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Abstract

Coronavirus disease 2019 (COVID-19) is caused by a novel coronavirus, known as severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2). It originated from the Chinese city of Wuhan and very quickly became a challenging public
health problem. On 11 March 2020, the World Health Organization termed this potentially deadly disease a pandemic due
to its rapid spread in various parts of the world, giving rise to international health emergencies. This virus is transmitted
from human to human in the form of respiratory droplets, and in specific circumstances, airborne transmission may occur.
Additional sources of exposure for dentists include blood and infected sharps. Due to the contagious nature of COVID-19
many health care providers have also been disproportionately affected, such as physicians, dentists, nurses, and paramedi-
cal staff. Dentists and dental staff are at high risk of cross-infection due to their nature of work. Therefore, they face a dual
challenge in protecting themselves and their patients from infection transmission while ensuring that patients receive urgent
dental care. In this review, the authors highlight the epidemiology, modes of cross-infection, and recent data on SARS-CoV-2
related to dental practice. The primary purpose is to make dental health care providers aware of the pathophysiology of
COVID-19 and to increase their preparedness and understanding of this challenge, which will aid in controlling transmis-
sion. The information collected will be useful for the dental community in providing effective patient management through
evidence-based recommendations for infection control and disinfection protocols.
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1 Introduction mainly attack the respiratory system of humans [1]. Some

recent strains of coronavirus have been named Severe Acute

In the past few years, coronavirus outbreaks have been a
source of emerging public health problems. Coronavirus
belongs to a family of positive-sense RNA viruses that
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Respiratory Syndrome (SARS) and Middle East Respiratory
Syndrome (MERS), which have appeared in cows, camels,
and cats exhibiting zoonotic transmission [2]. The new viral
strain, never seen before, was initially named "the new coro-
navirus" (nCoV) and subsequently "severe acute respiratory
syndrome coronavirus 2" (SARS-CoV-2) [3]. Since then,
it has become a significant international challenge and a
pandemic was declared by the World Health Organization
(WHO) [3]. The increasing spread of coronavirus disease
2019 (COVID-19) has prompted many governments to intro-
duce extraordinary measures to suppress the spread of infec-
tion. Recently, several variants of coronavirus have emerged
[4]. Since health is a primary concern, an increase in the
number of cases and deaths has led to enforced quarantine
and isolation at home being imposed in many countries and
general restrictions on travel and movement, greatly affect-
ing the daily and working life of populations [5, 6]. The
pandemic has impaired the quality of life of the general
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public and health care workers (HCWs), which has led to
various psychological issues, including generalized anxiety
disorder, depression, and poor sleep quality [7]. Widespread
transmission of the disease has also shown its spread into
health care providers, which have been identified as poten-
tial carriers due to being in the front line of infected patient
management [8]. The rapid spread of COVID-19 all around
the world has startled health care experts. There is a signifi-
cant concern in dental practices because of the pathogenic-
ity of the virus and transmission modes via saliva aerosols
[9]. Dentists are at the front-line of this pandemic because
they have close interaction with patients and are at risk for
developing COVID-19 and other respiratory diseases. Stand-
ard protective measures in regular dental clinical settings are
inadequate in preventing the spread of COVID-19 due to the
nature of dental treatments and the huge number of droplets
and aerosols that can be produced [10]. Several studies are
available, which provide accurate reports of the situation for
each country regarding infections by health care profession-
als, as stated by WHO, particularly among dental profession-
als [11]. Preliminary reports have also suggested that HCWs
are prone to infection at the workplace and in the community
due to wide interaction [12].

The primary purpose of this review is to describe how the
prevalence of SARS-COV-2 can affect dental practitioners
and what preventive approaches and strategies they should
adopt at dental clinics to avoid contracting infection. The
pathophysiology of COVID-19 is described to increase the
preparedness and understanding of health care professionals
when dealing with this challenge and to aid in controlling the
transmission of this potentially life-threatening condition.

2 Pathogenesis of SARS-COV-2

SARS-COV-2 belongs to a family of viruses known as coro-
naviridae, order nidovirales, which possess single positive-
stranded RNA genes. Due to this characteristic, they are
capable of causing infectious diseases in humans and other
animals [12]. However, mostly they cause a milder form of
respiratory illness. On phylogenic analysis of the genome,
it was demonstrated that SARS-COV-2 belongs to the beta
(B)-CoV variant, due to which it is capable of infecting
adults and children and has a tendency to spread faster in
contrast to other types previously seen [13]. It carries the
genome of humans and bats (BatCoVRaTG13). More than
1,000 samples of pangolins have been tested by South China
Agricultural University, out of which 70% of pangolins car-
ried B-CoV, which confirmed its pathogenicity [14].

This virus alters immunity by lowering the lymphocytes
count. Immunity helps in fighting against invasive patho-
gens. A positive aspect of this virus is that most people tend
to exhibit mild symptoms and recover quickly. Only a few
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develop severe conditions impacting multiple organs making
this virus fatal [15]. The virus can pass through the mucosal
membrane, particularly in nasal areas and areas around the
larynx, and enter the lungs via the respiratory tract. The pri-
mary symptoms of the infection include fever and a cough.
Later on, it spreads to peripheral blood from the lungs,
where it becomes highly pathogenic by binding with targeted
organs that have receptor angiotensin-converting enzyme II
(ACE2) on the surface for instance kidneys, lungs, heart, and
the gastrointestinal region [16].

Samples of fecal material have also shown the presence
of SARS-COV-2, as this virus is likely to travel from the
bloodstream to the lungs and further to the intestines. As it
enters the lungs, it causes symptoms of respiratory distress
and pneumonia on approximately the eighth day. Following
infection, the second wave occurs in patients on the 7% to
14" day, when the clinical condition worsens. Initially, leu-
cocyte counts are normal. However, B lymphocytes decline
during the early phase of the infection and alter the antibody
production ability of patients [17]. Those who are unable to
defend against the virus experience aggravated symptoms
within 7 to 14 days, accompanied by neutrophilia, as well as
elevated blood urea and creatinine levels [18].

3 Symptoms of COVID-19

Clinical manifestations of COVID-19 are categorized as
per the severity of the condition. Patients with infections
mainly exhibit symptoms like a dry cough, fever, shortness
of breath, myalgia and/or fatigue. Other symptoms like
gastrointestinal disturbance followed by diarrhea, nausea,
altered taste, and hyposmia have also been recognized.
Some patients might present nausea and gastrointestinal
disturbances before the onset of fever. Some also present
with complaints of headache and hemoptysis or are asymp-
tomatic, indicating nonspecific symptoms of the condition.
The majority of the patients, nearly 80%, only report mild
symptoms similar to allergies and seasonal flu, making diag-
nosis difficult [19].

The virus's incubation period varies from 0 to 24 days,
and during this phase, the carrier might be asymptomatic but
can transmit it to others. Infection symptoms usually appear
after five days[20].

Computed tomography scans of the chest have revealed
signs of respiratory distress, pneumonia, and even cardiac
arrest in a few individuals. Radiographs have revealed areas
of ground-glass-like opacities in the chest that can be single
or multiple and are found in subpleural areas of the lungs
[21]. Asymptomatic patients act as a reservoir for the dis-
ease and are active carriers to the community, and reports
have revealed that virulence increases with the severity of
symptoms of the carrier [21]. Older men are commonly
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affected, particularly those who are immunocompromised
[22]; such individuals are prone to respiratory failure lead-
ing to irreversible alveolar destruction and other organ
damage, making it fatal in some cases. In patients above
70 years, symptoms aggravate faster as compared to the
younger age group. On laboratory examinations, a decline
in patients' total leucocyte count and platelets might appear,
while elevated C-reactive proteins are accompanied by pro-
longing thromboplastin time. Hence, a clinician must look
for symptoms like upper respiratory tract infections, fever
accompanied by lymphopenia, or decreased leukocyte count
[23]. These symptoms show similarities with earlier coro-
navirus strains, like a dry cough, breathing difficulty, fever,
and ground-glass-like opacities within the lungs. However,
COVID-19 has a distinguishing feature in that it attacks the
upper respiratory tract of patients, exhibiting features like a
runny nose, a sore throat, and sneezing [24].

It has also been suggested that fecal material and urine
of infected individuals should be tested to exclude any pos-
sibility of transmission to HCWs [25].

4 Epidemiology of COVID-19 of dental
practitioners

Globally, on 14 September 2021, there have been
225,024,781 confirmed cases of COVID-19, including
4,636,153 deaths and a total of 5,534,977,637 vaccine doses
have been administered [26]. The highest numbers of cases
are witnessed in the USA, followed by Europe, South-East
Asia, Eastern Mediterranean, Africa, and Western Pacific..
Compared to the previous week, there has been a 13%
decrease in COVID-19 cases globally. However, this infec-
tion is still a serious threat for the world due to the contin-
ued spread of more transmissible variants such as B.1.1.7
(202,012/01) (originally identified in the United Kingdom),
B.1.351 (501Y.V2) (originally identified in South Africa),
P.1 (originally identified in Brazil). In addition, another rea-
son for the increased viral spread is the relaxation of public
health and social control measures and a reluctance to con-
tinue adhering to preventative measures, such as avoiding
crowds, social distancing, increased hand hygiene, wearing
masks, and improving ventilation.

Furthermore, the immunity provided by vaccination takes
weeks to be established, and it may take longer to observe
impacts for the whole population [27]. On 11 April 2020,
WHO highlighted the issue of infection in HCWs in the
situational report number 82 [28]. In the context of COVID-
19, HCWs play a crucial role in dealing with critically ill
patients and participate in ensuring that preventive meas-
ures are correctly enforced to restrict infections in health
care personals. Another publication from the Centers for
Disease Control and Prevention (CDC) China, dated 17

February 2020, confirmed the prevalence of COVID-19
as 1,688, with five deaths (approximately 3.8%) in HCWs
[29]. A report from Italy on 10 April 2020 stated 1,5314
numbers of infections in HCWs [30]. However, most of the
infections were mild, but severe outcomes including deaths
have also been reported. Few publications have raised this
alarming issue, but literature has suggested that HCWs are
commonly infected in the workplace during community ser-
vices or by other infected family members [31]. The Interna-
tional Council of Nurses update (13 January 2021) reported
that, on average, around 10% (with a range of 0-15%) of
all confirmed COVID-19 infections were among HCWs. As
of 31 December 2020, the cumulative number of reported
COVID-19 deaths in nurses in 59 countries was 2,262 [32].
Dentists rank the highest for infection risk, most likely due
to insufficient personal protective equipment (PPE). WHO
has recommended airborne precautions in dentistry and
other high-risk areas to avoid transmission via aerosols.
Also, understanding the correct role of PPE, for example,
appropriate hand hygiene is mandatory for proper removal
and disposal. A risk assessment tool has been formulated by
WHO, which has identified exposed doctors and dentists so
that better epidemiology and distribution of the Covid-19
risk can also be observed. Comprehensive epidemiologi-
cal surveillance tools are available, which are being used
in many countries to gather information to improve the data
about current and past HCW infection rates [33]. WHO has
also implemented occupational safety and health measures
for promoting physical and mental health in health care pro-
viders [34].

5 General modes of transmission

The general COVID-19 transmission mode is contact
between humans [35]. The virus is airborne and spreads
through respiratory droplets, which originate from sneez-
ing and coughing. Initially, the virus was thought to have
originated from a wet market in Wuhan City from consump-
tion of foods, including bats and seafood [36]. These patients
were admitted to hospitals, from where the number of cases
amplified to include health care staff, nurses, and physi-
cians who were treating the infection. With time, the virus
was observed in those who had not consumed any bats and
seafood [36]. In addition, the mechanism of the spread of
all three strains of coronavirus SARS, MERS, and SARS-
CoV-2 is similar. That is, it spreads via respiratory droplets
or human secretions [37].

However, the current global pandemic is spreading more
rapidly than previous outbreaks [1]. The characteristics
of COVID-19 have made it extremely challenging to con-
trol. During a quarantine period, it is difficult to identify
infected people, which adds up to the burden of the disease
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by amplifying the magnitude of the condition in the com-
munity [38]. It is also a fact that those patients undergo-
ing recovery are also a potential source of virus transmis-
sion. In health care settings and dental practice, the virus
can transmit through nasal, conjunctival, oral secretions, or
even when talking at shorter distances without a face mask.
Infections can spread via infected patients in hospitals and
dental clinics, as well.

During the incubation period of the virus, infected indi-
viduals can also serve as carriers for COVID-19. Especially,
asymptomatic patients can transmit the disease to others; a
large number of studies have confirmed the possibility of
asymptomatic transmission [39]. The article of Peng et al.
[40] which examined nine pregnant women also suggested
the possibility of maternal transmission to the fetus. How-
ever, the potential adverse effects on pregnancy showed
varying results and conflicting evidence [22]

6 Transmission routes in dental practice

Dental clinics are at high risk because dental treatments
involve procedures that generate aerosols, such as through
the use of high-speed handpieces or ultrasonic instruments
that may infect the surrounding area and the dentist [10]. In
dentistry, infections can transmit through the coughs and
sneezes of infected patients. The presence of the live virus
in the saliva of those who had infections upon culturing
with the viral culture method has also been confirmed [41].
Equally, contaminated instruments can be a potential threat
to other patients [42].

Fig.1 COVID-19 transmission
modes in dental settings
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Moreover, at room temperature, COVID-19 is highly
infectious on surfaces such as dental chairs, their handles,
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three days. Therefore, the persistence of the novel corona-
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disinfecting and cleaning the surfaces in the clinic [45].
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scientific dental associations have provided recommenda-
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sible modes of transmission in a dental setting.
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7 SARS-CoV-2in the oral cavity in the early
COVID-19 stage

Studies have revealed that ACE2—a protein on the surface
of many cell types—acts as a receptor for binding with
COVID-19, facilitating its entry into the cell. ACE2 + cells
are present in abundance in the respiratory tract and the
ducts of the human salivary gland, covering its epithelium
[48, 49]. The strains of the virus can be detected in saliva
even after 29 days of infection [18]. However, salivary bio-
markers can only be tested in patients who exhibit symp-
toms of oropharyngeal secretions [50]. A saliva sampling,
instead of a nasopharyngeal swab, reduces the possibility
of nosocomial transmission between healthcare profession-
als and the potential carriers [41]. In patients with throm-
bocytopenia, taking a swab can also cause nasopharyngeal
and oropharyngeal bleeding [51]. Three different pathways
are suggested. Firstly, COVID-19 in the respiratory tract
migrates in the oral cavity along with liquid and droplets.
The second mechanism suggests COVID-19 is present in
blood and can reach the mouth through exudate in the oral
cavity. The third way is due to the infection of the salivary
glands, which causes the release of particles into saliva
through the salivary ducts. This mechanism suggests that
COVID-19 can travel through the major and minor sali-
vary glands into the oral cavity [21].

A study by Chen et al. [52] assessed oral features in
COVID-19 patients and found that ACE2 was present in
detectable levels in salivary glands. In four critically ill
patients, there was a positive detection of the virus in the
saliva. Dry mouth and loss of taste were the most frequent
symptoms [53]. Hence, oral symptoms might be taken into
consideration for the identification of SARS-COV-2 at the
initial stages. The use of saliva can be a non-invasive and
cost-effective method in infection investigation [23].

8 Prevention strategies for dental
practitioners

Once dental practitioners understand the mode of viral
transmission, it is easier to practice prevention and
infection control measures. However, extra precautions
are needed to control the spread of COVID-19 [54]; it
is essential to adopt the guideline for the diagnosis and
management of COVID-19 [55]. Firstly, patient evaluation
is mandatory, and every individual must be considered a
potential case of COVID-19. Patients with fever must have
their treatment deferred immediately. In all patients, their
temperature should be recorded using infrared thermom-
eters. Tele-screening must be performed initially before
booking appointments. For walk-in patients, a non-clinical

examination must be performed in the form of a question-
naire before starting any clinical procedure [56]. A set of
questions includes a history of fever in the last 14 days,
acute infections like cough, flu; symptoms like respira-
tory distress or travel history from affected areas, or if
any family member has tested positive for the virus. If the
patients answer yes to any of these questions and have a
temperature below 37.3 degrees, the patients should be
instructed to self-quarantine at home. If the answer is yes
and the temperature is higher than 37.3 degrees, this must
be immediately reported to the local health care unit [8].
Once the dentist is sure that a patient has no symptoms
or additional risk factors, dental treatment can be performed
using a standardized protocol since fecal—oral virus trans-
mission has also been reported. Therefore, hand hygiene
must also be practiced, ie:washing hands before and after
patient treatment to avoid cross-infection. Special consid-
eration should be given to advanced PPE usage in dentistry,
including eyeglasses, face shields, surgical caps, and dispos-
able clothing [57]. Every time the patient comes for dental
treatment, he or she must be offered mouth rinses of 0.2%
hydrogen peroxide, and all treatment must be done in the
presence of a rubber dam to avoid splashes [58]. Dental
hospitals and clinics should follow strict disinfection pro-
tocols. The protocols for surface cleaning and disinfection
also emphasize the disinfection of desks, chairs, and door
handles and avoid touching any buttons in the dental office
[59]. Lastly, proper waste disposal must be followed in
waste bags, coded in a double-layer yellow-colored waste
bag [60]. Many recommendations for dental practice set-
tings have been published previously, recommending that
non-emergency dental treatment be postponed and only
emergency dental treatments be provided [61]. The Advi-
sory Task Force on Dental Practice Recovery (ADA) and
the CDC have announced recent interim recommendations
for dental practitioners returning to work under COVID-19
practice restrictions [62]. Dentists are returning to their reg-
ular practices at different times, based on a variety of factors.
Before resuming routine oral health treatment, each team/
institution must make judgments based on their understand-
ing of the local prevalence of COVID-19 cases, patients'
needs, and operational improvement. CDC previously
advised dentists to prioritize urgent appointments and post-
pone elective procedures during the pandemic [62]. A new
framework for providing non-COVID-19 related healthcare
facilities was announced on 30 June 2020 [63]. The need
for health professionals to return for essential/emergency?
assistance was indicated in this document while still obey-
ing the local level of COVID-19 transmission and consider-
ing changes over time. Some amendments were also made
in the interim infection prevention and control guidelines
developed for health care practitioners during the COVID-
19 pandemic on 15 July 2020 [62]. Lastly, on 28 August,
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the CDC updated the interim infection prevention and con-
trol guidance for dental settings during the COVID-19 pan-
demic. This document outlined specific infection preven-
tion and control considerations, such as prioritizing the most
critical dental services to reduce patient harm and potential
SARS-CoV-2 infection, as well as the importance of staying
home if symptomatic (for both patients and dental care staff)
and procedures to follow when dealing with symptomatic
patients [64]. Recently, Tovani-Palone et al. [65] published
recommendations that should be implemented for safe dental
practices in the time of COVID-19 for pediatric patients.
Researchers recommended the use of mouthwash before
proceeding with the dental procedure for both outpatients
as well as patients admitted to the hospital. Moreover, they
suggested the use of specific types of mouthwash depending
on the circumstances of the patient. They also added that an
age-appropriate toothbrush must be used for children with
erupted teeth. In children without erupted teeth, the gingival
mucosa must be cleaned with sterile gauze immersed in an
appropriate antiseptic solution [65]. Figure 2 summarizes
preventive strategies to be adopted in dental settings.

9 Dental practice in intensive care units
(ICU) during COVID-19

Recent reports demonstrated that over 33% of COVID-19
infected hospitalized patients would need intensive care, and
approximately 20% of hospitalized COVID-19 patients may
also need invasive mechanical ventilation [66]. The risk of
developing oral complications is equally present in COVID-
19 patients. Some common oral complications, including
perioral pressure ulcers, oral candidiasis, herpetic and
hemorrhagic oral ulcers, and acute macroglossia, were
reported in COVID-19 patients admitted in ICUs. Along
with immunosuppressive drugs provided for this particular
group of patients, continuous prone positioning with ventila-
tor systems in the ICU exacerbated such oral mucocutane-
ous problems [67]. Moore et al. conducted a comprehensive
evaluation of the current body of research and advised using
pressure redistribution support surfaces/positioning devices,
safety coverings during pronation, and simple and regular
changes in the patient's posture and device position. Clini-
cians are highly encouraged to regularly examine common
pressure ulcer risk sites and ensure that the skin is clean and
moisturized [68]. Monitoring and managing pressure ulcers
at an early stage demands strong teamwork between ICU
professionals, anesthesiologists, nursing staff, dermatolo-
gists, and dentists. COVID-19 may be one of the causes for
the high prevalence of perioral pressure ulcers since litera-
ture analysis revealed that in many countries, less trained
healthcare professionals may be present in the ICU due to
burden of COVID-19 [69, 70].
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Antiviral mouthwashes are considered to be the most suit-
able option to reduce the viral load of the SARS-CoV-2 in
saliva [64, 71-73]. Mouthwashes used by ICU admitted
COVID-19 patients are typically prescribed before executing
everyday routine practices with a substantial risk of produc-
ing aerosols, or droplet emission during the care of patients
infected, and droplet emission from those without mechani-
cal ventilation, which should doubtlessly help to reduce the
risks of COVID-19 transmission to health care professionals
of ICU. It is important to mention that strict guidelines must
be meticulously addressed to ensure adequate oral hygiene
in ICU admitted COVID-19 patients [73]. Although signifi-
cant advancements in practices for ICU admitted COVID-19
patients, the concerned professional teams should always
select treatments with a lower risk of creating aerosols or
droplet emissions, as this offers greater protection in the
healthcare setting. Furthermore, the role of intensive care
dentists is critical to the overall care of such patients. As a
result, a systematic approach for effective monitoring and
management of COVID-19 is strongly advised, suggesting
that dermatologists, oral healthcare professionals, and med-
ics must be included in the ICU personnel.

10 Dental care in COVID-19 pandemic

During the outbreak, only patients with emergencies and
non-postponable treatments should be managed. A list of
emergency treatments should be include cases like hemor-
rhage, trauma, severe pain, acute infections, oral and maxil-
lofacial infections, and oral lesions are to be addressed[74].
People generally avoid seeking medical attention for unnec-
essary dental treatments and routine follow-up appoint-
ments [75]. A Chinese study found that only 38% of peo-
ple presented to outpatient departments during epidemics
needed urgent pain management [76]. Although with this
decline in the number of patients, it is still difficult for den-
tal institutions to perform effective infection control. The
study by British Endodontic Society [77] showed that dur-
ing epidemics, mostly people presented with complaints of
abscesses, pulpitis, and periapical lesions. Due to fear of
the current situation, people usually delay their treatments
until their pain levels are unbearable [77]. As already men-
tioned, patients requiring urgent management should be
screened via a phone call before attending the clinic. This
tele-screening will help identify suspected cases beforehand
[78]. When dealing with an infected or suspect patient, using
a filtering facepiece (FFP) or N-95 respirator mask is best.
This precaution is necessary because the number of cases
is still increasing [40]. Patients must also visit clinics with
appropriate personal protection [56]. Demand for dental
care is likely to increase rapidly after the epidemic's end in
the post-COVID-19 period. However, the delay in dental
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Fig.2 Preventive strategies for dental settings

treatments and may lead to a need for more extensive forms
of management and treatment in the future [79].

All paramedics and doctors must wear ocular, nasal, and
mouth protective coverings when in contact with patients
(even those not identified as having SARS-CoV-2 infection).
An N-95 respirator or a respirator that provides an equivalent

or higher level of protection is required for aerosol-generating
processes. Only absolutely necessary people can accompany
the patient's dental appointment for support, and both must
use a fabric face covering or facemask until treatment begins.
Patients suspected of having COVID-19 should wait until the
isolation period is over (virus incubation period). Patients
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with COVID-19 symptoms should avoid non-emergency
dental treatments [62]. To avoid dental problems, it is rec-
ommended to maintain good dietary habits and effective oral
hygiene in adults and children. Therefore, it is necessary to
follow a home care regimen through good brushing of the
teeth, appropriate dental floss, and mouthwash to limit plaque
and overcome the development of oral diseases.

11 Conclusion

The incidence of infection has shown that a higher number
of health care providers and dental practice teams are at
increased risk of SARS-CoV-2 exposure due to face-to-face
interactions with the patients and exposure to blood from
infected peoples, contaminated saliva, other body secre-
tions, and infected sharps. It is the responsibility of health
care professionals to adopt high infection control standards,
and timely clinical decisions are important in this regard by
promoting a proper health strategy. Dental practices remain
a difficult environment for controlling the spread of the
infection. Consequently, level-appropriate strategies must
be established in dentistry settings. These include patient
pre-evaluation, the use of proper PPE, hand hygiene, the use
of a rubber dam, and possibly the anti-retraction handpiece.
Moreover, the disinfection of the clinic, along with proper
prompt waste disposal, is needed.
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