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Abstract

IMPORTANCE Although many academic institutions have implemented infection control and
prevention protocols, including regular asymptomatic self-testing, in response to the COVID-19
pandemic, the outcomes of mandatory surveillance testing programs at academic dental institutions
that offer direct patient-facing clinical care has not yet been reported.

OBJECTIVE To report the findings of a comprehensive surveillance COVID-19 testing program at an
academic dental institution by assessing SARS-CoV-2 positivity rates and the potential association
of test positivity with individual-level characteristics such as age, sex, and role.

DESIGN, SETTING, AND PARTICIPANTS A retrospective cohort study was conducted using SARS-
CoV-2 self-testing data from a mandatory surveillance program at the Harvard School of Dental
Medicine. Test results obtained between August 24, 2020, and February 28, 2022, from students,
faculty, and staff members were analyzed. Testing cadence varied from 1 to 3 times per week
depending on risk status. The association of individual characteristics with test positivity was
evaluated with univariate analyses and a bayesian multilevel logistic regression model.

EXPOSURES Age by decade, sex, and role or position category (staff members, faculty, and students
stratified by their involvement in clinical care activities), testing cadence, and testing date.

MAIN OUTCOMES AND MEASURES Positive results from SARS-CoV-2 real-time reverse
transcription–polymerase chain reaction self-tests were assessed.

RESULTS Of the 390 study participants, 210 (53.8%) were women. Participants were grouped by
age as follows: 20 to 29 years (190 [48.7%]), 30 to 39 years (88 [22.6%]), 40 to 49 years (44
[11.3%]), 50 to 59 years (42 [10.8%]), and 60 years or older (26 [6.7%]). Test results demonstrated
an overall 0.27% positivity rate (61 test-positive cases), with a peak weekly positivity rate of 5.12% in
the first week of January 2022. The mean (SD) test positivity rate among those involved in clinical
activities was 0.25% (0.04) compared with 0.36% (0.09) among nonclinical participants. When
adjusting for all considered covariates, test positivity was significantly associated with testing
frequency (3 times vs 1 time per week: odds ratio [OR], 1.51 [95% credible interval (CrI), 1.07-3.69])
and timing of the test (after vs during the Alpha wave: OR, 0.33 [95% CrI, 0.11-0.88]; and Omicron vs
Alpha: OR, 11.59 [95% CrI, 6.49-22.21]) but not with individual characteristics (age, sex, and role).

CONCLUSIONS AND RELEVANCE These findings suggest that implementing an adaptive testing
cadence based on the risk status of individuals may be effective in reducing the risk of SARS-CoV-2
infection within an institution. In this study, involvement in clinical activities did not pose additional
risk of SARS-CoV-2 infection compared with other in-person activities in the presence of these
control measures.
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Key Points
Question Are individual characteristics

associated with SARS-CoV-2 test

positivity rates of a comprehensive

mandatory surveillance COVID-19

testing program in a US dental clinical

care academic setting?

Findings In this cohort study with 390

participants in clinical and nonclinical

roles, the overall test positivity rate was

0.27%; the mean test positivity rate was

0.25% among those involved in

patient-facing clinical activities

compared with 0.36% among

nonclinical participants. Test positivity

was significantly associated with testing

cadence but not with individual

characteristics such as age, sex, and role.

Meaning These findings suggest that

involvement in patient-facing dental

clinical activities did not pose additional

risk of SARS-CoV-2 infection compared

with other in-person activities in the

presence of intensive control measures.

+ Supplemental content

Author affiliations and article information are
listed at the end of this article.

Open Access. This is an open access article distributed under the terms of the CC-BY License.

JAMA Network Open. 2022;5(12):e2246530. doi:10.1001/jamanetworkopen.2022.46530 (Reprinted) December 13, 2022 1/10

Downloaded From: https://jamanetwork.com/ on 01/03/2023

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2022.46530&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.46530
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2022.46530&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.46530


Introduction

The 2020 declaration of COVID-19 as a pandemic resulted in a global upheaval that caused the
closure of businesses and academic institutions. In dental medicine, SARS-CoV-2 infection is a major
concern because of the clinician’s close proximity to the patient’s oral cavity and the production of
aerosols and droplets during dental procedures.1-3 The pandemic disrupted not only clinical care but
also the didactic and research components of academic dental institutions. Although didactic
content could be taught remotely using online platforms, preclinical activities requiring manikins
were delayed. Research activities were also halted, resulting in great time and financial loss.4,5

In March 2020, Meng et al6 introduced essential knowledge about COVID-19 in dental care
settings and provided recommendations for both dental practices and education. Since then,
academic dental institutions have moved forward to reestablish in-person activities as understanding
of SARS-CoV-2 transmission and testing continues to improve. Because of the high percentage of
asymptomatic SARS-CoV-2 infections and their potential transmission risk,7 dental schools have
applied public and local government guidelines, improved accessibility, assessed testing feasibility,
and considered current epidemiological data to ensure faculty, staff, student, and patient safety.
Furthermore, guidance on reopening institutions of higher education has helped mitigate the spread
of COVID-19 on campus.8,9

Many institutions have incorporated reverse transcription–polymerase chain reaction (RT-PCR)
testing at varying frequencies for asymptomatic surveillance of their community. Surveillance testing
within institutions can be used as a tool in controlling the spread of COVID-19.10-12 In addition,
surveillance testing enables early identification of individuals who may or may not be symptomatic
and helps prevent the spread of disease via contact tracing and isolation.13,14

The Harvard School of Dental Medicine (HSDM), the only school at Harvard University that
offers direct patient care within university-operated facilities, used surveillance testing and contact
tracing to safely reopen when in-person activities resumed in fall 2020. In this study, we present the
results of Harvard’s comprehensive, mandatory surveillance testing program by assessing HSDM
positivity rates and the potential association of test positivity with individual-level characteristics
(age, sex, and role), using deidentified data collected from 2020 through the beginning of 2022.

Methods

The Harvard Medical School Institutional Review Board deemed this cohort study exempt from
review because it did not constitute human participant research; informed consent was thus waived.
The study followed the Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE) reporting guideline.

Data Source and Study Population
Beginning in August 2020, recurring COVID-19 testing was required for all individuals authorized to
live in dormitory-style, on-campus housing or to regularly work on campus at HSDM. Participants
who submitted their test results to the surveillance program included students (predoctoral,
graduate, and research), faculty, and staff members (Figure 1). Participant testing cadence varied
from 1 to 3 times weekly, depending on the regularity of their presence on campus, vaccination
status, and on-campus residential status. Individuals who were incompletely vaccinated were
required to test more frequently, as were those who lived in on-campus residence halls. Those who
were up to date on vaccination and who lived off campus had the lowest testing frequency.
Individuals who worked remotely and did not attend campus consistently were not required to enter
the campus for the sole purpose of testing. Those with close contacts to positive cases were advised
to test more frequently during the subsequent week; if these individuals had a positive test result,
contact tracing was performed. Before the major surge in cases associated with the Omicron variant,
personalized outreach was practiced by a dedicated team of registered nurses who were trained in
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contact tracing at Harvard University Health Services. Personalized outreach included email and
phone contact and followed best practices informed by the US Centers for Disease Control and
Prevention (CDC) and state public health guidance.15,16 When the volume of positive cases increased
dramatically with Omicron, contact tracing focused largely on conducting automated outreach and
addressing complex cases, whereas notification of close contacts became the responsibility of
individuals with SARS-CoV-2 infection.

Results of real-time RT-PCR self-tests for SARS-CoV-2 infection were obtained from 391
individuals participating in the mandatory surveillance program at HSDM from August 24, 2020,
through February 28, 2022. During the study period, 22 766 tests were processed; the results were
obtained from the Broad Institute of MIT and Harvard and from the Harvard University Clinical
Laboratory. Four records from 1 participant with failed or inconclusive test results were excluded
from the analysis, resulting in 22 762 testing records from the 390 participants included in the study.

Statistical Analysis
Variables collected and derived for participant characteristics included age group by decade (20-29,
30-39, 40-49, 50-59, and �60 years), sex, role or position category (staff members, faculty, and
students stratified by their involvement in clinical activities, referred to hereafter as role), testing
frequency (number of tests completed per week), timing of the test (corresponding to different
COVID-19 variant waves: August 2020 to February 2021 [Alpha], March 2021 to June 2021 [after
Alpha], July 2021 to November 2021 [Delta], and December 2021 to February 2022 [Omicron]), and
test date. For our exploratory analyses, test positivity rates in the studied cohort were measured as
percentages of total testing records, using testing-level data. Test results that were canceled, failed,
or inconclusive were excluded (547 of 22 762 records). If an individual tested positive multiple times
in a 90-day period, only the first positive test was counted. We evaluated how positivity rates varied
over time on a weekly basis.

To assess the crude association of individual characteristics (age, sex, and role) with test
positivity, individual-level univariate analyses were conducted. For these analyses, results were
aggregated to the individual level, with the outcome defined as having a positive test result at least
once during the study period. The χ2 or Fisher exact test was used depending on the number of
observations in each category.

Using testing-level data, a bayesian multilevel logistic regression model was estimated to assess
the association of individual characteristics with test positivity, adjusting for all available covariates
such as age group, sex, role, testing frequency, and timing of the test. Testing frequency was included

Figure 1. Study Design
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as a proxy to adjust for COVID-19 risk status. Timing of the test was included to account for SARS-
CoV-2 infection rates over time and for different participation rates in the testing program across the
study period (eFigure 1 in Supplement 1). The bayesian multilevel model was chosen because it is
used (1) to aid in model convergence without needing to provide domain-specific prior information
and (2) to account for repeated measures among participants by including a random effect at the
individual level (eMethods in Supplement 1). Unadjusted and adjusted odds ratios (ORs) for the
covariates considered are reported with 95% credible intervals (CrIs). Statistical significance for
individual-level analysis was based on 2-sided P values �.05. For bayesian regression models,
uncertainty in our estimates was represented using 95% CrIs computed from Markov chain Monte
Carlo sampling. All analyses were performed with R, version 3.6.1 (R Foundation for Statistical
Computing).

Results

Of the 390 participants, 210 (53.8%) were women and 180 (46.2%) were men. Participants were
grouped by age decade as follows: 20 to 29 years (190 [48.7%]), 30 to 39 years (88 [22.6%]), 40 to
49 years (44 [11.3%]), 50 to 59 years (42 [10.8%]), and 60 years or older (26 [6.7%]). Deidentified
SARS-CoV-2 self-test results from our study included 22 762 testing records obtained between
August 2020 and February 2022. There were 299 (76.7%) and 91 (23.3%) participants involved in
clinical and nonclinical activities, respectively (Table 1). Time of testing program entry varied during
the study period; the number of participants who submitted testing samples peaked from January
2021 through May 2021, with the weekly number of participants varying from 249 to 299 (eFigure 1
in Supplement 1). The mean overall testing frequency was 1.32 times per week (95% CrI, 0.80-1.83
times per week; Table 1); among participants involved in clinical activities, the mean testing
frequency was higher than for nonclinical participants, at 1.37 times per week compared with 1.15
times per week (eFigure 2 in Supplement 1). Students involved in patient care were tested most
frequently, followed by clinical staff members.

During the study period, the overall test positivity rate was 0.27% (61 test-positive cases;
eFigure 3 in Supplement 1) and the mean (SD) weekly positivity rate was 0.36% (0.85). The mean
(SD) test-positive rate among participants involved in clinical activities was 0.25% (0.04) compared

Table 1. Study Population From August 2020 to February 2022

Characteristic

No. of participants (%)a

Total (N = 390)

Nonclinical (n = 91) Clinical (n = 299)

Students (n = 25) Faculty (n = 12) Staff (n = 54) Students (n = 214) Faculty (n = 66) Staff (n = 19)
Age, y

20-29 190 (48.7) 7 (28.0) 0 (0.0) 9 (16.7) 170 (79.4) 3 (4.5) 1 (5.3)

30-39 88 (22.6) 18 (72.0) 0 (0.0) 10 (18.5) 42 (19.6) 13 (19.7) 5 (26.3)

40-49 44 (11.3) 0 (0.0) 4 (33.3) 17 (31.5) 2 (0.9) 19 (28.8) 2 (10.5)

50-59 42 (10.8) 0 (0.0) 4 (33.3) 12 (22.2) 0 (0.0) 17 (25.8) 9 (47.4)

≥60 26 (6.7) 0 (0.0) 4 (33.3) 6 (11.1) 0 (0.0) 14 (21.2) 2 (10.5)

Sex

Male 180 (46.2) 17 (68.0) 5 (41.7) 21 (38.9) 92 (43.0) 41 (62.1) 4 (21.1)

Female 210 (53.8) 8 (32.0) 7 (58.3) 33 (61.1) 122 (57.0) 25 (37.9) 15 (78.9)

No. of tests per week,
mean (95% CrI)

1.32 (0.80-1.83) 1.05 (0.88-1.22) 1.05 (0.77-1.33) 1.22 (0.75-1.68) 1.44 (0.96-1.91) 1.14 (0.77-1.51) 1.41 (1.10-1.72)

No. with a positive test
result

Ever 56 (14.4) 1 (4.0) 0 (0.0) 14 (25.9) 25 (11.7) 13 (19.7) 3 (15.8)

1 case 52 (13.3) 1 (4.0) 0 (0.0) 13 (24.1) 24 (11.2) 13 (19.7) 1 (5.3)

2 cases 3 (0.8) 0 (0.0) 0 (0.0) 1 (1.8) 1 (0.5) 0 (19.7) 1 (5.3)

3 cases 1 (0.3) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (5.3)
a Percentages are reported as fractions of column totals.
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with 0.36% (0.09) among nonclinical participants. The weekly test positivity rate peaked at 5.12%
during the first week of January 2022, and the overall test positivity pattern was consistent with that
observed in Massachusetts during different COVID-19 variant waves (Figure 2). At the individual
level, 56 participants (14.4%) had at least 1 positive test result during the study period (Table 1) and 4
(1.0%) had more than 1 positive test result.

Test positivity rates varied by individual characteristics. Based on our univariate analyses at the
individual level, role was significantly associated with positive test results (eFigure 4 in
Supplement 1). Nonclinical staff members tested most often, with a positivity rate of 0.53% during
the study period (Figure 3). When adjusting for all covariates considered in the bayesian multilevel
logistic regression model, test positivity was significantly associated with testing frequency (number
of tests per week determined based on individual risk status) and timing of the test (corresponding
to COVID-19 waves) using test-level data (Table 2). The likelihood of testing positive increased
significantly for individuals required to test 3 times per week (OR, 1.51 [95% CrI, 1.07-3.69]) compared
with testing only once per week. Our regression results also showed that compared with August
2020 to February 2021 (Alpha), the likelihood of testing positive decreased significantly between
March 2021 and June 2021 (after Alpha; OR, 0.33 [95% CrI, 0.11-0.88]) and increased between
December 2021 and February 2022 (Omicron; OR, 11.59 [95% CrI, 6.49-22.21]). When the model was
fully adjusted, other individual characteristics (age group, sex, and role) were no longer associated
with test positivity.

Figure 2. Comparison of SARS-CoV-2 Test Positivity Rates Among the Harvard School of Dental Medicine
and Massachusetts Populations

25

20

15

10

5

0

Po
si

tiv
ity

, %

Date

School level
State level

August 24,
2020

January 4,
2021

October 11,
2021

May 24,
2021

February 28,
2022

Alpha variant

Delta variant

Omicron variant

Weekly test positivity rates (for August 24, 2020, to
February 28, 2022) were assessed. Alpha, Delta, and
Omicron variant peaks are shown. Massachusetts data
were obtained from the state COVID-19 interactive
data dashboard.17

Figure 3. Percentage of SARS-CoV-2–Positive Test Results by Participant Characteristics, Including Age, Sex, and Role
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Discussion

In this cohort study, the overall asymptomatic SARS-CoV-2 test positivity rate remained low at
0.27%. This finding suggests that the implemented infection control and prevention protocols were
effective in reducing COVID-19 risk within a dental clinical care academic setting. We also observed
that involvement in clinical activities did not seem to increase the risk of SARS-CoV-2 infection.
Although individuals involved in clinical activities performed a higher number of tests per week on
average, the test positivity rate remained lower than for nonclinical individuals, contributing to the
safety of both patients and health care practitioners in clinical settings. In our adjusted regression
model, individual characteristics were not significantly associated with positive test results, except
for timing of the test and testing frequency, which was determined based on participants’ on-campus
presence regularity, vaccination status, and on-campus residential status. This finding signifies the
importance of adaptive testing cadence when implementing large-scale surveillance testing
programs at academic institutions.

Because oral health care practitioners work in close proximity to patients’ mouth, nose, and
throat, both patients and practitioners may be considered at high risk of SARS-CoV-2 infection. While
dental care workers at HSDM used N95 masks and plexiglass shields, aerosol mitigation with
aerosol-generating procedures, and physical distancing, the environment was considered safe and
there were no documented cases of clinician-to-patient transmission (data not shown). Some dental
procedures may lead to aerosol generation, further increasing transmission risk through direct
inhalation or contact with contaminated surfaces.18 Because of the unique nature of dental care
settings and interventions, the World Health Organization (WHO) initially advised in August 2020

Table 2. Results of Bayesian Multilevel Logistic Regression Model

Characteristic

OR (95% CrI)

Unadjusted Adjusted
Age, y

20-29 1 [Reference] 1 [Reference]

30-39 1.58 (0.68-3.64) 1.27 (0.60-2.64)

40-49 3.02 (1.06-8.45) 1.28 (0.50-3.24)

50-59 1.73 (0.59-5.10) 0.85 (0.32-2.24)

≥60 0.59 (0.11-3.27) 0.43 (0.12-1.45)

Sex

Female 1 [Reference] 1 [Reference]

Male 0.53 (0.27-1.06) 0.62 (0.34-1.14)

Role or position category

Clinical

Student 1 [Reference] 1 [Reference]

Faculty 1.72 (0.85-3.26) 1.72 (0.71-4.23)

Staff 1.97 (0.84-4.32) 2.01 (0.72-5.43)

Nonclinical

Student 0.62 (0.20-1.69) 0.55 (0.18-1.58)

Faculty 0.49 (0.10-2.14) 0.50 (0.09-2.49)

Staff 2.03 (0.64-7.03) 2.12 (0.58-7.66)

No. of tests per week

1 1 [Reference] 1 [Reference]

2 0.64 (0.33-1.28) 1.11 (0.62-1.91)

3 1.64 (1.21-5.64)a 1.51 (1.07-3.69)a

COVID-19 variant wave

Alpha (August 2020 to February 2021) 1 [Reference] 1 [Reference]

After Alpha (March 2021 to June 2021) 0.22 (0.04-1.01) 0.33 (0.11-0.88)a

Delta (July 2021 to November 2021) 1.17 (0.47-2.93) 1.13 (0.47-2.54)

Omicron (December 2021 to February 2022) 15.35 (7.53-31.27)a 11.59 (6.49-22.21)a
Abbreviations: CrI, credible interval; OR, odds ratio.
a Significant results with 95% CrIs not containing 1.
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that routine nonurgent oral health care be delayed until COVID-19 transmission rates were reduced
from community transmission to cluster cases.19 To protect patients and the dental care team on
resumption of dental care, the CDC, the American Dental Association, the US Occupational Safety
and Health Administration, and the WHO released infection prevention and control guidelines for
providing the full range of dental care.20-22 Safety of the dental office is a priority in dental clinical
care academic settings. Implementation of comprehensive mandatory surveillance testing programs
can help limit the spread of COVID-19 on campus when coupled with infection prevention and control
guidelines. These programs also serve to create a sense of security for members of the academic,
clinical, and patient care communities.23

In this study, the asymptomatic test positivity rate at HSDM was 0.27% among 390 students,
faculty, and staff members from August 2020 through February 2022. However, a study of a SARS-
CoV-2 surveillance testing program at the Georgia Institute of Technology (with 18 029 students,
staff, and faculty) reported a mean asymptomatic test positivity rate of 0.84% during the 2020 fall
semester.24 The Duke University surveillance program (with 10 265 students) reported a weekly per
capita positivity rate of 0.08% during fall 2020.25 The results of surveillance testing programs at
academic institutions varied widely, and these contrasting examples emphasize the need to assess
the costs and benefits of implementing large-scale surveillance testing programs upon evaluating
test sensitivity and retrospective serologic surveys.

We observed that higher testing frequency was associated with a higher test positivity rate.
Testing frequency in our study was determined based on the risk status of individuals; to mitigate
viral spread, a higher testing cadence was required for those at potentially increased risk of infection.
This finding may seem contradictory to that of a previous modeling study that demonstrated no
association between testing frequency and infection transmission.26 Although this hypothetical
modeling study evaluated the association of varying testing frequencies applied universally with the
overall infection rates as a means of rapidly detecting positive cases, it is important to note that our
study is limited to the results of the asymptomatic mandatory testing program at Harvard, which
cannot capture the overall positive cases detected from contact tracing and symptomatic
monitoring. As such, we recognize that our findings specifically highlight the need for adaptive
testing cadence based on the individual level of risk rather than assessment of the effectiveness of
testing cadence on overall infection rates. Having access to complete data on SARS-CoV-2 infection
status, which include the overall positive cases from contact tracing and symptomatic monitoring
within the institution, would allow us to accurately evaluate the effectiveness of the mandatory
surveillance testing program, which would inform quality improvement in the interest of institutional
safety amid a public health emergency.

Limitations
This study has some limitations. As with any observational study, there may be unmeasured variables
that confound the association of individual covariates with positive test results, such as other
sociodemographic (race and ethnicity and educational attainment) and regional characteristics that
were found to be substantial predictors of SARS-CoV-2 test positivity from this single center
investigation.27 Additionally, because our data were collected from a single institution, the results
may not be generalizable to other organizations implementing mandatory SARS-CoV-2 testing.
Notwithstanding these limitations, the ability to better understand the interplay of a professional
education program delivering clinical care and implications on COVID-19 transmission is a benefit of
academic clinical settings.

Conclusions

Implementation of adaptive testing cadence based on the risk status of individuals may assist with
timely detection of SARS-CoV-2 infection and thus reduce the risk of infection within dental clinical
care academic settings. In this study, dental clinical care activities, including aerosol-generating
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procedures, did not pose additional risk of SARS-CoV-2 infection compared with other in-person
activities in the presence of these control measures. These findings suggest that the cumulative
effect of these measures was successful in reducing the risk of infection associated with patient care.
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This article has an
ABSTRACT

Background. In 2020, the Centers for Disease Control and Prevention and the American Dental
Association released COVID-19 infection control interim guidance for US dentists, advising the
use of optimal personal protection equipment during aerosol-generating procedures. The aim of this
longitudinal study was to determine the cumulative prevalence and incidence rates of COVID-19
among dentists and to assess their level of engagement in specific infection control practices.

Methods. US dentists were invited to participate in a monthly web-based survey from June
through November 2020. Approximately one-third of initial respondents (n ¼ 785) participated in
all 6 surveys, and they were asked about COVID-19 testing received, symptoms experienced, and
infection prevention procedures followed in their primary practice.

Results. Over a 6-month period, the cumulative COVID-19 infection prevalence rate was 2.6%,
representing 57 dentists who ever received a diagnosis of COVID-19. The incidence rates ranged
from 0.2% through 1.1% each month. The proportion of dentists tested for COVID-19 increased
over time, as did the rate of dentists performing aerosol-generating procedures. Enhanced infection
prevention and control strategies in the dental practice were reported by nearly every participant
monthly, and rates of personal protection equipment optimization, such as changing masks after
each patient, dropped over time.

Conclusions. US dentists continue to show a high level of adherence to enhanced infection control
procedures in response to the ongoing pandemic, resulting in low rates of cumulative prevalence of
COVID-19. Dentists are showing adherence to a strict protocol for enhanced infection control,
which should help protect their patients, their dental team members, and themselves.

Practical Implications. COVID-19 infections among practicing dentists will likely remain low if
dentists continue to adhere to guidance.

Key Words. Severe acute respiratory syndrome; dentistry; infection control; aerosols; dental care.
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s of February 2021, severe acute respiratory syndrome coronavirus 2 (SARs-CoV-2) has

infected tens of millions worldwide with severe cases resulting in hospitalization and death.
 activity available at:
http://jada.ada.org/ce/home.

Copyright ª 2021
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4.0/).
ASARS-CoV-2, the virus that causes COVID-19, is transmitted primarily through person-
to-person contact, as well as via virus-containing droplets (5-12 mm) and aerosols (� 5 mm).
Susceptible people may become infected if virus-containing respiratory droplets or aerosols settle on
their mucosa or are inhaled.1 The scientific community has established that transmission of
COVID-19 is linked to aerosol-generating procedures (AGPs) and that the total viral load to which
the health care providers (HCPs) are exposed is the main risk factor for infection.2 Therefore, both
the Centers for Disease Control and Prevention (CDC) and World Health Organization have is-
sued statements specific to AGPs and the need for the use of enhanced personal protective
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Control and
Prevention.
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provider.

PPE: Personal protective
equipment.

SARs-
CoV-2:

Severe acute
respiratory syndrome
coronavirus 2.

426
equipment (PPE).3,4 In 2020, a cross-sectional study published by our group reported that the
prevalence of COVID-19 among US dentists was low, with a weighted estimated rate of 0.9% (95%
CI, 0.5% to 1.5%).5 The study’s results showed that dentists following interim safety guidance were
well prepared to resume their practice.5

In addition to our study,5 there have been limited reports on rates of COVID-19 among dentists.
One report evaluated safety practices in 3 specialty dental clinics in the New York, New York, area
and observed 0 cases of COVID-19 among 2,810 patients, 2 dentists, and 3 registered dental hy-
gienists during a 6-month period. The practices indicated enhanced use of PPE, increased measures
to screen and protect patients seeking care, and assessment of infection risk factors.6 Considering
the infection rate in New York, New York, at the time, the authors concluded that oral health care
can be safely provided as long as appropriate safety measures are followed.6 Another report surveyed
454 members of the American Academy of Endodontics, finding a high rate of adherence to
enhanced infection control measures, including the use of N95 respirator (also called an “N95
mask”) by 83.1% of the participants.7

In the time after our initial study was deployed, the interim guidance for dental professionals from
the American Dental Association (ADA) and CDC were revised on the basis of emerging scientific
data. Most revisions addressed types of PPE for various procedure types, management of aerosols in
the operatory area, and quarantine periods for dental HCPs exposed to COVID-19.3,8 As of
December 2020, the revised CDC interim recommendations mandated that dental HCPs wear N95
masks or those that offer an equivalent or higher level of protection, gowns or protective clothing,
and gloves and eye protection (goggles or full face shields) during AGPs and in areas with moderate
to substantial community transmission of COVID-19 during AGPs.9

Although cross-sectional studies offer a snapshot of infection rates in a given population, there is
a paucity of widespread longitudinal evidence of the safety levels and rates of infection among
dentists and other HCP. Our 6-month longitudinal study aimed to
n determine the cumulative prevalence rate of COVID-19 among dentists;
n calculate the monthly incidence rate for the same population over the course of the study;
n assess the level of engagement in specific infection control practices among dentists over a 6-
month period.

METHODS
We administered a novel web-based cross-sectional survey using Qualtrics from June 8 through
November 13, 2020. Dentists were eligible to participate if they held a license to practice dentistry in
the United States, were in private practice or public health, and indicated a willingness to participate
in the previous ADA-generated survey related to COVID-19. The protocol and survey were approved
by the ADA Institutional Review Board and registered at ClinicalTrials.gov (NCT04423770). Details
of the study population and questionnaire are described in our previous publication.5 We made several
changes to the questionnaire after the first survey on June 8, 2020, which are detailed in the
Supplemental File. All participants signed an electronic informed consent before starting the survey.

We ascertained COVID-19 infection via self-reported date, type, and result of COVID-19 test
(confirmed case) or, if not tested, the date an HCP told the respondent he or she had a probable
COVID-19 infection (probable case). Each month, we considered those who reported a COVID-19
positive test or diagnosis who had not previously received a diagnosis of COVID-19 as newly
infected. We calculated monthly incidence as the number of new confirmed or probable cases that
month divided by the total number of dentists responding to the survey that month. The date a
respondent was tested or received a diagnosis was missing for 22.0% of cases, so we used self-reported
dates only to verify in which month a case should be counted. In no instance did the reported date
not match the month in which it was counted. We also calculated the positivity rate as the number
of confirmed cases over the total number of those tested that month. Respondents reported which
PPE they used and how often when treating patients in the prior month as never, sometimes, or
always. We used the CDC interim guidance document to categorize PPE use.3

We conducted all statistical analysis in Stata Version 13.0 (StataCorp). For COVID-19 testing
results, we performed statistical weighting using linearization variance estimation so that the sample
appropriately represented licensed US dentists in private practice or public health by age group and
US Census Bureau division. We used single and multivariable multilevel regression models (logistic
for binary outcomes, ordered logistic for ordinal outcomes), with survey results nested within each
JADA 152(6) n http://jada.ada.org n June 2021
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respondent to account for the same respondents answering surveys over time. We weighted
COVID-19 incidence and used linearization variance so that the estimated incidence more accu-
rately represented licensed US dentists in private practice or public health by age group and US
Census Bureau division. We determined the weights on the basis of the ADA master file of all US
dentists, as previously described.5

RESULTS
A total of 2,196 US dentists participated in our 6-month longitudinal study from June 8 through
November 13, 2020. The initial response rate was 40.1% in the first month. A decreasing number of
the initial respondents continued to participate in the survey, such that 1,291 (58.8% of those who
participated in the first month) participated in the final month, and a total of 785 (35.7% of initial
respondents) participated in all 6 surveys. One participant who completed the initial survey 3 days
after the study period ended had been excluded from the previously reported cross-sectional results5

but was included in this analysis.
The median age of responding dentists was 52.6 years, and most (1,300 [59.2%]) were male

(Table). Overall, most respondents were non-Hispanic White (1,673 [76.1%]), in private practice
(2,081 [94.8%]), and general dentists (1,802 [82.1%]). Participants with missing demographic and
practice information in the first survey were asked again the following month, allowing for lower
proportions of missing data in this study than our initial report.5 When exploring factors potentially
related to participation rates, we observed that age, sex, race and ethnicity, region, and dental
practice type were not associated with continued participation (P > .3). Among the respondents,
536 (an estimated 24.4%) had at least 1 medical condition associated with higher risk of developing
severe illness from COVID-19, most commonly asthma (160 [7.3%]) and obesity (166 [7.6%]).

To identify potential sources of infection, we asked dentists about their activities outside of their
clinical practices. In the first month, 103 (4.7%) dentists reported no in-person contact (that is,
interaction) with anyone outside their household in the month before answering the survey. This
rate was significantly lower (P < .01) in all subsequent months (Figure 1). In-person contact in
health care practice or social setting outside the household in the prior month were not significantly
associated with participant age group or sex (P > .6) but was significantly associated with location.
Specifically, over the course of the study, dentists in the Pacific region and Puerto Rico had the
lowest overall rates of in-person contact (P < .01) compared with other regions of the nation. Rates
of in-person contact with people outside of the household in the prior month did not significantly
change in most regions over time (P > .05) but increased significantly over the study period in the
Middle Atlantic region and Puerto Rico (P < .05).

Throughout the study period, a minority of participants reported contact with someone with a
suspected or confirmed COVID-19 infection in the past month. The percentage reporting contact
with someone with COVID-19 significantly increased over time, from 4.6% (n ¼ 100) in the first
survey to 16.1% (n ¼ 208) in the final survey (P < .01). In total, contact with someone with a
suspected or confirmed COVID-19 infection was reported 875 times among the 2,196 participants
over the course of 6 months; 430 (49.1%) of those reports were because of contact with dental
patients. Another 310 (35.4%) stated that within the past month a coworker had COVID-19. In
the study period, the likely source of COVID-19 was identified via contact tracing by a health
agency or clinic in only 23 cases among dentists; in 2 instances, the dental practice was identified as
the likely infection source.

Each month, most participants indicated that they provided oral health care in the prior month,
increasing significantly over time from 2,043 (93.0%) in the first survey to 1,266 (98.1%) in the
sixth (P < .01). The rate of dentists performing AGPs increased from 92.8% (n ¼ 1,893) in the first
survey to 97.3% (n ¼ 1,502) in the second survey and continued to rise over time to 98.4% (n ¼
1,246) by the end of the study period (P < .01). Over the period of our longitudinal study, the use of
at least a surgical mask and eye protection while performing non-AGPs remained statistically stable,
and similar results were observed for always wearing a N95 mask or equivalent and eye protection in
the same month they performed AGPs (P > .5). We saw a statistically significant decline in dentists
reporting sometimes or always wearing N95 or equivalent masks and eye protection during AGPs
over time from 92.4% in the first survey to 88.0% in the final survey (P < .01) (Figure 2).

During the course of our study, the CDC encouraged PPE optimization strategies in instances of
limited PPE supplies.3 In the first month, only 355 (17.6%) dentists reported changing their masks
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Table. Characteristics of the survey sample and comparison with all private practice or public health dentists licensed in
United States.

CHARACTERISTIC PROPORTION OF SAMPLE,* NO. (%)

Age Group†, y

27-39 344 (15.7)

40-49 509 (23.2)

50-59 589 (26.8)

60-69 601 (27.4)

70-84 105 (4.8)

Missing 48 (2.2)

Race and Ethnicity

Non-Hispanic White 1,673 (76.1)

Non-Hispanic Asian 168 (7.7)

Hispanic or Latino 186 (8.5)

Non-Hispanic Black 26 (1.2)

American Indian or Alaska Native 5 (0.2)

Native Hawaiian or Pacific Islander 4 (0.2)

Other or missing 134 (6.1)

Sex

Male 1,300 (59.2)

Female 845 (38.5)

Prefer not to say or missing 51 (2.3)

Dental Practice Type†

Private practice 2,081 (94.8)

Federally qualified health center 56 (2.6)

Nonfederally qualified health center 8 (0.4)

City or county health department 10 (0.5)

Missing 41 (1.9)

Practice Type†

General dentist 1,802 (82.1)

Dental anesthesiology 2 (0.1)

Endodontics 34 (1.6)

Oral and maxillofacial pathology 1 (0.05)

Oral and maxillofacial surgery 58 (2.6)

Oral medicine 2 (0.1)

Orofacial pain 2 (0.1)

Orthodontics and dentofacial orthopedics 44 (2.0)

Pediatric dentistry 147 (6.7)

Periodontics 50 (2.3)

Prosthodontics 14 (0.6)

Missing 40 (1.8)

Census Bureau Division†

New England 143 (6.5)

Middle Atlantic 269 (12.3)

East North Central 426 (19.4)

* N ¼ 2,196. † Percentages may not total 100 due to rounding.
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Table. Continued

CHARACTERISTIC PROPORTION OF SAMPLE,* NO. (%)

West North Central 226 (10.3)

South Atlantic 339 (15.4)

East South Central 98 (4.5)

West South Central 178 (8.1)

Mountain 149 (6.8)

Pacific 344 (15.7)

Territories 24 (1.1)
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Figure 1. Dentists reporting no in-person contact outside the home, by month and US Census Bureau division (9,320
observations).
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Figure 2. Personal protective equipment use according to Centers for Disease Control and Prevention interim
guidelines for dental settings by month (8,966 observations, restricted to those practicing dentistry each month).
AGP: Aerosol-generating procedure.
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Figure 3. Infection prevention and control methods used in dental practices by month (8,966 observations, restricted to those practicing dentistry each
month). * Significantly different over time, P < .05

430
or respirators between patients, and 407 (20.2%) changed them only if soiled or damaged. Over
time, there was a decrease in PPE optimization, as significantly more dentists changed their masks
with every patient (P < .01). Since June 2020, the rate never fell below 25.5%, and fewer dentists
reported changing their masks only if soiled (by November, only 99 [8.2%] did so).

Enhanced infection prevention and control strategies in the dental practice were reported by at
least 99.7% of all dentists each month (no significant change over time; P ¼ .2). Throughout the
study period, high and statistically unchanged numbers of dental practices reported screening pa-
tients and staff members for COVID-19, disinfecting between patients, and encouraging social
distancing between patients (P > .05) (Figure 3). Although in the initial survey most dental
practices already reported providing face masks to staff members and patients and had physical
protections such as barriers, open windows, or air filters or scrubbers, an increasing proportion of
practices instituted these strategies over time (P < .01). We added a question about teledentistry to
the survey the second month, and the results showed that this was used at the highest rate in July
(418 [26.1%]) and declined to 265 (20.5%) by November (P < .01).

The proportion of dentists who had been tested for COVID-19 increased over time, from 355
(16.6%) in the initial survey to 566 (43.9%) in the final survey. Testing for COVID-19 using saliva
samples was relatively rare (47 [2.1%]) compared with testing with nasal or pharyngeal swabs (703
[32.0%]). A minority (317 [14.4%]) were tested for COVID-19 antibodies via blood samples. As of
the first survey, 20 (0.9%) dentists reported having ever been told they had COVID-19 by a medical
HCP. New cases identified in each subsequent month were tallied to calculate monthly incidence
and cumulative prevalence rates (Figure 4). In total, our 6-month analysis showed a cumulative
prevalence rate of 2.6%, representing 57 dentists ever with confirmed or probable COVID-19
infection. The weighted incidence rates varied month by month, ranging from 0.2% through
1.1% (Figure 4).
DISCUSSION
Owing to the aerosol-generating nature of many dental procedures, it was originally hypothesized
that dentistry presented a high risk of transmitting SARS-CoV-210; however, no confirmed cases of
COVID-19 transmission related to patients’ receiving oral health care have been reported to date.
Furthermore, the results of our earlier cross-sectional study5 and the results of this study show that
prevalence and incidence rates among dentists continue to be very low in comparison with the
population as a whole and with other HCPs.
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Figure 4. Monthly incidence and percentage ever had COVID-19 in survey of US dentists, June through November
2020 (n ¼ 2,196).
At the conclusion of our study, robust data among front-line HCPs in the United States and the
United Kingdom (2,035,395 HCPs) showed a higher rate of COVID-19 infection11 compared with
findings from our study. A prevalence of COVID-19 was found among 2,727 cases per 100,000
HCPs compared with 242 cases per 100,000 people in the general population. The high number of
cases mostly were associated with direct contact with infected patients and lack of appropriate PPE,
with the highest rates reported in large metropolitan areas such as New York, New York, and
London, United Kingdom.11 In addition, the same study showed that in the United States, 4.1% of
medical HCPs were tested during the period of the study compared with 1.1% of the general
population. In another report, results of a cross-sectional survey of front-line HCPs in the United
States (n ¼ 3,083) showed a reported prevalence rate of 29%,12 which is much higher than the
2.6% rate among dentists reported in our study. In August 2020, 24% of employees of a large
oncology hospital in New York, New York, were quarantined because of COVID-19.13 Another
cross-sectional study examined levels of antibodies among HCPs and indicated that 265 of the 500
HCPs tested showed presence of SARS-CoV-2 antibodies, possibly resulting from a previous
infection with the virus.14 Compared with these reports of nondental HCPs, our longitudinal data
show lower rates for US dentists over the June through November 2020 time frame. Although the
near universal adoption of enhanced PPE per the interim CDC guidance may have minimized the
risk of getting an infection in the dental office, we also observed a higher rate of testing among
dentists (up to 43.9%) than front-line HCPs. Despite this high testing rate, the cumulative prev-
alence among dentists in our survey was 2.6% by November 13, 2020.

Furthermore, dentists have shown continued low monthly incidence of disease despite several
regional and national COVID-19 rate spikes during the study period. This may indicate that
dentists are able to mitigate much of their own exposure in clinical environments through
consistent use of enhanced PPE and interim guidance adherence. The results of our study show high
rates of preappointment screening of patients and appropriate infection control measures
throughout the study period.

The risk of getting SARS-CoV-2 infection decreases substantially with appropriate PPE use.15

An important distinction between dentists and other HCPs is that many medical procedures that
do not involve intubation for anesthesia can be performed while a patient is wearing a mask.
However, dental procedures universally require patients to be seen unmasked. This highlights the
importance of continued use of enhanced PPE, in particular N95 masks, and the need for continued
availability and prioritization of such protections for dental HCPs. We observed a minor shift in the
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use of PPE during the 6-month period of our study, most likely owing to access to the equipment,
clinical judgment, schedule planning, and other resources that dentists implemented since practice
reopening. In mid-November 2020, 59.8% of dental practices in the United States reported having
at least a 2-week supply of N95 or KN95 masks.16 Expanded use of N95 masks may be limited by
supply shortages and the number of hours each HCP may be exposed to potentially infected
patients.

To our knowledge, this is the first large-scale longitudinal report of incidence rates of COVID-19
among dentists in the United States. The results of our report may show a decreased response rate
over time but still present a sample that is nationally representative of US dentists. Our surveys also
used the strictest definitions for infection prevention and control. These findings are self-reported
and, therefore, subject to recall and social desirability biases. Unfortunately, the survey was
limited to dentists’ PPE use and whether they performed AGPs that month and thus did not entirely
match CDC interim guidelines for PPE use; it did not ask about dentists’ PPE use during AGPs
compared with non-AGPs. Conceivably, dentists could answer the survey as sometimes wearing the
correct PPE during a month they performed AGPs and be in compliance with CDC recommen-
dations. Furthermore, not all dentists were tested for COVID-19 during the study; asymptomatic
cases for which dentists did not seek testing or care were likely missed. We also could not survey
participants who were hospitalized or died during our survey time frame. These people would not
have been captured in this study. However, data on hospitalizations and deaths from March through
May 2020 by health care occupation indicate both dental professionals and physicians had hos-
pitalization rates below some occupations not expected to have patient contact, such as adminis-
trators.17 Therefore, we expect our estimation of the monthly incidence and cumulative prevalence
to be affected less by hospitalization or death than survey research in professions with higher rates of
severe COVID-19 cases.

CONCLUSIONS
The level of adherence to enhanced infection control procedures in response to the COVID-19
pandemic continues to be high among US dentists. The low rates of cumulative prevalence
(2.6%) and monthly incidence ranging from 0.2% through 1.1% reflect the high level of self-care
among dentists. Oral health care is being delivered safely because dentists are showing adherence to
a strict protocol for enhanced infection control, which should help protect their patients, their
dental team members, and themselves. n
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Abstract
Purpose: Throughout the COVID-19 pandemic, health care professionals have been challenged to provide appropriate 
preventive and therapeutic measures while using precautions to minimize disease transmission. The purpose of this study 
was to estimate the prevalence of COVID-19 among United States (US) dental hygienists, describe infection prevention and 
control procedures and any associated trends in mental health.

Methods: Registered dental hygienists (RDHs) licensed in the US were invited to participate in a 30-question web-based 
survey. COVID-19 infection items included probable and confirmed results, COVID-19 related symptoms experienced in 
the last month, and level of concern about COVID-19 transmission to patients and themselves. The validated Patient Health 
Questionnaire 4 screened respondents for depression or anxiety. Personal protective equipment (PPE) use when treating 
patients was assessed. The research protocol and survey were approved by the American Dental Association IRB and registered 
at clinicaltrials.gov (NCT04542915). Kruskal-Wallis and X2 tests were used to test for associations between PPE use, PPE 
supply, mental health symptoms, and concern about COVID-19 transmission.

Results: As of October 8, 2020, a total of 4,776 dental hygienists from all 50 states and Puerto Rico participated in the study. 
Respondents reported elevated symptoms of anxiety and depression. Of the respondents, 3.1% (n=149) had ever tested 
positive or been diagnosed with COVID-19. The majority of respondents (99.1%; n=3,328) who practiced dental hygiene 
reported their primary dental practice had enhanced infection prevention or control efforts in response to the pandemic. PPE 
use was significantly associated with years of experience as a dental hygienist, level of concern about COVID-19, and level of 
PPE supplies available (p-values<0.01), but not type of dental practice (p-value 0.1). 

Conclusion: As of October 2020, the estimated prevalence rate of dental hygienists in the US having had COVID-19 was 
low. There is a need for further support for dental hygienists’ use of PPE and mental health. 
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Introduction
On February 11,2020, the Coronaviridae Study Group 

of the International Committee on Taxonomy of Viruses 
named the novel beta coronavirus as SARS-CoV-2.1 This 
etiologic agent, or COVID-19 disease, has reached nearly 
every country worldwide in less than six months, resulting 
in significant morbidity and mortality. As of this article’s 
publication date, there are over 63 million cases of COVID-19 
globally, with over 1.4 million deaths, and over 17 million 

Critical Issues Facing the Dental Hygiene Profession

cases of COVID-19 in the United States (US) resulting in 
nearly 308,000 deaths.2

Infection and viral dissemination of SARS-Co-V-2 occurs 
through respiratory droplets from infected individuals while 
sneezing, coughing or talking without covering the mouth and 
nose.3 The droplets may linger in the air and infect individuals 
who come into contact with them in an enclosed space.4,5 
Transmission is also possible through direct bodily contact 
with infected persons or contacting contaminated surfaces.6

This article is open access and may not be copied, distributed, or modified without written permission from the American Dental Hygienists' Association.
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Currently, there are limited therapeutic options for 
management of COVID-19. Supplemental oxygen and 
mechanical ventilation or extracorporeal membrane 
oxygenation for patients with refractory hypoxemia are 
used. Other therapies include convalescent plasma and 
immunoglobulin G, cortisone, and antiviral agents with 
limited success.3,7 The development of several vaccines 
show promising results and are in active deployment. This 
accelerated development process for vaccines to prevent 
COVID-19 will necessitate further investigations concerning 
length of immunity, need for boosters, effects on high-risk 
populations, and equitable access.8 

Throughout the pandemic essential workers have been 
challenged to provide appropriate preventive and treatment 
measures while using precautions to minimize disease 
transmission and risk. Due to close contact with patients, 
health care workers may be at increased risk of COVID-19 
infection.9 This risk may be heightened among oral health care 
workers, who may also be exposed to aerosolized infectious 
particles through aerosol-generating dental procedures such 
as scaling or polishing teeth with sonic or ultrasonic devices.10 
Alternately, dental professionals’ customary use of personal 
protective equipment (PPE) and routine dental procedures, 
such as water irrigation and high-volume evacuation, may 
reduce infection risk.11 

Dental professionals have been diagnosed with 
COVID-19,12 but since community transmission is possible, 
and a retrospective study found no instances of dental-practice 
transmission of COVID-19 to staff or patients,13 the level of 
occupational risk remains unresolved. A vital component 
of correctly balancing people’s needs for oral health care, 
along with the occupational risk in providing such care, is an 
accurate assessment of the risk of COVID-19 transmission in 
dental practices. Unfortunately, data on COVID-19 among 
dental professionals in the US is limited. Most (84%) records 
available to the Centers of Disease Control and Prevention 
(CDC) are missing data on healthcare professions.14

A review of the literature related to COVID-19 infection 
control practices among dental professionals is limited, given 
the time frame of the initiation of this virus. Many of the 
studies have occurred in practice settings outside of the US. 
For example, one study examined the signs and symptoms, 
protective measures, awareness and perceptions levels of 
COVID-19 among dentists in Lombardy, Italy, during April 
2020. A total of 9,247 survey invitations were emailed and 
3,599 were completed for a response rate of 39.4%. Of the 
participants, almost 15% experienced one or more symptoms 
associated with COVID-19, most notably fever and fatigue. 
Thirty-one dentists tested positive for the virus and 16 

individuals developed COVID-19 disease. Precautionary 
measures used most frequently included delaying patient 
appointments, so the waiting room was not crowded, 
increased ventilation of the waiting room, and operator 
handwashing before and after each procedure. Only two 
percent of participants were confident that they could avoid 
the infection.15 

A report on a cross-sectional study of the knowledge 
and practice of dentists in Lebanon was conducted in April 
2020. Using a sample size calculator, a sample size of 357 
participants was sought among a total population of 5000 
dentists; and 358 dentists completed the survey. Findings 
revealed the majority had good knowledge about COVID-19; 
however, deficits were noted related to coronavirus incubation 
periods, disease transmission, actions in dealing with positive 
cases, and precautionary measures. More than half of the 
respondents (60%) reported good practice while the remainder 
noted poor practices related to COVID-19. Over 80% of 
the respondents reported they were afraid to treat a patient 
suspected or confirmed as infected with COVID-19 and had 
concerns about becoming infected from a colleague. Nearly 
all respondents (96%) were afraid of the impact of this disease 
on their livelihood. The authors noted that these findings have 
implications for the development of strategies for improving 
practice and enhancing prevention programs.16

Dentists in Saudi Arabia were surveyed in May 2020 
concerning questions about COVID-19, management in 
dental clinics, preventive measures in the reception area, 
and knowledge, practice and attitudes toward the pandemic. 
Of the 1,000 surveys sent, 287 responses were received for 
a response rate of 28.7%. Findings revealed good adherence 
to screening patients and adoption of preventive measures in 
the reception area. There was less agreement (46%) related to 
use of an isolation room for suspected COVID-19 patients. 
Similarly, most respondents reported that an airborne 
infection isolation room and extra-oral suction system did 
not exist in the dental clinic where they worked, and half 
reported their dental clinic did not offer proper management 
training sessions for their staff. Overall knowledge and 
attitude percentages were high. The authors noted that until 
a vaccine is developed, adhering to developed guidelines 
to prevent the transmission of the COVID-19 infection is 
imperative; yet one-third of the respondents had no work 
plan or were unaware of a work plan for patient screening 
and dental management in their practice setting. It was 
recommended dental clinics utilize additional educational 
sessions for their dentists and staff on the latest COVID-19 
recommendations and closely monitor practitioners and staff 
to ensure adherence to guidelines.17
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To date, only one national study of US dentists has 
been published. A web-based survey was conducted in June 
2020 among dentists designed to determine the prevalence 
of COVID-19 and infection control practices of dentists in 
private practice or public health. Survey questions pertained 
to COVID-19 symptoms, SARS-CoV-2 infection, mental 
well-being, and infection control procedures used in practice.   
Most respondents (82.2%) had no COVID-19 related 
symptoms within the past month of survey administration; 
the most common symptom reported was headache. One-
third experienced mild psychological distress. Prevalence and 
positive testing rates were low among the respondents with 
16.6% being tested and 0.9% reporting confirmed or probable 
COVID-19 cases. Enhanced infection control practices were 
implemented among nearly all respondents (99.7%) and the 
majority of practices (72.8%) used PPE according to CDC 
interim guidance. The authors concluded that the use of 
the CDC interim guidance in dental practice settings will 
contribute to reduced risk of developing infection and noted 
that surveillance of US dentists will remain ongoing.18

While organizations have continued to issue training, 
guidelines, and toolkits related to practicing oral health care 
during the COVID-19 pandemic,19,20 the actual infection 
prevention and control practices of dental hygienists have been 
not been reported on since May 2020.21,22 One international 
study involved the impact of the pandemic on the dental 
hygiene profession from a global perspective. This study 
evaluated dental hygienists from 30 countries belonging to 
International Federation of Dental Hygienists and included 
9,866 respondents (response rate not provided). Respondents 
indicated that guidance and PPE measures were being 
employed. Protective measures included screening patients for 
symptoms upon arrival (81%) and by phone when scheduling 
appointments (71%) and disinfecting all operatory surfaces 
after treatment (85%). Gloves, faces shields and surgical masks 
were being used by the majority of respondents. Nearly half 
reported wearing an N95 respirator, goggles, full gown and/
or hair covering. However, concerns were expressed about PPE 
shortages (83%) and regarding patients delaying dental care 
(74%). Less than 2% had been diagnosed with COVID-19 and 
of those, fewer than 1% had symptoms.21

A cross-sectional survey of dental hygienists in Italy was 
performed during May 2020. This study used the same 
questionnaire that had been sent to dentists in Lombardy, 
Italy. Of 6,974 surveys sent, 2798 were entirely or partially 
completed, for a response rate of 40.12%. Findings revealed 
participants experienced symptoms of fatigue, headache and 
sore throat. Only 0.25% reported a positive diagnosis of 
COVID-19. Most frequent precautionary measures included 

telephone triage, spacing appointments, frequent ventilation 
and disinfection of the waiting room, and handwashing 
before and after procedures performed. Protective glasses or 
visor, disposable gloves and surgical mask were the PPE most 
frequently used. The authors concluded that respondents 
appeared to be prepared to manage the COVID-19 infection 
in the dental practice environment and seemed confident 
being able to avoid the infection while performing work-
related activities.22

Presently, no studies have reported specifically regarding 
dental hygienists’ COVID-19 practice experiences in the US. 
Therefore, a longitudinal survey was constructed to estimate 
the burden of COVID-19 among dental hygienists in the US, 
evaluate trends in mental health and professional practices, 
and identify COVID-19 risk factors for dental hygienists. 
The results from the first month’s survey are reported here to 
describe COVID-19 prevalence, health, and COVID-19 related 
behaviors and practices among dental hygienists in the US. 

Methods
A web-based survey was administered using Qualtrics 

(Qualtrics, Provo, UT) from September 29-October 8, 2020. 
All 133,000 registered dental hygienists who were in the 
American Dental Hygienists’ Association’s (ADHA) database 
received an invitation to participate on September 29, 2020; and 
a reminder invitation was emailed October 6, 2020. Individuals 
were eligible to participate in the survey if they were licensed as 
a dental hygienist in the US, were at least 18 years old, and were 
employed as a dental hygienist on March 1, 2020.

Potential participants read and signed an electronic 
informed consent before responding to the survey. The 
30-question survey was constructed for this research and 
similar to the survey of US dentists.18 Based on the first two 
months of identical questions among a panel of dentists, test-
retest reliability was on average 85.4%. Demographic survey 
questions included birth year, race, ethnicity, gender, primary 
practice location, and years of experience as a dental hygienist. 
COVID-19 infection was ascertained by self-reported date, 
type, and positive result of a COVID-19 test (confirmed 
case) or, if not tested, the date a healthcare provider told the 
respondent they had COVID-19 (probable case). COVID-19 
prevalence was estimated based on this information. 
Consistent with CDC surveillance, the positive test rate was 
defined by the numbers of confirmed cases over the total 
number of tested cases.23 Respondents were also asked to 
identify symptoms experienced in the last month (defined 
as since August 29, 2020), health conditions associated with 
COVID-19 severity,24 and dental and non-dental activities in 
the last month.
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Since stressful events such as a pandemic may affect 
mental well-being, respondents were asked their level of 
concern about COVID-19 transmission to patients and to 
themselves on a 5 point scale (1 meaning “very concerned” and 
5 meaning “not concerned at all), and the validated Patient 
Health Questionnaire 4 (PHQ-4) screened respondents for 
depression (using the PHQ-2 scale) or anxiety (using GAD-
2).25,26  Respondents who reported providing dental care in the 
last month were asked about infection prevention or control 
procedures in their primary dental practice. Respondents 
indicated which PPE they used when treating patients in 
the past month, and whether they used it sometimes, or 
always. The CDC interim guidance document was used to 
categorize PPE use,19 such that respondents were categorized 
as following PPE guidance for aerosol-generating procedures, 
if in addition to basic clinical PPE of gloves and protective 
clothing, they wore an N95 or similarly protective respirator 
(also called N95 mask) with eye protection. Dental hygienists 
who performed no aerosol-generating procedures in the past 
month were categorized as following PPE guidance if they 
wore gloves, protective clothing, a surgical mask (or a mask 
or respirator that offers an even higher level of protection) and 
eye protection. Finally, respondents who reported wearing 
respirators or masks were asked how often they were changed. 
The research protocol and survey were approved by the 
American Dental Association Institutional Review Board and 
registered at clinicaltrials.gov (NCT04542915). 

Proportions, frequencies, and means were calculated in 
Stata 13.0 (StataCorp LP, Texas). For categorical variables, 
differences were tested using X2 tests, and with Kruskal-Wallis 
tests for non-normal continuous variables, with statistical 
significance set at 0.05.  Due to complex survey design skip 
patterns, and because respondents were able to skip any 
question or stop answering the survey at any time, not all 
respondents answered all questions; the percent missing 
ranged from <1 to 9% per question. Since respondents’ 
behaviors, health, and concern may be related to the level of 
COVID-19 risk in their area, the average incidence rate of 
COVID-19 in their state or territory, for the days included in 
the survey (August 29-October 8, 2020), was calculated using 
data made publicly available by Johns Hopkins University.27 

Results
Of the dental hygienists identified in the ADHA data-

base, 4,804 volunteered to participate in this research study. 
Of these individuals, a total of 4,776 dental hygienists 
originating from all 50 states and Puerto Rico participated in 
the web-based survey from September 29-October 8, 2020 for  
a completion rate of 99.4%. Respondents were aged 18 to 77 

years (mean: 44.1, standard deviation: 12.0). The majority 
were non-Hispanic White (72.5%, n=4,066), female 
(98.1%,n=4,034), and primarily worked in a private solo 
dental practice (52.5%, n=2,161). Of the total sample, 31.9% 
(n=1,523) had at least one medical condition associated 
with a higher risk of developing severe illness from SARS-
CoV-2.24 Respondents had varying levels of experience, 
but the majority (64.4%, n=2,655) had been a practicing, 
licensed dental hygienist for 11 years or more. Demographic 
information is summarized in Table I. Dental hygienists were 
asked regarding their experiences of symptoms associated with 
COVID-19, even if they thought the symptoms were not due 
to COVID-19. Respondents could report multiple symptoms. 
The most common physical symptoms experienced in the past 
month were headaches (32.2%, n=1,547), congestion (24.8%, 
n=1,189), or fatigue (17.3%, n=829) (Table II). Respondents 
also answered the Patient Health Questionnaire-4, which 
evaluates symptoms of anxiety and depression. In the two 
weeks before taking the survey, 25.7% (n=1,077) of the 
respondents experienced elevated symptoms of anxiety 
(GAD-2 mean:1.73, standard deviation: 1.84) and 16.05% 
(n=673) experienced elevated symptoms of depression 
(PHQ-2 mean:1.21, standard deviation:1.59). Symptoms of 
anxiety and depression were significantly associated with age, 
with the highest levels of symptoms among those aged 18-29 
years and the lowest levels among those aged 64 years or older 
(Kruskal-Wallis p-values <0.01). 

Dental hygienists were surveyed regarding activities 
outside of their home in the past month (Table II). Of those 
responding, 18.8% (n=896) reported no contact with those 
outside of their household. Less than a third (32.4%; n=1,548) 
reported interacting with a group of ten or more people, while 
12.8% (n=610) had attended a large public event in the past 
month. Only 9.1% (n=436) of dental hygienists reported 
they had in-person contact with someone with suspected or 
confirmed COVID-19 in the past month.

In the month preceding the survey, 70.3% (n=3,357) 
responding dental hygienists had provided dental care to 
patients as summarized in Table III. For the majority of 
respondents (90.7%; n=3,037), this care included dental 
procedures likely to generate aerosols. Among those who 
practiced dentistry that month, 99.1% (n=3,328) reported at 
least one enhanced infection prevention or control effort in 
their primary dental practice. The most common methods 
were disinfection between patients (97.9%, n=3,287), staff 
masking (97.8%, n=3,284), and screening patients prior 
to dental treatment (96.7%, n=3,247) (Table III). Most 
respondents (96.8%, n=3,249) reported that their primary 
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dental practice had at least five different infection control 
practices in place. A minority of respondents also reported 
their primary dental practice asked staff (2.3%, n=78), 
patients (28.8%, n=968), or both (12.0%, n=401) to sign a 
waiver related to COVID-19 (Table III).

At the time of the survey, CDC interim guidelines 
for PPE included wearing eye protection in addition to a 
mask during all patient care encounters, and using an N95 
respirator or equivalent during dental procedures likely to 
generate aerosols.19 Among the respondents who provided 
oral health care that month, 28.2% (n=945) reported not 
following the CDC interim guidelines for PPE for patient 
care (Table III). Dental practice type was not statistically 
significantly associated with whether hygienists used PPE 
according to CDC guidelines (X2 p-value=0.1) (Table IV). 

However, years of experience as a dental hygienist was 
significantly associated with always following CDC PPE 
guidelines. Over half, (54.6%, n=659) of those with 10 or less 
years of experience always used PPE according to guidelines, 
compared with 55.4% (n=511) of those with 11-20 years, and 
60.7% (n=692) of those with 21 or more years of experience 
(X2 p-value<0.01) (Table IV). Respondents expressing the 
highest levels of concern regarding COVID-19 transmission 
to themselves or patients were more likely to always use PPE 
according to CDC guidelines (Kruskal-Wallis tests p-values 
<0.01).  The incidence of COVID-19 in their state during 
the study period was not statistically significantly associated 
with whether dental hygienists always wore PPE according to 
CDC guidelines (Kruskal-Wallis test p-value=0.4).

Table I. Sample demographics (n=4776) 

Characteristic % n

Age group (years)

18-29 12.5 500
30-39 28.2 1133
40-49 23.9 961
50-64 31.2 1254
65-77 4.2 169
Race/ethnicity

Non-Hispanic White 72.5 4066
Hispanic/Latino 5.9 331
Non-Hispanic Asian 2.8 154
Non-Hispanic Black 1.8 100
American Indian/Alaska Native 0.6 34
Native Hawaiian/Pacific Islander 0.2 9
Other 16.3 916
Gender

Male 1.0 42
Female 98.1 4034
Other or prefer not to say  1.0 40
Dental practice type

Private solo practice 52.5 2161
Other dental practice 38.4 1581
Public health clinic/Community health 
center/Federally Qualified Health Center/
Tribal health center

4.5 185

Academic/university/college 2.8 115
School-based setting 1.0 40
Military 0.5 19
Other 0.3 14

Characteristic % n

Experience as a dental hygienist (years)

0-10 35.6 1468
11-20 27.6 1136
21 or more 36.8 1519
US Census Bureau division

New England 9.0 341
Middle Atlantic 11.5 439
East North Central 16.2 616
West North Central 7.3 276
South Atlantic 17.2 654
East South Central 5.0 190
West South Central 7.2 274
Mountain 10.4 397
Pacific 16.3 621
Territories 0.03 1
Conditions (multiple conditions per person allowed)

Asthma 9.5 455
Chronic lung disease 0.5 23
Diabetes 2.2 106
Heart condition 3.0 96
Immunocompromised 2.9 140
Kidney disease 0.4 17
Liver disease 0.3 12
Obesity 8.4 402
Rheumatologic or autoimmune condition 5.3 255
Smoking 1.8 85
Other 9.0 432
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Dental hygienist use of N95 respirators was statistically significantly 
associated with the number of days’ supply of N95 respirators, or their 
equivalent, in their primary place of employment. Only 1.3% of 
respondents always used N95s during patient care if their practice had 0 
days’ supply. However, this percentage increased with increasing supply, 
such that 14.2% always used N95s if they had 8-14 days’ supply, and 61.9% 

always used N95s if their practice had more than 
14 days’ supply (X2 p-value<0.01). Since CDC 
interim guidance includes the use of a N95, or 
equivalents, during aerosol-generating dental 
procedures, it naturally followed that practice 
level of supplies of N95 or equivalent respirators 
was also significantly associated with respondent’s 
use of PPE according to CDC guidelines (Table 
IV). Respondents most commonly reported 
changing their mask or respirator between each 
patient (42.3%, n=1157); the remainder changed 
it less often. Respondents who had more than 
14 days of surgical masks or N95 or equivalent 
respirators were most likely to change their mask 
or respirator between every patient (X2 p-values 
<0.01). 

Dental hygienists were asked if they had 
ever been tested or diagnosed with COVID-19. 
Approximately one-third (35.4%, n=1,691) had 
been tested for SARS-CoV-2 at least once. The 
most common testing method utilized nasal 
or throat swabs (33.1%, n=1,583), with a 7.8% 
positive test rate (n=123). Only 5.4% (n=260) 
were tested using blood samples, with an 8.5% 
positive test rate (n=22). The least common testing 
method used were saliva samples, reported by 
1.4% of respondents (n=65), with a 4.6% (n=3) 
positive test rate. Twenty-three (0.5%) dental 
hygienists surveyed were not able to be tested but 
were diagnosed with COVID-19 by a physician. 
In total, 3.1% (n=149) of the respondents had 
ever had COVID-19 by October 8th, 2020 (Table 
V). About one third of the dental hygienists with 
COVID-19 (37.8%, n=55) reported that contact 
tracing for the likely source of their COVID-19 
infection was performed. For 25.5% (n=14) 
of those traced, contact tracing identified the 
respondent’s primary place of work as the likely 
source of transmission.

Not all respondents remembered the date for 
which they sought testing or medical care for 
COVID-19, however, 10.3% (n=492) reported 
being tested or diagnosed since September 1, 
2020. In total, 0.8% (n=39) of the respondents 
were diagnosed with COVID-19 or tested positive 
between September 1, 2020 and October 8, 2020, 
while 9.5% (n=453) tested negative for COVID-19. 
Among those tested or diagnosed in the past 
month, a significantly higher proportion of those 

Table II. Recently reported symptoms and activities (n=4776)

%  n

Physical symptoms in the last month

Chills 3.1 147

Congestion or runny nose 24.8 1189

Diarrhea 11.2 536

Dry cough 8.9 427

Fever 1.8 84

Headache 32.2 1547

Muscle pain or body aches 16.7 800

Nausea or vomiting 5.1 244

New loss of taste or smell 1.6 79

Repeated shaking with chills 0.5 25

Sore throat 13.5 647

Shortness of breath or difficulty breathing 5.1 245

Fatigue/malaise 17.3 829

Other 2.9 141

Mental health in last two weeks

Likely anxiety (GAD-2 ≥3) 25.7 1077

Likely depression (PHQ-2 ≥3) 16.0 673

Activities in the past month

Provided emergency dental care 11.8 564

Provided elective dental care 69.8 3334

Attended a health care visit for myself or a companion 47.3 2259

Met in person with anyone outside your household 76.4 3650

Met with a group of 10 or more people in a social setting 32.4 1548

Attended any public event with 50 or more people 12.8 610

Traveled by taxi, ride share, or public transportation 8.1 388

Met in-person with anyone with suspected or  
confirmed COVID-19: 9.1 436

Member of household 1.3 63

Coworker 3.5 168

Dental patient 2.8 135

Someone else 2.9 139
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with symptoms (11.6%, n=36) had COVID-19 than without (1.7%, n=3) 
(p-value<0.01). There was no statistical difference in COVID-19 positive 
tests in the past month among those who practiced (1.9%, n=48) or did not 
practice dental hygiene (1.1%, n=14) in the past month (X2 p-value= 0.09). 
There was also no statistical difference in COVID-19 incidence rate in their 

state or territory between those who tested positive 
or negative since September 1, 2020 (Kruskal-
Wallis p-value = 0.9). 

Discussion
This study is one of the only descriptions 

of COVID-19 prevalence, infection control 
practices or PPE use among dental hygienists in 
the US during the COVID-19 pandemic. Dental 
hygienists’ rates of enhanced infection control 
procedures in dental practices are similar to the 
rates reported by US dentists18 and higher than 
those found in international surveys of dental 
hygienists.21,22 

Similar to other surveys of dental hygienists 
practicing during the pandemic,21,22 not all 
dental hygienists participating in the present 
study reported wearing N95 or equivalent 
respirators. As was found in a study among Italian 
dental hygienists,22 years of experience, but not 
community level of COVID-19 infections, are 
associated with PPE use. As intuitively makes 
sense, in the current study, dental hygienists’ use of 
N95 or equivalent respirators was associated with 
respirator availability at their workplace. Increasing 
dental practices’ supplies of N95, or equivalent 
respirators, may enhance PPE use. Alternatively, 
if dental practices followed national guidance and 
avoided aerosol generating procedures whenever 
possible, the limited supply and use of N95 or 
equivalent respirators by dental professionals 
would not be as problematic.19,20 

The issue of national guidance to protect 
dental health care personnel and patients from 
infection is an important consideration. This 
study revealed that slightly more than half 
of the respondents (55.7%) always used PPE 
according to current CDC interim guidance. 
Consistent adherence to PPE guidance was 
highest among those who were most concerned 
about COVID-19, had more years of experience 
as a dental hygienist, or had higher supplies 
of N95 or their equivalent. A global study of 
dental hygienists indicated that almost half of 
respondents were wearing an N95 respirator, 
goggles, full gown and/or hair covering, but the 
majority (92%) indicated that they would have 
to wear more PPE in the future. They were also 

Table III. Reported infection prevention and control efforts in dental 
practices (n=3357)*

 Reporting 
(%) n

Infection prevention and control efforts in the past month

Screen or interview patients for known or suspected 
COVID-19 infection before dental appointment  
or treatment

94.0 3157

Check patient temperatures with a thermometer 
before dental treatment 96.7 3247

Check dental hygienist’s temperature with a 
thermometer at the beginning of their shift 86.5 2904

Disinfect frequently touched surfaces and materials 
such as pens or light switches 91.4 3069

Disinfect all equipment in the operatory  
between patients 97.9 3287

Encourage distance between patients, such as 
scheduling appointments farther apart, asking 
patients to wait elsewhere, or asking patients not to 
bring companions

85.7 2876

Physical protection in the practice, such as erecting 
barriers, opening windows, or using air filters  
or scrubbers

75.0 2516

Provide face masks or coverings to staff 97.8 3284

Provide face masks or coverings to patients 71.6 2404

Teledentistry 14.8 497

Other 7.5 250

COVID-19 related waiver

Dental practice asks staff or patients to sign a waiver 43.1 1447

No waiver 55.3 1857

Unknown 1.6 53

Personal Protective Equipment while treating patients in the past month

Did not report using PPE according to current  
CDC interim guidelines 28.2 945

Sometimes used PPE according to current CDC 
interim guidelines 16.1 541

Always used PPE according to current CDC interim 
guidelines 55.7 1871

* Limited to respondents who performed dental procedures in the past month
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concerned (>80%) that there would not 
be an adequate supply of PPE to treat 
patients.21 A study of Italian dental 
hygienists revealed a higher level of 
adherence to national and international 
guidelines for use of PPE , but less so 
with other precautionary measures.22 
Further study is needed to identify other 
factors that may be associated with 
strict adherence to guidelines including 
awareness of current guidelines, philo-
sophy of dental practice, availability of 
other PPE, and financial issues.

The Joint American College of 
Academic International Medicine-World  
Academic Council of Emergency 
Medicine Working Group on COVID-19 
caution that significant rates of anxiety, 
depression, and other mental health 
disorders among the general health 
population, as well as health care providers, 
are to be expected, including suicidal 
ideation and suicide. The proportion of 
dental hygienists experiencing anxiety 
in the present study (25.7%) is similar  
to anxiety levels found among the 
general US population (25.5%), during 
the COVID-19 pandemic; however 
respondents had lower levels of depres-
sion (16,0%) as compared to the general 
population (24.3%).28 In comparison, 
dentists in the US reported lower rates 
of anxiety (14.8%) and depression (8.9%) 
than the dental hygienists;18  however, 
nurses in Michigan reported significantly 
higher rates of anxiety (54.95%) and 
depression (59.5%)29 than either dentists 
or dental hygienists. A study of dentists 
and dental hygienists in Israel revealed a 
low rate of elevated psychological distress, 
found (11.5%) experiencing distress, most 
notably associated with those who had 
background illness, fear of contracting 
COVID-19 from a patient, and higher 
subjective overload.30 These differences 
in mental health symptoms by profession 
may reflect longer periods of contact with 
potentially infectious patients, may be 
related to levels of perceived control in 
the workplace, age differences, or other 

Table IV. Factors associated with adherence to CDC Interim  
Guidelines for PPE (n=3357)*

Characteristic

Always used PPE 
according to CDC 
interim guidelines 

(%)

n X2 p-value

Dental practice type

0.1

Private solo practice 54.5 952

Other dental practice 56.2 731

Public health clinic/Community health 
center/Federally Qualified Health 
Center/Tribal health center

62.0 85

Academic/university/college 70.4 50

School-based setting 50.0 9

Military 53.9 7

Other 55.6 5

Experience as a dental hygienist (years)

<0.01
0-10 54.6 659

11-20 55.4 511

21 or more 60.7 692

N95 or equivalent masks or respirators supply

<0.01

Not sure 52.5 253

0 days 13.6 29

1-7 days 46.4 185

8-14 days 58.3 266

More than 14 days 63.8 1112

* Limited to respondents who had performed dental procedures in the past month

Table V. Probable and confirmed COVID-19 infection (n=4776)*

Tested for COVID-19 Tested  
(%) n Positive test 

(%) n

Nasal or throat swab (tests for current  
SARS-CoV-2 virus) 33.1 1583 7.8 123

Blood sample (tests for past SARS-CoV-2) 5.4 260 8.5 22

Saliva sample (tests for current  
SARS-CoV-2 antigen) 1.4 65 4.6 3

Not tested, but diagnosed by  
healthcare provider NA** NA 0.5 23

Total ever tested positive or had  
positive diagnosis 3.1 149 NA NA

*Multiple types of testing may have been performed 
** not applicable
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factors, and warrant further investigation. These findings 
underscore the importance of mental health resources needed 
to help individuals cope with the emotional stress of the 
pandemic.31

As of October 8, 2020, an estimated 3.1% of dental 
hygienists in the US have had COVID-19. In the general 
US population on the same date, an estimated 2.3% or 7.6 
million people have had COVID19.2 Both of these cumulative 
prevalence rates are lower than has been found in non-dental, 
health care workers in the US.32 The two international studies 
focusing on dental hygienists also reported prevalence rates of 
less than 2%.21.22 The low rate reported in the present study 
may reflect the safety measures taken by dental hygienists to 
protect their patients and dental team members.

There are limitations to these findings. This study is 
based on self-reported data, which may be subject to recall 
or social desirability bias. COVID-19 testing is limited and 
is primarily available to those with symptoms or contact with 
someone who has already tested positive for COVID-19, 
so, as with surveillance in the general US population,23 less 
severe, or asymptomatic cases of COVID-19, may be missed. 
Severe cases of COVID-19 resulting in hospitalization or 
death would also be underestimated by this study. There was 
insufficient statistical power to test for differences in recent 
COVID-19 infection by dental-practice-related factors, such 
as PPE use or infection control practices. 

Future research, using data from this ongoing longitudinal 
study, may be able to evaluate these factors and will continue 
to examine prevalence of COVID-19 among dental hygienists 
in the US, risk factors for COVID-19, use of PPE in dental 
practice settings, employment factors, and mental health 
status. Further study is needed to identify other factors that 
may be associated with COVID-19 infection including 
awareness of, and strict adherence to guidance, philosophy of 
dental practice, availability of other PPE, and financial issues.

Conclusion
As of October 2020, the prevalence of ever having had 

COVID-19 was estimated to be 3.1% among dental hygienists 
in the US. Enhanced infection control efforts were reported 
in 99.1% of dental practices. Not all dental hygienists 
reported using PPE during dental procedures according to 
CDC interim guidelines; this finding may improve with 
increased access to PPE. Ongoing data collection among 
this sample,will enable estimation of the incidence rate of 
COVID-19 among US dental hygienists and identifying 
dental practice-related risk factors for SARS-CoV-2 infection.
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ABSTRACT

Background. Understanding the risks associated with severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2) transmission during oral health care delivery and assessing mitigation
strategies for dental offices are critical to improving patient safety and access to oral health care.

Methods. The authors invited licensed US dentists practicing primarily in private practice or public
health to participate in a web-based survey in June 2020. Dentists from every US state (n ¼ 2,195)
answered questions about COVID-19eassociated symptoms, SARS-CoV-2 infection, mental and
physical health conditions, and infection control procedures used in their primary dental practices.

Results. Most of the dentists (82.2%) were asymptomatic for 1 month before administration of the
survey; 16.6% reported being tested for SARS-CoV-2; and 3.7%, 2.7%, and 0% tested positive via
respiratory, blood, and salivary samples, respectively. Among those not tested, 0.3% received a
probable COVID-19 diagnosis from a physician. In all, 20 of the 2,195 respondents had been
infected with SARS-CoV-2; weighted according to age and location to approximate all US dentists,
0.9% (95% confidence interval, 0.5 to 1.5) had confirmed or probable COVID-19. Dentists
reported symptoms of depression (8.6%) and anxiety (19.5%). Enhanced infection control
procedures were implemented in 99.7% of dentists’ primary practices, most commonly
disinfection, COVID-19 screening, social distancing, and wearing face masks. Most practicing
dentists (72.8%) used personal protective equipment according to interim guidance from the
Centers for Disease Control and Prevention.

Conclusions. COVID-19 prevalence and testing positivity rates were low among practicing US
dentists. This indicates that the current infection control recommendations may be sufficient to
prevent infection in dental settings.

Practical Implications. Dentists have enhanced their infection control practices in response to
COVID-19 and may benefit from greater availability of personal protective equipment. Clinical-
Trials.gov: NCT04423770.

Key Words. SARS-CoV-2; COVID-19; dentistry.
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he severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is the causative agent for
an infectious disease known as COVID-19, which is transmitted primarily through person-to-
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Tperson contact.1 The COVID-19 pandemic, with its considerable morbidity and mortality,
causes social and economic disruptions and health care delivery problems. The pandemic is of
particular concern owing to the airborne transmission dynamics in asymptomatic and presymp-
tomatic people.2-4 Virus-containing droplets (5-12 micrometers) and aerosols (� 5 mm) from
infected people are transmitted into the environment through breathing, speaking, coughing, and
sneezing.5 Susceptible people can then become infected if virus-containing respiratory droplets or
aerosols settle on mucosal membranes or are inhaled.5 Respiratory viruses like SARS-CoV-2 can
also be spread if a susceptible person touches viral particles on contaminated surfaces and transfers
them to their mucus membranes.5
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ABBREVIATION KEY

ADA: American Dental
Association.

AGDP: Aerosol-generating
dental procedure.

CDC: Centers for Disease
Control and
Prevention.

FQHC: Federally qualified
health center.

OSHA: Occupational Safety
and Health
Administration.

PPE: Personal protective
equipment.

SARS-
CoV-2:

Severe acute
respiratory syndrome
coronavirus 2.
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As information about SARS-CoV-2 transmission emerged during the early stages of the
pandemic, concern regarding the transmission of virus-containing airborne particles in the dental
office was also brought to the forefront. It has been suggested that additional potential for
SARS-CoV-2 transmission exists in dental settings during the delivery of aerosol-generating dental
procedures (AGDPs). These AGDPs might be potential vectors for patient-to-practitioner and
patient-to-patient transmission, as the aerosols and droplets produced during such procedures can
contain infectious materials.6 Multiple dental professionals at the School and Hospital of Stoma-
tology, Wuhan University, Wuhan, China, have contracted COVID-19, but it is unclear whether
these infections were due to community transmission or transmission associated with oral health
care delivery.7 Developing a fuller understanding of the risks to patients and practitioners related to
transmission during oral health care delivery and assessing mitigation strategies within the dental
office are key components of improving patient safety and access to ongoing oral health care in this
pandemic environment.

With the emergence of this novel virus and the ensuing pandemic, dentists have worked to
establish guidance for practices to ensure the safety of practitioners, staff members, and patients. As
early as March 2020, Journal of Dental Research published the infection control guidelines that dentists
at Wuhan University used,7 and, in April and May 2020, the American Dental Association (ADA)
and the Centers for Disease Control and Prevention (CDC), respectively, released interim guidance
on infection control protocols and changes to the practice and office environments.8,9 These
guidelines and other local interim guidance documents broadly agree, but the degree to which the US
dental profession is aware of and adheres to these recommendations remains unknown. Furthermore,
baseline data evaluating infection rates among dentists throughout the US are not widely known
because CDC surveillance groups dental professionals with all other health care personnel.10

As far as we are aware, this is the first longitudinal study designed to track infection control
practices and infection rates among US dentists. In this article, we used the first month of study data
to estimate the prevalence of COVID-19 among US dentists and to determine the rate of
compliance with CDC and ADA infection prevention and control procedures.8,9

METHODS
We administered a web-based survey using Qualtrics survey software (Qualtrics) from June 8
through June 12, 2020. US-based dentists were invited to participate in the survey if they held a
license to practice dentistry in the United States, were in private practice or public health, and if, in
a May 2020 ADA survey,11 they reported that they would be willing to participate in a study on
symptoms, testing, or diagnosis of COVID-19. In total, 5,479 dentists received an invitation to
participate in the survey on June 8, 2020; a reminder invitation e-mail was sent June 11, 2020.

Participating dentists read and signed an electronic informed consent before participating in our
study. The 18-question survey was constructed for this research. Demographic survey questions
included birth year, race and ethnicity, gender, primary practice location, and dental specialty. SARS-
CoV-2 infection was ascertained via self-reported date, type, and positive result of a SARS-CoV-2 test
(confirmed case) or, if not tested, the date a health care provider informed the respondent that they
had a probable SAR-CoV-2 infection (probable case). On the basis of these questions, and excluding
those awaiting test results or with inconclusive results, COVID-19 prevalence was estimated.
Consistent with CDC surveillance, the test positivity rate was defined as the numbers of confirmed
cases over the total number of tested cases.12 The survey also asked respondents to identify symptoms
experienced in the past month (defined as since May 8, 2020), health conditions associated with
COVID-19 severity,13 and dental and nondental activities in the past month.

Because stressful events such as a pandemic can affect mental well-being, the validated Patient
Health Questionnaire-4 screened respondents for depression or anxiety.14,15 Respondents who re-
ported providing oral health care in the past month were asked about infection prevention or
control procedures in their primary dental practice. Respondents indicated which personal pro-
tective equipment (PPE) they used when treating patients in the past month and whether they used
it sometimes or always. The CDC interim guidance document was used to categorize PPE use,8 and
respondents were categorized as following PPE guidance for AGDP if, in addition to basic clinical
PPE of gloves and protective clothing, they “always” wore an N95 or similarly protective respirator
(also called an “N95 mask”) with eye protection, or the highest level of surgical face mask available
with a full-face shield. Dentists who performed no AGDP were categorized as following PPE
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Table 1. Characteristics of the survey sample and comparison with all private practice or public health dentists licensed
in the United States.

CHARACTERISTIC
UNWEIGHTED SAMPLE,
% (NO.) (N [ 2,195)

ADA* MASTERFILE OF US DENTISTS,
% (NO.) (N [ 185,587) c2 P VALUE

Age Group, y NA† NA < .001

27-39 15.6 (343) 26.6 (49,326) NA

40-49 23.2 (509) 23.4 (43,331) NA

50-59 26.8 (589) 21.2 (39,253) NA

60-69 27.4 (601) 20.9 (38,853) NA

70-84 7.0 (153) 7.7 (14,355) NA

Race and Ethnicity NA NA < .001

Non-Hispanic white 79.2 (1,739) 71.4 (97,831) NA

Non-Hispanic Asian 7.2 (159) 15.6 (21,412) NA

Hispanic or Latino 5.2 (114) 5.6 (7,670) NA

Non-Hispanic Black 1.1 (24) 4.7 (6,402) NA

American Indian or Alaska Native 0.2 (5) 0.3 (459) NA

Native Hawaiian or Pacific Islander 0.2 (4) 0.2 (286) NA

Other 6.8 (150) 2.1 (2,938) NA

Gender NA NA < .001

Male 60.0 (1,294) 66.2 (121,125) NA

Female 39.0 (841) 33.8 (61,847) NA

Prefer not to say 1.0 (22) NR‡ NA

Dental Practice Type NA

Private practice 96.6 (2,077) NR NA

FQHC§ 2.6 (56) NR NA

Non-FQHC health center 0.4 (8) NR NA

City or county health department 0.5 (10) NR NA

Practice Type NA NA < .001

General dentist 83.6 (1,798) 79.2 (145,557) NA

Dental anesthesiology 0.1 (2) 0.03 (48) NA

Endodontics 1.6 (34) 2.7 (5,043) NA

Oral and maxillofacial pathology 0.05 (1) 0.2 (283) NA

Oral and maxillofacial surgery 2.6 (58) 3.5 (6,460) NA

Oral medicine 0.1 (2) NR NA

Orofacial pain 0.1 (2) NR NA

Orthodontics and
dentofacial orthopedics

2.0 (44) 5.4 (9,980) NA

Pediatric dentistry 6.7 (147) 4.2 (7,751) NA

Periodontics 2.3 (50) 2.7 (5,004) NA

Prosthodontics 0.6 (14) 1.6 (3,025) NA

US Census Bureau Division NA NA < .001

New England 6.2 (136) 5.3 (9,849) NA

Middle Atlantic 11.9 (262) 14.4 (26,709) NA

East North Central 18.6 (409) 13.7 (25,439) NA

* ADA: American Dental Association. † NA: Not applicable. ‡ NR: Not recorded. § FQHC: Federally qualified health center. { Multiple
conditions per person allowed.
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Table 1. Continued

CHARACTERISTIC
UNWEIGHTED SAMPLE,
% (NO.) (N [ 2,195)

ADA* MASTERFILE OF US DENTISTS,
% (NO.) (N [ 185,587) c2 P VALUE

West North Central 9.6 (211) 5.7 (10,644) NA

South Atlantic 14.9 (327) 17.7 (32,758) NA

East South Central 4.3 (95) 4.5 (8,253) NA

West South Central 7.9 (174) 10.5 (19,456) NA

Mountain 10.1 (221) 7.2 (13,423) NA

Pacific 15.4 (337) 20.3 (37,606) NA

Territories 1.0 (23) 0.7 (1,282) NA

Conditions{ NA NA NA

Asthma 7.3 (160) NR NA

Chronic lung disease 0.1 (3) NR NA

Diabetes 3.6 (80) NR NA

Heart condition 5.3 (116) NR NA

Immunocompromised 1.0 (22) NR NA

Kidney disease 0.5 (11) NR NA

Liver disease 0.3 (6) NR NA

Obesity 7.6 (166) NR NA

Rheumatologic or
autoimmune condition

3.0 (65) NR NA

Smoking 1.2 (26) NR NA

818
guidance if they “always” wore gloves, protective clothing, a surgical mask, and eye protection.
Occupational Safety and Health Administration guidance was used to categorize the risk of
transmitting SARS-CoV-2 to dental providers or patients.16 Finally, respondents who reported
wearing respirators or masks were asked how often they changed them. The ADA Institutional
Review Board approved the research protocol and survey, which are registered at ClinicalTrials.gov
(NCT04423770).

All statistical analysis was conducted in Stata software, Version 14.0 (StataCorp). For COVID-19
prevalence, statistical weighting was performed using linearization variance estimation so that the
sample appropriately represented licensed US dentists in private practice or public health according
to age group and US Census Bureau division. The weights and information on age, race or
ethnicity, gender, dental specialty, and US Census Bureau division for all licensed US dentists in
private practice or public health came from the ADA master file of all dentists (ADA members and
nonmembers) in the United States. Dentist records are updated weekly through state licensure
databases, death records, ADA surveys of dentists, and other sources. The data used for weighting in
our study were extracted from the ADA master file on June 25, 2020. Differences between
continuous variables were tested using analysis of variance and between categorical variables using
c2 tests, with statistical significance set at .05. Single and multivariable logistic regression models
were used to test for associations between age category, race or ethnicity, gender, dental practice
type, dental specialty, medical conditions, and confirmed or probable SARS-CoV-2 infection. Due
to complex survey question skip patterns and because respondents were able to skip any question or
stop answering the survey at any time, not all respondents answered all questions. The percentage of
missing answers ranged from 2.0% through 3.5% per question.

RESULTS

Participant characteristics
A total of 2,195 US dentists representing all 50 states and Puerto Rico participated in the web-based
survey June 8, 2020 through 12, 2020 (response rate, 40.1%). Median age of responding dentists was
54 years (range, 27-84 years) (Table 1). Overall, most respondents identified as male (59.9%), non-
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Table 2. Dentists’ self-reported symptoms and activities outside of their households in the month before survey
administration.

SYMPTOMS/ACTIVITIES UNWEIGHTED SAMPLE, % (NO.) (N [ 2,195)

Symptoms

Chills 0.9 (19)

Dry cough 2.6 (58)

Fever 0.7 (16)

Headache 9.0 (197)

Muscle pain 4.2 (92)

New loss of taste or smell 0.4 (9)

Repeated shaking with chills 0.1 (3)

Sore throat 3.1 (69)

Shortness of breath or difficulty breathing 1.2 (26)

Fatigue or malaise 4.0 (87)

Other 1.7 (38)

Patient Health Questionnaire-4 Screening

Likely anxiety 19.5 (414)

Likely depression 8.6 (183)

Activities

Provided emergency oral health care 91.1 (1,999)

Provided elective oral health care 80.1 (1,758)

Attended a health care visit for myself or a companion 27.3 (599)

Met in person with anyone outside your household 81.6 (1,791)

Met with a group of 10 or more people in a social setting 19.5 (428)

Attended any public event with 50 or more people 4.7 (103)

Traveled via taxi, ride share, or public transportation 2.7 (60)

Had contact with anyone with suspected or confirmed COVID-19 4.6 (100)
Hispanic white (79.2%), in private practice (96.6%), and with a focus on general dentistry (83.6%).
Approximately one-fourth of the respondents (24.4%, n ¼ 536) had at least 1 medical condition
associated with a higher risk of developing severe illness from COVID-19.13 The most common
conditions were asthma (7.3%) and obesity (7.6%). Compared with all dentists licensed in the
United States in private practice or public health, higher proportions of survey respondents were
aged 40 through 69 years, and fewer were 39 years or younger and 70 years or older (Table 1).
Compared with dentists nationally, survey respondents were more likely to come from certain US
Census Bureau divisions, be non-Hispanic white, female, or a general dentist.

Symptoms among dentists
Dentists were asked whether they experienced any symptoms in the month before the survey
administration, regardless of whether they thought the symptoms were related to COVID-19; 82.2%
(n ¼ 1,805) had no symptoms in the past month. The most commonly experienced symptom was
headache (9.0%, n ¼ 197) (Table 2). In the 2 weeks before survey administration, 33.9% expe-
rienced at least mild psychological distress, defined as a score of 3 or higher on the Patient Health
Questionnaire-4 (mean [standard error], 2.21 [0.06]). Among dentists, 8.6% (n ¼ 183) scored 3 or
higher on the depressive symptom questions (mean [standard error], 0.80 [0.03]), indicating po-
tential major depressive disorder, which was a significantly lower proportion than in the US general
population (24.3%) measured the same month (P < .001).17 A total of 414 dentists (19.5%) scored
3 or higher on the anxiety symptom questions (mean [standard error], 1.42 [0.04]), indicating
potential generalized anxiety disorder, a significantly lower proportion than in the general
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Table 3. Self-reported infection prevention and control efforts by dentists who practiced in the month before survey
administration.

INFECTION PREVENTION AND CONTROL EFFORTS
UNWEIGHTED SAMPLE, % (NO.)

(N [ 2,042)

Screen or Interview Patients for Known or Suspected Severe Acute Respiratory
Syndrome Coronavrus 2 Infection Before Dental Appointment or Treatment

98.4 (2,010)

Check Patients’ Temperatures With a Thermometer Before Dental Treatment 97.2 (1,985)

Check All Dentist and Staff Member Temperatures With a Thermometer at the
Beginning of Their Shift

94.4 (1,927)

Disinfect Frequently Touched Surfaces and Materials, Such as Pens or Light Switches 98.9 (2,020)

Disinfect All Equipment in the Operatory Between Patients 99.1 (2,024)

Encourage Distance Between Patients, Such as Scheduling Appointments Farther
Apart, Asking Patients to Wait Elsewhere, or Asking Patients Not to Bring
Companions

98.9 (2,019)

Physical Protection in the Practice, Such as Erecting Barriers, Opening Windows, or
Using Air Filters or Scrubbers

85.2 (1,740)

Provide Face Masks or Coverings to Staff Members 99.1 (2,024)

Provide Face Masks or Coverings to Patients 75.9 (1,550)

Other Efforts

Preprocedural mouthrinse 12.0 (51)

Extraoral suction device 4.0 (17)

820
population (25.5%)17 (P < .001). The Patient Health Questionnaire-4 is designed to indicate cause
for additional evaluation only, not diagnosis.14

Activities outside the household
Dentists were queried about their activities during the period of May 8 through June 12, 2020. Most
respondents (81.6%) met in person with someone outside their household in the past month
(Table 2). However, few dentists reported gathering in groups, attending public events, or sharing
transportation in the past month. Few respondents (4.6%) stated that they believed they had been
in contact with someone with suspected or confirmed COVID-19 in the month before the survey.
Of the respondents who reported such contact, most (53.0% [n¼ 53]) reported that the person with
suspected or confirmed COVID-19 was a dental patient, another 20.0% thought someone they
worked with in the past month had COVID-19.

Dental practice and infection control
During the established period of our study, 91.1% of respondents (n¼ 1,999) provided emergency oral
health care and 80.1% (n ¼ 1,758) provided elective oral health care (Table 2). Among the 2,042
dentists who had provided oral health care in the month before administration of the survey, 92.8%
(n ¼ 1,892) performed AGDPs. Enhanced infection prevention and control efforts were common;
99.7% of dentists reported practicing them in the past month (n ¼ 2,189). Almost all practicing
dentists reported disinfecting all equipment and surfaces that are commonly touched, checking staff
members’ and patients’ temperatures, screening patients for COVID-19, encouraging distance between
patients while waiting, and providing face masks to staff members (Table 3). The most common
additional infection control efforts were staff members’masking (99.1%) and disinfecting the operatory
between patients (99.1%). The less frequently reported infection control efforts were making physical
changes to the practice (85.2%) or providing face masks to patients (75.9%; however, write-in re-
sponses indicate this may be due to some practices requiring patients to bring their own masks). Re-
spondents could also describe the infection control efforts in their practices if not already listed.Most of
these write-in responses fit into existing categories, except for preprocedural mouthrinses for patients
(12.0% [n ¼ 51]) and use of extraoral suction device during dental procedures (4.0% [n ¼ 17]).

PPE
PPE use when treating patients was common; 99.6% of practicing dentists (n ¼ 2,034) reported its
use. For dental procedures not expected to produce aerosols, the CDC interim guidance
JADA 151(11) n http://jada.ada.org n November 2020

http://jada.ada.org


High risk
(n = 556)

Medium risk
(n = 1,486)

OSHA-estimated
risk of SARS-CoV-2

transmission to
dentist and patients

Aerosol

No aerosol

For nonaerosol-
generating
procedures

(n = 18)

For aerosol-
generating
procedures
(n = 245)

For nonaerosol-
generating
procedures

(n = 15)

For aerosol-
generating
procedures
(n = 306)

Dentist wore N95 respirator or
equivalent face mask and

basic clinical PPE, including
eye protection (n = 1,208)

Dentist wore surgical
face mask and basic clinical

PPE, including eye protection
(n = 321)

Dentist did not wear both
face mask and eye

protection (n = 250)

Dentist wore surgical
face mask, full-face shield,

and basic clinical PPE
(n = 263)

Figure. Personal protective equipment (PPE) always worn in past month, according to dental procedure. OSHA: Occupational Safety and Health
Administration. SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2.
recommended surgical masks and basic clinical PPE, including eye protection.8 Of the 146 dentists
who reported performing non-AGDP in the past month, 82.9% (n ¼ 121) always wore masks, basic
clinical PPE, and eye protection (Figure). During AGDP with patients assumed to be
noncontagious, interim guidance suggests use of a fitted N95 or equivalent mask and basic
clinical PPE, including eye protection; 59.0% of dentists (n ¼ 1,117) who reported performing
AGDPs in the past month always wore this combination of PPE, and 61.6% (n ¼ 90) dentists
reported wearing this during non-AGDP. If N95 or equivalent masks are not available, the CDC
interim guidance recommends using both the highest-level surgical face mask available and a
full-face shield during AGDPs8; 12.9% of dentists (n ¼ 245) performing AGDPs used this com-
bination of PPE, as did 12.3% (n ¼ 18) dentists during non-AGDP. In all, 72.8% (n ¼ 1,486) of
dentist respondents used PPE according to CDC interim guidance.8

During the time evaluated with this survey, there were limited supplies of PPE, particularly N95
or equivalent masks.18 Some respondents (17.6%, n ¼ 355) reported changing masks in between
patients. More commonly, dentists changed masks between multiple patients (20.2%; n ¼ 407),
daily (34.2% , n ¼ 689), weekly (7.7%, n ¼ 155), or only if soiled or damaged (20.2%, n ¼ 407).
Respondents also wrote in to report that they used multiple masks simultaneously, with surgical
masks worn over N95 or equivalent masks, and replaced the surgical masks more often.

Confirmed or probable COVID-19 among dentists
Among respondents, 16.6% (n ¼ 355) reported that they had been tested for SARS-CoV-2 with at
least 1 testing type. Fifty-one respondents (2.3%) were tested with 2 testing typesd50 (2.3%) with
both blood and nasal or throat swab tests and 1 (0.05%) with saliva and nasal or throat swab tests. A
total of 244 respondents (11.1%) were tested with a nasal or throat swab, of which 9 (3.7%) tested
positive. One hundred and fifty-six respondents (7.1%) were tested with a blood sample, and 4
(2.7%) had a positive result. Six respondents (0.3%) were tested for SARS-CoV-2 using a saliva
sample and 0 had a positive result. Because testing was not widely available during this time, re-
spondents were also asked whether they had received a diagnosis of probable COVID-19 infection
and 7 (0.3%) had. Twenty dentists (0.9%) in this sample had either confirmed or probable COVID-
19 cases. Weighted to approximate the age and location of licensed private practice and public
health dentists nationally, the estimated prevalence of confirmed or probable COVID-19 among
dentists was 0.9% (95% confidence interval, 0.5 to 1.5). The likely source of SARS-CoV-2
transmission was identified via contact tracing through a health agency or clinic in only 5 cases,
and in none of those cases was the source of transmission the dental practice.

Association between COVID-19 and personal characteristics
Although respondents were tested for SARS-CoV-2 on dates ranging from March 6 through June
11, 2020, all but 1 positive test result came before the period the survey covered. The survey
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questions about symptoms, activities outside the household, dental procedures, and infection pre-
vention or control efforts in their primary dental practice covered the past month only. This
misalignment in timing precludes using these survey data to investigate modifiable and behavioral
risk factors for COVID-19 among dentists. When we compared those with and without confirmed
or probable COVID-19, there were no statistically significant differences in age, gender, race or
ethnicity, underlying medical condition, dental practice type, dental specialty, or US Census
Bureau division (all c2 P > .2). Given the limitations of antibody tests currently available in the
United States,19 a sensitivity analysis was conducted that excluded COVID-19 cases confirmed
with antibody tests only. This analysis similarly found no statistically significant associations with
age, gender, race or ethnicity, dental practice type, dental specialty, or US Census Bureau division
(all c2 P > .2). However, there was a statistically significant association between antigen or viral
confirmed or health care provideresuspected COVID-19 cases and patient-reported immuno-
compromised status. Specifically, 0.9% (n ¼ 17) of COVID-19 negative dentists were immuno-
compromised compared with 6.3% (n ¼ 1) of COVID-19 positive dentists (c2 P ¼ .02).

DISCUSSION
Our study is the first to our knowledge to estimate SARS-CoV-2 infections in the US dental
community and to assess the dental-related infection prevention and control efforts of dentists.
In addition, this description of US dentists’ dental practices and PPE use at 1 point can be
useful to future understanding of the dental response to the pandemic and to assessing the
results of future surveillance for COVID-19 prevalence. We estimated the infection rate of
SARS-CoV-2 in US dentists. As of June 2020, an estimated 0.9% (95% confidence interval,
0.5 to 1.5) of US dentists have or have had COVID-19. This is similar to infection rates re-
ported in health care workers in the Netherlands (0.9%)20 and China (1.1%),21 but lower than
the rate in Seattle, Washington (5.3%).22 Furthermore, in our sample, 3.7% of nasal or throat
swabs tested positive, which is lower than the 10.3% positivity in respiratory specimens from
the broader US population from March 1, 2020 through June 13, 2020.23 This might reflect the
higher socioeconomic status of many dentists and their subsequent ability to use social
distancing and mitigate viral exposure.

The responses to our survey indicated that 99.7% of dental offices were using enhanced
infection protection and control practices and many had also adopted advanced PPE. The
reports from dentists of mask reuse or combined use of surgical masks and respirators
might reflect the current CDC guidance regarding optimization of PPE due to supply
issues.8 As of June 29, 2020, patient volume in dental practices nationwide was estimated
to be 70% of preeCOVID-19 levels, and it has been increasing steadily.11 Use of
disposable products for PPE and infection control might increase if patient volume in-
creases, which could result in scarcity or alteration of practices within dental offices based
on availability. In addition, changes in local and regional ordinances and infection rates
might also alter practices within dental offices moving forward, particularly as COVID-19
cases resurge in many states.24

Although there were no significant demographic differences between COVID-19enegative and
confirmed or probable cases, the COVID-19epositive group included more immunocompromised
people. This relationship might reflect greater susceptibility in those people, a higher level of sur-
veillance due to concern about underlying immune dysfunction, or the underlying mechanisms of
viral binding and entry into host cells via angiotensin-converting enzyme 2.25 Angiotensin-
converting enzyme 2 is upregulated in the presence of certain systemic diseases.

To our knowledge, this is the first large-scale report of data surveilling rates of COVID-19
and concomitant infection protection and control practices among US dentists. The sample
was generally representative of US dentists and large enough to allow for analysis of subgroups
of interest. There are, however, limitations to these findings. The survey response rate of
40.1% was higher than the mean e-mail survey response rate of 24.0%,26 but nonrespondents
might differ from respondents, which can reduce the validity and generalizability of these
results. The survey sample might also be subject to selection bias, leading to an underesti-
mation of COVID-19 prevalence or severity because dentists who have died or been hospi-
talized with COVID-19, for example, cannot or might be less likely to participate. Due to the
limited availability of COVID-19 tests in the United States,27 it is possible respondents had
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limited access to COVID-19 testing and might have had undiagnosed infections. Further-
more, these findings are only as accurate as the COVID-19 tests and diagnoses themselves,
which can be subject to false-negative and false-positive results.28 There might be recall bias
in the questions that asked about activities and symptoms in the past month. It is likely that
respondents reported higher levels of social distancing and infection prevention and control
compliance due to social desirability bias and unrecognized lapses in PPE usage. These cross-
sectional data were also limited in that the timing of known SARS-CoV-2 infections in this
survey sample precluded testing for associations with symptoms, activities, or infection pre-
vention and control efforts.

Given that there is known community transmission of COVID-19, dentists might acquire COVID-
19 in the community and outside of the delivery of oral health care. We attempted to use reports of
contact tracing and infection timing to ascertain whether dentists were at increased infection risk
owing to dental practice activities. The probable source of infection was not identified for most dentists
in this sample (75.0% [n ¼ 15]); for the remainder, contact tracing indicated community transmission.
It should also be noted that disease spread during nonclinical activities within the dental office is also a
potential transmission route and should be probed. In response to the COVID-19 pandemic, in March
2020 the CDC and ADA recommended that dentists postpone elective procedures.8,29 Subsequently,
the number of dental patients seen and procedures conducted in the United States dropped.11 In this
survey sample, 75.0% (n ¼ 15) of dentists with presumed or confirmed COVID-19 tested positive in
March or April, when 95% of US dental practices were closed or provided only emergency oral health
care.11 Subsequent surveys sent to the cohort described in our study will continue to collect COVID-19
test results, symptoms, activities, and infection prevention and control efforts in dental practices. Future
research in this cohort might therefore be able to estimate COVID-19 incidence, as well as associations
with dental activities and infection prevention or control efforts.

CONCLUSIONS
This survey was conducted to initiate surveillance of licensed, practicing dentists and public health
dentists to determine the prevalence of COVID-19 before June 12, 2020, as well as the behavioral
and infection control and prevention practices of dentists from May 8, 2020 through June 12, 2020.
To our knowledge, this is the first study to estimate the prevalence of COVID-19 among US
dentists. For this sample of dentists, the weighted prevalence of COVID-19 was 0.9%. Among the
tested respiratory samples, 3.7% had positive results. These rates support that use of the CDC’s
currently recommended infection prevention and control procedures in dental offices will
contribute to the reduced risk of developing infection during the delivery of oral health care, and
risks associated with nonclinical activities and community spread might pose the most substantial
risks for the exposure of dentists to COVID-19. Future investigations will assess ongoing rates of
COVID-19 for US dentists and can assess modifiable risk factors for SARS-CoV-2 transmission and
development of COVID-19 disease, in addition to defining incidence rates of disease. n
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