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1. INTRODUCTION: 

The novel coronavirus disease 2019 (COVID-19) presents a very important and urgent threat to global 

health.A cluster of patients with unknown cause of pneumonia was identified in Wuhan , China, in early December 

2019[1]. A cluster of patients with fever, cough , shortness of breath and other symptoms is admitted[2]. 

Subsequently, the causative pathogen was classified as a severe acute respiratory syndrome -related coronavirus-

2 (SARS – CoV-2)[3], a newly defined betacoronavirus. This virus, now known as the etiologic agent of COVID-

19 disease, is the seventh known coronavirus to infect humans[1]. About 36,000 peoples are dead from infection 

with COVID-19 (up to 30 March 2020)[3]. The world Health Organization registered more than 9, 26, 000 cases 

in more than 195 countries, regions, or territories as of 1 April 2020[4].Samples from patients' bronchoalveolar 

lavage (BAL) fluid were analyzed by 10 January 2020. This showed the lineage of betacoronavirus B to a pathogen 

with the same genetic code. It was discovered that this pathogen had ∼80 percent ,∼50 percent , and ∼96 percent 

similarity with the genome of the severe acute respiratory syndrome virus (SARS-CoV), Middle East respiratory 

syndrome virus (MERS-CoV), and bat coronavirus RaTG13, respectively [5,6]. On 11 February 2020, the World 

Health Organization proposed that the novel viral infectin be called "Corona Virus Disease (COVID19)," while 

the International Committee on Virus Taxonomy (ICTV) proposed the name as "SARS-CoV-2" due to the 

phylogenetic and taxonomic study of this novel coronavirus[8]. While the number of people infected with COVID-

19 continues to grow globally and healthcare services are becoming increasingly stressed, it is clear that the 

clinical laboratory will play an significant role in this crisis, contributing to patient screening , diagnosis, 

monitoring / treatment, and epidemiological recovery / surveillance.  This chapter focuses on the genetic structure, 

infection source, transmission route,clinical characteristics, and diagnostic testing as well as emerging diagnostic 

outcome of the SARS-CoV-2 (COVID-19), so that it can provide references for follow-up research, prevention, and 

treatment, and can help readers to have the advanced understanding of this novel infectious disease.Within this review 

article, we object to summarizing the existing recognized biological properties of SARS-CoV-2, diagnostic methods 

and clinical results for the identification of SARS-CoV-2, FDA policy to control the spread. This is an significant 

research subject, and a review article that discusses the latest findings can be beneficial in developing strategies to tackle 

the emerging COVID-19 pandemic around the world. 

Abstract: SARS-CoV-2 or COVID-19 is an enveloped RNA virus that is diversely originated among humans and 

in wildlife. Mainly, six types of species have been recognized to cause disease in humans. They are acknowledged 

to affect there respiratory, hepatic, enteric, and neurological systems in humans. The SARS-CoV-2 or COVID-19 

outbreak had a key effect on clinical microbiology research laboratories in the past quite a few months. However, 

CT imaging along with electron microscopy were primarily used to identify and screen COVID-19 and also the 

biological etiology of SARS-CoV-2. This review covers recent issues along with challenges for the laboratory 

diagnosis of infections caused by SARS-CoV-2. This will introduce a general outline of COVID-19 and describe 

the symptoms, modes of transmission along with biological properties of COVID-19 or SARS-CoV-2. It will also 

provide a means to increase consciousness among primary and secondary healthcare workers during the recent 

crucial pandemic situation. Moreover, our analysis focuses on the most up-to-date clinical information for the 

effective diagnosis tools of COVID-19 patients globally. 
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Figure 1.  The crucial role of laboratory diagnostics in SARS-CoV-2 (COVID-19) infection 

 

2. SYMPTOMS: 

The COVID-19 (SARS-CoV-2) virus affects totally different people in dissimilar ways. Most infected people 

can develop gentle to moderate symptoms.According to rumours, cases of confirmed coronavirus disease 2019 (COVID-

19) ranged from mild symptoms to severe sickness and death.On average it takes 5–6 days from once somebody is 

infected with the virus for symptoms to point out, but it will take up to two weeks in some cases.Few common symptoms 

specific to SARS-CoV-2 include low-grade fever that gradually increases  with shortness of breath, with cough that gets 

severe illness over time. Doctors as well as scientist, both of are still learning new things concerning this virus daily. So 

far, we all know that SARS-CoV-2 might not initially cause any symptoms for a few people. However, some people 

might expertise with new symptoms as well as runny nose, nasal congestion, diarrhea, aches, and pains. Older people, 

and people with underlying medical issues like high blood pressure, heart issues or diabetes, have more probability to 

develop serious sickness. Most people (about 80%) get over the disease while not having special 

treatment.Approximately one out of every six people who get SARS-CoV-2 (COVID-19) get severely unwell and 

experience breathing difficulties. 

 

3. MODES OF TRANSMISSION: 

Droplets of various sizes can spread respiratory or lung infections: if the droplet particles are greater than 5-10 

μm in diameter and less than 5 μm in diameter, they are referred to as droplet nuclei[8].According to present evidence, 

the SARS-CoV-2 virus is mainly transmitted between humans through respiratory droplets as well as contact routes 

[2,9-13].In an study of 75,465 COVID-19 (SARS-CoV-2) cases in China, the aerial diffusion was not shown to be the 

cause. Droplet transmission occurs when a person is in close contact (within 1 m) with someone with respiratory 

problems ( e.g., coughing or sneezing) and is therefore at risk of exposure by his / her mucosa (mouth and nose) or 

conjunctive (eyes) to infectious respiratory droplets. Transmission around the infected individual may also occur via 

fomites inside the immediate environment[14]. The transmission of the COVID-19 virus may therefore occur due to 

direct contact with an infected individual and indirect contact with surfaces within the immediate environment or with 

devices used by the infected person ( e.g., stethoscope or thermometer). Airborne transmission varies from droplet 

transmission as it refers to the presence of microorganisms inside droplet nuclei that are regarded as particles In the case 

of COVID-19, the transmission mechanism is also possible under various conditions and settings in which aerosol-

generating processes or support treatments are performed, i.e. Endotracheal intubation, bronchoscopy, nebulized 

treatment administration, pre-intubation manual ventilation, placing the patient into a prone position, disconnecting the 

subject from the ventilator, non-invasive positive-pressure ventilation, tracheostomy, and cardiopulmonary 

resuscitation. Some indications are there that COVID-19 infection may cause intestinal infection and also be observed 

in faeces. One report exists in the literature about the culturing of the COVID-19 virus from one stool specimen [15]. 

There are no reports of faecal−oral transmission of the COVID-19 virus to date.Studies have pointed out that 2019-

nCoV is also airborne through aerosols formed during medical procedures[16].Notably, 2019-nCoV RNA could also be 
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detected through rRT-PCR testing in a stool specimen collected on day 7 of the patient's disease[17]. However, the 

aerosol transmission route and the fecal-oral transmission route concerned still need a lot of studies. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. The mode of transmission of SARS-CoV-2 (COVID-19) infection 

 

4. BIOLOGICAL PROPERTIES OF  SARS-CoV-2 (COVID-19): 

All coronaviruses belong to the family of Coronaviridae, of the order Nidovirales, comprising large, single, 

plus-stranded RNA as their genome [18,19]. Presently, there are divided into four genera of coronaviruses: α-CoV, β-

CoV, γ-CoV, and δ-CoV[20,21]. Most of the coronavirus can cause infectious diseases in humansalong with vertebrates 

also. The α-CoV and β-CoVmostly infect the respiratory, central nervous system, and gastrointestinal tract of humans 

along with mammals, while γ-CoV and δ-CoVmostly infect the birds [18,22,23,24]. Usually, numerous members of the 

coronavirus cause mild respiratory symptoms in humans; however, SARS-CoV and the Middle East respiratory 

syndrome coronavirus (MERS-CoV) explored in 2002–2003 and in 2012, separately, caused fatal severe respiratory 

diseases [25,26,27].The SARS-CoV and MERS-CoV belong to the β-CoV group[28,29]. 2019-nCoV (COVID-19 or 

SARS-CoV-19)discovered in Wuhan, China also belongs to the β-CoV according to the phylogenetic analysis based on 

the viral genome [5,30]. Although the similarity among nucleotides is less than 80% between 2019-nCoV and SARS-

CoV (about 79%) or MERS-CoV (about 50%), 2019-nCoV also can cause infection in the foetus and spread faster than 

the two other coronaviruses. [5,11,31,32,33,34]. The identical genome nucleotide between a coronavirus (BatCoV 

RaTG13) detected within the bat Rhinolophus affinis from Yunnan, China, and 2019-nCoV was 96.2%, which indicates 

that the natural host of 2019-nCoV can also be the Rhinolophus affinis bat[5]. However, the differences also suggest 

that there can be more intermediate hosts between the bat and human. A research team from the South China Agricultural 

University has investigated 1000 metagenomic samples from pangolins and found that 70% pangolins contained β-CoV 

[35].One of the pangolin-isolated coronaviruses consisted of a genome that was found to be very close to that of 2019-

nCoV, and the similarity of the genome sequence was 99 percent, suggesting that the pangolin could be the intermediate 

host of 2019-nCoV[36]. The supernatant was obtained from damaged or killed cells and examined by electron 

microscopy with negative-stained transmission[37]. The photographs showed that the virus has a diameter from 60 to 

140 nm and is enclosed in an envelope with protein spikes and genetic material[1]. The general structure looks just about 

like other Coronaviridae family viruses.cellstaken from humans were cultured with the virus from BAL fluid isolated 

from patients. The structure of SARS-CoV-2 includes a single-stranded positive-sense RNA genome that's ∼30,000 

nucleotides long [5,38]. The genome encodes 27 proteins including an RNA-dependent RNA polymerase (RdRP) and 

four structural proteins. [38,39]. RdRP acts in combination with nonstructural proteins to retain genome fidelity. A 

region of the RdRP gene in SARS-CoV-2 was almost like a RdRP gene found in the RaTG13 bat coronavirus and 96 

per cent like the overall genome sequence of RaTG13[5]. Of the 104 strains sequenced between December 2019 and 

mid-February 2020, a similar sequence was found at 99.9 percent, but more recently improvements within the viral 

genome have been cataloged, indicating a greater variety of sequences[2,41]. SARS-CoV-2 's four structural proteins 

include spike surface glycoprotein (S), a small protein envelope (E), matrix protein (M), and nucleocapsid protein (N). 

The S gene codes for the receptor-binding spike protein in coronaviruses which enable the virus to infect cells[42]. This 

spike protein facilitates binding of the receptor and fusion of the membrane which determines the capabilities of host 

tropism and transmission[6]. The S gene is divergent in SARS-CoV-2 compared to all previously mentioned SARS-

related coronaviruses with a similarity of less than 75 per cent nucleotide sequence[5]. The remaining three structural 

proteins are more conserved than the spike protein and are required for general coronavirus function[38]; these proteins 

are involved in RNA enclosure and/or protein assembly, budding, envelope formation, and pathogenesis[44-46] . SARS-
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CoV-2 interact with the angiotensin-converting enzyme 2 (ACE2) receptor for entry into cells. Zhou et al. conducted 

studies by incubating SARS-CoV-2 with HeLa cells of differential ACE2 receptor expression [5].The author of 

fluorescently stained viruses has shown co-localization with cells that express the ACE2 receptor from Chinese 

horseshoe bats, pigs, humans and civets but not from mice.ACE2 mRNA 's presence is amongst all human organs. ACE2 

exists in the lungs, stomach , small intestine, colon, skin, lymph nodes, liver bile ducts, kidney parietal epithelial cells, 

and brain, in arterial and venous endothelial cells and arterial smooth muscle cells. It is also expressed on the surface of 

small intestine lung alveolar epithelial cells and enterocytes that allow them to become infected. Tissues of the upper 

respiratory tract (i.e., oral and nasal mucosa and nasopharynx) did not exhibit ACE2 surface expression on epithelial 

cells and were the primary site of SARS-CoV-2 infection[47].By understanding the biological properties of SARS-CoV-

2 researchers can develop diagnostics can be built for detection. 

 

5. DIAGNOSTIC TESTING FOR 2019-nCoV: 

In the absence of effective therapeutic drugs or vaccines for COVID-19, early identification of the disease and 

prompt isolation of an infected patient from a healthy population is important. The symptoms expressed by the patients 

with COVID-19 are unspecific. Can not be used for a accurate diagnosis. Guan et al . reported that 44 percent of China's 

1099 COVID-19 patients had a fever when they entered the hospital, and that 89 percent had a fever while in 

hospital[46]. Two approaches were used for diagnostic testing of the novel coronavirus 2019-nCoV: Whole genome 

sequencing and Real-time reverse transcriptase PCR (rRT-PCR). Sequencing was used mainly for the primary detection 

of this novel virus in the early days of the outbreak, and is mainly a viral discovery tool. Nearly every diagnostic test 

for nCoV is currently done using rRT-PCR. The diagnosis of COVID-19 must be confirmed,  by reverse transcription 

polymerase chain reaction ( RT-PCR) or gene sequencing for respiratory or blood specimens, as a key indicator for 

hospitilization. according to the latest guidelines published by the Chinese Government. However, with sample selection 

and transportation limitations as well as kit results, the overall positive RT-PCR rate for throat swab samples was stated 

at the initial presentation to be about 30 per cent to 60 per cent[47,48]. 

5.1. GENOME SEQUENCING: 

Now that the virus has been identified, to characterize the virus and monitor for viral mutation, not only clinical 

diagnosis, most sequencing is undertaken to further research. But some sequencing is also being done to generate 

epidemiological information in real-time. Next-generation sequencing (NGS) can be a valuable tool for characterizing 

and detecting viruses in the environment, in animals, and humans during viral pandemics[49]. Next-Generation 

Sequencing (NGS) test is an NGS-based test to detect SARS-CoV-2 through several types of samples such as Nasal 

Swab, Nasopharyngeal Swab, Oropharyngeal Swab, Extracted RNA.The NGS method, also called deep sequencing, 

uses more comprehensive laboratory and computational methods compared to standard methods (RT-PCR), to detect 

the virus that causes COVID-19. This test also characterizes the whole viral genome, in addition to detecting the virus. 

SARS-CoV-2 sequence analysis plays a significant role in understanding the viral evolution, the properties of viruses, 

and therapeutic drug production. The data that this test produces can be used to help researchers learn more about the 

existence of this virus. Usually tests are available within 2-4 days of obtaining the sample from the lab. 

5.2. PCR (RT-PCR): 

The key method for diagnosing SARS-CoV-2[50] is the testing of nucleic acid. A few numbers of the reverse 

transcription-polymerase chain reaction kits (RT-PCR) were designed to genetically detect SARS-CoV-2. RT-PCR 

involves reverse transcription of SARS-CoV-2 RNA into complementary DNA (cDNA) strands, followed by extension 

of specific cDNA regions[51,52]. In general, the design process includes two main steps: (1) sequence alignment and 

primer design, and (2) optimization and testing of assays. Corman et al. aligned and analyzed a variety of sequences of 

the viral genome associated with SARS in order to construct a series of primers and probes. [54]. Among the SARS-

related viral genomes, scientists have discovered three regions that had conserved sequences: (1) the RdRP gene (RNA-

dependent polymerase gene) in the ORF1ab region, (2) the E gene (protein gene envelope), and (3) the N gene (protein 

gene nucleocapside). All the RdRP and E genes have a high analytical sensitivity for detection (technical detection limit 

of 3.6 and 3.9 copies per reaction), while the N gene is less sensitive to analytics (8.3 copies per reaction). The evaluation 

can be designed as a two-target system, where one primer detects numerous coronaviruses universally including SARS-

CoV-2 and a second primer set detects SARS-CoV-2 only.The United States Centers for Disease Control and Prevention 

(CDC) is using a one-step real-time RT-PCR (rRT-PCR) assay to detect the presence of SARS-CoV-2[55], which offers 

quantitative information on viral loads. The viral RNA is extracted to conduct the assay and added to a master mix. The 

master mix includes nuclease-free water, forward and reverse primers, a fluorophore-quencher probe, and a reaction 

mix (which consists of reverse transcriptase, polymerase, magnesium, nucleotides, and additives)[50]. The master mix 

and extracted RNA are loaded into a PCR thermocycler, and the temperature of the incubation is set to run the assay. 

The CDC had proposed rRT-PCR cycling conditions[55]. Corman et al. have projected a three-step workflow for the 

SARS-CoV-2 diagnosis [56]. The three steps are defined as screening, confirmation, and discriminatory assays. To 

maximize the number of patients identified as infected, the first step detects all SARS-related viruses by targeting 
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various regions of the E gene. If this test is positive, then they suggest RdRP gene detection using two different primers 

and two different probes. If those results are also positive, they carry out the discriminatory test with one of the two 

sequences of the probes. [57]. Chu et al. suggested a slightly different method for testing [57].They screened samples 

using N gene primers and used those for confirmation from the ORFlb gene. A diagnosis where the group of patients is 

positive with the primary gene N and negative with the gene ORFlb will be inconclusive. In such situations, the diagnosis 

[57] would require protein tests (i.e., antibody tests) or sequencing. 

5.3. COMPUTED TOMOGRAPHY (CT): 

Due to the lack of kits and the false-negative rate of RT-PCR in the Hubei Province, China used CT scans as a 

clinical diagnosis for COVID-19[57] for a temporary period. Chest CT scans are non-invasive and involve taking 

multiple X-ray measurements across a patient's chest from different angles to produce cross-sectional images [58,59]. 

Radiologists examine the images to look for anomalous characteristics that could lead to diagnosis [58]. COVID-19 's 

imaging features are diverse and depend on the stage of infection following symptom onset. For example, in the early 

stages of the disease (0–2 days) Bernheim et al. saw more frequent normal CT findings (56 percent)[60] with a maximum 

lung involvement peaking at around 10 days after the onset of symptoms[61]. Chest CT, a routine imaging device for 

pneumonia diagnosis, is fast and comparatively easy to perform. Recent research found that the sensitivity of CT for 

COVID-19 infection was 98% compared to RT-PCR sensitivity of 71% [76]. Some literature on radiology suggests a 

pivotal role in CT. Ai and his colleagues[62] report on 1014 patients who received both RT-PCR and CT during their 

epidemic in Wuhan, China. Researchers found that 97% of patients with RT-PCR-confirmed diagnoses had CT 

pneumonia findings and concluded that "CT imaging is extremely prone to COVID-19 diagnosis." Some reports are less 

optimistic. Inui and colleagues[63] studied CT scans from the Diamond Princess Cruise liner on 112 RT-PCR-confirmed 

COVID-19 cases. Less than two thirds (61 percent) of cases had lung opacities on CT; negative CTs were observed in 

20 percent of symptomatic patients. 

 

6. EMERGING TESTS FOR COVID-19: 

It is very important to emphasize that different tests serve different determinations in the management of this 

pandemic situation: while point-of-care testing, protein testing along with ancillary diagnostic tests, acute detection of 

those infected with SARS-CoV-2 will be increasingly valued as time goes by on the potential of immunological testing 

for contact tracing, with efforts to produce them 

6.1. POINT-OF-CARE IMMUNODIAGNOSTIC:  

Point-of-care (POCT) testing is essential for the rapid detection of analytes close to the patient, which facilitates 

better diagnosis, monitoring, and management of diseases. It allows for quick medical decisions, as the diseases can be 

diagnosed at a very early stage, resulting in improved health outcomes for patients by allowing early treatment to begin. 

One point-of-care method under progress for the treatment of SARS-CoV-2 is the lateral flow antigen detection[64]. A 

paper-like membrane strip is coated with two lines in commercial lateral flow assays: gold nanoparticle-antibody 

conjugates are present in one line, and antibodies are captured in the otherThe sample of the patient (e.g., blood and 

urine) is deposited on the membrane, and capillary action draws the proteins across the strip. When the first line moves, 

the antigens bind to the nanoparticle-antibody gold conjugate, and the complex flows across the membrane together. 

The Capture Antibodies immobilize the complex when they enter the second side, and a red or blue line is visible. 

Individual gold nanoparticles are red, but the coupling of the plasmon band allows a blue solution that includes clustered 

gold nanoparticles. The lateral flow test showed a clinical sensitivity, specificity, and accuracy of 57%, 100%, and 69% 

for IgM and 81%, 100%, and 86% for IgG, respectively. A test that detects both IgM and IgG yield a clinical sensitivity 

of 82%[64]. Microfluidic devices are another approach for use at the point of care. These devices consist of a palm-

sized chip etched with channels and reaction chambers of the micrometer scale. The chip uses electrokinetic, capillary, 

vacuum, and/or other forces to mix and separate the liquid samples. These chips can be made from materials like 

polymethyl sulfoxide, glass, or paper. Miniaturization, low sample volume, fast detection times, and portability are the 

main advantages of using microfluidics [65]. In order to improve point-of-care monitoring, rapid point-of-care assays 

for SARS–CoV-2 on instruments would be critical. The Xpert Xpress SARS – CoV-2 test (Cepheid) has accepted an 

EUA FDA and is performed on the GeneXpert platform, previously commonly used for tuberculosis (TB) and HIV 

testing, particularly in low- and middle-income countries. This capability could be useful for extending testing 

worldwide as well as in settings where rapid results at the point of care would allow for clinical decisions, although 

testing performance may be a limiting factor 

6.2. PROTEIN TESTING: 

Viral protein antibodies and antigens that are formed in response to infection with SARS-CoV-2 may be used 

to diagnose COVID-19. Changes in viral load can make it difficult to detect viral proteins throughout the infection. For 

example, in the first week after symptom onset, Lung et al. showed high salivary viral loads which gradually declined 

with time[66]. Antibody tests may be particularly useful for SARS-CoV-19 surveillance. One potential challenge with 

developing accurate serological tests includes potential cross-reactivity of SARS-CoV-2 antibodies against other 
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coronaviruses. Another study carried out by Lv et al. tested plasma samples from 15 COVID-19 patients against SARS-

CoV-2 and SARS-CoV S proteins and found a high level of cross-reactivity [67]. Serological tests (that is, blood tests 

for particular antibodies) are currently under progress. [68 to 70]. Nevertheless, Hang et al. used an enzyme-linked 

immunosorbent assay (ELISA) to detect immunoglobulin G and M (IgG and IgM) from the human serum of COVID-

19 patients [68]. They used the nucleocapsid protein SARS-CoV-2 Rp3, which has 90 percent homology of the amino 

acid sequence to other SARS-related viruses. Antibodies have been found in samples of respiratory, blood, or fecal. 

Xiang et al. have also detected antibodies to SARS-CoV-2 IgG and IgM in reported cases[69]. In light of recent research, 

other protein or cellular markers can also be used for identification. Guan et al. demonstrated high levels of C-reactive 

protein and D-dimer in infected patients, as well as low levels of lymphocytes, leukocytes, and blood platelets[46]. The 

challenge of using these biomarkers is that they are anomalous in other diseases, too. A multiplex test may enhance the 

specificity of both an antibody and small molecule markers. 

 

7. ANCILLARY DIAGNOSTIC TESTS: 

The ideal use of biomarkers and other nonmicrobiological tests is rapidly evolving. 

7.1. BIOMARKERS CONNECTED WITH COVID-19: 

The most popular laboratory features identified in COVID-19 patients include reduced albumin (75.8% [95 % CI, 30.5% 

to 100%]), elevated rates of lactate dehydrogenase (57.0% [CI, 38.0% to 76.0%]), and elevated C-reactive protein 

(58.3% [CI, 21.8% to 94.7%]), and lymphopenia (43.1% [CI, 18.9% to 67.3%]). Other biomarkers identified include 

increased rates of erythrocyte sedimentation; elevated levels of aminotransferase aspartate, alanine aminotransferase, 

and creatinine kinase; leukopenia; leukocytosis; and increased levels of bilirubin and creatinine[72-74].Such findings 

are not surprising, since these biomarkers represent an inflammatory host response to SARS – CoV-2 (COVID-19) or 

are early markers of end-organ dysfunction, similar to those seen in sepsis patients[75]. There are currently no 

biomarkers or combinations of biomarkers (more than one or two) that are sensitive or accurate enough to establish a 

COVID-19 diagnosis, or to rationally predict its clinical path. 

 

Table 1. Emerging Diagnostics Being Developed for SARS-CoV-2 

 

 
8. VALIDATION STUDY OF DIAGNOSTIC TESTS: 

 MOLECULAR DIAGNOSIS:SARS-CoV-2 (COVID-19) molecular diagnostic tests as unique tests that detect 

SARS-CoV-2 nucleic acids from human samples. The following validation studies be led for a molecular SARS-

CoV-2 (COVID-19) diagnostic as per FDA authority suggests:  

8.1. Limit of Detection (LoD): 

The FDA recommends that labs document their SARS-CoV-2 Detection Limit (LoD). Food and Drug 

Administration (FDA) usually has no problems with spiking RNA or inactivated virus into an artificial or actual clinical 

matrix for LoD determination (e.g. BLA (Bronchoalveolar Lavage Fluid), sputum, etc.). The Agency suggests that 

laboratories test a dilution sequence of 3 replicates per concentration, so make sure that the final concentration is 20 

replicates. In this guidance, authority determines that LoD is positive as the lowest concentration at the 19/20 replicates. 

If multiple clinical matrices are supposed for clinical testing, the authority recommends that laboratories submit in their 

EUA requests the results from the most difficult clinical matrix to FDA. as an example, if testing respiratory specimens 

Platform Analytical 

technique 

Point-of-Care 

(Y/N) 

Biomarker Ref. 

Smartphone 

dongle 

ELISA Y Protein 77 

SIMOA Digital ELISA Y Protein 78 

Rapid antigen 

test 

Lateral Flow Y Protein 79 

Bio barcode 

assay 

DNA-assisted 

immunoassay 

Y Protein 80 

Para-magnetic 

bead 

Magnetic 

biosensor 

N Protein 81 

CRISPR RPA Y Nucleic Acid 82 

CRISPR RT-RPA Y Nucleic Acid 83 

NASBA Real-time 

NASBA 

N Nucleic Acid 84 

Magnetic bead Magnetic N Nucleic Acid 85 

Quantum dot 

barcode 

Barcode Y Nucleic Acid 86 
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(e.g., sputum, BAL, nasopharyngeal (NP) swabs, etc.), laboratories should include only results from sputum in their 

EUA request.  

8.2. Clinical analysis: 

In the absence of identified positive samples for testing, authority advises that laboratories ensure their assay 

output with a series of designed clinical specimens by evaluating a total of 30 contrived reactive and 30 non-reactive 

specimens. Country-wide reactive specimens are often created by spiking RNA or inactivated viruses into remaining 

clinical specimens, most of which are often leftover from higher respiratory specimens such as NP swabs or lower 

respiratory tract specimens such as sputum, etc. We tend to suggest that twenty of the artificial clinical specimens are 

spiked at a concentration of 1x-2x LoD, with the remainder of the species spanning the assay testing.For this guidance, 

FDA defines the acceptance criteria for the performance as of 95th agreement at 1x-2x LoD, and 100 pc agreement in 

the least alternative concentrations and negative samples.  

8.3. Inclusivity:  

Laboratories should log the results of an in-silico analysis showing the percentage of identity matches against 

publicly out there SARS-CoV-2 sequences which the projected molecular analysis may detect. The FDA anticipates 

that 100 pc of reported sequences of SARS-CoV-2 would be detectable with the selected primers and probes. 

8.4. Cross-reactivity:  

At a minimum, FDA claims that an in-silico examination of the primer assay and the probes is appropriate for initial 

clinical use compared to specific respiratory flora and alternative pathogens with infectious agents. In silico cross-

reactivity, FDA defines for this guidance a greater than 80th similarity between one in all the primers/probes and any 

sequence present within the targeted being. In addition, the FDA recommends that laboratories follow recognized 

laboratory procedures for the sample varieties to be tested for any additional cross-reactivity tests. 

 ANTIGEN DETECTION DIAGNOSTICS 

SARS-CoV-2 antigen diagnostic tests as those that detect SARS-CoV-2 antigens directly from clinical specimens. FDA 

recommends that the following validation studies be conducted for a SARS-CoV-2 antigen test: 

 Limit of Detection/Analytical Sensitivity 

 Cross-reactivity/Analytical Specificity 

 Microbial Interference 

 Clinical Agreement Study 

The purpose of the clinical agreement study is to establish the performance characteristics of the test (e.g., 

Sensitivity / PPA, Specificity / NPA). Confidence in clinical agreement on human specimens should be recognized by 

the FDA ( Food and Drug Administration), preferably samples left from patients with or without SARS-CoV-2 (COVID-

19) infections. If SARS-CoV-2 can't obtain positive clinical samples, spiking leftover samples with SARS-CoV-2 

materials is unacceptable. The most challenging matrix should be used in your validation studies for devices that claim 

multiple clinical matrices. 

 SEROLOGICAL DIAGNOSTICS: SARS-CoV-2 (COVID-19) serological diagnostic tests as novel tests 

detecting antibodies (e.g., IgM, IgG) from the clinical samples of SARS-CoV-2 (COVID-19). The FDA 

recommends conducting the following validation trials for a serological review of SARS-CoV-2 

 Cross-reactivity/Analytical Specificity 

 Class Specificity 

 Clinical Agreement Study 

The clinical contract or agreement study aims to create the performance characteristics of the test (e.g., 

Sensitivity / PPA, Specificity / NPA). The FDA suggests that the clinical accuracy of microbiologically confirmed 

COVID-19 life-threatening infection on human specimens should be recognized globally. 

 

9. FDA ISSUED POLICY  

Inside the U.S. On February 29, 2020, the Food and Drug Administration (FDA) in progress and aggressive 

obligation to deal with coronavirus (COVID-19) outbreak, the agency allocated a new policy to certain laboratories 

seeking to develop diagnostic tests for coronavirus to achieve a lot of rapid testing capacity in the United States. This 

guidance is provided by the Food and Drug Administration (FDA) to include a guideline to help promote the 

accessibility of new diagnostic tests for coronavirus (COVID-19 or SARS-CoV-2) produced by commercial 

manufacturers and laboratories during the general emergency as well as pandemic situation globally. The Health and 

Human Services Secretary (HHS) announced that on February 4, 2020, there was a public health emergency that justified 

the authorization or approval of emergency use of in vitro diagnostics for the detection and/or treatment of the novel 

coronavirus (COVID-19). Rapid identification of cases of SARS-CoV-2 (COVID-19) in the U.S. requires robust 

diagnostic test accessibility to monitor the emergence of this rapidly spreading, serious disease. This guidance defines 

a policy for both commercial manufacturers and laboratories to help accelerate the use of tests they develop to achieve 
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a lot of speedy and widespread testing capabilities in the United States.The following guidelines should be conducted 

for a molecular SARS-CoV-2 diagnostic as per Food and Drug Administration (FDA) suggested a newly issued policy: 

 Laboratories certified under the Clinical Laboratory Improvement Amendments (CLIA) that meet the CLIA 

regulatory needs to perform high complexity testing exploitation their validated tests beforeEmergency Use 

Authorization (EUA) submission 

 State Authorization of Laboratories certified under the Clinical Laboratory Improvement Amendments (CLIA) 

that meet the CLIA regulatory needs to perform high complexity testing 

 Industrial Manufacturer Development & Distribution of tests before Emergency Use Authorization(EUA) 

submission 

 Industrial Manufacturer Development & Distribution and Laboratory Development and use of serology tests 

without an Emergency Use Authorization(EUA) 

 

10. CONCLUSION:  

The COVID-19 (SARS-CoV-2) pandemic has historically highlighted the crucial role of diagnostics within the 

management of communicable diseases. Consequently, their performance estimates are probably to be optimistic and 

deceptive. Upcoming studies should address these considerations. Sharing information and expertise for development, 

validation, and updating of COVID-19 interrelated prediction models are desperately required. Intensive diagnostics 

deployment most likely contributed to the success of some countries in dominant transmission like India. Imperative 

public health as well as clinicaldesires currently drive an unprecedented world effort to extend SARS–CoV-2 (COVID-

19) testing capability. 

 

10.1. CONFLICT OF INTEREST STATEMENT:The authors declare that there is no conflict of interest. 

 

11. ACKNOWLEDGMENTS: 

 The authors acknowledge the help provided by the Department of Biotechnology, Faculty of Life Sciences, 

Institute of Applied Medicines and Research, Ghaziabad, Uttar Pradesh, India. 

 

REFERENCES: 

1. Zhu N., Zhang D., Wang W. et al., China Novel Coronavirus Investigating and Research Team. A novel 

coronavirus from patients with pneumonia in China, 2019. N Engl J Med. 2020; 382:727-733. 

2. Report of the WHO-China Joint Mission on Coronavirus Disease 2019 (COVID-19); WHO: Geneva, 

Switzerland, 2020. 

3. Dong E., Du H., Gardner L., An interactive web-based dashboard to track COVID-19 in real time. Lancet Infect 

Dis2020:S1473-3099(20)30120-1. 

4. Coronaviridae Study Group of the International Committee on Taxonomy of Viruses. The species Severe 

acute respiratory syndrome-related coronavirus: classifying 2019-nCoV and naming it SARS-CoV-2. Nat 

Microbiol. 2020; 5:536-544. 

5. Zhou P., Yang  X.L., WangX.G., Hu B., Zhang L., Zhang W., Si H.R., Zhu Y., Li B., Huang C.L.; A Pneumonia 

Outbreak Associated with a New Coronavirus of Probable Bat Origin. Nature 2020, 579, 270. 

6. Lu, R.; Zhao, X.; Li, J.; Niu, P.; Yang, B.; Wu, H.; Wang, W.; Song, H.; Huang, B.; Zhu, N., et al. Genomic 

Characterisation and Epidemiology of 2019 Novel Coronavirus: Implications for Virus Origins and Receptor 

Binding. Lancet 2020, 395 (10224), 565– 574. 

7. Gorbalenya, A. E. et al. Severe acute respiratory syndrome-related coronavirus: The species and its viruses—a 

statement of the Coronavirus Study Group. Preprint at 

https://www.biorxiv.org/content/10.1101/2020.02.07.937862v1 (2020). 

8. World Health Organization. Infection prevention and control of epidemic- and pandemic-prone acute 

respiratory infections in health care. Geneva: World Health Organization; 2014  

9. Liu J, Liao X, Qian S et al. Community transmission of severe acute respiratory syndrome coronavirus 2, 

Shenzhen, China, 2020. Emerg Infect Dis 2020  

10. Chan J, Yuan S, Kok K et al. A familial cluster of pneumonia associated with the 2019 novel coronavirus 

indicating person-to-person transmission: a study of a family cluster. Lancet 2020  

11. Li Q, Guan X, Wu P, et al. Early transmission dynamics in Wuhan, China, of novel coronavirus-infected 

pneumonia. N Engl J Med 2020; doi:10.1056/NEJMoa2001316. 

12. Huang C, Wang Y, Li X, et al. Clinical features of patients infected with 2019 novel coronavirus in Wuhan, 

China. Lancet 2020; 395: 497–506.  



INTERNATIONAL JOURNAL FOR INNOVATIVE RESEARCH IN MULTIDISCIPLINARY FIELD       ISSN:  2455-0620    Volume - 6, Issue - 6, June – 2020 

Monthly, Peer-Reviewed, Refereed, Indexed Journal with IC Value: 86.87                                                                             Impact Factor: 6.497 
Received Date: 27/05/2020                                                    Acceptance Date: 12/06/2020                                        Publication Date: 30/06/2020 

 

Available online on – WWW.IJIRMF.COM Page 30 

13. Burke RM, Midgley CM, Dratch A, Fenstersheib M, Haupt T, HolshueM,et al. Active monitoring of persons 

exposed to patients with confirmed COVID-19 — United States, January–February 2020. MMWR Morb Mortal 

Wkly Rep. 2020  

14. Ong SW, Tan YK, Chia PY, Lee TH, Ng OT, Wong MS, et al. Air, surface environmental, and personal 

protective equipment contamination by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) from 

a symptomatic patient. JAMA. 2020 Mar 4  

15. Zhang Y, Chen C, Zhu S et al. [Isolation of 2019-nCoV from a stool specimen of a laboratory-confirmed case 

of the coronavirus disease 2019 (COVID-19)]. China CDC Weekly. 2020;2(8):123–4. (In Chinese) 

16. Wax, R. S. & Christian, M. D. Practical recommendations for critical care and anesthesiology teams caring for 

novel coronavirus (2019-nCoV) patients. Canadian Journal of Anesthesia/Journal canadiend’anesthésie 

https://doi.org/10.1007/s12630-020-01591-x (2020). 

17. Holshue, M. L. et al. First Case of 2019 Novel coronavirus in the United States. N. Engl. J. Med. 

https://doi.org/10.1056/NEJMoa2001191 (2020). 

18. Fehr, A. R. & Perlman, S. Coronaviruses: an overview of their replication and pathogenesis. Methods Mol. Biol. 

1282, 1–23 (2015). 

19. Gorbalenya, A., Enjuanes, L., Ziebuhr, J. &Snijder, E. Nidovirales: evolving the largest RNA virus genome. 

Virus Res. 117, 17–37 (2006). 

20. Nakagawa, K., Lokugamage, K. G. & Makino, S. in Advances in Virus Research (ed John Ziebuhr) vol. 96, 

165–192 (Academic Press, 2016). 

21. Fan, Y., Zhao, K., Shi, Z.-L. & Zhou, P. Bat coronaviruses in China. Viruses 11, 210 (2019). 

22. Perlman, S. &Netland, J. Coronaviruses post-SARS: update on replication and pathogenesis. Nat. Rev. 

Microbiol. 7, 439–450 (2009). 

23. Weiss, S. & Leibowitz, J. Coronavirus pathogenesis. Adv. Virus Res. 81, 85–164 (2011). 

24. Yin, Y. &Wunderink, R. G. MERS, SARS and other coronaviruses as causes of pneumonia. Respirology 23, 

130–137 (2018). 

25. Holmes, K. V. SARS-associated coronavirus. N. Engl. J. Med. 348, 1948–1951 (2003). 

26. Falsey, A. R. & Walsh, E. E. Novel coronavirus and severe acute respiratory syndrome. Lancet 361, 1312–1313 

(2003). 

27. The Lancet. MERS-CoV: a global challenge. Lancet 381, 1960 (2013). 

28. Al-Tawfiq, J. A., Zumla, A. &Memish, Z. A. Coronaviruses: severe acute respiratory syndrome coronavirus 

and Middle East respiratory syndrome coronavirus in travelers. Curr. Opin. Infect. Dis. 27, 411–417 (2014). 

29. Song, Z. et al. From SARS to MERS, thrusting coronaviruses into the spotlight. Viruses 

https://doi.org/10.3390/v11010059 (2019). 

30. Wu, F. et al. A new coronavirus associated with human respiratory disease in China. Nature 

https://doi.org/10.1038/s41586-020-2008-3 (2020). 

31. Chen, N. et al. Epidemiological and clinical characteristics of 99 cases of 2019 novel coronavirus pneumonia 

in Wuhan, China: a descriptive study. Lancet 395, 507–513 (2020). 

32. de Wit, E., van Doremalen, N., Falzarano, D. & Munster, V. J. SARS and MERS: recent insights into emerging 

coronaviruses. Nat. Rev. Microbiol. 14, 523–534 (2016). 

33. Al-Tawfiq, J. A., Zumla, A. &Memish, Z. A. Coronaviruses: severe acute respiratory syndrome coronavirus 

and Middle East respiratory syndrome coronavirus in travelers. Curr. Opin. Infect. Dis. 27, 411–417 (2014). 

34. Bai, Y., Nie, X. & Wen, C. Epidemic prediction of 2019-nCoV in Hubei province and comparison with SARS 

in Guangdong province. The lancet. Available at SSRN: https://ssrn.com/abstract=3531427 (2020). 

35. Liu, P., Chen, W. & Chen, J.-P. Viral metagenomics revealed sendai virus and coronavirus infection of malayan 

pangolins (Manis javanica). Viruses 11, 979 (2019). 

36. Wahba, L. et al. Identification of a pangolin niche for a 2019-nCoV-like coronavirus through an extensive meta-

metagenomic search. Preprint at https://www.biorxiv.org/content/10.1101/2020.02.08.939660v2 (2020). 

37. Details on COVID-19; Public Health Image Library (PHIL), Centers for Disease Control and 

Prevention. https://phil.cdc.gov/Details.aspx?pid=23354 (accessed 2020/03/27). 

38. Wu, A.; Peng, Y.; Huang, B.; Ding, X.; Wang, X.; Niu, P.; Meng, J.; Zhu, Z.; Zhang, Z.; Wang, J. Commentary 

Genome Composition and Divergence of the Novel Coronavirus (2019-nCoV) Originating in China. Cell Host 

Microbe 2020, 27, 325, DOI: 10.1016/j.chom.2020.02.001  

39. Sexton, N. R.; Smith, E. C.; Blanc, H.; Vignuzzi, M.; Peersen, O. B.; Denison, M. R. Homology-Based 

Identification of a Mutation in the Coronavirus RNA-Dependent RNA Polymerase That Confers Resistance to 

Multiple Mutagens. J. Virol. 2016, 90 (16), 7415– 7428,  

40. Tang, X.; Wu, C.; Li, X.; Song, Y.; Yao, X.; Wu, X.; Duan, Y.; Zhang, H.; Wang, Y.; Qian, Z.On the Origin 

and Continuing Evolution of SARS-CoV-2. National Science Review 2020, DOI: 10.1093/nsr/nwaa036  



INTERNATIONAL JOURNAL FOR INNOVATIVE RESEARCH IN MULTIDISCIPLINARY FIELD       ISSN:  2455-0620    Volume - 6, Issue - 6, June – 2020 

Monthly, Peer-Reviewed, Refereed, Indexed Journal with IC Value: 86.87                                                                             Impact Factor: 6.497 
Received Date: 27/05/2020                                                    Acceptance Date: 12/06/2020                                        Publication Date: 30/06/2020 

 

Available online on – WWW.IJIRMF.COM Page 31 

41. Wrapp, D.; Wang, N.; Corbett, K. S.; Goldsmith, J. A.; Hsieh, C.-L.; Abiona, O.; Graham, B. S.; McLellan, J. 

S. Cryo-EM Structure of the 2019-nCoV Spike in the Prefusion Conformation. Science 2020, 367, 1260,  

42. Lim, Y.; Ng, Y.; Tam, J.; Liu, D. Human Coronaviruses: A Review of Virus–Host 

Interactions. Diseases 2016, 4 (4), 26, DOI: 10.3390/diseases4030026  

43. Neuman, B. W.; Kiss, G.; Kunding, A. H.; Bhella, D.; Baksh, M. F.; Connelly, S.; Droese, B.; Klaus, J. 

P.; Makino, S.; Sawicki, S. G.A Structural Analysis of M Protein in Coronavirus Assembly and Morphology. J. 

Struct. Biol. 2011, 174 (1), 11– 22 

44. Schoeman, D.; Fielding, B. C. Coronavirus Envelope Protein: Current Knowledge. Virol. J. 2019, 16 (1), 69,  

45. Hamming, I.; Timens, W.; Bulthuis, M. L. C.; Lely, A. T.; Navis, G. J.; van Goor, H. Tissue Distribution of 

ACE2 Protein, the Functional Receptor for SARS Coronavirus. A First Step in Understanding SARS 

Pathogenesis. J. Pathol. 2004, 203 (2), 631– 637, DOI: 10.1002/path.1570 

46. Guan, W.-J.; Ni, Z.-Y.; Hu, Y.; Liang, W.-H.; Ou, C.-Q.; He, J.-X.; Liu, L.; Shan, H.; Lei, C.-L.; Hui, D. S. 

C.Clinical Characteristics of Coronavirus Disease 2019 in China. N. Engl. J. Med. 2020, DOI: 

10.1056/NEJMoa2002032 

47. Radiological Society of North America. "CT provides best diagnosis for COVID-19." ScienceDaily. 

ScienceDaily, 26 February 2020. 

48. Tao Ai, Zhenlu Yang, Hongyan Hou, Chenao Zhan, Chong Chen, WenzhiLv, Qian Tao, Ziyong Sun, Liming 

Xia. Correlation of Chest CT and RT-PCR Testing in Coronavirus Disease 2019 (COVID-19) in China: A 

Report of 1014 Cases. Radiology, 2020; 200642 DOI: 10.1148/radiol.2020200642 

49. Kustin, T. et al. A method to identify respiratory virus infections in clinical samples using next-generation 

sequencing. Sci. Rep. 9, 1–8 (2019). 

50. CDC 2019-Novel Coronavirus (2019-nCoV) Real-Time RT-PCR Diagnostic Panel; Division of Viral Diseases, 

U.S. Centers for Disease Control and Prevention: Atlanta, GA, 2020. 

51. Freeman, W. M.; Walker, S. J.; Vrana, K. E. Quantitative RT-PCR: Pitfalls and Potential. BioTechniques 1999, 

26 (1), 124– 125. 

52. Kageyama, T.; Kojima, S.; Shinohara, M.; Uchida, K.; Fukushi, S.; Hoshino, F. B.; Takeda, N.; Katayama, K. 

Broadly Reactive and Highly Sensitive Assay for Norwalk-like Viruses Based on Real-Time Quantitative 

Reverse Transcription-PCR. J. Clin. Microbiol. 2003, 41 (4), 1548– 1557. 

53. Corman, V.; Bleicker, T.; Brünink, S.; Zambon, M. Diagnostic Detection of Wuhan Coronavirus 2019 by Real-

Time RT-PCR; World Health Organization: Geneva, 2020. 

54. Research Use Only Real-Time RT-PCR Protocol for Identification of 2019-nCoV; Centers for Disease Control 

and Prevention. https://www.cdc.gov/coronavirus/2019-ncov/lab/rt-pcr-detection-instructions.html (accessed 

2020/03/06). 

55. Corman, V. M.; Landt, O. Detection of 2019-nCoV by Real-Time RT-PCR. Euro Surveillance 2020, 25 (3), 23,  

56. Chu, D. K. W.; Pan, Y.; Cheng, S. M. S.; Hui, K. P. Y.; Krishnan, P.; Liu, Y.; Ng, D. Y. M.; Wan, C. K. C.; 

Yang, P.; Wang, Q.Molecular Diagnosis of a Novel Coronavirus (2019-nCoV) Causing an Outbreak of 

Pneumonia. Clin. Chem. 2020, 66, 549 

57. Yang, W.; Yan, F. Patients with RT-PCR Confirmed COVID-19 and Normal Chest CT. Radiology 2020, 

200702.  

58. Whiting, P.; Singatullina, N.; Rosser, J. H. Computed Tomography of the Chest: I. Basic Principles. Contin 

Educ AnaesthCrit Care Pain 2015, 15 (6), 299– 304,  

59. Lee, E. Y. P.; Ng, M.-Y.; Khong, P.-L. COVID-19 Pneumonia: What Has CT Taught Us?. Lancet Infect. Dis. 

2020, 20, 384,  

60. Bernheim, A.; Mei, X.; Huang, M.; Yang, Y.; Fayad, Z. A.; Zhang, N.; Diao, K.; Lin, B.; Zhu, X.; Li, K, et al. 

Chest CT Findings in Coronavirus Disease-19 (COVID-19): Relationship to Duration of Infection. Radiology 

2020, 200463,  

61. Pan, F.; Ye, T.; Sun, P.; Gui, S.; Liang, B.; Li, L.; Zheng, D.; Wang, J.; Hesketh, R. L.; Yang, L.;et al. Time 

Course of Lung Changes On Chest CT During Recovery From 2019 Novel Coronavirus (COVID-19) 

Pneumonia. Radiology 2020, 200370. 

62. Ai T Yang Z Hou H et al. Correlation of chest CT and RT-PCR testing in coronavirus disease 2019 (COVID-

19) in China: a report of 1014 cases.Radiology. 2020; (published online Feb 26.) 

63. Inui S FukikawaA Jitsu M et al. Chest CT findings in cases from the cruise ship “Diamond Princess” with 

coronavirus disease 2019 (COVID-19). Radiology: Cardiothoracic Imaging. 2020 

64. Xiang, J.; Yan, M.; et al. Evaluation of Enzyme-Linked Immunoassay and Colloidal Gold- 

Immunochromatographic Assay Kit for Detection of Novel Coronavirus (SARS-Cov-2) Causing an Outbreak 

of Pneumonia (COVID-19)medRxiv, March 1, 2020.  



INTERNATIONAL JOURNAL FOR INNOVATIVE RESEARCH IN MULTIDISCIPLINARY FIELD       ISSN:  2455-0620    Volume - 6, Issue - 6, June – 2020 

Monthly, Peer-Reviewed, Refereed, Indexed Journal with IC Value: 86.87                                                                             Impact Factor: 6.497 
Received Date: 27/05/2020                                                    Acceptance Date: 12/06/2020                                        Publication Date: 30/06/2020 

 

Available online on – WWW.IJIRMF.COM Page 32 

65. Foudeh, A. M.; FatanatDidar, T.; Veres, T.; Tabrizian, M. Microfluidic Designs and Techniques Using Lab-on-

a-Chip Devices for Pathogen Detection for Point-of-Care Diagnostics. Lab Chip 2012, 12 (18), 3249– 3266, 

66. To, K. K.-W.; Tsang, O. T.-Y.; Leung, W.-S.; Tam, A. R.; Wu, T.-C.; Lung, D. C.; Yip, C. C.-Y.; Cai, J.-P.; 

Chan, J. M.-C.; Chik, T. S.-H.,etal.Temporal Profiles of Viral Load in Posterior Oropharyngeal Saliva Samples 

and Serum Antibody Responses during Infection by SARS-CoV-2: An Observational Cohort Study. Lancet 

Infect. Dis. 2020. 

67. Lv, H.; Wu, N. C.;,et al.  Cross-Reactive Antibody Response between SARS-CoV-2 and SARS-CoV Infections. 

bioRxiv, March 17, 2020.  

68. Zhang, W.; Du, R.-H.; Li, B.; Zheng, X.-S.; Yang, X.-L.; Hu, B.; Wang, Y.-Y.; Xiao, G.-F.; Yan, B.; Shi, Z.-L. 

,et al.Molecular and Serological Investigation of 2019-nCoV Infected Patients: Implication of Multiple 

Shedding Routes. Emerging Microbes Infect. 2020, 9 (1), 386– 389. 

69. Xiang, J.; Yan, M.;,et al. Evaluation of Enzyme-Linked Immunoassay and Colloidal Gold- 

Immunochromatographic Assay Kit for Detection of Novel Coronavirus (SARS-Cov-2) Causing an Outbreak 

of Pneumonia (COVID-19)medRxiv, March 1, 2020.  

70. Cai, X.; Chen, J.; et al. A Peptide-Based Magnetic Chemiluminescence Enzyme Immunoassay for Serological 

Diagnosis of Corona Virus Disease 2019 (COVID-19). medRxiv, February 25, 2020. 

71. Rodriguez-Morales AJ, Cardona-Ospina JA, Gutiérrez-Ocampo E, et al; Latin American Network of 

Coronavirus Disease 2019-COVID-19 Research (LANCOVID-19). Electronic address: 

https://www.lancovid.org. Clinical, laboratory and imaging features of COVID-19: a systematic review and 

meta-analysis. Travel Med Infect Dis. 2020:101623.  

72. Chen L, Liu HG, Liu W, et al. [Analysis of clinical features of 29 patients with 2019 novel coronavirus 

pneumonia]. ZhonghuaJie He He Hu Xi Za Zhi. 2020; 43:203-208 

73. Chen N, Zhou M, Dong X, et al. Epidemiological and clinical characteristics of 99 cases of 2019 novel 

coronavirus pneumonia in Wuhan, China: a descriptive study. Lancet. 2020; 395:507-513 

74. Huang C, Wang Y, Li X, et al. Clinical features of patients infected with 2019 novel coronavirus in Wuhan, 

China. Lancet. 2020; 395:497-506.  

75. Qin C, Zhou L, Hu Z, et al. Dysregulation of immune response in patients with COVID-19 in Wuhan, China. 

Clin Infect Dis. 2020. [PMID: 32161940] doi:10.1093/cid/ciaa248 

76. Radiological Society of North America. (2020, February 26). CT provides best diagnosis for COVID-

19. ScienceDaily. Retrieved April 18, 2020  

77. Laksanasopin, T.; Guo, T. W.; Nayak, S.; Sridhara, A. A.; Xie, S.; Olowookere, O. O.; Cadinu, P.; Meng, F.; 

Chee, N. H.; Kim, J., et al. A Smartphone Dongle for Diagnosis of Infectious Diseases at the Point of Care. Sci. 

Transl. Med. 2015, 7 (273) 

78. Rissin, D. M.; Kan, C. W.; Campbell, T. G.; Howes, S. C.; Fournier, D. R.; Song, L.; Piech, T.; Patel, P. 

P.; Chang, L.; Rivnak, A. J.,et al .Single-Molecule Enzyme-Linked Immunosorbent Assay Detects Serum 

Proteins at Subfemtomolar Concentrations. Nat. Biotechnol. 2010, 28 (6), 595– 599 

79. Bosch, I.; de Puig, H.; Hiley, M.; Carré-Camps, M.; Perdomo-Celis, F.; Narváez, C. F.; Salgado, D. 

M.; Senthoor, D.; O’Grady, M.; Phillips, E. Rapid Antigen Tests for Dengue Virus Serotypes and Zika Virus in 

Patient Serum. Sci. Transl. Med. 2017, 9 (409) 

80. Thaxton, C. S.; Elghanian, R.; Thomas, A. D.; Stoeva, S. I.; Lee, J.-S.; Smith, N. D.; Schaeffer, A. J.; Klocker, 

H.; Horninger, W.; Bartsch, G.,et al .Nanoparticle-Based Bio-Barcode Assay Redefines “undetectable” PSA 

and Biochemical Recurrence after Radical Prostatectomy. Proc. Natl. Acad. Sci. U. S. 

A. 2009, 106 (44), 18437– 18442 

81. Aytur, T.; Foley, J.; Anwar, M.; Boser, B.; Harris, E.; Beatty, P. R. A Novel Magnetic Bead Bioassay Platform 

Using a Microchip-Based Sensor for Infectious Disease Diagnosis. J. Immunol. Methods 2006, 314 (1–

2), 21– 29 

82. Wang, X.; Xiong, E.; Tian, T.; Cheng, M.; Lin, W.; Wang, H.; Zhang, G.; Sun, J.; Zhou, X. Clustered Regularly 

Interspaced Short Palindromic Repeats/Cas9-Mediated Lateral Flow Nucleic Acid Assay. ACS 

Nano 2020, 14 (2), 2497– 2508 

83. Kellner, M. J.; Koob,J. G.; Gootenberg, J. S.; Abudayyeh, O. O.; Zhang, F. SHERLOCK: Nucleic Acid 

Detection with CRISPR Nucleases. Nat. Protoc. 2019, 14 (10), 2986– 3012, 

84. Wat,D.; Gelder,C.; Hibbitts,S.; Cafferty, F.; Bowler, I.; Pierrepoint, M.; Evans, R.; Doull, I. The Role of 

Respiratory Viruses in Cystic Fibrosis. J. Cystic Fibrosis 2008, 7 (4), 320– 328 

85. Nilsson,H.-O.; Aleljung, P.; Nilsson, I.; Tyszkiewicz, T.; Wadström, T. Immunomagnetic Bead Enrichment and 

PCR for Detection of Helicobacter Pylori in Human Stools. J. Microbiol. Methods 1996, 27 (1), 73– 79 

86. Kim J., Biondi, M. J.; Feld, J. J.; Chan, W. C. W. Clinical Validation of Quantum Dot Barcode Diagnostic 

Technology. ACS Nano 2016, 10 (4), 4742– 4753. 


