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Introduction – Coronavirus Pandemic
This course will review characteristics of severe acute respiratory syndrome coronavirus-2 
(SARS-CoV-2)—the causative virus for COVID-19, the immunologic and genetic influences on 
COVID-19 disease severity, the implications of the COVID-19-induced cytokine storm, and the 
pathophysiological mechanisms associated with viral infection. It will further help dental healthcare 
professionals assess systemic risk factors that may influence COVID-19 severity and will summarize 
currently available and developing potential treatments and vaccines, including the concept of 
herd immunity. Finally, this course will explore the published scientific data identifying a potential 
connection between COVID-19 and periodontal diseases and the underlying mechanisms that are 
in-common to both diseases.

What You Need to Know About the 
Coronavirus (COVID‑19) Pandemic
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Overview
The ongoing coronavirus disease pandemic 
was first identified in late 2019 and its 
ongoing impact on nearly all aspects of our 
lives, including the delivery of dental care. 
One of the perplexing aspects of the current 
pandemic has been the heterogeneity of 
COVID-19 disease presentation and the 
influences of host factors and comorbidities 
on COVID-19 disease presentation. The current 
course will review characteristics of severe 
acute respiratory syndrome coronavirus-2 
(SARS-CoV-2)—the causative virus for COVID-19, 
the immunologic and genetic influences on 
COVID-19 disease severity, the implications of 
the COVID-19-induced cytokine storm, and the 
pathophysiological mechanisms associated 
with viral infection. This course will further 
help dental healthcare professionals critically 
assess systemic risk factors that may influence 
COVID-19 severity and will summarize currently 
available and developing potential treatments 
and vaccines, including the concept of herd 
immunity. Finally, this course will explore the 
published scientific data identifying a potential 
connection between COVID-19 and periodontal 

diseases and the underlying mechanisms 
that are in-common to both diseases—
the roles of pro-inflammatory cytokines in 
their pathophysiology and leverage that 
knowledge to promote the importance of the 
establishment and maintenance of oral health 
and hygiene in the COVID-19 era.

Learning Objectives
Upon completion of this course, the dental 
professional should be able to:
• Understand the cytokine storm associated 

with severe COVID-19 disease presentation.
• Summarize the current knowledge regarding 

treatments and potential vaccines.
• Analyze the concept of herd immunity and 

its implications in the global pandemic 
environment.

• Recognize the evidence supporting a 
link between COVID-19 and periodontal 
diseases.

• Formulate a self-care oral health program 
for susceptible individuals.

Introduction
The new coronavirus epidemic is thought to 
have begun in Wuhan, China, in late December 
2019, and there were 152,977,490 cases 
globally, according to John Hopkins University 
as of this writing.1 COVID-19 was recognized as 
a pandemic by the World Health Organization 
(WHO) in March 2020. In the time since the 
identification of the COVID-19 pandemic, 
the heterogeneity of COVID-19 disease 
presentation and the influences of host factors 
have proved baffling to many in the medical 
community and have focused attention on 
comorbidities that may influence COVID-19 
presentation.

Why do oral health care professionals need 
to understand this virus so completely? One 
reason is that a first-ever study shows the 
oral cavity is a robust site for infection and 
for sources of transmission of COVID-19.2 As 
well, the influences of pro-inflammatory oral 
conditions on COVID-19 disease severity are of 
importance. A research team found that the 
coronavirus has an affinity for binding to cell-
membrane receptors that are highly expressed 
in salivary gland tissues.2 This allows the virus 
to replicate, and in some cases, may allow 
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for prolonged disease when infected saliva is 
swallowed into the gastrointestinal tract or 
aspirated to the lungs where it can lead to 
pneumonia. Based on angiotensin converting 
enzyme 2 (ACE2) expression and evaluation of 
cadaver tissue, the most likely sites of infection 
in the mouth are the salivary glands, tongue, 
and tonsils. The amount of virus in a patient’s 
saliva was positively correlated with taste and 
smell changes.2 Additionally, other research has 
demonstrated that SARS-CoV-2, the causative 
pathogen for of coronavirus disease 2019 
(COVID-19), suppresses the expression and 
function of ACE2 and induces the expression 
of interferon-stimulated genes at the initial 
phase of infection.2 SARS-CoV-2 uses the ACE2 
receptor to facilitate viral entry into target cells, 
including oral mucosal epithelium.3

While much of COVID-19 research has centered 
on the upper respiratory tract, including the 
nasopharynx, nose and lungs, the Huang 
study is the first to identify the mouth as 
a primary site for coronavirus infection 
and highlights the significance of wearing 
a face covering and physical distancing to 
reduce viral transmission.2 There were other 
studies identifying high ACE2 expression in 
salivary glands and discussing high affinity 
for SARS-COV virus in the SARS pandemic.4-6 
Collaborative efforts led by the Human Cell 
Atlas (HCA) utilized single cell RNA sequencing 
(scRNAseq) datasets from across the body 
to examine cell-specific SARS-CoV-2 tropism, 
leading to the COVID-19 Cell Atlas.7 Tropism is 
defined as a growth response in a organism 
that lacks the ability to move, caused by an 
external stimulus.8

Recent evidence suggests a relevant role 
of the oral cavity in the transmission and 
pathogenicity of SARS-CoV-2. We now know 
that SARS-CoV-2 can infect and replicate in 
the oral mucosa or glands.9-11 This is critical 
because if the glands or mucosa are sites of 
early infection, they may play an important and 
underappreciated role in transmitting virus 
intramucosally to the lungs or gastrointestinal 
tract.2 Alternatively, saliva may also play a 
role in transmitting the virus extraorally 
from asymptomatic, pre-symptomatic, or 
symptomatic individuals.

The human oral cavity is a diverse collection 
of tissue niches with potentially unique 
vulnerabilities to viral infection.2 These sites 
include oral mucosae (hard palate, buccal 
mucosa, dorsal and ventral tongue) as well as 
the terminally differentiated secretory epithelia 
of the minor saliva glands (distributed in the 
buccal and labial mucosa, hard and soft palate, 
ventral, and dorsal tongue) and major saliva 
glands (parotid, submandibular, and sublingual). 
Nearby are diverse oropharyngeal niches 
(palatine and lingual tonsils, soft palate). Saliva, 
a mixture of fluids, electrolytes, proteins, and 
cells (immune and sloughed mucosal epithelial 
cells) is made primarily by the saliva glands and 
empties into the oral cavity where it mixes with 
other fluids (crevicular fluid) and cells.

Pandemic Features
According to the World Health Organization 
(WHO), a pandemic is defined as the “worldwide 
spread of a new disease.”12 When a new 
disease initially appears, most individuals 
lack the natural immunity to defend against 
it. This can cause a sudden, sometimes rapid, 
spread of the disease between people, across 
communities, and around the world. Without 
a natural immunity to fight off an illness, many 
people can become ill as it spreads. This is the 
case with Coronavirus Disease 2019 (COVID-19) 
pandemic.

Pandemics are not automatically defined by 
their growth rate but rather by the spread of 
the disease. Understanding the growth rate of a 
pandemic can still help health officials prepare 
for an outbreak. The WHO is responsible for 
announcing the emergence of a new pandemic 
based on how the spread of the disease fits 
into the Pandemic Influenza Preparedness and 
Response.13

• Phase 1. Viruses circulating among animal 
populations have not been shown to transmit 
to human beings. They are not considered a 
threat and there’s little risk of a pandemic.

• Phase 2. A new animal virus circulating 
among animal populations has been shown 
to transmit to human beings. This new 
virus is considered a threat and signals the 
potential risk of a pandemic.

• Phase 3. The animal virus has caused 
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quarter of “common cold” illnesses.20 Today and 
starting in 2019, a severe infection associated 
with a coronavirus, COVID-19, has emerged. 
This is a new, or novel, illness caused by a 
previously unknown coronavirus, SARS-CoV-2. 
It is postulated that SARS-CoV-2 emerged 
into the human population through an initial 
zoonotic virus that was infecting bats, which 
are a natural animal reservoir. This virus may 
have mutated and ultimately started causing 
disease in humans. Due to the novel nature 
of the SARS-CoV-2 virus, the long incubation 
period and worldwide spread, and the rapid 
development of treatments and vaccinations, 
the overall infection rate, mortality rate, and 
other statistics are, as of yet, unknown.

Modes of transmission for SARS-CoV-2 include 
contact, droplet, airborne, fomite, fecal-oral, 
bloodborne, mother-to-child, and animal-
to-human transmission.21 Infection with 
SARS-CoV-2 primarily causes respiratory illness 
ranging from mild disease to severe disease 
and death, and some people infected with the 
virus never develop symptoms.21

Immunology
The virus that causes coronavirus disease 2019 
(COVID-19) attaches to specific molecules on 
the host cell surface, opening accesses into 
the cell interior.22 Viral entry into host cells can 
cause an overwhelming immune response in 
some patients. Much of this immune response 
is focused within the lungs, which explains 
why many patients hospitalized with COVID-19 
have severe respiratory symptoms. In addition 
to respiratory symptoms, there is also blood 
vessel inflammation, neurological symptoms, 
including dizziness, headache, nausea, and loss 
of concentration.22 These symptoms indicate 
that SARS-CoV-2 affects cells of the central 
nervous system. A recent study reveals that 
the spike proteins that are on the surface of 
SARS-CoV-2 promote inflammatory responses 
on the endothelial cells that form the blood-
brain barrier.22 It is also known that SARS-CoV-2 
infects host cells by using its spike proteins 
to bind to the ACE2 receptors on the host cell 
surface.22

In efforts to create a transparent interpretation 
of SARS-CoV-2 protective immunity, antibody 
analysis has been paralleled by T-cell studies 

disease in a small cluster of human beings 
through animal to human transmission. 
However, human to human transmission is 
too low to cause community outbreaks. This 
means that the virus places humans at risk 
but is unlikely to cause a pandemic.

• Phase 4. There has been human-to-
human transmission of the new virus in 
considerable enough numbers to lead 
to community outbreaks. This kind of 
transmission among humans signals a high 
risk of a pandemic developing.

• Phase 5. There has been transmission 
of the new virus in at least two countries 
within the WHO Region Trusted Source. 
Even though only two countries have been 
affected by the new virus at this point, a 
global pandemic is inevitable.

• Phase 6. There has been transmission of the 
new virus in at least one additional country 
within the WHO region. This is known as the 
pandemic phase and signals that a global 
pandemic is currently occurring.

Many disease outbreaks follow a growth or 
spread pattern defined as exponential growth. 
This means they spread at a rapid rate over 
a specific period of days, weeks, or months.14 
Past pandemics include (but are not limited 
to): 1) the 1918 flu pandemic (H1N1 virus) from 
1918-1920, which took the lives of anywhere 
from 50 to 100 million people around the 
world,15 2) the 1957 flu pandemic (H2N2 virus), 
which occurred from 1957–1958 and took the 
lives of roughly 1.1 million people worldwide,16 
and 3) and the 2002 SARS pandemic, which was 
associated with another coronavirus—SARS-
CoV.17 The 2002 SARS coronavirus outbreak 
was a viral pneumonia epidemic that took the 
lives of over 770 people worldwide.17

Severe Acute Respiratory Syndrome 
Coronavirus 2 (SARS-CoV-2) and Modes 
of Transmission
SARS-CoV-2 is a zoonotic human coronavirus 
(CoV) closely related to those coronaviruses 
that previously caused severe acute 
respiratory syndrome (SARS-CoV) and Middle 
East respiratory syndrome (MERS-CoV).18 
Coronaviruses have a lipoprotein envelope 
with spinous processes that resemble a crown 
(corona).19 Coronaviruses that circulate among 
humans are usually benign and cause about a 
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interaction between the body’s two main lines 
of defense may be causing the immune system 
to go into overdrive in some patients.

Cytokines have been found that play a 
crucial role in the development of these 
clinical features and are also at the core of 
the development of inflammation. Systemic 
immune hyperactivation due to SARS-CoV-2 
infection causes a cytokine storm, which is 
especially noteworthy in severely ill patients 
with COVID-19.25 When SARS-CoV-2 infects the 
body, the inflammatory response performs 
an antiviral role, but a strong cytokine storm 
caused by an overactive host immune 
response can be very damaging to the patients. 
A cytokine storm, also called hypercytokinemia, 
is a physiological reaction in humans and other 
animals in which the innate immune system 
causes an uncontrolled and excessive release 
of pro-inflammatory signaling molecules 
called cytokines.26 Suppressing the cytokine 
storm is one way to treat critically ill COVID-19 
patients. The cytokine storm is a potentially 
fatal inflammatory syndrome that is caused 
by elevated levels of circulating cytokines 
and immune cell hyperactivation that can be 
triggered by various therapies, pathogens, 
cancers, and autoimmune conditions.27

Many people believe that microbes, such as 
bacteria, viruses, and fungi, that enter the 
body to initiate disease should be feared 
most during an outbreak of an illness such 
as influenza, but the contribution of the host 
immune system is potentially more lethal.

This is analogous to the pathophysiology of 
periodontitis, wherein bacteria initiate disease, 
but the disease progression is mitigated by the 
host immune-inflammatory response.29 When 
the body identifies foreign microorganisms 
signaling an infection, it might respond by 
over-protecting the site of infection. It may 
quickly react, and numerous antibodies 
quickly migrate to the infection site and 
upregulate host pro-inflammatory reaction 
and cytokine formation. Typically, cytokines 
are a component of the immune response 
to infection, to protect our bodies, but their 
sudden release in large quantities can cause 
multisystem organ failure and death.27 Cytokine 

among patients with asymptomatic, mild, and 
severe COVID-19.23 Defining CD4 and CD8 
effector functions in protection is important, 
considering that antibody responses to natural 
infection appear short-lived and T-cell memory 
is potentially more durable. To fully understand 
population-level immunity, screening for both 
antibody and T-cell immunity using standardized 
testing methods may would be beneficial.23

To appreciate the ongoing propagation of 
the virus, to identify those who are and were 
infected, and to follow the immune response 
longitudinally, reliable and rigorous analyses 
for SARS-CoV-2 detection and immunological 
monitoring are needed. SARS-CoV-2 antibodies 
are detectable up to seven months post 
symptomatic COVID-19 onset, and a recent 
study shows that 90% of subjects have 
detectable antibodies 40 days up to 7 months 
post contracting COVID-19.24 The study then 
evaluated the function of these antibodies, 
namely, their neutralizing activity against 
the virus SARS-CoV-2. The study emphasizes 
a continued level of circulating neutralizing 
antibodies in most people with confirmed 
SARS-CoV-2.24

The clinical symptoms of individuals affected by 
the virus are diverse, ranging from mild upper 
respiratory symptoms to severe pneumonitis, 
and in some acute respiratory distress 
syndrome (ARDS) or death.25 Early symptoms 
may include cough, shortness of breath, or at 
least one of the following: fever of 100.4 degrees 
Fahrenheit or higher; chills, shaking, muscle 
pain, headache, sore throat, or loss of taste/
smell.91 To best understand these symptoms, 
it is important to evaluate how the SARS-CoV-2 
virus interacts with the innate and adaptive 
host immune response. The body’s first line of 
defense, the innate immune response, including 
complement and the cellular immune response, 
is initiated after an infection is detected, with 
the intent to destroy viral particles and any 
cells damaged by virus. Further, the second line 
of defense, the adaptive immune response, is 
initiated days later if any virus remains. The 
adaptive immune response leverages exposure 
to viral materials to develop antibodies and 
other mechanisms through T-cell and B-cell 
mechanisms. It has been shown that an 
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COVID-19 Cytokine Storm Response.28
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storms can be caused by several infectious and 
non-infectious etiologies, but are especially 
prevalent in viral respiratory infections such as 
H5N1 influenza, SARS-CoV-1, and SARS-CoV-2.

The prevalence and tenacity of antibodies 
following a peak SARS-CoV-2 infection provides 
understanding of its dissemination in the 
community, the likelihood of reinfection, and 
potential for some level of population immunity. 
One of the questions about COVID-19 is 
whether people who are infected with the virus 
are immune from reinfection, and if so, for how 
long. Researchers studied the production of 
antibodies from a sample of nearly 6,000 people 
and found immunity persists for at least several 
months after being infected with SARS-CoV-2.30 
The study found that high-quality antibodies 
were being produced five to seven months after 
SARS-CoV-2 infection. The research provided the 
ability to accurately test for antibodies against 
COVID-19, as well as presented the knowledge 
that lasting immunity is a reality.30

Alternatively, the conclusions of other 
studies show that antibodies created against 
SARS-CoV-2 after natural infection are not 
long-lasting. One investigation found that up 
to 40% of individuals with previous COVID-19 
infection lacked convalescent antibodies25 and 
another study measured antibody levels in a 
group of 37 COVID-19 patients three to four 
weeks after initial infection, then two months 
thereafter. Nearly 20% tested negative for 
antibodies completely, indicating either total 
disappearance or undetectable antibody levels.31 
Further, it is not known what level of protection 
to the virus, if any, is provided by post-infection 
antibodies. Therefore, it is challenging to state 
with confidence whether this potential rapid 
dissipation of the antibody response after initial 
COVID-19 infection leaves the body vulnerable 
to reinfection.

Some reports have postulated that the T-cell 
response against coronavirus infections, 
including those caused by SARS-CoV-2, endures 
longer than the antibody response.32 T-cells are 
a form of white blood cells that, like antibodies, 
are vital to our ability to prevent future 
confrontations with a harmful virus.33 In the 
case of seasonal coronaviruses associated with 
the common cold, T-cell memory to a pathogen 

has little to no effect in preventing re-infection, 
which can occur once or more times per year.

Understanding the roles of different subsets of 
T-cells in protection or pathogenesis is crucial 
for preventing and treating COVID-19. Like 
B-cells, which produce antibodies, T-cells are 
key players in the immune response to viral 
infections. CD4+ T-cells help B-cells to produce 
antibodies and help CD8+ T-cells to kill virus-
infected cells. Evolving studies imply that all or 
most people with COVID-19 develop a strong 
and broad T-cell response, both CD4 and 
CD8, and some have a memory phenotype, 
which signifies the potential for longer-term 
immunity.32,33

It has been indicated that the influenza 
vaccination might reduce the risk of 
COVID-19.34 Patients who have received an 
influenza vaccine were found to have 24% 
lower odds of testing positive for coronavirus 
disease 2019 (COVID-19).34 Those who were 
vaccinated against influenza and tested 
positive for COVID-19 were more likely to 
have better clinical outcomes than those 
who were not vaccinated.34 While the cause 
of this association is unknown and could 
reflect the healthcare and infectious-disease 
attitudes of those individuals who received the 
influenza vaccination, influenza vaccination was 
associated with decreased positive COVID-19 
testing and improved clinical outcomes and 
should be promoted to potentially reduce the 
burden of COVID-19.34

It might seem implausible that a vaccine 
designed to protect against one infection 
could protect against others as well. But a 
growing body of research suggests that this 
can occur through a process called “trained 
innate immunity.”35 Vaccines are known to work 
by stimulating the adaptive immune system, 
causing the body to make antibodies that 
can recognize and attack a specific pathogen 
if it is encountered again.36 However, recent 
studies suggest that some vaccines also train 
the body’s faster-acting and less specific innate 
immune system, improving its ability to fight 
off many kinds of infections. Vaccines appear 
to achieve this act by reprogramming stem 
cells that give rise to cells involved in this early 
innate immune response.37
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There has been some discussion that blood 
type may be a risk/protective factor regarding 
COVID-19. One researcher stated that a higher 
proportion of COVID-19 patients with blood 
group A or AB required mechanical ventilation 
and had a longer ICU stay compared with 
patients with blood group O or B. Blood types 
A and AB were also more apt to need a type 
of dialysis that helps the kidneys filter blood 
without too much pressure on the heart.41 In 
this study, blood group O was associated with 
a decreased risk for contracting SARS-CoV-2 
infection.

There are important caveats to consider 
from this research. There is no indication 
that any blood type is either totally protective 
or increases the risk of a patient to severe 
outcomes of COVID-19. The reason there is 
a concern regarding this issue is due to the 
biologic mechanism that might explain this 
interaction. Different blood types in patients 
are genetically inherited and have been linked 
to predisposing patients to cardiovascular 
diseases, cancers, and even susceptibility of 
COVID-19. Studies have shown a relationship 
between blood types and increased severity of 
infection from COVID-19 including increased 
risk of thrombosis.43

Genetics
One study postulates that the major genetic 
risk factor for severe COVID-19 is inherited 

Risk Factors
Anyone can contract COVID-19, but there are 
those that are more susceptible to developing 
increased symptom severity. This may be 
associated with co-morbid conditions and 
risk factors. Potential risk factors include age; 
race/ethnicity; sex or gender; some medical 
conditions; use of certain medications; poverty 
and crowding; certain occupations, and 
pregnancy.38 Others that may need to take 
special precautions are those that have risky 
individual situations, such at-risk racial and 
minority groups and those with disabilities.38 
Also, those that live in care facilities/ group 
homes, or the homeless.39 The risk of 
developing serious symptoms increases with 
age, especially those 85 years of age or and 
older.39 In the U.S., about 80% of deaths from 
COVID-19 have been in people age 65 and older, 
and the risks increase for older individuals with 
underlying health conditions.39 Existing lung 
issues, heart disease, diabetes, obesity, cancer, 
certain blood disorders, weakened immune 
systems, chronic kidney or liver disease place 
people at higher risk.39 There is a COVID-19 
Event Risk Assessment Planning Tool, which is 
a collaborative project led by Prof. Joshua Weitz 
and Prof. Clio Andris at the Georgia Institute 
of Technology, along with researchers at the 
Applied Bioinformatics Laboratory and Stanford 
University, and powered by RStudio. Description 
of the method and analyses available at Nature 
Human Behaviour.40

Data sharing requests should be sent to Torben Barington (torben.barington@rsyd.dk).42
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is currently no evidence that remdesivir 
improves survival and other outcomes in 
these patients.47 The WHO states that, “a 
conditional recommendation is issued when 
the evidence around the benefits and risks of 
an intervention are less certain. In this case, 
there is a conditional recommendation against 
the use of remdesivir. This means that there 
isn’t enough evidence to support its use.”49

The FDA issued an EUA for the Regeneron 
company’s product, REGEN-COV™ (casirivimab 
with imdevimab), an experimental medicine, to 
treat COVID-19 in high-risk patients with mild 
to moderate disease, on November 21, 2020.50 
The Regeneron treatment is a monoclonal 
antibody therapy to be used on COVID-19 
patients, including children and at-risk 
elderly, to help them avoid hospitalization. 
On November 23, 2020, the US Department 
of Health and Human Services also approved 
casirivimab and imdevimab antibody therapy 
for administration.51 Monoclonal antibodies 
are laboratory-made proteins that imitate the 
immune system’s capability to protect against 
toxic pathogens such as viruses. Casirivimab 
and imdevimab are monoclonal antibodies that 
are explicitly targeted against the spike protein 
of SARS-CoV-2, intended to block the virus’ 
attachment and entry into human cells.51

Dexamethasone is a common corticosteroid 
medication that has been used for many 
years to treat various health conditions, 

from Neanderthals.44 Researchers found that 
at least one copy of a Neanderthal-inherited 
haplotype on chromosome 3, known as the 
“risk haplotype,” occurs in about 50 percent 
of people in South Asia, compared to only 
16 percent of Europeans. This risk haplotype 
significantly increases the likelihood of severe 
symptoms and hospitalization from COVID-19.44 
A haplotype is a set of DNA variations that 
tend to be inherited together.45 Another study 
stresses that genetic risk factors can make 
individuals susceptible to severe COVID-19, and 
with that understanding these mechanisms 
underlying COVID-19 can potentially pave the 
way to novel treatments for the disease.46

A comorbidity is the presence of one or more 
additional conditions often co-occurring with 
a primary condition.47 These conditions may 
increase risk of acquiring certain diseases or 
becoming more seriously ill from a disease, 
such as COVID-19. Some conditions which 
may make an individual more susceptible to 
becoming extremely ill with COVID-19, and 
possibly requiring hospitalization and more 
advanced medical treatment include: cancer, 
chronic lung or kidney disease, dementia, 
diabetes, Down syndrome, heart conditions, 
HIV infection, immunocompromised state, liver 
disease, obesity, pregnancy, cerebrovascular 
disease, and smoking or other substance use 
disorders (Table 1).47

Treatments
Hundreds of treatments are being developed 
and tested to prevent or treat COVID-19. 
Many of these therapies that have received 
emergency use authorization (EUA) from the 
US Food and Drug Administration (FDA) and 
there are those that are nearing approval. 
Remdesivir was approved by the FDA to treat 
COVID-19 patients who are at least 12 years 
old and require hospitalization, but the WHO 
later recommended against its use.48 It was 
initially recommended that remesivir only be 
administered in a hospital or in a healthcare 
setting capable of providing acute care 
comparable to inpatient hospital care. The 
WHO issued “A conditional recommendation 
against the use of remdesivir in hospitalized 
patients on November 20, 2020, regardless 
of disease severity, as they stated that there 

Table 1.
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chest pain, or bluish lips or face should seek 
emergency medical care.

Testing
Three kinds of tests are currently available 
in the US to determine COVID-19 infection: 
polymerase chain reaction (PCR), antigen, 
and antibody. A PCR test reveals if one has 
a current infection and detects disease by 
looking for traces of the virus’ genetic material 
on a sample most often collected via a nasal/
nasopharyngeal swab. A PCR test is considered 
the “gold standard” to detect active infection. 
Antigen tests (sometimes referred to as rapid 
diagnostic tests) detect specific proteins on the 
surface of the coronavirus. Positive antigen test 
results are highly specific, meaning that if you 
test positive you are highly likely to be infected. 
However, these tests have lower specificity, 
meaning that there is a higher chance of false 
negatives with antigen tests compared to PCR 
tests. An antibody (serology/blood) test detects 
the presence of COVID-19 antibodies and 
might indicate past and/or ongoing infection. 
The FDA has so far granted emergency-use 
authorization to more than 200 different tests 
meant to detect a current or past infection 
from SARS-CoV-2, the virus that causes 
COVID-19.56

It is important to note that antibody testing 
measures the proteins your body produces 
to protect against a specific disease-causing 
microorganism rather than live virus and has 
been used for epidemiologic surveillance 
throughout the pandemic to detect infections 
that may have been asymptomatic or mildly 
symptomatic. This is especially useful in 
detecting asymptomatic carriers, or “silent 
spreaders,” who do not get tested because they 
have no symptoms and do not feel ill but may 
spread up to 80% of infections.57

Another testing modality may also be on 
the horizon, using a smartphone for more 
rapid results. It involves swabbing the nose, 
placing the sample into a devise, and getting 
a readout in 15-30 minutes. It uses CRISPR 
diagnostics and can enhance gold-standard 
PCR-based testing if researchers can make it 
rapid, portable, and accurate. Current testing 
for COVID-19 using PCR requires DNA.58 The 

such as autoimmune conditions and allergic 
reactions. RECOVERY, a randomized clinical 
trial in the UK, is an ongoing investigation of 
many medications, including dexamethasone, 
to see if any are effective against COVID-19.52 
They concluded that, in patients hospitalized 
with COVID-19, the use of dexamethasone 
resulted in lower 28-day mortality among 
those who were receiving either invasive 
mechanical ventilation or oxygen alone at 
randomization.52 Increased survival rates 
were not seen in individuals with less severe 
disease who were not receiving respiratory 
support.52 The medication was most helpful for 
patients who were on a ventilator or needed 
supplemental oxygen in an inpatient setting. 
There was no statistically significant benefit 
that was determined for those with less severe 
symptoms.

The National Institutes of Health (NIH) has 
published The Coronavirus Disease 2019 
(COVID-19) Treatment Guidelines in an electronic 
format that can be updated when needed 
with the rapid pace and growing volume 
of information regarding the treatment of 
COVID-19.53 On November 19, 2020, the FDA 
issued an EUA for the use of baricitinib in 
combination with remdesivir in hospitalized 
adults and children aged ≥2 years with 
COVID-19 who require supplemental 
oxygen, invasive mechanical ventilation, or 
extracorporeal membrane oxygenation.54

On December 17, 2020, it was announced 
that investigational COVID-19 therapeutics 
are to be evaluated in large clinical NIH trials 
enrolling people hospitalized with COVID-19. 
The two randomized, controlled Phase 3 clinical 
trials have begun evaluating investigational 
monoclonal antibodies for their safety and 
efficacy in treating people hospitalized with 
moderate COVID-19.55 Researchers are also 
testing older medications that are typically 
used to treat other conditions, to see if 
they are also effective for COVID-19. Many 
people infected with COVID-19 will have mild 
symptoms and can recover at home. The CDC 
recommends basic measures such as rest, 
hydration, and over-the-counter medicines 
such as acetaminophen. Patients with more 
serious symptoms such as trouble breathing, 
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coronavirus disease 2019 (COVID-19) pandemic 
and the societal disruption it has brought, 
national governments and the international 
community have invested billions of dollars 
and immense amounts of human resources 
to develop a safe and effective vaccine in an 
unprecedented time frame. Vaccination against 
this novel coronavirus, severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2), offers 
the possibility of significantly reducing severe 
morbidity and mortality and transmission 
when deployed alongside other public health 
strategies and improved therapies.”60 As of 
March 10, 2021, 75 different vaccines are 
in clinical trials on humans, and at least 78 
in preclinical trials on animals, according to 
an interactive coronavirus vaccine tracker 
published by the New York Times.61 Twenty-
one vaccines have reached the final stages of 
testing. As of March 10, 2021, three vaccines 
have been granted an EUA by the FDA in the 
United States.61

The COVID-19 vaccines that have been 
developed may be vastly different than 
traditional vaccines, as several different vaccine 
technologies were used in the development 
of current vaccines and vaccine candidates 
in ongoing clinical trials. Prior to the current 
pandemic, researchers were developing a 
vaccine against the coronaviruses that caused 
the diseases SARS and MERS, so there is some 
proven knowledge about the structure and 
function of coronaviruses. This accelerated 
development during early 2020 using various 
technology platforms for a COVID-19 vaccine. 
In December 2020, the first vaccine to receive 
EUA in the US was a messenger RNA (mRNA) 
vaccine developed by Pfizer (Pfizer-BioNTech 
COVID-19 vaccine).62 An internal assessment 
published by the FDA determined the vaccine 
was extremely effective with no known 
significant risks, although there is some 
question about whether the vaccine could 
trigger an allergic reaction in some people.62 
No vaccines have received full approval by 
the FDA, but three have been authorized 
for emergency use by FDA under an EUA to 
prevent Coronavirus Disease 2019 (COVID-19).63

Currently, three vaccines have received EUA are 
authorized and are recommended to prevent 

coronavirus is an RNA virus. Using PCR, the 
viral RNA must be converted to DNA, and there 
must be enough DNA present to be able to 
perform a reliable test. This 2-step process 
requires a reaction called amplification, which 
makes the required amount of DNA to test. It is 
a time-consuming, cumbersome procedure and 
requires specific laboratory reagents that can 
be expensive and difficult to procure.58 CRISPR-
Cas13a can quantitatively detect SARS-CoV-2 
RNA without pre-amplification. A mobile 
phone-based device can allow for portable, 
private, and sensitive readout of the assay.58

Finally, on December 15, 2020, a NIH-funded 
home test receieved FDA authorization.59 The 
test does not require a presciption. The test 
is completed using a nasal swab, and the 
sample is inserted into a single-use cartridge 
that returns results in 15 minutes. The 
at-home test analyzer connects to the user’s 
smartphone through Bluetooth and pairs with 
a downloadable app that provides step-by-
step instructions and displays results. The cost 
ranges from approximately $100-150.

Vaccines
The NIH has emphasized equity in vaccine 
distribution and states that “In response to the 

Ellume’s COVID-19 home test offers a 
complete at-home sampling and testing 
solution. The single-use, Bluetooth-enabled 
test cartridge and self-collection swab are 
designed for consumer use in conjunction 
with a smartphone.59

Image source: Ellume USA LLC, Valencia, California.
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include the guidance that individuals that 
have been fully vaccinated may: “visit with 
other fully vaccinated people indoors without 
wearing masks or physical distancing; visit 
with unvaccinated people from a single 
household who are at low risk for severe 
COVID-19 disease indoors without wearing 
masks or physical distancing; and refrain from 
quarantine and testing following a known 
exposure if asymptomatic.”64

Below is a chart comparing vaccines developed 
by Monica Gandhi, MD, MPH, professor of 
Medicine and Associate Division Chief (Clinical 
Operations/ Education) of the Division of HIV, 
Infectious Diseases, and Global Medicine at 
University of California, San Francisco (UCSF)/ 
San Francisco General Hospital.65,66

How Vaccines Work
Vaccines stimulate our immune systems 
to recognize foreign invaders and attack 
them. White blood cells (macrophages, 
B-lymphocytes, T-lymphocytes) help to 
fight the possible infection. As antigens are 
engulfed and presented by macrophages 

symptomatic COVID-19 and severe COVID-19 
symptoms in the USA:
• Pfizer-BioNTech COVID-19 Vaccine, (mRNA)
• Moderna COVID-19 Vaccine, (mRNA)
• Johnson & Johnson Janssen COVID-19 Vaccine 

(Adenovirus viral vector).

As of April 2021, large-scale (Phase 3 or Phase 
4) clinical trials are in progress or awaiting 
initiation planned for five COVID-19 vaccines 
in the United States: AstraZeneca’s COVID-19 
vaccine; Janssen’s COVID-19 vaccine; Moderna’s 
COVID-19 vaccine; Novavax’s COVID-19 vaccine; 
and Pfizer’s COVID-19 vaccine.61 Since vaccine 
distribution began in the U.S. on Dec. 14, more 
than 120 million doses have been administered, 
reaching 36% of the total U.S. population, 
according to federal data collected by the 
Centers for Disease Control and Prevention.61 
The CDC has released “Interim Public Health 
Recommendations for Fully Vaccinated People,” 
which will be updated and expanded based on 
the level of community spread of SARS-CoV-2, 
the proportion of the population that is fully 
vaccinated, and the rapidly evolving science 
on COVID-19 vaccines.64 These guidelines 

This is a summary of Phase 3 published findings by Monica Gandhi, MD, MPH, professor of Medicine 
and Associate Division Chief (Clinical Operations/ Education) of the Division of HIV, Infectious Diseases, 
and Global Medicine at University of California, San Francisco (UCSF)/ San Francisco General Hospital. 
Abbreviations: Neutralizing Abs - Serum Neutralizing Antibody Titers. Th1 and Th2 – Helper T-cells.
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instructions to make a protein that is unique to 
the virus that causes COVID-19. These vaccines 
prompt the body to build T-lymphocytes and 
B-lymphocytes that will recall how to combat 
that virus if one is infected in the future. 
Both the Johnson & Johnson vaccine and the 
AstraZeneca vaccine are vector vaccines.

As of April 2021, large-scale (Phase 3 and Phase 
4) clinical trials are in progress or being planned 
for five COVID-19 vaccines in the United States: 
AstraZeneca’s COVID-19 vaccine; Janssen’s 
COVID-19 vaccine; Moderna’s COVID-19 vaccine; 
Novavax’s COVID-19 vaccine; and Pfizer’s 
COVID-19 vaccine.68

Vaccine Allocation
The rate by which dentists, dental hygienists, 
dental assistants, and other office staff are 
receiving their COVID-19 vaccinations varies 
widely across the state, depending on state-, 
county-, and local-level distribution. President 
Biden directed all states to open vaccine 
eligibility up to all adults by May 1, 2021.70

To address the states’ shortage of health care 
providers eligible to administer COVID-19 
vaccines, the Department of Consumer Affairs 
approved a public health emergency waiver that 
will allow dentists and pharmacy technicians 
to administer COVID-19 vaccines to people 
age 16 and over.71 A number of states allow 
or are considering allowing dentists and other 
professionals to administer the vaccine.72 As of 
March 11, 2021, the U.S. Department of Health 
and Human Services is amending an emergency 
declaration under the Public Readiness and 
Emergency Preparedness Act to authorize 
additional providers, including dentists and 
dental students, to vaccinate patients for 
COVID-19 nationwide.72 As of March 13, 2021, at 
least 28 states have already engaged dentists 
to administer the COVID-19 vaccines during the 
COVID-19 public health emergency. The federal 
declaration allows licensed dentists throughout 
the country to vaccinate the public against 
COVID-19, regardless of state laws that prevent 
dentists from doing so.72 The expanded list of 
providers does not include dental hygienists, 
in spite of efforts by the American Dental 
Hygienists’ Association (ADHA). As of March 
12, 2021, fourteen states have authorized 
dental hygienists to administer the COVID-19 

to antigen presenting cells, this leads to 
antibody production by the B-lymphocytes. 
In this instance, both the antigen and the 
subsequently produced antibody are major 
players in an individual’s defense. Vaccines 
harness this natural function and work by 
creating a “memory” so that if infected by the 
same organism, it is recognized as foreign and 
destroyed.

There are three main types of COVID-19 
vaccines that are undergoing large-scale (Phase 
3) clinical trials in the United States and globally. 
Further, most COVID-19 vaccines require more 
than one vaccination injection and effective 
dosages and transportation variables may 
change.

mRNA vaccines are being utilized for public 
health applications for the first time against 
COVID-19. They contain messenger RNA (mRNA) 
from the coronavirus (that causes COVID-19) 
that gives our cells instructions for how to make 
a harmless protein that is unique to the virus 
and is highly conserved amongst coronaviruses. 
This messenger RNA does not enter the 
host cell nucleus but is transported to the 
endoplasmic reticulum (ER), the protein creation 
factory of the cell.67 After host cells make copies 
of the protein, they destroy the mRNA from 
the vaccine. Our bodies recognize that the 
protein is non-self and build T-lymphocytes 
and B-lymphocytes that will remember how 
to fight the virus that causes COVID-19 if we 
are infected in the future.67 Examples of mRNA 
vaccines are the Moderna and Pfizer vaccines.

Protein subunit vaccines include harmless 
pieces (proteins) of the virus that cause 
COVID-19 instead of the entire virus, which 
could cause disease. A protein subunit vaccine 
from the company Novavax (Gaithersburg, MD) 
is currently under investigation in the United 
States.

Vector vaccines use a weakened version 
of a different virus than the one that causes 
COVID-19 and its framework for replication 
(e.g. the virus that can cause the common 
cold), which has genetic material from the 
virus that causes COVID-19 inserted in it (this is 
called a viral vector).67 Once the viral vector is 
inside our cells, the genetic material gives cells 
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COVID-19 Vaccine Allocation Phases within the Framework.69

White House COVID-19 Response Team on Twitter: “The President directed all states to open vaccine 
eligibility up to all adults by May 1. 14 states have already opened eligibility — or will in the next 
week — and 12 others will by April 15. So, by mid-April, about half the states will have opened 
eligibility to all adults.”70
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The variant known as B.1.1.7 was originally 
identified in the United Kingdom in the fall of 
2020.77 Another variant, called B.1.351, was 
identified in South Africa in October 2020. 
A third variant called P.1 is thought to have 
emerged in Brazil, after it was detected in 
travelers who arrived from the country at an 
airport in Japan in January of 2021.77

Observations from a study published April 
2021 indicate a potential risk of illness after 
successful vaccination and subsequent 
infection with variant virus, and support is 
provided for continued efforts to prevent 
and diagnose infection and to characterize 
variants in vaccinated persons.78 Researchers 
from Pfizer/BioNTech and the University of 
Texas ran laboratory tests using blood samples 
from people who received the vaccine and 
engineered versions of the virus with various 
mutations in its surface spike protein that 
resembled those found in several variants.79 
The researchers claim that the Pfizer/BioNTech 
COVID-19 vaccine is also effective against the 
more infectious P.1 Brazilian variant. However, 
it was a small laboratory study and it may not 
translate to clinical efficacy.79

Vaccine Passports
On March 17, 2021 the European Union 
proposed a vaccine passport plan to simplify 
summer travel. It is suggested that the 
passports be digital or paper documents, 
so travelers can prove that they have been 
vaccinated, that they recovered from the virus, 
or recently tested negative for it. In many 
cases, this could free travelers from quarantine 
and testing obligations. It may be similar to 
passes currently in use in Israel, where QR 
codes allow fully vaccinated people access to 
gyms or restaurants. This plan, however, is not 
without controversy.

The World Health Organization (WHO) 
stated that it is not encouraging the use of 
“vaccine passports” for both “ethical and 
scientific” concerns.80 At the present time, it is 
WHO’s position that national authorities and 
conveyance operators should not introduce 
requirements of proof of COVID-19 vaccination 
for international travel as a condition for 
departure or entry, given that there are still 
critical unknowns regarding the efficacy 

vaccine including: California, Connecticut, Idaho, 
Kentucky, Maryland, Massachusetts, Nevada, 
New Jersey, New York, Ohio, Rhode Island, 
South Carolina, Utah and Washington.73

The priority for dental healthcare providers in 
vaccination is important as it acknowledges the 
essential role that dental healthcare providers 
play in maintaining public health. Further, 
dental healthcare providers have known skill 
sets that allow them to deliver injections safely. 
Twenty-six healthcare organizations from a 
COVID-19 Dental Coordination Group wrote to 
ADM Brett P. Giroir, M.D., Assistant Secretary 
for Health, U.S. Department of Health and 
Human Services, to recommend that, under the 
PREP Act, they expand authorization for dental 
professionals to order and administer COVID-19 
vaccines.74 These organizations believe it will 
increase and/or improve access to safe and 
effective COVID-19 vaccine delivery. While the 
steps taken by the U.S. Department of Health 
and Human Services (HHS) to ensure vaccines 
can be delivered widely, safely, and effectively 
by 2021 are appreciated, it is believed that 
including the more than 340,000 U.S. dental 
healthcare professionals in the list of eligible 
providers permitted to administer the COVID-19 
vaccine enhances the nation’s ability to respond 
effectively to the present crisis and potential 
future crises as well.74

Vaccines and Variants
The emergence of variants has raised concerns 
that the virus (SARS-CoV-2) could mutate and 
evade immunity induced by currently available 
vaccines.75 Viruses constantly mutate and 
change over time. Variants of the coronavirus 
that were first detected in the U.K., Brazil and 
South Africa have spread to dozens of countries, 
and scientists are working to determine what 
makes them behave differently from earlier 
versions. Several variants likely have evolved 
more efficient ways of binding to and entering 
cells, a critical step in being able to reproduce 
and spread throughout the body.75 Many 
vaccines target the spike protein as a target for 
the development of antibodies as it is highly 
conserved.76 These spike proteins line the 
virus’s surface and play a critical role in docking 
with and attaching to human cells. Variant 
changes to the spike protein could result in 
reduced efficacy of currently deployed vaccines. 
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The percentage of a community that needs 
to be immune to a disease to achieve herd 
immunity varies from disease to disease. The 
more contagious a disease is, the greater the 
proportion of the population that needs to be 
immune to the disease to stop its spread. For 
measles, the threshold is 94%, for COVID-19, 
while it is unknown, it is believed to be slightly 
lower. Dr. Anthony Fauci, the director of the 
National Institute of Allergy and Infectious 
Diseases (NIAID) since 1984 estimated the 
overall herd immunity threshold, “I would say 
50% would have to get vaccinated before you 
start to see an impact,” Fauci said. “But I would 
say 75 to 85% would have to get vaccinated 
if you want to have that blanket of herd 
immunity.”84

Herd immunity is impacted by the basic 
reproduction number (R0). The R0, pronounced 
“R-naught,” is also called the basic reproduction 
ratio/rate or the basic reproductive rate. R0 is 
an epidemiologic metric used to describe the 
contagiousness or transmissibility of infectious 
agents.85 In a susceptible, unvaccinated 
population, each measles carrier will infect 
an estimated 12 to 18 other people. In the 
language of epidemiology, the R0 of measles is 
12 to 18.86 While there is still some discussion 
about the R0 of the COVID-19 coronavirus, 
without interventions is generally estimated to 
be between 2.2 and 2.7. If the R0 falls below 1, 
that means the outbreak is subsiding as fewer 
people are infected. If it remains above 1, the 
outbreak is ongoing with increasing numbers 
of individuals becoming infected. The goal of 
social distancing practices and vaccinations are 
to curb the epidemic by driving the R0 of the 
coronavirus below 1.

The Oral-Systemic Link: COVID-19 and 
Oral Health
We know there is a link between the mouth 
and the rest of the body. The same cytokines 
active in COVID‑19, such as TNFα, IL‑1β, IL‑6, 
and IL-8, to name a few, are also involved with 
the inflammatory process and development 
of periodontitis. Periodontitis has long been 
recognized as having its pathophysiology 
established in a cytokine response.87 The 
connection between COVID-19 and periodontal 
disease through their cytokine connection is 

of vaccination in reducing transmission. In 
addition, considering that there is limited 
availability of vaccines, preferential vaccination 
of travelers could result in inadequate supplies 
of vaccines for priority populations considered 
at high risk of severe COVID-19 disease. 
WHO also recommends that people who 
are vaccinated should not be exempt from 
complying with other travel risk-reduction 
measures, such as masking and social 
distancing.80 In an updated statement, WHO 
believes that there is currently insufficient 
evidence about the effectiveness of antibody-
mediated immunity to guarantee the accuracy 
of an “immunity passport” or “risk-free 
certificate.”81 The use of vaccine passports may 
increase the risks of continued transmission. 
As new evidence becomes available, WHO 
will update this scientific brief.81 Extensive 
delivery of vaccinations will most likely help 
to limit SARS-CoV-2 transmission. Until 
vaccines become widely available and herd 
immunity prevails, control measures, such as 
wearing masks, social distancing, and frequent 
handwashing may continue to be necessary to 
reduce transmission.

Herd Immunity
Herd immunity represents the concept of 
protection of the population from infection 
which is achieved by the presence of immune 
individuals.82 Herd immunity is the resistance 
to the spread of a contagious disease within 
a population that results if a sufficiently 
high proportion of individuals are immune 
to the disease, either through vaccination 
or contracting the disease, called natural 
infection.82 Once herd immunity is achieved, 
the spread of disease from person to person 
becomes unlikely. As a result, the whole 
community becomes protected, not just those 
who are immune. For a disease to spread, a 
sufficiently high percentage of the population 
must be capable of getting a disease to ensure 
that infectious individuals are likely to come 
into contact with susceptible individuals. This is 
called a threshold proportion. If the proportion 
of the population that is immune to the disease 
is greater than this threshold, the spread of 
the disease will decline. In the aforementioned 
case, the herd immunity threshold would be 
reached.83
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inflammatory response that can result in fatal 
outcomes, and systemic inflammation is also a 
main characteristic of periodontitis.88

A new study theorizes that the mouth and nose 
are key entry points for SARS-CoV-2 into the 
bloodstream, not the airway, and that at-home 
selfcare measures such as toothbrushing 
and interdental cleaning could reduce the 
risk of developing severe lung disease as a 

an additional rationale for recommending 
maintenance of oral hygiene and continued 
provision of dental in the COVID era. Patients 
with periodontitis had a higher risk of ICU 
admission, need for assisted ventilation 
and death of COVID-19 patients, and with 
increased blood levels of biomarkers linked to 
worse disease outcomes, according to a new 
study. This may be explained by the fact that 
COVID-19 is associated with an exacerbated 

NIAID: The top box shows an outbreak in a community in which 
a few people are infected (shown in red) and the rest are healthy 
but unimmunized (shown in blue); the illness spreads freely 
through the population. The middle box shows a population 
where a small number have been immunized (shown in yellow); 
those not immunized become infected while those immunized 
do not. In the bottom box, a large proportion of the population 
have been immunized; this prevents the illness from spreading 
significantly, including to unimmunized people. In the first two 
examples, most healthy unimmunized people become infected, 
whereas in the bottom example only one fourth of the healthy 
unimmunized people become infected.
Image Source: Wikimedia Commons. File:Herd immunity.svg

https://commons.wikimedia.org/wiki/File:Herd_immunity.svg
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to reduce the amount of aerosol generated 
in the first place, their suggestions could help 
dentists’ practice more and help patients get the 
treatment they need.90

There are numerous resources available for 
Oral Health Professionals:
• Summary of CDC COVID-19 Guidance for Dental 

Services
• Guidance for Dental Settings
• Aerosols in the Dental Office: Best Practices for 

Patient and Practitioner Safety (CE619)
• Getting Ahead of the Next Stage of the COVID-19 

Crisis (CE624)
• Interim Dental Infection Prevention and Control 

Guidance for the COVID-19 Response – A New 
Paradigm (CE647)

• COVID-19 Resource Center for Dental Hygienists
• ADA Coronavirus (COVID-19) Center for Dentists

Summary
In summary, the landscape of COVID-19 is 
constantly changing. Stay up-to-date, practice 
social distancing, wear a mask, wash your 
hands, and protect patients. Get vaccinated!

result of coronavirus.89 The hypothesis of the 
authors was based on a number of findings. 
Computerized tomography (CT) scans of 
COVID-19 patients have shown COVID-19 lung 
disease is not a pneumonia in the conventional 
sense, but it is similar to inflammation of the 
pulmonary vessels at the base of the lungs. 
They also stated that there is a viral reservoir in 
the oral cavity and saliva, and that there could 
be a possibility for translocation of the virus 
from saliva to the gingival sulcus/periodontal 
pocket. The authors further hypothesize that 
the route taken by the virus from saliva in 
the mouth, via the gingival tissues, into the 
blood vessels of the neck, and chest, through 
the heart, and to the lung blood vessels, is a 
possibility.89

We also know that dental procedures were 
initially thought to pose a high risk of viral 
transmission because the instruments and 
handpieces that are used often produce 
aerosols, which could potentially contain high 
numbers of SARS-CoV-2 virions, copies of the 
virus causing COVID-19. In a recent study, 
researchers stated that by understanding how 

Figure 1. The COVID-19 Pathway: A Hypothetical Model for the Oral-vascular-pulmonary 
Route of Infection.89

https://www.cdc.gov/oralhealth/infectioncontrol/statement-COVID.html
https://www.cdc.gov/oralhealth/infectioncontrol/statement-COVID.html
https://www.cdc.gov/coronavirus/2019-ncov/hcp/dental-settings.html
https://www.dentalcare.com/en-us/professional-education/ce-courses/ce619
https://www.dentalcare.com/en-us/professional-education/ce-courses/ce619
https://www.dentalcare.com/en-us/professional-education/ce-courses/ce624
https://www.dentalcare.com/en-us/professional-education/ce-courses/ce624
https://www.dentalcare.com/en-us/professional-education/ce-courses/ce647
https://www.dentalcare.com/en-us/professional-education/ce-courses/ce647
https://www.dentalcare.com/en-us/professional-education/ce-courses/ce647
https://www.adha.org/covid19
https://success.ada.org/en/practice-management/patients/infectious-diseases-2019-novel-coronavirus
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Course Test Preview
To receive Continuing Education credit for this course, you must complete the online test.  Please  
go to: www.dentalcare.com/en-us/professional-education/ce-courses/ce652/test

1. How are pandemics primarily defined?
A. Growth rate.
B. The spread of the disease.
C. Animal to human transmission.
D. The type of organism responsible for the infection.

2. SARS-CoV-2 is a zoonotic human coronavirus closely related to all the following EXCEPT:
A. Middle East respiratory syndrome (MERS)
B. Ebola
C. Severe acute respiratory syndrome (SARS)
D. Coronaviruses that cause up to 25% of the common cold

3. The following are true of the virus that causes coronavirus disease 2019 (COVID-19) 
EXCEPT:
A. The virus attaches to specific molecules on the host cell surface.
B. Viral entry into host cells causes a massive immune response.
C. SARS-CoV-2 promotes inflammatory responses on the endothelial cells that form the blood-

brain barrier.
D. The virus only affects the outside surface of the host cells.

4. To fully understand population-level immunity, it is important to screen for _______________.
A. Antibody immunity
B. T cell immunity
C. Angiotensin converting enzyme 2 (ACE2)
D. Antibody and T cell immunity

5. The cytokine storm can best be described as _______________.
A. an interaction between the body’s two main lines of defense may be causing the immune 

system to go into overdrive in some patients
B. the adaptive immune response
C. the innate immune response
D. T cells

6. What is potentially more lethal to the human body?
A. Bacteria
B. Viruses
C. The host immuno-inflammatory response
D. Fungi

7. Which if the following concerning vaccines is NOT true?
A. A vaccine which is designed to protect against one infection could protect against other 

infections.
B. Vaccines cause the body to make antibodies.
C. Vaccines work by reprogramming stem cells that give rise to cells involved in a late innate 

immune response.
D. Vaccines train the body’s fast-acting and less specific innate immune system, improving its 

ability to fight off many kinds of infections.

http://www.dentalcare.com/en-us/professional-education/ce-courses/ce652/test
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8. All of the following are true about herd immunity EXCEPT:
A. Represents the concept of protection of the population from infection which is achieved by 

the presence of immune individuals.
B. Can be achieved only by receiving a vaccination.
C. Herd immunity connotes that the whole community becomes protected, not just those 

who are immune.
D. The herd immunity threshold implies that the proportion of the population that is immune 

to the disease is greater than this threshold, and the spread of the disease will decline.

9. The connection between COVID-19 and oral health is likely associated by _______________.
A. cytokines TNFα, IL‑1β, IL‑6, and IL‑8
B. A. actinomycetemcomitans, P. gingivalis, P. intermedia, B. forsythus, C. rectus, E. nodatum, P. 

micros, S. intermedius and Treponema sp.
C. aerosols
D. fungi

10. Three types of tests are available for COVID-19. Which of the following is NOT 
recommended for disease identification?
A. Polymerase chain reaction (PCR)
B. Antigen test
C. Antibody test
D. Pooled sample screening tests

11. mRNA vaccines for the coronavirus _______________.
A. use a common vaccine technology
B. contain an attenuated form of the virus
C. contain a live form of the virus
D. contain material that provides cells instructions for how to make a protein that is unique 

to the virus

12. Which of the following statements is NOT true?
A. All states allow dentists and dental hygienists to administer the vaccine.
B. The U.S. Department of Health and Human Services is amending an emergency declaration 

under the Public Readiness and Emergency Preparedness Act to authorize additional 
providers to vaccinate patients for COVID-19 nationwide.

C. The federal declaration allows licensed dentists throughout the country to vaccinate the 
public against COVID-19, regardless of state laws that prevent dentists from doing so.

D. The expanded list of providers does not include dental hygienists.

13. The following are true EXCEPT:
A. Viruses constantly mutate and change over time.
B. The emergence of variants has raised concerns.
C. The Pfizer/BioNTech COVID-19 vaccine is very effective against the more infectious 

Brazilian strain.
D. Several variants likely have evolved more efficient ways of binding to and entering cells.
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14. A vaccine passport:
A. Is necessary so travelers can prove that they have been vaccinated.
B. The World Health Organization (WHO) is in favor of a vaccine passport.
C. The WHO does not recommend vaccine passports as it is currently unknown if vaccinations 

can reduce disease transmission.
D. A and B
E. A and C

15. Which of the following is NOT true about vaccines?
A. White blood cells (macrophages, B-lymphocytes, T-lymphocytes) help to fight the possible 

infection but have no role in vaccines.
B. The antigens are produced by macrophages.
C. B-lymphocytes produce the antibodies.
D. Vaccines work by creating cellular “memory” of a virus or viral components.



22

Crest® + Oral-B®
 at dentalcare.com

References
1. Johns Hopkins University & Medicine. Coronavirus Resource Center. COVID-19 Dashboard. 

Global Map. Accessed May 19, 2021.
2. Huang N, Pérez P, Kato T, et al. SARS-CoV-2 infection of the oral cavity and saliva. Nat Med. 2021 

Mar 25. doi: 10.1038/s41591-021-01296-8. Epub ahead of print.
3. Martines RB, Ritter JM, Matkovic E, et al. Pathology and Pathogenesis of SARS-CoV-2 Associated 

with Fatal Coronavirus Disease, United States. Emerg Infect Dis. 2020 Sep;26(9):2005-2015. doi: 
10.3201/eid2609.202095. Epub 2020 May 21.

4. Pascolo L, Zupin L, Melato M, et al. TMPRSS2 and ACE2 Coexpression in SARS-CoV-2 Salivary 
Glands Infection. J Dent Res. 2020 Sep;99(10):1120-1121. doi: 10.1177/0022034520933589. Epub 
2020 Jun 1.

5. Song J, Li Y, Huang X, et al. Systematic analysis of ACE2 and TMPRSS2 expression in salivary 
glands reveals underlying transmission mechanism caused by SARS-CoV-2. J Med Virol. 2020 
Nov;92(11):2556-2566. doi: 10.1002/jmv.26045. Epub 2020 Jun 9.

6. Liu L, Wei Q, Alvarez X, et al. Epithelial cells lining salivary gland ducts are early target cells of 
severe acute respiratory syndrome coronavirus infection in the upper respiratory tracts of 
rhesus macaques. J Virol. 2011 Apr;85(8):4025-30. doi: 10.1128/JVI.02292-10. Epub 2011 Feb 2.

7. Regev A, Teichmann SA, Lander ES, et al. The Human Cell Atlas. Elife. 2017 Dec 5;6:e27041. doi: 
10.7554/eLife.27041.

8. Biology Dictionary. Tropism. Accessed May 19, 2021.
9. Herrera D, Serrano J, Roldán S, Sanz M. Is the oral cavity relevant in SARS-CoV-2 pandemic? Clin 

Oral Investig. 2020 Aug;24(8):2925-2930. doi: 10.1007/s00784-020-03413-2. Epub 2020 Jun 23.
10. Atukorallaya DS, Ratnayake RK. Oral Mucosa, Saliva, and COVID-19 Infection in Oral Health Care. 

Front Med (Lausanne). 2021 Apr 22;8:656926. doi: 10.3389/fmed.2021.656926.
11. Zhu J, Guo J, Xu Y, Chen X. Viral dynamics of SARS-CoV-2 in saliva from infected patients. J Infect. 

2020 Sep;81(3):e48-e50. doi: 10.1016/j.jinf.2020.06.059. Epub 2020 Jun 25.
12. WHO. Emergencies preparedness, response. What is a pandemic? 2020 Feb 24. Accessed May 

19, 2021.
13. Pandemic Influenza Preparedness and Response: A WHO Guidance Document. Geneva: World 

Health Organization; 2009. 4, The WHO Pandemic Phases.
14. Viboud C, Simonsen L, Chowell G. A generalized-growth model to characterize the early 

ascending phase of infectious disease outbreaks. Epidemics. 2016 Jun;15:27-37. doi: 10.1016/j.
epidem.2016.01.002. Epub 2016 Feb 1.

15. CDC. Influenza (Flu). Pandemic Influenza. Past Pandemics. 1918 Pandemic (H1N1 virus). 2019 
Mar 20. Accessed May 19, 2021.

16. CDC. Influenza (Flu). Pandemic Influenza. Past Pandemics. 1957-1958 Pandemic (H2N2 virus). 
2019 Jan 2. Accessed May 19, 2021.

17. CDC. About CDC 24-7. CDC SARS Response Timeline. 2013 Apr 26. Accessed May 19, 2021.
18. Chan PK, Chan MC. Tracing the SARS-coronavirus. J Thorac Dis. 2013 Aug;5 Suppl 2(Suppl 

2):S118-21. doi: 10.3978/j.issn.2072-1439.2013.06.19.
19. de Wilde AH, Snijder EJ, Kikkert M, van Hemert MJ. Host Factors in Coronavirus Replication. Curr 

Top Microbiol Immunol. 2018;419:1-42. doi: 10.1007/82_2017_25.
20. CDC. COVID-19. Common Human Coronaviruses. 2020 Feb 13. Accessed May 19, 2021.
21. WHO. Transmission of SARS-CoV-2: implications for infection prevention precautions: Scientific 

Brief. 2020 Jul 9. Accessed May 19, 2021.
22. Buzhdygan TP, DeOre BJ, Baldwin-Leclair A, et al. The SARS-CoV-2 spike protein alters barrier 

function in 2D static and 3D microfluidic in-vitro models of the human blood-brain barrier. 
Neurobiol Dis. 2020 Dec;146:105131. doi: 10.1016/j.nbd.2020.105131. Epub 2020 Oct 11.

23. Altmann DM, Boyton RJ. SARS-CoV-2 T cell immunity: Specificity, function, durability, and role in 
protection. Sci Immunol. 2020 Jul 17;5(49):eabd6160. doi: 10.1126/sciimmunol.abd6160.

24. Figueiredo-Campos P, Blankenhaus B, Mota C, et al. Seroprevalence of anti-SARS-CoV-2 
antibodies in COVID-19 patients and healthy volunteers up to 6 months post disease onset. Eur 
J Immunol. 2020 Dec;50(12):2025-2040. doi: 10.1002/eji.202048970. Epub 2020 Nov 10.



23

Crest® + Oral-B®
 at dentalcare.com

25. Song P, Li W, Xie J, Hou Y, You C. Cytokine storm induced by SARS-CoV-2. Clin Chim Acta. 2020 
Oct;509:280-287. doi: 10.1016/j.cca.2020.06.017. Epub 2020 Jun 10.

26. Johnson BS, Laloraya M. A cytokine super cyclone in COVID-19 patients with risk factors: the 
therapeutic potential of BCG immunization. Cytokine Growth Factor Rev. 2020 Aug;54:32-42. 
doi: 10.1016/j.cytogfr.2020.06.014. Epub 2020 Jul 1.

27. Fajgenbaum DC, June CH. Cytokine Storm. N Engl J Med. 2020 Dec 3;383(23):2255-2273. doi: 
10.1056/NEJMra2026131.

28. Costela-Ruiz VJ, Illescas-Montes R, Puerta-Puerta JM, Ruiz C, Melguizo-Rodríguez L. SARS-
CoV-2 infection: The role of cytokines in COVID-19 disease. Cytokine Growth Factor Rev. 2020 
Aug;54:62-75. doi: 10.1016/j.cytogfr.2020.06.001. Epub 2020 Jun 2.

29. Hasan A, Palmer RM. A clinical guide to periodontology: pathology of periodontal disease. Br 
Dent J. 2014 Apr;216(8):457-61. doi: 10.1038/sj.bdj.2014.299.

30. Ripperger TJ, Uhrlaub JL, Watanabe M, et al. Orthogonal SARS-CoV-2 Serological Assays Enable 
Surveillance of Low-Prevalence Communities and Reveal Durable Humoral Immunity. Immunity. 
2020 Nov 17;53(5):925-933.e4. doi: 10.1016/j.immuni.2020.10.004. Epub 2020 Oct 14.

31. Long QX, Tang XJ, Shi QL, et al. Clinical and immunological assessment of asymptomatic SARS-
CoV-2 infections. Nat Med. 2020 Aug;26(8):1200-1204. doi: 10.1038/s41591-020-0965-6. Epub 
2020 Jun 18.

32. Plüddemann A, Aronson JK. What is the role of T cells in COVID-19 infection? Why immunity is 
about more than antibodies. Oxford COVID-19 Evidence Service Team, Centre for Evidence-
Based Medicine, Nuffield Department of Primary Care Health Sciences, University of Oxford. 
2020 Oct 19. Accessed May 19, 2021.

33. Delves PJ. Overview of the Immune System. Mereck Manual Consumer Version. 2020 Apr. 
Accessed May 19, 2021.

34. Conlon A, Ashur C, Washer L, Eagle KA, Hofmann Bowman MA. Impact of the influenza 
vaccine on COVID-19 infection rates and severity. Am J Infect Control. 2021 Feb 22:S0196-
6553(21)00089-4. doi: 10.1016/j.ajic.2021.02.012. Epub ahead of print.

35. Chumakov K, Benn CS, Aaby P, Kottilil S, Gallo R. Can existing live vaccines prevent COVID-19? 
Science. 2020 Jun 12;368(6496):1187-1188. doi: 10.1126/science.abc4262.

36. Blok BA, Arts RJ, van Crevel R, Benn CS, Netea MG. Trained innate immunity as underlying 
mechanism for the long-term, nonspecific effects of vaccines. J Leukoc Biol. 2015 Sep;98(3):347-
56. doi: 10.1189/jlb.5RI0315-096R. Epub 2015 Jul 6.

37. Cirovic B, de Bree LCJ, Groh L, et al. BCG Vaccination in Humans Elicits Trained Immunity via the 
Hematopoietic Progenitor Compartment. Cell Host Microbe. 2020 Aug 12;28(2):322-334.e5. doi: 
10.1016/j.chom.2020.05.014. Epub 2020 Jun 15.

38. CDC. COVID-19. Assessing Risk Factors for Severe COVID-19 Illness. 2020 Nov 30. Accessed May 
19, 2021.

39. Mayo Clinic. COVID-19: Who’s at higher risk of serious symptoms? 2021 Apr 30. Accessed May 
19, 2021.

40. COVID-19 Event Risk Assessment Planning Tool. Accessed May 19, 2021.
41. Barnkob MB, Pottegård A, Støvring H, et al. Reduced prevalence of SARS-CoV-2 

infection in ABO blood group O. Blood Adv. 2020 Oct 27;4(20):4990-4993. doi: 10.1182/
bloodadvances.2020002657. Accessed May 19, 2021.

42. Barnkob MB, Pottegård A, Støvring H, Haunstrup TM, Homburg K, Larsen R, Hansen 
MB, Titlestad K, Aagaard B, Møller BK, Barington T. Reduced prevalence of SARS-CoV-2 
infection in ABO blood group O. Blood Adv. 2020 Oct 27;4(20):4990-4993. doi: 10.1182/
bloodadvances.2020002657.

43. Rao S, Warrior S, Gezer S, et al. Impact of Blood Group Type on Severity of Disease in COVID-19 
Patients. Blood. 2020 Nov 5;136(Supplement 1):29. doi: 10.1182/blood-2020-139021. Accessed 
May 19, 2021.

44. Zeberg H, Pääbo S. The major genetic risk factor for severe COVID-19 is inherited from 
Neanderthals. Nature. 2020 Nov;587(7835):610-612. doi: 10.1038/s41586-020-2818-3. Epub 
2020 Sep 30.



24

Crest® + Oral-B®
 at dentalcare.com

45. Zeberg H, Pääbo S. A genomic region associated with protection against severe COVID-19 is 
inherited from Neandertals. Proc Natl Acad Sci U S A. 2021 Mar 2;118(9):e2026309118. doi: 
10.1073/pnas.2026309118.

46. Karim M, Dunham I, Ghoussaini M. Mining a GWAS of Severe Covid-19. N Engl J Med. 2020 Dec 
24;383(26):2588-2589. doi: 10.1056/NEJMc2025747. Epub 2020 Nov 24.

47. CDC. COVID-19. People with Certain Medical Conditions.2021 May 13. Accessed May 19, 2021.
48. FDA. Press Announcemnts. FDA Approves First Treatment for COVID-19. 2020 Oct 22. Accessed 

May 19, 2021.
49. WHO. WHO recommends against the use of remdesivir in COVID-19 patients. 2020 Nov 20
50. Crist C. FDA Authorizes Regeneron COVID Antibody Treatment. WebMD. 2020 Nov 23. Accessed 

May 19, 2021.
51. FDA. Press Announcemnts. Coronavirus (COVID-19) Update: FDA Authorizes Monoclonal 

Antibodies for Treatment of COVID-19. 2020 Nov 21. Accessed May 19, 2021.
52. RECOVERY Collaborative Group, Horby P, Lim WS, et al. Dexamethasone in Hospitalized Patients 

with Covid-19. N Engl J Med. 2021 Feb 25;384(8):693-704. doi: 10.1056/NEJMoa2021436. Epub 
2020 Jul 17.

53. NIH. COVID-19 Treatment Guidelines. What’s New in the Guidelines. 2021 Apr 21. Accessed May 
19, 2021.

54. FDA. Press Announcemnts. Coronavirus (COVID-19) Update: FDA Authorizes Drug Combination 
for Treatment of COVID-19. 2020 Nov 19. Accessed May 19, 2021.

55. NIH. New Releases. Investigational COVID-19 therapeutics to be evaluated in large clinical trials. 
2020 Dec 17. Accessed May 19, 2021.

56. FDA. Coronavirus Disease 2019 (COVID-19) Emergency Use Authorizations for Medical Devices. 
In Vitro Diagnostics EUAs. 2021 Apr 20. Accessed May 19, 2021.

57. Johansson MA, Quandelacy TM, Kada S, et al. SARS-CoV-2 Transmission From People 
Without COVID-19 Symptoms. JAMA Netw Open. 2021 Jan 4;4(1):e2035057. doi: 10.1001/
jamanetworkopen.2020.35057. Erratum in: JAMA Netw Open. 2021 Feb 1;4(2):e211383.

58. Fozouni P, Son S, Díaz de León Derby M, et al. Amplification-free detection of SARS-CoV-2 
with CRISPR-Cas13a and mobile phone microscopy. Cell. 2021 Jan 21;184(2):323-333.e9. doi: 
10.1016/j.cell.2020.12.001. Epub 2020 Dec 4.

59. NIH. New Releases. NIH-funded COVID-19 home test is first to receive over-the-counter 
authorization from FDA. 2020 Dec 15. Accessed May 19, 2021.

60. National Academies of Sciences, Engineering, and Medicine. Framework for Equitable Allocation 
of COVID-19 Vaccine. Kahn B, Brown L, Foege W, Gayle H, editors. Washington (DC): National 
Academies Press (US); 2020 Oct 2.

61. Zimmer C, Corum J, Wee S. Coronavirus Vaccine Tracker. The New York Times. 2021 May 10. 
Accessed May 19, 2021.

62. FDA. Vaccines and Related Biological Products Advisory Committee Meeting. FDA Briefing 
Document. Pfizer-BioNTech COVID-19 Vaccine. 2020 Dec 10. Accessed May 19, 2021.

63. Pfizer. Manufacturing and Distributing the COVID-19 Vaccine. Accessed May 19, 2021.
64. CDC. COVID-19. Interim Public Health Recommendations for Fully Vaccinated People. 2021 May 

13. Accessed May 19, 2021.
65. DiPiazza AT, Graham BS, Ruckwardt TJ. T cell immunity to SARS-CoV-2 following natural 

infection and vaccination. Biochem Biophys Res Commun. 2021 Jan 29;538:211-217. doi: 
10.1016/j.bbrc.2020.10.060. Epub 2020 Oct 23.

66. Twitter. Monica Gandhi, MD, MPH, professor of Medicine and Associate Division Chief (Clinical 
Operations/ Education) of the Division of HIV, Infectious Diseases, and Global Medicine at 
University of California, San Francisco (UCSF)/ San Francisco General Hospital. Accessed  
May 19, 2021.

67. CDC. COVID-19. Vaccines. Understanding How COVID-19 Vaccines Work. 2021 Mar 9. Accessed 
May 19, 2021.

68. CDC. COVID-19. Vaccines. Different COVID-19 Vaccines. 2021 May 13. Accessed May 19, 2021.



25

Crest® + Oral-B®
 at dentalcare.com

69. National Academies of Sciences, Engineering, and Medicine. Framework for Equitable Allocation 
of COVID-19 Vaccine. Kahn B, Brown L, Foege W, Gayle H, editors. Washington (DC): National 
Academies Press (US); 2020 Oct 2.

70. Treisman R. The Coronavirus Crisis. Biden Says All Adults Will Be Vaccine Eligible By April 19. 
NPR. 2021 Apr 6. Accessed May 19, 2021.

71. State of California. Department of Consumer Affairs. Order Waiving Restrictions on Dentists 
Relating to Ordering and Administering COVID-19 Vaccines. 2021 Jan 4. Accessed May 19, 2021.

72. Garvin J. Dentists, dental students among providers now authorized to administer COVID-19 
vaccine nationwide. ADA News. 2021 Mar 21. Accessed May 19, 2021.

73. ADHA. COVID-19 Resource Center for Dental Hygienists. Accessed May 19, 2021.
74. ADA. CDC-NCRID COVID-19 Coalition Letter. 2020 Dec 16. Accessed May 19, 2021.
75. NIH. Newroom. Bulletin—Update on SARS-CoV-2 Variants. 2021 Jan 27. Accessed May 19, 2021.
76. Arashkia A, Jalilvand S, Mohajel N, Afchangi A, et al. Severe acute respiratory syndrome-

coronavirus-2 spike (S) protein based vaccine candidates: State of the art and future prospects. 
Rev Med Virol. 2020 Oct 15:e2183. doi: 10.1002/rmv.2183. Epub ahead of print.

77. CDC. COVID-19. About Variants of the Virus that Causes COVID-19. 2021 Apr 2. Accessed May 
19, 2021.

78. Hacisuleyman E, Hale C, Saito Y, et al. Vaccine Breakthrough Infections with SARS-CoV-2 
Variants. N Engl J Med. 2021 Apr 21. doi: 10.1056/NEJMoa2105000. Epub ahead of print.

79. Liu Y, Liu J, Xia H, et al. Neutralizing Activity of BNT162b2-Elicited Serum. N Engl J Med. 2021 Apr 
15;384(15):1466-1468. doi: 10.1056/NEJMc2102017. Epub 2021 Mar 8.

80. WHO. COVID-19 and mandatory vaccination: Ethical considerations and caveats. 2021 Apr 13. 
Accessed May 19, 2021.

81. WHO. “Immunity passports” in the context of COVID-19. Scientific Brief. 2020 Apr 24. Accessed 
May 19, 2021.

82. WHO. Coronavirus disease (COVID-19): Herd immunity, lockdowns and COVID-19. 2020 Dec 31. 
Accessed May 19, 2021.

83. Mayo Clinic. Herd immunity and COVID-19 (coronavirus): What you need to know. 2021 May 5. 
Accessed May 19, 2021.

84. Booker B. Fauci Predicts U.S. Could See Signs Of Herd Immunity By Late March Or Early April. 
NPR. 2020 Dec 15. Accessed May 19, 2021.

85. Delamater PL, Street EJ, Leslie TF, Yang YT, Jacobsen KH. Complexity of the Basic Reproduction 
Number (R0). Emerg Infect Dis. 2019 Jan;25(1):1-4. doi: 10.3201/eid2501.171901.

86. Bailey R. What’s the Herd Immunity Threshold for the COVID-19 Coronavirus? Reason. 2020 
May 15. Accessed May 19, 2021.

87. Sahni V, Gupta S. COVID-19 & Periodontitis: The cytokine connection. Med Hypotheses. 2020 
Nov;144:109908. doi: 10.1016/j.mehy.2020.109908. Epub 2020 May 30.

88. Marouf N, Cai W, Said KN, et al. Association between periodontitis and severity of COVID-
19 infection: A case-control study. J Clin Periodontol. 2021 Apr;48(4):483-491. doi: 10.1111/
jcpe.13435. Epub 2021 Feb 15.

89. Lloyd-Jones G, Molayem S, Pontes CC, Chapple I. The COVID-19 Pathway: A Proposed Oral-
Vascular-Pulmonary Route Of SARS-CoV-2 Infection And The Importance Of Oral Healthcare 
Measures. Oral Med and Dent Res. 2021;2(1):S1. 2021 Apr 20. Accessed May 19, 2021.

90. Sergis A, Wade WG, Gallagher JE, et al. Mechanisms of Atomization from Rotary 
Dental Instruments and Its Mitigation. J Dent Res. 2021 Mar;100(3):261-267. doi: 
10.1177/0022034520979644. Epub 2020 Dec 16.

91. CDC. COVID-19. Symptoms of COVID-19. 2021 Feb 22. Accessed May 19, 2021.

Additional Resources
• CDC. Guidance for Dental Settings: Interim Infection Prevention and Control Guidance for Dental 

Settings During the Coronavirus Disease 2019 (COVID-19) Pandemic. Accessed May 19, 2021.
• ADHA. COVID-19 Resource Center for Dental Hygienists. Accessed May 19, 2021.

https://www.cdc.gov/coronavirus/2019-ncov/hcp/dental-settings.html
https://www.cdc.gov/coronavirus/2019-ncov/hcp/dental-settings.html
https://www.adha.org/covid19


26

Crest® + Oral-B®
 at dentalcare.com

• Canadian DHA COVID-19 Resources. Accessed May 19, 2021.
• ADA. COVID-19 Practice Resources. Accessed May 19, 2021.
• CDC. Myths and Facts about COVID-19 Vaccines. Accessed May 19, 2021.
• CDC. Healthcare Workers: Information on COVID-19. Accessed May 19, 2021.
• CDC. COVID-19 Print Resources. Accessed May 19, 2021.
• U.S. Department of Health & Human Services. Coronavirus (COVID-19). Accessed May 19, 2021.
• Baraniuk C. Where are we with drug treatments for covid-19? BMJ. 2021 May 7;373:n1109. doi: 

10.1136/bmj.n1109.
• Collins F. Human Antibodies Target Many Parts of Coronavirus Spike Protein. NIH Director’s Blog. 2021 

May 18. Accessed May 19, 2021.
• Meethil AP, Saraswat S, Chaudhary PP, Dabdoub SM, Kumar PS. Sources of SARS-CoV-2 and 

Other Microorganisms in Dental Aerosols. J Dent Res. 2021 May 12:220345211015948. doi: 
10.1177/00220345211015948. Epub ahead of print.

About the Author

Maria Goldie, RDH, MS
Maria graduated from the University of Pennsylvania, School of Dental Hygiene 
& is the recipient of the 1999 University of Pennsylvania Dental Hygiene Alumni 
Achievement Award. She is also a 2003 winner of the Pfizer/ADHA Award for 
Excellence in Dental Hygiene and the 2011 Alfred C. Fones Award. She was 
awarded the first ever “2016 Distinction in Service Award” from the International 
Federation of Dental Hygienists in June, 2016 Presidential Citation in 2018 from 
ADHA. She earned her BA in Health Services Administration from Saint Mary’s 
College and a MS in Health Science from San Francisco State University. Maria 

is a graduate of the 2004-2006 fellowship of the California Health Care Foundation’s (CHCF) Health 
Care Leadership Program, administered by the Center for Health Professions at the University of 
California, San Francisco, a two-year program. She is the owner of Seminars for Women’s Health 
and Sex Based Medicine, whose goal is to educate professionals about the differences in health 
and disease between men and women, communication styles, and the link between oral and 
general health.

As a noted researcher, author, and speaker, Maria has presented seminars nationally and 
internationally on topics such as Women’s Health and Wellness, Cancers and Oral Care for the 
Cancer Patient, Oral Cancer, Enamel Therapy, and Immunology and Periodontal Disease. Maria 
was a member of the National Advisory Committee for the Robert Wood Johnson Foundation’s 
Smoking Cessation Leadership Center. She conducted research with the late Dr. Margaret Walsh on 
smokeless tobacco at the University of California, San Francisco.

Maria is co-editor of the textbook: Dental Hygiene – Applications to Clinical Practice. Maria is 
co-founder of the International Dental Hygiene Educator’s Forum (IDHEF), the fifth meeting to be 
held in Australia in 2019. Maria served as the 1997-98 President of the American Dental Hygienists’ 
Association (ADHA), served on an advisory panel to develop “The Future of Dental Hygiene Report”, 
and was the President of the International Federation of Dental Hygienists (IFDH) 2010-2013.

Email: mariardhms@gmail.com

https://www.cdha.ca/cdha/News-Events_folder/Safety_Alerts/COVID-19_Resources/CDHA/News-Events_folder/Safety_Alerts/COVID-19_Resources.aspx
https://success.ada.org/en/practice-management/patients/practice-resources
https://www.cdc.gov/coronavirus/2019-ncov/vaccines/facts.html
https://www.cdc.gov/coronavirus/2019-nCoV/hcp/index.html
https://www.cdc.gov/coronavirus/2019-ncov/communication/print-resources.html?Sort=Date%3A%3Adesc
https://www.hhs.gov/coronavirus/index.html
https://pubmed.ncbi.nlm.nih.gov/33962913/
https://pubmed.ncbi.nlm.nih.gov/33962913/
https://directorsblog.nih.gov/2021/05/18/human-antibodies-target-many-parts-of-coronavirus-spike-protein/
https://directorsblog.nih.gov/2021/05/18/human-antibodies-target-many-parts-of-coronavirus-spike-protein/
https://pubmed.ncbi.nlm.nih.gov/33977764/
https://pubmed.ncbi.nlm.nih.gov/33977764/
https://pubmed.ncbi.nlm.nih.gov/33977764/

