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RT-PCR is the accepted gold standard for diagnosis of
COVID-19. The specificity of RT-PCR is very good, but its
sensitivity largely depends on the type of sample collected,
timing of collection, clinical sampling protocol, and nucleic
acid detection technology employed. The detection rate of
RT-PCR compared with chest CT is < 70% during the acute
phase (0-7 days post onset (DPO) and is only 50% by the
second week of illness. Positivity from sputum and nasal
swabs is 74.4-88.9% and 53.6-73.3%, respectively. RT-PCR
is expensive and requires specialized laboratory equipment
and trained personnel [1]. Reliable antigen detection tests
for quick detection of COVID-19 patients remain unavail-
able in India.

While most paediatric patients with COVID-19 have had
an uneventful clinical course and about a quarter of them are
reportedly asymptomatic, they may play a significant role in
the community transmission of the virus. IgM and IgG anti-
bodies against SARS-CoV-2 have been detected as early as 4
DPO. Serological testing can be considered as an alternative to
RT-PCR for early diagnosis and is recommended for children
with multisystem inflammatory syndrome (MIS-C). Serologi-
cal testing has a faster turn-around time, higher throughput,
less workload and can be used in low resource settings [2].

In India, secondary care centers cater to the semi-urban
and rural populations including children. These centers usu-
ally perform basic microbiological testing including serology.
During a pandemic of the magnitude of COVID-19, these
centers may benefit immensely from availability of affordable
and accurate serological tests. We review the diagnostic value
of incorporating total antibody (IgM, IgA and IgG), IgM,
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and IgG assays in routine COVID-19 testing in laboratories
where molecular testing may be unaffordable [2].

The 30-Kb RNA of SARS-CoV-2, the etiological agent
of COVID-19, has four major structural proteins encoded
by one-third of the genome. These include the phosphoryl-
ated nucleocapsid protein (N) at the core, a small membrane
glycoprotein (M), club-shaped peplomer glycoproteins (S)
extending from the virus surface as spikes, and the envelope
(E) protein. N and S are immunodominant proteins, largely
being employed in serological assays to detect antibodies to
SARS-CoV-2 [3].

The 50-kDa N protein is produced copiously in infected
cells during early infection. Lack of glycosylation makes
it an easy antigen (both as complete and partial protein) to
clone and to express in bacterial vectors. The homology
of the amino acid (aa) sequence of SARS-CoV-2 N pro-
tein to several other coronaviruses, including MERS-CoV,
HKU1, OC43, NL63, 229E and SARS-CoV, is 46.1%,
27.6%,26.5%, 20.0%, 19.1% and 90.5%, respectively [3, 4].
The spike S protein of SARS-CoV-2 has only about 80%
sequence identity with known coronaviruses.

Full-length nucleocapsid (N) genes of SARS-CoV-2
(expressed in E.coli) that are employed in an indirect ELISA
could detect IgM, IgA, and IgG at 1 DPO. IgA and IgM pos-
itivity in acute samples (1-7 DPO) was 85.4% and 92.7%,
respectively. The median time of detection using IgM and
IgA was 5 DPO (IQR: 3-6 DPO). After 5.5 DPO, IgM had
greater sensitivity than RT-PCR. When used in combina-
tion, sensitivity improved significantly from 51.9% (RT-
PCR alone) to 98.6% (RT-PCR +IgM ELISA) [4]. However,
recombinant nucleocapsid (rN) protein in mu-capture ELISA
format had lower sensitivity (< 60%) during the acute stage
of the illness (0-10 DPO) [5].

Full and partial glycosylated S protein expressed in mam-
malian cells and in insect vectors using baculovirus have
been used in serological testing. Anti-S antibodies arise later
than anti-N antibodies; hence, the utility of S protein in acute
diagnosis is doubtful. The receptor binding domain (RBD)
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of S protein interacts with angiotensin-converting enzyme 2
(ACE2) and mediates attachment to host cells. A total anti-
body (IgA +IgM+IgG) ELISA with rRBD had a sensitivity
of 64.1% in acute samples (0—7 DPO) compared with IgM and
IgG (both at 33.3%, P<0.001) [6]. However, the positivity rate
employing rRBD in a p-chain IgM capture ELISA format dur-
ing the early phase of illness was only 38.3% compared with
66.7% of RT-PCR. Even though SARS-CoV-2 anti-S IgM anti-
bodies were detectable from day 4 onwards, less than 60% of
samples collected during the early stage of the illness (0—10
DPO) showed IgM positivity. Severe cases of COVID-19 docu-
mented a vigorous IgG and IgM response after 7-10 DPO [7].

Tandem testing with recombinant SARS-CoV-2 N protein
(residue 1-419) and with partial S protein (residue 16-685)
for IgM and IgG detection has produced reasonable results. In
acute samples, seropositivity of anti-S IgM + anti-S IgG/anti-N
IgG + anti-S 1gG was 66.7%, whereas that of anti-N IgM + anti-
S IgM + anti-N IgG +anti-S IgG was higher (75%) [8].

The genetic relatedness of the N and S immunogenic struc-
tural proteins of closely related coronaviruses (NL63, 229E,
0C43, HKU1, SARS-CoV, MERS-CoV) can elicit cross-
reactive antibodies in the host. The structural N protein is
largely conserved among coronaviruses; a strong cross-reac-
tivity between SARS-CoV positive human plasma and SARS-
CoV-2 NP has been reported [4]. However, the immunodom-
inant regions of the S protein vary in their relatedness to other
beta coronaviruses. Therefore, N-based assays show a greater
degree of cross-reactivity than S antigen-based assays. Most
of the serological studies discussed here to study cross-reac-
tivity of the assay have employed control sera from healthy
individuals collected before the outbreak of COVID-19.

The ongoing COVID-19 is the third coronavirus outbreak
of this century after SARS in 2003 and MERS in 2012. A
pressing need exists for an alternative to RT-PCR in view of
its limitations. However, none of the reported serological sys-
tems, including lateral flow assays (LFA), has demonstrated
good accuracy indices for diagnosis during the acute stage.

In summary, the use of serodiagnostic assays for coro-
naviruses in the acute stage of illness is limited. There are
multiple reasons for this. Importantly, the detection of IgM
antibodies, the marker of acute infection, is often delayed
up to 10-12 DPO. Furthermore, there is significant cross-
reactivity between the circulating coronaviruses [9].

Nucleocapsid antibodies appear earlier than spike anti-
bodies. Cross-reactivity between the largely conserved N
protein of closely related coronaviruses may give false
positives. RBD, which has been used in many laboratories,
represents a small part of the S protein (237 aa versus 273
aa of S protein), and an anti-RBD IgM IgG response may
not represent the whole array of host antibody responses
to S protein [10]. It needs to be validated with a larger
sample set before routine use. Choice of the antigen and
the ELISA format (indirect or mu-capture) has a bearing on

accuracy indices. Whether a cocktail of N and S antigens
may improve sensitivity during the acute phase is worth
investigating. Total antibody detection is superior in sen-
sitivity to IgM and IgG detection and should be explored
further.

In light of these results, the utility of serological assays
for early diagnosis of COVID -19 during the acute phase of
the illness remains to be demonstrated.
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