 175 Nepalese nationals were flown into Nepal from China after 

exit screening and the repatriated citizen’s transportation was managed under 

quarantine from Tribhuvan International airport to quarantine site at Kharipati, 

Bhaktapur district, east of Kathmandu where these individuals were placed 

under 24-hrs surveillanceSample of all 175 persons, sampled on 16 February, 

were reported negative on 19 February. A dedicated ambulance service was 

available to one of three hospitals—STIDH, Patan hospital or APF hospital in case 

of a positive test or in case of onset of the symptoms amongst these 

individuals(://heoc.mohp.gov.np/update-on-novel-corona-virus-2019_ncov/). 

On May 16, 2020 Nepal reported the first death from COVID-19 on a female who 

had recently given birth on May 8 (https://www.aa.com.tr/en/asia-pacific/nepal-

registers-its-first-death-from-COVID-19/1843635). Despite the lockdown 

measures applied on different occasions, the spread of corona virus in the 

different parts of countries is still rising and continues to mount pressure on the 

government authorities for proper control and surveillance of COVID-19. 

Nepal stands on the 40th position on the worldwide scenario with total number 

of infections suggested by the statistics of 252474 reported cases with 1765 

deaths and a population of 241392 detected cases have already recovered as of 

December 19, 2020(https://www.worldometers.info/coronavirus/).Considering 

the possibility of travel of infected cases within the internal borders of the 

country, high vigilance coupled with a strong response plan is required to 

address the current risk of COVID-19. In this regard, a directive from the 

Government of Nepal is still required for educating the public to respond to the 

outbreak through necessary precautions and inform travelers about possible risk 

despite the current efforts of the government which does not support the 

confinement of the spread of disease in today’s context (Shrestha et. al., 2020)). 

There is necessity to identify and contain suspected cases from the site of origin. 

COVID-19 and past outbreak scenarios should be a learning experience for Nepal 

https://heoc.mohp.gov.np/update-on-novel-corona-virus-2019_ncov/
https://www.aa.com.tr/en/asia-pacific/nepal-registers-its-first-death-from-covid-19/1843635
https://www.aa.com.tr/en/asia-pacific/nepal-registers-its-first-death-from-covid-19/1843635
https://www.worldometers.info/coronavirus/


14 

not only on emergency management but also towards developing a strong 

surveillance system and taking preventive actions for similar events as we cannot 

deny the fact that these types of serious complications won’t emerge in the 

future. 

2.3 Proteins of SARS-CoV-2 

The 29.3 kilobases of 2019 Coronavirus gene consits of 1273 amino acids with 

spike glycoprotein (S), envelope protein (E), membrane protein (M) , 

nucelocapsid protein (N), receptor binding motif (RTF), M pro, NSP7, NSP13. 

Some of the membrane proteins that are present in SARS-CoV-2 includes RNA 

polymerase, 3-chemotrypsin-like protease, papain-like protease, helicase , and 

accessory proteins.  

2.3.1 Structural Proteins of SARS-CoV-2 

2.3.1.1 Spike Protein 

The spike protein of SARA-CoV-2 contains about 1273 amino acids and it has 

141778 kDa molecular weight (Chan et. al., 2020). It has 50-100 timers of spikes 

where each spike protein consists of an ectodomain element, transmembrane 

element, and short C fragment. There are two ectodomains : (a) S1 – facilitates 

the receptor binding and (b) S2- stem that forms a timer. These protruding 

projections from the surface are responsible for binding and fusing with the 

membrane ( Anderson et. al.,1983). S protein plays vital role in viral entry into 

the host cell as it has high affinity to the angiotensin-converting enzyme 2 (ACE2) 

receptors which are expressed in the pneumocytes in human. The presence of 

glutamine 493, asparagine 501, leucine 455, phenylalanine 486 and serine 494 

amino acids in spike protein helps in binding with ACE2 receptors. Along with 

these amino acids, receptor binding domain (RBD) present in S1 subunit 

recognizes and binds to human ACE2.  

2.3.1.2 Nucleocapsid Protein  

The N protein in SARS-CoV-2 known as the nucleocapsid protein is responsible 

for the interaction with cellular processes and fusion of virus (Huanget. al., 2004). 

N protein consists of a N terminal domain (NTD) and C terminal domain (CTD) 

and a serine rich linker (SR) present between them . Repication transcription 
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complexes (RTC) belonging to N protein plays key role in viral genome synthesis ( 

Gerber et. al., 2019). It is found to inhibit the type I Interferon (IFN) which 

decreases the immune responses in the host cell. The increase amount of N 

protein increases the viral RNA synthesis once it comes in contact with 

Heterogenous nuclear ribonucleoprotein (hnRNPA1) (Luo, Chen et al. 2005). The 

presence of Arginine at 94 position and Tyrosine at 122 are reported to be 

essential to bind to SARS-CoV RNA (McBride et. al., 2014). Host samples express 

the N protein during early stages of infection. N protein is involved in various 

activities that are essential for the proliferation and functioning of virus.  

2.3.1.3 Envelope Protein  

Envelope Protein (E) has 76-109 amino acids with 8-12 kDa in size (Fung and Liu, 

2018). It is integral membrane protein that is composed of NTD, hydrophobic 

domain and C terminal chain. E protein are responsible for the production of 

viroporins that are vital for viral assembly, release of virus, mediate 

pathogenicity and cause cytotoxicity (Ye and Hogue 2007).  

2.3.1.4 Membrane Protein  

The membrane protien (M) encompasses the highest percentage among all 

proteins in the virus (Alsaadi and Jones, 2019). M protein is found to exist in two 

forms -  long and compact form. Spike protein is present above these two forms. 

M protein plays key role in translation and produces the virions after interacting 

with E protein. M protein inhibits the Nuclear Factor Kappa B activation by 

interacting with I Kappa B Kinase that enhances the viral pathogenicity. Among 

the terminals of M protein, C termianl blocks the interaction of 3-

phosphoinositide-dependent protein kinase 1 (PDK1) with Protein Kinase B (PKB) 

that ultimately leads to the apoptosis (Tsoi, Li et al. 2014). Along with this, M 

protein is involved in the activation of β interferons (IFN-β) (Wang and Liu, 2016). 

M protein is most responsible for increasing the inflammatory responses in the 

host and the formation of ribonucleoprotiens.  

2.4 Pathogenicity 

The same human cell receptor Angiotensin Converting enzyme 2 (ACE-2) is 

employed by SARS-CoV-2 and SARS for their entry into to the host cell whereas 
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MERS-CoV uses dipeptidyl peptidase 4 (DPP4) to enter host cells (Wan et. al., 

2020). The works of Wan et al suggests SARS-CoV-2 binds ACE2 more efficiently 

than the 2003 strain of SARS-CoV, although less efficiently than the 2002 strain. 

Further, they have predicted that a single nucleotide mutation on the RBD of 

SARS-CoV-2, if it occurs, could further increase its pathogenicity. 

Figure 2.1: Pathogenicity of SARS-CoV-2 (Guo et .al., 2020) 

2.5 Transmissibility 

The reproductive number (R0) reflecting the transmissibility of virus was found in 

the range of 2 and 2.5 for SARS-CoV-2 which is higher than that for SARS (1.7–
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1.9) and MERS (<1), as estimated by the World Health Organization, which in 

turn favors the higher pandemic potential possessed by SARS-CoV-2(Chen et. al., 

2020; Luiet. al., 2020 and Wu et. al., 2020). There might be certain fluctuations in 

the values of R0 since the estimation of R0 depends on the estimation method 

used, and the current estimate can be biased by insufficient data and the short 

onset times of the diseases, as stated by Liu and colleagues. The fatality rate for 

novel corona virus is estimated to be 2.3% (Chen, 2020) which is a lower value in 

comparison to SARS (9.5%) and significantly lower when compared to MERS 

(34.4%) (Munster et al, 2020). 

2.5 Clinical features 

The onset of dyspnea within 5 days, ARDS within 8 days in 30% of cases, and the 

need for invasive mechanical ventilation and extracorporeal membrane 

oxygenation (ECMO) in 17% and 4% of cases, respectively are the major 

indications relating to the unfavorable clinical course in case of patients 

diagnosed with COVID-19 (Wang et. al., 2020).  The clinical course of MERS 

seems to be characterized by a more frequent development of ARDS and the 

need for invasive life support; especially amongst smokers and elderly patients 

whereas the earlier mentioned findings of clinical manifestations for COVID-19 

are in conjunction with SARS percentages (Azhar et. al., 2019).  A direct renal 

cytopathic effect induced by the virus involving DDP4 receptors facilitating the 

entry of virus, which are largely represented in tubules and glomeruli accounts, 

for the acute kidney injury in MERS (Cha et. al., 2015) which seldom occurs in 

SARS and SARS-CoV-2. 

2.5.1 Clinical manifestations of SARS-CoV 2 

2.5.1.1 Signs and symptoms 

Regarding the four comprehensive studies on the epidemiological and clinical 

characteristics of SARS-CoV-2 infected patients the most common signs and 

symptoms of patients are fever and cough (Chen et. al., 2020, Guan et. al.,2020 

Huang et. al., 2020 and Wang et. al.,2020). Fatigue was another symptom 

amongst the patients as complained by 96% of patients (n=138) in one study by 
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Huang and colleagues but was less outstanding (18%, n=44) in another report by 

Wang and colleagues. 

 A combinational analysis of the common recorded signs or symptoms of the 

reported cases found that cough was observed in around 68% of the SARS-CoV-2 

infected patients; the number of patients with fever is relatively more (90%) 

compared to cough (Zheng, 2020). In addition, shortness of breath or dyspnea, 

muscle ache, headache, chest pain, diarrhea, hemoptysis, sputum production, 

rhinorrhea, nausea and vomiting, sore throat, confusion, and anorexia were also 

observed in a proportion of the patients (Guan et. al., 2020, Huang et. al., 2020 

and Wang et. al.,2020). 

Pneumonia is a typical characteristic of the SARS-CoV-2 infected patient, now 

termed as Coronavirus Disease 2019 (COVID-19), demonstrated on diagnosis 

methods like computer tomographic (CT) scan or chest X –ray (Zhong et. al.,2020 

and Chan et. al.,2020). The quick development of acute respiratory failure and 

other serious complications was accompanied by the acute respiratory infection 

symptoms displayed by the patient in the early stages of the disease 

( https://www.who.int/publications-detail/clinical-management-of-severe-acute-

respiratory-infection-when-novel-coronavirus-(ncov)-infection-is-suspected). All 

of the first three patients reported by the China Novel Coronavirus Investigating 

and Research Team developed severe pneumonia and two among these three 

patients showed a common feature of fever and cough (Zhu et. al., 2020). 75% 

within 99 patients demonstrated bilateral pneumonia and the remaining 25% 

unilateral pneumonia in the chest X-ray and CT imaging as shown in a study 

(Chen et. al., 2020). Overall, 14% of the patients showed multiple mottling and 

ground-glass opacity as presented on the same study. One of the early cases of 

coronavirus infection in the United States detected pneumonia on the tenth day 

of infection with basilar streaky opacities in both lungs as shown by chest 

radiography (Holshue et.al.,2020). 

2.5.1.2 Modes of transmission 

The wide spread of SARS-CoV-2 infection within a short period time was boosted 

by the fact that SARS-CoV-2 Spike (S) protein had 10- to 20-fold higher affinity to 

https://www.who.int/publications-detail/clinical-management-of-severe-acute-respiratory-infection-when-novel-coronavirus-(ncov)-infection-is-suspected)
https://www.who.int/publications-detail/clinical-management-of-severe-acute-respiratory-infection-when-novel-coronavirus-(ncov)-infection-is-suspected)
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human angiotensin-converting enzyme 2 (ACE2) receptor than that of SARS-CoV 

based on the Cryo-EM structure analysis of S proteins, implying the highly 

contagious and more infectious nature of SARS-CoV-2 infection than initially 

suspected (Wrapp et. al.,2020). The entry of SARS-CoV-2 into host cells is 

facilitated upon the recognition and binding of S protein to ACE2 receptor of the 

host cells, similar to SARS (Zhou et al, 2020). The high affinity of S protein to 

ACE2 receptor as shown in studies likely contributes to the quick spreading of 

virus (Wrapp et. al., 2020). The human organs with high ACE2 expression level, 

such as lung alveolar epithelial cells and enterocytes of the small intestine, are 

potentially the target of SARS-CoV-2 as indicated by the fact that ACE2 

receptor are the human receptors for the virus (Zou et. al., 2020). 

Current knowledge for SARS-CoV-2 transmission is largely based on the 

knowledge for the transmission regarding the similar coronaviruses, particularly 

SARS-CoV and MERS-CoV, where droplets, contact and fomites are responsible 

for human-to-human transmission (Zheng et. al.,2020). Although the well-

established route of viral infection so far, is believed to be through respiratory 

droplets and contact with COVID-19 affected individuals so far (Signorelli et. al., 

2020). The possible modes of transmission are discussed below under the 

following sub-headings. 

2.5.1.2.1 Saliva 

The abundance of Angiotensin converting enzyme 2 (ACE2) in the epithelial cells 

of the oral mucosa with the fact that high expression of this receptor cells is seen 

on the tongue (95.86%) than in the buccal and gingival tissues outlines the role of 

saliva in the possible spread of the SARS-CoV-2 infection (Xu et al, 2020). The role 

of saliva can be of both friend (diagnostic tool for viral detection) and of foe (a 

more common mode of transmission via aerosols and salivary droplets) (Han et 

al, 2020). 

2.5.1.2.2 Surface contact 

Infected surfaces may still help to transmit the virus despite the control of 

person-to-person transmission of SARS-CoV-2. The indirect contact with the 

surfaces or objects contaminated by the infected person may cause the spread of 
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this zoonotic virus, as this virus displays the ability of staying for longer durations 

on various surfaces making it contaminated for hours and days. Also, the large 

viral droplets expired by the infected person may also get deposited on the 

surface in their close proximity. The viability of SARS-CoV-2 on plastic and 

stainless steel for a maximum of 72 hours, and eventually a decline in the virus 

stability and titer is displayed in a study (van Dormaelan et al, 2020). Another 

study shows that on inanimate surfaces, another coronavirus strain (HCoV-229E) 

is capable to survive for up to nine days (Carraturo et. al., 2020). 

2.5.1.2.3 Aerosols and Airborne 

The possible route of spread of virus maybe aerosols and airborne transmission 

helped by coughing, sneezing, or even talking (Mukhra et. al.,2020). The droplets 

and aerosols produced by infected individuals on the regular basis may play an 

important role in the transmission of the virus (Klompas et. al., 2020) and the 

smaller size of the droplet nuclei particles of <5μm diameter are considered to be 

the carriers as these can persist in the air for longer durations and can be 

transported to distances greater than one meter (Moraswka et. al., 2020). The 

infectious virus can remain in the aerosols for approximately 3 hours with a 

gradual reduction from 103.5 to 102.7 TCID50 per liter of air under controlled 

conditions (Moraswka et. al., 2020). A viral transmission rate of approximately 

41.3% through respired air by infected patients in a nosocomial environment 

suggested an urgent need of consideration of the airborne passage of 

transmission (Wang et. al., 2020). The possibility of air borne route of 

transmission of viral particles except the indoor confined environment was also 

suggested by WHO on a update released on 29th June 

2020( https://www.who.int/news-room/commentaries/detail/transmission-of-

sars-cov-2-implications-for-infection-prevention-precautions). 

2.5.1.2.4 Faeco-Oral transmission 

The gastrointestinal manifestations in COVID-19 patients outline the probability 

of shedding viral RNA or infectious virus in the stool and fecal matters of the 

infected individual (Mukhra et. al., 2020). The fecal-oral route as a probable 

route of transmission is fueled by the fact where presence of viral RNA in feces, 

on toilet seat and washbasin sink samples is reported (Young et. al., 2020). The 

https://www.who.int/news-room/commentaries/detail/transmission-of-sars-cov-2-implications-for-infection-prevention-precautions
https://www.who.int/news-room/commentaries/detail/transmission-of-sars-cov-2-implications-for-infection-prevention-precautions
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capability of the virus to survive in fecal samples for up to 4 days outlines the 

possibility of the fecal-oral route of transmission of SARS-CoV-2(Amirian, 2020). 

Likewise, other studies have reported presence of viral RNA in stools even after 

negative test results of the respiratory samples (Xu et. al., 2020 and Chen et. al., 

2020). However, the fecal-oral route of transmission is still debatable due to the 

lack of strong evidence for possibility of viral replication in fecal swabs. 

2.5.1.2.5 Other possible modes of transmission 

The sexual route of transmission for SARS-CoV-2 virus (Patri et. al., 2020) 

surfaced following the reports of fecal-oral transmission (Peng et. al., 2020). Both 

direct or indirect exposure of oral-anal contact within few days even after 

recovery, with the shedding the viral RNA still seen on some cases in feces, such 

sexual behaviors could result in alternative ways of transmission of the virus 

(Patri et. al., 2020). The vertical transmission of SARS-CoV-2 virus from mother to 

fetus or neonate is still debatable. The shedding of the RNA particles on the milk 

of lactating mothers could hint on the maternal to neonate transmission but this 

need to be validated through further studies (Grob et. al., 2020). 

Conjunctival secretions might be another possible mode of viral transmission; as 

conjunctival mucosa and respiratory tract are connected by the nasolacrimal 

duct and share the same ACE-II receptor cell of SARS-CoV-2 (Sun et.al., 2020). Lu 

et al. have raised the possibility of transmission through ocular surface. More 

research is suggested to develop a detailed understanding of the transmission 

mechanism through tear secretions and ocular surfaces. 

Another major concern regarding the transmission of COVID-19 is via 

asymptomatic carriers who are responsible for transmitting the virus during the 

incubation period (Ye and Hogue, 2020). There have been reports of 

asymptomatic carriers of SARS-CoV-2, a case in Wuhan, where a 10 years old boy 

behaved as an asymptomatic carrier of virus, showing lung infiltrates on CT scans 

(Chan et. al., 2020). These findings underline the role of asymptomatic carriers as 

one of the probable sources of SARS-CoV-2 infection posing a great threat to 

increase the infection and further calling out for an immediate evaluation of 

transmission dynamics of the epidemic. 
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2.6 Laboratory Detection 

Everyone who has symptoms revealing of COVID-19 and the people with high risk 

of exposure to SARS-CoV-2 should be tested to rule out the infection. Testing 

may be 

a. Diagnostic testing: Testing intended to rule out or identify the current or 

recent infection in individuals with sign and symptoms consistent of 

COVID-19 or suspected exposure to SARS-CoV-2. 

b. Screening testing: To identify the asymptomatic or no suspected exposure 

to SARS-CoV-2. 

Such testing should employ either a nucleic acid amplification test (NAAT) or an 

antigen test to detect SARS-CoV-2. Testing may also be used for screening, 

determining the length of a patient’s isolation period, and other non-diagnostic 

purposes. (CDC 2022) 

A number of diagnostic tests for SARS-CoV-2 infection (e.g., NAATs, antigen tests) 

have received Emergency Use Authorizations (EUAs) from the Food and Drug 

Administration (FDA), but no diagnostic test has been approved by the FDA. 

Diagnostic tests have been authorized for use by trained personnel in several 

settings, including lab facilities. They can also be used in point-of-care settings, 

where the test is performed by trained personnel at or near the place where the 

specimen was collected. Point-of-care settings include physician offices, 

pharmacies, long-term care facilities, and school clinics. Antigen tests can be self-

administered, and most can be used in point-of-care settings, allowing results to 

be available within minutes. Some NAATs can also be self-administered at home 

or in other non-health care locations and shipped to a laboratory for testing. 

Although nasopharyngeal specimens remain the recommended samples for 

SARS-CoV-2 diagnostic testing, nasal (anterior nares or mid-turbinate) or 

oropharyngeal swabs are acceptable alternatives. Lower respiratory tract 

samples have a higher yield than upper respiratory tract samples, but they are 

often not obtained because of concerns about aerosolization of the virus during 

sample collection procedures. Some of the tests that have received EUAs can 

also be performed on saliva specimens, but the quality of saliva specimens can 
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be highly variable. Studies are currently evaluating the use of other sample types, 

including stool samples. 

2.6.1 Real time PCR 

Real time is the most reliable method of detection and measurement of products 

generated during PCR which is equivalent to the amount of template present at 

start of PCR process. TaqMan probe is a fluorogenic non extendable probe which 

has a fluorescent reporter dye attached to its 5’ end and a quencher dye at its 3’ 

end. The fluorogenic probe anneals downstream from the primer site which is 

cleaved by the 5’ nuclease activity of Taq polymerase enzyme during extension 

phase when the target sequence is present. When the target sequence is not 

present, the probe is intact, fluorescence resonance energy transfer occurs which 

leads to the absorbance of the fluorescence emission of the reporter dye by the 

quenching dye. When Taq polymerase cleaves probe during PCR the separation 

of reporter and quencher dyes takes place which increases fluorescence from the 

reporter dye.  

After the cleavage, the probe is removed from the target strand, which allows 

primer extension to continue to end of template strand which does not interfere 

with exponential accumulation of PCR product. The additional reporter dye 

molecule is cleaved in each consecutive cycle which in turn leads to increase in 

fluorescence intensity that is proportional to amount of amplicon produced. 

TaqMan probe: A forward primer, a reverse primer and a probe is used. The 

assay is dependent on 5’ to 3’ nuclease activity of Taq polymerase. The probe has 

Fluorescent reporter and quencher dye covalently bonded at the 5’ and 3’ end 

respectively. The intactness of probe leads to occurrence of FRET which is due to 

proximity of the reporter and quencher dye as a result of which fluorescence 

emission does not occur. When target sequence is present during PCR the 

annealing of probe to target takes place and Taq polymerase cleaves probe 

allowing an increase in fluorescence emission. The intensity of fluorescence is 

increased in proportion to amount of amplicon produced (Aryal et. al., 2005). 

On the basis of fluorescence emission data, the computer software constructs 

amplification plots. Baseline describe about the PCR cycles in which the reporter 
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fluorescence signal accumulates but is below the limit of detection by the 

machine. 

   RN: It is the difference between fluorescence emission of product at each time 

point and fluorescence emission of baseline. 

Threshold: It is arbitrary value chosen by computer being based on variability of 

baseline. The threshold cycle for a simple is a fluorescent signal which is detected 

above the threshold. 

Cycle Threshold (CT): CT is defined as the fractional number of PCR cycle at which 

reporter fluorescence is greater than the threshold (minimum detection level). 

The essential component in production of accurate and reproducible data is 

based on CT which is a basic principle of Real time PCR. The lower CT value 

indicates greater amount of target nucleic acid present in the sample. 

During the early cycles of PCR exponential amplification of the target sequence 

takes place which is the time when CT value occurs. If more template is present 

at beginning of the reaction, a fewer number of cycle can lead to a point at which 

fluorescent signal is recorded statistically significance above the background.  

(Higuchi et. al. 1993) 
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Chapter III 

3.0 Methods and Methodology 

3.1 Study Design 

This was a descriptive, cross-sectional study. Quantitative study was carried out 

to access SARS-CoV-2 infection in central region of Nepal along with the 

diagnostic performance of rapid antigen kit vs rtRT-PCR at Trishuli Hospital 

Nuwakot.  

The research design of entire study is presented below: 

 

3.2 Study Site 

Study site was the Trishuli Hospital Nuwakot, Nepal. The study was conducted in 

Molecular department, Department of Pathology, Trishuli Hospital Nuwakot. 

3.3 Study Population and sample size 

3.3.1 Study population 

Nasopharyngeal swab(NPS) specimens was collected from all the patients visiting 

Trishuli Hospital Nuwakot and respective local bodies of Nuwakot, Dhading and 

Rasuwa district suspected of having COVID-19 infection and processed for Real 

time RT-PCR. For Antigen test all the NPS samples were collected in Trishuli 

hospital COVID-19 RT-PCR laboratory. 

All suspected cases recommended by 
physician

rtRT-PCR (n=17987)

pos neg

Both rtRT-PCR and RAT 
(n=1295)

rtRT-PCR

pos neg

RAT

pos neg

RAT

(n=4414)

pos neg
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3.3.2 Sample size 

The required Sample size was calculated as n= [z2P(1-P)]/e2 

Where z=1.96 in 95% Confidence interval(CI) 

P=proportion= 0.5 

e= margin of error=0.03 

n= [1.962 x 0.5(1-0.5)]/0.032 

n=1067.111 

n ≈ 1068 

The minimum of 1068 samples were required for the study. As per the 

convenience and availability we have included 1295 sample in our study.

3.4 Duration of the Study 

The samples were collected from January 2021 to December 2021 after 

recommendation of Clinician/ Physicians. 

3.5 Inclusion and Exclusion Criteria 

3.5.1 Inclusion Criteria 

1. All the patients clinically suspected for COVID-19 infection

Symptoms of COVID-19 infection 

a. Fever or chills

b. Cough

c. Shortness of breath or difficulty breathing

d. Fatigue

e. Malaise

f. Muscle or body aches

g. Headache

h. Loss of taste or smell

i. Sore throat

j. Congestion or runny nose

k. Nausea or vomiting

l. Diarrhea

m. Sputum production

n. Loss of appetite

o. Respiratory distress
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2. People giving consent and willing to participate. 

3.5.2 Exclusion Criteria 

 1. Those patients not giving consent. 

2. Patient not willing to participate in the study. 

3.6 Ethical Consideration 

For the collection and processing of sample, verbal consent was taken from 

patient parties and ethical clearance was obtained from the Trishuli Hospital 

Nuwakot. The respondent were patients themselves or the family members and 

mother/father of the children under 5 years of age. Test was performed by direct 

involvement of the researcher himself. 

3.7 Sample collection, transport and storage 

Nasopharyngeal swab sample was collected in well labeled Virus Transport 

Medium (VTM) from patients suspected with COVID-19 infection using Personal 

Protective Equipment (PPE) and the swab stick was broken from the specified 

region and the VTM was sealed properly and store in 2-8oC until test performed 

within a day or during transport (with 3 layer packing) otherwise delayed in 

processing of sample, the VTM was stored in -20oC until tested. 

3.8 Rapid SARS‑CoV‑2 antigen detection assay 

3.8.1 Standard Q COVID-19 Ag kit (SD Biosensor®, Chuncheongbuk-do, 

Republic of Korea) 

Standard Q COVID-19 Ag test (SD Biosensor) is a rapid chromatographic 

immunoassay for the qualitative detection of SARS-CoV-2 nucleo-capsid (N) 

protein antigen in human nasopharyngeal specimens. This rapid antigen test 

device has two pre-coated lines on the nitrocellulose membrane on result 

window: control (C) and test (T) lines which are not visible before applying any 

specimen. The control (C) region is coated with mouse monoclonal anti-chicken 

Igγ antibody; the test (T) region is coated with mouse monoclonal anti-SARS-

CoV-2 antibody against SARS-CoV-2 N antigen. Detectors for SARS-CoV-2 N 

antigen presented in the specimen are mouse monoclonal anti-SARS-CoV-2 

antibody conjugated with color particles. The antigen–antibody color particle 
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complex migrates via capillary force and is captured by the mouse monoclonal 

anti-SARS-CoV-2 antibody coated on the test (T) region. The colored test (T) line’s 

intensity depends on the amount of SARS-CoV-2 N antigen presented in the 

sample. The test result was read in 15–30 min. For positive COVID-19 antigen 

result, two colored lines of control (C) and test (T) lines were presented. 

3.8.2 Panbio COVID-19 Ag Rapid Test Device (Abbott PanbioTM

Orlaweg, Germany) 

PanbioCOVID-19 Ag Rapid Test Device (Panbio) is a rapid chromatographic 

immunoassay for the qualitative detection of SARS-CoV-2 Nucleo-capsid protein 

antigen in human nasopharyngeal specimens. This rapid antigen test device has 

two pre-coated lines on the nitrocellulose membrane strip on result window: 

control (C) and test (T) lines which are not visible before applying any specimen. 

The control (C) region is coated with mouse monoclonal anti-chicken Igγ 

antibody; the test (T) region is coated with immobilized anti-SARS-CoV-2 

antibody. Detectors for SARS-CoV-2, human IgG specific to SARS-CoV-2 Ag gold 

conjugate and chicken IgY gold conjugate with the specimen. The antigen–

antibody color particle complex migrates via capillary force and is captured by 

the anti-SARS-CoV-2 antibody coated on the test (T) region. The colored test (T) 

line’s intensity depends on the amount of SARS-CoV-2 presented in the sample. 

The test result was read in 15–20 min. For positive COVID-19 antigen result, two 

colored lines of control (C) and test (T) lines were presented. 

3.9 Reverse transcription Real time PCR 

3.9.1 RNA Extraction 

RNA of SARS-CoV-2 virus was extracted using CWBIO Viral DNA/RNA kit and the 

extracted RNA was soon stored in the freezer to prevent further degradation of 

viral RNA for further molecular research. 

First of all, the reagent was prepared as the manufacturer instruction and 

appropriate amount of isopropanol and 100% ethanol were added to Wash 

buffer 1 and wash buffer 2 respectively.  
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200 μL of swab sample after vortexing was pipette out in 1.5mL micro-centrifuge 

tube and 200 μL of lysis buffer was added along with 300μL isopropanol. The 

solution was mixed by pulse vortexing for 5-10 seconds and incubated at room 

temperature for 5-10 minutes and vortex for 10 minutes with constant 

temperature mixer of 1200 rpm. Then 700μL of the solution was transfer to the 

adsorption column in a 2 ml Collection tube and centrifuge at 12000 rpm (~ 

13400 g) for 1 minute. The filtrate liquid was discarded and the adsorption 

column was kept back into the collection tube. The adsorption column was 

carefully opened and 500μL washing buffer (Wash buffer 1) was added and 

centrifuge at 12000rpm for 1 minute. Then the filtrate liquid was discarded and 

the adsorption column was kept back in collection tube and the process repeated 

by wash buffer 2.  Then dry spin of adsorption column was done without adding 

any liquid by centrifuge at 12000rpm for 2 minutes. Then the adsorption column 

was transfer into the new 1.5 ml micro-centrifuge tube and left at room 

temperature for 2 minute to dry. The adsorption column cap was open carefully 

after drying and 40-100μLRNAase free water was added to the middle part of the 

adsorption column membrane. The cap was closed and the incubated at room 

temperature for 2 minute.  Finally, the tube was centrifuged at 12000rpm for 1 

minute and the RNA collected in the micro-centrifuge tube was stored at -80o C 

to prevent degradation.  

3.9.2 rtRT-PCR 

One step Real time reverse transcription PCR was performed as the instructions 

in SARS-CoV-2 Fluorescent PCR kit, Maccura. The kit includes the multiplexed real 

time RT-PCR test for the quantitative detection of SARS-CoV-2 RNA. The kit 

contains three primer/probe sets specific to different genomic region of SARS-

CoV-2 such as ORF1 ab, N gene and E gene along with primer and probes for the 

internal control. The one step Real time RT-PCR was performed along with 

positive, negative and internal controls pre-extracted as sample during the 

sample RNA extraction process. 
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3.10 Sequencing and Sequence analysis 

The NPS sample collected from patients which were positive for rtRT-PCR were 

send to CSIR-Institute of Genomics and Integrative, Delhi through NPHL for whole 

genome sequencing and the sequence was submitted to GISAID.  

3.10.1 Phylogenic tree construction 

The phylogenic tree was constructed by aligning sequence in AudacityInstant 

alogorithim and test maximum Likelihood Tree. The 11.7 Million sequence 

available in Gene Bank from different parts of world were searched for related 

genomes, obtained from blast result were included in the multiple sequence 

alignment and subsequent construction of the phylogenetic tree.  

3.11 Analysis of Data 

The data obtained were entered process and filter in Excel. The graph was 

prepared using Excel, Graph pad prism 8. The mean value was compared using 

Mann-Whitney U test. Sensitivity, specificity, PPV, NPV, Likelihood ratio, 

Accuracy were calculated using 2x2 contingency table. The Cohens Kappa value, 

P value and Youden’s index were calculated for validation of the protocol. 

2x2 contingency 
table 

rtRT-PCR Total 

Positive Negative 

Antigen Positive a 
True positive 

b 
False positive 

a+b 

Antigen Negative c 
False Negative 

d 
True Negative 

c+d 

Total a+c b+d a+b+c+d 

 

Calculation Formula 

1. Sensitivity: It is the ability of the test to correctly identify patients with a 

disease. 

Sensitivity: [a/(a+c)] x 100   

2. Specificity: It is the ability of the test to correctly identify patients without the 

disease.  

Specificity: [d/(b+d)] x 100 
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3. Positive predictive value (PPV): It is the ratio of patients truly diagnosed as 

positive to all those who had positive test results. It is also known a Precision. 

It is proportion of cases giving positive test result that are truly positive.  

PPV: [a/(a+b)] x 100 

4. Negative predictive value (NPV): It is the ratio of subjects truly diagnosed as 

negative to all those who had negative test results (including patients who 

were incorrectly diagnosed as healthy). It is proportion of cases giving 

negative test result that are already healthy.  

NPV: [d/(c+d)] x 100 

5. Likelihood ratio: Likelihood ratios (LRs) represent another statistical tool to 

understand diagnostic tests. LRs allow providers to determine how much the 

utilization of a particular test will alter the probability. A positive likelihood 

ratio, or PLR, is the “probability that a positive test would be expected in a 

patient divided by the probability that a positive test would be expected in a 

patient without a disease.” In other words, a PLR is the true positivity rate 

divided by the false positivity rate.  A negative likelihood ratio or NLR is “the 

probability of a patient testing negative that has a disease divided by the 

probability of a patient testing negative who does not have a disease.” Unlike 

predictive values, and similar to sensitivity and specificity, likelihood ratios 

are not impacted by disease prevalence. The formulas for the likelihood 

ratios are below. 

Positive Likelihood Ratio=Sensitivity/(1-Specificity)  

Negative Likelihood Ratio= (1- Sensitivity)/Specificity 

6. Accuracy: Accuracy is an absence of bias. 

Accuracy: (a+d)/ (a+b+c+d) 

7. Cohen’s kappa: kappa value is use to ascess the degree of agreement of the 

test done by multiple appraisers when the appraiser evaluates the same 

sample. Cohen’s Kappa is popular for measuring assessment agreement 

between 2 raters. 

For Cohen Kappa (K) = [pr(a)-pr(e)] / [1-pr(e)] 
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Pr(a)= (a+d) / 10 

Pr(e)= (a% x c%) + (b% x d%) 

a%= (a+c)/ a+b+c+d 

b%= (b+d) /a+b+c+d 

c%= (a+b) / a+b+c+d 

d%= (c+d)/ a+b+c+d 

Kappa value interpretation: 
<0 : No agreement 
0- 0.20: Slight agreement 
0.21 - 0.40: Fair agreement 
0.41- 0.60: Moderate agreement 
0.61- 0.80: Substantial agreement 
0.81-1.0:  Perfect agreement 

8. Youden index (J): Youden's J statistic (also called Youden's index) is a single

statistic that captures the performance of a dichotomous diagnostic test. The cut-

off point for having an acceptable Youden index is 50%. Any value below 50%

denotes an overall lack of the diagnostic test to detect either disease or

health. If the Youden index is not over 50%, then the test does not meet

empirical benchmarks for being administered for diagnostic purposes. The

Youden index is a measure of a diagnostic test's ability to balance sensitivity

(detecting disease) and specificity (detecting health or no disease).

Youden index: Sensitivity+Specificity-1 

https://en.wikipedia.org/wiki/Dichotomy
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CHAPTER-IV 

4.0 RESULTS 

The chapter deals with the analysis and interpretation of findings of the study. 

The descriptive study was conducted from January 2021 to December 2021 in 

the Trishuli Hospital Nuwakot. The collected data were analyzed and presented 

in the different figures and tables. 

4.1 Incidence 

4.1.1 Real time reverse transcription polymerase chain 

reaction (rtRT-PCR) 

A total of 17987 nasopharyngeal swab (NPS) samples were collected from 

suspected COVID-19 cases from 1st January 2021 to 31st December 2021 for Real 

Time Reverse Transcription PCR (rtRT-PCR). Of the sample tested for detection of 

COVID-19, 7956 samples (44.23%) were positive by rtRT-PCR while 10031 

samples (55.77%) were negative for SARS-CoV-2 RNA. Of which 63.79% 

(n=11474) were male and 36.21% (n=6513) were female with an average age of 

36.6 years (ranging from 4 months to 101 years). 

4.1.2 Rapid Antigen test (RAT) 

Among 4414 suspected COVID-19 cases, NPS sample was collected and 

processed immediately according to manufactures instruction for Rapid antigen 

test (RAT) during study period. Out of 4414 samples, 951 (21.5%) were found to 

be positive for anti-SARS-CoV-2 antibody. Of these 4414 suspected cases, 1295 

recommended by clinician or physician were tested parallel and had a 

concomitant rtRT-PCR test result.  

4.2 Real time RT-PCR and SARS-CoV-2 antigen assay 

Among 1295, 36.45% (n=472) were RAT positive and 823 were RAT negative with 

an average age of 40.4 years (ranging from 6 months to 99 years) and Standard 

deviation of 18.6 years. In the study population, highest number of suspected 

cases 319 (24.63%) belonged to the 20-30 years’ age group followed by 30-40 

years’ age group (n=298) whereas lowest number 7 (0.54%) to above 90 years’ 

age group. Among a total 472 anti-SARS-CoV-2 antibodies positive cases, higher 

positive rate was seen in the 30-40 years’ age group followed by 20-30 years’ age 
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group 26.69% and 23.52% respectively. In contrast, there was a very low 

positivity rate 0.42% and 0.63% in the age group more than 90 years and less 

than 10 years respectively. Gender wise, among total suspected cases 53.67% 

(695/1295) were males and 46.33% (600/1295) were females. Positive case 

among male was observed to be 36.96% which constituted 19.84% of total cases 

and 35.83% were females which comprised 16.60% of total cases. This gender 

bias, a male to female ratio of 1.16:1 was present in our study. (Table 4.1 and 

4.2). 

Table 4.1 Age and Gender wise distribution of Antigen rapid test

Class Male Female Ag 
neg 

Ag 
pos 

Total 

Neg Pos Total Neg Pos Total 

0-10 11 1 12 7 2 9 18 3 21 

10-20 38 11 49 26 8 34 64 19 83 

20-30 95 45 140 113 66 179 208 111 319 

30-40 101 66 167 71 60 131 172 126 298 

40-50 73 53 126 41 28 69 114 81 195 

50-60 45 39 84 35 21 56 80 60 140 

60-70 35 20 55 43 14 57 78 34 112 

70-80 28 13 41 37 10 47 65 23 88 

80-90 9 8 17 10 5 15 19 13 32 

90-100 3 1 4 2 1 3 5 2 7 

Total 438 257 695 385 215 600 823 472 1295 

Table 4.2: Gender wise distribution of cases 

Sex Total no. 
of sample 

No. of positive 
sample (%) 

% of positive 
cases in total 

(n=1295) 

Male: Female 
among positive 

cases 

Antigen 

Male 695 257 (36.96%) 19.84 
1.16:1 

Female 600 215 (35.83%) 16.60 

Total 1295 472 (36.45%) 

PCR 

Male 695 378 (54.39%) 29.19 
1.12:1 

Female 600 337 (56.17%) 26.02 

Total 1295 715 (55.21%) 
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Out of 1295, 715 (55.21%) were rtRT-PCR positive and 580 (44.79%) have 

negative result. Among a total 715 rtRT-PCR positive cases, higher positive rate 

was seen in the 30-40 years’ age group followed by 20-30 years’ age group 

25.17% and 22.94% respectively whereas there was a very low positivity rate 

0.42% and 0.98% in the age group more than 90 years and less than 10 years 

respectively. Gender wise, Positive case among male suspects was observed to 

be 54.39% which constituted 29.19% of total cases and 56.17% were females 

which comprised 26.02% of total cases.  (Table 4.3 and 4.2) Out of 1295, 715 

were rtRT-PCR positive and 472 had RAT positive i.e 66.01% (472/715) analytical 

sensitivity of RAT compare to rtRT-PCR. 

Table 4.3: Age and Gender wise distribution of rtRT-PCR test 

  

 

 

 

4.3 Diagnostic Sensitivity and Specificity of RAT compare 

to rtRT-PCR 

We evaluated the performance characteristics of two SARS-CoV-2 antigen 

detection kit (Standard Q COVID-19 Ag test and PanbioCOVID-19 Ag rapid test 

Device). The sample used in the study was mainly composed of symptomatic 

participants and rests of participants were considered as higher COVID-19 risk 

participants with mild symptoms and close contact. When analyzing the results, 

we categorized the data on the basis of quantitative Ct-Value in 4 accumulative 

categories (<20, <25, <30 and <35). For SD Biosensor, sensitivity ranged from 

Class Male Female PCR 
Neg 

PCR 
pos 

Total 

Neg Pos Total Neg Pos Total 

0-10 7 5 12 7 2 9 14 7 21 

10-20 30 19 49 18 16 34 48 35 83 

20-30 71 69 140 84 95 179 155 164 319 

30-40 73 94 167 45 86 131 118 180 298 

40-50 52 74 126 24 45 69 76 119 195 

50-60 32 52 84 22 34 56 54 86 140 

60-70 24 31 55 26 31 57 50 62 112 

70-80 19 22 41 28 19 47 47 41 88 

80-90 6 11 17 8 7 15 14 18 32 

90-100 3 1 4 1 2 3 4 3 7 

Total 317 378 695 263 337 600 580 715 1295 



36 

94.2%, 93.5%, 81.4% and 64.9% in CT value <20, <25, <30 and <35 respectively. 

Whereas for Panbio, sensitivity range from 92.9%, 93.9%, 83.8% and 63.8%. 

Gradual decline in the test performance was observed as the CT value increased 

whereas the Specificity of the kits was found to be 96.9% and 98.3% for SD 

Biosensor and Panbio respectively. The overall sensitivity and specificity of both 

the RAT compared to rtRT-PCR is 93.5%, 93.7%, 82.9% and 64.2% in CT value <20, 

<25, <30 and <35 respectively whereas sensitivity is 97.8% (Table 4.5, 4.6 & 4.7). 

In 44.23% calculated period prevalence in our study, Negative predictive values 

(NPV) were 95.5%, 94.9%, 86.8% and 77.7% for SD Biosensor and 94.6%, 95.3%, 

88.4% and 77.4% for Panbio and Positive predictive value (PPV) was 96%, 96%, 

95.4% and 94.3% of SD biosensor and 97.7%, 97.8%, 97.5% and 96.7% of Panbio 

for CT<20, CT<25, CT<30 and Ct<35 respectively. The overall NPV was 95.0%, 

95.1%, 87.8% and 77.8% and PPV was 97.1%, 97.1%, 96.8% and 96.8% for CT 

value <20, <25, <30 and <35 respectively.  

Table 4.4: contingency table showing rtRT-PCR vs RAT result. 

SARS-CoV-2 

rtRT-PCR 

CT < 20 CT < 25 CT < 30 CT < 35 

+ - + - + - + - 

SD Biosensor 

Antigen + 130 7 172 7 179 7 179 7 

Antigen - 8 216 12 216 41 216 97 216 

Panbio 

Antigen + 170 6 261 6 280 6 280 6 

Antigen - 13 351 17 351 54 351 159 351 

Overall 

Antigen + 300 13 433 13 459 13 459 13 

Antigen - 21 567 29 567 95 567 256 567 
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Table 4.5: Diagnostic performance of SD Biosensor RAT 

SD 
Biosensor 

CT < 20 CT < 25 CT < 30 CT < 35 

%     (95% CI) %     (95% CI) %     (95% CI) %     (95% CI) 

Sensitivity 
94.2 

(89.0-97.0) 
93.5 

(88.9-96.2) 
81.4 

(75.7-86.0) 
64.9 

(59.1-70.2) 

Specificiy 96.9     (93.7-98.5) 

PLR 30.39 30.17 26.26 20.93 

NLR 0.06 0.07 0.19 0.36 

PPV 
96 

(91.8-98.1) 
96 

(91.8-98.1) 
95.4 

(90.5-97.8) 
94.3 

(88.2-97.2) 

NPV 
95.5 

(91.5-97.6) 
94.9 

(91.4-97.0) 
86.6 

(82.9-89.9) 
77.7 

(74.3-80.6) 

Accuracy 
 

95.8 
(93.3-97.0) 

95.3 
(92.8-97.0) 

89.2 
(85.9-91.7) 

79.2 
(75.4-82.2) 

Kappa 
value 

0.91 
(0.868-0.956) 

0.91 
(0.864-0.947) 

0.78 
(0.726-0.840) 

0.59 
(0.529-0.659) 

SE of 
Kappa 0.022 0.021 0.029 0.033 

p-value <0.0001 <0.0001 <0.0001 <0.0001 

Youden 
index 

0.917 
 

0.918 
 

0.809 
 

0.596 
 

 * P value was calculated using Fisher’s exact test. 

Table 4.6: Diagnostic performance of Panbio RAT 

Panbio 
CT < 20 CT < 25 CT < 30 CT < 35 

%     (95% CI) %     (95% CI) %     (95% CI) %     (95% CI) 

Sensitivity 
92.9 

(88.2-95.8) 
93.9 

(90.4-96.1) 
83.8 

(79.5-87.4) 
63.8 

(59.2-68.1) 

Specificiy 98.2      (96.4-99.2) 

PLR 51.61   52.17     46.56   35.44     

NLR    0.07  0.06   0.16   0.37    

PPV 
97.7 

(95.1-99.0) 
97.8 

  (94.6-97.6) 
97.5 

(94.6-98.9) 
96.7 

(92.9-98.5) 

NPV 
94.6 

(91.2-96.8) 
95.3 

(92.7-97.0) 
88.4 

(85.6-90.8) 
77.4 

(79.9-79.7) 

Accuracy 
96.5 

(94.6-97.7) 
96.4 

(94.6-97.6) 
91.3 

89.0-93.2) 
79.3 

(76.3-81.9) 

Kappa 
value 

0.92 
0.886-0.956 

0.93 
0.896-0.956 

0.83 
0.784-0.867 

0.6 
0.546-0.648 

SE of 
Kappa 0.018  0.015 0.021 0.026 

p-value <0.0001 <0.0001  <0.0001   <0.0001 

Youden 
index 0.912 0.905 0.783 0.594 

* P value was calculated using Fisher’s exact test. 
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Table 4.7: Overall diagnostic performance of RAT 

Overall 
CT < 20 CT < 25 CT < 30 CT < 35 

%     (95% CI) %     (95% CI) %     (95% CI) %     (95% CI) 

Sensitivity 
93.5 

(90.2-95.7) 
93.7 

(91.1-95.6) 
82.9 

(79.5-85.8) 
64.2 

(60.6-67.6) 

Specificiy 97.8(96.2-98.7) 

PLR 42.5 42.59 37.68 29.18 

NLR  0.07 0.06 0.17 0.37  

PPV 
97.1 

(95.0-98.3) 
97.1 

(95.0-98.3) 
96.8 

(94.3-98.1) 
95.9 

(92.7-97.0) 

NPV 
95 

(92.5-96.7) 
95.1 

(93.2-96.6) 
87.8 

(85.5-89.8) 
77.5 

(75.5-79.3) 

Accuracy 
96.2 

(94.8-97.3) 
96 

(94.6-97.0) 
90.5 

(88.6-92.1) 
79.2 

(76.9-81.3) 

Kappa 
value 

0.92 
0.890-0.945 

0.92 
(0.894-0.942) 

0.81 
(0.775-0.843) 

0.6 
(0.556-0.636) 

SE of Kappa 0.014 0.012 0.017 0.02 

p-value  <0.0001  <0.0001  <0.0001 <0.0001 

Youden 
index 0.921 0.902 0.825 0.597 

* P value was calculated using Fisher’s exact test.

4.4 CT value distribution of rtRT-PCR target genes 

RT-PCR CT values of each target gene were studied independently to further 

demonstrate the performance RT-PCR test results. For the ORF 1ab gene the 

mean CT value is 20.14, for N gene mean CT value was 21.03 and for E gene was 

21.63. The difference between the 3 genes were statistically significant (P value 

<0.05) (figure 4.1).  
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Figure 4.1: CT value distribution of RT-PCR in all the positive cases. The middle 
horizontal line inside the box denotes the Mean. The lower and upper Whiskers 
represent minimum and maximum CT value distribution. * P value < 0.05 was 
calculated using Mann-Whitney U test. 
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4.5 CT value distribution of rtRT-PCR target genes in 

comparison to RAT positive and negative result 

CT values of each target gene were studied independently to further 

demonstrate the performance of antigen test results. For ORF 1ab gene, in the 

RAT positive had median CT value of 17.0, while in RAT negative had a median 

value of 30.45. For N gene, RAT positive had median CT value of 17.89 and the 

RAT negative had median CT value of 30.85. For E gene, the cases detected by 

RAT had median CT value of 18.71 and cases missed by RAT had a median CT 

value of 31.69. Figure 4.2 demonstrate the box plot graph of ORF 1ab gene, N 

gene and E gene with CT value in RAT positive and negative test results. The 

statistical significant difference between the two group that is RT-PCR +/ RAT + 

and RT-PCR +/ RAT – for individual genes with p value <0.0001 was observed. 

 

Figure4.2: CT value distribution of rtRT-PCR target genes with comparison to RAT 
positive and negative. The middle horizontal line inside the box denotes the 
Mean. The lower and upper Whiskers represent minimum and maximum CT 
value distribution. **** represents p value < 0.0001 was calculated using Mann-
Whitney U test. 
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4.6 Sequence analysis and Phylogenetic Analysis 

The 4 sample were send for whole genome Sequencing to CSIR-Institute of 

Genomics and Integrative, Delhi through NPHL and was submitted to GISAID and 

Accession Id was assign EPI_ISL_2674082, EPI_ISL_2674083, EPI_ISL_2674084 

and EPI_ISL_2674106. Then blast result was obtained from GISAID. The 

maximum likelihood phylogenetic tree constructed by aligning the sequence of 

tested sample related samples and reference sequence from GISAID.  

Sequence 1: hCoV19/Nepal/S53/2021|EPI_ISL_2674082|20210528 

There were 100 related genomes found (at a distance of 4 or less from the 

uploaded sequence). The minimum quality of the matches was 0.9. Amongst the 

related genomes, the most frequent country was USA (30% of genomes), the 

most frequent lineage was B.1.617.2 (31% of genomes), and 80.2% of the related 

genomes were from samples collected between 2021-05-19 and 2021-12-08. 

 

Virus name: hCoV-19/Nepal/S-53/2021 

Accession ID: EPI_ISL_2674082 

Type: Betacoronavirus 

Clade: GK 

Pango Lineage: Unassigned (Pango 4.1.1 PLEARN-v1.11) - last assigned as AY.1 
(Pango v.4.1 PANGO-v1.11), Delta (B.1.617.2-like) +K417N 
(Scorpio) 

AA Substitutions: Spike D614G, Spike D950B, Spike K417N, Spike L452R, Spike 
P681R, Spike T19R, Spike T478K, Spike W258L, M I82T, N D63G, 
N G215C, N R41W, N R203M, NS3 S26L, NS3 T151I, NS7a T120I, 
NS7b T40I, NSP3 A488S, NSP3 P1228L, NSP3 P1469S, NSP4 
S34F, NSP4 T492I, NSP4 V167L, NSP6 T77A, NSP12 G671S, 
NSP12 P323L, NSP12 T141I, NSP13 P77L, NSP14 A394V 

Variant: VOC Delta GK (B.1.617.2+AY.*) first detected in India 
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Figure 4.3: Genetic distance determination of S-53 

Sequence 2: hCoV19/Nepal/S54/2021|EPI_ISL_2674083|20210529 

There were 133 related genomes found (at a distance of 6 or less from the 

uploaded sequence). The minimum quality of the matches was 0.901. Amongst 

the related genomes, the most frequent country was USA (46.6% of genomes), 

the most frequent lineage was AY.75 (82% of genomes), and 82% of the related 

genomes were from samples collected between 2021-04-20 and 2021-08-04. 

Virus name: hCoV-19/Nepal/S-54/2021 

Accession ID: EPI_ISL_2674083 

Type: Betacoronavirus 

Clade: GK 

Pango Lineage: AY.75 (Pango v.4.1 PLEARN-v1.11), Delta (B.1.617.2-like) 
(Scorpio) 

AA Substitutions: Spike A222V, Spike D614G, Spike D950B, Spike L452R, Spike 
N1187I, Spike P681R, Spike T19R, Spike T478K, M I82T, N 
D63G, N R203M, NS3 S26L, NS7a C23F, NS7a T120I, NS7a 
V82A, NSP3 P822L, NSP4 A446V, NSP6 T181I, NSP6 V149A, 
NSP12 G671S, NSP12 P323L, NSP13 P77L, NSP14 N176S 

Variant: VOC Delta GK (B.1.617.2+AY.*) first detected in India 
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Figure 4.4: Genetic distance determination of S-54 

Sequence 3: hCoV19/Nepal/S55/2021|EPI_ISL_2674084|20210601 

There were 137 related genomes found (at a distance of 3 or less from the 

uploaded sequence). The minimum quality of the matches was 0.902. Amongst 

the related genomes, the most frequent country was USA (40.9% of genomes), 

the most frequent lineage was AY.75 (70.1% of genomes), and 81.1% of the 

related genomes were from samples collected between 2021-04-21and 2021-08-

13. 

Virus name: hCoV-19/Nepal/S-55/2021 

Accession ID: EPI_ISL_2674084 

Type: Betacoronavirus 

Clade: GK 

Pango Lineage: Unassigned (Pango 4.1.1 PLEARN-v1.11) - last assigned as AY.75 
(Pango v.4.1 PANGO-v1.11), Delta (B.1.617.2-like) (Scorpio) 

AA Substitutions: Spike A222V, Spike D614G, Spike D950B, Spike G142D, Spike 
L452R, Spike P681R, Spike T19R, Spike T478K, M I82T, N D63G, 
N R203M, NS3 S26L, NS7a V82A, NSP3 P822L, NSP4 A446V, 
NSP6 T181I, NSP6 V149A, NSP12 G671S, NSP12 P323L, NSP13 
P77L 

Variant: VOC Delta GK (B.1.617.2+AY.*) first detected in India 
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Figure 4.5: Genetic distance determination of S-55 

Sequence 4: hCoV19/Nepal/S77/2021|EPI_ISL_2674106|20210530 

There were 100 related genomes found (at a distance of 3 or less from the 

uploaded sequence). The minimum quality of the matches was 0.911. Amongst 

the related genomes, the most frequent country was USA (74% of genomes), the 

most frequent lineage was AY.44 (49% of genomes), and 80.9% of the related 

genomes were from samples collected between 2021-07-30 and 2021-11-27. 
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Virus name: hCoV-19/Nepal/S-77/2021 

Accession ID: EPI_ISL_2674106 

Type: Betacoronavirus 

Clade: GK 

Pango Lineage: AY.112 (Pango v.4.1 PLEARN-v1.11), Delta (B.1.617.2-like) 
(Scorpio) 

AA Substitutions: Spike D614G, Spike D950B, Spike L452R, Spike P681R, Spike 
T19R, Spike T95I, Spike T478K, Spike V1104L,  
M I82T, N D63G, N G215C, N R203M, NS3 G172C, NS3 S26L, 
NS7a T120I, NS7a V82A, NS7b T40I, NSP1 D33G, NSP3 A488S, 
NSP3 P1228L, NSP3 P1469S, NSP4 T492I, NSP4 V167L, NSP6 
T77A, NSP12 G671S, NSP12 P323L, NSP13 P77L, NSP14 A394V, 
NSP16 P236S 

Variant: VOC Delta GK (B.1.617.2+AY.*) first detected in India 

 

 

 

Figure 4.6: Genetic distance determination of S-77 
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Chapter V 

Discussion 

The ongoing pandemic of COVID-19 with viral diversity is continually challenging 

the substantial need of rapid testing kits for the detection of infectiousness as 

new SARS-CoV-2 strain emerges and spread out globally. An early diagnosis of 

COVID-19 will not only prevent the potential outbreak of new strain but also help 

in isolating and control the transmission because social distancing, home 

quarantine and lockdown cannot be the long term remedy. So, to prevent the 

outbreak as a presumptive public health measure, regular basis testing or 

massive screening of symptomatic, doubtful as well as asymptomatic should be 

done. For the detection of new variant lineages, it is a crucial and desperate to 

validate the rapid diagnostic techniques by regular evaluation to challenge the 

assay to detect infection in different health care setting and populations for 

optimizing the test protocol in every condition.  

In context of 3rd world countries like Nepal, with one of the lowest GDPs in world 

and weak health care system the surveillance and diagnosis of SARS-CoV-2 is a 

serious public health challenge. As RT-PCR is the “gold standard” for the 

detection of SARS-CoV-2 but it is required sophisticated equipment, experienced 

staff, costly facilities, complex and time consuming protocol hours’ of turnaround 

time (due to high sample load) making them unpractical for laboratories with 

limited resources, mass screening, contract tracing, disease surveillance and in 

case of emergency. To eliminate the complex and time consuming protocol along 

with the sophisticated equipment and experienced staff, Rapid Antigen test can 

be the potential candidate with easy procedure giving result within 30 minutes 

and easy result interpretation. 

As of 5th June 2022, 979199 (17.13%) was positive for rtRT-PCR out of 5715414 

test performed in Nepal. Of total 1200971 RAT performed, 140261 (11.68%) 

turned out to be positive (MOHP Nepal) In comparison to MOHP Nepal data, we 

have slightly higher positive rate in RAT (21.5%) and higher positive result for 

rtRT-PCR (44.23%) supported by Ghimire et.al (41.7%). This higher positivity rate 

in comparison to national data is expected due to the symptomatic population, 
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disease patients and close contact person visiting hospital for diagnosis of 

infection rather than for screening. 

Most of the study from different part of world illustrated higher SARS-CoV-2 

infection in males compare to female, this gender bias is also present in our 

study with 52.9% and 47.13% in rtRT-PCR whereas 54.45% and 45.55% in RAT for 

male and female respectively (He et. al.2020, Scohy et. al.,2020, & Mandal et. al., 

2022). Our study illustrated the highest prevalence rate on age group 30-40 years 

followed by age group 20-30 years which is in correspondence with the result 

obtained by Undurraga et al, 2020. In contrast, similar study from Nepal reported 

the higher prevalence rate at 20-30 years followed by 30-40 years (Mandal et 

al.,2022 and Sharma et al). 

Comparison of RAT with rtRT-PCR, there is a major difference in analytical 

sensitivity of the assay. The sensitivity of antigen test ranges from 30% to 40% 

lower than the RT-PCR depending on the sample from the symptomatic or 

asymptomatic subjects (Cochrane library 2021). The similar result was obtained 

from our study with 66.01% analytical sensitivity. This lower analytical sensitivity 

has advantage of unlikely detecting the leftover viral RNA after the active 

infection who are on recovery state (Mina et al 2020) and reduces the probability 

of unnecessary isolation and Quarantine of suspect along with testing load. 

(Pilarowski et al 2021, Ford et al 2021).   

Overall sensitivity of our test was 93.5%, 93.7%, 82.9% for CT value <20, <25 and 

<30 and specificity of 97.8% with almost perfect agreement between both tests 

(k= 0.917, k= 0.918 and k= 809 respectively and p value <0.0001) which fulfilled 

the WHO criteria of ≥80% sensitivity and specificity of ≥ 97% on comparison to 

PCR indicating the reliability for the diagnosis of SARS-CoV-2. In contract, CT 

value <35 has the sensitivity of 64.2% which indicating the RAT are unable to 

detect the SARS-CoV-2 antigen having low viral load and low CT value (Mandal et. 

al 2022 &Chaimayo et.al.2020, Aoki et.al. 2021, Mak et.al. 2020) which also have 

the moderate agreement with the rtRT-PCR (k=0.596).  

The clinical sensitivity reported by the manufacturer for SD Biosensor was 

84.97% and clinical specificity of 98.94%. In our study we found much high 
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sensitivity for CT <20 (94.2%) and CT <25 (93.5%) with almost perfect agreement 

(k=0.912 & k=0.906) and almost similar value for CT <30 (81.4%) with substantial 

agreement (k=0.783). In case of Panbio, manufacturer reported the sensitivity of 

91.4% and specificity of 99.8% which was correspondence with our data of 

sensitivity CT value <20 (92.9%) and <25 (93.9%) with almost perfect agreement 

Cohen’s kappa value (k=0.921 & k=0.926) with rtRT-PCR and specificity of 98.3% 

for all 4 class of CT value. Whereas in CT <30 sensitivity was slightly low (83.8%) 

and dramatically very low (63.8%) in CT value <35. The results obtained in our 

study are comparable with studies based on rapid antigen test across the world. 

From previously published data, we found that test sensitivity was directly 

related to the viral load showing up to 100% result in sample with high viral load 

(CT value <25) and gradually decreases as the viral load decreases (CT value 25- 

<30, 30- <35 and >35) from 95% to 22.2 % respectively (Nalamushi et al, Zhang et 

al, Kruttgen et. al., Lefever et. al) despite the used of different genetic target in 

RT-PCR and automated result reading used for rapid antigen test (Lefever et. al.). 

From different studies along with our study we can conclude that regardless the 

genetic target in RT-PCR, automation process in antigen test and brand of 

antigen kit used the sensitivity of RAT kit for detection of SARS-CoV-2 decreases 

with the decrease in the viral load. In our setting RAT are frequently negative in 

rtRT-PCR positive sample with CT value > 30 which is supported by other studies 

including (Platten et. al & Paul et.al).  

The diagnostic accuracy in our study for SD Biosensor was 95.8%, 95.3%, 89.2% 

and 79.2% with Cohens kappa 0.91, 0.91, 0.78 and 0.59 respectively displaying 

the almost perfect agreement with CT value <20 and <25, substantial agreement 

for CT <30 and moderate agreement for overall (CT <35). In case of Panbio, 

diagnostic accuracy was 96.5%, 96.4%, 91.3% and 79.3% with Cohen kappa value 

0.92, 0.93, 0.83 and 0.6 with similar agreement for CT value <20 and <25 and 

overall (<35) of SD Biosensor whereas contrast with almost perfect agreement in 

case of CT value <30. Youden’s J statistic (also called Youden’s index) is a single 

statistic that captures the dichotomous diagnostics test performance. For test 

meeting the empirical benchmark for being administered for diagnostic purpose 
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it should be more than 0.5 which is obtained in our study with Youden index of 

0.912, 0.905, 0.783 and 0.594 in overall study. 

Statistically significant results were obtained between RAT positive and negative 

test when compared with CT values of individual target genes obtained from RT-

PCR. A study conducted by Tregiarri et al. and Mandal et. al. too demonstrated 

the statistically significant result (p < 0.05) when Ag-RDT data were compared to 

that of CT values obtained. 

In our study discordant result were obtained between RAT and rtRT-PCR with 13 

(1.0%) False positive and 256 (19.77%) false negative. This discrepancy on result 

is unknown, 62.9% (161/256) of false negative cases had CT ≥ 30 and 25.78% 

(66/256) have CT ≥ 25 – 30, which indicate the low viral load elucidate the false 

negative result obtained (Kanji JN et al.2020). According to Robert Koch institute, 

the individuals with CT value ≥ 30 can be considered non-infectious (Laferal et.al 

2020). As the antigen detection in RAT and RNA amplification in RT-PCR have 

different mechanism and works on different principle where RT-PCR requires 

gene amplification and RAT simply works on antigen-antibody complex formation 

which might be the reason for discrepancy between test result of RT-PCR and 

RAT (Torjesen et. al., 2021). As RAT works on the principle of Antigen-antibody 

complex formation the pre-zone and post-zone phenomenon might also have 

masked the detection of high viral load sample and low viral load sample. 

According to Routsias et. al., CT value of lower range had higher change of RAT 

positive result. In our study CT value median was lower in RAT positive (17-19) as 

compared to CT value was higher in RAT negative sample (31.8) which suggest 

that there is a high probability RAT give true positive result if CT value is <25 

while probability of getting negative result increases when CT value > 25. Similar 

result of higher CT value in negative RAT test was observed by Young et. al., 

Mandal et. al. our study also indicated that true positive rate decreases with 

subsequent increase in the CT value > 25 supported by Takeda et. al. and Kahn 

et. al subsequently lowering the performance of RAT (Pena et. al. 2021). 

Four random samples send for sequencing and submitted to GISAID all of them 

are VOC Delta GK (B.1.617.2 + AY*) first detected in India.  Among them one was 
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Delta (B.1.617.2-like) + K417N known as Delta plus other three were classified as 

Delta variant. The related genome to our sequence submitted in GISAID, most 

frequent genome was found to be from USA after BLAST. Although being Delta 

variant S-54 and S-55 have related genome and S-53 and S-77 have related 

genome. All the 4 sequence have common Amino acid substitution like Spike 

D614G, D950B, L452R, P618R, T19R, T487K in spike protein, M I82T in membrane 

protein and N D63G and R203M in Nucleo-capsid protein. As compared to 

reference sequence from Wuhan EPI_ISI_402124 the genetic distance was found 

to be 36, 34, 32 and 37 for S-53, S-54, S-55 and S-77 respectively. 

To our knowledge this is the first study on performance of RAT assay conducted 

at point of care for 1295 sample and comparing the performance of two kits 

approved by WHO in the context of Nepal. Both the kits yield an excellent 

specificity and fairly good overall sensitivity of 64.9% and 63.8% even in the case 

of low viral load (CT value <35), the latter drastically increase in sensitivity as the 

viral load increases from 82% to 93.9% with the subsequent increase in the CT 

value from <30 to <20. This numbers are spectacular and appealing compare to 

manufacturer as the manufacturer might have incorporated a sample with high 

viral load in larger fraction. 

Limitation of Study 

1. Quantitative estimation of RNA was not done on the sample to note down

the Viral load.

2. Virus culture was not due to lack of fund and resources.

3. The Clinical detail of symptoms was not noted down properly.
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CHAPTER-VI 

Conclusion 

In summary we found that both the Rapid antigen kit perform well as a point of 

care testing (POCT) for the early diagnosis and recognition of SARS-CoV-2 

infection in health care center. Most important finding from our study is that RT-

PCR proven SARS-CoV-2 infection (CT> 30) and negative by RAT are not likely to 

be infectious. The rapid results within 30 minutes, inexpensive procedure, no 

requirement of sophisticated equipment, easy to perform and result 

interpretation makes RAT valuable and potential candidate for the alternative 

procedure for diagnosis of SARS-CoV-2in the patients with high viral load and 

help in reducing transmission by early diagnosis and mass screening in the 

community basis.  

 

Recommendation 

1) Comparative study between the rapid antigen test and rtRT-PCR can be 

done in community level with mass sample for proper validation and get 

ready for next outbreak. 

2)  Other Rapid antigen kit can be compared in future along with updated 

product in future. 

3)  Proper clinical detail along with days of infectious should be noted down 

for proper evaluation. 
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