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Keeping up with the Spread of SARS-CoV-2: a Review of the Global 
Response to the Need for Innovative Tests for Global Population Screening 

One of the major challenges – if not the main – 
presented by the COVID-19 pandemic is the ap-
plication οf extreme pressures on healthcare sys-
tems, the economy and general society. A key is-
sue for epidemiologists to model the continual 
spread of the novel coronavirus is the ability for 
accurate estimation of the level of infection.  It is 
generally agreed, however, that these models 
largely underestimate the number of positive cas-
es, possibly by a tenfold order (Lipsitch et al. 
2015). In the same way, as most models, the pre-
dictions of how the outbreak will spread out, the 
percentage of the population that will be infected 
and/or die, are subject to the scientific information 
they rest on. Up to now, most scientists working 
on epidemic modeling focus on data improve-
ment, rather than making premature predictions. 
Nonetheless, several challenges to such analyses 
have to be confronted, especially in real-time. For 
instance, delays to confirmation of cases can oc-
cur, as consequences of limited detection and test-
ing capacity or due to a delay to symptom appear-
ance as a result of a long incubation period 
(Aylward et al. 2014). Thus, the major disad-
vantages of modelling methodologies are the de-
lays and uncertainty that could arise just by the 
incorporation of the delays that derive from the 
natural history of infection and reporting process-

es (Nishiura et al. 2009). Furthermore, individual 
data sources might be inadequate, biased, or only 
conceive certain aspects of the outbreak dynamics. 
Therefore, evidence synthesis methods, which fit 
to multiple data sources rather than a single da-
taset (or datapoint) are recommended as more 
powerful assessments of the underlying dynamics 
of transmission from noisy data.  Consequently, 
the accuracy of epidemic modelling emerges the 
need for the development of high-throughput, reli-
able tests for the early detection of the infection. 
 Current molecular tests for SARS-CoV-2 
identification in suspect infected individuals are 
operated in certified reference laboratories (such 
as the CDC-designated public health laboratories), 
with assays mainly based on real-time reverse-
transcriptase-based PCR (RT-PCR), with a limit 
of detection (LOD) of 4-10 copies/μl of sample 
and requiring at least a couple of hours for the 
completion of the assay process, not including in 
this period the time required for sample collection, 
shipment, processing and data registration.  The 
lack of technical means to test the majority of the 
population, including potential asymptomatic pa-
tients, has forced the use of epidemiologic algo-
rithms as a means to forecast the spread of the dis-
ease. The global effort to foster the urgent devel-
opment of high throughput, portable diagnostic 
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Respiratory viral infections constitute a global 
problem in current medicine, veterinary, and plant 
pathology. Up to now, a vast number of tech-
niques based on microbiology, biochemistry, mo-
lecular biology, and immunology have been pro-
posed for virus determination. However, most of 
these assays are time-consuming, require compli-
cated procedures for sample preparations and so-

phisticated instrumentation. The recent COVID-
19 pandemic has demonstrated the need for the 
development of more accurate, rapid, early and 
cost-effective bioassays for high-throughput 
measurements. Therefore, the deployment of bio-
sensors as well as lateral flow assays provides an 
alternative means to reliable and fast viral detec-
tion with tremendous future perspectives. 
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kits  for SARS-CoV-2 is additionally reflected on 
the establishment of transnational non-profit or-
ganizations and joint initiatives for the purpose of 
supporting expedient evaluation of emerging as-
says, such as the Geneva-based Foundation for 
Innovative New Diagnostics (FIND) (2020). 
 On the positive side, the medical diagnos-
tics community has responded with remarkable 
speed to the urgent need for developing Point-of-
Care (POC), rapid, reliable and, as much as possi-
ble, affordable tests for SARS-CoV-2 infection 
monitoring (Sheridan 2020). The following list is 
a set of most representative products classified 
according to the different assay principles and/or 
assay formats: 
A number of tests have emerged for the detection 
of gene sequences specific to SARS-CoV-2. An 
example is the DETECTR system by Mammoth 
Biosciences (CA), provided as a reconfigured vis-
ual lateral flow strip assay (LAF) format. The as-
say employs a high-fidelity CRISPR detection en-
zyme and designed sets of gRNAs that can either 
1) differentiate SARS-CoV-2 or 2) provide multi-
coronavirus strain detection (Broughton et al. 
2020). The system has a LOD of 70-300 copies/μl 
of sample and generates a clear visible signal 
within 30 minutes of total duration (sample to re-
sult). Not included is the time required for patient 
RNA extraction and the creation of RNP complex-
es (30 min). A positive result relates to the identi-
fication of both the N-gene (SARS-CoV-2 specif-
ic) and E-gene (SARS-CoV, bat-SARS-like-CoV, 
and SARS-CoV-2) coronavirus sequences. 
 A similar approach targeting the S gene 
and Orf1ab gene coronavirus sequences is under 
development by the collaborative efforts between 
Cepheid (CA, USA) and Sherlock Biosciences 
(MA, USA). SHERLOCK, which stands for Spe-
cific High Sensitivity Enzymatic Reporter, is a 
method for identifying specific sequences of ge-
netic material in a sample using CRISPR, in par-
ticular CRISPR-Cas12 and Cas13. The POC test 
will be able to deliver results in approximately 45 
minutes with an LOD of 10-100 copies/μl of sam-
ple, but has a low capacity of parallel sample test-
ing (Herper 2020). Quite recently, Curti et al. 
(2020) reported the proof-of-concept, though not 
yet clinically validated CRISPR-Cas12 based di-
agnostic tool to detect synthetic SARS-CoV-2 
RNA sequences in saliva, an obviously ideal sam-
ple source. The assay is planned to be commer-
cialized by CASPR (CA, USA). The visualization 
of the test results was achieved using a fluores-
cence spectrophotometer and the LOD for 

ORF1ab coronavirus sequences was estimated to 
be up to 10 copies/μl at a very low cost (USD 1-2/
sample).  
 An alternative to coronavirus-related gene 
sequence identification is targeting antibodies 
raised against the viral envelope proteins. Com-
pared with CRISP-based, gene sequence-detecting 
methods, serological assay tests have the ad-
vantage of lower cost and higher speed. On the 
other hand, the determination of antibodies in a 
patient is not reliably associated with the viral 
load and/or the stage of virus replication in the 
host. That said, the antibody-targeting approach 
offers the capability to discriminate between in-
fected (acutely or past) and non-infected patients. 
In particular, testing for patient immunoglobins 
allows for a comparative discrimination between 
early infection stage (IgM, 4-10 days) or late one 
(IgG, 11 days or later).  The identification of in-
fected patients at an even earlier stage (0-3 days) 
is currently not feasible with the antibody detec-
tion assays. An example of antibody screening, 
PharmACT (Berlin, Germany) has developed a 
rapid blood test for IgM and IgG necessitating just 
two drops of capillary blood and 20 min for the 
colorimetric result to get developed (PharmACT 
2020).  The assay has been 100% correlated with 
RT-PCR and validated in respect for zero false 
positive results. Beyond blood testing, Israel-
based BATM and Novamed have joined forces to 
develop a ultra-rapid, home testing kit for sputum 
analysis against SARS-CoV-2 (Marom 2020). 
 It is small wonder that Asian countries, 
having previous experience with coronavirus out-
breaks, have been able to rapidly respond to the 
current challenge by developing a number of com-
mercially available SARS-CoV-2 diagnostic tests. 
For example, a LAF test is being currently devel-
oped at the Genomics Research Center, Academia 
Sinica (Taipei, Taiwan) employing monoclonal 
antibodies against the nucleocapsid (N) protein of 
SARS-CoV-2 (Yang et al. 2020). Also Wondfo 
Biotech (Guangzhou, China) with branches in San 
Diego, Chicago and Bern, has announced the 
commercial release of its own, cost-efficient LAF 
kit based on IgM and IgG antibodies directed 
against SARS-CoV-2 (Finecare™), along with its 
own RT-PCR based test (2020). The same compa-
ny was responsible for the development of the 
first colloidal gold antigen assay against SARS in 
2003. In line with this conceptual approach, Snibe 
Diagnostic (Shenzhen, China) has released its 30 
min, fully automated MAGLUMI 2019-nCoV 
IgM/IgG Kits, requiring 10 μl of blood sample 
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(2020). 
 The ability to screen for viral antigens in-
stead of host antibodies raised against the virus is 
quite attractive and also important from an epide-
miologic point view, since it would allow for a 
more accurate monitoring of the virus replication 
and spread potential. Furthermore, serological 
tests bear the inherent risk of false positive results 
due to non-specific occurring infections. One test 
targeting the S1 domain of the SARS-CoV-2 S1 
protein is currently being developed by Sona Nan-
otech (Canada) in collaboration with GE 
Healthcare Life Sciences, based on Sona’s propri-
etary nanorod technology in a LAF format. The 
test is estimated to deliver results within 15 min or 
less (Evans 2020). 
 Electrochemical techniques could also 
demonstrate a promising potential for the fabrica-
tion of low-cost and easy-to-use portable devices 
for medical diagnosis of the infection. One of their 
key features is that inexpensive electrodes can be 
relatively easily integrated with electronics and 
biorecognition elements in order to perform at the 
point-of-care real-time measurements in portable 
systems in a very short time (Hammond et al. 
2016). Our own research team is also engaged in 
the proof-of-concept development of an ultra-
rapid (3 min) test for the SARS-CoV-2 S1 protein 
based on measuring the bioelectric responses of 
cells bearing target-specific antibodies on their 
surface, a principle known as Molecular Identifi-
cation by Membrane Engineering (Kokla et al. 
2013). 
 In conclusion, precise and mass-screening 
of SARS-CoV-2 incidence in the global general 
population constitutes one of the few indispensa-
ble solutions to the control of this 21st century 
pandemic. Worldwide, expert developers of in 
vitro diagnostic methods have promptly addressed 
this challenge by developing novel assay princi-
ples and complete tests, whereas exemplary cases 
of private-public collaborations have paved the 
way for commercialization and wide distribution 
of test kits, reagents and assorted devices. A key 
issue to the successful and fast transition of these 
approaches to the market as well as to the site of 
final application (home or primary care unit), is 
the accelerated validation and eventual approval 
of the best assays. This can only be realized in the 
framework of an international collaboration be-
tween national regulatory authorities and the con-
tinuous exchange of information among the global 
research community.  
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