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Abstract
Since the beginning of the New Year 2020, countries around the world are stumbling due to the 
coronavirus disease (COVID-19) pandemic. Better approaches of diagnostics and medical facilities 
have helped some countries recover early. Previous exposures to epidemics have imparted lessons to 
handle such a pandemic with a high level of preparedness. The World Health Organization (WHO) and 
national health authorities are taking great efforts via efficient and impactful interventions to contain 
the virus. Diagnostic tests such as reverse transcription-polymerase chain reaction are increasingly 
being used to confirm the diagnosis because testing biological samples for the presence of the virus 
is the definitive method to identify the disease, analyze the risk for transmission, and determine 
whether someone has been cured or not. It is also important to screen asymptomatic individuals 
to get the exact overview of the virus spread. Antibody detection plays a pivotal role in diagnosis; 
however, using it at the wrong time yields negative results and conveys dissenting opinion about the 
tests. Although the scaling up of testing has been significant, overall testing has been limited by the 
availability of diagnostics. Rapid diagnoses and discontinuation of transmission are keys to ending 
this pandemic. Diagnostics manufacturers are developing test kits and distributing them to different 
countries. Therefore, more than 500 commercial test kits for molecular- and immunoassays, most with 
Emergency Use Authorization, are now becoming available in the market. In this review, we discuss 
the importance of diagnostics, approaches of different countries toward the epidemic, global testing 
situation, and lessons to countries at the start of the epidemic for better preparedness.
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INTRODuCTION
 The coronavirus disease (COVID-19) 
pandemic caused by severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) was first 
notified to the Country office of the World Health 
Organization (WHO) in China on December 31, 
2019, as pneumonia of unknown etiology. One 
week later, Chinese scientists identified the cause 
as a novel coronavirus and made its genome 
sequence publicly available on January 7, 20201. 
This sequence was distinct from those of the 
coronaviruses that caused severe acute respiratory 
syndrome (SARS) (2003–2004) and Middle East 
respiratory syndrome (MERS) (2012) outbreaks. 
COVID-19 rapidly spread worldwide, mainly due 
to global travel, and was in all continents except 
Antarctica within a month; hence, WHO declared 
the epidemic as a Public Health Emergency of 
International Concern (PHEIC) on January 30, 2020. 
As on May 7, 2020, the COVID-19 pandemic is in 
around 210 countries, territories, or areas, with 
more than 3.8 million cases and 265,000 deaths2. 
The full genomic sequence of the virus enabled 
the development of diagnostic tests, such as 
reverse transcription polymerase chain reaction 
(RT-PCR), by pharmaceuticals and diagnostics 
manufacturers in different countries. In 2003, the 
development of diagnostics for the SARS outbreak 
took about six months3. However, COVID-19 test 
kits were available in a matter of three days in 
China and six weeks in several other countries 
(Fig. 1), owing to technological advancements 
in the last 17 years4. It is well evident that these 

diagnostics are playing a major role in screening, 
monitoring, and most importantly, epidemiological 
surveillance5. Previous outbreaks have shown 
the consequences of not implementing testing 
protocols rapidly. Testing is mandatory not only 
to identify those who have contracted the virus 
but also to understand its spread and transmission 
rates. However, the availability of the diagnostics 
depends on their affordability by nations6. The 
COVID-19 case numbers reported to WHO are 
based on the testing approaches of individual 
countries. Most countries are giving importance 
to testing those who are critically and severely ill.
Diagnostics and their demands
 Diagnostics are the key to identify, 
contain, and ultimately resolve disease outbreaks. 
Basic diagnostic tests for any infectious disease 
typically fall into two categories. The first is 
pathogen detection. They comprise either 
molecular assays that detect the genetic material 
of the pathogen or antigen detection assays that 
detect the proteins present in the infectious 
organisms. The second category detects host 
biomarkers such as antibodies7. For diagnostic 
tests to be useful, they must be accurate and 
suitable for the population and setting for which 
they are intended. The efficiency of the diagnostic 
tests is reflected by their sensitivity and specificity. 
They are usually determined when evaluating 
a new test against a reference standard test 
(sometimes referred as a “gold standard test”) 
used to determine subjects, which are truly 
infected or non-infected. Additional characteristics 

Fig. 1. Timeline of COVID-19 diagnostics response and development of diagnostics
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of diagnostic tests that are important to consider 
are the positive predictive value (PPV) and negative 
predictive value (NPV). The PPV is the percentage 
of truly infected persons among those that tested 
positive in the test and the NPV is the percentage 
of truly non-infected persons among those that 
tested negative in the test. Both the PPV and NPV 
depend not only on the sensitivity and specificity 
of the test but also on the prevalence of infection 
in the population studied. False-negative test 
results are more likely when the prevalence of 
the disease is high, whereas false-positive test 
results are more likely when the prevalence is 

moderate to low8. For example, when calculating 
theoretically, with the disease prevalence at 5% 
and the sensitivity and specificity of a test at 
90% level of probability the NPV and PPV will be 
99.4% and 32.1%, respectively. It shows that the 
probability that the disease is present when the 
test is negative is 0.6% and the probability that the 
disease is absent when the test is positive is 67.9% 
(Fig. 2). The important determinants considered 
for evaluating the role of diagnostic tests are their 
use with the right samples, in the right clinical 
settings, on the right patients, and at the right 
time. 

Fig. 2. Positive predictive values (PPV) and negative predictive values (NPV) of COVID-19 testing at different 
prevalence levels of the disease and diagnostic sensitivity and specificity of the test

 The ability of the diagnostics is also 
affected by extrinsic factors, such as the time of 
illness, virus concentration, change in the quality 
of the sample from collection to transport until 
the processing, and specific formulation of the 
reagents in the test kits9. Early studies have shown 
that antibodies may not be detectable before 
7–10 days from infection and before 3 days from 
the onset of symptoms10. The IgM antibodies 
(indicating recent infection) are detectable from 
approximately 7 days of infection and IgG (past 
infection) can be detected 14 days from infection. 
The combination of RNA + IgM tests or antigen 
+ IgM tests can be used to widen the window 
of detection for acute infection11. The main 
understanding is that the negative results of RT-
PCR and antibody tests need not necessarily agree 
with each other. Any disagreement can be traced 
to identify the time lag between the infection being 
acquired and the test being performed. In most 

cases, the time of infection is unknown; hence, a 
combination of RT-PCR and IgM/IgG testing may 
improve the diagnosis, because RT-PCR can detect 
the acute phase and antibody tests can detect 
the chronic phase of the infection12. Sometimes 
confusion is created when deciding whether to 
use a test for diagnosis or screening purposes. The 
difference between diagnostic and screening tests 
depends on their purpose and characteristics. For 
example, the target population for screening tests 
is of asymptomatic individuals, whereas those for 
diagnostic tests are either symptomatic individuals 
or asymptomatic individuals who tested positive 
in screening tests. The foremost requirement 
for a screening test is high sensitivity toward the 
potential disease and that for a diagnostic test 
is high specificity13. Diagnostic tests such as PCR 
detect the presence of the pathogen rather than 
the body’s immune response. They give a good 
indication of whether a person is infected. On 
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the contrary, screening tests are not suitable to 
make the final diagnosis because this may delay 
identification, by which time the infection may be 
transmitted to a larger population. In contrast, the 
use of RT-PCR for screening a large population is 
not feasible; it would only indicate less prevalence 
of the virus among the population14.
 Some studies have suggested the 
complementary role of chest computed 
tomography (CT) in the diagnosis of SARS-CoV-2; 
it is more sensitive than RT-PCR15. In chest CT, the 
characteristic ground-glass opacity, consolidation, 
reticulation/thickened interlobular septa, and 
nodules have been noticed bilaterally with 
varying degrees in each cohort. In a study from 
China, with RT-PCR results as a reference, chest 
CT showed sensitivity, specificity, and accuracy in 
indicating COVID-19 infection of 97% (580/601), 
25% (105/413), and 68% (685/1014), respectively. 
The PPV and NPV were 65% (580/888) and 83% 
(105/126), respectively16. In comparison to RT-
PCR, chest CT is more reliable, practical, easily 
accessible, and rapid for COVID-19 diagnosis 
in the current pandemic situation. It would be 
easy to initially screen the epidemic area using 
chest CT and then confirm infection with RT-PCR. 

However, CT lesions are not specific to COVID-19. 
They have been observed in other cases of viral 
pneumonia caused by influenza viruses and non-
infectious etiologies. Although CT has a clinical 
benefit, it may lead to false security if the test 
results are negative. On the contrary, the use of 
CT for COVID-19 diagnosis may cause a shortage of 
resources to vulnerable patients who need imaging 
for other diseases, and create a distraction during 
the pandemic17.
Global status on COVID-19 testing
 Diagnostic testing of COVID-19 is 
important for tracking the virus, understanding 
the epidemiology, informing case management, 
and interrupting transmission. WHO has stated 
that testing, isolation of the virus, and contact 
tracing should be the backbone of the global 
response to COVID-19, as social distancing and 
personal hygiene measures alone will not help 
overcome the epidemic18. Fig. 3 shows the 
countries, areas, and territories with COVID-19 
cases, and tests per millions of population until 
May 7, 2020. On March 16, 2020, Dr. Tedros 
Adhanom, the Director-General of WHO, told 
countries to “test, test, test.” The ability to test 
and to identify asymptomatic cases is critical for 

Fig. 3. Number of COVID-19 cases and tests per million population in different countries as on 6 May, 2020
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our future. However, testing asymptomatic and 
convalescent individuals (i.e., screening) with a 
diagnostic test poses some inherent problems 
as well, such as over-diagnosis of cases, which 
may overburden the system working to control 
the disease19. Several groups all over the world 
have questioned the efficacy of using COVID-19 
diagnostic tests for screening healthy people20. 
The community transmission of COVID-19 is mainly 
due to asymptomatic individuals or those with 
mild symptoms, and the extent to which testing is 
available; access to those who exhibit mild disease 
affects the number of cases and the estimated 
case fatality rate reported from each country, 
and can further drive testing policies. WHO has 
classified the schematic use of diagnostic testing 
in 4 different types of transmission scenarios, 
including how testing must be carried out when 
a shortage of reagents or testing facilities forces 
prioritization of certain populations or individuals 
for testing, as: 
No cases
 Countries with no cases.
Sporadic cases
 Countries with one or more cases, 
imported or locally detected.
Clusters of cases
 Countries having clusters of cases over 
time, location, and exposure.

Community transmission
 Countries with massive outbreaks or 
sustained and pervading local transmission21.
 Currently, confirmation of COVID-19 cases 
is based on the detection of a unique sequence 
of viral RNA using nucleic acid amplification tests 
(NAAT) such as rRT-PCR. Viral genes such as N, 
E, S, and RdRP are targeted in the sequence22. 
If the NAAT test is negative and there is strong 
epidemiological relation to COVID-19 infection, 
serological surveys with paired sera samples are 
recommended with validated tests. However, 
cross-reactivity of other coronaviruses may be 
challenging and the tests should be validated 
to facilitate accurate diagnosis23. WHO has 
announced that the molecular and serological 
diagnostic products developed for COVID-19 are 
being validated and verified for quality and safety, 
using the WHO Prequalification Emergency Use 
Listing Procedures, through collaboration with 
the Foundation for Innovative New Diagnostics 
(FIND)24. WHO has warned countries against 
relying on antibody tests to make policy decisions 
and has recommended that they should be 
used only for surveillance and epidemiological 
purposes in hotspot areas. Details of the COVID-19 
closed platform diagnostic test kits authorized 
for use by national regulatory panels with 
manufacturer-based test performances are listed 

Fig. 4. Proportions of population tested for COVID-19 in different countries
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in Table 1. SARS-CoV-2 testing at the global level 
is based on either molecular assays (RT-PCR, 
rRT-PCR) or immunoassays (manual or lateral 
flow, manual ELISA, and rapid tests specific 
for SARS-CoV-2 antigen or antibodies). Testing 
policies vary in different countries based on 
government structures and transition through the 
aforementioned transmission scenarios. Countries 
that had previously faced the SARS and MERS 
outbreaks were equipped with better healthcare 
facilities and a greater healthcare worker force. 
Their preparedness for the ongoing pandemic is 
well reflected in their testing capacities and ability 
to bring down the epidemic wave at the earliest 
(Fig. 4). The 360Dx platform(https://www.360dx.
com/coronavirus-test-tracker-launched-covid-
19-tests) is continuously providing updates on 
COVID-19 diagnostics.
Different countries and their epidemic approaches
 The following examples illustrate different 
approaches that countries are taking toward the 
COVID-19 epidemic:
China
 China followed both testing and contact 
tracing strategies that intended to identify the 
affected individuals and isolate them from the 
rest of the population25. The outbreak happened 
just before their lunar New Year holidays, 
which is a period where there is generally high 
population movement. However, the government 
acted quickly, and its approach was reported 
as “draconian.” Some provinces cancelled the 
celebrations and followed traditional public health 
measures such as isolation, social distancing, 
quarantine, and community containment26. 
They screened as many people as possible and 
hospitalized everyone who tested positive. As an 
example, when a person was tested, they had to 
wait in the hospital to get the results. The results 
of the tests were made available within a day. If the 
test result was positive, the person had to stay in 
the health facility until they were free of the virus 
(indicated by two successive negative PCR tests). 
If the test results were negative, the individuals 
were required to self-isolate for two weeks27. 
Singapore
 Singapore has a better health index 
because of its experience with the SARS outbreak 
in 2003. The national center for infectious diseases 

was well established to handle outbreaks; health 
facilities such as isolation hospitals were built, 
more negative-pressure rooms were created, 
and expertise was built up via training sessions 
with WHO and US CDC28. National exercises such 
as “sparrowhawk” were conducted to increase 
awareness and test preparedness among health 
professionals. Once COVID-19 arrived in Singapore, 
which was the first nation affected outside China, 
the government tested all visitors and returning 
nationals with symptoms, and conducted effective 
contact tracing and testing, even for asymptomatic 
cases29. The Disease Outbreak Response System 
Condition (DORSCON) alert level was elevated to 
orange, as the disease was severe and spreading30. 
This comprehensive approach was used to identify 
all the cases and their links within a cluster, 
and put them into quarantine, to avoid further 
transmission. Effective control was maintained 
over the initial wave by restricting positive cases 
from returning to the community31. This is the main 
tactic that European countries, USA, and Australia 
did not follow because their cases were mild. The 
Singaporean government imposed self-quarantine 
on those with no symptoms, conducted contact 
tracing, and monitored them twice a day using 
a mobile phone platform. By the end of January, 
all the public hospitals were equipped to perform 
tests; they then moved to the enhanced screening 
of patients with respiratory illness32. 
Republic of Korea
 One of the countries that effectively 
controlled the pandemic using lessons learned 
from the 2015 MERS outbreak. The government 
conducted vigorous testing among its citizens 
and made testing centers easily accessible to the 
population, enabling effective implementation 
of public health measures33. From January 19 to 
February, the nation recorded a total of 30 cases 
with no deaths. However, after February 18, 
the 31st case was followed with a spike of 2300 
cases. The 31st case was called as super spreader. 
Despite the initial rapidity of the COVID-19 spread, 
authorities framed well-established strategies and 
put them into place34. Testing was one of the major 
steps taken against the fast-spreading virus. The 
country has conducted more than 350,000 tests 
and repeated them many times in some patients 
before their release. The swift response of health 

https://www.360dx.com/coronavirus-test-tracker-launched-covid-19-tests
https://www.360dx.com/coronavirus-test-tracker-launched-covid-19-tests
https://www.360dx.com/coronavirus-test-tracker-launched-covid-19-tests
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authorities included the following:
• organizing more than 100 testing locations, 

including public facilities, 81 healthcare 
facilities, and 5commercial laboratories, 
around the country, to provide testing and 
diagnosis services35.

• implementation of the drive-through and 
walk-through screening centers, allowing 
rapid sample collection and referral for 
testing36.

• Rapid development and manufacturing of 
diagnostics within the country’s biotechnology 
industry, including fast-tracking five COVID-19 
diagnostic tests through regulatory approval, 
which allowed rapid availability of tests37.

• Use of data (e.g., from mobile phones) to 
monitor COVID-19-positive individuals and 
close contacts, facilitating self-isolation and 
contact tracing.

Germany
 Germany has one of the largest medical 
industries in the world; it benefited from following 
the footsteps of South Korea, and exhibited a 
very low death rate. Widespread testing and 
isolation helped to flatten the epidemic curve 
with less than 5% fatality rate38. As of March 
20, domestic laboratories were equipped to 
conduct as many as 160,000 tests per week. 
After the announcement of human-to-human 
transmission of the coronavirus in mid-January 
by WHO, German scientists efficiently developed 
the first reliable test, which was later adopted by 
WHO itself39. It is said that German institutes are 
among the fastest and most efficient in the world. 
Bosch, a multinational company from Stuttgart, 
has assigned its medical engineers to develop a 
new diagnostic test that will be able to detect the 
coronavirus in 2.5 hours40. A major advantage of 
the country’s healthcare sector is that doctors’ 
practices can extend beyond hospitals. This 
enabled the setting up of an impressive number 
of test centers across the country41.
African countries
 They initially experienced a slow rise 
in COVID-19 cases, except South Africa, but the 
facilities were not adequate to map the actual 
number of cases. The African CDC has reported 
that more than 1 million coronavirus tests will be 
carried out to mend the “huge gap” in assessing 
the true number of cases in the continent42. Africa 

is facing difficulty in the global race to obtain 
diagnostic kits and other much-needed health 
equipment such as ventilators43. Until now, South 
Africa, the most self-assured African nation in 
testing, has carried out 190,000 tests.
Nigeria
 Some low- and middle-income countries 
in North Africa understood their constraints 
in funding, capacity, and infrastructure and 
aggressively ramped up measures to contain 
COVID-19 spread as early as possible44. These 
measures included the deployment of total 
lockdown and a willingness to procure rapid, easy-
to-use tests, even if they were not as accurate as 
conventional PCR tests, which require relatively 
expensive laboratory equipment and supplies and 
greater laboratory capacity45.
Peru
 Peru has only two COVID-19 testing 
facilities, both in the capital, Lima46. Although they 
are not as accurate as PCR tests, the government 
is seeking a million rapid diagnostic tests and 
plans to use them to help hospitals gauge how 
many healthcare workers have been infected, to 
be able to test and identify individuals and locate 
their close contacts. The Peruvian government also 
started constructing isolation centers in advance 
of any confirmed COVID-19 cases47.
Italy
 Italy has the most elderly population in 
Europe and the second most elderly population in 
the world after Japan. It is a known fact that Italy 
has an excellent health care system; however, it 
faced a widespread disease occurrence48. The 
analysis showed that attributes such as smoking, 
heart disease, and high median age made the 
condition severe in the country despite the well-
established health system49. The country developed 
mobile apps for voluntary contact tracing, which 
alerted people when they had close contacts with 
individuals who tested positive for the virus50. The 
blood tests for identifying antibodies against the 
virus are still being developed. Virologists have 
made aware that these tests will not assess the 
immunity but will give a snapshot of whether 
a person has been in contact with the virus51. 
Approximately a million people in Italy will be 
tested for natural antibodies to determine whether 
they have developed immunity to the virus and 
can return to normal life. Providing “immunity 
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passports” will speed up the return of key workers 
to essential duties52. However, WHO has warned 
countries against using immunity passports in this 
situation as it is immature.
uSA
 USA established three different priorities 
for testing patients with suspected SARS-CoV-2 
infection once the first case was reported from 
Snohomish County, Washington on January 20, 
202053. Currently, the country has conducted 
more than 7.7 million tests, more than any other 
country in the world. They transitioned from 
having no tests or assays at the start of this decade 
to conducting COVID-19 diagnostics with multiple 
tests in a span of just a few weeks54. More labs 
are using indigenously developed kits. It is stated 
that WHO warned governments to prepare for 
COVID-19 in January and distributed a Germany-
based PCR test for the virus. Rather than using 
those tests, the US CDC developed indigenous 
tests in February and allowed only those in the 
country. In late February, it was revealed that 
the CDC tests were in short supply and faulty. 
National scientists are blaming the worsening of 
the pandemic in the country on the deficiency of 
national strategies and failure to increase testing 
at the right time55. The COVID Tracking Project, 
which is a volunteer organization launched by The 
Atlantic, collects and issues the comprehensive 
testing data available for US states and territories56. 
The policy is to test all in a locality where any case 
of COVID-19 is reported, home-quarantine those 
that test positive (no action on contacts if they test 
negative), hospitalize those that are sick and need 
medical help, and implement selective lockdown.
India
 The first case of COVID-19 was reported 
on January 30, 2020; the number increased to 
three cases on February 3, and all were students 
from Wuhan, China, which was the epicenter 
of the pandemic then. Thereafter, there were 
no cases in February, and the government only 
screened visitors from affected countries. On 
March 4, 22 new cases were identified and then 
the disease escalated57. India adopted a cluster and 
containment strategy, similar to that implemented 
during previous epidemics, to control the virus 
and break the chain of transmission. The National 
Institute of Virology (NIV), Pune headed the 
strategy and initially trained 15 labs across the 

country. As of March 17, the country had 65 labs 
equipped to test the coronavirus (many of them 
are not fully functional)58. 
 India became the fifth country to 
isolate the virus in mid-March at NIV, Pune and 
submitted two full SARS-CoV-2 genome sequences 
to the Global Initiative on Sharing All Influenza 
Data (GISAID)59. The Indian Council of Medical 
Research (ICMR) has claimed that isolation of the 
virus will pave the way for diagnostics, vaccine 
development, and rapid testing in the country60. 
As of May 7, India reported nearly 53,000 cases 
and over 1700 deaths. Despite the number of 
cases detected in India, it is still in an early stage 
of outbreak monitoring, with below 1000 tests per 
million populations. The Ministry of Health and 
Family Welfare (MoHFW) has implemented rapid 
scaling up of testing by:
• Increasing government-approved PCR testing 

laboratories from 19 to over 327 (as on May 
6) and designating other labs as sample 
collection centers.

• Utilizing 118 approved private-sector labs (as 
on May 6) to test for COVID-19, and asking 
that they support the home-collection of 
samples.

• Increasing personnel shifts in select 
laboratories to operate at all times.

• Using decentralized testing platforms and 
those used for other disease programs.

• Using TrueNAT, a test based on nucleic acid 
amplification test (NAAT) technology for 
tuberculosis detection; it has been considered 
a screening test for COVID-19. Laboratories 
that have installed TrueNAT will upload their 
results; positive samples will be sent for 
confirmation with RT-PCR and negative results 
will be deemed as final for that episode.

• Promoting the use of cartridge base 
nucleic acid amplification test (CBNAAT)for 
tuberculosis with FDA-approved Cepheid 
Xpert Xpress SARS-CoV-2.

• Implementing high-throughput molecular 
testing platforms from other disease 
programs, such as IDSP and NVBDCP (e.g., 
Roche’s cobas® 6800 and Abbott RT-PCR), in 
government laboratories61.

• Using rapid antibody tests in hotspots and 
containment areas.

• Issuing guidance on the suitability of using 
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pooled samples for molecular testing of 
COVID-19.

• Establishing multiple depots for reagent 
supply to laboratories.

• Prioritizing in vitro COVID-19 diagnostic test 
kits for expedited regulatory approval.

• Rapid screening of the community with 
antibody tests; positive cases are isolated and 
negative cases are tested again with RT-PCR to 
decrease the cost and time of testing62.

 The Central Drugs Standard Control 
Organisation (CDSCO) has approved coronavirus 
(COVID-19) diagnostic test (RT-PCR) kits developed 
by Pune-based Mylab Discovery. They claim that 
the RT-PCR kits can screen 1000 samples in large 
labs and 200 in smaller labs. The test takes 2.5 
hours after the initial sample preparation, and 
the company is pricing it around ₹1,200 (US$17), 
or ₹80,000 for a 100-test kit63. The Department 
of Science and Technology (DST) is playing a 
pivotal role in funding Seagull Bio-Solutions, a 
start-up developing an Active Virosome (AV) 
vaccine and immunodiagnostic kits for identifying 
asymptomatic individuals64.
 India has used digital platforms to create 
awareness among the public via celebrity talks, 
text-messaging of vital health points to people 
directly on their mobile phones, and mobile apps 

such as Aarogya Setu for contact tracing and 
containing the spread.
 The cumulative number of cases, deaths, 
and tests per million populations, with the 
percentage positivity of the tests and percentage 
of the population tested in the aforementioned 
countries as of May 7 is depicted in Fig. 5.
How countries are augmenting COVID-19 
molecular testing
 Although the increase in testing has been 
significant, overall testing has been limited due 
to the unavailability of diagnostics65. Countries 
are trying to establish the use of in-house tests 
and protocols that were developed and rapidly 
introduced in centralized PCR labs. Commercial 
kits, including rapid serological tests and closed 
platforms, some of which can be deployed 
to more remote settings, are now becoming 
increasingly available. These commercial kits have 
been developed to facilitate testing outside the 
laboratory and they are based on virus protein 
detection in respiratory samples (e.g., sputum and 
throat swabs) or detection of human antibodies in 
blood or serum. However, the efficiency of these 
kits is still questionable, and WHO recommends 
their use only in research settings. Such rapid 
detection kits for antigens enable diagnosis in 
30 minutes. However, they can detect the virus 

Fig. 5. Cumulative cases, cumulative tests, cumulative deaths per million populations with % positivity of tests and 
% of population tested in different countries
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only in the replication stage. Therefore, they are 
recommended for identifying early and acute 
infections66. During an epidemic, rapid testing 
of antibodies will be vital in determining any 
immunity that develops among the population, 
and antigen detection test kits can be used to 
confirm active infection without PCR’s arduous 
process of laboratory testing.
 Rapid confirmation of COVID-19 cases 
and the tracing of all contacts linked to a confirmed 
case, regardless of symptoms, should be a top 
priority for all countries, especially given the large 
number of asymptomatic and mild cases (81%) of 
COVID-1967. Countries are making rapid antibody 
test kits (IgM/IgG) available to conduct surveillance 
and get a clear picture of the distribution of the 
virus and developed herd immunity. However, they 
should be used at the right time, as many negative 
results in the early stage of the infection may not 
serve the purpose. Countries will understand 
the stage of the epidemic and be adequately 
prepared for appropriate public health measures, 
including accurate forecasting of demand for 
diagnostics, which includes swabs for collection 
of samples, personal protective equipment 
for healthcare workers, critical-care beds, and 
ventilators in hospitals, only through strong and 
well-implemented testing policies.
 Owing to the shortage of test kits, 
countries are moving toward “group testing,” 
which is done by preparing “super samples” 
from a group of test samples. However, the use 
of group tests depends on the assumption that 
swabs of some COVID-19-positive individuals 
mixed with those of COVID-19-negative individuals 
should always result in a positive in a test of 
mixed swabs. The test is not useful if this is not 
the case. Other approaches such as CRISPR-
based68, carbohydrate-based69, and lateral flow 
assays; automated molecular diagnostic tests; 
convalescent plasma therapy; use of Chest CT70; 
and molecular techniques such as RT-LAMP have 
not been validated. Studies are proposing the use 
of faecal samples for the detection of coronavirus 
with high accuracy, even in recovered patients71.
Based on the data for 178 countries and the total 
tests conducted (as on May 7, 2020), it is evident 
that only Iceland (15.04%) and Faeroe island 
(16.86%) have tested >15% of their population. 
UAE has tested 12.13% and the Falkland Islands 

has tested nearly 11.14% of their population. The 
remaining countries have tested only less than 
10% of their population (Fig. 2). Although the 
United States has conducted approximately 7.7 
million tests, they have covered only 2.33% of their 
population. India has conducted approximately 
1,300,000 tests so far but has covered only 
0.09% of the total population and needs 13.5 
million more tests to reach 1% of the population, 
which may take more than a year at the current 
pace. It has been revealed that Algeria, a North 
African country, has conducted only 6500 tests 
and identified 4838 cases, a 74% positivity. Other 
countries are observing less than 50% of their 
tests return positive. Developed and severely 
affected countries such as France (15.5%), United 
Kingdom (14.09%), Spain (13.12%), United States 
(16.02%), Italy (9.48%), and Germany (6.5%) have 
questioned the efficiency of their diagnostics. India 
is witnessing 3.8% test positivity.

CONCluSION
 Although the expansion of testing for 
COVID-19 will differ based on the country and 
socio-economic status, acknowledging and 
learning from the experiences of different countries 
is the key to designing and implementing test 
expansions within a country. Since many countries 
are still in the early stage of infection and its 
monitoring, they can contain the epidemic if they 
apply the measures that have proven efficacious 
in countries that have already experienced the 
epidemic. Countries should have some realistic 
goals with respect to testing strategies, such as 
identifying hotspots to contain the explosion of the 
disease and estimating the disease prevalence in 
asymptomatic carriers and the general population. 
There exists a competing interest between 
public health and economics in an ongoing crisis. 
However, by minimizing human suffering, the 
economy can be boosted in the future, provided 
the country can sustain the burden of the disease 
and its diagnosis in the present. Some are arguing 
that herd immunity may play a major role in 
containing the spread of the disease; however, 
for an effective assessment, it is important to 
use reliable diagnostics. Currently, there is no 
evidence to suggest how long the post-infection 
immunity will remain for COVID-19. Studies on 
the SARS outbreak indicated that antibodies are 
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present in the blood for years after recovery. Both 
COVID-19 and SARS are caused by coronaviruses; 
however, it is too early to state that COVID-19 will 
elicit a similar immune response. Countries should 
ensure that the transmission of the virus is under 
control; establish public health measures such as 
detection, testing, isolation, treatment, contact 
tracing, and hotspot risk-minimization; and, finally, 
create awareness among the public, to handle the 
situation while lifting a lockdown. The epidemic 
curve may peak and flatten but humanity will be at 
its apex if we succeed in holding on to the lessons 
learned during the pandemic.
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