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Laboratory diagnosis of SARS-CoV-2: an Update for Clinicians
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SARS-CoV-2 belongs to the genera Beta coronavirus with a
spherical or pleomorphic virus enveloped particles. The
SARS-CoV-2 has sequence homology with severe acute
respiratory syndrome-related coronaviruses (SARSr-CoV)
and acts on ACE2 (Angiotensin Converting Enzyme 2)
receptor by using its spike proteins. The latter are primed by
the enzyme, TMPRSS2 protease to complete this process
for its entry into the cells'”. The SARSr-CoV has a single-
stranded positive-sense ribonucleic acid (RNA) as a
genomic material associated with a nucleoprotein within a
capsid comprised of matrix proteins. The envelope bears a
club-shaped glycoprotein projection containing
haemagglutinin-esterase proteins (HE) also. The size of the
Coronaviruses genome is around (26.4-31.7Kb), which is
one of the largest genomes in RNA known viruses and bears
the GC content of approximately 32 to 43%. The viral
genome contains distinctive features including a unique N
terminal fragment within the spike proteins. The genome
contains a variable number of ORF (611) between the
various conserved genes (ORFlab, spike, envelope,
membrane, and nucleocapsid’. Two third of the SARS-CoV-
2 viral RNA is located in the ORF (ORF1a/b) and synthesize
polypeptides ppla and ppla, and 16 non-structural proteins
(NSP) are encoded by these ORFs, and the remaining
accessory proteins are translated by other ORFs. The
genome that encodes essential structural proteins which are
important in the pathogenicity of SARS-CoV-2 like spike
(S) glycoprotein, small envelope (E) protein, matrix (M)
protein, and nucleocapsid (N) protein are translated by the
rest of the viral genome’.

As reported by the World Health Organization (WHO),
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SARS-CoV-2 (COVID 19) has infected over 10 million
cases from more than 200 countries and has caused 500
thousand deaths worldwide as of 30th June 2020 with
experts predicting that the peak is yet to come. With this
alarming rate of transmission of SARS-CoV-2 and
increasing mortality across the globe, the development of
highly sensitive and highly specific investigations should be
developed to stop this pandemic from causing more
mortalities. Although various detection methods have been
developed which will be described in detail but recently the
researchers at John Hopkins University estimated that that
tested with SAS-CoV-2 in the first four days after infection
were 67 percent more likely to test negative, even if they had
the virus. When the average patient began displaying
symptoms of the virus, the false-negative rate was 38
percent, and the test performed best after eight days of
infection but even then had a false negative rate of 20
percent’. This high rate of false-negative results during the
carly days of infection is of great concern for the whole
scientific community and needs to be addressed at the
earliest. Scientists across the globe are in the process of
reducing these false-negative results by designing more
sensitive techniques, but despite their best efforts, Kassirer's
statement always holds true who states that no diagnostic
test can be 100% accurate’.

Analytical issues in-lab diagnosis

Correspondence:

Dr. Imtiyaz A Bhat, P.hD

Senior Resident

Dept. of Immunology & Mol. Medicine, SKIMS
Email: imty82@gmail.com

DOI:
https://doi.org/10.33883/jms.v23i2.766

How to cite this article: Bhat IA, Shah ZA, Masoodi S.
Laboratory diagnosis of SARS-CoV-2: an Update for Clinicians.
IMS 2020;23(2): 3-8

Received: 2020-06-02  Accepted: 2020-06-15

This is an open-access article distributed under the terms of the Creative Commons Attribution License
(CC BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original
author and source are credited.




Bhat I A et al; Laboratory diagnosis of SARS-CoV-2: an Update for Clinicians

In the laboratory investigations, usually, four types of
conditions can occur during any diagnostic test like True-
positive, False-Positive, False-negative, and True-negative,
with true-Positive and True-negative as the desirable
situations for any lab to achieve while as False-negative and
False positive are the errors which are unavoidable in most
of the scenarios’. With this background, we will be
describing the various diagnostic technique based on
different principles that have been designed after the
outbreak of COVID-19 and also the various factors that
determine their specificity and sensitivity in the detection of
SARS-CoV-2. Before discussing the technicalities of these
recently designed tests for SARS-CoV-2, the most
important factor is pre-analytical errors that occur during
the sample collection, sample storage, and sample
transportation. In the case of the SARS-CoV-2, the type of
specimen is collection plays a significant role in
determining the sensitivity of these tests. The most common
specimens studied for comparison of positive rates are
nasal, pharyngeal, sputum, urine, fiber bronchoscope brush
biopsy, blood, and broncho-alveolar lavage fluid (BAL).
After studying these specimens from the confirmed cases of
SARS-CoV-2 and based on their noninvasive in nature,
CDC has recommended the use of nasopharyngeal
specimen as a preferred specimen for SARS-CoV-2
detection followed by oropharyngeal, a nasal mid-turbinate
specimen (using a flocked tapered swab), an anterior nares
(nasal swab) specimen (using a flocked or spun polyester
swab) or a nasopharyngeal wash/aspirate or nasal aspirate
specimen. The other factors which play a significant role in
minimizing the pre-analytical errors are the storage of these
specimens in proper viral transport medium vials (VITM)
and maintaining the cold chain during the transportation of
these samples to the laboratories for analysis.The current
diagnostic strategy recommended by the WHO and CDC to
identify patients with COVID-19 is to test samples taken
from the respiratory tract to assess for the presence of
SARSCoV-2 by targeting m RNA for different genes,
SARS-CoV-2 epitopes and screening for antibody against
the SARS-CoV-2 antigens. Real-time reverse transcriptase-
polymerase chain reaction-based assays are considered the
most preferred test for the detection of SARS-CoV-2, while
as other diagnostic tests like antigen-based tests and
antibody screening are rapidly emerging as an alternative to
RTPCR based tests (Figure 1)
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Figure 1: The critical role of Laboratory Medicine in COVID-19
(Modified from Lippi et al [24])
Real-Time Reverse Transcriptase PCR for SARS-CoV-2
detection

Real-time reverse transcriptase-polymerase chain reaction
was the first test deployed for the identification of SARS-
CoV-2 both as a confirmatory diagnosis of symptomatic
patients as well as an increased screening of asymptomatic
contacts’. The development of RT PCR was only possible
when the complete genomic sequence of SARS-CoV-2 was
published on 23rd January 2020 whichon alignment with
the different coronaviruses revealed the 58% identity
among the non-structural proteins as compared to the
structural proteins with 48% identity. The phylogenetic
analysis of SARS-CoV-2 among 95 strains isolated from
COVID 19 patients around the globe revealed high
sequence homology on multiple sequence alignment
(99.99%; range 99.91-100%) and the amino acid level
(99.99%; range 99.99100% )which indicated a low mutation
rate for SARS-CoV-2. The sequence homology of the
selected conserved target regions from available SARS-
CoV-2 genomes minimizes the potential cross-reactivity
with other coronaviruses, including human coronaviruses
and bat-SARS-like coronaviruses’. Initially, it was
hypothesized that the natural mutation rate and active viral
recombination could play an important role in the annealing
of designed oligonucleotides and will impair the sensitivity
(limit of detection) or might affect the inclusivity i.e., the
evolved strains due to these genomic variations will be
missed in the RT PCR'™ ". The study conducted by
LuisPefarrubiaa et al observed that a single genetic
variation affects the annealing of different SARS CoV-2 RT
panels and recommended the use of multiple targets in the
RT PCR could minimize the loss of sensitivity and
specificity, however, close monitoring is needed to develop
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new primers and probes in case of any genetic variability'.
Based on these findings the protocol for detection for
SARSCoV-2 was modified and multiple targets were
screened by designing primers and fluorescent probes
against genes for RNA-dependent RNA polymerase
(RdRp), envelope (E), and nucleocapsid (N) genes of
SARS-CoV2. The performance of RT PCR in the detection
of SARS-CoV-2 is still around 60-70% for the
nasopharyngeal swab which is the most preferred specimen.
With this sensitivity of RT PCR sometimes patients with
strong characteristics and evidence of COVID 19 on
computed tomography (CT) images are found to be RT
Negative. Thus an RT negative result does not exclude the
possibility of SARS-CoV-2 infection and should not be the
sole criterion for clinical management and patient treatment
decisions. The type of specimen has a significant role in
detecting the SARS-CoV-2 by RT PCR with
nasopharyngeal (63%) and sputum (72%) showed better
sensitivity than Buccal swab. Wang et al and others have
reported the highest sensitivity of 93% in specimens from
bronchoalveolar lavage (BAL)". The amplification of more
than one target in the multiplex PCR also helped in
minimizing the chances of false-negative results. Post
analytical errors like baseline selection, interpretation of CT
values, and correlation of amplification plots with the CT
values are also of great significance in result interpretation.
The use of NTC, internal negative control, and positive
control should play a significant role in minimizing the
chances of post-analytical errors. The occurrence of false-
positive results can be minimized by following the proper
conditions during sample pooling, nucleic acid extraction,
and PCR plate preparation to avoid cross over
contamination and carry-over contaminations. The
occurrence of analytical errors should never be
underestimated in the laboratory medicine in usual
circumstances, but the vulnerability of error rate in case of
amplification assays like RT PCR is highly magnified due to
thehigh workload and severe pressure in a pandemic like
COVID 19. Various reports have been published regarding
the diagnostic errors due to the exponential peak of positive
cases of COVID 19 in many countries; the repercussions of
these diagnostic errors are very serious in nature and are

"1 Because of the several risks to

unquestionably amplified
patients in the event of a false-positive result, all clinical

laboratories using this test must follow the standard

confirmatory testing and reporting guidelines based on their
proper public health authorities.

Antibody Testing for SARS-CoV-2

The use of antibody testing which is cheap, rapid, and easy
to perform in comparison to RT PCR holds significant
importance in community screening and to find out the
development of antibodies in asymptomatic subjects(herd
Immunity). There is an urgent need to start serological tests
to identify asymptomatic silent infections, evaluate patient
immune response, better predict disease progression, and
improve our understanding of the epidemiology, including
transmission patterns of SARS-CoV-2. Another important
role of Serological testing could be an antibody isolation
procedure which could play a role in the implementation of
convalescent plasma therapy for severely ill COVID-19
patients’. At the global market during this COVID
pandemic, a wide variety of serological tests enzyme-linked
immunosorbent assays, chemiluminescence, and lateral

flow assays have been developed'™".

This includes a
screening of IgA, IgM, and IgG in combination or in
isolation at different time intervals for asymptomatic
subjects and post-treatment of symptomatic cases. The
manufacturing of antibody-based screening kits by around
100 manufacturers are competing for FDA approval but
only a few of them have received clearance for mass-scale
production. The lack of rigorous validation and evaluation
of these assays has not been performed on a large scale and
their potential clinical utility is still controversial. The
detection of the IgM class of antibody which are usually
found during the active course of infection and rises quickly
with the onset of infection and decrease very quickly once
the infection is neutralized and cannot be a good choice for
mass screening in a community”’. The second class of IgA
which is usually present in the mucosal surfaces and plays a
vital role in neutralizing microorganisms in the respiratory
and gastrointestinal tracts. But like IgM, IgA is also are
detected during the active infections as early as one day after
the SARS-CoV-2 illness. However, the specificity and
sensitivity of IgA have been documented until now in the
published literature™. The pooled results of total antibodies
(IgA, IgM, and IgG) specific for SARS-CoV-2 has shown
low sensitivity during the first week since onset of
symptoms and are below 31% and subsequently, improved
sensitivity rates were seen in the second and 3rd week of
infection. IgG & IgM combination has shown a sensitivity

Journal of Medical Sciences 2020:23(2):3-8




Bhat I A et al; Laboratory diagnosis of SARS-CoV-2: an Update for Clinicians

of 30.1% (95% CI 21.4 to 40.7) for 1 to 7 days and the
sensitivity subsequently increased to 72.2% (95% CI1 63.5 to
79.5) if the sample was collected on 8-14 days post-
infection and up to 91%((95% CI 87.0 to 94.4) when the
sample was taken on 15-21 days. Beyond 21-35 days the
data available is of very small studies, although showing a
sensitivity of 96%". After 35 days of infection, there is
insufficient data available. The false-positive rates because
of cross-reactivity have been studied extensively and need
further research before drawing the final conclusion. In
comparison to IgA and IgM class antibodies, 1gG class of
antibodies is supposed to have a major role in the detection
of SARS-Co-V-2 because of its longer shelf life in the
serum. The IgG becomes detectable in the immuno
competent after 8 days of getting the SARS-Co-V-2 with
more 90% of'the individuals to become seropositive after 14
days of carrying over the virus”. The most important
contributing factor in determining the sensitivity and
specificity of IgG is the source of ELISA kits, according to
one standard ELISA kit manufacturer company, the false
positive rate of 2.5% was observed for the diverge range of
autoantibodies and 3.4% cross-reactivity was observed in
the sera of influenza vaccine patients”. This low false
positivity with the IgG class of antibodies would definitely
complement the diagnosis but further studies are needed to
prove this low false positivity and high sensitivity of IgG
class of antibodies. The sensitivity and specificity of IgM
and IgA have been studied by various studies but the results
are not so promising and more research is needed to evaluate
their role in the diagnosis of SARS-Co-V-2”.

Rapid SARS-CoV-2 antigenic testing

The SARS-CoV-2 (Antigen) Respi-Strip assay is a new
addition to the RT PCR and antibody testing and is based
onimmunochroma to graphic principle and has been
recently made available for quick diagnosis of SARS-CoV-
2. The sensitivity of COVID-19 Ag (Antigen) Respi-Strip
assay has been proposed to around 60% and could
complement the already available diagnosis of SARS-CoV-
2. The proposed specificity of antigen-based testing is more
than 90% which would help in taking quick decisions in the
management of positive caseswhile the confirmation by RT
PCR is only required for negative cases”. The principleof
rapid COVID-19 Ag Respi-Strip kit by using antibodies
against the different epitopes embedded in the surface of

SARS-CoV-2 is now used for diagnostics of COVID 19.
This test is qualitativeand easy to perform where the
collection of nasopharyngeal swabs done from the person's
throat or nose using a swab which is later dipped into a
liquid to dissolve the mucus and the virus is released. The
liquid containing the dissolved antigen is then applied to the
surface with membrane technology with colloidal gold nano
particles coated with monoclonal antibodies against
conservedepitopes of SARS CoV-2. Another monoclonal
antibody that is conjugated to gold nanoparticles is
immobilized on to the nitrocellulose membrane. The
presence of the SARS CoV-2 is detected by passive
diffusion which allows the solubilized conjugate to migrate
with the sample and react with the anti-SARS-CoV-2
antibodies immobilized onto the membrane. A control line
determines the correct migration of the antigen on the
nitrocellulose membrane. The presence of the antigen in the
sample is visualized by naked eyes after 15-20 minutes.The
proposed sensitivity of 60% proposed initially for antigen
testing has become controversial as only 23.9 % sensitivity
was reported by few studies, while one study has reported
the sensitivity of around 70%, so more studies should be
performed to evaluate the sensitivity and specificity of this

22,23
test

. Although the false negativity rate of around has been
detected by a few studies in case of low viral load or low
grade of infection. SARS CoV-2 antigen testing can still be
of significant importance in filling the gap by providing a
fast diagnosis in the clinic, however, a lot more precautions
should be taken into considerations in declaring the
asymptomatic subjects as negative and RT PCR should be

used for the confirm diagnosis.
CONCLUSION

The sensitivity and specificity of RT PCR in the diagnosis of
SARS Co-V-2 still makes a diagnosis of choice for
symptomatic cases, however, the use of antigen testing and
antibody testing is still the topic of discussion at the local,
national and international level. The performance of antigen
testing kits and ELISA by various manufacturers needs
further research before recommending at the national or
international level for mass screening.
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