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Abstract 

Corona Virus Disease 2019 (COVID-19) has been designated by the World Health Organization 

as a life-threatening global pandemic caused by severe acute respiratory syndrome coronavirus 

(SARS-CoV-2). The existing diagnostic practices are mainly based on real-time fluorescent PCR 

(RT-PCR), which is considered the clinical standard for SARS-CoV-2 nucleic acid detection. The 

ongoing efforts are focused on to develop new rapid diagnostics including point-of-care 

diagnostics and surveillance technologies to detect SARS-CoV-2 early in order to control the 

disease and mitigate it in a timely fashion. Here, we present an overview of the current state-of-

the-art of diagnostics of SARS-CoV-2 and the limitations of the existing technologies. We 

describe the emerging new promising diagnostic technologies that overcome the limitations by 

offering rapid, point-of-care diagnostic abilities for patients. Finally, we discuss innovative 

concepts and future directions in developing capabilities on smart surveillance technologies for 

mitigating the current challenges and also to prevent future global pandemic such as COVID-

19.  
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Existing Diagnostic Practices for SARS-

CoV-2 Pandemic 

The novel severe acute respiratory syndrome 

coronavirus (SARS-CoV-2, COVID-19) was 

first detected in December 2019 in the Hubei 

Province of China. Since the outbreak of this 

highly infectious disease, the COVID-19 

pandemic has brought devastating and life-

altering effects across the globe by infecting 

hundreds of thousands of people, which 

resulted in tens of thousands of deaths in as 

many as 182 countries so far [1]. During 

these difficult times caused by COVID-19 

pandemic that has seen a continued spread 

of the disease, it is critically important that we 

have effective diagnostic tools and practices 

in place that can play a key role in the 

containment of COVID-19. Effective 

diagnostics can enable the rapid 

implementation of control measures that can 

limit the spread through infected patient 

identification and subsequent isolation. This 

also enables contact tracing including 

identifying people that may have come in 

contact with an infected patient. Figure 1 

describes a workflow for the existing 

diagnostic practices for COVID-19 [2]. 

 Regarding the employed diagnostics 

of this disease, the computed tomography 

(CT) images that were obtained earlier during 

the time of disease breakout suggested 

pneumonia-like symptoms and abnormal 

lung in infected people [3]. The negative 

stained transmission electron microscopy 

(TEM) was used to identify the morphology of 

the virus and the images revealed virus with 

diameter ranging from 60 to 140 nm that 

comprised an envelope with protein spikes, 

and genetic material [3, 4].   

In addition to CT based diagnostics 

and TEM based morphological images, a 

multiplex polymerase chain reaction (PCR) 

panel of known pathogens was employed to 

analyze the samples from infected patients. 

This helped identification of the previously 

unknown pathogen as an RNA virus through 

next generation sequencing [3]. The virus 

was later named SARS-CoV-2 because its 

genome sequence showed similarity with 

SARS-CoV, the virus that caused SARS in 

2002−2003. Researchers were able to use 

the whole genome sequence to develop PCR 

kits to diagnose patients suffering with 

COVID-19 [3, 4]. PCR/RT-PCR, especially, 

real-time (RT) PCR/RT-PCR has been 

employed as a highly sensitive and specific 

method for detection of infectious diseases 

such as COVID-19. To this end, PCR/RT-

PCR-based methods have been employed to 

detect nucleic acid (e.g., RNA) of novel 

coronavirus SARS-CoV-2 for early diagnosis 

of COVID-19 [2].  

RT-PCR is currently used for the 

diagnosis of COVID-19 along with screening 

with CT scans. However, PCR/RT-PCR-

based methods have limitations due to the 

fact that they are typically restricted in a 

centralized clinical laboratory that requires 

sophisticated equipment and well-trained 

personnel. Further, the less availability of 

enough PCR reagent kits is another issue 

that has been faced to keep up with the high 

demand. In addition, another challenge is the 

reliance of RT-PCR on the presence of 

detectable SARS-CoV-2 in the sample 

collected [2]. Because of this limitation, it is 

difficult to identify infection of SARS-CoV-2 in 

a recovered asymptomatic patient who was 

infected with the disease before. So, this 
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does not allow to enforce control measures.  

On the other hand, CT based imaging 

procedures are quite expensive and require 

technical expertise that also cannot 

specifically diagnose COVID-19 [2]. Thus, 

these methods are not considered suitable 

for simple, rapid, point-of-care diagnostic 

applications for SARS-CoV-2 [2, 5]. 

 

Figure 1:  A typical workflow showing the steps of diagnostic practices for COVID-19 [Source:  

ACS Nano (2020)].    
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Need for New Diagnostic and Surveillance 

Strategies  

It is of great concern worldwide that COVID-

19 might persist well beyond 2020. This 

places a significant stress on the global 

healthcare systems. In view of this, it is 

believed that new innovations in research to 

develop next generation diagnostics and 

surveillance technologies are needed to 

combat the disease. The World Health 

Organization (WHO) has therefore, 

recommended for an immediate priority for 

COVID-19 diagnostics research for the 

development of point-of-care nucleic acid 

and protein tests and detection. Point-of-care 

tests are advantageous as they are cost-

effective, handheld devices that can be 

leveraged to diagnose patients outside of 

centralized facilities including community 

centers that can reduce the burden on clinical 

laboratories. The goal is to integrate these 

tests into multiplex panels in future [2-4].  

 As for improving efforts on 

surveillance technologies, in addition to 

nucleic acid based tests, serological tests 

using proteins are being considered. These 

tests are considered superior than nucleic 

acid tests taken alone due to the reason that 

they have the benefits of detection after 

recovery. This can be leveraged to help 

clinicians to track both sick and recovered 

patients, which can provide a better statistics 

of total SARS-CoV-2 infections [2]. 

Therefore, it is of immense importance from 

a healthcare point of view to develop novel 

diagnostic technologies enabling rapid and 

simple identification of people infected with 

SARS-CoV-2. This could potentially enable 

appropriate isolation measures and contact 

tracing that would be helpful to reduce the 

transmission of SARS-CoV-2 [2].  

Rapid Diagnostic Technologies:  Looking 

Beyond the Current State-of-the-Art 

COVID-19 pandemic has created a global 

healthcare crisis that has called for urgent 

development of point-of-care tests and 

multiplex assays beyond the available 

technologies. To this end, the identification 

and sequencing of SARS-CoV-2 has enabled 

current research and developments to focus 

on nucleic acids and viral proteins, antigens 

and antibody based rapid diagnostics. These 

diagnostics are supposed to act as a first line 

of defense against an outbreak of a disease. 

More advanced diagnostics are believed to 

include serological tests (i.e., blood tests for 

specific antibodies) based technologies. 

These technologies are thought to be easier 

to administer that may complement nucleic 

acid tests for diagnosing COVID-19 infection 

[2]. Researchers are paying a lot of attention 

to nucleic acid tests using isothermal 

amplification that are currently in 

development for SARS-CoV-2 detection [2]. 

Isothermal amplification techniques include 

recombinase polymerase amplification, 

helicase-dependent amplification, and loop-

mediated isothermal amplification (LAMP). 

They can be conducted at a single 

temperature without requiring specialized 

laboratory equipment that can provide high 

analytical sensitivities to PCR [6]. RT-LAMP 

employs DNA polymerase with four to six 

primers to bind to six distinct regions on the 

target genome [2]. Researchers have 

developed and clinically tested reverse 

transcription LAMP (RT-LAMP) tests for 

SARS-CoV-2 [7].   
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Current research has also focused on 

viral protein antigens and antibodies that can 

be used for diagnosing COVID-19 [8]. Among 

currently considered point-of-care 

approaches in diagnostics for COVID-19, 

lateral flow antigen based point-of-care 

detection for SARS-CoV-2 is under 

development for diagnosing COVID-19 [9]. 

Another point-of-care approach based on 

microfluidic devices is being considered. 

Microfluidic devices are essentially based on 

palm-sized chip etched with micrometer-

sized channels and reaction chambers [2]. 

The function of chip is to mix and separate 

liquid samples using electro kinetic, capillary, 

vacuum, and/or other forces. Microfluidics 

based diagnostics for SARS-CoV-2 offer a 

number of advantages that include 

miniaturization, small sample volume, rapid 

detection times, and portability. All these 

point-of-care diagnostic technologies are 

envisioned to be adapted to detect SARS-

CoV-2 RNA or proteins [2]. 

CRISPR-Cas12a Assay for Rapid, 

Ultrasensitive and Visual Detection of 

SARS-CoV-2  

 RNA-guided CRISPR/Cas nuclease-

based nucleic acid detection has been shown 

very promising for next-generation molecular 

diagnostics technology. This is due to the 

reason for its high sensitivity, specificity and 

reliability [5]. To this end, important Cas 

nucleases (e.g., Cas12a, Cas12b and 

Cas13a) have been shown by the 

researchers to perform strong collateral 

cleavage activities. These include a crRNA-

target-binding activated Cas that can 

indiscriminately cleave surrounding non-

target single-stranded nucleic acids [5].  

 Researchers employed CRISPR-

Cas12a (termed “AIOD-CRISPR”) assay for 

rapid, ultrasensitive, specific and visual 

detection of nucleic acid for visual real time 

SARS-CoV-2 diagnostics (Figure 2) [5]. Dual 

crRNAs were introduced to initiate highly 

efficient CRISPR-based nucleic acid 

detection. In their AIOD-CRISPR assay, 

researchers all components for nucleic acid 

amplification and CRISPR detection that 

were mixed in a single, one-pot reaction 

system and incubated at a single 

temperature. This eliminated the requirement 

for separate pre-amplification and amplified 

product transferring. Researchers then 

engineered the AIOD-CRISPR assay to 

detect severe SARS-CoV-2 (Figure 2) [5]. 

The advantage of the test results of the 

AIOD-CRISPR assay was the direct 

visualization by the naked eye. Therefore, 

this diagnostic technology was envisioned by 

the researchers as CRISPR-based next-

generation molecular diagnostics towards 

point-of-care applications for COVID-19 [5]. 

Figure 2A shows a pUCIDT-AMP 

plasmid containing 384 nt SARS-CoV-2 N 

gene cDNA (N plasmid) that was first 

prepared as the target to develop the AIOD-

CRISPR assay. Researchers demonstrated 

that AIOD-CRISPR assay could detect 1.3 

copies of SARS-CoV-2 N plasmids in both 

real-time and visual detections within 40 min. 

This offers a rapid and nearly single-molecule 

level sensitive detection (Figure 2B) [5]. The 

reaction with SARS-CoV-2_PC showed the 

positive signal in both real-time and visual 

detections, which demonstrated the high 

specificity without cross reactions for non-

SARS-CoV-2 targets by the developed 

AIOD-CRISPR assay (Figure 2C) [5]. 
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Figure 2:  The AIOD-CRISPR assay for SARS-CoV-2 N DNA detection. (A) The pUCIDT-AMP 
plasmid is shown that contains 316 bp SARS-CoV-2 N gene cDNA (N plasmid) and the primers 
and crRNAs. (B) Real-time AIOD-CRISPR detection is shown with various copies of SARS-CoV-
2 N DNA. (C) Specificity assay of the AIOD-CRISPR assay on SARS-CoV-2 N detection is 
shown [Source:  bioRxiv (2020)].
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Figure 3:  Schematic presentation showing the envisioned role of smartphones in diagnostics 
for COVID-19 [Source:  ACS Nano (2020)].     

Innovative Mass Surveillance and 
Monitoring Technology to Prevent Future 

Outbreaks 

Studies have strongly suggested that 

insufficient communication and 

underreporting have been important factors 

that have contributed to some extent the 

global spread of COVID-19 [10]. It is believed 

that a robust system of networks consisting 

of mass surveillance with rapid diagnostics 

can help public health officials monitor virus 

spread and proactively identify areas with 

increasing infections. Such a system in place 

can also be leveraged to anticipate surge 

capacity needs, and deploy needed 

resources to the appropriate areas 

accordingly. However, the functioning of such 

a system will be impaired in absence of clear 

and transparent collaboration and 

communications between nations at the 

international level, and between federal and 

state/principal public health laboratories, 

hospitals, government agencies, and 

communities at the domestic level [2].  
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Researchers are considering to 

employ the innovative combination of 

diagnostics and smartphones that is believed 

to provide greater communication and 

surveillance (Figure 3) [2]. Smartphones are 

considered attractive choice because they 

possess the connectivity, computational 

power, and hardware that can be facilitated 

for electronic reporting, epidemiological data 

basing, and point-of-care testing [11].  It is 

believed that smartphones can be made a 

widely accessible technology to coordinate 

responses that include real-time geospatial 

information empowering national and global 

health agencies to implement coordinated 

control strategies during large outbreaks like 

COVID-19 [11]. 

Concluding Remarks 

Rapid diagnostics, surveillance and 
monitoring are critically important 
components in medical practices to deal with 
COVID-19 pandemic.  A robust containment 
and mitigation system including smart, 
accurate and rapid diagnostics would curb 
the spread of highly infectious SARS-CoV-2 
disease, while providing healthcare workers 
the necessary resources that protect the 
frontline workers fighting the pandemic.   
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