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Testing of SARS-CoV-2 in the fight against COVID-19 pandemic
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Highlights 

 l Testing provides data to inform policy decisions. 

l Surveillance is the key to estimate past infection and immunity and is a guidance for policy makers in 

lifting preventive measures in a stepwise manner. 

l Scaling up testing capacity and accessibility is essential.

l The rationale for repetitive testing on an infected person needs to be explored.

Background to testing in SARS-CoV-2

“You can't fight a virus if you don't know where it is” - 

WHO Director General

In December 2019, a cluster of patients with 

pneumonia of unknown origin was reported in 

Wuhan, China. Subsequently, the causative pathogen 

was identified as Severe Acute Respiratory 

Syndrome-Coronavirus-2 (SARS-CoV2), which is a 

novel respiratory pathogen (1) comprising a single-

stranded RNA that could infiltrate healthy cells to 

multiply and survive. The virus is isolated in several 

animal species (2). Since the identification of this 

pathogen, there has been an exponential rise in the 

number of cases worldwide. Several theories have 

been put forward to explain the rapid spread of this 

virus and the consequent global pandemic. These 

include high transmissibility of the virus (3), lack of 

cross protective immunity from related viral 

infections and delayed public health response 

measures (4).

To a large extent, epidemiological studies describing 

the disease by time, place and person have enabled 

the identification of effective measures against the 

disease (5), while testing for COVID-19 has guided 

disease management in individuals and shed light on 
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the true rates of infection useful for making decisions 

on public health interventions at country level. In this 

backdrop, an ideal test for COVID-19 should account 

for several parameters: its ability to detect the 

infection directly (detecting the virus) or indirectly 

(identifying host antibodies), have an efficient test 

turnaround time, ability to perform tests from several 

patients at the same time and ability to perform in 

low-resource settings.  

Being an infection with a high transmission rate 

leading to high morbidity and mortality, rapid testing 

is deemed necessary to contain the spread of COVID-

19 (2). The main testing methods used have been,

l  RT-PCR

 l Isothermal amplification assays

 l Antigen testing

 l Serology

 l Medical imaging

There are two testing strategies that governments 

have employed, and these are testing for the presence 

of the active virus using swabs and testing for 

antibodies which indicate past infection. These two 

testing strategies have different uses in the response 

to COVID-19. 

l RT-PCR

The scientists from China at a very early stage 

released the genome of the virus, which allowed 

polymerase chain reaction (PCR) tests for the virus to 

be developed rapidly. Direct tests for coronavirus 

include reverse-transcription polymerase chain 

reaction (RT-PCR) and real�time RT-PCR 

(rRT�PCR). However, currently only rRT-PCR is 

being done. These are molecular-based tests and are 

done to detect the current viral infection and RNA of 

the virus (6). In RT-PCR, the RNA virus is reverse-

transcribed to DNA using a specific enzyme. Then it 

is placed on a real time-PCR machine. In real time 

PCR assays, a positive reaction is detected by 

accumulation of a fluorescent signal. The Ct (cycle 

threshold) of PCR is defined as the number of cycles 

required for the fluorescent signal to achieve the 

threshold. Therefore, the samples with a high viral 

load will first get amplified resulting in a lower Ct 

value. This indicates that the viral load is inversely 

associated with the Ct value. The PCR technology is 

highly sensitive and specific in detecting SARS-

CoV-2, and therefore is considered as the gold 

standard. It can deliver a reliable diagnosis within 

three hours (6-8 hours) (7). The sensitivity of Rt-PCR 

rates between 71-98% (6-7). The PCR test is done on 

respiratory samples obtained from the upper 

respiratory tract (nasopharyngeal or oropharyngeal 

swabs), endotracheal/ nasopharyngeal aspirates and 

bronchoalveolar lavage. The specimen collection 

should be done carefully according to the guidelines 
0 0and stored at 4 C (2-8 C) and transported in a triple 

package system to the laboratory within 48 hours of 

collection (8). Although the rRT-PCR has high 

sensitivity, the accuracy would depend on the 

specimen collection and transportation, the site of the 

sample, the timing of the sample collection, handling 

of the sample and reagent specific issues. The 

analytical process too plays an essential role (2). 

Limitations of the PCR method include (1) long 

turnaround times, a complicated operation process, 

(2) need for certified laboratories with expensive 

equipment and well-trained staff to handle samples 

and the machines, and (3) varying specificities for 

RT-PCR of COVID-19 (4, 6). Further, this test 

cannot detect past infections and is also limited in 

identifying the current viral carriage (5). Intermittent 

viral shedding of the virus can also contribute to 

varying results. In addition, the PCR test requires 

specialized supplies, expensive instruments and 

expertise of trained laboratory technicians. 

l Isothermal amplification assays

Molecular testing using isothermal amplification 

assays provide similar sensitivities to PCR without 

the need for specialized laboratory equipment and 

requiring to be conducted only at a single temperature 

(5). It is a newer technique that is technically simple 

and easy to perform with less time, typically within 

30 minutes to view results. 
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l Antigen testing 

Unlike the RT-PCR test which amplifies small 

amounts of the genetic material, there is no 

amplification of viral proteins in an antigen test. 

Certain rapid diagnostic tests (RDT) currently under 

development detect the presence of viral antigens 

expressed by the SARS-Cov-2 virus from respiratory 

samples. The process generates results usually within 

30 minutes. However, these antigens are expressed 

only when there is active replication of the virus. 

Problems may exist with there being not enough 

detectable levels of antigens when using nasal swabs. 

According to the World Health Organization (WHO) 

(9), previous experience with antigen-based rapid 

diagnostic tests for other respiratory illnesses such as 

influenza has revealed test sensitivities varying from 

34% to 80%. While further research is encouraged on 

the use of these tests, the WHO currently does not 

recommend the use of antigen-detecting rapid 

diagnostic tests for patient care. 

l Serological tests

Serology can be used to test for antibodies indicating 

past infection. Immunoglobulin M (IgM) and IgG 

which appear in a patient's blood can be tested for 

SARS-CoV-2 infection and can be regarded as a 

rapid, simple, and highly sensitive diagnostic test 

(10). It is reported that in post COVID-19 infection, 

IgM antibody could be detected after 3-6 days and 

IgG after 8 days in patient's blood (11).  IgM 

antibodies indicate recent infection, whereas IgG 

indicates exposure to the virus some time back. The 

rapid antibody testing kits can detect antigens within 

15 minutes and the reported sensitivity and 

specificity are high. However, as opposed to direct 

testing, this test does not indicate the presence of the 

virus (11) nor is it able to specify the duration of the 

illness. Additionally, crossreactivity with other 

coronaviruses and flu viruses cannot be ruled out, and 

therefore a negative serology test might not indicate 

that infection has not happened (12). However, the 

RT-PCR and IgM and IgG tests can be combined to 

provide a more accurate diagnosis of SARSCoV2 

infection (10). This could be useful to assess the 

prevalence of asymptomatic infection amongst 

people and to guide COVID-19 prevention methods. 

Validation of serological tests is needed to determine 

the diagnostic accuracy and reliability (9). The WHO 

does not recommend use of any rapid antibody 

detection kit nor antibody tests for diagnostic 

purposes; however, the WHO has recommended the 

use of IgG for sero-surveillance in community 

screening (13). 

l Medical imaging

During a period of shortage of testing kits and false 

negative rate of rRT-PCR, China used computer 

tomography (CT) scans to clinically diagnose 

COVID-19 (14). However, the imaging features of 

COVID-19 are diverse and usually depend on the 

stage of infection identified following the onset of 

symptoms. Although nonspecific bilateral 

pneumonia is more frequently reported on chest 

radiography, CT is more sensitive than plain 

radiographs with hallmark features of COVID-19 

commonly seen such as bilateral and peripheral 

ground-glass opacities and consolidations of the 

lungs. According to a study by Bernheim et al. (15), 

normal CT findings were frequently observed (56%) 

in the early stages of the disease (0-2 days) with 

increasing lung involvement within 10 days after the 

onset of symptoms. Pan et al. (16) also found that in 

addition to ground glass opacities, crazy-paving 

patterns develop with increasing consolidation of the 

lungs. While studies have shown CT scans to have 

higher sensitivity (86-98%) and lower false negative 

rates in comparison to RT-PCR, its specificity is still 

low as tomography findings frequently overlap with 

other viral pneumonias (14). It is currently 

recommended that CT findings in such patients be 

correlated with clinical and laboratory evidence of 

COVID-19 infection. 

Approaches used for testing 

Policies on testing differ from region to region, 

country to country and even from city to city. There 

are different approaches being adopted for testing, 

depending on the supplies, shortages and priorities. 

The following are predominantly considered when 

deciding on the best strategy for testing for a 

particular region.
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l The state of the epidemic in the country

l Availability of testing resources (test kits, 

laboratory facilities, personal protective 

equipment, human resources)

The WHO has suggested the following protocol on 

strategies used for laboratory testing in relation to 

each transmission scenario. 

l When there are no cases in the community, it is 

recommended to test all individuals meeting 

the suspected case definition, to test a subset of 

samples from severe acute respiratory illness 

(SARI)/  inf luenza-l ike-i l lness (ILI)  

surveillance for COVID-19 or to test patients 

with unexpected clinical presentation (17).

l When there are sporadic cases or clusters of 

cases in a community, it is recommended to 

test all individuals with suspected case 

definition, testing of the cases and clusters of 

COVID-19, SARI/ILI surveillance for 

COVID-19.

l When there is community transmission (resource 

poor setting), testing is recommended for the 

people who are at risk of developing severe 

disease and for the vulnerable populations who 

will require hospitalization or advanced care 

for COVID-19. Testing should also be done on 

healthcare workers regardless of whether they 

have encountered a diagnosed case or not. In 

such areas, it is also recommended to test the 

initial symptomatic individuals in closed 

settings (schools, prisons, camps, etc.) for 

COVID-19 and all other symptomatic cases 

must be considered as 'probable cases'. Any 

suspected patient requiring admission to a 

healthcare facility should be tested for 

COVID-19. Also, any symptomatic healthcare 

worker with a contact history or any healthcare 

worker from an area where community 

transmission has started should be tested to 

ensure protection of the vulnerable patients 

from nosocomial infection. 

l If there is an increased number of suspected 

cases in a specific demographic group, the 

WHO recommends testing a subset of these 

cases to decide on their diseased status. 

Nonetheless, since a country can simultaneously 

have areas with cases and areas with no cases, 

it would be advisable to carry out different 

testing strategies within the same country. For 

example, in areas within the country with no 

cases, it is advisable to test all suspected cases 

to find the initial case and intervene early to 

stop the spread. Testing in areas with 

community transmission should be different 

from the rest and prioritized to protect the 

vulnerable population and healthcare workers 

from getting infected. Testing among 

vulnerable populations is important to prevent 

progression towards more severe disease to 

keep the number of serious patients below the 

intensive care unit (ICU) capacity.

l A recovering patient who has tested negative 

twice can be discharged after 14 days of self-

quarantine (17).

Country experiences on application of the 

diagnostic test  

In China, which was the initial epicentre of COVID-

19, RT-PCR, gene sequencing and COVID-19 

specific IgM and IgG antibodies were the most used 

diagnostic investigations. South Korea, Singapore 

and Hong Kong are identified as countries which 

contained the COVID-19 pandemic well through 

wide-scale testing. 

South Korea adopted an aggressive strategy of testing 

people for coronavirus broadly, testing more than 

440,000 people while adhering to other mitigation 

measures to confine COVID-19 (2). Also, South 

Korea along with Vietnam have been conducting 

mass scale testing. In these countries, they have fewer 

issues with the supply of test kits and PPE shortages. 

Their objective is to identify as many people as 

possible, including the asymptomatic patients. They 

also isolate the positives and trace the contacts and 

quarantine to minimize the spread of the infection. By 

following this protocol, despite being in the borders 
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of China, Vietnam succeeded in controlling the 

spread of the disease. 

As for Singapore, it increased their capacity to 

conduct testing for COVID-19. On average, they 

have been conducting 2,900 tests per day and 

increased it further to 8,000 per day by late April. 

Singapore testing strategy is based on the following 

considerations. 

l Testing for diagnosis and surveillance - testing 

all symptomatic patients and for active case 

finding and for surveillance purposes

l Testing in the migrant worker dormitories

l Testing for protection and monitoring (i.e. to 

protect the vulnerable groups such as staff at 

nursing homes who are in close contact with 

seniors, healthcare workers and frontline 

officers who have regular contact with 

confirmed cases) (3).

In contrast, in the United Kingdom, patients in 

hospital ICUs with suspected COVID-19 have been 

prioritised, followed by people with severe 

respiratory illnesses such as pneumonia. The next 

priority has been isolated cluster outbreaks, such as in 

care homes and healthcare workers.  

Cost-effective strategies used for sample 

collection

There is much to be determined regarding the 

diagnostic strategies in COVID-19. Evidence on the 

cost effectiveness analysis related to diagnostic 

methods has not yet been published to be considered 

as a measure for scaling-up testing and surveillance. 

Most governments deploy the strategy of rRT-PCR 

and the preferred sample for testing has been the 

nasopharyngeal/oropharyngeal swab. In order to 

improve the cost effectiveness of testing, a few 

countries like South Korea and USA are using drive-

through testing laboratories where nasopharyngeal 

swabs are being taken while the patient is in the car 

and the vial is directly sent for testing. The vial is then 

transported to the central laboratory for testing. This 

would save a lot of resources including time, human 

resource and personal protective equipment (PPEs). 

Some countries like South Korea and Germany are 

doing aggressive testing on a mass scale. Pooled 

sample PCR analysis would save substantial 

resources for COVID-19 testing, which.  can be an 

option for low to middle income countries. This 

involves testing in batches. When pooled samples 

test positive, individual samples are assessed. Thus, 

the number of tests that must be carried out is less 

than when individual samples are tested. This is now 

being carried out in India using RT-PCR technology. 

In the large pooled samples, borderline positive 

single samples might not be detected. Therefore, 

ideally a pool of 4-30 samples can be recommended 

(18).

The decision on the number of testing that a country 

should do must be based on resource availability and 

scarcity, the opportunity cost of each decision, and 

the consequences of trade-offs. Such analysis is 

essential in ensuring the best use of scarce resources 

and gains in efficiency (19).

Public health rationale for testing 

l Testing during the escalating phase of the 

COVID-19 pandemic

The WHO (17) recommends active case finding and 

testing including contact tracing in all countries, 

together with monitoring of trends in COVID-19 

disease at national and regional levels. It should be 

noted that the pandemic cannot be won without 

aggressive testing, therefore preparedness and 

readiness should include the establishment of 

COVID-19 testing capacity in the country and 

logistics need to be arranged to increase testing 

capacity so that each and every suspected case can 

undergo testing and repeated testing if the need 

arises.

Each country should assess its risk and rapidly 

implement the necessary measures at the appropriate 

scale to reduce both COVID-19 transmission to 

minimize economic, public and social impacts. A 

country can simultaneously have areas with no cases, 

clusters of cases and areas with community 
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transmission. Thus, different testing strategies might 

be needed within the same country. Thus, collection 

of epidemiological information is essential to 

conduct risk assessments, guide preparedness and to 

plan response measures at national and regional 

levels. 

Healthcare workers and uninfected vulnerable 

patients should be protected from nosocomial 

COVID-19 infection. Focused testing in healthcare 

facilities ensures that infection prevention and 

control measures can be correctly implemented, 

while testing among vulnerable populations and risk 

groups will be important for early detection, 

treatment and to break the chain of transmission (17). 

To monitor circulation of the virus in the general 

population, the WHO (13, 17) recommends 

implementing testing for COVID-19 via existing 

national sentinel surveillance sites for ILI and SARI. 

l Surveillance during de-escalation of 

mitigation measures 

While case finding, contact tracing and quarantine 

needs to be followed, many countries are considering 

lifting of mitigation measures and phasing out 'stay-

at-home' policies. However, lifting measures too 

quickly, without appropriate monitoring and health 

system capacity in place, may cause a sudden 

resurgence of sustained community transmission 

(20).

De-escalation of mitigation strategies can be 

considered once the intensity, severity and the impact 

indicators on healthcare system can justify the 

conclusion that the incidence of COVID-19 has 

reduced to a level where systematic case finding and 

isolation, contact tracing and quarantine are 

sufficient to control, and ultimately contain, the 

pandemic within a country (21). 

If de-escalation leads to an increase of COVID-19 

cases, re-escalation of strict mitigation measures, 

surveillance and monitoring needs will need to 

continue as before. If de-escalation results in 

continued absence of COVID-19 cases, robust 

surveillance systems will be needed to detect 

community transmission. 

Contact tracing, testing and quarantine will be crucial 

during the de-escalation phase to ensure containment, 

followed by enhanced sentinel ILI/SARI surveillance 

at regional and national level at sentinel sites, while 

increasing the numbers of ILI/SARI cases tested for 

COVID-19. Valuable information can be gained 

through prevalence studies using RT-PCR on the 

extent of community transmission while population 

based sero-prevalence studies could provide 

supplementary information regarding age-specific 

population immunity against COVID-19 during the 

different phases of the pandemic (20-21).

Gaps in the existing knowledge & future research

Rapid spread of the virus which resulted in a global 

pandemic is not yet fully understood even though 

several theories are being currently evaluated. Thus, 

collating evidence on grey areas related to the 

pandemic is of paramount importance as an attempt 

to control it and to identify its extent (21). In this 

regard, COVID-19 testing serves as an important tool 

to minimise the spread and impact of the virus. 

Testing allows identifying the infected individuals 

and treating them as well as isolation of those infected 

and tracing and quarantining of their contacts. 

Further, testing will inform the risk of the infection in 

different populations. Such knowledge is important 

for a country to decide on the allocation of required 

medical and other resources more efficiently. Yet, 

there are many gaps in knowledge on proper and ideal 

diagnostic and screening testing of COVID-19.  

The place for mass scale community transmission for 

monitoring the progression of the epidemic as 

opposed to contact tracing is not yet conclusive. Also, 

the rationale for consecutive testing until two 

negative results are received by a patient to be 

discharged should be further explored, as countries 

like New Zealand perform the test only once. 

Allocating the limited resources on repeat testing 

needs to be justified using scientific evidence if dual 

testing is to be continued in future.

The current knowledge on COVID-19 testing could 

be greatly improved if all the countries are able to 
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report on real time data. However, for many 

countries, the available data on testing are either 

incomplete or not available. This makes it impossible 

for the researchers to assess the extent and 

significance of their testing efforts. The testing 

capacity, strategy and cost-effectiveness should be 

made available. 

Coverage of testing varies enormously across 

different countries. In Iceland there have been more 

than 100 tests for 1000 people, whereas in Indonesia 

only 01 test per 1000 population has been conducted 

(22). However, evidence on the efficiency and 

effectiveness of the said strategies are not proven and 

need to be explored. 

At present, case confirmation is generally based on a 

positive result from a PCR test in line with the WHO 

recommendations, while diagnostic tests beyond 

PCR have not been explored or widely used (9, 17). 

Knowledge on the performance and frequency of 

running these tests is very limited. Consequently, the 

comparability across countries has been lost in 

addition to the difficulty of identifying the best 

practices related to testing and interpretation of 

results. It would also hinder the technical 

advancements and evaluating the cost effectiveness 

of such screening especially in poor-resourced 

countries. 
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