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Abstract
The coronavirus infectious disease-2019 (COVID-19), caused by a β-Coronavirus, named SARS-CoV-2, has become a global pan-

demic since its origin in Wuhan, China during the last week of December 2019, affecting 212 countries and territories in the World

involving all the five continents. Prompt and precise diagnosis of the disease is central to its control and eradication. Real- time

polymerase chain reaction (real-time PCR) using dual labelled TaqMan probe and targeting two genomic areas, usually RdRp and

envelope (E) regions, of the virus is being extensively used for the diagnosis of SARS-CoV-2 in respiratory clinical specimens. As stage
of the infection cannot be ascertained during collection of respiratory specimens for nucleic acid test (NAT; RT-PCR), this may lead
to false negatives (error of omission) as virus load in the respiratory exudates and saliva gradually decreases with the increase in

time post infection. Virus excretion would be maximum during clinical sickness that follows incubation period of usually up to ~14
days and clinical samples collected during this period are suitable for PCR diagnosis than those collected after clinical sickness. In

addition, there are other variables, like quality of swabs and virus transport medium, PCR protocol and reagents, enzyme inhibitors,
and proficiency of the manpower engaged in executing diagnostic techniques may affect the quality of the test result. There are three
grades of clinical sickness in COVID-19, viz. asymptomatic, mild symptomatic and highly symptomatic. Available data indicate that

about 50% of the people exposed to SARS-CoV-2 infection may become asymptomatic, as was observed in case of the COVID-19 affected Japan cruise ship ‘Diamond Princess’ with 3,711 people on board. In case of asymptomatic and mild symptomatic cases, due to

low virus load in the clinical specimens collected, the negative result in NAT/PCR need to be cross checked using a suitable antibody
assay. It is known that virus load in the body and the quantum of virus excreted in body fluids gradually decreases with the remission
from sickness, whereas quantum of specific antibody against the virus increases with time till plateau. Anti-virus antibody remains in
the host for longer duration and can be detected even after clearance of the infection from the body. Therefore, NAT must be comple-

mented by antibody test to enhance quality of diagnosis and mitigate errors of omission. Further, unlike NAT/PCR, serology/antibody test is a powerful tool in tracking virus transmission, estimating actual number of cases, and epidemiological mapping of the
disease in a population. Further, availability of a precise antibody test system/assay would be handy for post-pandemic surveillance

of COVID-19. The current review includes the results of COVID-19 diagnosis and kinetics of antibody response reported by different authors/groups of scientists that vouch for quick development of a ‘COVID-19 antibody assay’ system for use in epidemiological
studies of the disease.
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Introduction
SARS-CoV-2 causes an acute viral infection in humans with a

median incubation period of 3 days [1]. Coronaviruses (CoVs) are
single-stranded positive sense RNA viruses that exist in four ge-

netic types, viz., α-coronavirus, β-coronavirus, δ-coronavirus and

γ- coronavirus (ICTV). Genetic analysis revealed that SARS-CoV-2
is a Beta-coronavirus (genus) and genetically clusters with in the

subgenus Sarbecovirus (lineage B), together with some bat virus
strains with > 96% genetic identity. A total of seven CoVs have been

identified causing mild to severe disease in humans; 04 with seasonal circulation causing mild cold (HKU1, NL63, OC43 and 229E),

and the remaining 03 are zoonotic ones, viz., SARS-CoV (2003),
MERS-CoV (2012) and SARS-CoV-2 (2019), that originated in different bat species and transmitted to human through an interme-

diate host; Civet in case of SARS-CoV, Dromedary Camel in case of
MERS-CoV, and possibly Pangolin [2] in case of SARS-CoV-2 that

is having about 79% genetic similarity with SARS-CoV and only
50% with MERS-CoV. Structural modelling revealed that SARSCoV-2 binds to ACE2 with more than 10-fold higher affinity than

SARS-CoV, that explains faster transmissibility of SARS-CoV-2 in

humans compared to SARS-CoV, and also higher number of con-

firmed cases of COVID-19 compared with SARS-CoV Infection

[3]. The basic reproduction number (Ro) of COVID-19 vary from
2-3.3 that also explains its higher transmissibility compared to
SARS and MERS [4,5]. Accordingly, as on 24 May 2020, 05:31 GMT,

there were 28,15,429 active cases of COVID-19 in the World involving 213 countries and territories covering all the five continents

(https://www.worldometers.info/coronavirus/). As on this date
and time, number of active cases in the USA, Brazil, Russia, Spain

and India were 1666828, 349113, 335882, 282370 and 73610, respectively. This reveals active transmission of the virus even after

prompt diagnosis employing nucleic acid tests and implementation of social distancing and lockdowns. The necessity of the time

is to investigate sero-epidemiology of the disease/infection at the
earliest employing appropriate antibody tests in order map the

population(s) exposed to the virus irrespective of outcome of the

infection. Further, NAT negative people need to be confirmed by
antibody assay(s) in order to reduce possible spread of the virus

infection by such persons. Antibody assays employing different viral antigens like RdRp, nucleoprotein, S1 protein, receptor binding
domain (RBD) are being used in limited scales in different coun-

tries, other than India, to identify and diagnose infected people.
The present review compiles reported results of antibody assay
vis-à-vis RT-PCR in diagnosis of SARS-CoV-2 infection.
Coronavirus and cellular infectivity

Coronaviruses (CoV) are a large family of positive sense single

stranded RNA viruses that cause illness ranging from the com-
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mon cold to more severe diseases such as Severe Acute Respiratory
Syndrome (SARS-CoV of 2003), Middle East Respiratory Syndrome

(MERS-CoV of 2012), and Coronavirus Infectious Disease-2019
(COVID-19) in human beings. Although SARS-CoV and MERS-CoV
infections have a higher mortality rate than COVID-19, the SARSCoV-2 spreads much faster than the former two diseases. Since

1930, the CoVs of different strains are known to infect and cause

disease in poultry, bovines, porcine, canine and feline species.
The SARS-CoV-2 is a novel coronavirus which has not previously
been detected in humans, and has higher transmission rate than

the earlier two CoV. Coronavirus has only 4 structural proteins: the
spike (S), membrane (M), envelope (E), and nucleocapsid (N) pro-

teins. The transmembrane glycoprotein spikes (S protein) of CoV
are highly immunogenic and are target of immune response. The

receptor binding domain (RBD) in the S protein is particularly targeted by neutralizing antibodies. The receptor binding motif (RBM)

with in the RBD region of both SARS-CoV and SARS-CoV-2 play ma-

jor role in virus neutralization and the similarity in the amino acid
residues between the RBM of both the viruses is limited to only

59%; also there are neutralizing epitopes outside the RBM [6]. The
S glycoprotein on the viral surface is trimeric and mediates entry of
virus into host cells. The S protein has two functional subunits that

mediate cell attachment (the S1 subunit, consisting of four domains
S1A through S1D) and fusion of the viral and cellular membrane

(the S2 subunit) required for endocytosis. The spike proteins of

SARS-CoV-2 with 1,273 residues, (strain Wuhan-Hu-1) and that of
SARS-CoV with 1,255 residues, (strain Urbani) are 77.5% identical in amino acid sequence and structurally similar, and bind to the

cellular receptor through S1B domain. Receptor interaction causes
irreversible conformational changes in the spike proteins resulting

in membrane fusion for endocytosis [7]. The S protein determines
host tropism and transmissibility of the virus. The RBD of both

SARS-CoV-2 of 2019 and SARS-CoV of 2003 recognize and bind to
angiotensin converting enzyme 2 (ACE2) receptor on the suscep-

tible cells, whereas that of MERS-CoV binds to DPP4 (dipeptidyl
peptidase 4) receptor [8,9]. As a whole, SARS-CoV-2 is genetically
distinct from both SARS-CoV of 2003 and MERS-CoV of 2012 [10].
COVID-19 testing

COVID-19 testing includes methods that detect the presence of

(i) virus genome by reverse -transcription- polymerase chain reaction (RT-PCR) or loop mediated isothermal nucleic acid amplification (LAMP), and (ii) antibodies produced in response to in-

fection. Detection of antibodies can be used both for diagnosis of
the disease and population surveillance. Antibody tests show how

many people are exposed to the infection, and also identify mildly
symptomatic and asymptomatic cases. Accurate estimation of case
fatality/mortality rate (CFR/CMR) of the disease and the level of
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herd immunity in the population can be determined only from the

merase chain reaction (RT-PCR) has routinely been used for its

be known, as the disease has started only since December 2019.

[10,15]; sensitivity of RT-PCR could be as low as 38% [16]. Serol-

results of antibody detection in serological survey. However, the

duration of immune response and immunity to COVID-19 is yet to
In the absence of a suitable antibody assay system, only RT-PCR

is now being used in the diagnosis of COVID-19 using respiratory
specimens.

Polymerase chain reaction (PCR)
Polymerase chain reaction (PCR) is a process that amplifies a

defined segment of DNA to be detected. The SARS-CoV-2 being a

RNA virus, reverse transcription- polymerase chain reaction (RTPCR) and its several modifications including Real Time- RT-PCR
(quantitative PCR), and its further modifications like Syber green
assay that measures the temperature melting (Tm) of the amplicon
and TaqMan assay that uses a dual-labelled probe in addition to
2 primers, are being used in diagnosis on nasopharyngeal swabs,

sputum and saliva. The likelihood of detecting the virus in the col-

lected clinical specimen depends on how much time has passed
since the person was infected. In one study, a positive test result

was highest at week 1 (100%), followed by 89.3%, 66.1%, 32.1%,
5.4% and 0% at weeks 2, 3, 4, 5 and 6, respectively (Symptom-

Based Strategy to Discontinue Isolation for Persons with COV-

ID-19 (Centers for Disease Control and Prevention, USA., 30 April
2020; Profile of RT-PCR for SARS-CoV-2: a preliminary study from

56 COVID-19 patients. Clinical Infectious Diseases. 19 April 2020.
doi:10.1093/cid/ciaa460/5822175). This genome detection ki-

netics is the limitation of RT-PCR as compared to serology for anti-

diagnosis. However, several authors have pointed out the poor
performance of this technique, particularly in terms of sensitivity

ogy, for detection of anti-viral IgM/IgG, has been used as a comple-

mentary assay to RT-PCR [17,18]. RT-PCR detects only the virus
genome, whereas antibody tests are useful in checking the community spread as it indicates exposure to the virus, and the isotype
of antibody (IgG/IgM) detected, speaks about the time of virus infection. As per the WHO, seroconversion is the transition from the
status of seronegative (no antibodies in the serum, or present but

below the limit of detection) to seropositive in which antibodies
can be detected in serum samples. Isotype switching, also called

immunoglobulin class switching, is the conversion of production of
antibodies by B cells from one type to another. IgM isotype antibod-

ies are the first to be generated against an antigen, then the isotype
switches to IgG antibodies, which are more effective in immune
protection. The antibody isotype(s) present in a patient serum/
specimen can give important information about the timing of initial

exposure to the virus, as well as provide information on the pro-

gression of the disease and prognosis. IgM indicates fresh infection,
and IgG indicates past infection or convalescence. Virus-specific an-

tibody detection is important for (1) diagnosis of suspected cases
with negative RT-PCR result, (2) detection of asymptomatic infection, and (3) tracking virus transmission and sero-surveillance in
the target population to understand virus circulation [12,13].

In the case of the SARS-CoV outbreak (2003-04), serology was

body detection for the diagnosis of COVID-19, and can lead to error

primarily an epidemiological tool that could help determine the

12 (3-38), 19 (5-37), and 18 (7-26) days in nasopharyngeal swabs,

testing for SARS-CoV-2 is at increased demand in order to better

of omission. In a cohort study comprising of sixty-seven COVID-19
patients, the median duration of SARS-CoV-2 RNA shedding were

sputum and stools, respectively. Only 13 urine (5.6%) and 12 plas-

ma (5.7%) samples were virus positive [11]. Another study [12,13]

showed that RT-PCR-based viral RNA detection is sensitive and can
effectively confirm early SARS-CoV-2 infection. A cohort study [14]

conducted at two hospitals in Hong Kong during January-February
2020 that included 23 laboratory- confirmed COVID-19 patients

(median age 62 years [range 37 - 75]) revealed the median viral

load in posterior oropharyngeal saliva or other respiratory speci-

mens at 5·2 log10 copies per ml. Virus load in saliva was the highest
during the first week after onset of symptoms and subsequently
declined with time. In one patient, viral RNA was detected 25 days

after onset of symptom. Older age was correlated with higher viral
load. Quantum of virus load in the specimen determines the result
of PCR test.

Seroconversion and its detection
Since the beginning of COVID-19, reverse transcriptase poly-

number of silent infections, progression of the disease, virus trans-

mission patterns, and the possible origin of the virus [19]. Antibody

quantify the number of cases of COVID-19, including those that may

be asymptomatic or have recovered (FDA, USA). Serology tests can
identify whether people have been exposed to a particular patho-

gen by looking at their immune response. In contrast, the RT-PCR
tests currently being used globally for diagnosis of COVID-19 can
only indicate the presence of viral genome during infection and will

not indicate if a person was infected and subsequently recovered.

The antibody tests can give greater detail into the prevalence of a
disease in a population by identifying individuals who have devel-

oped antibodies to the virus [20]. Early in the infection, antibodies

may not be detected, and this limits effectiveness of serological assays for diagnosis of COVID-19 [20]. However, serological tests can

play a critical role in identifying individuals who have overcome
an infection in the past and have developed an immune response.
Due to limited serological testing, no country has reliable data on

the prevalence of the virus in their population. Serological testing
may be helpful for the diagnosis of suspected patients with nega-
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tive RT-PCR results and also for the identification of asymptomatic

Detection of viral antigen

of exposure during repeated sampling and save valuable RT-PCR

enough antigen present in the nasal swab to be detectable; par-

infections [12,13]. Confirming suspected COVID-19 cases as early

A specific viral antigen can be detected by ELISA. The prob-

as possible with the help of serological testing could reduce risk

lem with antigen detection system is that often there could be not

negative RT-PCR result were positive for IgG and/or IgM antibod-

no amplification method for viral proteins in an antigen test. Ac-

tests [12,13]. In this study, seven cases with no symptoms and

ies, that highlights the importance of serological testing to achieve
more accurate estimates of the extent of the COVID19 pandemic.

First time a human monoclonal antibody (MAb 47D11) that

neutralizes SARS-CoV-2 and SARS-CoV was reported [21]. The
MAb 47D11 binds to a conserved epitope on the RBD (receptor

binding domain in spike protein) and neutralizes both SARS-CoV
and SARS-CoV-2, through a mechanism that is independent of

ACE2 receptor binding inhibition. This MAb will be useful for development of antigen detection tests and serological assays targeting SARS-CoV-2.

Diagnostic significance of Immunoglobulin isotypes
•
•

IgM antibodies develop early in the infection.

IgG antibodies develop later, and is the most common isotype
of antibody in the blood and other body fluids. The IgG anti-

bodies confer protection against infection and also have memory in the immune system.

IgA antibodies are associated with local/mucosal immunity, and

are found on the mucous membranes of the lungs, sinuses, stomach,
and intestines. They are also found in saliva and tears, as well as in
the blood.

Types of serology assays
•

Rapid diagnostic test (RDT): This is a qualitative (positive or

negative) lateral flow assay that is used for detection of anti-

bodies (IgG and IgM), or viral antigen. Available test systems
detect IgM/IgG antibodies against nuceloprotein (N/NP) of

•

SARS-CoV-2.

Enzyme-linked immunosorbent assay (ELISA): This test can

be qualitative or quantitative and can make use of whole
blood, plasma, or serum samples from patients. Antibodies

(IgM/IgG) against spike (S) (either S1 and S2 as a whole or
•
•

RBD), N and M can be detected.

Neutralization assay: This test detects antibodies in serum/

plasma effective against the virus to clear the infection.
There are several modifications of this test.

Chemiluminescent immunoassay: This test is quantitative
and can detect multiple types of immunoglobulins including
IgG, IgM, and IgA in whole blood, plasma, and serum.

ticularly in asymptomatic people. Unlike the RT-PCR test, there is
cording to the WHO, the sensitivity of antigen detection tests for

respiratory diseases like the flu ranges between 34% and 80%, and
accordingly half or more of COVID-19 infected patients could be

missed out by such tests, leading to error of omission. However, in

some studies the virus could be detected in saliva of 91.7% (11/12)
of patients [14].

Kinetics of antibody detection
IgG antibodies to SARS-CoV-2 generally become detectable 10-

14 days after infection, and usually peak around 28 days following

infection. IgM antibodies may be detected earlier. Since antibodies
take time to develop, they are not the best markers of acute infec-

tion, but as they may persist in the bloodstream for many years,
they are ideal for detecting past infections/convalescence. In a co-

hort study comprising of 67 COVID-19 patients [11], the anti-N/NP
IgM could be detected on day 7 and on day 28, while IgG was on day

10 and peaked on day 49 after onset of illness. The titres of IgM and
IgG were significantly higher in severe patients compared to nonsevere patients (p < 0.05). The duration and nature of immunity

against SARS-CoV-2 infection is not yet known. The median time to

detection of antibodies was similar for SARS-CoV-1 (12 days; IQR

8-15.2 days) and SARS-CoV-2 (11 days; IQR 7.25-14 days), but lon-

ger for MERS-CoV (16 days; IQR 13-19 days) [22]. There was no
detectable cross-neutralization by SARS patient sera against SARSCoV-2 [23].

A study on acute antibody responses to SARS-CoV-2 in 285

patients with COVID-19 revealed that, 100% of patients tested

positive for antiviral immunoglobulin-G (IgG) within 19 days after
symptom onset [12,13]. IgG and IgM titres in the severe group were
higher than those in the non-severe group. Serological testing may

be helpful for the diagnosis of suspected patients with negative
RT-PCR results and for the identification of asymptomatic infec-

tions. Seroconversion for IgG and IgM occurred simultaneously or
sequentially, and both IgG and IgM titres plateaued within 6 days
after seroconversion (loc. cit.).

In serum samples available from 16 patients for 14 days or lon-

ger after onset of symptom, rate of seropositivity was 94% for anti-

NP IgG, 88% for anti-NP IgM, 100% for anti-RBD IgG, and 94% for

anti-RBD IgM [14,24]. An increase was noted in IgG or IgM antibody
levels against NP/RBD in most patients at 10 days or later after on-
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The presence of IgM would suggest recent infection, while IgM

RBD than anti-NP.

negative and IgG positive would suggest a previous infection. This

than male patients in early phase of the disease [25]. While the un-

and the risk of a new infection for those returning from quaran-

The generation of IgG antibody in female patients was stronger

derlying mechanisms are not known, this discrepancy in IgG anti-

body level between male and female patients may potentially lead
to negative clinical outcome of COVID-19 in male patients.
Serological assays

In the case of SARS-CoV outbreak of 2003, serology was primar-

ily used as an epidemiological tool that could help determine inapparent infections, process of disease progression, virus transmis-

testing strategy would be most effective 1-2 weeks after the initial

onset of symptoms and would also help to assess herd immunity

tine. The antibody testing sensitivity ranged from 28.7% (symptom

onset 1-7 days) to 73.3% (symptom onset 8-14 days), and that of
94.3% at more than 15 days of symptom onset [28]. Molecular tests

have limited sensitivity during the first 7 days of symptom onset
(ranging from 67-72%) which may be due to low viral load early in
the disease course or differences in collection technique [28].

Using RBD-IgG ELISA as a screening test for SARS-CoV-2 anti-

sion pattern, and the possible origin of the virus [19]. Investigation

body, followed by confirmation using plaque reduction neutraliza-

increased 12 days after onset of symptom, and all viral nucleic acid

severity and herd immunity [29,30]. A positive RBD ELISA result

revealed that COVID-19 patients had IgM sero-reactivity by day 4

post symptom onset, which peaked by day 9, whereas IgG sharply
positive patients were positive for IgG 30 days post symptom onset
[18]. In the patients suspected for COVID-19 and tested negative

for viral genome, IgM antibodies were detected in 87.5% and IgG

in 70.8% cases. They showed sensitivity for diagnosis of COVID-19
was 77.3% for IgM with specificity of 100% as against 88.3% and

tion test was adapted for large-scale sero-epidemiology studies to

assess infection attack rates in the population and define disease
was indicative of prior infection with SARS-CoV-2. Large-scale sero-epidemiological studies can provide population infection attack
rates in near real time [31].

Recent studies have evaluated the potential role of IgM antibod-

95% for IgG, respectively, In the case of COVID-19 diagnosis em-

ies against SARS-CoV-2 as a diagnostic marker of recent infection

different swabs and transport medium used, time and temperature

COVID-19 confirmed patients at 1-7 days post onset of symptom

ploying virus genome detection technique, the pre-analytical variables like inconsistency in obtaining nasopharyngeal swabs, the
of specimen transport, and possible presence of nucleic acid/PCR

inhibitors in the sample etc can influence the test result [26]. Analysis of serological data may be useful in examining exposure to the
virus, but serology can be more challenging to interpret patients
with acute infection; cross reactivity with other coronaviruses and

pathogens could be a problem [19,26]. Coupling the potential limi-

tations and strengths of both viral genome detection and serologi-

cal assays can increase the rate of diagnosis of COVID-19 infected

patients [18]. This investigation (loc. cit.) is a first step towards
better understanding of the antibody response elicited against

[32]. Using an ELISA, employing recombinant NP antigen of SARS-

CoV-2, it was shown that IgM antibodies were detectable in 85% of
[33]. These authors stated that though molecular testing remains

preferred, with higher sensitivity, during the first 5.5 days after onset of illness, targeting IgM may be useful in suspected covid-19

patients diagnosed negative by molecular methods. The IgM antibodies against the RBD located in the S1 subunit of the spike glyco-

protein of the virus could be detected only in about 28% of patients

by day 7 of post symptom onset, whereas 73% turned out to be
positive by day 14 [34]. Similar to IgM, recent studies showed that
IgA antibodies against the virus were detectable as early as one day

after onset of symptoms [33]. In contrast to IgM and IgA isotypes,

SARS-CoV-2 and provides important insight into the possible char-

detection of IgG antibodies against the virus may have a larger role

Using CHO cell expressed full length SARS-CoV-2 S1 protein as

ing activity, that is essential for recovery from the disease [35,36].

acteristics and use of serological tests in COVID-19 pandemic.

capturing antigen, a SARS-CoV-2 S1 serology ELISA kit was devel-

oped. The specificity (means negative as negative) and sensitivity
(means positive as positive) of this ELISA was 97.5% and 97.1%,

respectively, with overall accuracy rate of 97.3% [27]. The assay

to play during the COVID-19 pandemic. Further, IgG response is
long lasting similar to IgA, and is associated with viral neutraliz-

Serologic testing to detect IgG isotype antibodies against the virus

will play an essential role in determining the true prevalence of
this virus [32]. Studies have also suggested fairly high specificity

(>95%) for IgG-based serologic assays for COVID-19 [12,13,32,37].

was able to detect SARS-CoV-2 antibody on day one after the onset

Data suggested that IgG developed against different SARS-CoV-2

contacts of COVID-19 patient.

14 of illness, whereas some individuals may take longer time to

of the disease, and it could detect specific antibodies in 28 out of
276 asymptomatic people and one out of five PCR-negative close

antigens were detectable in patients after at least 8 days post clini-

cal sickness, and over 90% of patients were seropositive post day
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interval are negative in nucleic acid test [46]. Application of anti-

never seroconvert if significantly immunosuppressed [12,13,34].

body tests is suitable in screening different age groups of people

neutralizing antibodies were detectable in 89% of patients up to 2

the existence of disagreement in the actual number of asymptomat-

From prior immunity studies in recovered SARS-CoV patients,

years after infection, whereas IgG antibodies were undetectable at
6 years [38,39]. We have to wait till that time to have similar data

in respect of SARS-CoV-2. The rate of asymptomatic infection with

COVID-19 has been reported at 4 to 80% across different populations and exposure scenarios, and therefore, seroprevalence stud-

ies will help in establishing a more accurate estimate of the number of infected individuals that in turn will help in determining the

true case fatality rate (CFR) at regional, national and global level
[40-42].

Serological tests determine what percentage of the popula-

tion has been exposed to the virus. Early studies suggested that

the detection of IgM and IgG in COVID-19 patients typically occurs

between 7- 11 days post exposure. Heat inactivation of blood samples at 56 ℃ for 30 min did not affect the results of immunochro-

matography and chemiluminescent immunoassay for detection of

SARS-COV-2 antibodies but can reduce the risk of infection for the
laboratory personnel handling the tests [43].
Asymptomatic cases

On 5 February 2020, a cruise ship, the ‘Diamond Princess’ host-

ing 3,711 people was put on quarantine for 2 weeks after a passen-

ger going ashore was diagnosed with COVID-19. Until 20 February
2020, 634 persons on board were tested positive for SARS-CoV-2,

out of which 306 were symptomatic and the remaining 328 were

asymptomatic (50.5%) [3]. There are two classes of asymptomatic cases with SARS-CoV-2 infection, viz., (1) people with little

or mild symptoms within the incubation period but with onset
of symptoms during the quarantine period, and (2) people with

no symptoms all the time but tested positive for viral nucleic acid
or antibodies. Asymptomatic infection is of concern, and asymp-

tomatic people are called super spreaders. Asymptomatic carriers are the people with mild or no symptoms but positive for viral

nucleic acid of SARS-CoV-2 or positive for specific IgM antibody in

serum [3]. There are evidences suggesting possible transmission
of SARS-CoV-2 from asymptomatic cases. The viral load detected in
the asymptomatic patients was similar to that in the symptomatic

patients, suggesting the transmission potential of asymptomatic

or minimally symptomatic patients [44]. An asymptomatic case
tested positive for the virus in faeces, but not in nasopharyngeal
swabs, suggests a theoretical possibility of transmission via faecal-

oral route [45]. Asymptomatic suspected patients should be quarantined and monitored for 14 days, and their quarantine will end

when two consecutive samples collected at more than 24 hours

to determine the number of people infected with little or no symptoms, and estimating the actual number of confirmed cases. With
ic cases and their infectivity, larger observational and longitudinal

studies using serological tests are needed to elucidate [31]. However, strict quarantine of asymptomatic patients is of great importance in the control of COVID-19 pandemic across the globe, and

if various feasible measures are taken to control the transmission,
then the outbreak could end quickly and in an effective manner [3].
Host immune response assay

Myxovirus resistance protein A (MxA) is a biomarker for viral

infection, with low basal concentration (less than 15 ng/ml), long

half-life (2.3 days) and fast induction (1-2 hours) [47]. It was demonstrated that MxA mRNA is detectable in peripheral blood within

1-2 hours of white blood cells stimulated with interferon (IFN) al-

pha, and then MxA protein begins to accumulate [48]. In case of
MERS-CoV and SARS-CoV, it was demonstrated that these coronavi-

ruses can increase MxA expression in the blood [49]. Many studies
have shown that MxA protein expression in peripheral blood is a

sensitive and specific marker of viral infection. Expression of MxA
protein is regulated exclusively by type I IFNs [47,50]. The MxA

gene is expressed in blood mononuclear cells or locally in tissues,

and apparently the MxA gene does not respond to other cytokines
such as IL-1 or TNF-α [51].

Recombinant viral proteins for use in ELISA
Now that the genome sequence of SARS-CoV-2 is known, the vi-

ral protein(s) of interest can be produced as recombinant protein

in E. coli or Eukaryotic/Baculovirus systems in large quantities for
use in ELISA. After the antigen is directly bound to the wells, test

human serum is added, and a secondary labelled (usually with enzyme HRP) antibody is added that will react to human antibodies
(in test serum) bound to the antigen, and the presence of the label
(HRP etc.) in the secondary antibody will create a colorimetric or
fluorometric output that can be quantified.

Conclusion

Application of precise antibody assay systems is a must to

complement COVID-19 diagnosis by RT-PCR, as there are chances
of false negatives (in PCR tests) due to variability in virus load in

the clinical materials collected for diagnosis. It is difficult to en-

sure the stage of infection during collection of clinical samples for
nucleic acid tests. Virus load in respiratory exudates is likely to be

maximum during clinical sickness, and gradually reduces with remission from the sickness. Therefore, samples collected late in the
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infection may turn out to be negative in nucleic acid tests. However, antibodies elicited following virus infection can be detected

for longer periods, and therefore, asymptomatic cases can also be
diagnosed by application of antibody tests. Unlike NAT, serology is

useful in understanding the spread of the virus and epidemiology
of the disease.
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