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Comparing the structure, diagnosis, and
prevention of SARS-CoV-2 and influenza

by Sophia Richards, MLS(ASCP); Masih Shokrani, PhD, MT(ASCP)

ith COVID-19 being a respiratory disease that has
Wsimilar symptoms to the influenza virus, and while

the two viruses share some similarities, the differences
are clinically significant. The severity of both viruses varies from
person to person, with some people acting as asymptomatic
carriers, and others receiving treatment in the intensive care unit
on ventilators. The pandemic taught the scientific and medical
communities more about COVID-19 than they knew in late
2019. Everything learned throughout the pandemic has led to
the development of reliable laboratory testing and multiple
vaccine options for COVID-19.

While COVID-19 is caused by SARS-CoV-2, influenza is a
common seasonal illness caused by influenza virus A or B (IAV
or IBV).The influenza virus was first isolated in the laboratory
in 1932 but has caused pandemics and epidemics every year,
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which is similar to what we experience with seasonal influenza
activity today.! One of the most well-known outbreaks of the
influenza virus was the 1918 Spanish flu, which was an outbreak
of HIN1, or swine flu.The flu epidemic occurs every year in the
United States in the fall and winter months. Like COVID-19,
symptoms and severity of influenza vary from person to person.
Getting a yearly flu vaccine helps reduce the risk of illness
from the seasonal influenza virus. In 2017, the World Health
Organization (WHO) reported that 650,000 people worldwide
die due to flu-related respiratory illness each year.The data from
the WHO includes low- to middle-income countries without
the same access to preventative and acute medical care as is
available in developed countries such as the United States.?

A comprehensive analysis of COVID-19 and influenza is
necessary to differentiate between these two viruses regarding
structure, identification, and vaccine development. Some of
the most important similarities and differences are seen in the
structure, symptoms, transmission, rate of mutation, laboratory
testing, and available vaccinations.

Structure

Coronaviruses are characterized as positive single-stranded
RNA enveloped viruses (ssRNA).>The genome of positive sense
ssRNA viruses can be used as messenger RNA (mRNA). This
means that the genome does not have to be transcribed as
mRNA first. SSRNA viruses are the least complex form of
viruses and only contain information that is needed to infect
a host cell. This type of virus replicates the nucleocapsid and
the genetic material that will be contained in the nucleocapsid
at the same time. Due to the ssRNA structure of coronaviruses,
they rely greatly on host mechanisms for replication. Replica-
tion of the genome happens spontaneously, which does not
require energy or adenosine triphosphate (ATP). This differs
from DNA or RNA transcription where ATP is required for
replication.* Coronaviruses range in size from 26 to 32 kb,
which makes them the largest single-stranded RNA virus.
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Glycoprotein projections on the surface of the virus give the
virus a crown-like appearance that is visible using electron
microscopy (EM).>The basic structures of SARS-CoV-2 and
influenza virus are shown in Figure 1.

The major proteins that contribute to the structure of
coronaviruses are the membrane (M), envelope (E), nu-
cleocapsid (N), spike (S), and hemagglutinin-esterase (HE)
protein.® The M protein is a structural protein that deter-
mines the shape of the envelope and binds to the N protein
to strengthen and stabilize the nucleocapsid. The M protein
also contributes to the viral envelope with protein E, which
has a minor role in the envelope formation of the virus.® While
the E protein does not form the membrane of the virus, the
E protein is an integral protein, forming a lattice with the M
protein to form the membrane. The N protein is responsible for
binding to the genome of the virus and is seen at the highest
abundance in host cells infected with the virus.The S protein
creates the hallmark spikes of coronaviruses that can be seen
through EM. The S protein is composed of two subunits, the S1
subunit is responsible for receptor binding, and the S2 subunit
is responsible for membrane fusion.” Hemagglutinin esterase is
an enzyme composed of hemagglutinin and acetyl esterase and
is believed to play a role in the pathogenicity of coronaviruses.

On the other hand, the influenza virus is a negative ssRNA virus
that has glycoproteins that project on the surface of the virion.
Since the influenza virus is a negative ssRNA virus, the ssSRNA is
not transcribed directly because the genetic material is made of
the complementary strand of RNA.This means that to replicate,
the complementary RNA strand must be transcribed into the
template strand first. Influenza A (IAV) and B (IBV) are 12kb in
size, which is typical for negative ssRNA viruses.The genome of
IAV is made up of eight different segments of negative ssRNA.
The main proteins found in IAV are the hemagglutinin (HA) and
neuraminidase (NA) proteins, which make up the projections on
the surface of the virion. In the envelope of IAV, HA, NA, and the
matrix-2 (M2) proteins are integral proteins on the membrane
of the virion. An integral protein is essentially locked into the
membrane of the virus. HA, NA, and M2 overlay a matrix of
the matrix-1 (M1) protein, which encloses the virion core. IBV
is similar to influenza A, but the NB and BM2 proteins replace
M2.Both HA and NA are responsible for categorizing IAV into
subtypes that contribute to the infectivity and mutation rate of
the virus that will be discussed in later sections.?

One key difference between coronavirus and influenza is
the ssRNA that contains the genetic material for each virus.
Coronavirus has positive sense ssSRNA; whereas, influenza has a
negative sense ssSRNA.The difference between these two types
of genetic material is that the positive sense genome can act as
mRNA and be directly translated into proteins by the ribosomes
of the virus. On the other hand, negative sense ssRNA in the in-
fluenza virus does not have this ability.>*To produce mRNA, the
negative sense ssRNA relies on RNA-dependent RNA poly-
merase to transcribe the RNA strand that codes for mRNA and to
make the corresponding proteins.® Another difference between
COVID-19 and IAV is genome complexity. As mentioned earlier,
coronaviruses are the least complex viruses; whereas, IAV has
a more complex genome. Genomic size is also a difference
between each virus because coronavirus is 32kb; whereas, the
influenza virus is 12kb.>#

Rate of viral mutations

Influenza is well known for its predisposition to antigenic drift
and antigenic shift. Antigenic drift is the result of point muta-
tions in the amino acid sequence that makes up the antigens
HA and NA, which are presented on the viral lipid envelope.
Mutations can result in the expression of different HA or NA
glycoproteins. Antigenic shift occurs in the virus when there
is an abrupt change to the glycoproteins on the surface of IAV.
This can occur when AV infects a species of animal that is
not the intended host. HIN1, or“swine flu,” is an example of
this because the virus was passed from swine to humans. In
this scenario, pigs are the intended host, and humans are the
accidental host. The HIN1 outbreak was the cause of concern,
as the surface antigens HA and NA were different from previ-
ous antigens. Due to this, humans that became infected with
the HIN1 variant of IAV did not have immunity because their
immune systems did not have antibodies for the respective
antigens on HIN1."

COVID-19 can also undergo antigenic drift and antigenic
shift over time. Two examples of prominent variants are SARS-
CoV-2: B.1.1.7, which began in the United Kingdom (UK), and
B.1.351, which was discovered in South Africa. Variant B.1.1.7
has a mutation in the receptor-binding domain, which binds
to the angiotensin-converting enzyme 2 (ACE2) receptor of the
host.The mutation in this variant is at position 501 of the spike
protein, where asparagine is replaced with tyrosine.This variant

Structure of SARS- CoV-2 Structure of Influenza Virus

Figure 1: This image displays the structure of SARS-CoV-2 (left) and influenza virus (right). Left photo courtesy CDC. These images are not to scale.*'
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has also shown an increase in transmissibility compared to the
parent strain.” Due to the increase of transmissibility of the
B.1.1.7 variant, the virus strain was the most prominent strain
in the United Kingdom at one point. The B.1.351 variant has
multiple spike protein mutations. Both the B.1.1.7 and B.1.351
variant are more transmissible than the parent strain of COVID-
19. The now-dominant Delta variant, or B.1.617.2, which first
emerged in India, also is more transmissible.”

One mechanism that contributes to the high mutation rate
of RNA viruses is RNA polymerase. RNA polymerase is an
enzyme responsible for proofreading the RNA of a genome,
before the RNA gets translated for replication. Since RNA
viruses IAV and COVID-19 lack an effective proofreading
functionality to ensure that the genome is being replicated
accurately, they lend themselves to high mutation rates and the
formation of different strains or variants. In IAV, the mutation
rate ranges from 1.52-3 to 7.27-5/ bp.* This means that, on
average, for every 667 to 13,888 base pairs translated, there
could be a mutation. While the errors from RNA polymerase
contribute to the creation of new variants of existing viruses,
RNA polymerase may be a detriment to the survivability of
the virus. ™

Laboratory testing and diagnosis

Infection of COVID-19 or IAV may be first recognized by charac-
teristic symptoms, but the only way to confirm the suspicion of
infection is through laboratory testing, combined with a patient’s
presentation of symptoms.There are two common methods of
testing for COVID-19 and IAV: polymerase chain reaction (PCR)
and antigen testing. There is also serological testing available
to determine if a patient recently had an infection, which is
determined by detecting antibodies.

Antigen testing identifies antigens from the virus that are
in the host, which can be used to determine if there was a
previous infection of COVID-19 or influenza. While molecu-
lar testing is used to confirm a COVID-19 diagnosis, other
laboratory tests help providers manage patients with severe
COVID-19 infections. According to an article published by
Justin Jones, PhD, in Medical Laboratory Observer, COVID-19
patients show elevated levels of procalcitonin (PCT), In-
terleukin-6 (IL-6), D-dimer, ferritin, cardiac troponin, and
N- terminal pro-B-type natriuretic peptide (NT-proBNP),
compared to healthy individuals.

Molecular testing

PCR is a nucleic acid amplification process that detects the
presence of a target genetic sequence by making millions of
copies of the desired target in a matter of hours in vitro. This
methodology uses the same components as in vivo replication,
which includes DNA polymerase and a primer sequence. For
viral nucleotide sequence detection, reverse transcriptase (RT)
is also present to transcribe the RNA into complementary DNA
(cDNA) for detection of the target sequence. In vitro RT-PCR rep-
lication differs from in vivo replication because in vitro RT-PCR
targets a specific nucleotide sequence from the template strand
of DNA, rather than duplicating the entire DNA strand.' If the
target sequence is present in the sample, the reagents used
in the testing will fluoresce, indicating a positive result in the
RT-PCR method of testing.

According to an article published by the College of American
Pathologists (CAP), RT-PCR can detect the presence of 500-5000
copies of viral RNA/mL near 100 percent of the time. However,
pre-analytical factors, such as sample collection technique
and the viral load at the collection site, affect the sensitivity
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and specificity of RT- PCR."” For example, if most of the viral
load is in the lungs, but a nasal swab is collected, then the
test may be negative because the viral load is not present at
the nasal collection site.

In addition to assays that detect a single virus, some assays
detect multiple pathogens. Having an assay that detects more
viruses decreases the amount of testing a patient may undergo
to receive a diagnosis.” Rather than performing a test for
influenza, respiratory syncytial virus (RSV), and COVID-19
separately with multiple different patient specimens, some
assays require one specimen from the patient and can detect a
positive result in less than an hour. A disadvantage of perform-
ing this testing is that the reagents are in short supply due to
the high demand to detect COVID-19 infection.

A variety of assays and tabletop analyzers were approved
for emergency use by the U.S. Food and Drug Administration
(FDA) during the pandemic.

Tabletop analyzers use isothermal technology to rapidly
replicate the viral RNA. An acidic solution is heated to 132.8
Fahrenheit, which damages the viral envelope of COVID-19,
exposing the RNA for replication.

Testing advantages include the fast turnaround time and
portability, making it ideal for any decentralized lab loca-
tion.” A disadvantage to this type of test is seen in the high
false-negative rate. In a 2020 research study conducted by
the Cleveland Clinic, 239 known COVID-19 specimens were
tested on a tabletop analyzer, but only 85.2% of the specimens
were considered positive. The desired sensitivity of a rapid
test is 95%.%

The same isothermal nucleic acid technology can be used
to replicate and differentiate between IAV and IAB nucleic
acids'19, 20,21,22

Antigen Testing

Antigen testing is another method that can be used to diagnose
COVID-19 and influenza infections. Antigen testing is a rapid
testing method that detects the presence of viral antigens in
the host.This method is not as sensitive or specific as molecular
testing. This testing method is a useful tool when screening for
COVID-19 or influenza. The high specificity is the ability of
the test to determine the absence of an infection. This testing
method is cost-effective and only requires a small cartridge,
or tabletop analyzer, rather than the large analyzer that was
discussed previously. This testing method produces results for
COVID-19 influenza A and B in minutes.”?

One example of antigen testing for detection of the influ-
enza virus is a rapid influenza diagnostic test (RDIT). This
testing method detects viral antigens in 10-15 minutes.” The
tests identify IAV and IBV nucleoprotein antigens present in
respiratory specimens.”

Serological testing

Serological testing can also be used to detect a COVID-19
infection. Rather than replicating a target genetic sequence
in PCR, serological testing detects the presence of antibodies
produced as an immune response by a person infected with a
virus. Immunoassays for qualitative and quantitative detection
of IgG or IgM antibodies to SARS-CoV-2 in serum are avail-
able.” Serological testing can be used for influenza infections
as well; however, the assays are not recommended for clinical
diagnosis of IAV or IBV, as the diagnosis cannot be reliably
interpreted since testing requires paired acute and convalescent
sera collected 2-3 weeks apart for accurate testing.* This does not
allow for timely or rapid detection of IAV or IBV.* Serological
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Manufacturer Mechanism of Action Required Doses Efficacy Storage Temperature Approved for Use
Moderna Modified mRNA in lipid A series of 2 94.1% -50to—15C and protected | Approved by the FDA for use in
particles is delivered into host | 0.5mL doses from light the United States under EUA.
cells, allowing expression of administered 1 2-8C for 30 days Approved for CMA by the EMA.
SARS-CoV-2 S glycoprotein month apart 8-25 for 24 hours
Pfizer- Modified RNA in lipid particles | A series of 2 95.0% -80 to —60C until expiration | Approved by the FDA for use in
BioNtech is delivered into host cells, 0.3mL doses -25to0 —15C for 2 weeks the United States under EUA.
(Comirnatyin | allowing expression of SARS- | administered 21 Protected from light until | Approved for CMA by the EMA.
the UK) CoV-2 S glycoprotein days apart use
Johnson & Recombinant Ad26 Assingle 0.5mL 66.3% 3 months at 2-8C Approved by the FDA for use in
Johnson expressing the SARS-CoV-2S | dose 2 years at-20C the United States under EUA.
glycoprotein
Vaxzevria Recombinant ChAdOx1 vector | A series of 2 62.6% in Unopened 6-month shelf | Approved by the EMA for use
(previously encoded with S glycoprotein 0.5mL doses individuals | life when stored at 2-8C in the European Union.
AstraZeneca) | of SARS-CoV-2 administered who Opened 48hours at 2-8C Not approved for use in the
4-12 weeks received Or 6 hours at 30C United States.
apart. both doses
Novavax** Prefusion spike protein A series of 2 89.3% 2-8C for an estimated Currently in Phase 3 trial in US,
encoded with SARS- doses minimum of 6 months UK, and Mexico.
CoV-2 using recombinant administered 21
nanoparticle technology and a | days apart
saponin based adjuvant

Table 1: Comparison of Vaccinations for COVID-19 2-%.37.38,3.40

**Not currently authorized for use in the US or EU. The most recent available data was used.

testing is relevant to the public health field and is a valuable
screening method.?

Correlated lab findings

While diagnostic testing is necessary to accurately diagnose
COVID-19, other laboratory tests help providers monitor pa-
tients with COVID-19. Among these tests are Interleukin- 6
(IL-6), D-dimer, Ferritin, Procalcitonin (PCT), and NT- proB- type
Natriuretic Peptide (NT-proBNP).'

IL-6 is a predictor of hyper-inflammation and respiratory
failure in COVID-19 patients.” In a meta-analysis conducted in
2020, the”“mean IL-6 levels were more than three times higher
in patients with complicated COVID-19 compared with those
with noncomplicated disease.””The increase in IL-6 is related to
the”cytokine storm”that occurs in patients with severe COVID-
19. The damaging immune response that cytokines promote
can lead to acute respiratory distress syndrome.’ Therefore,
an increased IL-6 is a predictor for a negative outcome for a
patient with COVID-19, such as the need for a respirator.

D-dimer is another laboratory test that can be useful
in managing patients with COVID-19. D-dimer measures
degradation products from fibrinolysis after clot formation.
In COVID-19 patients, D-dimer levels were reported to be
elevated in severe cases. A 2020 study conducted by Berger et
al. concluded that considering variables such as hypertension,
sex, age, and weight, patients with an elevated D-dimer have
an increased association with COVID-19 infection.*® Another
study found that of the 540 COVID-19 patients that were
hospitalized, 69.4% of those COVID-19 patients had elevated
D-dimer levels.”

Ferritin is an intracellular blood protein that contains iron
and can be measured to determine the amount of iron that is
stored in the body. Ferritin levels may aid COVID-19 diagnosis
because patients with severe COVID-19 infection show an in-
crease in ferritin levels of hyperferritinemia. Hyperferratinemia
among COVID-19 patients is associated with the cytokine storm
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that takes place during infection. The cytokine storm increases
the amount of pro-inflammatory cytokines. The production
of these pro-inflammatory cytokines increases inflammation
in the body. When inflammation increases, ferritin levels can
indicate the degree of inflammation in a patient.

In a study by Gomez-Pastora et al., ferritin levels of patients
in Wuhan, China, with non-severe and severe infection were
analyzed.The findings for the study showed that patients with
anon-severe infection had normal ferritin levels; whereas, pa-
tients with a severe infection that survived had ferritin levels
>800 ug/L (reference range is 30-400 ug/L). Those that did not
survive the infection had ferritin levels that reached 1400ug/L.*"

PCT is the precursor of the hormone calcitonin (CT). In bouts
of systemic inflammation, PCT is broken down, resulting in
elevated PCT in the serum. For elevation of PCT, there must
be severe inflammatory stimuli present. An increased PCT is
associated with a 5-fold increase in the risk of severe COVID-19
infection.®> A 2020 retrospective cohort study was done with
95 patients with confirmed COVID-19 infections in Union
Hospital of Tongji Medical College in Wuhan, China. Of the
patients that were studied, 62 had a moderate infection, 21 had
a severe infection, and 12 patients were in critical condition.
Six of the critical patients died due to COVID-19 infection. In
the study, the mean values of PCT were determined for the
varying disease severity. In the moderate infection group, the
PCT measured 0.05 + 0.05ng/mL (reference range: <0.15ng/
mL). In the severe group, the PCT was 0.23 * 0.26ng/mL.
Lastly, the critical group PCT levels were 0.44 + 0.55ng/mL.%
The retrospective study was able to correlate the severity of
COVID-19 infection with increased PCT levels. The findings of
the study detailed that the higher the PCT values in patients
with COVID-19 infection, the more likely the patient will have
a more severe disease state.

NT-proBNP is a nonactivated pro-hormone that is released in
response to changes of pressure inside of the heart and secreted
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Type of Mechanism of Action Brand Name Efficacy Considerations
vaccination
Protein Prefusion spike protein encoded Novavax* 90.4% Currently in Phase 3 trial in US, UK, and
Subunit with SARS-CoV-2 Mexico.
Not approved for use by the FDA.
Viral Vector | A harmless, recombinant vector Vaxzevria (Formerly | 62.6% Approved by the FDA for use in the United
is encoded with S glycoprotein of | AstraZeneca States under EUA.
SARS-CoV-2 SARS-CoV-2 Johmson &
66.3%
Johnson/Janssen
Nucleic Acid | Modified RNA in lipid particles is Moderna 94.1% Approved by the FDA for use in the United
delivered into host cells, allowing States under EUA.
:i;rz:rs:rs:t);r?f SARS-CoV-2 S Pfizer- BioNtech 95.0% Approved for CMA by the EMA.
Inactivated Inactivated (dead) form of the virus | Afluria 60% Intended for ages 6 months and up.
is used
Fluarix 66.9%
Influenza
Live Attenuated (weakened) form of the | FluMist 44.5% An intranasal spray intended for ages 2-49.
Attenuated virus is used

Table 2: Vaccinations for SARS-CoV-2 and Influenza Virus 3 337,38, 38.40.41,42.43

when there is an increase in myocardial wall stress.®® An increase
in NT-proBNP is typically associated with heart failure but is
also seen in patients with COVID-19. A 2020 retrospective study
conducted by Gao Lei and Jiang Dan et al. evaluated the value
of NT-proBNP in patient prognosis. In the study, lab data of
102 patients with severe COVID-19 infection at Hubei General
Hospital in Wuhan, China, was used in an analysis of NT-proBNP.
In the study, a NT-proBNP level of 88.64pg/mL (reference range:
0-74 years of age is 125pg/mL) was the cutoff level to predict
in-hospital death in patients with COVID-19 infection.The cutoff
value of 88.64pg/mL had 100% sensitivity and 66% specificity.
Patients with NT-proBNP levels >88.64pg/mL were also found
to have a higher risk of death than patients with a NT-proBNP
<88.64pg/mL.3* The retrospective study concluded that the
levels of NT-proBNP may be able to determine the risk factor
of in-house death for patients with severe COVID-19 infection.

Vaccines

Many COVID-19 vaccination options are under clinical trials or
approved for emergency use by the FDA. Table 1 shows some
of the vaccination options for COVID-19 around the world.
In Table 1, the mechanism of action, dosage, efficacy, storage
temperature, and approval status are discussed. The efficacy is
the ability of the vaccinations to reduce the risk of contracting
the targeted virus. The higher the efficacy of the vaccination,
the lower the risk is of contracting the intended virus. Table 2
discusses the most effective COVID-19 and influenza vaccina-
tions currently available.

Viral mutations and vaccinations

Itis necessary to understand the structure of SARS-CoV-2 and
influenza, due to the challenges created by mutations for vac-
cination development. Regarding the influenza virus, antigenic
drift and antigenic shift are the main challenges associated with
vaccination efficacy. The main challenge of SARS-CoV-2 is the
emergence of variant strains. The influenza virus undergoes
mechanisms called antigenic drift and antigenic shift, which
allow the H and N glycoproteins on the surface of influenza to
change their expression. When the H and N glycoprotein change
due to amino acid substitution or mutation, there is the potential
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for a new strain of the influenza virus. An example of this is
H5N1, or bird flu, which has the H5 glycoprotein expressed,
changing the glycoprotein’s properties. In the example above,
the H protein in H5N1 would function differently than HIN1
or swine flu.

Antigenic drift and antigenic shift are challenges for vaccina-
tion development. As a result, the WHO makes its recommenda-
tions for the influenza strain predicted to be the most prevalent
six to eight months before the influenza season. The six- to
eight-month window is necessary for vaccine development,
manufacturing, and distribution.* However, by the influenza
season, antigenic shift or antigenic drift can occur, making the
manufactured vaccination ineffective against the virus. In Table
2, the vaccine efficacy for influenza virus ranges from 44-66%.
The changes H and N undergo due to antigenic drift and shift
explain the range of vaccine efficacy.

The target for vaccine development for SARS-CoV-2 is the
Spike glycoprotein on the surface of the virus. In Table 2, the
vaccine efficacy for SARS-CoV-2 ranges from 62-95%.The preva-
lent SARS-CoV-2 variants have Spike glycoprotein mutations.
When mutations of the target protein occur, the vaccinations
undergo further clinical trials to ensure that the vaccine will be
effective against new variants. There are multiple SARS-CoV-2
variants of concern, such as the B.1.351 (Beta), B.1.617 (Delta), and
P1.1 (Gamma) variants.”® A variant of concern can have more
severe infection, reduced vaccine effectiveness, or increased
transmissibility. The B.1.6.17.2, or Delta variant, is now the most
concerning variant of SARS-CoV-2.%

Conclusion

There are many challenges posed by SARS-CoV-2 and the influ-
enza virus regarding diagnosis and prevention. The structure,
symptoms, transmission, and rate of mutation of these viruses
contribute to these challenges. The spike glycoprotein is the
target of vaccination development of SARS-CoV-2. Hemag-
glutinin and Neuraminidase are the targets for vaccination
development of IAV and IBV. Both COVID-19 and influenza
have some similar symptoms, such as cough, fever, fatigue, and
sore throat; however, the hallmark symptom of COVID-19 is
shortness of breath. Both viruses can be transmitted through
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respiratory droplets, or aerosols, and have varying times of
survivability on surfaces, including doorknobs and counters.
The lack of proofreading associated with RNA polymerase
lends itself to mutations, which can create variants of influenza
and COVID-19.

Variants of influenza have a differing expression of H and
N glycoproteins. An example of this is HIN1 or swine flu. The
only way to confirm a diagnosis of COVID-19 or influenza is
confirmatory laboratory testing, which should be considered
in conjunction with the presenting symptoms to diagnose
COVID-19 and influenza.

Molecular testing is the most sensitive and specific method to
confirm COVID-19 and influenza infection. Serological testing
is used to detect a previous infection of COVID-19 because
serological testing detects the presence of antibodies that are
produced by the host as a response to infection. Serological
testing is not recommended to detect recent influenza infection
because serological testing cannot be reliably interpreted due
to the rapid mutation rate of influenza. Antigen testing is a
rapid method that can determine the presence of COVID-19
or Influenza infection, but antigen testing is less sensitive and
specific than the molecular method of RT-PCR.

Currently, in the United States, three vaccines are offered to
the public, Moderna, Pfizer-BioNtech, and Johnson & Johnson /
Janssen. Moderna and Pfizer are both two-dose mRNA vaccines;
whereas, Johnson & Johnson’s Janssen vaccine is a single dose
viral vector vaccination.
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Comparing the structure, diagnosis, and prevention of SARS-CoV-2 and influenza
SEPTEMBER 2021 [This form may be photocopied. It is no longer valid for CEUs after March 31, 2023.]
Passing scores of 70 percent or higher are eligible for 1 contact hour of P.A.C.E. credit.

TEST O_UESTIONS Circles must be filled in, or test will not be graded. Shade circles like this:. Not like this:X

1

Influenza is a common seasonal iliness caused
by .
A. SARS-CoV-2

B. licking a doorknob
C.IAV or IBV

D. genetic factors

The influenza virus was first isolated in the
laboratory in

A. 1925

B. 1853

C. 1969

D. 1932

One of the most well-known outbreaks of the
influenza virus was the 1918 Spanish flu, which
was an outbreak of .

A. SARS-CoV-2

B.H1N1

C. MERSA

D. Monkeypox

In 2017, the World Health Organization (WHO)
reported that people worldwide die
due to flu-related respiratory illness each year.

A. 650,000

B. 250,000

C. 3 million

D. 80,000

7777777777777777777 are characterized as
positive single-stranded RNA enveloped
viruses (ssRNA).

A. Flu viruses

B. HINT viruses

C. Swine flu viruses

D. Coronaviruses

The genome of positive sense
can be used as messenger RNA (mRNA).
A fear
B. ssRNA viruses
C.DNA
D. assays

__________ are the least complex form of
viruses and only contain information that is
needed to infect a host cell.

A. Nucleotides

B. Bacteria

C. Amoeba

D. SsRNA viruses

10.

1.

12.

13.

14.

SsRNA viruses replicate the and
the genetic material that will be contained in it.
A. nucleolus
B. nucleocapsid
C. body’s DNA
D. host

In DNA or RNA transcription,
is required for replication.

A. ATP

B. 1AV

C. HIN1

D. mitochondria

Coronaviruses range in size from 26 to 32
kb, which makes them the single-
stranded RNA virus.

A. smallest

B. most prominent

C. largest

D. carrier of

projections on the surface

of the coronavirus give the virus a crown-
like appearance that is visible using electron
microscopy (EM).

A. Nucleotide

B. SsRNA

C. Flagella

D. Glycoprotein

The major _______ that contribute
to the structure of coronaviruses are the
membrane (M), envelope (E), nucleocapsid (N),
spike (S), and hemagglutinin- esterase (HE).

A. amino acids

B. proteins

C. structures

D. carbohydrates

The - __ protein is a structural
protein that determines the shape of the
envelope.

AS C.E
B.N D.M
The protein is an integral protein

forming a lattice with the M protein to form
the membrane.
A.S
B.N

C.E
D.D

15

16.

17.

18.

19.

20.
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. The protein is responsible for binding

to the genome of the virus and is seen at the
highest abundance in host cells infected with
the virus.

A S C.E
B.N D.M
The protein creates the hallmark

spikes of coronaviruses that can be seen
through EM.
A.S
B.N

C.E
D.M

Positive sense genome can act as mRNA and
be directly translated into proteins by the
of the virus.
A. ribosomes
B. nucleocapsid
C. mitochondria
D. mRNA

occurs in the virus when there
is an abrupt change to the glycoproteins on
the surface of IAV.
A. Antigenic drift
B. Glucose binding
C. Receptor binding
D. Antigenic shift

is an enzyme responsible
for proofreading the RNA of a genome before
the RNA gets translated for replication.
A. Maltase
B. Trypsin
C. RNA polymerase
D. Amylase

—___________ patients show increased
results for procalcitonin (PCT), Interleukin-6
(IL-6), D-dimer, ferritin, cardiac troponin,
and N- terminal pro-B-type natriuretic
peptide (NT-proBNP) compared to healthy
individuals.

A. Influenza

B. C. diff

C.COVID-19

D. HIN1

Tests can be taken online or by mail. Easy registration and payment options are available through NIU by following the links found at www.mlo-online.com/ce.
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