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Abstract The coronavirus disease 2019 (COVID-19)

pandemic is caused by the severe acute respiratory syn-

drome coronavirus-2, a new member of the Coronavirus

family. The virus was first identified in Wuhan, China,

where the epidemic originated. The viral genome was

sequenced and a real time reverse transcription polymerase

chain reaction assay was developed and used for the

detection of virus. Different countries took different

approaches for the diagnosis of COVID-19. Some countries

prioritized extensive testing for COVID-19 at a very early

phase of the pandemic whereas other countries took a long

time to build the testing capacity and to implement the

testing extensively. The assay design formats were avail-

able in the public domain and thereby allowing researchers

to replicate them to make diagnostic kits. Consequently,

several antigen or antibody-based diagnostic tests were

also developed for the diagnosis of COVID-19. However,

there were some validation and regulatory challenges while

bringing these assays into the market. During the course of

the pandemic, it became clear that the countries which

implemented testing at an early stage of the pandemic were

capable of controlling the spread more effectively than

those that implemented them at later stages. As several

countries implemented a lockdown for controlling the

spread of the virus, it is critical to build the testing capa-

bility to meet the extensive need of testing while exiting

the lockdown. Testing and isolation of positive cases are

the most effective ways of preventing the spread of virus

and gradually returning life back to normality.
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Introduction

The coronavirus disease 2019 (COVID-19) is a disease

caused by severe acute respiratory syndrome coronavirus-2

(SARS-CoV-2), a member of the Coronavirus family and a

newly emerging zoonotic agent [1, 10]. These are envel-

oped positive-strand RNA viruses isolated from bats,

which share a sequence homology with isolates from

humans, suggesting that bats are the natural hosts and

reservoirs [26, 9]. This disease was first identified in

Wuhan, China, in patients with symptoms of pneumonia

who were not responding to antibiotics; it is characterized

by the occurrence of fever, dry cough, and shortness of

breath. On March 13th 2020, the World Health Organiza-

tion (WHO) declared COVID-19 to be a pandemic [5]. At

present, the world is witnessing a surge in cases; millions

of people were detected with the disease and many lost

their lives. A recently published systematic review and

meta-analysis has highlighted that COVID-19 has resulted

in a huge burden on healthcare facilities and has proved to
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be fatal in patients with comorbidities. The study also

revealed that admission in intensive care units was required

for approximately 20% of COVID-19 infected polymorbid

patients, and hospitalization was associated with a case

fatality rate of[ 13% [26]. Preventive measures, such as

increased testing, isolation of positive cases and tracing

their contacts, and implementation of lockdowns have

considerably controlled the spread of the virus. However,

after relaxation of the lockdown, it is critical to implement

extensive testing and continue to take preventive measures

while returning to normality. Because this virus is

spreading globally, there is an urgent need for countries to

keep human resources, infrastructure, and testing facilities

ready to carry out large number of tests for diagnosing

COVID-19 as the demand is going to be increasing in the

next phase of the pandemic. It is imperative to take

immediate action to curb the rise in deaths through com-

munity spread by making tests widely available and per-

forming an adequate number of tests to prevent the spread

of COVID-19 while exiting the lockdown restrictions and

returning to normality.

Role of laboratory testing

Laboratory testing for identification of diseases is critical to

save the lives of patients and to contain the spread of

viruses during epidemics or pandemics. In a typical clinical

setting in any hospital, 70–80% of the clinical decisions to

treat patients are taken based on laboratory tests [32].

However, laboratories account for a small part of hospital

operations, and the amount spent on laboratory tests is only

around 3–5% of the total hospital expenditure, which is

insignificant compared to the amount spent on pharmacies

and other operations. It is clear that the laboratories and

tests are not lucrative from the financial point of view to a

hospital; nevertheless, they are critical from the perspective

of managing patients and saving lives [17]. In addition,

testing is neglected when dealing with diseases for which

there is no specific treatment available.

Laboratory diagnosis and confirmation of suspected

cases is very important to implement preventive measures

to control the spread of an infectious agent during an epi-

demic. Consequently, the management of an epidemic

depends on the test results. As a single positive case can

trigger a huge mobilization of resources to contain the

spread. It may be from isolation of the positive case,

tracing their contacts, testing and isolating them in quar-

antine, etc. During the early phase of COVID-19 spread in

Wuhan, China has moved promptly and decisively, and has

ensured massive laboratory testing, early identification of

cases, isolation of all positive cases, contact tracing, and

quarantine [35]. Moreover, in the entire Chinese

population, mobility was at a near standstill, with social

distancing implemented on a large scale. However, despite

the massive transmission rates and implementation of

extreme measures within the country, China neglected the

risk of spread of the pandemic outside its borders and

undermined its global impact.

Countries with no or few confirmed cases and only

limited local transmission need to invest in aggressive

testing for COVID-19 in all cases of atypical pneumonias

as well as those of acute respiratory infection. Contact

tracing should be stringent and legally enforced [13].

Singapore was successful in containing COVID-19 with

measures like laboratory testing, containment and contact

tracing, and interruption of new transmission chains with-

out lockdown or social disruption [20]. Extensive testing of

suspected cases is critical for a public health system to

optimize utilization of resources and take proper control

measures to contain the spread of the virus. Additionally,

testing provides the initial evidence for a case and helps the

public health system take decisions based on evidence.

Hence, the availability of reliable cost-effective diagnostic

tests is very important. Although testing is the first step to

confirm suspected cases or monitor contacts of confirmed

cases, it is not being effectively implemented in several

countries during the ongoing pandemic. Development of

cost-effective viral genome detection systems, such as the

real time reverse transcription polymerase chain reaction

(RT-qPCR) assay, and their validation is critical to

implement testing successfully. Validation of existing

serological tests, including those that have been developed

by commercial organizations, and establishment of bio-

banks and serum panels of well characterized COVID-19

sera to support such efforts is also necessary [4].

South Korea has taken the approach to extensively test

individuals with innovative voluntary testing option for

people in drive-through testing stations and has also

offered home collection of samples, after which the results

are shared through text messages [21]. Traditional sample

collection in laboratories or hospitals increases the risk of

people infecting each other. Outdoor sample collection

minimizes contamination of public health facilities and

also reduces the risk of healthcare professionals acquiring

the infection during sample collection. The sincerity dis-

played by the South Korean population in coming forward,

getting themselves tested, isolating or quarantining them-

selves if found positive, and seeking help from the health

system indicates a great sense of responsibility for pro-

tecting fellow citizens. With timely action taken to manage

the epidemic with extensive testing, South Korea managed

the COVID-19 pandemic very well with minimum mor-

tality and also averted a major lockdown. The preparedness

and execution of an appropriate laboratory testing plan by

South Korea provided evidence that high causalities and a
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huge burden on the public health system could be pre-

vented with a proper approach to testing and isolation of

the positive cases and people who have come in contact

with them [19]. Taiwan also endorsed, mobilized, and

adopted specific approaches for case identification, con-

tainment, and resource allocation to protect the public

health during the COVID-19 crisis. Taiwan is another

country that enhanced COVID-19 detection by proactively

seeking out patients with severe respiratory symptoms as

per the information from the National Health Insurance

database and retesting those who were found to be negative

for influenza [34]. The Swiss government also recognized

the importance of the testing strategy and strengthened it

further to control COVID-19 [28]. Nevertheless, it is also

important to understand why similar approaches were not

implemented in other countries facing the same crisis.

Inadequate testing

One of the reasons why an extensive testing approach was

not implemented in several countries, including India, was

the lack of adequate testing kits and reagents. The tests

were used judiciously in only symptomatic cases during the

initial phase, according to strict guidelines, and only in

selected public testing facilities. Following the onset of the

COVID-19 outbreak in Wuhan, the virus was isolated,

sequenced, and the entire genome sequence was publicly

made available through the NCBI nucleotide sequence

database. As soon as the SARS-CoV-2 genome sequence

was made available, the first RT-PCR test protocol was

made freely available from the Berlin-Charité laboratory

through the WHO website (https://www.who.int/publica

tions/m/item/molecular-assays-to-diagnose-covid-19-summ

ary-table-of-available-protocols). Chinese researchers have

also developed a qPCR-based molecular diagnostic assay

and used this standardized assay to test patients across

China. Reports on these assays were also published in

reputed journals such as the New England Journal of

Medicine. The United States also isolated and characterized

the virus after the first case was detected [16, 14]. There-

fore, it is now easy to reproduce these tests. As a pre-

paredness measure to detect COVID-19 cases, countries

should stock upon RNA extraction reagents or kits, have

sufficient quantities of primers and probes synthesized for

large-scale testing, and procure sufficient quantities of

qPCR master mixes. These individual components can be

combined and kits can be prepared within a short period of

time, as there are several commercial companies supplying

such reagents. Besides, there are several public and private

organizations capable of producing such kits in countries

such as India. Although private organizations may be

hesitant to develop such kits, considering the regulatory

complexities involved in kit development, government-

funded organizations can develop these kits quickly, vali-

date them, and get them approved by the required regula-

tory agencies, as accomplished by China when the virus

was first identified. This process can assist in creating the

much-needed testing and screening capacity in India and

other countries and reduce the dependency on imported

kits. There is no shortage of infrastructure and equipment in

the private and public sector for COVID-19 testing in many

countries. For carrying out COVID-19 testing, a laboratory

should follow the Biosafety Level-2 (BSL-2) or higher

guidelines to protect personnel as well as the environment

[33]. It is recommended that good microbiological labora-

tory practices and universal precautions must be followed in

all laboratories where primary specimens (sputum samples;

throat, nasopharyngeal, and oropharyngeal swabs; and stool

samples) that may contain SARS-CoV-2 are handled.

While working with suspected patients’ samples, laboratory

personnel should be supervised by staff who are competent

in handling infectious agents and are well-versed in the

related standard procedures [24]. The equipment required

for sample preparation and testing includes a biosafety

cabinet class-II, microcentrifuge, PCR machine, qPCR

machine, freezer, and refrigerator. These instruments are

easily available in any life science research institution and

molecular diagnostic laboratory. India has a very well-

trained workforce for carrying out these PCR-based tests.

They carry out similar tests for HIV, Hepatitis-B, and

Hepatitis-C routinely. Most of the laboratories may not

have centralized facilities equipped with expensive auto-

mated sample preparation and testing systems; however,

they have all the basic instruments to carry out molecular

diagnostic testing. Another reason for inadequate testing

may be due to the high cost of the available tests, and it may

not have been possible for the public health system to

implement such testing on a large scale. The costs of

imported commercial kits are very high; however, if these

tests are developed in laboratories within a country, it is

considerably cheaper and easily affordable for use in large-

scale testing programs. If a country decides to make its own

kits, it can be done in matter of days by roping in research

institutions as well as public and private sectors to develop

such diagnostic kits within a stipulated time period pro-

vided that robust test validation and QC/QA are in place.

The validation of these kits can prove that tests developed

in-house are as good as imported commercial kits. The

development of a diagnostic kit for COVID-19 should be

executed on an emergency basis with the help of financial

support. The scientists can also perform a cost analysis of

the test kits and investigate the impact of testing. The

protocols used for testing of COVID-19 in different

countries in Europe are available in the public domain

through WHO (https://www.who.int/publications/m/item/
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molecular-assays-to-diagnose-covid-19-summary-table-of-

available-protocols). As far as the development of an RT-

qPCR diagnostic kit is concerned, it is only an adaptation

of previously validated reagents and methods. If the per-

formance of a newly developed kit is comparable with that

of an already approved kit, it can be used widely for the

diagnosis of COVID-19, however, obtaining an approval

from the regulatory agency is still needed to commercialize

the kit.

Testing for COVID-19

The most common method of testing used for diagnosing

COVID-19 is the RT-qPCR technique, which is based on

the detection of viral RNA in the nasopharyngeal,

oropharyngeal, or bronchoalveolar lavage samples. There

are alternative approaches to diagnose COVID-19, but

these are not widely used. A simple PCR technique that

involves only primers can also be used for the detection of

coronavirus. Unlike the qPCR technique, which requires an

expensive qPCR machine and fluorescent probes, the

conventional PCR requires a much cheaper thermal cycler,

horizontal electrophoresis system, and gel documentation

system. After performing the conventional PCR, samples

can be run on an agarose gel, stained with ethidium bro-

mide, and visualized under UV-light. When the amplified

products are of the expected size, the positivity of a sample

can be determined. Alternatively, the amplified products

can be sent for sequencing and the results can be confirmed

based on nucleotide sequences. This simple PCR technique

combined with Sanger sequencing will be cheaper than

RT-qPCR and the data can be analyzed by determining the

sequence of the virus at the single nucleotide level, which

may be more specific. A desirable approach would be to

test the samples in any BSL-2 laboratory having molecular

diagnostic infrastructure by recruiting locally available

personnel and reporting results in the shortest possible

turnaround time. In India, there are several laboratories in

each city and state capable of performing such tests using

different options such as conventional PCR, RT-qPCR,

sanger sequencing, next generation sequencing, etc. A few

selected laboratories at the state level can be used for

confirmatory testing by performing quality checks on the

laboratories carrying out COVID-19 testing by periodically

cross-testing samples.

A more in-depth understanding of the virus, beyond the

method for its detection and diagnosis, is important to

understand its origin and evolution. It is important to

understand if the virus causing an epidemic in a particular

country is exactly the same as the one that originated in

Wuhan or whether it has mutated to a new phenotype

exhibiting a higher or lower virulence. In low resource

setting, the variable regions of the virus can be amplified

and sequenced using Sanger sequencing which is cheaper

compared to next generation sequencing. The variable

region sequence of the local isolates can be aligned with

isolates from the initial outbreak in China and viruses from

other countries to understand the evolution of this virus as a

result of acquiring mutations. Next, the aligned sequences

can be used to build a phylogenetic tree to understand the

origin and/or evolution of the local isolates. Simple SNPs

markers characterizing the main SARS-CoV-2 circulating

clades are made available through the GISAID initiative

(https://www.gisaid.org/). Sequencing the genomic regions

including those SNPs can be a simple and cost-effective

method to compare local strains with strains circulating

globally. Highly advanced next generation sequencing

technologies based on the Illumina, Thermo Scientific, or

Oxford nanopore platforms can help us sequence the entire

genome of hundreds of virus samples in a single run within

a short period of time. The next generation sequencing

facilities are available in many public and private sector

laboratories. Such facilities and manpower need to be

mobilized in a well-planned manner to help us to under-

stand the behavior and characteristics of the virus. The

whole genome sequence of SARS-CoV-2 from patients can

help in understanding the virus origin, evolution, and vir-

ulence more accurately than studying only the variable

regions. The instruments required for such testing are very

expensive; however, their use during this critical time will

justify their cost.

Antigen- or antibody-based testing of COVID-19

Several diagnostic tests based on SARS-CoV-2 specific

IgG/IgM antibody detection (rapid antibody test) have been

developed. Recently, in India, the Indian Council of

Medical Research (ICMR) issued the first advisory on 4th

April, 2020 to use these rapid antibody tests along with RT-

qPCR assays for assessing COVID-19 spread in areas

comprising clusters, containment zones, and other large

gatherings (Fig. 1, source: ICMR). In addition, 7 com-

mercially available antibody-based rapid tests have been

validated at the National Institute of Virology, Pune, and

were found to be satisfactory at the time [6]. However, on

27 April, 2020, a revised advisory on rapid antibody testing

was issued by ICMR stating that few kits evaluated in field

conditions demonstrated variations in sensitivity. There-

fore, there is a need to develop and also validate high

quality antibody-based testing of COVID-19. Although the

virus-specific antibody diagnostic assay cannot be used to

directly detect acute COVID-19 infection, it has several

novel applications critical to the assessment of the spread

of the disease in a given population. SARS-CoV-2 specific
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IgG detection could serve as a qualitative and quantitative

diagnostic assay with which sero surveys could be per-

formed in hot spots to determine the rate of infection and

fatality, including contact tracing of individuals suspected

of virus exposure weeks ago. With respect to public health,

these tests are critical to assess the number of asymp-

tomatic cases, which have been recently increasing in

China and other parts of the world. It is also believed that

children are largely asymptomatic carriers [25], and this

type of antibody testing strategy will be helpful in assess-

ing the rate of infection and formulating public health

policies for restricting their interaction with vulnerable

population. Besides, these tests can help in assessing the

efficacy of vaccines in clinical trials. Furthermore, a

quantitative assessment of SARS-CoV-2 specific IgG

could be used for the identification of individuals who have

a strong antibody response who could help in the devel-

opment of convalescent serum therapy. The assay will also

help determine the number of immune healthcare workers

who can then be selectively deployed in COVID-19 asso-

ciated high-risk regions. Although there have been isolated

cases involving re-infection, an experimental study

involving re-infection of rhesus macaques with SARS-

CoV-2 demonstrated that there was no recurrence of

COVID-19, suggesting that a protective effect is conferred

by the primary infection [3]. Along these lines, it has been

shown in a long-term prospective cohort study in China,

which involved healthcare workers belonging to a clustered

outbreak of SARS infection in 2002–03, that SARS-CoV

specific IgG persist for a very long time (12 years) fol-

lowing primary infection [15]. Moreover, a primary

immune response in relation to a mild-to-moderate

COVID-19 infection has been recently published, demon-

strating increased antibody-secreting cells, activated T

cells, and virus-specific IgG and IgM antibodies in blood

for at least 7 days before full symptomatic recovery

[30, 18]. Although the virus-specific antibody response is

critical for virus clearance, in the case of people who died

of SARS infection, increased neutralizing spike specific

IgG antibodies have been shown to be key mediators of

acute lung injury through the induction of pro-inflamma-

tory responses in wound healing macrophages [23]. These

studies highlight the need to assess the scope and kinetics

of immune responses in cases involving COVID-19

infections of varying severity in order to develop a new

antibody-based testing strategy for predicting the disease

outcome.

In a study involving 610 hospitalized patients from

Wuhan, patients clinically diagnosed with COVID-19

showed a high false negative rate when real-time RT-

qPCR-based testing of SARS-CoV-2 was performed. It was

also reported that the results of virus detection using RT-

qPCR at different time points were highly variable in the

same patients during the course of the disease, which

suggested the requirement of a standardized protocol for

sample collection, sample transportation, testing by RT-

qPCR, and serological diagnosis for SARS-CoV-2 [22]. A

study done on a cohort of 1014 patients demonstrated that

patients who were initially RT-qPCR negative showed

positive chest CT scans for pneumonia and later tested

positive by RT-qPCR through repeated swab testing [2]. In

addition, test sensitivity (with respect to SARS-CoV-2)

largely varies depending on the type and number of sam-

ples collected from the same individual. The method of

collection of nasopharyngeal swabs, viral load in the

sample, assessment of samples at different stages of pro-

gression of the disease, and delay in transportation may

affect the results [12]. The test is also time-consuming with

a possibility of obtaining false negative reports. A study

also investigated the estimation of the active viral load in

the upper respiratory tract that can help make decisions

regarding containment strategies. Therefore, immunologi-

cal assays, such as enzyme-linked immunosorbent assays

(ELISAs), which directly detect viral antigens, should be

developed [7], and their translation into point-of-care

(POC) testing can become an invaluable tool for diagnosis

of COVID-19 [31].

To design an immunoassay to detect the virus directly,

for example, using sandwich ELISA, it is vital to select the

appropriate antigen to be detected. For example, the spike

protein is a key protein for virus entry into the host cells

that interacts with angiotensin-converting enzyme-2,

Fig. 1 ICMR issued advisory for testing strategy during the early

stage of COVID-19 epidemic in India ( Source: Information of testing

strategies for antibody rapid test issued on 4 April 2020 (ICMR)
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thereby generating strong neutralizing antibodies. It is

reported that specific regions of this protein are unique to

each coronavirus [36]; therefore, if designed accurately,

there are minor chances of cross-reactivity with other

coronaviruses and false positive cases can be reduced. For

example, a recombinant full-length spike protein (with

modifications for increasing stability) and the associated

receptor binding domain of SARS-CoV-2 have been shown

to be successful antigens for the detection of virus-specific

antibodies in sera derived from COVID-19 patients [27].

In addition to the spike protein, the internal nucleocap-

sid protein, which is the most abundant protein present in

the virus, is an alternative candidate antigen when

designing an ELISA [29]. Overall, immunoassays that can

be translated into POC assays to detect either an antigen or

antibody in throat swabs would be efficient and yield

immediate assessment of COVID-19 infection in patients

under quarantine and in hotspots showing high transmis-

sion-cum-infectivity rates.

The non-governmental organization FIND, which works

on the development and research of various diagnostic

tests, has prepared a list of the rapid antibody and antigen

tests being used by different nations and those that are

under evaluation. Five out of 17 antigen-detection rapid

diagnostic tests and 27 out of 53 antibody-detection

(serological) RDTs are being included in the first round of

evaluation. Seven serological ELISAs have also been

selected for evaluation [11].

Impact of testing in different countries

The way South Korea managed the COVID epidemic with

massive testing and isolation of positive cases and tracing

their contacts and taking preventive measures successfully

averted the huge morbidity and mortality. South Korea saw

surge of cases in the month of February and used Korean

Model, which includes a regime of ‘‘trace, test, treat’’ to

curb the spread and mortality of the COVID-19 virus. This

model proved how necessary testing is to track cases, the

ones in contact with the cases and then to quarantine them

at the right time. They were able to flatten the curve

without putting a nationwide lockdown in place. They took

draconian steps to limit the disease and the affected. From

January itself they were prepared with the test kits that

helped in responding at the earliest. Nearly 20,000 tests

were done each day. Korea is now in full control on the

spread of the disease. They took strict measures at the

international borders with screening of passengers and

isolating them if suspected. Extensive testing was done in

high risk areas and clusters. From the time of confirmation

of virus genome in Wuhan, Korean medical teams and bio-

companies developed new testing kits with high speed and

accuracy. People who had symptoms or needed to be tes-

ted, got the test within minutes at ‘drive-through’ or ‘walk-

through’ testing centers and could receive the results next

day through text message. Their quick response with clear

objective of testing and isolating the positive cases came

from their previous experiences of handling epidemics

such as SARS and Bird flu in the past. This approach

helped to achieve lowest mortality rate and lowest number

of cases. Korea is now prepared for second wave of

infections which presumably could be more intense. As per

South Korea CDC, South Korea tested 16.64 per thousand

people; 852,876 in total as of 27 May 2020 [8].

Germany also took prompt actions with vigorous testing

of the suspected patients. It stayed ahead of other European

countries by testing widely and keeping the mortality as

low as possible. Germany enacted on time making diag-

nostic kits readily available. As per Robert Koch Institute,

Germany tested 47.18 per thousand people; 3,952,971 in

total as of 24 May 2020 [8].

The United States had some problems with the initial

testing kits and diagnostic tests could not be performed

widely in the initial stage of the disease. But it managed to

ramp up its testing capacity to reach a level where it could

estimate the spread of the disease. Therefore, testing at the

right time was the key to control the pandemic. According

to COVID Tracking Project, the U.S. tested 45.04 per

thousand people; 14,907,041 in total as of 26 May 2020

[8].

Italy has also done testing on a large scale now at stage 2

and stage 3 of the disease, it is difficult to control mor-

talities especially when a major proportion of the popula-

tion is above 60 years of age. Italy had conducted 37.88

tests per thousand people; 2,290,551 in total as of 27 May

2020 [8].

India needs to escalate its testing capacity so that it can

track the disease efficiently. Indian laboratories and com-

panies should up the testing kit production and testing

capacity. Testing kits should be made readily available and

help from other nations should be considered. This window

of opportunity should not be lost. As per ICMR, India has

conducted tests in total 2.27 per thousand people;

3,126,119 in total as of 26 May 2020 [8]. Figure 2 shows

the total tests for COVID-19 per thousand people con-

ducted by different countries as of 29th May 2020.

Figure 3 shows the total confirmed COVID-19 deaths

per million rolling 7 day average in various countries as of

27th May [8]. The graphs also show a correlation between

testing and mortality. South Korea among the above-

mentioned countries has the minimum mortality. Then

comes Germany with lowest mortality rate among other

European nations. United States and Italy are witnessing

the highest mortalities due to the delay in testing. This data

clearly shows that the countries that conducted most
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number of tests at the right time were able to curb the

community transmission and therefore precluded the mor-

talities and morbidities. Therefore, quick and robust action

can save millions of lives.

Considering the present scenario, the media is doing a

commendable job of updating the general public, the

government is doing its best to prevent the spread of

infection, and diagnostic labs are doing their best to diag-

nose this infection. However, very limited efforts have

been undertaken to understand the origin and evolution of

the virus and its antigenic changes by making optimum use

of advanced technologies such as next generation

sequencing. Scientists with expertise in specific areas such

as virology, protein modelling, bioinformatics, genomics,

and immunology in various research institutions need to

collaborate with each other to come up with tangible

solutions in terms of diagnostics, therapeutics, and vaccine

development. Viral RNA, viral cDNA, and virus samples

from COVID-19 patients have to be biobanked and shared

with laboratories that can carry out further research in a

collaborative manner. Research and diagnostic laboratories

should have the capacity to carry out a large number of

tests in the next phase of the COVID-19 pandemic, espe-

cially if the number of cases increase following the relax-

ation of the lockdown. The manufacturers and suppliers of

COVID-19 diagnostic kits and reagents also need to

Fig. 2 Total COVID-19 tests performed per thousand people in various countries as of 29th May 2020

Fig. 3 Daily confirmed COVID-19 deaths per million rolling 7 day average in various countries as of 28th May 2020
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manufacture and stock up to meet long-term requirements

as the virus may circulate in the population for a prolonged

period of time. Testing, tracing, and treating are the

three critical steps to curb the spread of the disease and

reduce mortality.

Concluding remarks

We can therefore conclude that adequate and timely testing

is the right way to curb down mortality rates in the

COVID-19 pandemic. It is imperative for the governments

of all countries to keep the healthcare system updated on

the latest developments in the field of testing for the

diagnosis of COVID-19. New information on the testing of

symptomatic and asymptomatic cases will give an oppor-

tunity to flatten the curve as soon as possible by taking

evidence-based control measures and save more lives. All

countries need to continue to adopt pandemic control

measures based on increased testing; accurate confirmation

of cases; strict isolation of confirmed cases, contact tracing,

and enforcement of quarantine for all contacts. As the

entire public health protection measure begins with testing,

countries need to increase their testing capacity by

including more research and diagnostic laboratories to

carry out COVID-19 testing as well as by accelerating the

production of test kits and reagents to meet future

requirements. As the virus may circulate and continue to

infect new individuals, the success of controlling the spread

of COVID-19 following post-lockdown period may depend

on the testing strategies. Adopting proper testing strategy

will help returning to normality by reducing the mortality

and preventing the emergence of second wave of new

infections.
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Ramı́rez-Vallejo E, Suárez JA, Zambrano LI, Villamil-Gómez
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