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Abstract:
With the onset of the novel coronavirus disease pandemic (COVID-19) that emerged from Wuhan in China, the need of the hour can be
summarized into two groups. The first one is a potent vaccine as a prophylactic measure to prevent the virus from infecting people, and the second
is a rapid diagnosis of the disease to help healthcare professionals and government authorities to plan and control the spread and provide effective
care and treatment. This review delves into the latter, describing the COVID-19 and its treatment, including the race for an effective vaccine, and
highlighting the role of serological testing in managing the pandemic since a well-designed study to understand mechanisms and serological
correlations of protective immunity is crucial for rational clinical and public health policies. In conclusion, swift vaccination and response tactics,
such as social distancing, hand hygiene, wearing of masks, and, if required, lockdown practices continue to be important in managing the pandemic

while carefully monitoring any possible outbreak due to the variants.
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1. INTRODUCTION

Coronaviruses (CoV) are a family of RNA viruses that
typically cause mild respiratory disease in humans [1].
According to the Center for Disease Control and Prevention
(CDC) Jan 2020 report, there are seven coronaviruses known to
infect humans, of which only MERS-CoV and SARS-CoV are
routinely capable of causing severe respiratory infections. The
recent one is a novel SARS-CoV-2 identified in Wuhan, China,
in December 2019 [2]. The emergence of human
coronaviruses, which is thought to have been directly
transmitted from bats to humans, is also theoretically possible.
The existence and identity of an intermediate host for SARS-
CoV-2 remain to be explored and are still unclear [3]. On 30"
January 2020, World Health Organization (WHO)declared the
recent coronavirus outbreak as a public health emergency of
international concern and subsequently declared it as a
pandemic on 11" of March 2020. As of June 2021, more than
184 million cases and 3,994,988 deaths have been reported
worldwide due to the SARS-CoV-2  pandemic
(worldometers.info/coronavirus). Consequently, stringent
infection control is critical to prevent transmission.
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Chu et al. in their systematic review and meta-analysis,
supported physical distancing of more than 1-meter,
compulsory use of face masks, and eye protection as a means
of transmission control in healthcare and community settings.
Hence, strict social distancing through implementing a
lockdown is a very important control strategy.

As predicted by German researcher Lothar Wieler,
president of the Robert Koch Institute- Germany, many regions
are bracing up for second and even a third wave of infections
[4]. Hence, it is very urgent and important to continue
exploring means and methods of monitoring spread and
preventing the infection through various interventions that
include the discovery of diagnostics, the development of drugs,
and to be future-ready through the development of prophylactic
vaccines.

This review provides an overview of COVID-19, its
causative agent, the SARS-CoV-2, drugs, and prophylactic
vaccines to combat the disease and discusses seroprevalence to
highlight the significance of such assays in monitoring the
spread and management of the pandemic. Seroprevalence is the
number of persons in a population who test positive for the
SARS-CoV-2 based on serological antibody tests, often
expressed as a percentage of the total population.
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2. ORIGIN OF THE COVID-19

The outbreak of disease probably started from single or
multiple zoonotic transmission events in Wuhan [5]. This
group of viruses contains a very large RNA genome with a
complicated life cycle. Ordinarily, this group causes seasonal
colds in humans and is mostly not a serious illness. A variant
caused Severe Acute Respiratory Syndrome (SARS) around
2003 and killed a few thousand people, and then disappeared.
Later MERS emerged from camels in the Middle East and
killed a few hundred people around 2012. Now, we are
witnessing the emergence and spread of the COVID-19.

Beginning innocuously in December 2019 as a cluster of
pneumonia cases in Wuhan of Hubei province in China
(Archived: WHO Timeline-COVID-19, April 2020), SARS-
CoV-2 has emerged as a major pandemic with a death toll in
the immunologically naive human population has reached a
staggering 784,380 worldwide by 19" of Aug 2020. The death
rates from the SARS-CoV-2 have varied from around 2% in
China to approximately 10% in Italy and Spain. While the
early clinical symptoms are typical of respiratory infections
and pneumonia, death usually occurs from underlying co-
morbidities, and complications arise after both clinical
symptoms and viral titers have waned, suggesting a critical role
for immunopathology. As reported in previous SARS-CoV and
MERS-CoV human infections, the SARS-CoV-2 also causes
mild to moderate illness in younger people below 50 years of
age while leading to severe manifestations in older people and
those with comorbidities such as diabetes, obesity, heart
failure, and renal failure. This pandemic is the third instance of
a coronavirus threatening the health of our world. The SARS-
CoV in 2002-03 and the MERS-CoV of 2012 mercifully spared
us from a full-blown global pandemic [6, 7].

2.1. Structure and Classification of SARS-CoV-2 Virus

The novel coronavirus 2019 (COVID-19), also known as
the Severe Acute Respiratory Syndrome Coronavirus-2
(SARS-CoV-2), is a single and positive-stranded RNA virus
that belongs to the order Nidovirales and family Coronaviridae
with its genome size varying from 29 to 32 kilobases [8, 9].
The SARS-CoV-2 shares 79.5% and 96% genome similarity
with SARS-CoV and bat Coronavirus, respectively [10, 11].
The order of genes/coding regions of SARS-CoV-2 is as
follows: replicase ORF1ab, spike (S), envelope (E), membrane
(M), and the nucleocapsid (N). It has also been confirmed that
SARS-CoV-2 uses the same cell entry receptor, angiotensin-
converting enzyme II (ACE2), as SARS-CoV [10]. The earliest
publications from Chinese laboratories which sequenced the
viral RNA from the early clinical cases in Wuhan revealed that
the 30,474 nucleotides long SARS-CoV-2 showed a nucleotide
identity of 89.1% with a bat SARS-like coronavirus (CoV)
isolate, bat SL-CoVZC45 (GenBank accession number
MG772933), that had previously been sampled in China [11,
12].

2.2. Diagnostic Efforts

Current RT-PCR (real-time reverse transcriptase-
polymerase chain reaction) amplification of the viral DNA is
considered the most reliable testing method. However, it is not
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always positive in the COVID-19 patients [13]. The
computerized tomographic (CT) imaging of the chest could
play an important role in detecting lesions in the parenchyma
of lungs in the suspected patients. Hence, examination of a
chest CT along with the RT-PCR results is recommended for
precise diagnosis [14].

Based on the data gathered by Artis Ventures, as of 19"
August 2020, a total of 375 diagnostic tests have been
authorized by regulatory bodies such as FDA (Food and Drug
Administration) and EEA (Europe Economic Area). Out of the
375 tests, about 193 use PCR (Polymerase Chain Reaction),
and around 138 are serological assays. Around 163 molecular
assays have a downtime of 2 to 8 hours to show results, and 37
assays show results in 1 to less than 1 hour. Some of the assays
include but are not limited to RealTime-SARS-CoV-2 assays
from Abbot (giving results in 4-6 hours), Cobas-SARS-CoV-2
test from Roche (giving results in 3-8 hours), and Linea
COVID-19 Assay kit from Applied DNA Sciences showing
results in 1 hour [15]. The goal of all the diagnostic tests is to
be accurate, quick, and cost-effective, which will help the
patients get the care and the treatment they need in a timely
manner and quickly rule out others who do not carry the
disease [16]. In return, this could also help prevent the spread
of disease by allowing the infected patients to be quarantined
or in self-isolation.

2.3. Therapeutic Efforts

So far, no drugs or biotherapeutics are approved by the
FDA to prevent or treat COVID-19. Currently, Remdesivir
[17], a broad-spectrum antiviral drug first used to treat the
Ebola virus outbreak, has obtained emergency use
authorization (EUA) from the FDA in May 2020, based on
preliminary data showing a faster recovery time of patients
with severe conditions [18, 19]. In June 2020, Russia approved
the generic drug Favipiraviras the most promising anti-
COVID-19 drug for its anti-viral properties [20]. Other drugs
for treating symptoms, anti-inflammatory agents, and those for
prevention are under various stages of clinical trials [15].
Prominent drugs and their mode of action are summarized in
Table 1.

2.4. Prophylactic Vaccines

With the rapid spread of SARS-CoV-2, the search for an
effective and permanent cure is still going on, with vaccines
being developed by almost every country. Since SARS-CoV-2
shows similar pathways with SARS and MERS viruses,
researchers use the knowledge gained from these two pathways
as a basis to develop a vaccine against SARS-CoV-2.
Researchers worldwide are working towards the development
of vaccines. At least 20 teams aim to develop nucleic acid
(DNA or RNA) vaccine coding for a coronavirus protein
(mostly virus’s spike protein) to prompt an immune response.
At the same time, many other researchers are engaged in
making a sub-unit vaccine (a coronavirus protein directly
injected into the body) [21]. Artis ventures in its website
www.av.co/covid mentioned that 12 DNA, 10 inactivated, 3
live attenuated, 19 non-replicating viral vectors, 18 replicating
viral vectors, 54 protein subunits, 17 RNAs, and 14 virus-like
particle vaccines are under various stages of development.
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According to WHO, several vaccine candidates are in various
stages of clinical trials, while 19 are approved by at least one
country for emergency use purposes
(covid19.trackvaccines.org/vaccines/). A version of the live
and attenuated BCG (Bacillus Calmette — Guerin) vaccine is
also considered the potential therapeutic approach to protect
healthcare workers and vulnerable individuals by reducing the
impact of the SARS-CoV-2 [22].

Table 1. List of prominent drugs considered in the
COVID-19 treatment.

Mode of Action

Inhibition of viral replication by the termination
of RNA replication
Inhibition of viral replication by inhibiting
RNA Polymerase activity

Drug

Remdesivir

Favipiravir

Lopinavir/Ritonavir
Umifenovir (Arbidol)

Protease inhibitor blocks viral replication

Intercalates into membrane lipids and blocks
fusion of membranes with viral particles

Chloroquine Inhibition of viral entry into host cells by
interfering with the
ACE2 cellular receptor
and by impairing endosome

acidification

Oseltamivir Interferes with the release of viral particles

from cells by inhibition of viral neuraminidase

Ribavirin A ribonucleotide analog that inhibits viral
replication by interfering with viral RNA

synthesis and viral mRNA capping

There are many research teams along with companies and
universities worldwide in the race for an effective vaccine.
Several groups have already begun phase III clinical trials;
others have started testing in animals. At least seven teams
have developed vaccines using the virus itself in a weakened or
inactivated form. Around 25 groups claimed that they are
working on viral-vector vaccines (a weakened virus is
genetically engineered so that it can produce coronavirus
proteins in the body). At least 20 teams aimed to develop
nucleic acid (DNA or RNA) vaccine coding for a coronavirus
protein (mostly virus’s spike protein) to prompt an immune
response. At the same time, many other researchers are
engaged in the process of making a sub-unit vaccine (a
coronavirus protein directly injected into the body) [21].

According to WHO, at least 7 vaccine candidates have
completed the phase III stage of the development (Table 2). A
vaccine called ChAdOx1 nCoV-19, developed by Oxford
university-UK and AstraZeneca, is reported to be highly
promising by generating antibodies and T-cells against the
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SARS-CoV-2 virus successfully in 1077 volunteers [23]. It is
made from a genetically engineered virus that causes the
common cold symptoms in chimpanzees. Furthermore, Chinese
firm Sinopharm in collaboration with United Arab Emirate’s
artificial intelligence and cloud computing company called
Group 42 and Abu Dhabi Department of Health, have
announced phase IV trials for an inactivated vaccine
(covid19.trackvaccines.org/vaccines/).  The  third one,
CoronaVac (PiCoVacc), is developed by Sinovac, which has
also begun phase IV trials for the inactivated form of the virus.
This vaccine is inactivated by formalin and combined with an
alum adjuvant. It is similar to the vaccine Sinovac invented
against the SARS virus in 2002 [24]. Since India will be one of
the biggest consumers of the COVID-19 vaccine, India’s
Bharat Biotech Company, in alliance with the Indian Council
of Medical Research (ICMR) — National Institute of Virology
(NIV), is developing a COVAXIN vaccine candidate. Covaxin
has demonstrated an encouraging positive safety profile in the
phase-1 trials (clinicaltrialsarena.com/news/bharat-biotech-
covaxin-data/). Phase-II clinical trials of Covaxin were
conducted at Gauhati Medical College & Hospital (GMCH),
Assam. Recently, Russia has approved the world’s first
COVID-19 vaccine, dubbed Sputnik V, tested in 76 people.
The vaccine was developed by the Gamaleya Research Institute
of Epidemiology and Microbiology in Moscow and is now in
the phase III trials. mRNA-1273 is another one that has begun
phase III trials, which is developed by Cambridge,
Massachusetts-based company called Moderna, Inc., and the
National Institute of Allergy and Infectious Diseases (NIAID),
part of the National Institutes of Health (NIH). The vaccine is a
synthetic mRNA and is designed to produce antibodies against
SARS-CoV-2 [25]. Finally, in recent days, a vaccine,
BNT162b2, which is developed by Pfizer (United States of
America) and BioNTech (Germany) in collaboration with
Forsun Pharma (China), has begun phase III trials in Germany.
Out of the 4 mRNA vaccines used for phase I and II trials,
Pfizer-BioNTech-Forsun selected BNT162b2 because of its
tolerability profile andT-cell responses against the receptor-
binding domain (RBD) and the spike glycoprotein of the
SARS-CoV-2 virus (SE, 2020). In March 2021, the FDA
issued an emergency use authorization to Johnson and Johnson,
USA, of a one-shot vaccine called Janssen Covid-19 vaccine,
which is also an adenovirus-based vaccine.

Artis ventures in its website www.av.co/covid mentioned
12 DNA, 9 inactivated, 3 live attenuated, 19 non-replicating
viral vectors, 17 replicating viral vectors, 50 protein subunits,
16 RNA, and 12 virus-like particle vaccines that are under
various stages of development.

Table 2. List of 39 vaccines in Phase III of clinical trials (covid-19.trackvaccines.org).

S. No. Vaccine Type Company Approval Status Till June 2021
1 Soberana Plus (Finlay-FR-1A) Protein Subunit Instituto Finlay de Vacunas, Cuba Not yet approved
2 Recombinant (Sf9 Cell) Protein Subunit West Chain Hospital, China Not yet approved
3 Covovax Protein Subunit Serum Institute, India Not yet approved
4 Abdala (CIGB-66) Protein Subunit Center for Genetic Engineering and Not yet approved
Biotechnology, Cuba
5 | Sanofi/GSK Recombinant Protein Protein Subunit Sanofi Pasteur Not yet approved
6 SCB-2019 Protein Subunit Clover Biopharmaceuticals, Australia Not yet approved
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S. No. Vaccine Type Company Approval Status Till June 2021
7 UB-612 Protein Subunit Covaxx, USA Not yet approved
8 NVX-CoV2373 (Covovax) Protein Subunit Novavax, USA Not yet approved
9 EpiVacCorona Protein Subunit FBRI at Kobe Approved in Russia and
Turkmenistan
10 Nanocovax Protein Subunit Nanogen Not yet approved
11 RBD-Dimer (ZF2001) Protein Subunit Anhui Zhifei Longcom Approved in China and Uzbekistan
12 Soberana 02 (FINLA-FR-2) Protein Subunit Instituto Finlay de Vacunas, Cuba Not yet approved
13 Plant-Based VLP Virus-like particle Medicago Not yet approved
14 AG0302-COVID19 DNA AnGes Not yet approved
15 ZyCoV-D DNA Zydus Cadila Not yet approved
16 INO-4800 DNA Inovio Pharmaceuticals Not yet approved
17 BNT162b1 RNA Pfizer/BioNTech Not yet approved
18 Walvax Covid-19 Vaccine RNA Walvax Biotechnology Not yet approved
19 mRNA-1273 (Spikevax) RNA Moderna WHO emergency use listing;
Approved in 58 countries
20 mRNA-1273.211 RNA Moderna Not yet approved
21 CVnCoV RNA Curevac Not yet approved
22 BNT162b2 RNA Pfizer/BioNTech WHO emergency use listing;
Approved in 94 countries
23 Ad5-nCoV (Convidecia) Non-Replication Viral vector CanSino Approved in 8 countries
24 Covisheild Non-Replication Viral vector Serum Institute, India WHO emergency use listing;
Approved in 44 countries
25 Ad26.COV2.S (Ad26COVS1, |Non-Replication Viral vector Johnson & Johnson WHO emergency linting; Approved
INJ-78436735) in 55 countries
26 GRAd-COV2 Non-Replication Viral vector ReiThera Not yet approved
27 AZD1222 (Vaxzevria) Non-Replication Viral vector Oxdford/Astra Zeneca WHO emergency use listing;
Approved in 118 countries
28 Sputnik light Non-Replication Viral vector Gamaleya Approved in 10 countries
29 Sputnik V Non-Replication Viral vector Gamaleya Approved in 69 countries
30 Inactivated (Vero cells) Inactivated virus Chinese Academy of Medical Not yet approved
Sciences
31 ERUCOV-VAC Inactivated virus Health Institutes of Turkey Not yet approved
32 COVlran Barekat Inactivated virus Shifa Pharmaed Industrial Co. Approved in Iran
33 BBIBP-CorV Inactivated virus Sinopharm (Beijing) WHO emergency listing; Approved
in 56 countries
34 Inactivated (Vero Cells) Inactivated virus Sinopharm (Wuhan) Approved in China
35 CoronaVac Inactivated virus Sinovac WHO emergency listing; Approved
in 37 countries
36 VLA2001 Inactivated virus Valneva Not yet approved
37 QazVac (QazCovid-in) Inactivated virus Kazakhstan RIBSP Approved in Kazakhstan
38 Covaxin Inactivated virus Bharat Biotech, India Approved in 9 countries
39 Kconvac Inactivated virus Minhai Biotechnology Co Approved in China

2.5. Convalescent Plasma Therapy

Convalescent Plasma therapy (CP) is a type of
immunotherapy that has been used to effectively treat
infectious diseases for over a century. Patients were treated
with satisfactory efficacy and safety for diseases, like SARS,
MERS, and HINI1 pandemic [26 - 29]. With the non-
availability of an approved drug or vaccine to treat the
COVID-19 disease, convalescent plasma therapy is being
considered along with the standard treatment for the severe
cases of COVID-19. Patients with a high neutralizing antibody
titer against the SARS-CoV-2 virus are a valuable source of CP
[30]. However, based on the published literature, high-titer
convalescent plasma therapy has no significant impact on 28-
day mortality or clinical recovery [31].

Convalescent plasma has the potential to show some
benefit for patients with impaired humoral immunity. In a
recent case series of 23 patients with prolonged COVID-19 on
anti-CD20 agents who received a transfusion of a high-titer
unit, 87% became PCR-negative and experienced full clinical
recovery [32, 33]. In August 2020, the Food and Drug
Administration (FDA) announced an Emergency Use
Authorization for convalescent plasma in the COVID-19
patients. Later in February 2021, FDA limited its use only to
hospitalized COVID-19 patients early in the course of disease
and patients with impaired humoral immunity.

2.6. Herd Immunity

When more people are exposed to the virus, some manifest
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it clinically, whereas others may be sub-clinically, and thus a
community starts building immunity at large; in either case, it
is called herd immunity. Herd immunity, if developed, can
have a multiplier effect. It can protect many people. However,
herd immunity can work only when there is some vaccination
also. However, recently, there is a report of pre-existing
immune reactivity in the general population [34], which could
be due to exposure to common cold coronaviruses. This finding
may have implications for herd immunity and vaccine
development. Most estimates had placed the herd-immunity
threshold at 60-70% of the population, either through
vaccinations or past exposure to the virus [35].

2.7. Serological Testing

Detection for specific antibodies in blood samples is
referred to as serological testing. Antibodies, also called
immunoglobulins, are proteins produced in our body in
response to an antigenic substance particularly from pathogenic
microorganisms such as bacteria and viruses. They circulate in
our system as a defense towards subsequent infection with the
same pathogen. They are rapidly produced by the B cells of the
immune system and can be detected in our blood
approximately in a week’s time after symptoms begin to occur.
There is an increased demand for serological testing for SARS-
CoV-2 since it provides better ways to quantify the number of
cases and has emerged as a promising solution to identify
individuals exposed to the novel coronavirus and suffered from
novel coronavirus disease. The presence of anti-COVID-19
antibodies can help medical practitioners make a conclusive
diagnosis of the COVID-19, especially, when the
nasopharyngeal swab tests are negative. Moreover, antibody
testing can be useful in understanding those with mild
symptoms of the flu and the asymptomatic carriers who may
not show any sort of flu symptoms. Testing for the COVID-19
is typically done using polymerase chain reaction (PCR) with a
nose or throat swab. However, the amount of detectable virus
decreases after about five days and could be more difficult to
test through this technique. Furthermore, the RT-PCR tests
currently being used globally to diagnose the COVID-19 can
only indicate the presence of viral material during infection and
will not indicate if a person was infected and subsequently
recovered. Also, this test is often positive in individuals
without any symptoms.

Serological assays are easy to perform, less expensive, and
have a short waiting period as compared to RT-PCR, nucleic
acid assays. These assays, like enzyme-linked immunoassay
(ELISA) for specific IgM and IgG antibodies, have a greater
advantage such that they avoid false-negative results unlike
RT-PCR [36]. In a recent report, patients who tested
COVID-19 positive via the RT-PCR method were divided into
two groups based on the time between the onset of disease and
testing. It was found that seven out of ten patients in the first
group and 13 out of 19 patients in the second group tested IgM
positive within 9-17 days and 18-29 days, respectively. Nine
out of ten patients in the first group and 18 out of 19 patients in
the second group were tested IgG positive [37]. This indicates
that the major limitation of serological assays is that the
antibodies appear later during the disease. According to Zhong
et al. [38], ELISA and chemiluminescence methods to detect
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IgG and IgM antibodies by the recombinant N and S proteins
of SARS-CoV-2 were more consistent with the nucleic acid
detection assay. In addition, a survey conducted by Long et al.
[39] found that patients who tested PCR negative and had no
COVID-19 symptoms showed a positive in IgG/IgM assay,
indicating how important serological assays are to determine
the extent of the COVID-19 pandemic, especially in
asymptomatic cases.

Serology-based tests can give greater detail into the
prevalence of a disease in a population by identifying
individuals who have developed antibodies to the virus.
Serological testing is comparatively rapid and is critical in
understanding the spread of the virus via asymptomatic
individuals and provides an understanding of the expected time
of protection. It has the potential to contribute to the efforts in
the current pandemic response [40]. However, the
understanding of long-term protection via immune response to
the COVID-19 is still in the early stages since not all
antibodies produced are the same [41]. Also, reports suggest
that the required performance characteristics of antibody tests
will critically depend on individual-level vs. population-level
studies [40]. Understanding the epidemiology of the disease,
degree of prevalence, and the development of immunity is
possible only from seroprevalence studies including testing for
IgM and IgG against the virus due to long-lasting antibodies
[42].

Furthermore, a minimum load of antibodies in our body is
required to determine the level of protection. The level of
protection directly correlates with the number of antibodies and
this would necessitate procedures on how to integrate those
who have recovered from the virus back into society. Also,
long-term surveillance is still a problem since it is not yet
established whether patients with antibodies can contract a
second SARS-CoV-2 infection. In their review article, Zainol
Rashid et al. [43], based on the performances of nine rapid
detection tests (RDTs) including the evaluation reports
concluded that antibody-based serological assays improve
diagnosis of positive cases. In Italy, the patient was declared
clear of the virus when the RT-PCR accompanied by the
specific IgG antibody test showed negative results.

In one review from Stanford University, the author
examined six systematic evaluations of seroprevalence data
and concluded that the SARS-CoV-2 infection is widely spread
and suggested only a 0.15% average global infection fatality
rate (IFR) with substantial heterogeneity.

2.8. Performing the Tests

The in-vitro testing involves combining viral components
such as viral spike proteins and others with the patient’s blood
sample. If the blood contains antibodies to the virus, they will
recognize and bind specifically to the viral component. Then
the plate is washed, and the bound antibodies are determined.
Most of the antibody tests detect IgG antibodies to the Spike
(S) protein of the virus, although other isotypes and antigens
are being investigated. The testing methods are based on
ELISA, flow cytometry and chemiluminescence, and immuno-
chromatography principles of which immunochromatographic
assay is very well recognized for self-testing. The mere
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presence of antibodies may not signify immunity and does not
necessarily mean that they are neutralizing the virus.

2.9. Basic Methods of Available Serological Assays

2.9.1. Lateral Flow Rapid Serology Test

This is a rapid qualitative assay that is cost-effective,
portable, and can be used at the point of care (POC). The test
yields a positive or negative result using a peripheral blood
sample, saliva sample, or a small quantity of nasal swab fluid.
The test is performed in a plastic cassette and shows up colored
lines indicating a positive or negative result. These tests are
developed mostly for the subject’s IgG and IgM antibodies or
viral antigens.

2.9.2. Enzyme-linked Immunosorbent Assay (ELISA)

This test can be a qualitative or quantitative in-vitro assay
that can be performed on whole blood, serum, or plasma
samples. The test plate is coated with a viral protein, such as
Spike protein, and is incubated along with the patient sample.
The presence of any antibodies (IgG and IgM) to the viral
protein will result in specific binding. The bound antibody-
viral protein complex is then detected with the help of other
antibodies that produce a color or fluorescence which can be
read out.

2.9.3. Neutralization Assay

This type of assay is primarily performed to know if a
patient has active and effective antibodies against the virus
even after recovery from infection. This test relies on
antibodies that prevent infection of cells in-vitro. The test is
performed on a whole blood sample, serum sample, or plasma
sample obtained from a patient. Neutralization assays depend
on cell cultures to allow the growth of the SARS-CoV-2 virus.
Viruses and cells are grown along with decreasing
concentrations of antibodies to quantify antibodies in the serum
that block viral replication by binding to an important viral
protein that enables entry into the cell.

2.9.4. Chemiluminescent Immunoassay

This is an in-vitro quantitative assay performed on a
sample of whole blood, plasma, or serum obtained from the
patients. The test involves mixing patient samples with the
known concentration of viral protein, buffer reagents, and
specific enzyme-labeled antibodies that allow detectable
luminescence. Occurrence of antibodies in the sample results in
antibody-viral protein complex formation which is detected by
the addition of secondary enzyme-linked antibodies inducing a
chemiluminescent reaction. The amount of chemiluminescence
is then used to quantify antibodies present in the sample. This
test can help identify IgG, IgM, and IgA types of antibodies.

2.10. Integration of Antibody Testing for Effective
Surveillance and Containment

Several questions remain unclear at this stage. The reports
may tend to be negative when there could be a deeper lower
respiratory infection. Also, it is not yet clear a) whether people
can get re-infected, or will the immune response give them
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long-term protection, and b) whether people infected will have
resistance to other strains of the virus. Hence, though there
could be short-term protection, there is no guaranteed long-
term immunity at this point in time. With respect to a safe
return to work, the protocol is never going to be 100% perfect.
Thus, it depends on the answers that emerge in due course of
time for the above queries. Antibody testing may help reduce
false-negative results and provide reliable data for correlation
purposes. According to a report, a foolproof return-to-work
protocol is dependent on determining a minimal level of
antibody protection [41]. With emerging COVID-19 data, we
probably can determine the total risk and the amount of risk
society is willing to accept. Multiple waves of the COVID-19
are anticipated [44]. In the meantime, health care workers are
gathering as much data as possible to better inform standard
operating procedures of sick patients, determine therapeutic
interventions, and develop a vaccine.

Data from China and elsewhere suggested the fact that
most people have shown mild to moderate symptoms when
they contract COVID-19. Serum-based antibody studies are
very important to quantify infection in the community and
understand the number of mild and asymptomatic cases. This
knowledge helps authorities plan for future interventions
against the COVID-19. A response to a later reappearance
could be tailored to protect only high-risk people if we know
that a high percentage of people in a community were infected
in its first wave of infection [45]. Reliable serologic evidence
of immunity at the individual level will have important
implications for the conditions under which individuals return
to work, and their ability to work in settings at high risk of
transmission, particularly certain health care settings.

However, there are still uncertainties about the
characteristics of immunity, including durability and
completeness of protection. These questions will need to be
settled before serostatus could be considered for individual
decision-making. Evidence on the sensitivity and reliability of
new serologic tests must be evaluated before they are
integrated into health care policies.

2.11. Path Ahead

Decisions on how to contain the COVID-19 pandemic
without completely shutting down business operations require
reliable data and associated tools to understand the extent of
transmission. Health care systems are heading to develop and
implement serological testing for clinical use, evaluate social
policy, and quantify risk at the level of the population. This has
highlighted the challenges of surveillance programs globally.
Hence, it is necessary to revisit and reevaluate surveillance data
generated by our health systems and the way in which we can
conveniently apply serological testing.

Rapid testing for active cases and tracing of contacts by
directly testing for the presence of the virus is a key for
containment strategies. There is a pressing need for real-time
monitoring of changes in disease transmission across
populations and geographies. For later phases of pandemic
control, serological testing is important in understanding
transmission intensity and population susceptibility which
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guide decisions on when, where, and how to lift lockdowns and
relax social distancing constraints. As highlighted by Bryant et
al., challenges to the assessment of performance characteristics
of these serological rapid tests are threshold concerns on the
sensitivity and specificity, the potential cross-reactivity with
other coronaviruses, the use of neutralization assays as a gold
standard, difficulties in harmonizing results reporting across
different platforms, concerns for quality control in
manufacturing, and lack of baseline data required for test
interpretation. Moreover, the performance of different test
formats may considerably vary, for instance, point of care
lateral flow assay is likely to be marked with sensitivity and
specificity concerns than ELISA format. However, the low cost
and ease of use will facilitate ELISA format for rapid scale-up
and widespread adoption. Despite efforts to study immune
responses to the COVID-19, to date, there is a lack of sufficient
and reliable data on the magnitude and duration of IgM, IgG,
and IgA responses in severe, mild, and asymptomatic cases.
Furthermore, it is not yet clear how antibody responses vary
among diverse populations with different genetic backgrounds
and comorbidities.

Use for individual versus population-level IgG testing
applications emphasized the dangers of serologic testing for
individual-level risk assessments but have highlighted the
potential of population-level serological testing, referred to as
seroepidemiology, even with assays of moderate sensitivity and
specificity. For use at the individual level, many of the
serological tests have concerns over the sensitivity and
specificity characteristics. Hence, WHO has currently restricted
antibody testing to research purposes only. Nevertheless, these
tests provide valuable inputs on public health concerns such as
the safety of relaxing lockdowns or evaluations of alternative
intervention measures. Many fundamental questions relating to
testing performance, the dynamics of antibody responses in
relation to infection, and the link between antibody responses
and immunity need to be addressed to realize the benefits of
population-level seroepidemiological studies. Answers to these
questions across different populations and epidemiologic
contexts call for study designs that are key to the optimal
interpretation of the growing number of population-based,
cross-sectional serological surveys [40].

While many countries are gradually gearing up to learn to
live with the virus, several tests, strategies, and research are
being conducted to ensure a cure for the COVID-19.
Serological tests can also serve to decode the immunity status
in regional populations and answer questions on whether a
country or region has attained the COVID-19 peak and whether
a strategy, as a lockdown, is effective. For example, as
indicated in Table 3, one such serological survey undertaken in
the city of Mumbai, India, on the population of 6936
individuals revealed that 40.5% of the subjects have developed
antibodies against SARS-CoV-2 [46, 47]. A similar survey
conducted by the Delhi government again in India on random
samples from 22823 individuals revealed that at least 23.48%
of them were already infected. A high seroprevalence means
that a larger population may be immune to SARS-CoV-2 and
may break the chain of infection.
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Table 3. Percentage seroprevalence of SARS-CoV-2
antibodies in selected countries.

Place Date % Seropositive Data Source
USA Mar-May Ranged from |Havers et al., 2020
2020 1-6.9% [48]
from 10 sites
(Avg. 3.21%)
Germany April 2020 15% Vogel, 2020 [49]
Mumbeai, India 40.5% Hingorani et al.,
2020 [47]
Delhi, India June-July 23.48% pib.gov.in, 2020
2020 [50]
Spain May 2020 5% Yasinski, 2020
[51]
Geneva, April-May 8.3% Stringhini et al.,
Switzerland 2020 (Avg. of 5 2020 [52]
weeks)

These surveys may inform us of the transmission pattern
from region to region, especially from slums to plush localities
and from country to country [52 - 54]. And if new vaccines
practically prevent deaths, then the global IFR may decrease
even below 0.1% [55 - 56].

CONCLUSION

While antibody testing is crucial in the assessment of the
SARS-CoV-2 exposure, infection, and potential immunity,
detection of asymptomatic infection 1is critical for
understanding the overall prevalence and infection potential of
the COVID-19 and determining the rate of increased
seroprevalence with the progress of the pandemic. Serological
rapid tests are subject to reader training for reliable
performance and are suitable for screening purposes. The
extent and time course of antibody development is yet to be
understood and may vary between different populations and
even among RT-PCR results. At present, there is no gold
standard test to identify true seropositive. Surveillance by
serological tests has the potential to provide reliable cumulative
infection rates but requires thorough evaluation covering the
entire spectrum of the SARS-CoV-2 infections, from
symptomatic and mild to severe infection and later
convalescence. Since the sensitivity of the serological test is a
function of test time from the onset of disease, such tests
provide an overall picture of seropositivity rather than dynamic
time-dependent trends in individual antibody titers. This may
be necessary to evaluate the value of serology in arriving at an
accurate estimate of the cumulative infection rate. A well-
designed study to understand mechanisms and serological
correlations of protective immunity is crucial for rational
clinical and public health policies. In addition, rigorous
validation of the current standard assays of the COVID-19
positive cases is necessary. Furthermore, the assays are needed
to be foolproof and validated with samples from individuals
with other viral infections since cross-reactivity may result in
false positives and compared them with the samples of
individuals before the COVID-19 outbreak to understand
specificity. Sero-surveys are thus important in every country or
region to better understand the overall prevalence.

Finally, since the pandemic is ongoing, it is imperative that
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response tactics such as hand hygiene, compulsory wearing of

masks, isolation of infected individuals, quarantine, social
distancing, and community containment practices are to be
implemented while authorities should carefully monitor for any
possible outbreaks due to mutations causing an antigenic
conversion.

CONSENT FOR PUBLICATION

Not applicable.

FUNDING

None.

CONFLICT OF INTEREST

The authors confirm that this article content has no
conflicts of interest.

ACKNOWLEDGEMENTS

Declared none.

REFERENCES

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

(11]

[12]

Cui J, Li F, Shi Z-L. Origin and evolution of pathogenic
coronaviruses. Nat Rev Microbiol 2019; 17(3): 181-92.
[http://dx.doi.org/10.1038/s41579-018-0118-9] [PMID: 30531947]
Cohen J, Normile D. New SARS-like virus in China triggers alarm.
Science 2020; 367(6475): 234-5. [DOLI:
10.1126/science.367.6475.234].
[http://dx.doi.org/10.1126/science.367.6475.234] [PMID: 31949058]
Johns Hopkins Center for Health Security. Coronaviruses: SARS,
MERS, and COVID-19 2020. Available from:
https://www.centerforhealthsecurity.org/our-work/publications/2020/c
oronaviruses

Thomas Colson. 2nd and 3rd waves of coronavirus deaths are now
very likely, according to German researchers 2020. Available from:
https://www.businessinsider.com/coronavirus-second-and-third-wave-
of-pandemic-is-now-likely-2020-5

Riou J, Althaus CL. Pattern of early human-to-human transmission of
Wuhan 2019 novel coronavirus (2019-nCoV), December 2019 to
January 2020. Euro Surveill 2020; 25(4)
[http://dx.doi.org/10.2807/1560-7917.ES.2020.25.4.2000058] [PMID:
32019669]

Zaki AM, van Boheemen S, Bestebroer TM, Osterhaus AD, Fouchier
RA. Isolation of a novel coronavirus from a man with pneumonia in
Saudi Arabia. N Engl J Med 2012; 367(19): 1814-20. [Erratum in: N
Engl J Med. 2013; 369:394].
[http://dx.doi.org/10.1056/NEJMoal211721] [PMID: 23075143]
Zumla A, Hui DS, Perlman S. Middle East respiratory syndrome.
Lancet 2015; 386(9997): 995-1007.
[http://dx.doi.org/10.1016/S0140-6736(15)60454-8]
26049252]

Luk HKH, Li X, Fung J, Lau SKP, Woo PCY. Molecular
epidemiology, evolution and phylogeny of SARS coronavirus. Infect
Genet Evol 2019; 71:
21-30.[https://www.sciencedirect.com/science/article/pii/S1567134819
300310].

[http://dx.doi.org/10.1016/j.meegid.2019.03.001] [PMID: 30844511]
Huang C, Wang Y, Li X, et al. Clinical features of patients infected
with 2019 novel coronavirus in Wuhan, China. Lancet 2020;
395(10223): 497-506.
[http://dx.doi.org/10.1016/S0140-6736(20)30183-5]
31986264]

Zhou B, Zhong N, Guan Y. Treatment with convalescent plasma for
influenza A (H5N1) infection. N Engl J Med 2007; 357(14): 1450-1.
[http://dx.doi.org/10.1056/NEJMc070359] [PMID: 17914053]

Zhu N, Zhang D, Wang W, et al. A novel coronavirus from patients
with pneumonia in China, 2019. N Engl J Med 2020; 382(8): 727-33.
[http://dx.doi.org/10.1056/NEJM0a2001017] [PMID: 31978945]

Wu F, Zhao S, Yu B, et al. A new coronavirus associated with human
respiratory disease in China. Nature 2020; 579(7798): 265-9.

[PMID:

[PMID:

[13]

[14]

[15]
[1e]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

Faheem et al.

[http://dx.doi.org/10.1038/s41586-020-2008-3] [PMID: 32015508]

Ai T, Yang Z, Hou H, et al. Correlation of chest CT and RT-PCR
testing for coronavirus disease 2019 (COVID-19) in China: A report of
1014 Cases. Radiology 2020; 296(2): [E32-40. [DOI:
10.1148/radiol.2020200642]. [PMID: 32101510].
[http://dx.doi.org/10.1148/radiol.2020200642] [PMID: 32101510]

Lei P, Fan B, Mao J, Wang P. Comprehensive analysis for diagnosis of
novel coronavirus disease (COVID-19) infection. J Infect 2020; 80(6)
[http://dx.doi.org/10.1016/].jinf.2020.03.016]

Bailey V, Guttendorf Z. Fight the Pandemic 2020.

Fanshawe T, Abel L, Yang Y. Assessing the accuracy and cost-
effectiveness of diagnostic tests. Nuffield Department of Primary Care
Health Sciences 2020. Available at:
https://www.phc.ox.ac.uk/research/medical-statistics/projects/assessin
g-the-accuracy-and-cost-effectiveness-of-diagnostic-tests]

Jacobs M, Rodger A, Bell DJ, et al. Late Ebola virus relapse causing
meningoencephalitis: a case report. Lancet 2016; 388(10043):

498-503. Available at:
https://www.sciencedirect.com/science/article/pii/S014067361630386
5].

[http://dx.doi.org/10.1016/S0140-6736(16)30386-5]
27209148]

Sheahan TP, Sims AC, Leist SR, et al. Comparative therapeutic
efficacy of remdesivir and combination lopinavir, ritonavir, and
interferon beta against MERS-CoV. Nat Commun 2020; 11(1): 222.
[http://dx.doi.org/10.1038/541467-019-13940-6] [PMID: 31924756]
Sanders JM, Monogue ML, Jodlowski TZ, Cutrell JB. Pharmacologic
treatments for coronavirus disease 2019 (COVID-19): A review.
JAMA 2020; 323(18): 1824-36.

[PMID: 32282022]

Furuta Y, Gowen BB, Takahashi K, Shiraki K, Smee DF, Barnard DL.
Favipiravir (T-705), a novel viral RNA polymerase inhibitor. Antiviral
Res 2013; 100(2): 446-54.
[http://dx.doi.org/10.1016/j.antiviral.2013.09.015] [PMID: 24084488]
Callaway E. The race for coronavirus vaccines: a graphical guide.
Nature 2020; 580(7805): 576-7.
[http://dx.doi.org/10.1038/d41586-020-01221-y] [PMID: 32346146]
Curtis N, Sparrow A, Ghebreyesus TA, Netea MG. Considering BCG
vaccination to reduce the impact of COVID-19. Lancet 2020;
395(10236): 1545-6.

[PMID:

[http://dx.doi.org/10.1016/S0140-6736(20)31025-4] [PMID:
32359402]

Gallagher J. Coronavirus: Oxford vaccine triggers immune response.
BBC News 2020. Available at:

https://www.bbc.com/news/uk-53469839

GEN-Genetic Engineering and Biotechnology News Sinovac Biotech
2020. Available at:
https://www.genengnews.com/COVID-19-candidates/COVID-19-keep
ing-an-eye-on/sinovac-biotech/

National Institutes of Health (NIH). Phase 3 clinical trial of
investigational vaccine for COVID-19 begins 2020. Available at:
https://www.nih.gov/news-events/news-releases/phase-3-clinical-trial-i
nvestigational-vaccine-COVID-19-begins

Cheng Y, Wong R, Soo YOY, et al. Use of convalescent plasma
therapy in SARS patients in Hong Kong. Eur J Clin Microbiol Infect
Dis 2005; 24(1): 44-6. [https://doi.org/10.1007/s10096-004-1271-9].
[PMID: 15616839].

[http://dx.doi.org/10.1007/s10096-004-1271-9] [PMID: 15616839]
Zhou P, Yang X-L, Wang X-G, et al. A pneumonia outbreak
associated with a new coronavirus of probable bat origin. Nature 2020;
579(7798): 270-3.

[http://dx.doi.org/10.1038/541586-020-2012-7] [PMID: 32015507]
Hung IF, To KK, Lee C-K, et al. Convalescent plasma treatment
reduced mortality in patients with severe pandemic influenza A
(HINT) 2009 virus infection. Clin Infect Dis 2011; 52(4): 447-56.
[http://dx.doi.org/10.1093/cid/ciq106] [PMID: 21248066]

Ko J-H, Seok H, Cho SY, et al. Challenges of convalescent plasma
infusion therapy in Middle East respiratory coronavirus infection: a
single centre experience. Antivir Ther 2018; 23(7): 617-22.
[http://dx.doi.org/10.3851/IMP3243] [PMID: 29923831]

Duan K, Liu B, Li C, et al. Effectiveness of convalescent plasma
therapy in severe COVID-19 patients. Proc Natl Acad Sci USA 2020;
117(17): 9490-6. [PMID: 32253318].
[http://dx.doi.org/10.1073/pnas.2004168117] [PMID: 32253318]

Li L, Zhang W, Hu Y, et al. Effect of convalescent plasma therapy on
time to clinical improvement in patients with severe and life-
threatening COVID-19: A randomized clinical trial. JAMA 2020;


http://dx.doi.org/10.1038/s41579-018-0118-9
http://www.ncbi.nlm.nih.gov/pubmed/30531947
http://dx.doi.org/10.1126/science.367.6475.234
http://www.ncbi.nlm.nih.gov/pubmed/31949058
https://www.centerforhealthsecurity.org/our-work/publications/2020/coronaviruses
https://www.centerforhealthsecurity.org/our-work/publications/2020/coronaviruses
https://www.businessinsider.com/coronavirus-second-and-third-wave-of-pandemic-is-now-likely-2020-5
https://www.businessinsider.com/coronavirus-second-and-third-wave-of-pandemic-is-now-likely-2020-5
http://dx.doi.org/10.2807/1560-7917.ES.2020.25.4.2000058
http://www.ncbi.nlm.nih.gov/pubmed/32019669
http://dx.doi.org/10.1056/NEJMoa1211721
http://www.ncbi.nlm.nih.gov/pubmed/23075143
http://dx.doi.org/10.1016/S0140-6736(15)60454-8
http://www.ncbi.nlm.nih.gov/pubmed/26049252
%5Bhttps://www.sciencedirect.com/science/article/pii/S1567134819300310%5D.
%5Bhttps://www.sciencedirect.com/science/article/pii/S1567134819300310%5D.
http://dx.doi.org/10.1016/j.meegid.2019.03.001
http://www.ncbi.nlm.nih.gov/pubmed/30844511
http://dx.doi.org/10.1016/S0140-6736(20)30183-5
http://www.ncbi.nlm.nih.gov/pubmed/31986264
http://dx.doi.org/10.1056/NEJMc070359
http://www.ncbi.nlm.nih.gov/pubmed/17914053
http://dx.doi.org/10.1056/NEJMoa2001017
http://www.ncbi.nlm.nih.gov/pubmed/31978945
http://dx.doi.org/10.1038/s41586-020-2008-3
http://www.ncbi.nlm.nih.gov/pubmed/32015508
http://dx.doi.org/10.1148/radiol.2020200642
http://www.ncbi.nlm.nih.gov/pubmed/32101510
http://dx.doi.org/10.1016/j.jinf.2020.03.016
http://dx.doi.org/10.1016/S0140-6736(16)30386-5
http://www.ncbi.nlm.nih.gov/pubmed/27209148
http://dx.doi.org/10.1038/s41467-019-13940-6
http://www.ncbi.nlm.nih.gov/pubmed/31924756
http://www.ncbi.nlm.nih.gov/pubmed/32282022
http://dx.doi.org/10.1016/j.antiviral.2013.09.015
http://www.ncbi.nlm.nih.gov/pubmed/24084488
http://dx.doi.org/10.1038/d41586-020-01221-y
http://www.ncbi.nlm.nih.gov/pubmed/32346146
http://dx.doi.org/10.1016/S0140-6736(20)31025-4
http://www.ncbi.nlm.nih.gov/pubmed/32359402
https://www.bbc.com/news/uk-53469839
https://www.genengnews.com/COVID-19-candidates/COVID-19-keeping-an-eye-on/sinovac-biotech/
https://www.genengnews.com/COVID-19-candidates/COVID-19-keeping-an-eye-on/sinovac-biotech/
https://www.nih.gov/news-events/news-releases/phase-3-clinical-trial-investigational-vaccine-COVID-19-begins
https://www.nih.gov/news-events/news-releases/phase-3-clinical-trial-investigational-vaccine-COVID-19-begins
http://dx.doi.org/10.1007/s10096-004-1271-9
http://www.ncbi.nlm.nih.gov/pubmed/15616839
http://dx.doi.org/10.1038/s41586-020-2012-7
http://www.ncbi.nlm.nih.gov/pubmed/32015507
http://dx.doi.org/10.1093/cid/ciq106
http://www.ncbi.nlm.nih.gov/pubmed/21248066
http://dx.doi.org/10.3851/IMP3243
http://www.ncbi.nlm.nih.gov/pubmed/29923831
http://dx.doi.org/10.1073/pnas.2004168117
http://www.ncbi.nlm.nih.gov/pubmed/32253318

Rapid Serological Testing for Managing the COVID-19 Pandemic

(32]

[33]

[34]

[33]

[36]

[371

[38]

(391

[40]

[41]

[42]

[43]

[44]

324(5): 460-70. [PMID: 32492084].
[http://dx.doi.org/10.1001/jama.2020.10044] [PMID: 32492084]
Kenig A, Ishay Y, Kharouf F, Rubin L. Treatment of B-cell depleted
COVID-19 patients with convalescent plasma and plasma-based
products. Clin Immunol 2021; 227: 108723.
[http://dx.doi.org/10.1016/j.clim.2021.108723] [PMID: 33838340]
Delgado-Fernandez M, Garcia-Gemar GM, Fuentes-Lopez A, et al.
Treatment of COVID-19 with convalescent plasma in patients with
humoral immunodeficiency-Three consecutive cases and review of the
literature. In: Enferm Infecc Microbiol Clin (Engl Ed). 2021; 11.
[PMID: 33741148]

Sette A, Crotty S. Pre-existing immunity to SARS-CoV-2: The
knowns and unknowns. Nat Rev Immunol 2020; 20(8): 457-8.
[http://dx.doi.org/10.1038/s41577-020-0389-z] [PMID: 32636479]
Christie A. Five reasons why COVID herd immunity is probably
impossible. Nature feature 2021. Available at:
https://www.nature.com/articles/d41586-021-00728-2

Xiao SY, Wu Y, Liu H. Evolving status of the 2019 novel coronavirus
infection: Proposal of conventional serologic assays for disease
diagnosis and infection monitoring. J Med Virol 2020; 92(5): 464-7.
[http://dx.doi.org/10.1002/jmv.25702] [PMID: 32031264]

Hoffman T, Nissen K, Krambrich J, et a/. Evaluation of a COVID-19
IgM and IgG rapid test; an efficient tool for assessment of past
exposure to SARS-CoV-2. Infect Ecol Epidemiol 2020; 10(1):
1754538.
[http://dx.doi.org/10.1080/20008686.2020.1754538]
32363011]

Zhong L, Chuan J, Gong B, et al. Detection of serum IgM and IgG for
COVID-19 diagnosis. Sci China Life Sci 2020; 63(5): 777-80.
[http://dx.doi.org/10.1007/s11427-020-1688-9] [PMID: 32270436]
Long QX, Liu BZ, Deng HJ, et al. Antibody responses to SARS-
CoV-2 in patients with COVID-19. Nat Med 2020; 26(6): 845-8.
[http://dx.doi.org/10.1038/s41591-020-0897-1] [PMID: 32350462]
Bryant JE, Azman AS, Ferrari MJ, et al. Serology for SARS-CoV-2:
Apprehensions, opportunities, and the path forward. Sci Immunol
2020; 5(47): eabc6347.
[http://dx.doi.org/10.1126/sciimmunol.abc6347] [PMID: 32430309]
lTafrate A, Ryan E. Shedding Light on Antibody Testing and Its
Implications forCOVID-19. Massachusetts General Hospital 2020.
Available at:
https://www.massgeneral.org/news/coronavirus/shedding-light-on-anti
body-testing]

Xu X, Sun J, Nie S, et al. Seroprevalence of immunoglobulin M and G
antibodies against SARS-CoV-2 in China. Nat Med 2020; 26(8):
1193-5.

[http://dx.doi.org/10.1038/541591-020-0949-6] [PMID: 32504052]
Zainol Rashid Z, Othman SN, Abdul Samat MN, Ali UK, Wong KK.
Diagnostic performance of COVID-19 serology assays. Malays J
Pathol 2020; 42(1): 13-21.
[http://www.ncbi.nlm.nih.gov/pubmed/32342927].

[PMID: 32342927]

Kaxiras E, Neofotistos G. Multiple epidemic wave model of the
Covid-19 pandemic: Modelling study. (Preprint). J Med Internet Res

[PMID:

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[53]

[54]

[55]

[56]

The Open Biomarkers Journal, 2021, Volume 11 107

2020; 22(7): 20912.

[http://dx.doi.org/10.2196/20912] [PMID: 32692690]

Branswell H. CDC begins studies for more precise count of undetected
COVID-19 cases 2020. Available at:
https://www.statnews.com/2020/04/04/cdc-launches-studies-to-get-mo
re-precise-count-of-undetected-COVID-19-cases/

Theel ES, Slev P, Wheeler S, Couturier MR, Wong SJ, Kadkhoda K.
The role of antibody testing for SARS-CoV-2: Is there one? J Clin
Microbiol 2020; 58(8): €00797-20.
[http://dx.doi.org/10.1128/JCM.00797-20] [PMID: 32350047]
Hingorani P, Acharya A, Malani A, Mohanan M, Imad S. Press
Release: SARS-CoV-2 Sero-prevalence study in Mumbai: NITI-
Aayog-BMC-TIFR study. IDFC Institute 2020. Available at:
http://idfcinstitute.org/blog/2020/july/press-release-sars-cov2-sero-pre
valence-study-in-mumbai-niti-aayog-bme-tifr-study/

Havers FP, Reed C, Lim T, et al. Seroprevalence of antibodies to
SARS-CoV-2 in 10 sites in the United States. Available at:
https://jamanetwork.com/journals/jamainternalmedicine/fullarticle/276
8834.

Vogel G. Antibody surveys suggesting vast undercount of coronavirus
infections may be wunreliable. Science 2020. Available at:
https://www.sciencemag.org/news/2020/04/antibody-surveys-suggesti
ng-vast-undercount-coronavirus-infections-may-be-unreliable].
[http://dx.doi.org/10.1126/science.abc3831]

PIB.GOV.IN. Sero-prevalence study conducted by National Center for
Disease Control NCDC, MoHFW, in Delhi 2020. Available at:
https://pib.gov.in/PressReleseDetailm.aspx?PRID=1640137

Yasinski E. Researchers applaud spanish COVID-19 serological
survey. The Scientist Magazine 2020. online Available at:
https://www.the-scientist.com/news-opinion/researchers-applaud-spani
sh-covid-19-serological-survey-67590]

Stringhini S, Wisniak A, Piumatti G, e al. Seroprevalence of anti-
SARS-CoV-2 IgG antibodies in Geneva, Switzerland (SEROCoV-
POP): a population-based study. Lancet 2020; 396(10247): 313-9.
[http://dx.doi.org/10.1016/S0140-6736(20)31304-0] [PMID:
32534626]

Centers for disease control and prevention. Human coronavirus types
2021.

Chu DK, Akl EA, Duda S, Solo K, Yaacoub S, Schiinemann HJ.
Physical distancing, face masks, and eye protection to prevent person-
to-person transmission of SARS-CoV-2 and COVID-19: a systematic
review and meta-analysis. Lancet 2020; 395(10242): 1973-87.
[http://dx.doi.org/10.1016/S0140-6736(20)31142-9]
32497510]

loannidis JPA. Reconciling estimates of global spread and infection
fatality rates of COVID-19: An overview of systematic evaluations.
Eur J Clin Invest 2021; 51(5): e13554.
[http://dx.doi.org/10.1111/eci.13554] [PMID: 33768536]

WHO. Draft landscape of COVID-19 candidate vaccines 2021.
Available at:
www.who.inthttps://www.who.int/publications/m/item/draft-landscape
-of-covid-19-candidate-vaccines

[PMID:

© 2021 Faheem et al.

This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International Public License (CC-BY 4.0), a copy of which is
available at: https://creativecommons.org/licenses/by/4.0/legalcode. This license permits unrestricted use, distribution, and reproduction in any medium, provided the
original author and source are credited.


http://dx.doi.org/10.1001/jama.2020.10044
http://www.ncbi.nlm.nih.gov/pubmed/32492084
http://dx.doi.org/10.1016/j.clim.2021.108723
http://www.ncbi.nlm.nih.gov/pubmed/33838340
http://www.ncbi.nlm.nih.gov/pubmed/33741148
http://dx.doi.org/10.1038/s41577-020-0389-z
http://www.ncbi.nlm.nih.gov/pubmed/32636479
https://www.nature.com/articles/d41586-021-00728-2
http://dx.doi.org/10.1002/jmv.25702
http://www.ncbi.nlm.nih.gov/pubmed/32031264
http://dx.doi.org/10.1080/20008686.2020.1754538
http://www.ncbi.nlm.nih.gov/pubmed/32363011
http://dx.doi.org/10.1007/s11427-020-1688-9
http://www.ncbi.nlm.nih.gov/pubmed/32270436
http://dx.doi.org/10.1038/s41591-020-0897-1
http://www.ncbi.nlm.nih.gov/pubmed/32350462
http://dx.doi.org/10.1126/sciimmunol.abc6347
http://www.ncbi.nlm.nih.gov/pubmed/32430309
http://dx.doi.org/10.1038/s41591-020-0949-6
http://www.ncbi.nlm.nih.gov/pubmed/32504052
http://www.ncbi.nlm.nih.gov/pubmed/32342927
http://dx.doi.org/10.2196/20912
http://www.ncbi.nlm.nih.gov/pubmed/32692690
https://www.statnews.com/2020/04/04/cdc-launches-studies-to-get-more-precise-count-of-undetected-COVID-19-cases/
https://www.statnews.com/2020/04/04/cdc-launches-studies-to-get-more-precise-count-of-undetected-COVID-19-cases/
http://dx.doi.org/10.1128/JCM.00797-20
http://www.ncbi.nlm.nih.gov/pubmed/32350047
http://idfcinstitute.org/blog/2020/july/press-release-sars-cov2-sero-prevalence-study-in-mumbai-niti-aayog-bmc-tifr-study/
http://idfcinstitute.org/blog/2020/july/press-release-sars-cov2-sero-prevalence-study-in-mumbai-niti-aayog-bmc-tifr-study/
http://dx.doi.org/10.1126/science.abc3831
https://pib.gov.in/PressReleseDetailm.aspx?PRID=1640137
http://dx.doi.org/10.1016/S0140-6736(20)31304-0
http://www.ncbi.nlm.nih.gov/pubmed/32534626
http://dx.doi.org/10.1016/S0140-6736(20)31142-9
http://www.ncbi.nlm.nih.gov/pubmed/32497510
http://dx.doi.org/10.1111/eci.13554
http://www.ncbi.nlm.nih.gov/pubmed/33768536
http://www.who.int
https://www.who.int/publications/m/item/draft-landscape-of-covid-19-candidate-vaccines
https://www.who.int/publications/m/item/draft-landscape-of-covid-19-candidate-vaccines
https://creativecommons.org/licenses/by/4.0/legalcode

	Rapid Serological Testing for Managing the COVID-19 Pandemic: A Review 
	1. INTRODUCTION
	2. ORIGIN OF THE COVID-19
	2.1. Structure and Classification of SARS-CoV-2 Virus
	2.2. Diagnostic Efforts
	2.3. Therapeutic Efforts
	2.4. Prophylactic Vaccines
	2.5. Convalescent Plasma Therapy
	2.6. Herd Immunity
	2.7. Serological Testing
	2.8. Performing the Tests
	2.9. Basic Methods of Available Serological Assays
	2.9.1. Lateral Flow Rapid Serology Test
	2.9.2. Enzyme-linked Immunosorbent Assay (ELISA)
	2.9.3. Neutralization Assay
	2.9.4. Chemiluminescent Immunoassay

	2.10. Integration of Antibody Testing for Effective Surveillance and Containment
	2.11. Path Ahead

	CONCLUSION
	CONSENT FOR PUBLICATION
	FUNDING
	CONFLICT OF INTEREST
	ACKNOWLEDGEMENTS
	REFERENCES




