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ABSTRACT: Diagnosis is the precursor to the treatment of a disease, and as such, it is vital for diagnosis to be both accurate 
and fast. Handling large scale outbreaks and pandemics can be tied to the effectiveness of diagnosis. In the current pandemic of 
COVID-19, both serological tests and RT-PCR are being used to diagnose COVID-19. SARS-CoV-2 initially broke through 
in Wuhan, China in December 2019, and since then it has rapidly developed into a pandemic with roughly fourteen million cases 
and roughly one million fatalities as of July 2021.  In this scenario, serological testing is fast, and RT-PCR is accurate; however, 
what we need to effectively control the pandemic is to have a test that embodies both speed, accuracy, and accessibility. In this 
review, we will delve into the current SARS-CoV-2 diagnostic tests: RT-PCR and serological assays. Due to the novelty of 
research in the field, we will also discuss the significance of variants and how they affect the tests based on the key mechanisms 
behind these detection assays. 
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�   Introduction
In December 2019, an idiopathic respiratory pathogen was 

identified as the culprit behind a cluster of pneumonia-like 
cases in Wuhan, a city in the Hubei province of China. Soon, 
the disease would spread rapidly, escalating from an outbreak 
to an epidemic, to a pandemic.¹ The disease was designated 
as coronavirus disease 2019 (COVID-19), previously known 
as 2019 novel coronavirus disease (2019-nCoV), and the vi-
rus known as severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) by the World Health Organization (WHO) 
in February 2020. 

SARS-CoV-2 is quite similar to SARS-CoV due to their 
common ancestry; both have virion sizes ranging from 70 to 
90 nm as well as spike, membrane, and envelope surface viral 
proteins that are embedded in a host membrane-derived lip-
id bilayer encapsulating the helical nucleocapsid comprising 
of viral RNA (Figure 1A).² The SARS-CoV-2 binds to the 
angiotensin converting enzyme 2(ACE2) receptors on the 
host cells inside the respiratory tract and is transmitted aeri-
ally (Figure 1B & 1C).³ An interesting point is that the virus 
doesn’t affect people in the same manner, some can become 
silent carriers who exhibit no symptoms but can spread the 
virus whereas others may succumb to acute respiratory dis-
tress syndrome (ARDS) and these chances can be increased 
or decreased based on pre-existing conditions such as asthma, 
immunodeficiency, obesity, and diabetes.⁴

Over the course of the COVID-19 pandemic, the SARS-
CoV-2 virus has mutated, resulting in genetic variation in the 
circulating viral strains. In Figure 1D, key mutations of the 
spike protein are shown; mutations can occur on all spike pro-
tein subunits, and these variations can enhance the infectivity 
or virulence.⁵ The Delta variant is one of the most recent vari-
ants that has been identified and spread significantly. Some 
potential changes include an increased contagious window, 
increased viral shedding, increased environmental stability, 
and increased binding to host ACE2 receptors.

Increased Contagious Window :
The SARS-CoV-2 virus is only infectious when the virus 

is proliferating in the upper respiratory tract. Genetic variants 
have the potential to increase the length of these incubation 
periods, thus increasing the contagious window, allowing for 
the host to have more chances to pass on the virus.⁶ 

Figure 1: Key features, mode of transmission and variants of SARS-CoV- 2
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Increased Viral Shedding:
The primary mechanism of transmission for SARS-CoV-2 

is droplet transmission via breathing, speaking, coughing, and 
sneezing. Certain variants can increase the amount of virus 
that can be shed in these droplets, increasing the viral load as 
well as the likelihood of passing on the infection.⁶

Increased Environmental Stability:
Often times, hosts can spread infectious droplets onto 

surfaces in an environment, and it’s possible for infection to 
occur across contact on open surfaces. Variants can prolong 
the survival of the virus in aerosol droplets, allowing for po-
tential transmission.⁶

Increased binding to host receptor:
The primary method of SARS-CoV-2 infection is by bind-

ing to the ACE2 receptor in respiratory tract cells; variants of 
concern can potentially bind to ACE2 more effectively in-
creasing infectivity.⁷  

Latest research regarding SARS-CoV-2 genome, structure, 
and variants have provided a strong foundation for diagno-
sis, treatment, and vaccine studies. Diagnosis is a crucial 
part of treating any patient infected with a disease, and the 
importance of diagnosis is amplified in situations such as a 
pandemic. Without a proper diagnosis, treatments can’t be 
administered, and carriers of the disease can slip by unde-
tected, leading to further infection.⁸ During this COVID-19 
pandemic, diagnosis is the key to managing the pandemic. 
Currently, labs and testing facilities can’t cope with the de-
mand for testing, and faster methods of testing have their 
own drawbacks in terms of accuracy.⁹ In this review, I will 
discuss the two main forms of diagnosis and their pros and 
cons. 
�   Discussion 
Serological Diagnostic Testing:
Serological tests, or antibody tests, are a form of diagnostic 

testing being utilized for the diagnosis of COVID-19. With 
the majority of Serological tests in the US being categorized as 
Rapid Diagnostic Tests (RDTs), speed distinguishes this form 
of testing from others. This type of test is known as a Laminar 
Flow Immunoassay (LFI), meaning that it uses the principle 
of capillarity, the ability of liquids to flow in narrow spaces 
without needing energy, to test for the presence of antibodies 
that indicate a current or previous infection of COVID-19.¹⁰

Before we can delve into the mechanics of the test, we must 
first notice its components (Figure 2). The serological diag-
nostic test set-up consists of four parts: the control well, the 
testing well, the conjugate pad, and the sample well. Primarily, 
a drop from the sample of blood or serum is placed on the 
sample well along with dilute PBS (phosphate-buffered sa-
line).¹¹ The sample then flows from the sample well to the 
control well because of capillary action. Afterward, antibodies 
with specificity for COVID-19 bind to gold COVID-19 anti-
gen conjugates in the conjugate pad. Once the sample manages 
to flow to the testing well, the COVID-19 antigen-antigen 
complex binds to immobilized anti-human IgG and IgM an-
tibodies.¹¹ Promptly after this process, the sample moves to 
the control well where Rabbit antibody-gold conjugate binds 
to immobilized anti-rabbit IgG antibodies. Once this phase is 
complete, you can interpret the results based on the strips. If 
both control and testing wells have strips, the result is COVID 
positive, if the control well strip is present but nothing in the 
testing well, the result is negative, and lastly if the control well 
doesn’t have a strip, the test is invalid.¹²

Although the test focuses on speed, accuracy can sometimes 
prove to be compromised; for example, when 58 people test 
positive for COVID-19, of these, 12 people (21%) will not 
have COVID-19 (false-positive result) and when 942 people 
test negative for COVID-19, of these, 4 people (0.4%) will ac-
tually have COVID-19 (false-negative result). Some tests can 
give a false positives if the patient the sample was taken from 
was exposed to a virus similar to SARS-Cov2.¹³ Additionally, 
the test can give a false negative if the patient has an active 
infection but no antibodies are produced.¹⁴ Lastly, antibody 
testing promotes a false sense of immunity as people assume 
that a presence of antibodies means protection from a potential 
re-infection; however, there are no current studies or evidence 
that shows that people who have contracted COVID-19 will 
not be infected again.¹⁵

RT-PCR Testing:
Reverse Transcriptase Polymerase Chain Reaction (RT-

PCR) is a form of diagnostic testing for COVID-19 that 
focuses on producing accurate results in a timely manner. RT-
PCR tests generally take around 3 hours, with unconfirmed 
tests by some companies clocking in as little as 15 minutes.¹⁶

Figure 2: Serologic diagnostic test: COVID-19 detection

Figure 3: COVID-19 diagnostic test through RT-PCR
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RT-PCR testing consists of five key steps. As seen in Figure 
3, to use RT-PCR, a patient sample is taken via a nasopha-
ryngeal swab and from there it can be stored at 2 to 8 degrees 
Celsius for up to 72 hours, or it can be taken directly for RNA 
extraction.¹⁷ During RNA extraction, the sample is placed in a 
special solution so as to extract only pure RNA from both the 
virus and from the patient’s own cells. To figure out whether 
or not the virus is present, we must amplify the viral RNA to 
a point where it is detectable by qPCR. During RT-PCR, the 
pure RNA is first turned into cDNA (complementary DNA) 
and the cDNA is in turn amplified by PCR.¹⁷ The test utilizes 
two primers and a probe to detect two regions in the SARS-
CoV-2 RNA-dependent RNA polymerase (RdRp) gene and 
one primer and a probe set to detect the virus envelope (E) 
gene in a clinical sample. The machine utilizes enzymes and 
special chemicals along with heating and cooling cycles to am-
plify targeted genetic material in the test tube. After several 
cycles, millions of copies of the SARS-CoV-2 virus’s DNA are 
present in the test tube. While new copies of viral DNA are 
created, marker labels attach to the DNA strands and release 
fluorescent dye which can be detected. Once the amount of 
dye detected reaches a certain value called the “threshold”, that 
is when our testing is complete. If the threshold is crossed in 
under 40 cycles, the patient has COVID-19, and this num-
ber of cycles needed to cross the threshold is called the cycle 
threshold (Ct).¹⁷

A positive test indicates an infection, but a negative test in-
dicates that you don’t have an infection at the time of the test; 
however, you could develop an infection and symptoms later. 
Although the test is very accurate, if the SARS-Cov2 virus 
were to undergo any mutation throughout its infection in the 
patient, the RT-PCR may not function as the primers will not 
be able to bind to the viral RNA due to mismatches. Addition-
ally, the quality of the sample taken directly affects the testing. 
If inadequate sampling techniques are used, the test will not 
provide accurate results.¹⁸

Kinetics of SARS-CoV-2 Positivity of Infected and 
Recovered Patients:

The kinetics of the PCR and antibody test positivity, rep-
resent the variation over time in diagnostic tests for detection 
of SARS-CoV-2 infection (Figure 4). PCR tests are positive 
relatively faster in the disease course, whereas serological tests 
are positive later in the disease course.¹⁹ Due to the sensitiv-
ity of PCR, it can detect minuscule amounts of viral material 
starting from 2-3 days post-infection. The test can continue to 
detect fragments of the SARS-CoV-2 virus after COVID-19 
convalescence that are not infectious. You may continue to 
test positive if you’ve had COVID-19 in the distant past, even 
though you can’t spread the SARS-CoV-2 virus to others. 
Prolonged infection in immunocompromised individuals can 
occur where they transmit infectious droplets for months.¹⁹ 
The use of the serologic test for SARS-CoV-2 requires a gen-
eral understanding of the dynamics of the immune response 
to infection and specific knowledge of test characteristics. Ac-
cording to the CDC, IgG and IgM are detectable 1-2 weeks 
post-infection and begin to fall roughly 4-5 weeks post-infec-
tion. Although IgG antibodies can stay relatively longer, 

the true nature of the antibodies detectability hasn’t been ful-
ly explored yet. Because antibodies require time to become 
detectable, serologic tests aren’t useful early in the course of 
illness for diagnosing COVID-19. Additionally, most, but not 
all patients with SARS-CoV-2 infection develop an antibody 
response, and so negative serologic result does not exclude past 
infection. Serologic testing in SARS-CoV-2 infection may be 
useful for identifying symptomatic people suspected of long 
COVID/post-COVID who may be beyond the period where 
viral RNA is detectable by RT-PCR.²¹ 

Impact of SARS-CoV-2 Variants:
The impact of variants on the performance of diagnostic 

tests hasn’t been clearly discovered. The majority of commer-
cial assays are designed to detect antibodies to wild-type spike 
proteins, therefore there’s reason to believe that certain vari-
ants may generate antibodies undetectable by these assays.²² 
However, to date, there are no studies that support variants 
change analytic or clinical sensitivity in antibody assays. On 
the other hand, the variants can negatively affect RT-PCR.²³ 
Researchers hypothesized that mutations in the loci recog-
nized by DNA primers may reduce the amplification of viral 
sequences which would decrease the efficiency of tests in pos-
itive individuals. New studies indicate that diagnostic tests 
should include multiple target areas to increase the probability 
of accurate detection. At Washington University, the molecular 
diagnostic lab of Barnes-Jewish Hospital uses the Roche Co-
bas SARS-CoV-2 for patient samples. The test utilizes both 
the ORF1ab as well as the E gene, which encodes the envelope 
protein. Although most samples have similar cycle threshold 
values, there were a few outliers: the E gene wasn’t amplified 
to the same degree as ORF1ab. Despite this unexpected result, 
the tests still performed exceptionally in correctly identifying 
positive samples based on the ORF1ab signal.²⁴ To understand 
the odd results behind the E gene, they sequenced a handful 
of viral sequences. They found three samples had a common 
mutation in the E gene, one not present in any of the common 
variants now circulating in the population. The researchers 
stated that the mutation affects the binding of the PCR prim-
er which interferes with amplification. As of now, the scientific 
community requires more studies to test the sensitivity and 
efficiency of SARS-CoV-2 primer sets.²⁴

Figure 4: Time course of COVID-19 infection and test positivity
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�   Conclusion
The US Food and Drug Administration (FDA) has ac-

knowledged that SARS-CoV-2 mutations can interfere with 
diagnostic tests, and as a result, they’re continuing to monitor 
variants and evaluate potential effects on diagnostic tests. The 
agency also advised developers to include multiple genetic tar-
gets, and they also advised developers to watch for mutations 
that alter test performance.²⁵ “From the very beginning, we’ve 
been keeping a very close eye on all the different variants, 
“says Palani Kumaresan, the head of research and develop-
ment for Roche Diagnostic Solutions. The E gene signal is in 
fact pan-sarbecovirus, the virus subgenus that includes both 
SARS-CoV and SARS-CoV-2. SARS-CoV-2, in particular, 
emits a specific signal from ORF1ab.²⁶ The US Centers for 
Disease Control and Prevention (CDC) regularly monitors 
the primers and probes for its COVID-19 diagnostic panel 
and multiplex test for flu and COVID-19. CDC also actively 
tracks and characterizes coronavirus variants through genom-
ic surveillance efforts.

In retrospect, serological tests are great for rapid diag-
nosis, while RT-PCR is an extremely accurate method of 
diagnosis.²⁷ Despite the individual strengths of RT-PCR 
and serological testing, a test that is both fast and accurate, 
as well as affordable, is required.²⁸ Certain companies such as 
Sorrento Therapeutics, are offering solutions to this problem. 
This test gives a read-out within 30 minutes of testing a saliva 
sample, and unlike other tests available, all materials come in 
a single tube and require no specialized equipment, making it 
ideal for testing in any situation, potentially even at home.²⁹ 
Tests like these, which require no intermediary step between 
reference labs and facilities collecting samples, can easily 
overcome the current problem of overwhelmed labs unable 
to keep up with the demands of testing. Tests such as these 
have the potential to facilitate the control of the outbreak, as 
the more accurate diagnoses we have, the easier it becomes 
to treat and quarantine infected individuals. Hence, it is of 
paramount importance that we push such tests that have both 
accuracy and speed into the market.³⁰
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