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Abstract: Accidental exposure to blood or other biological fluids is a common occurrence in dentistry,
and its post-exposure management is a key component of infection prevention and control programs
designed to prevent the transmission of blood-borne pathogens such as hepatitis B and C viruses (HBV,
HCV) and human immunodeficiency virus (HIV). This narrative review aims to comprehensively
review the risk assessment process for each of these pathogens at all steps of the epidemiological
process, i.e., source–exposure route–receptive person, in order to provide a better understanding
of the delicate differences that influence the transmission risk and that drive the individualized
post-exposure management.
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1. Introduction

Biological risk management is a key component of infection prevention and control
in dental practice. When performing dental procedures, exposure to biological fluids is a
frequent occurrence. For this reason, important measures are put into place worldwide to
safeguard the health of dental practitioners, by minimizing the extent and the impact of
this exposure in order to decrease the risk of acquiring blood-borne infections.

Pathogens such as hepatitis B and C viruses (HBV, HCV) and human immunodefi-
ciency virus (HIV) are the most important blood-borne viruses responsible for chronic
infections and are therefore the main focus of pre- and post-exposure prophylaxis for
healthcare workers (HCWs). The risk of occupational acquisition of these blood-borne in-
fections in dental practitioners requires careful consideration. A risk assessment should be
performed both on a general level and on an individual level, by looking at two important
indicators: the likelihood of the exposure event occurring and its consequences in terms
of transmission odds, closely followed by an analysis of the likelihood of acquiring each
specific infection and its consequences in terms of developing chronic infection.

2. Methods

For the purpose of this narrative review, we searched the medical and dental literature
to identify the most recent information on the following four topics: (1) the rate of occur-
rence of accidental occupational exposure events in dentists and other dental healthcare

Pathogens 2023, 12, 968. https://doi.org/10.3390/pathogens12070968 https://www.mdpi.com/journal/pathogens

https://doi.org/10.3390/pathogens12070968
https://doi.org/10.3390/pathogens12070968
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/pathogens
https://www.mdpi.com
https://orcid.org/0000-0002-6432-0535
https://orcid.org/0000-0001-8051-1166
https://orcid.org/0000-0002-2586-4070
https://doi.org/10.3390/pathogens12070968
https://www.mdpi.com/journal/pathogens
https://www.mdpi.com/article/10.3390/pathogens12070968?type=check_update&version=1


Pathogens 2023, 12, 968 2 of 13

personnel; (2) the dental care procedures most frequently associated with accidental ex-
posure to blood or other bodily fluids; (3) the seroprevalence of blood-borne viruses such
as HBV, HCV and HIV in different countries, in the general population and in particular
risk groups; and (4) current recommendations for post-exposure prophylaxis interventions.
The search was performed in April–May 2023 using PubMed to identify original articles
to inform on items 1 through 3 in the list above and systematic reviews or national and
international society guidelines to inform on item 4.

After analyzing the data from field literature as mentioned above and corroborating
it with medical and virological information regarding the profile of the source patient,
the route of exposure and the receptive person, the authors created an expert opinion
section entitled “Factors influencing the rate of transmission of blood-borne viruses” and
proposed an easy-to-use algorithm for individualized assessment of potential scenarios for
risk transmission for each of the following blood-borne viruses: HBV, HCV and HIV.

3. Exposure to Biological Fluids among Dental Practitioners

To evaluate the likelihood of transmission of a blood-borne virus, a good understand-
ing is needed of the rate of needlestick, sharp and splash injuries occurring in dental
practice, as well as the seroprevalence of blood-borne viruses in the respective country.

The incidence of at least one event of accidental occupational exposure to blood has
been reported to be at 26% among dentists and dental assistants in Lao within a 6-month
time frame [1] and 29.2% among dentists in Saudi Arabia within a 12-month time frame [2].
When assessing the rate of occurrence of accidental professional exposure events at any
time during the respondent’s career, comparable rates of 29.8% have been reported in
dental assistants in Saudi Arabia [3], with higher rates of sharp injuries in Iran (54.5%) [4],
and Croatia, where needlestick incidents were reported by 57.8% of dentists, cuts by 20.9%
and eye conjunctival exposure by 13.4% [5]. In Poland, superficial injuries occurring during
the delivery of dental care were reported by 60.4% of the dentists, while deep lacerations or
needlestick injuries were reported by 16.7%; splashing of bodily fluids on the conjunctiva
was reported by 54.7% of dentists, 28.1% reported mucous membrane exposure, while 27.6%
reported exposure to bodily fluids through damaged skin during the past 12 months [6].

Percutaneous injuries reported by dental professionals in the USA from 1995 to 2001
occurred more frequently in dental assistants (75%), followed by dental hygienists (18%)
and dentists (7%) [7].

Accidental exposure occurs as early as studenthood, with 60% of Egyptian dental
school students reporting at least one needlestick injury during a surveyed interval of
6 months, and 38% reporting other sharp injuries [8]. Furthermore, historical data from
the USA showed that from 1987 to 1997, dental students accounted for 82.1% of cases of
accidental exposure in a dental teaching environment, while other dental staff accounted
for 11.9% and teaching faculty for 6% [9].

The most important exposure-prone procedures in dentistry have been reported as
follows: the disposal of needles or instruments (main cause for 37.2% of cases of exposure),
performing or assisting sutures (22.3%) and the injection of anesthetic (17.9%) in a study
performed in China [10]. Most of the percutaneous injuries reported among dental care
professionals in the USA involved syringes (87%), suture needles (23%) and dental instru-
ments (9%) [7]. A multicenter study performed in Sudan and Saudi Arabia showed that
among dental school students, the three main procedures associated with percutaneous or
conjunctival exposure included anesthesia (33.3–62.7% across different study sites), syringe
use (29.3–55.6%) and the use of burs (37.4–77.8%) [11]. Among dental students in the USA,
most instances of occupational exposure (54.5%) occurred post-operatively, predominantly
during the process of instrument cleaning, while 41% occurred intra-operatively, during
the use of the device [9].
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4. Seroprevalence of Blood-Borne Viruses

The seroprevalence of HBV in the general population has been estimated by the
European Centre for Disease Prevention and Control (ECDC) to range in Europe from as
low as 0.1% for Ireland to as high as 3.3% for Greece and 4.4% for Romania, most European
countries with available data reporting values of HBsAg positivity of around or below
1% [12].

For HCV, the historical (2016) antibody seroprevalence ranged from 0.1% in countries
such as Belgium, Ireland and the Netherlands up to 3.2% in Romania and 5.9% in Italy [12].
These numbers most likely overestimate the current general burden of an HCV infection, for
two reasons: (1) data regarding the confirmation of an active HCV infection by HCV-RNA
was not available in the pooled ECDC estimates, and (2) these numbers predate to a large
extent the widespread uptake of direct-acting antivirals (DAA) treatment for HCV infection
in many of these countries. For instance, in a study that assessed outpatients presenting
to a tertiary hospital with acute respiratory illness in Romania, the rates of HCV antibody
(Ab) positivity have been reported at 2.9%, while the rates of positive HCV-RNA were
much lower, reported at 0.2% of the total patient population [13].

For HIV, the seroprevalence in the European Union has been reported at 0.2% in the
general adolescent and adult population aged 15–49 years, according to UNAIDS estimates
provided by the World Bank [14]. The overall rate of new diagnoses among all persons
tested for HIV in 2021 has been reported at 2.9% in recent years [15]. While the overall HIV
seroprevalence is low, specific risk groups have higher rates; for example, recent European
data showed a wide prevalence range in men who have sex with men (as low as 2.4% in
Sweden up to as high as 29.0% in the Netherlands) and in people who inject drugs (ranging
from 0% in Hungary to 59.5% in Estonia) [16]. Narrower ranges of HIV seroprevalence
were reported among prisoners (from 0.04% in Hungary to 15.6% in Estonia), sex workers
(1.1% in the United Kingdom up to 8.5% in Portugal) and transgender people (12.1% in
Italy) [16].

5. Preventing Exposure to Bodily Fluids

The splash or splatter of saliva or blood are common occurrences during dental
procedures. However, not each such episode poses a risk of transmission of blood-borne
viruses. The correct wear of personal protective equipment (PPE) such as gloves, goggles
and face mask provides a mechanical barrier to prevent transmission of infectious agents to
dental practitioners during splash accidents. However, the wear of PPE is inconsistent, as
seen from the field literature. For example, gloves were always used by 95% of the dentists
included in a pre-COVID-19-pandemic study from Poland, but almost half of them also
reported that sometimes they take off the gloves to facilitate certain dental procedures [6].
More worrisome, 6.5% of the dentists stated that they never use masks or goggles [6].

PPE use increased among dentists and other healthcare workers during the COVID-
19 pandemic, due to a combination of contributing factors such as a heightened risk of
transmission, a heightened perception of risk and PPE mandates [17]. As reported in Iran,
the percentage of dentists who did not wear masks decreased from a pre-pandemic level
of 4% to 0.8% during the beginning of the COVID-19 pandemic, the percentage of those
who did not wear protective goggles decreased from 44.1% to 1.6%, and the percentage of
those not wearing gloves decreased from 16.5% to 0% during the COVID-19 pandemic [18].
However, dental professionals also reported with a high frequency (84%) that COVID-19-
mandated PPE was associated with decreased work efficiency and reduced visibility in the
operating field (90%) [19]. For this reason, a decline in PPE uptake might have occurred
after the compulsory measures during the pandemic were lifted, but hopefully, the use
of masks, goggles and gloves will remain a part of standard dental practice going further.
However, this remains a topic to be further explored, as no data is currently available
regarding the post-pandemic PPE wear in the field of dentistry.
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Even when used correctly, these protective barriers can break during the provision of
direct dental care or during prosthetic or surgical maneuvers, particularly when needlestick
or sharp injuries occur. The incidence of such occupational exposure is quite high, as
described above, and is associated with very common dental procedures.

6. Factors Influencing the Rate of Transmission of Blood-Borne Viruses

The risk of transmission of a blood-borne virus following exposure is a direct product
of each factor involved in the epidemiological process: source–transmission route (in this
case, exposure route)–receptive population (in this case, receptive person) (Figure 1). A very
important first step is to determine whether a significant exposure has indeed occurred.
Therefore, the evaluation starts with an assessment of the exposure route, in order to
decide whether further actions, such as source testing or post-exposure management, are
warranted.

Figure 1. Risk assessment following professional exposure (figure created with BioRender.com). At
each level of the epidemiological process, a series of risk factors and protective factors can be identified.
When assessing the source patient, risk factors include undiagnosed or untreated active infection
with viruses such as HBV, HCV or HIV, with high plasma viral loads, while protective factors include
either absence of infection with blood-borne viruses altogether, or a prior diagnosis of viral infection
with engagement in care and specific treatment, leading to suppressed viral loads for HBV and HIV
and sustained virological response for HCV. For the exposure route, higher risks are associated with
hollow needles, such as those used for anesthesia, and deep lacerations sustaining direct contact with
large quantities of patient blood; correct use of appropriate personal protective equipment can reduce
these risks. For the receptive person, risk factors include immunosuppression, lack of prior HBV
vaccination or non-responsiveness to prior HBV vaccination, while protective factors include HBV
vaccination with documented positive anti-HBs titer, as well as rapid initiation of PEP, with ART, HBV
vaccination plus/minus HBV-specific immune globulins, as appropriate. HBsAg, hepatitis B virus
surface antigen; anti-HBs, antibodies against hepatitis B virus surface antigen; anti-HBc, antibodies
against hepatitis B virus core antigen; HIV Ag/Ab, human immunodeficiency virus antigen/antibody
combined test; HBV, hepatitis B virus; PEP, post-exposure prophylaxis; ART, antiretroviral treatment.
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6.1. Assessment of the Exposure Route

The nature and the extent of exposure represent important drivers of the transmission
risk. While certain exposures, i.e., the contact of saliva with intact skin, pose no transmission
risk and do not warrant further action, exposure to biological fluids through broken skin,
mucous membranes or, more importantly, percutaneous injuries carries a higher risk of
transmission of blood-borne viruses and requires an in-depth assessment on all levels of
the epidemiological process (source–exposure route–receptive person).

The highest risk is seen for percutaneous injury with direct contact with large quantities
of patient blood (i.e., through deep lacerations induced by hollow needles) [20], followed
by other types of exposure, such as the exposure of unprotected broken skin to patient
blood or the mucosal/conjunctival splash of patient blood. Blood is by far the bodily fluid
associated with the most important risk of transmission for HBV, HCV and HIV. However,
other bodily fluids have also been studied, and this includes saliva.

The viral load for each different virus is much lower in saliva; for instance, only 68%
of saliva specimens from patients with chronic HBV infection tested positive for HBV-
DNA [21], and 7.2 log10 lower levels of HBV-DNA were reported in saliva compared to
plasma in children with an HBeAg-positive chronic infection [22], while undetectable
HBV-DNA was seen in saliva from children with an HBeAg-negative infection [22]. For
HCV, 2.5 log10 lower HCV-RNA levels were reported in saliva compared to blood [23].
Among patients with HIV infection, only 29% of saliva samples were positive for HIV-
RNA [24], and the levels of HIV-RNA in saliva were reported as 10% of plasma viral load
levels [25], and most studies were performed in the pre-universal-ART era when a large
proportion of the patients assessed were not on antiretroviral treatment. These lower viral
load levels in saliva render the risk of transmission much lower; however, the risk is not
null, as “zero risk” does not exist in medicine and biology, and it needs to be evaluated on
a case-by-case basis and corroborated with information regarding the mechanism and the
extent of exposure.

An additional important consideration is the fact that viral loads for HBV and HIV
have been reported to be higher in the saliva of patients with periodontal disease [26,27],
either through occult bleeding (reported to occur in 67% of patients with periodontal dis-
ease [27]) or through chronic inflammation and increased local endothelial permeability [28].
Furthermore, the gingival tissue has recently been added to the list of HIV reservoirs, at
least in patients with marginal chronic periodontitis [26]. While generally interesting, this
finding needs further studies with larger sample sizes to provide an understanding of
whether or not this is also translated into a higher risk of transmission of HIV through
saliva or if it is just an interesting pathology and histology finding.

6.2. Source Assessment

Whenever the source of the biological exposure is known, it is essential to obtain
consent to test for HBsAg, anti-HBs, total anti-HBc, HCV-Ab (with reflex testing for HCV-
RNA) and a combined HIV antigen/antibody test. A study from Iran showed that only
13.4% of dentists evaluated the source patient for hepatitis viruses and HIV [4], which is
worrisome, since for each of these infections, different risks can be calculated based on
different source patient profiles.

6.2.1. HBV Infection

A source with a chronic HBV infection can pose different levels of transmission risk,
from low to high, based on whether or not the patient was aware of the diagnosis and
engaged in specific care [29]. If a patient with an HBV infection has already been diagnosed
and is undergoing treatment with a nucleot(z)ide analog, the HBV-DNA can be suppressed
to undetectable levels, which lowers the risk of transmission to close to zero. If, however,
the source patient has an undiagnosed HBV infection, not having been previously tested
for HBsAg, there are two possible scenarios: (1) the patient has very high viral loads and
poses a high transmission risk, or (2) the patient has relatively low levels of HBV-DNA and
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does not yet have an indication for treatment according to the local practice guidelines,
which poses a moderate to low risk of transmission depending on the HBV-DNA level
(Figure 2).

Figure 2. Risk assessment for HBV transmission following occupational exposure in healthcare
workers. Color-coding legend: green boxes indicate the lowest risk; yellow to dark orange boxes
indicate medium risk; red boxes indicate high risk. Gradient colors indicate varying degrees of
risk, to be assessed based on individual factors. HBsAg, hepatitis B virus surface antigen; anti-HBs,
antibodies against hepatitis B virus surface antigen; HBV, hepatitis B virus. * According to the USA
Centers for Disease Control and Prevention recommendations, adults considered to be at high risk
of HBV infection include people who inject drugs; people with multiple sexual partners, history of
sexual contact with an HBV-infected person, men who have sex with men; unvaccinated household
contacts of patients with chronic HBV infection; residents of long-term care facilities; prisoners;
persons at risk for occupational exposure to HBV; patients on hemodialysis; persons with HCV
infection; travelers to HBV-endemic countries; persons living with HIV; persons with diabetes [29].
Notably, persons from these categories only have a higher risk of testing positive for HBV; not all will
be positive for HBV infection. These risk factors should only be used to temporarily guide the first
PEP decision until an HBV result of the source patient becomes available, which will better inform
decisions on further PEP steps.

6.2.2. HCV Infection

A patient with positive HCV-Ab can either have an active infection (being positive for
HCV-RNA and/or core antigen) or a prior history of a treated or spontaneously cleared
HCV infection. The risks are also completely different in these different scenarios, as only an
active infection can be transmitted (Figure 3). Unfortunately, most seroprevalence studies
for HCV have only assessed HCV-Ab, and therefore, the real prevalence of active infection
is not known in most settings at this point, several years following the introduction of
universal DAA treatment for HCV infection, which has most likely led to an important
decrease in the overall prevalence of HCV infection compared to pre-DAA estimates.
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Figure 3. Risk assessment for HCV transmission following occupational exposure in healthcare
workers. Color-coding legend: green boxes indicate the lowest risk; yellow to dark orange boxes
indicate medium risk; red boxes indicate high risk. Gradient colors indicate varying degrees of risk,
to be assessed based on individual factors. HCV-Ab, antibodies against hepatitis C virus; HCV-RNA,
hepatitis C virus ribonucleic acid; HCV core Ag, hepatitis C virus core antigen. * According to the
USA Centers for Disease Control and Prevention recommendations, adults considered to be at high
risk of HCV infection include people who inject drugs [30]. This risk factor should only be used to
guide the post-exposure testing recommendation for the healthcare worker until an HCV result of
the source patient becomes available, which will better inform decisions on further testing.

6.2.3. HIV Infection

Antiretroviral treatment is recommended for all patients with an HIV infection, re-
gardless of the CD4 cell count, according to the European AIDS Clinical Society (EACS)
guidelines updated in 2016 [31], and this is also true for other settings outside of the Eu-
ropean Union, such as the USA. Theoretically, a person living with HIV who has been
tested and is aware of the diagnosis is most likely already on ART and has, in most cases,
a suppressed viral load. While strong data exist to prove that “undetectable equals un-
transmittable” (U=U) by sexual route for patients who are consistently virally suppressed,
with HIV-RNA viral loads of <200 copies/mL [32], fewer data are available for the risk of
transmission through blood and other fluids, with only sporadic case reports in the field
literature [33]. From a theoretical standpoint, the lower the viral load, the lower the risk,
according to the tried-and-true principle of “treatment as prevention (TasP)”, which clearly
demonstrated more than 15 years ago that expanding antiretroviral treatment coverage
has implications beyond the individual clinical benefit for each patient [34,35], being an
important public health measure to decrease the number of new infections in the com-
munity [34,36]. Based on the profile of the source patient, three main risk categories can
be described, listed in increasing order of the transmission risk: patients who have been
diagnosed, are linked to care, receive antiretroviral treatment (ART) and are virologically
suppressed; patients linked to care, on ART but with detectable viral loads (due to either
recent initiation of ART or virological failure through low adherence or through resistance
mutations); patients who have not yet been diagnosed, who have high viral loads and pose
a high risk of transmission (Figure 4).



Pathogens 2023, 12, 968 8 of 13

Figure 4. Risk assessment for HIV transmission following occupational exposure in healthcare work-
ers. Color-coding legend: green boxes indicate the lowest risk; yellow to dark orange boxes indicate
medium risk; red boxes indicate high risk. Gradient colors indicate varying degrees of risk, to be
assessed based on individual factors. HIV Ag/Ab, human immunodeficiency virus antigen/antibody
combined test; HIV-RNA, human immunodeficiency virus ribonucleic acid. * According to the USA
Centers for Disease Control and Prevention experts, people considered to be at high risk of HIV
infection include men who have sex with men; people who inject drugs; people with heterosexual
contact with a person at risk for or infected with HIV; those with historical exposure to blood and
blood products; persons at risk for occupational exposure to HIV [37]. Notably, persons from these
categories only have a higher risk of testing positive for HIV; not all will be positive for HIV infection.
These risk factors should only be used to temporarily guide the first PEP decision until a combined
HIV antigen/antibody test result of the source patient becomes available, which will better inform
decisions on further PEP steps.

6.3. Assessment of the Receptive Person

Last but not least, the receptive person is another key factor to assess when con-
sidering the transmission risk. Safe and effective vaccines are available to prevent HBV
infection [38,39], and most countries include newborn HBV vaccination in their national
immunization plans (NIP). For example, Romania has included newborn HBV vaccination
in its NIP since late 1995, and catch-up campaigns have subsequently expanded HBV
vaccination to age cohorts dating back to the year of birth 1986. However, most of the adult
working population in Romania has ages higher than 37 years old and has most likely not
been vaccinated against HBV. It is therefore essential that after any kind of biological expo-
sure, the status of the receptive person is also checked, and a triple panel is recommended,
testing for HBsAg, anti-HBs, total anti-HBc, HCV-Ab (with reflex testing for HCV-RNA in
case of a positive result) and a combined HIV antigen/antibody test, plus at least one HIV
viral load measurement at baseline (Figure 1).

7. Tools for Post-Exposure Prophylaxis (PEP)

Based on the assessed risk level, different options for post-exposure prophylaxis will
be recommended (Table 1, Figure 5). Following documented or suspected exposure to
HBV or HIV infection, individualized PEP will be indicated for most cases considered to
be at moderate to high risk. For HCV exposure, there currently is no recommendation
for PEP, as pan-genotypic DAA treatment options are widely available and ensure high
rates of sustained virologic response in case the transmission of HCV does occur [30],
and in this case, the evaluation of the source and route of transmission will help tailor
recommendations for the post-exposure testing of the healthcare practitioner. Specifically,
for cases considered to be at medium to high risk of transmission, an HCV-RNA test should
be performed 3–6 weeks after exposure, followed by HCV-Ab 6 months after exposure [30].
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In case an active infection with HCV is documented, DAA treatment should be started
promptly.

Table 1. Options available for virus-specific pre- and post-occupational-exposure prophylaxis to
prevent transmission of HBV, HCV and HIV. To be used in conjunction with standard precautions.

Virus Pre-Exposure
Prophylaxis Options Post-Exposure Prophylaxis Options

HBV Vaccination

PEP vaccination options:

• Primary vaccination * OR
• Challenge/booster vaccine dose ** OR
• N/A if evidence of response to prior

vaccination exists

HBV-specific immune globulins

HCV N/A Monitor and treat if infection occurs

HIV N/A *** ARV PEP
HBV, hepatitis B virus; HCV, hepatitis C virus; HIV, human immunodeficiency virus; ARV, antiretroviral; PEP,
post-exposure prophylaxis; PrEP, pre-exposure prophylaxis. * In healthcare workers with negative history or
unknown history of prior HBV vaccination, an accelerated primary vaccination regimen can be initiated post-
exposure, with or without HBV-specific immune globulins, as based on the individualized risk assessment. In
case of subsequent documentation of history of complete prior HBV vaccination with positive anti-HBs levels,
the current vaccination regimen can be stopped and the first dose considered as a booster shot. ** In individuals
previously vaccinated against HBV but without evidence of vaccine response, a challenge dose of HBV vaccine
should be administered promptly. Anti-HBs levels should be checked at baseline and 4 weeks after this challenge
dose—these results will inform whether or not subsequent vaccine doses are needed. *** ARV PrEP is available
and efficient in decreasing sexual transmission of HIV in high-risk groups, but given the relatively low rate of
exposure to HIV in clinical settings, healthcare workers are not considered to be a specific high-risk group, and
PrEP has not been studied in people at risk of percutaneous exposure.

The decision for PEP following HBV exposure will be mainly based on the status
of the receptive person. Specifically, if the HCW has been vaccinated with a complete
three-dose series and has ever had an anti-HBs titer > 10 mIU/mL, no PEP is recommended,
regardless of the status of the source and the magnitude of the risk calculated for the route
of transmission [29]. However, even in this situation, in case the current anti-HBs titer is
low (either < 10 mIU/mL or between 10–100 mIU/mL, depending on the clinical setting),
certain practitioners would recommend a booster dose of the HBV vaccine. In HCWs with
no/incomplete/unknown prior HBV vaccination, vaccination against HBV can be started
immediately following exposure. This can either include a primary vaccination with a
three-dose regimen in unvaccinated recipients (HCWs with undocumented vaccination
status are considered unvaccinated for the purpose of deciding initial PEP management,
according to the USA Centers for Disease Control and Prevention recommendations [29])
or as a single challenge/booster dose for those with a prior history of vaccination but
with either unknown or negative (<10 mIU/mL) anti-HBs titers. In this latter case, a
follow-up determination of anti-HBs should be performed approximately 4 weeks after the
challenge/booster dose, to establish whether there is an indication to continue a complete
three-dose regimen [29]. Furthermore, in cases considered to be at high risk, HBV-specific
immune globulins can be co-administered with the first vaccine dose, ideally during the first
12 h following exposure, in order to confer protection until the person has time to mount
an immune response following vaccination. A second HBV-specific immune globulin
dose can be administered one month later for those at the highest risk of transmission,
i.e., documented non-responders to the HBV vaccine after two complete three-dose series,
having been exposed to an HBsAg-positive source patient with a detectable HBV viral
load [29]. In recipients of HBV-specific immune globulins and the HBV vaccine, post-
vaccination assessment of anti-HBs will be deferred for 6 months to avoid falsely elevated
results [29].
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Figure 5. Important timepoints for post-exposure interventions and follow-up in healthcare workers.
HBsAg, hepatitis B virus surface antigen; anti-HBs, antibodies against hepatitis B virus surface
antigen; anti-HBc, antibodies against hepatitis B virus core antigen; HCV-AB, antibodies against
hepatitis C virus; HCV-RNA, hepatitis C virus ribonucleic acid; HIV Ag/Ab, human immunodefi-
ciency virus antigen/antibody combined test; HIV-RNA, human immunodeficiency virus ribonucleic
acid; T0, baseline evaluation; d, days; w, weeks; m, months. The image depicts the timelines for
administration of the following post-exposure interventions if indicated based on the individual
risk assessment: HBV vaccine doses at 0–1–6 months or 0–1–2–6 months, as appropriate, specific
anti-HBV immune globulins at 0 or 0–1 months, as indicated, and of antiretroviral post-exposure
prophylaxis (for 28 days), as well as the timepoints when a laboratory follow-up workup should
be performed: 4 weeks, 6 weeks, 3 months, 6 months. * anti-HBc will be repeated 4 weeks after an
initial challenge/booster dose of HBV vaccine and ** 4 weeks after the complete vaccination regimen.
*** HIV-RNA will be repeated in case any symptoms suggestive of acute infection occur during
follow-up.

For HIV, no prophylactic vaccine is available so far, but in the case of medium to
high risk exposure, post-exposure prophylaxis with three antiretroviral agents should
be considered, to be started as early as possible, ideally within the first 72 h following
exposure, and continued for 28 days, with repeat testing for (at least) a combined HIV
antibody/antigen test at 4 and 6 weeks and at 3 and 6 months post-exposure. Furthermore,
in all cases where HIV PEP is indicated, plasma HIV-RNA should be assessed as well at
baseline and, if negative, repeated if the HCW experiences any symptoms suggestive of
acute infection during follow-up.

8. Discussion

Exposure to bodily fluids, particularly saliva, but also blood, is a common occurrence
in dental practice, where the rate of percutaneous or mucocutaneous exposure has been
reported to be very high. The frequency reported in the field literature varies between
countries and settings, based on the timeframe set for data collection, i.e., certain studies
have assessed 6-month incidence, others have assessed 12-month incidence, and others did
not set a specific time frame. However, across all settings and timeframes, occupational
exposure in dentistry is a frequent event, with at least one in four dentists experiencing an
at-risk exposure to a biological fluid within 6 or 12 months of practice. This highlights the
importance of understanding the complexity of the factors that go into the risk assessment
process and that guide the decision of whether or what PEP to start.
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Several protective measures have the potential to reduce the risk of acquiring infection
following accidental occupational exposure. These include correct PPE wear, vaccination
against HBV, immediate washing of the injured site with water and soap or irrigation with
high volumes of normal saline of the conjunctiva/mucosa, within the first minutes after
exposure to limit the contact time of patient bodily fluids with the broken skin/mucosa in
order to reduce transmission risk.

An initial risk assessment should be performed by someone other than the exposed
HCW, to ensure objectivity. Depending on each country’s regulations, infectious disease
practitioners and/or occupational health practitioners are involved. This risk assessment
should be undertaken for each individual episode of exposure to bodily fluids, because the
driving factors (source, exposure route, receptive person) are slightly different in each case,
requiring a tailored approach in terms of post-exposure management and follow-up.

To allow a rapid and accurate risk assessment, good communication between the
dentist and the source patient is essential, in order to obtain consent to test for HBV,
HCV and HIV or to acknowledge a prior diagnosis of infection with any of these viruses,
and to share any available results of the most recent virological evaluation, particularly
the viral load assessment, which can be a decisive factor for post-exposure prophylaxis
recommendations.

If the source is unknown or unreachable, in case the overall risk of transmission is
evaluated as high based on information regarding the exposure route and the receptive host,
maximum coverage of post-exposure prophylaxis for HBV and HIV should be instituted
to mitigate the risk as early as possible following exposure. Should further information
about the source patients become available later, the initiated PEP can always be stopped
or revised, as appropriate.

9. Conclusions

Dental procedures are associated with an important risk of exposure to bodily fluids.
An individualized risk assessment should be performed for each case of exposure, in
order to recommend the most appropriate approach to post-exposure prophylaxis. This
includes an in-depth investigation of the sero-status of the source patient, an analysis of the
risk posed by the exposure route and an evaluation of the receptive person, to check for
susceptibility to HBV and to ascertain the baseline status for HBV, HCV and HIV, prior to
initiating specific PEP procedures.
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editing, M.S., M.I.N., C.F., G.Ö.Ş. and O.S.; visualization, O.S.; supervision, O.S. O.S. is last author.
All authors have read and agreed to the published version of the manuscript.

Funding: This paper received no external funding. The APC was funded by the University of
Medicine and Pharmacy Carol Davila, through the institutional program “Publish not Perish”.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data supporting this article are publicly available in international
databases. No new dataset was generated for the purpose of this article.

Conflicts of Interest: The authors declare no conflict of interest. The APC funders had no role in
the design of the study; in the collection, analyses or interpretation of data; in the writing of the
manuscript; or in the decision to publish the results.



Pathogens 2023, 12, 968 12 of 13

References
1. Mangkara, B.; Xaydalasouk, K.; Chanthavilay, P.; Kounnavong, S.; Sayasone, S.; Muller, C.P.; Paboriboune, P.; Black, A.P. Hepatitis

B virus in Lao dentists: A cross-sectional serological study. Ann. Hepatol. 2020, 22, 100282. [CrossRef] [PubMed]
2. Abalkhail, A.; Kabir, R.; Elmosaad, Y.M.; Alwashmi, A.S.S.; Alhumaydhi, F.A.; Alslamah, T.; Almoammar, K.A.; Alsalamah, Y.A.;

Mahmud, I. Needle-Stick and Sharp Injuries among Hospital Healthcare Workers in Saudi Arabia: A Cross-Sectional Survey. Int.
J. Environ. Res. Public Health 2022, 19, 6342. [CrossRef] [PubMed]

3. Aldakhil, L.; Yenugadhati, N.; Al-Seraihi, O.; Al-Zoughool, M. Prevalence and associated factors for needlestick and sharp injuries
(NSIs) among dental assistants in Jeddah, Saudi Arabia. Environ. Health Prev. Med. 2019, 24, 60. [CrossRef] [PubMed]

4. Shaghaghian, S.; Pardis, S.; Mansoori, Z. Knowledge, Attitude and Practice of Dentists towards Prophylaxis after Exposure to
Blood and Body Fluids. Int. J. Occup. Environ. Med. 2014, 5, 146–154.

5. Savic Pavicin, I.; Lovric, Z.; Zymber Ceshko, A.; Vodanovic, M. Occupational injuries among dentists in Croatia. Acta Stomatol.
Croat. 2020, 54, 51–59. [CrossRef]

6. Garus-Pakowska, A.; Górajski, M.; Szatko, F. Knowledge and Attitudes of Dentists with Respect to the Risks of Blood-Borne
Pathogens—A Cross-Sectional Study in Poland. Int. J. Environ. Res. Public Health 2017, 14, 69. [CrossRef]

7. Shah, S.M.; Merchant, A.T.; Dosman, J.A. Percutaneous injuries among dental professionals in Washington State. BMC Public
Health 2006, 6, 269. [CrossRef]

8. El-Saaidi, C.; Dadras, O.; Musumari, P.M.; Ono-Kihara, M.; Kihara, M. Infection Control Knowledge, Attitudes, and Practices
among Students of Public Dental Schools in Egypt. Int. J. Environ. Res. Public Health 2021, 18, 6248. [CrossRef]

9. Younai, F.S.; Murphy, D.C.; Kotelchuck, D. Occupational exposures to blood in a dental teaching environment: Results of a
ten-year surveillance study. J. Dent. Educ. 2001, 65, 436–448. [CrossRef]

10. Chen, J.W.; Wang, J.; Wang, A.Q.; Zhang, J.; Han, L.H. Blood-borne occupation exposures in dental practice of medical staff:
Status and protection. Chin. J. Ind. Hyg. Occup. Dis. 2020, 38, 29–32.

11. Elagib, M.F.A.; Baldo, S.M.H.; Tawfig, A.; Alqarni, M.A.; Ghandour, I.A.; Idris, A.M. Knowledge, attitude, and practice regarding
infection control measures among dental students during COVID-19 pandemic. Arch. Environ. Occup. Health 2021, 77, 455–467.
[CrossRef]

12. European Centre for Disease Prevention and Control. Systematic Review on Hepatitis B and C Prevalence in the EU/EEA; ECDC:
Stockholm, Sweden, 2016.

13. Săndulescu, O.; Streinu-Cercel, A.; Miron, V.D.; Apostolescu, C.G.; Nit,escu, M.; Drăgănescu, A.C.; Streinu-Cercel, A.; on behalf
of ESCMID Study Group for Viral Hepatitis (ESGVH). Prevalence of undiagnosed hepatitis B virus infection in patients with
COVID-19A single center retrospective study. Medicine 2022, 101, e31385. [CrossRef]

14. World Bank. Prevalence of HIV, Total (% of Population Ages 15–49)—European Union: The World Bank Group. 2023. Available
online: https://data.worldbank.org/indicator/SH.DYN.AIDS.ZS?locations=EU (accessed on 30 April 2023).

15. WHO Regional Office for Europe; European Centre for Disease Prevention and Control. HIV/AIDS Surveillance in Europe 2022–2021
Data; WHO Regional Office for Europe: Copenhagen, Denmark, 2022.

16. Stengaard, A.R.; Combs, L.; Supervie, V.; Croxford, S.; Desai, S.; Sullivan, A.K.; Jakobsen, S.F.; Santos, Q.; Simões, D.; Casabona, J.;
et al. HIV seroprevalence in five key populations in Europe: A systematic literature review, 2009 to 2019. Eurosurveillance 2021, 26,
2100044. [CrossRef]

17. Corrêa, R.d.O.; de Arruda, J.A.A.; Gomes, A.I.F.; Aguiar, E.G.; e Ferreira, E.F.; de Magalhães, C.S.; Moreno, A. Perceptions and
conducts of oral and maxillofacial surgeons during the COVID-19 pandemic: A qualitative study. PLoS ONE 2023, 18, e0286853.
[CrossRef]

18. Akbari, N.; Salehiniya, H.; Abedi, F.; Abbaszadeh, H. Comparison of the use of personal protective equipment and infection
control in dentists and their assistants before and after the corona crisis. J. Educ. Health Promot. 2021, 10, 206.

19. Jain, V.M.; Parihar, S.R.S.; Acharya, S.; Acharya, S. Effects of wearing personal protective equipment (PPE) and its role in affecting
the work efficiency of dentists during the COVID-19 pandemic. Work 2023. [CrossRef]

20. Gooch, B.F.; Cardo, D.M.; Marcus, R.; Mckibben, P.S.; Cleveland, J.L.; Srivastava, P.U.; Culver, D.H.; Bell, D.M.; CDC Cooperative
Needlestick Surveillance Group. Percutaneous exposures to HIV-infected blood. Among dental workers enrolled in the CDC
Needlestick Study. J. Am. Dent. Assoc. 1995, 126, 1237–1242. [CrossRef]

21. Parizad, E.G.; Parizad, E.G.; Khosravi, A.; Amraei, M.; Valizadeh, A.; Davoudian, A. Comparing HBV Viral Load in Serum,
Cerumen, and Saliva and Correlation With HBeAg Serum Status in Patients With Chronic Hepatitis B Infection. Hepat. Mon. 2016,
16, e30385. [CrossRef]

22. Heiberg, I.L.; Hoegh, M.; Ladelund, S.; Niesters, H.G.; Hogh, B. Hepatitis B virus DNA in saliva from children with chronic
hepatitis B infection: Implications for saliva as a potential mode of horizontal transmission. Pediatr. Infect. Dis. J. 2010, 29, 465–467.
[CrossRef]

23. Mendonça, A.C.d.F.; Portilho, M.M.; da Silva, J.C.; Caetano, A.R.; Lewis-Ximenez, L.L.; Villar, L.M. Optimization of a real time
PCR methodology for HCV RNA quantification in saliva samples. J. Virol. Methods 2022, 302, 114470. [CrossRef]

24. Spear, G.T.; Alves, M.E.; Cohen, M.H.; Bremer, J.; Landay, A.L. Relationship of HIV RNA and cytokines in saliva from HIV-infected
individuals. FEMS Immunol. Med. Microbiol. 2005, 45, 129–136. [CrossRef] [PubMed]

https://doi.org/10.1016/j.aohep.2020.10.010
https://www.ncbi.nlm.nih.gov/pubmed/33217587
https://doi.org/10.3390/ijerph19106342
https://www.ncbi.nlm.nih.gov/pubmed/35627878
https://doi.org/10.1186/s12199-019-0815-7
https://www.ncbi.nlm.nih.gov/pubmed/31601166
https://doi.org/10.15644/asc54/1/6
https://doi.org/10.3390/ijerph14010069
https://doi.org/10.1186/1471-2458-6-269
https://doi.org/10.3390/ijerph18126248
https://doi.org/10.1002/j.0022-0337.2001.65.5.tb03413.x
https://doi.org/10.1080/19338244.2021.1931796
https://doi.org/10.1097/MD.0000000000031385
https://data.worldbank.org/indicator/SH.DYN.AIDS.ZS?locations=EU
https://doi.org/10.2807/1560-7917.ES.2021.26.47.2100044
https://doi.org/10.1371/journal.pone.0286853
https://doi.org/10.3233/WOR-220083
https://doi.org/10.14219/jada.archive.1995.0358
https://doi.org/10.5812/hepatmon.30385
https://doi.org/10.1097/INF.0b013e3181d8e009
https://doi.org/10.1016/j.jviromet.2022.114470
https://doi.org/10.1016/j.femsim.2005.03.002
https://www.ncbi.nlm.nih.gov/pubmed/16051064


Pathogens 2023, 12, 968 13 of 13

25. Ikeno, R.; Yamada, E.; Yamazaki, S.; Ueda, T.; Nagata, M.; Takagi, R.; Kato, S. Factors contributing to salivary human immunodefi-
ciency virus type-1 levels measured by a Poisson distribution-based PCR method. J. Int. Med. Res. 2017, 46, 996–1007. [CrossRef]
[PubMed]

26. Sereme, Y.; Pólvora, T.L.S.; Rochereau, N.; Teixeira, L.R.; Santana, R.C.; Paul, S.; da Fonseca, B.A.L.; Bourlet, T.; Pozzetto,
B.; Lourenço, A.G.; et al. Gingival tissue as a reservoir for human immunodeficiency virus type 1: Preliminary results of a
cross-sectional observational study. J. Periodontol. 2021, 93, 613–620. [CrossRef] [PubMed]

27. Kamimura, H.; Watanabe, J.; Sugano, T.; Kohisa, J.; Abe, H.; Kamimura, K.; Tsuchiya, A.; Takamura, M.; Okoshi, S.; Tanabe, Y.;
et al. Relationship between detection of hepatitis B virus in saliva and periodontal disease in hepatitis B virus carriers in Japan. J.
Infect. Chemother. 2020, 27, 492–496. [CrossRef] [PubMed]

28. Li, Q.; Ouyang, X.; Lin, J. The impact of periodontitis on vascular endothelial dysfunction. Front. Cell. Infect. Microbiol. 2022, 12,
998313. [CrossRef] [PubMed]

29. Schillie, S.; Vellozzi, C.; Reingold, A.; Harris, A.; Haber, P.; Ward, J.W.; Nelson, N.P. Prevention of Hepatitis B Virus Infection in
the United States: Recommendations of the Advisory Committee on Immunization Practices. MMWR. Recomm. Rep. 2018, 67,
1–31. [CrossRef]

30. Moorman, A.C.; de Perio, M.A.; Goldschmidt, R.; Chu, C.; Kuhar, D.; Henderson, D.K.; Naggie, S.; Kamili, S.; Spradling, P.R.;
Gordon, S.C.; et al. Testing and clinical management of health care personnel potentially exposed to hepatitis C virus—CDC
Guidance, United States, 2020. MMWR Recomm. Rep. 2020, 69, 475–479. [CrossRef]

31. European AIDS Clinical Society. EACS Clinical Guidelines, Version 9.0: EACS. 2017. Available online: http://www.eacsociety.
org/files/guidelines_9.0-english.pdf (accessed on 30 April 2023).

32. Rodger, A.J.; Cambiano, V.; Bruun, T.; Vernazza, P.; Collins, S.; Degen, O.; Corbelli, G.M.; Estrada, V.; Geretti, A.M.; Beloukas,
A.; et al. Risk of HIV transmission through condomless sex in serodifferent gay couples with the HIV-positive partner taking
suppressive antiretroviral therapy (PARTNER): Final results of a multicentre, prospective, observational study. Lancet 2019, 393,
2428–2438. [CrossRef]

33. Shintani, T.; Iwata, T.; Okada, M.; Nakaoka, M.; Yamasaki, N.; Fujii, T.; Shiba, H. Clinical Outcomes of Post-exposure Prophylaxis
following Occupational Exposure to Human Immunodeficiency Virus at Dental Departments of Hiroshima University Hospital.
Curr. HIV Res. 2020, 18, 475–479. [CrossRef]

34. Montaner, J.S.; Hogg, R.; Wood, E.; Kerr, T.; Tyndall, M.; Levy, A.R.; Harrigan, P.R. The case for expanding access to highly active
antiretroviral therapy to curb the growth of the HIV epidemic. Lancet 2006, 368, 531–536. [CrossRef]

35. Gheorghit,ă, V.; Conea, I.F.; Radu, A.M.C.; S, tefan, I.; Mărdărescu, M.; Petrea, S.; Streinu-Cercel, A. Epidemiological trends and
therapeutic challenges of malignancies in adult HIV-1-infected patients receiving combination antiretroviral therapy in a tertiary
hospital from Romania: An observational retrospective study. J. Infect. Public Health 2019, 12, 182–189. [CrossRef]

36. Montaner, J.S.; Lima, V.D.; Barrios, R.; Yip, B.; Wood, E.; Kerr, T.; Shannon, K.; Harrigan, P.R.; Hogg, R.S.; Daly, P.; et al. Association
of highly active antiretroviral therapy coverage, population viral load, and yearly new HIV diagnoses in British Columbia,
Canada: A population-based study. Lancet 2010, 376, 532–539. [CrossRef]

37. Lee, L.M.; McKenna, M.T.; Janssen, R.S. Classification of transmission risk in the national HIV/AIDS surveillance system. Public
Health Rep. 2003, 118, 400–407. [CrossRef] [PubMed]

38. Haber, P.; Moro, P.L.; Ng, C.; Lewis, P.W.; Hibbs, B.; Schillie, S.F.; Nelson, N.P.; Li, R.; Stewart, B.; Cano, M.V. Safety of currently
licensed hepatitis B surface antigen vaccines in the United States, Vaccine Adverse Event Reporting System (VAERS), 2005–2015.
Vaccine 2018, 36, 559–564. [CrossRef]

39. Weng, M.K.; Doshani, M.; Khan, M.A.; Frey, S.; Ault, K.; Moore, K.L.; Hall, E.W.; Morgan, R.L.; Campos-Outcalt, D.; Wester, C.;
et al. Universal Hepatitis B Vaccination in Adults Aged 19–59 Years: Updated Recommendations of the Advisory Committee on
Immunization Practices—United States, 2022. MMWR Morb. Mortal. Wkly. Rep. 2022, 71, 477–483. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1177/0300060517728652
https://www.ncbi.nlm.nih.gov/pubmed/29119839
https://doi.org/10.1002/JPER.21-0345
https://www.ncbi.nlm.nih.gov/pubmed/34396525
https://doi.org/10.1016/j.jiac.2020.10.028
https://www.ncbi.nlm.nih.gov/pubmed/33183962
https://doi.org/10.3389/fcimb.2022.998313
https://www.ncbi.nlm.nih.gov/pubmed/36118034
https://doi.org/10.15585/mmwr.rr6701a1
https://doi.org/10.15585/mmwr.rr6906a1
http://www.eacsociety.org/files/guidelines_9.0-english.pdf
http://www.eacsociety.org/files/guidelines_9.0-english.pdf
https://doi.org/10.1016/S0140-6736(19)30418-0
https://doi.org/10.2174/1570162X18666200804151118
https://doi.org/10.1016/S0140-6736(06)69162-9
https://doi.org/10.1016/j.jiph.2018.09.011
https://doi.org/10.1016/S0140-6736(10)60936-1
https://doi.org/10.1016/S0033-3549(04)50271-6
https://www.ncbi.nlm.nih.gov/pubmed/12941852
https://doi.org/10.1016/j.vaccine.2017.11.079
https://doi.org/10.15585/mmwr.mm7113a1

	Introduction 
	Methods 
	Exposure to Biological Fluids among Dental Practitioners 
	Seroprevalence of Blood-Borne Viruses 
	Preventing Exposure to Bodily Fluids 
	Factors Influencing the Rate of Transmission of Blood-Borne Viruses 
	Assessment of the Exposure Route 
	Source Assessment 
	HBV Infection 
	HCV Infection 
	HIV Infection 

	Assessment of the Receptive Person 

	Tools for Post-Exposure Prophylaxis (PEP) 
	Discussion 
	Conclusions 
	References

